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GRADE 12 CHEMISTRY °® Introduction

Background

Grade 12 Chemistry: A Foundation for Implementation presents student learning
outcomes for Grade 12 Chemistry. These learning outcomes are the same for
students in the English, French Immersion, Francais, and Senior Years Technology
Education Programs, and result from a partnership involving two divisions of
Manitoba Education: School Programs Division and Bureau de 1'éducation frangaise
Division.

Student learning outcomes are concise descriptions of the knowledge and skills [and
attitudes] that students are expected to learn in a course or grade in a subject area
(Manitoba Education and Training, A Foundation for Excellence 14).

Manitoba’s student learning outcomes for Grade 12 Chemistry are based, in part,
on those found within the Common Framework of Science Learning Outcomes K to 12:
Pan-Canadian Protocol for Collaboration on School Curriculum (Council of Ministers of
Education, Canada) and on those developed as components of the 1998 Manitoba
Transitional Curricula. The former, commonly referred to as the Pan-Canadian
Science Framework, was initiated under the Pan-Canadian Protocol for Collaboration
on School Curriculum (1995). It was developed by educators from Manitoba,
Saskatchewan, Alberta, British Columbia, the Northwest Territories, the Yukon
Territory, Ontario, and the Atlantic Provinces.

Grade 12 Chemistry: A Foundation for Implementation provides the basis for learning,
teaching, and assessing chemistry in Manitoba. This document also serves as a
starting point for future development of curriculum support documents, related
teacher support materials, learning resources, assessment tools, and professional
learning for teachers. This document also complements the Pan-Canadian Science
Framework by providing support for its implementation, including suggestions for
instruction and assessment.

Vision for Scientific Literacy

Factors such as global interdependence, rapid scientific and technological
innovation, the need for a sustainable environment, economy, and society, and the
pervasiveness of science and technology in daily life reinforce the importance of
scientific literacy. Scientifically literate individuals can more effectively interpret
information, solve problems, make informed decisions, accommodate change, and
achieve new understandings. Science education makes possible the development of
the foundations necessary to develop a functional scientific literacy and assists in
building stronger futures for Canada’s young people.

Introduction - 1



Introduction * GRADE 12 CHEMISTRY

The Pan-Canadian Science Framework and Grade 12 Chemistry: A Foundation for
Implementation support and promote an attainable and realistic vision for scientific
literacy.

The [Pan-Canadian Science Framework] is guided by the vision that all Canadian
students, regardless of gender or cultural background, will have an opportunity to
develop scientific literacy. Scientific literacy is an evolving combination of the
science-related attitudes, skills, and knowledge students need to develop inquiry,
problem-solving, and decision-making abilities, to become lifelong learners, and to
maintain a sense of wonder about the world around them.

Diverse learning experiences based on the [Pan-Canadian Science Framework] will
provide students with many opportunities to explore, analyze, evaluate, synthesize,
appreciate, and understand the interrelationships among science, technology, society,
and the environment that will affect their personal lives, their careers, and their
future (Council of Ministers of Education, Canada 4).

Goals for Canadian Science Education

Several goals promoting the achievement of scientific literacy within Canadian
science education were developed as part of the Pan-Canadian Science Framework.
These goals are addressed through the Manitoba science curricula. It is hoped that
science education will

* encourage students at all levels to develop a rational sense of wonder and
curiosity about scientific and technological endeavours

* enable students to use science and technology to acquire new knowledge and to
solve problems, so they may improve the quality of their own lives and the lives
of others

* prepare students to address science-related societal, economic, ethical, and
environmental issues critically

* provide students with a proficiency in science that creates opportunities for them
to pursue progressively higher levels of advanced study, prepares them for
science-related occupations, and engages them in science-related activities
appropriate to their interests and abilities

* develop in students of varying aptitudes and interests a knowledge of the wide
variety of careers related to science, technology, and support for the natural and
human environments

Beliefs about Learning, Teaching, and Assessing Science

To promote a rational, achievable approach to developing scientific literacy among
future citizens, it is crucial to recognize how students learn, how science can best be
taught, and how learning can be assessed. Students are curious, active learners who
have individual interests, abilities, and needs. They come to school with prior
knowledge and various personal and cultural experiences that generate a range of
attitudes and beliefs about science and life, and connections between these realms.

2 - Introduction



GRADE 12 CHEMISTRY °® Introduction

Students learn most effectively when their study of science is rooted in concrete
learning experiences related to a particular context or situation, and applied to their
world of experiences, where appropriate. Ideas and understandings that students
develop should be progressively extended and reconstructed as students grow in
their experiences and in their ability to conceptualize more deeply. Learning
involves the process of linking newly constructed understandings with prior
knowledge, and then adding new contexts and experiences to current
understandings. It is increasingly important that chemistry educators draw
professional attention to how fundamental research in learning theory will affect
their efforts in the science classroom.

Changing Emphases in Science

Student learning outcomes in Grade 12 Chemistry encompass changing emphases
in science education content delivery and changing emphases to promote inquiry, as
envisioned in the National Science Education Standards (National Research Council
113).

Changing Emphases in Science Education Content Delivery

The National Science Education Standards envision change throughout the system.

The science content standards [or student learning outcomes] encompass
the following changes in emphases:

Less Emphasis On More Emphasis On

Knowing scientific facts and information Understanding scientific concepts and
developing abilities of inquiry

Studying subject matter disciplines Learning subject matter disciplines in the

(physical, life, Earth sciences) for their context of inquiry, technology, science in

own sake personal and social perspectives, and
history and nature of science

Separating science knowledge and Integrating all aspects of science content

science process

Covering many science topics Studying a few fundamental science
concepts

Implementing inquiry as a set of Implementing inquiry as instructional

processes strategies, abilities, and ideas to be
learned

Changing Emphases in Science Education Content Delivery: Reprinted with permission from
National Science Education Standards. Copyright © 1996 by the National Academy of Sciences,
courtesy of the National Academies Press, Washington, DC.

Introduction - 3
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Changing Emphases to Promote Inquiry

The National Science Education Standards envision change throughout the system.

The science content standards [or student learning outcomes] encompass
the following changes in emphases:

Less Emphasis On

Activities that demonstrate and verify
science content

Investigations confined to one class
period

Process skills out of context
Individual process skills such as
observation or inference

Getting an answer

Science as exploration and experiment

Providing answers to questions about
science content

Individuals and groups of students
analyzing and synthesizing data without
defending a conclusion

Doing a few investigations in order to
leave time to cover large amounts of
content

Concluding inquiries with the result of
the experiment

Private communication of student ideas
and conclusions to teacher

Management of materials and equipment

More Emphasis On
Activities that investigate and analyze
science questions

Investigations over extended periods of
time

Process skills in context

Using multiple process skills—
manipulation, cognitive, procedural

Using evidence and strategies for
developing or revising an explanation

Science as argument and explanation

Communicating science explanations

Groups of students often analyzing and
synthesizing data after defending
conclusions

Doing more investigations in order to
develop understanding, ability, values of
inquiry, and knowledge of science
content

Applying the results of experiments to
scientific arguments and explanations

Management of ideas and information

Public communication of student ideas
and work to classmates

Changing Emphases to Promote Inquiry: Reprinted with permission from National Science
Education Standards. Copyright © 1996 by the National Academy of Sciences, courtesy of the

National Academies Press, Washington, DC.

4 - Introduction
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Processes That Engage Students in Science Learning

Development of increased scientific literacy is supported by instructional
environments that engage students in the following;:

Science inquiry: Students are encouraged to converse, ask penetrating questions,
and then seek to explore their own constructed explanations alongside scientific
explanations through guided research, writing, and planned investigations.

Problem solving: Students apply their acquired expertise and knowledge in
novel, often unforeseeable, ways.

Decision making: As students identify rich, large-context problems, questions, or
issues related to the human and robotic exploration of the universe around them,
they pursue new knowledge that will assist them in making informed, rational,
defensible decisions that are rooted in the societal and humanistic domains
within which science practice operates.

The nature of science: Students appreciate and value the understanding that
science operates with the consent of personal, social, political, environmental,
and multicultural orientations of the global society. Moreover, there are
consequences when science circumvents its responsibilities among these societal
contexts.

Science-related skills: Examples of science-related skills include initiating,
planning, performing, recording, analyzing, interpreting, communicating, and
team building. All these skills have central importance in learning the
dimensions of science. It is important that science students of today not be taught
the myth of a single, specifiable “scientific method” that leads to a superior
“truth” about the material world. If there is indeed an objective “reality,”
philosophers of science often agree that it may be difficult to define, or perhaps
may be unknowable. Nevertheless, the methods of science systematically permit
new knowledge domains to be constructed, and that knowledge is often robust
and durable.

Science content knowledge: Transmission of science content is no longer
considered to be the primary outcome of science teaching. Science knowledge is
actively constructed from existing and emerging personal and social knowledge.
Creative, integrative, and interdisciplinary linkages should be balanced with the
traditional “disciplinary focus” of teaching and learning in chemistry. Unifying
concepts among traditional, bounded, restricted disciplines now give way to, and
add form and substance to, new views of exploration among the sciences that are
holistic and interdisciplinary.

Through these processes, students discover the significance of science in their lives
and come to appreciate the interrelatedness of science, technology, society, and the
environment. Each of these processes can be a starting point for science learning,
and may encompass the exploration of new ideas, the development of specific
investigations, and the application of ideas that are learned.

Introduction - 5
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To achieve the vision of a scientific literacy for all according to personal interests
and inclinations, students could become increasingly more engaged in the planning,
development, and evaluation of their own learning experiences. They should have
opportunities to work cooperatively with other students, to initiate investigations,
to communicate their findings, and to complete projects that demonstrate their
learning in a personal, although peer-reviewed, manner.

At the beginning of the instructional design process, teachers and students should
identify expected student learning outcomes and establish performance criteria. It is
important that these criteria correspond with provincial learning outcomes. This
communication between students and teachers helps identify clearly what needs to
be accomplished, thereby assisting in the learning process. (See Appendix 11 for
related rubrics.)

When students are aware of expected learning outcomes, they will be more focused
on their learning, and may be more likely to assess their own progress.
Furthermore, they can participate in creating appropriate assessment and
evaluation criteria. Assessment methods must be valid, reliable, and fair to
students.

6 - Introduction
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MANITOBA FOUNDATIONS FOR SCIENTIFIC LITERACY

The Five Foundations

To develop scientifically literate students, Manitoba science curricula are built
upon five foundations for scientific literacy that have been adapted from the
Pan-Canadian Science Framework to address the needs of Manitoba students:

Essential Science Knowledge

Unifying Concepts

Nature of Science and Technology
Science, Technology, Society, and the Environment (STSE)
Scientific and Technological Skills and Attitudes

The following conceptual organizer illustrates the five foundations for scientific
literacy representing the goals of science learning from Kindergarten to Grade 12 in

Manitoba.

Manitoba Science Curriculum Conceptual Organizer

Scientific

Science, Technology,

Environment

and Nature
Technological ~ Ioundations . of
Skills . for - C;ir:jce
and . P
| ITI
Attitudes Scientific Technology
Ll‘rer'acy
\ Essential
S
0, Science
g, Knowledge
Concepts

Unifying

Society,
and the

A

Manitoba

These foundations, which are described in more detail on the following pages, have
led to the development of the general learning outcomes identified for Grade 12

Chemistry.

Section1 -3
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The Nature of Science and Technology

Students learn that science and technology are creative human activities with long
histories in all cultures. Science is a way of learning about the universe. This
learning stems from curiosity, creativity, imagination, intuition, exploration,
observation, replication of experiments, interpretation of evidence, and debate over
that evidence and its interpretations. Scientific activity involves predicting,
interpreting, and explaining natural and human-made phenomena. Many
historians, sociologists, and philosophers of science presently argue that there is no
definable, set procedure for conducting a scientific investigation. Rather, they see
science as driven by a combination of theoretical concerns, knowledge,
experiments, and processes anchored in the physical world.

Producing science knowledge is an intrinsically collective endeavour. There is no such
thing as stand-alone science done in isolation. Scientists submit models and solutions
for the assessment of their peers, who judge their logical, rational and experimental
soundness through reference to the body of existing knowledge and modes of
representation (Larochelle and Désautels 235).

Scientific theories are being tested, modified, and refined continually as new
knowledge and theories supersede existing knowledge bases. Scientific debate, both
on new observations and on hypotheses that challenge accepted knowledge,
involves many participants with diverse backgrounds. This highly complex
interplay, which has occurred throughout history, is animated by theoretical
discussions; experimentation; social, cultural, economic, and political influences;
personal biases; and the need for peer recognition and acceptance. Students will
realize that while some of our understandings about how the world works are due
to revolutionary scientific developments, many of our understandings result from
the steady and gradual accumulation of knowledge. History demonstrates,
however, that great advances in scientific thought have completely uprooted certain
disciplines, transplanting practitioners and theoreticians alike into an entirely new
set of guiding assumptions. Such scientific revolutions, as discussed by Thomas S.
Kuhn in his influential The Structure of Scientific Revolutions, constitute exemplars
that can energize the science teaching enterprise — particularly in chemistry
education.

Technology results mainly from proposing solutions to problems arising from
human attempts to adapt to the external environment. Technology may be regarded
as “a tool or machine; a process, system, environment, epistemology, and ethic; the
systematic application of knowledge, materials, tools, and skills to extend human
capabilities” (Manitoba Education and Training, Technology As a Foundation Skill
Area 1). Technology refers to much more than the knowledge and skills related to
computers and their applications. Technology is based on the knowledge of
concepts and skills from other disciplines (including science), and is the application
of this knowledge to meet an identified need or to solve a problem using materials,
energy, and tools (including computers). Technology also has an influence on
processes and systems, on society, and on the ways people think, perceive, and
define their world.

4 - Section 1
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Grade 12 Chemistry emphasizes both the distinctions and relationships between
science and technology. The following illustration shows how science and
technology differ in purpose, procedure, and product, while at the same time

relating to each other.

Science and Technology: Their Nature and Interrelationships*

Technology
(Seeks solutions to
problems arising from human

\ attempts to adapt to the
environment)

Science
(Seeks answers to
questions that humans have
about the
natural world)

Purpose

Purpose

Applies Problem-
Solving Strategies

Applies Scie'ntific
Inquiry Strategies

Procedure Procedure

such as hypothesizing
and experimenting

Proposes Explanations for

e ——— aees
such as designing,

building, and testing

Y
Proposes Solutions

| e——| 10 human problems of
Product

the phenomena in the
adaptation

Product natural world

o0°® i “oe. ®e
e °o®
New
Questions

Social Applications and Environmental New
Implications of Explanations and Solutions Problems

Personal Actions Based on Explanations

T and Solutions

* Source: Bybee, Rodger W., et al. Science and Technology Education for the Elementary Years: Frameworks for Curriculum
and Instruction. Rowley, MA: The NETWORK, Inc., 1989. Adapted with permission.

The following general learning outcomes (GLOs) have been developed to define
expectations related to the Nature of Science and Technology foundation area. (For
a complete listing of the general and specific learning outcomes, see Appendix 12.)

Section1 -5
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Nature of Science and Technology General Learning Outcomes
As a result of their Senior Years science education, students will:

A1 Recognize both the power and limitations of science as a way of answering questions about the
world and explaining natural phenomena.

A2 Recognize that scientific knowledge is based on evidence, models, and explanations, and
evolves as new evidence appears and new conceptualizations develop.

A3 Distinguish critically between science and technology in terms of their respective contexts,
goals, methods, products, and values.

A4 Identify and appreciate contributions made by women and men from many societies and cultural
backgrounds that have increased our understanding of the world and brought about
technological innovations.

A5 Recognize that science and technology interact with and advance one another.

Science, Technology, Society, and the Environment (STSE)

Understanding the complex interrelationships among science, technology, society,
and the environment is an essential component of fostering increased scientific
literacy. By studying the historical context, students come to appreciate ways in
which cultural and intellectual traditions have influenced the questions and
methodologies of science, and how science, in turn, has influenced the wider world
of ideas.

Today, most scientists work in industry, where projects are more often driven by
societal and environmental needs than by pure research. Many technological
solutions have evoked complex social and environmental issues. Students recognize
the potential of scientific literacy to inform and empower decision making of
individuals, communities, and society as a whole.

Scientific knowledge is necessary, but not sufficient, for understanding the
relationships among science, technology, society, and the environment. To
understand these relationships fully, it is essential that students consider the values
related to science, technology, society, and the environment.

Sustainable Development as a Decision-Making Model

As a component of achieving scientific literacy, students must also develop an
appreciation for the importance of sustainable development. Sustainable
development is a decision-making model that considers the needs of both present
and future generations, and integrates and balances the health and well-being of the
community, the environment, and the impact of economic activities.

* Sustainable human health and well-being is characterized by people coexisting
harmoniously within local, national, and global communities, and with nature. A
sustainable society is one that is physically, psychologically, spiritually, and
socially healthy. The well-being of individuals, families, and communities is of
considerable importance.

6 - Section 1
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* A sustainable environment is one in which the life-sustaining processes and natural
resources of the Earth are conserved and regenerated.

* A sustainable economy is one that provides equitable access to resources and
opportunities. It is characterized by development decisions, policies, and
practices that respect cultural realities and differences, and do not exhaust the
Earth’s resources. A sustainable economy is evident when decisions, policies, and
practices are carried out to minimize their impact on the Earth’s resources and to
maximize the regeneration of the natural environment.

* Decisions or changes related to any one of the three components —human health
and well-being, the environment, or the economy —have a significant impact on
the other two components and, consequently, on our quality of life. Decision
making must take into account all three components to ensure an equitable,
reasonable, and sustainable quality of life for all.

Sustainable Development

Economy

Human Health
and Well-Being

Educators are encouraged to consult Education for a Sustainable Future (Manitoba
Education and Training), a document that outlines ways of incorporating precepts,
principles, and practices to foster appropriate learning environments that would
help direct students toward a sustainable future. The document is available online
at <www.edu.gov.mb.ca/k12/docs/support/future>.

Sustainable Development, Social Responsibility, and Equity

Sustainable development supports principles of social responsibility and equity.
Robin Williams believes that the concept of equity is essential to the attainment of
sustainability. This includes equity among nations, within nations, between humans
and other species, as well as between present and future generations.

Sustainable development is, at the same time, a decision-making process, a way of
thinking, a philosophy, and an ethic. Compromise is an important idea that
underlies the decision-making process within a sustainable development approach.
In order to achieve the necessary balance among human health and well-being, the
environment, and the economy, some compromises will be necessary.

Section1 -7



Manitoba Foundations for Scientific Literacy * GRADE 12 CHEMISTRY

There can be no greater contribution or more essential element to long-term
environmental strategies leading to sustainable development that respects the
environment... than the education of future generations in matters relating to the
environment (UNESCO).

Public awareness and understanding of the concept of sustainable development and
its practices are essential. If we are to change our way of life we must equip present
and future generations with the knowledge and training to put sustainable
development into effect (Manitoba Sustainability Development Coordination Unit 19).

As students advance from grade to grade, they identify STSE interrelationships and
apply decision-making skills in increasingly demanding contexts, such as the
following:

* Complexity of understanding: from simple, concrete ideas to abstract ideas;
from limited knowledge of science to more in-depth and broader knowledge of
science and the world

* Applications in context: from contexts that are local and personal to those that
are societal and global

* Consideration of variables and perspectives: from one or two that are simple to
many that are complex

* Critical judgement: from simple right or wrong assessments to complex
evaluations

* Decision making: from decisions based on limited knowledge, made with the
teacher’s guidance, to decisions based on extensive research that are made
independently and involve personal judgement

The following GLOs have been developed to define expectations related to the
STSE foundation area.

Science, Technology, Society, and the Environment (STSE) General Learning
Outcomes

As a result of their Senior Years science education, students will:

B1 Describe scientific and technological developments—past and present—and appreciate their
impact on individuals, societies, and the environment, both locally and globally.

B2 Recognize that scientific and technological endeavours have been and continue to be influenced
by human needs and the societal context of the time.

B3 Identify the factors that affect health, and explain the relationships among personal habits,
lifestyle choices, and human health, both individual and social.

B4 Demonstrate a knowledge of and personal consideration for a range of possible science- and
technology-related interests, hobbies, and careers.

B5 Identify and demonstrate actions that promote a sustainable environment, society, and economy,
both locally and globally.

8 - Section 1



GRADE 12 CHEMISTRY * Manitoba Foundations for Scientific Literacy

Scientific and Technological Skills and Attitudes

A science education that strives for developing scientific literacy must engage
students in answering questions, solving problems, and making decisions. These
processes are referred to as scientific inquiry, technological problem solving (the

design process), and decision making (see the following chart). While the skills and

attitudes involved in these processes are not unique to science, they play an
important role in the development of scientific understandings and in the
application of science and technology to new situations.

Processes for Science Education*

Scientific Inquiry

Technological
Problem Solving
(Design Process)

Decision Making

so quickly?

An Answer:

Heat energy is transferred
by conduction,
convection, and radiation
to the surrounding
environment.

hot?

A Solution:

A foam cup will keep
liquids warm for a long
time. So will an insulated
cup.

Purpose: Satisfying curiosity about | Coping with everyday life, | Identifying different views
events and phenomena in | practices, and human or perspectives based on
the natural world. needs. varying information.

Procedure: | What do we know? How can we do it? What are the alternatives
What do we want to Will it work? or consequences? Which
know? choice is best at this

time?

Product: Knowledge about events | An effective and efficient | A defensible decision in a
and phenomena in the way to accomplish a task | particular circumstance.
natural world. or meet a need.

Scientific Question Technological STSE Issue
Problem
Example: Why does my coffee cool |How can | keep my coffee | Should we use foam cups

or ceramic mugs for our
meeting?

A Decision:

Since we must use
disposable cups for the
meeting, we will choose a
biodegradable type.

* Source: © Alberta Education, Integrated Occupational Program: Teacher Resource Manual, Science 8
and 9, 1989. Adapted with permission.

A description of each of these processes follows. Attitudes, which are an important
element of each process, are also examined, and are treated as indicators along the
pathway of student achievement. Hence, attitudes are to be modelled by teachers
and students, but are not formally assessed in the same manner as other specific
learning outcomes.
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Scientific Inquiry

Scientific inquiry is a way of learning about the universe. It involves posing
questions and searching for explanations of phenomena. Although no single
“scientific method” exists, students require certain skills to participate in science-
related experiences using a variety of appropriate methods.

Skills such as questioning, observing, inferring, predicting, measuring,
hypothesizing, classifying, designing experiments, and collecting, analyzing, and
interpreting data are fundamental to scientific inquiry —as are attitudes such as
curiosity, skepticism, and creativity. These skills are often represented as a cycle.
This cycle involves posing questions, generating possible explanations, and
collecting and analyzing evidence to determine which of these explanations is most
useful and accurate in accounting for the phenomena under investigation. New
questions may arise to reignite the cycle. It must be noted, however, that many
scientific inquiries (past and present) do not necessarily follow a set sequence of
steps, nor do they always start at the “beginning” of the cycle; scientists can be
creative and responsive to scientific challenges as they arise.

Technological Problem Solving

Technological problem solving seeks solutions to problems arising from human
attempts to adapt to or change the environment. In Kindergarten to Grade 8
science, students have been developing these skills using a cycle of steps called the
design process. This design process includes the proposing, creating, and testing of
prototypes, products, and techniques in an attempt to reach an optimal solution to
a given problem. Feedback and evaluation are built into this cycle. In Senior Years
science, these technological problem-solving skills are incorporated into a decision-
making process.

STSE Issues and Decision Making

Students, as individuals and global citizens, are required to make decisions.
Increasingly, the types of issues they face demand an ability to apply scientific and
technological knowledge, processes, and products to the decisions they make
related to STSE. The decision-making process involves a series of steps, which may
include

* clarifying the issue

* critically evaluating all available research

* generating possible courses of action

* making a thoughtful decision

* examining the impact of the decision

* reflecting on the process

Students should be actively involved in decision-making situations as they progress
through their science education. Not only are decision-making situations important
in their own right, but they also provide a relevant context for engaging in scientific
inquiry, problem solving, and the study of STSE relationships (as shown in the
following illustration).
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Attitudes

Attitudes refer to generalized aspects of behaviour that are modelled for students.
Attitudes are not acquired in the same way as skills and knowledge. They cannot
be observed at any particular moment, but are evidenced by regular, unprompted
manifestations over time. Development of attitudes is a lifelong process that
involves the home, the school, the community, and society at large. The
development of positive attitudes plays an important role in students” growth,
affecting their intellectual development and creating a readiness for responsible
application of what they learn.

The following GLOs have been developed to define expectations related to the
Scientific and Technological Skills and Attitudes foundation area.

Scientific and Technological Skills and Attitudes General Learning Outcomes
As a result of their Senior Years science education, students will:

C1 Recognize safety symbols and practices related to scientific and technological activities and to
their daily lives, and apply this knowledge in appropriate situations.

C2 Demonstrate appropriate scientific inquiry skills when seeking answers to questions.

C3 Demonstrate appropriate problem-solving skills when seeking solutions to technological
challenges.

C4 Demonstrate appropriate critical thinking and decision-making skills when choosing a course of
action based on scientific and technological information.

C5 Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, honesty,
and persistence, and appreciate their importance as scientific and technological habits of mind.

C6 Employ effective communication skills and use information technology to gather and share
scientific and technological ideas and data.

C7 Work cooperatively and value the ideas and contributions of others while carrying out scientific
and technological activities.

C8 Evaluate, from a scientific perspective, information and ideas encountered during investigations
and in daily life.

Essential Science Knowledge

The subject matter of science includes theories, models, concepts, and principles
that are essential to an understanding of life sciences, physical sciences, and Earth
and space sciences. Content is a vehicle for essential learnings (Drake), and it will
be increasingly important for students of chemistry to make interdisciplinary
connections among the following.

* Life sciences: This study deals with the growth and interactions of life forms
within their environment in ways that reflect their uniqueness, diversity, genetic
continuity, and changing nature. Life sciences include the study of organisms
(including humans and cells), ecosystems, biodiversity, biochemistry, and
biotechnology.
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* Physical sciences: Primarily associated with chemistry and physics, the physical
sciences deal with matter, energy, and forces. Matter has structure, and
interactions exist among its components. Energy links matter to gravitational,
electromagnetic, and nuclear forces of the universe. The laws of conservation of
mass and energy, momentum, and charge are addressed by physical science.

* Geosciences and the space sciences: These studies provide students with local,
global, and universal perspectives. Earth exhibits form, structure, and patterns of
change, as does our surrounding solar system and the physical universe beyond.
Earth and space sciences include fields of study such as geology, hydrology,
meteorology, and astronomy.

The following GLOs have been developed to define expectations related to the
Essential Science Knowledge foundation area.

Essential Science Knowledge General Learning Outcomes
As a result of their Senior Years science education, students will:

D1 Understand essential life structures and processes pertaining to a wide variety of organisms,
including humans.

D2 Understand various biotic and abiotic components of ecosystems, as well as their interaction
and interdependence within ecosystems and within the biosphere as a whole.

D3 Understand the properties and structures of matter, as well as various common manifestations
and applications of the actions and interactions of matter.

D4 Understand how stability, motion, forces, and energy transfers and transformations play a role in
a wide range of natural and constructed contexts.

D5 Understand the composition of the Earth’s atmosphere, hydrosphere, and lithosphere, as well as
the processes involved within and among them.

D6 Understand the composition of the universe, the interactions within it, and the implications of
humankind’s continued attempts to understand and explore it.

The Unifying Concepts

An effective way to create linkages within and among science disciplines is to use
unifying concepts —the key ideas that underlie and integrate all science knowledge
and extend into areas such as mathematics and social studies. Unifying concepts
help students construct a more holistic, systems-related understanding of science
and its role in society.

The following four unifying concepts were used in the development of Grade 12
Chemistry:

* Similarity and diversity: The concepts of similarity and diversity provide tools
for organizing our experiences with the world. Beginning with informal
experiences, students learn to recognize attributes of materials, organisms, and
events that help to make useful distinctions between and among them. Over
time, students adopt accepted procedures and protocols for describing and
classifying objects, organisms, and events they encounter, thus enabling them to
share ideas with others and to reflect on their own experiences.
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Systems and interactions: An important part of understanding and interpreting
the world is the ability to think about the whole in terms of its parts and,
alternately, about parts in terms of how they relate to one another and to the
whole. A system is a collection of components that interact with one another so
that the overall effect is often different from that of the individual parts, even
when these are considered together. Students will study both natural and
technological systems.

Change, constancy, and equilibrium: The concepts of constancy and change
underlie most understandings of the natural and technological world. Through
observations, students learn that some characteristics of living things, materials,
and systems remain constant over time, whereas others change. Through formal
and informal studies, students develop an understanding of the processes and
conditions in which change, constancy, and equilibrium take place.

Energy: The concept of energy provides a conceptual understanding that brings
together many aspects of natural phenomena, materials, and the processes of
change. Energy, whether transmitted or transformed, is the driving force of both
movement and change. Students learn to describe energy in terms of its effects
and, over time, develop a concept of energy as something inherent within the
interactions of materials, the processes of life, and the functions of systems.

The following GLOs have been developed to define expectations related to the
Unifying Concepts foundation area.

Unifying Concepts General Learning Outcomes

As
E1

E2

E3

E4

a result of their Senior Years science education, students will:

Describe and appreciate the similarity and diversity of forms, functions, and patterns within the
natural and constructed world.

Describe and appreciate how the natural and constructed world is made up of systems and how
interactions take place within and among these systems.

Recognize that characteristics of materials and systems can remain constant or change over
time, and describe the conditions and processes involved.

Recognize that energy, whether transmitted or transformed, is the driving force of both
movement and change, and is inherent within materials and in the interactions among them.
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Kindergarten to Grade 10 Science and Grades 11 and 12 Chemistry

Topic Chart

The following table provides a quick reference to the different thematic clusters
from Kindergarten to Grade 10 Science and Grades 11 and 12 Chemistry. It allows
teachers to examine, at a glance, students” previous exposure to scientific
knowledge in different areas. The chemistry-related content clusters are grey-
shaded for reference.

Science Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4
Kindergarten Trees Colours Paper —_
Characteristics Characteristics Daily and
Grade 1 and Needs of The Senses of Objects Seasonal
Living Things and Materials Changes
Growth and Properties of Position Air and Water
Grade 2 Changes in Solids, Liquids, and in the
Animals and Gases Motion Environment
Growth and Materials Forces That Soils
Grade 3 Changes in and Attract or in the
Plants Structures Repel Environment
. Rocks,
Grade 4 Habitats .a.nd Light Sound Minerals,
—_ Communities .
< and Erosion
S
g - Maintaining Properties of Forces and
Grade 5 2o a Healthy and Changes Simple Weather
£% Body in Substances Machines
33
= .g Diversity Exploring
Grade 6 2 of Living Flight Electricity the Solar
Z9 Things System
we
E ?gn Interactions Particle Forces Earth’s
Grade 7 = within Theory of and Crust
© & Ecosystems Matter Structures
i)
Grade 8 Cells and Optics Fluids Water
Systems Systems
. Atoms and Nature of Exploring
HEes Y Reproduction Elements Electricity the Universe
Grade 10 Dynamics of ('Theml'.j:try In Motion Weathgr
Ecosystems in Action Dynamics
Grade 11 Topics: Physical Properties of Matter, Gases and the Atmosphere,
Chemistry Chemical Reactions, Solutions, and Organic Chemistry
Grade 12 Topics: Reactions in Aqueous Solutions, Atomic Structure, Kinetics,
Chemistry Chemical Equilibrium, Acids and Bases, and Electrochemistry
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NOTES
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IMPLEMENTATION OF GRADE 12 CHEMISTRY s——

The Senior Years Student and the Science Learning Environment

Each year, teachers are called upon to make many decisions regarding course
content, learning materials and resources, and instructional and assessment
methods. Successful learning is more likely to occur if these decisions are informed
by teachers” understanding of their students and the ways they learn.

Teachers seeking to learn about their students need to be knowledgeable in various
areas, including the following:

* How people learn: In recent decades, cognitive psychology, brain-imaging
technology, and multiple intelligences theory have transformed our
understanding of learning. Ongoing professional learning is important to
teachers as they seek to update their knowledge of the processes of learning.

* Ways in which student populations are changing: The students whom teachers
encounter today are different in many respects from students a generation ago.
Students are more likely to be living with a single parent or stepfamily. More
have part-time jobs. Students are more sophisticated in their knowledge and use
of information technology, and much of their understanding of the world comes
from television. Classrooms are more likely to be ethnically diverse.

* Developmental characteristics of students: The characteristics of adolescent
learners have many implications for teachers.

* The unique qualities of each student: Family relationships, academic and life
experiences, personality, interests, learning approaches, socio-economic status,
and rate of development all influence a student’s ability to learn. Teachers can
gain an understanding of the unique qualities of each student only through daily
interaction, observation, and assessment.

Characteristics of Grade 12 Learners*

For many students, Grade 12 is a stable and productive year. Many Grade 12
students have developed a degree of security within their peer group and a sense of
belonging in school. They show increasing maturity in dealing with the freedoms
and responsibilities of late adolescence: romantic relationships, part-time jobs, and a
driver’s licence. In Grade 12, most students have a great deal of energy and a
growing capacity for abstract and critical thinking. Many are prepared to express
themselves with confidence and to take creative and intellectual risks. The stresses
and preoccupations of preparing for graduation, post-secondary education, or full-
time jobs are still a year away. For many students, Grade 12 may be the most
profitable academic year of the Senior Years.

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for
Implementation. Winnipeg, MB: Manitoba Education and Training, 2000. Adapted from Section 3,

pp- 7-8.

Section 2 - 3



Implementation of Grade 12 Chemistry * GRADE 12 CHEMISTRY

Although many Grade 12 students handle their new responsibilities and the
demands on their time with ease, others experience difficulty. External interests
may seem more important than school. Because of their increased autonomy,
students who previously had problems managing their behaviour at school may
now express their difficulties through poor attendance, alcohol and drug use, or
other behaviours that place them at risk.

Students struggling to control their lives and circumstances may make choices that
seem to teachers to be contrary to their best interests. Communication with the
home and awareness of what their students are experiencing outside school
continue to be important for Grade 12 teachers. Although the developmental
variance evident in previous years has narrowed, students in Grade 12 can still
change a great deal in the course of one year or even one semester. Teachers need
to be sensitive to the dynamic classroom atmosphere and recognize when shifts in
interests, capabilities, and needs are occurring, so they can adjust learning

experiences for their students.

The following chart identifies some common characteristics of late adolescence
observed in educational studies (Glatthorn; Maxwell and Meiser; Probst) and by
Manitoba teachers, and discusses the implications of these characteristics for

teachers.

Grade 12 Learners: Implications for Teachers*

Characteristics of Grade 12 Learners

Significance for Grade 12 Teachers

Cognitive Characteristics

Most Grade 12 learners are capable of abstract
thought and are in the process of revising their former
concrete thinking into fuller understanding of principles.

Students are less absolute in their reasoning, more
able to consider diverse points of view. They recognize
that knowledge may be relative to context.

Many basic learning processes have become
automatic by Grade 12, freeing students to concentrate
on complex learning.

Students have a clearer self-understanding and have
developed specialized interests and expertise. They
need to connect what they are learning to the world
outside the school. Chemistry must be seen as
valuable and necessary.

Teach to the big picture. Help students forge links
between what they already know and what they are
learning. Be cognizant of individual differences and
build bridges for students who think concretely.

Focus on developing problem-solving and critical
thinking skills, particularly those related to STSE and
decision making.

Identify the knowledge, skills, and strategies that
students already possess, and build the course around
new challenges. Through assessment, identify
students who have not mastered learning processes at
Grade 12 levels and provide additional assistance and
support.

Use strategies that enhance students’ metacognition.
Encourage students to develop scientific skills through
exploring areas of interest. Cultivate classroom experts
and invite students with individual interests to enrich
the learning experience of the class.

(continued)

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for Implementation. Winnipeg,
MB: Manitoba Education and Training, 2000. Adapted from Section 3, pp. 9-11.
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Grade 12 Learners: Implications for Teachers (continued)

Characteristics of Grade 12 Learners

Significance for Grade 12 Teachers

Psychological and Emotional Characteristics

» ltis important for Grade 12 students to see that their
autonomy and emerging independence are respected.
They need a measure of control over what happens to
them in school.

« Students are preparing for senior leadership roles
within the school and may be more involved with
leadership in their communities.

» Students need to understand the purpose and
relevance of practices, policies, and processes. They
may express their growing independence through a
general cynicism about authority and institutions.

* Grade 12 students have a clearer sense of identity
than they had previously and are capable of being
more reflective and self-aware. Some students are
more willing to express themselves and disclose their
thoughts and ideas.

Provide choice. Allow students to select many of the
resources they will explore and the forms they will use
to demonstrate their learning. Collaborate with students
in assessment. Teach students to be independent
learners. Gradually release responsibility to students.

Provide students with leadership opportunities within
the classroom and with a forum to practise skills in
public speaking and group facilitation.

Use students’ tendency to question social mores to
help them develop critical thinking. Negotiate policies
and demonstrate a willingness to make compromises.
Use students’ questions to fuel classroom inquiry.

Provide optional and gradual opportunities for self-
disclosure. Invite students to explore and express
themselves through their work. Celebrate student
differences.

Physical Characteristics

* Many Grade 12 students have reached adult physical
stature. Others, particularly males, are still in a stage
of extremely rapid growth and experience a changing
body image and self-consciousness.

+ By Grade 12, students are better able to sit still and
concentrate on one learning task for longer periods,
but they still need interaction and variety. They have a
great deal of energy.

» Grade 12 students still need more sleep than adults
do, and may come to school tired as a result of part-
time jobs or activity overload.

Be sensitive to the risk students may feel in public
performances and increase expectations gradually.
Provide students with positive information about
themselves.

Put physical energy to the service of active learning
instead of trying to contain it. Provide variety; change
the pace frequently; use kinesthetic learning
experiences.

Be aware that inertia or indifference may be the result
of fatigue. Work with students and families to set goals
and plan activities realistically so that school work
assumes a higher priority.

(continued)
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Grade 12 Learners: Implications for Teachers (continued)

Characteristics of Grade 12 Learners

Significance for Grade 12 Teachers

Moral and Ethical Characteristics

» Grade 12 students are working at developing a
personal ethic, rather than following a prescribed set
of values and code of behaviour.

» Students are sensitive to personal or systemic injustice
but are increasingly realistic about the factors affecting
social change.

» Students are shifting from an egocentric view of the
world to one centred in relationships and community.
They are able to recognize different points of view and
adapt to difficult situations.

» Students are becoming realistic about the complexities
of adult responsibilities but resist arbitrary authority.

Explore the ethical meaning of situations in life and in
scientific contexts. Provide opportunities for students to
reflect on their thoughts in discussion, writing, or
representation.

Explore ways in which decision-making activities can
effect social change, and link to the continuum of
science, technology, society, and the environment.

Provide opportunities for students to make and follow
through on commitments and to refine their interactive
skills.

Explain the purpose of every learning experience.
Enlist student collaboration in developing classroom
policies. Strive to be consistent.

Social Characteristics

» By Grade 12, certain individuals will take risks in
asserting an individual identity. Many students,
however, continue to be intensely concerned with how
peers view their appearance and behaviour. Much of
their sense of self is drawn from peers, with whom
they may adopt a “group consciousness,” rather than
from making autonomous decisions.

» Adolescents frequently express identification with peer
groups through slang, musical choices, clothing, body
decoration, and behaviour.

» Crises of friendship and romance, and a preoccupation
with relationships, can distract students from
academics.

» Students begin to recognize teachers as individuals
and welcome a personal connection.

Ensure that the classroom has an accepting climate.
Model respect for each student. Use learning
experiences that foster student self-understanding and
self-reflection. Challenge students to make personal
judgements about situations in life and in their natural
environment.

Foster a classroom identity and culture. Ensure that
every student is included and valued. Structure learning
so that students can interact with peers, and teach
strategies for effective interaction.

Open doors for students to study personal relationships
in science (for example, through biographies of
scientists). Respect confidentiality, except where a
student’s safety is at risk.

Nurture and enjoy a relationship with each student. Try
to find areas of common interest with each one.
Respond with openness, empathy, and warmth.
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Fostering a Will to Learn: Creating Links between Language and Science*

Experiences of intense involvement are optimal opportunities to teach engagement
in learning, and teachers should try to ensure they happen frequently in the
classroom. Not every learning task, however, can be intrinsically rewarding to
every learner. Being a successful learner also requires a high degree of what Corno
and Randi call “sustained voluntary effort” —an attitude expressed in committing
oneself to less interesting tasks, persisting in solving problems, paying
conscientious attention to detail, managing time, self-monitoring, and making
choices between competing values, such as the desire to do well on a homework
assignment and the desire to spend the evening with friends. The willingness to
make this sustained effort constitutes motivation.

Motivation is a concern of teachers, not only because it is essential to classroom
learning, but also because volition and self-direction are central to lifelong learning.
Science courses seek to teach students how to interpret and analyze science
concepts, and to foster the desire to do so. Motivation is not a single factor that
students either bring or do not bring to the classroom. It is multi-dimensional,
individual, and often comprises both intrinsic and extrinsic elements. Students hold
certain presuppositions about science learning that affect the way they learn.
Teachers can promote certain attitudes and skills to facilitate students” engagement
in each learning task, while recognizing and affirming entry-level abilities.

In considering how they can foster motivation, teachers may explore students’
appreciation of the value (intrinsic and extrinsic) of learning experiences and their
belief about their likelihood of success. These two elements can be expressed as an
equation; the effort students are willing to expend on a task is a product of their
expectation of success and of the value they ascribe to success (Good and Brophy).

Expectancy X Value = Motivation
(the degree to which (the degree to which

students expect to be students value the

able to perform the rewards of performing

tasks successfully if they a task successfully)

apply themselves)

Teachers may, therefore, want to focus on ensuring that students are able to
succeed if they apply reasonable effort, and on helping students recognize the value
of classroom learning experiences. The following chart provides teachers with
suggestions for fostering motivation.

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for
Implementation. Winnipeg, MB: Manitoba Education and Training, 2000. Adapted from Section 2,
p- 19.
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Fostering Motivation*

Ways to Foster

Expectations of Success

Best Practice and Research

» Help students to develop

a sense of self-efficacy.

Students who have a sense of self-efficacy are more willing to participate, work
harder, persist longer when they encounter difficulties, and achieve at a higher level
than students who doubt their learning capabilities (Schunk and Zimmerman).

Teachers foster student self-efficacy by recognizing that each student can succeed
and by communicating that belief to the student. A student’s perception that he or
she is a poor learner is a strong predictor of poor performance, overriding natural
ability and previous learning (Silver and Marshall). All students benefit from knowing
that the teacher believes they can succeed and will provide the necessary supports
to ensure that learning takes place.

Teachers also foster a sense of self-efficacy by teaching students that they can
learn how to learn. Students who experience difficulty often view the learning
process as mysterious and outside their control. They believe that others who
succeed in school do so entirely because of natural, superior abilities. It is highly
motivating for these students to discover that they, too, can learn and apply the
strategies that successful students use when learning.

Help students to learn
about and monitor their
own learning processes.

Research shows that students with high metacognition (students who understand
how they learn) learn more efficiently, are more adept at transferring what they
know to other situations, and are more autonomous than students who have little
awareness of how they learn. Teachers enhance metacognition by embedding, into
all aspects of the curriculum, instruction in the importance of planning, monitoring,
and self-assessing. Teachers foster a will to learn when they support “the cognitive
curriculum with a metacognitive and motivational one” (Turner 199).

Assign tasks of
appropriate difficulty,
communicating
assessment criteria clearly
and ensuring that students
have clear instruction,
modelling, and practice so
they can complete the
tasks successfully.

Systemic instruction helps students to learn strategies they can apply independently
(Ellis et al.).

Help students to set
specific and realistic
personal goals and to
learn from situations
where they do not attain
their goals. Celebrate
student achievements.

Research shows that learning is enhanced when students set goals that
incorporate specific criteria and performance standards (Foster; Locke and
Latham).

Teachers promote goal-setting skills by working in collaboration with students in
developing assessment strategies and rubrics (see Section 3: Assessment in
Grade 12 Chemistry and Appendix 9: Assessment).

(continued)

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for Implementation. Winnipeg,
MB: Manitoba Education and Training, 2000. Adapted from Section 2, pp. 20-21.
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Fostering Motivation (continued)

Expectations of Success

Ways to Foster

Best Practice and Research

Offer choices

Intrinsic motivation is closely tied to students’ self-selection of topics, texts, learning
activities, and creative forms. Teachers may involve students in the choice of a
topic for thematic development. Support students in the search for learning
resources that are developmentally appropriate and of high interest, and encourage
students to bring the world views they value into the classroom. Self-selection
allows students to build their learning on the foundation of their personal interests
and enthusiasm.

.

Set worthwhile academic
objectives.

Rather than asking students to execute isolated skills or perform exercises that are
without context, embed instruction in meaningful events and activities that simulate
real-world settings, and ensure that students share performances and products with
a peer audience.

Help students to learn
about and monitor their
own learning processes.

In teaching specific learning strategies, focus on the usefulness of each strategy for
making information meaningful, or for expressing ideas of importance to students.
Emphasize the importance of science to the richness and effectiveness of students’
lives, and de-emphasize external rewards and consequences such as marks.

Ensure that scientific
experiences are
interactive.

A community that encourages students to share their learning with each other
values science. Teachers who model curiosity, enthusiasm, and pleasure in learning
science-related concepts, and who share their experiences, foster motivation for
scientific literacy.

Creating a Stimulating Learning Environment

A vital science class grows out of, and is reflected in, a stimulating and inviting
physical environment. While the resources and physical realities of classrooms
vary, a well-equipped science classroom offers or contains a variety of resources
that help stimulate learning. It is helpful to involve students in the classroom

design.

Ways to create a stimulating learning environment include the following:

* Flexible seating arrangements: Use movable desks or tables to design seating
arrangements that reflect a student-centred philosophy and that allow students
to interact in various configurations.

* A media-rich environment: Have a classroom library of books for self-selected
reading. The classroom library may include science periodicals, newspaper
articles, newsletters, Internet articles, science-fiction literature, and students’
published work. It may also include a binder of student reviews and
recommendations, and may be decorated by student-designed posters or book
jackets. Classroom reference materials could include dictionaries/encyclopedias
of science, books of facts, software and CD-ROM titles, past examinations
collated into binders, and manuals.

* Access to electronic equipment: Provide access to a computer, television,
videocassette recorder, DVD-ROM, and video camera, if possible.
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Wall displays: Exhibit posters, Hall of Fame displays, murals, banners, and
collages that celebrate student accomplishments. Change these regularly to
reflect student interests and active involvement in the science classroom.

Display items and artifacts: Have models, plants, photographs, art
reproductions, maps, newspaper and magazine clippings, fossils, musical
instruments, and so on, in your classroom to stimulate inquiry and to express the
link between the science classroom and the larger world.

Communication: Post checklists, processes, and strategies to facilitate and
encourage students’ independent learning. Provide a bulletin board for
administrative announcements and schedules.

Well-equipped and safe laboratory: Provide regular access to a well-equipped
and safe science lab to foster the development of critical lab skills.

Language Learning Connected to Science

Science curricula involve all aspects of language and literacy development. Halliday
suggests that as students actively use the language arts, they engage in three kinds
of language learning, which can be linked to broader scientific literacy (cited in
Strickland and Strickland 203).

Students learn language: Language learning is a social process that begins at
infancy and continues throughout life. Language-rich environments enhance and
accelerate the process. Terminology-rich science has a role in new language
development.

Students learn through language: As students listen, read, or view, they focus
primarily on making meaning from the text at hand. Students use language to
increase their knowledge of the world.

Students learn about language: Knowledge of language and how it works is a
subject in and of itself; nevertheless, science as a discipline of inquiry relies on a
particular use of language for effective communication. Consequently, students
also focus on the language arts and their role when applied to science.

Scientific literacy learning is dynamic and involves many processes. The following
graphic identifies some of the dynamic processes that form the foundation for
effective literacy learning in science classrooms.
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Dynamic Processes in Literacy Learning Integrated into Science*

Integrated
Process

Metacognitive
Process
Students think not only
about what they are learning,
but also about how they are
learning. Students become
engaged learners when they
understand their own
learning processes and
believe in their own
abilities.

Recursive
Process
Language learning is a
continuum dependent upon
prior experience. Processes
often do not occur in a linear
sequence, but switch and recur.
Students move back and forth
within and between phases,
exploring, making
connections, creating,
revising, and
recreating.

Linguistic
Process

Students shift stances from
listener to speaker, reader to
writer, and viewer to
representer, as they move
between and among
the language arts.

Meaning-
Making Process
Students actively construct
their own meaning in relation
to prior knowledge and

experiences. Literacy involves a
transaction between the learner
and the text, within a particular
context. In the process, both

the learner and the

xt are changed.

Experiential
Process
Students bring prior
knowledge of both science and
language to science learning.
Teachers introduce them to new
ideas and experiences. Teachers
provide scaffolding to enable
students to achieve
understanding that they
could not yet reach
alone.

Social
Process
Students learn from the
literacy “demonstrations” of
others and construct meaning
with others. Interactions with
others provide support and
motivation. Students flourish

Students learn to use
semantic, syntactic,
graphophonic, and

pragmatic cues.

and take risks within a
caring, supportive
community of
learners.

* Source: Manitoba Education and Training. Senior 2 English Language Arts: A Foundation for Implementation. Winnipeg,
MB: Manitoba Education and Training, 1998. Adapted from Overview, p. 11.
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Ethical Issues

The development of topics within Grade 12 Chemistry should lead to issues and
questions that go beyond the traditional curriculum. For example, medical
biochemistry, or the implementation of international protocols related to the
prospects of global climate change, raises questions of ethics, values, and
responsible use of the products of the physical sciences. The environmental
consequences of the industrial applications of chemistry, or the atmospheric
chemistry of climate change, raise issues of considerable importance, as do the
topics of nuclear waste disposal and weapons procurement. These are among the
important issues that science is often called upon for advice. As students and
teachers address these issues, they will naturally be drawn to the study of the
underlying scientific concepts. Students should realize that science only provides
the background for making informed personal and social decisions, and that, as
informed decision makers, they may have an impact on society and the world.
Students of chemistry are not immune to the importance of these aspects of science
in a modern, post-industrial world.

Some students and parent(s) may express concern because the perspectives of
current science conflict with personal systems of belief. These individuals have a
right to expect that science and the public education system will respect those
beliefs, although this does not preclude such issues from arising in the classroom.
Teachers should explain to students that science is one way of learning about the
universe and our unique place embedded in it, and that other explanations, in
addition to those of the traditional Western sciences, have been put forth —
particularly in the realm of cosmogony.

Diversity in the Classroom

Students come from a variety of backgrounds and have distinct learning
requirements, learning and thinking approaches, and prior knowledge and
experiences. Their depth of prior knowledge varies, reflecting their experiences
inside and outside the classroom. Some entry-level knowledge held by students
may be limited or incorrect, impeding new learning. For new learning to occur, it is
important for teachers to activate students” prior knowledge, to correct
misconceptions, and to encourage students to relate new information to prior
experiences.

Manitoba’s cultural diversity provides opportunities for embracing a wealth of
culturally significant references and learning resources in the Senior Years science
classroom. Students from various backgrounds bring socially constructed
meanings, references, and values to science learning experiences, as well as their
unique learning approaches. As noted in Senior Years Science Teachers” Handbook, “To
be effective, the classroom must reflect, accommodate, and embrace the cultural
diversity of its students” (Manitoba Education and Training 7.13).
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In addition, cultural influences can affect how students think about science:
reasoning by analogy or by strict linear logic; memorization of specific correct
responses or generalizations; problem solving by induction or by deduction; or
needing to learn through hands-on apprenticeship to gain one aspect of a skill
before moving on to the next step (Kolodny). Cultural prohibitions permeate some
societies; for example, values that discourage assertiveness, outspokenness, and
competitiveness in some cultures can result in behaviour that can be interpreted as
being indifferent, having nothing to say, or being unable to act decisively (Hoy;
National Research Council). The problems engendered by these cultural differences
are often beyond the ability of teachers of advanced courses to handle on their own.
In many such cases, support from other members of the school staff is essential.

Learning Resources

Traditionally, the teaching of science in Senior Years has largely been a textbook-
centred enterprise. The use of a single textbook as the sole resource for the teaching
and learning of science severely restricts the development of knowledge, skills and
strategies, and attitudes that are critical for today’s students. Furthermore, it
promotes the idea that all answers are enshrined in a textbook. The successful
implementation of Grade 12 Chemistry depends on a resource-based learning
approach, in which textbooks are used only as one of many reference sources.
Research suggests that we should provide a wide range of learning resources for
structuring teaching and learning experiences. These include human resources,
textbooks, magazines/journals, films, audio and video recordings, computer-based
multimedia resources, the Internet, and other materials.

Resources referenced in this curriculum include print reference materials such as
Senior Years Science Teachers” Handbook: A Teaching Resource (Manitoba Education
and Training) and Science Safety: A Kindergarten to Senior 4 Resource Manual for
Teachers, Schools, and School Divisions (Manitoba Education and Training). In
addition, numerous articles from the chemistry education research community are
recommended to teachers.

The choice of learning resources, such as text(s), multimedia learning resources
(including video, software, CD-ROMs, microcomputer-based laboratory [MBL]
probeware, calculator-based laboratory [CBL] probeware), and websites, will
depend on the topic, the local situation, the reading level of students, the
background of the teacher, community resources, and availability of other
materials. A concerted effort should be made to use appropriate learning resources
from a wide variety of sources, as not all curricular outcomes can be achieved by
using any one resource in the study of a particular topic.

Selecting Learning Resources

For information on selecting learning resources for Grade 11 and Grade 12
Chemistry, see the Manitoba Education website at
<www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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Implementing the Curriculum

Chemistry curricula in the past have focused primarily on presenting a breadth of
knowledge (that is, a large amount of content) deemed essential, and on the
mathematical manipulation of algorithms. While the Grade 12 Chemistry
curriculum continues to be concerned with students gaining relevant knowledge
and with providing appropriate mathematical treatment of concepts, it is also
concerned both with fostering the development of various skills (context-based
process skills, decision-making skills, problem-solving skills, laboratory
experimental skills, critical thinking skills, independent learning skills) and with
effecting a change of viewpoint. A strong focus of Grade 12 Chemistry is to link
science to the experiential life of students.

By offering a multidisciplinary focus where appropriate, Grade 12 Chemistry
provides a new set of foundations for fostering increased scientific literacy.
Consisting of 28 general learning outcomes (GLOs), each linked with a number of
specific learning outcomes (SLOs), the Grade 12 Chemistry curriculum will build
upon what students know and are able to do as a result of their studies in
Kindergarten to Grade 10 Science (see Kindergarten to Grade 10 Science and
Grades 11 and 12 Chemistry Topic Chart at the end of Section 1: Manitoba
Foundations for Scientific Literacy). As many foundational concepts are taught in
Grade 11 Chemistry, students are strongly encouraged to have completed Grade 11
Chemistry before they begin Grade 12 Chemistry.

Grade 12 Chemistry assumes 110 hours of instructional time, and is designed to
include formal assessments, field excursions, and related co-curricular efforts.

Effective Teaching in Chemistry: What the Research Says to Teachers
Findings of Research on How Students Learn

A number of summaries of the instructional implications of recent research on
learning are provided below. The National Research Council report How People
Learn: Brain, Mind, Experience, and School (Bransford, Brown, and Cocking) can be
adapted and elaborated specifically for the study of chemistry. That report leads to
the following implications for effective chemistry instruction.

1. Effective teachers draw out and work with students’ current understandings,
including those understandings students bring with them to the course and
those they develop as the course progresses.

There is an emerging consensus in science education research, including a
substantial body of work specific to introductory chemistry, that, to be effective,
instruction must elicit, engage, and respond substantively to student
understandings (Champagne, Gunstone, and Klopfer; Clement; Hake; Hestenes,
Wells, and Swackhamer; McDermott and Redish). There are now a number of
examples of curricula and materials designed to support interaction with
students’ prior understandings, and there is evidence that these approaches can
achieve progress in understanding that is not possible for most students with
traditional methods.
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2. Effective teachers address students’” metacognitive skills, habits, and
epistemologies.

Students need to understand not only the concepts of chemistry, but also the
nature of knowledge and learning (Hammer; Hewson; McDermott; Reif and
Larkin; White and Frederiksen). Many students arrive at chemistry courses,
including advanced-treatment courses such as Chemistry Advanced Placement
(AP), expecting to learn by memorizing formulas disconnected from each other,
as well as from the students” experiences of the physical world. Effective
instruction challenges these expectations, helping students to see chemistry
learning as a matter of identifying, applying, and refining their current
understanding. Students learn to examine assumptions hidden in their
reasoning; to monitor the quality and consistency of their understanding; to
formulate, implement, critique, and refine models of physical phenomena; and
to make use of a spectrum of appropriate representational tools. By the end of a
chemistry course, students develop a rich sense of the coherent, principled
structure of chemistry and are both able and inclined to apply those principles in
unfamiliar situations. In short, effective instruction should work toward the
objectives identified in Section 1: Manitoba Foundations for Scientific Literacy.

3. Effective teachers are sophisticated diagnosticians of student knowledge,
reasoning, and participation.

How teachers respond to student thinking depends critically on what they
perceive in that thinking, on what they interpret to be the strengths and
weaknesses of the students” understanding and approach. Effective teachers
continually gather information to support this ongoing assessment from several
different sources: written work on assignments, tests, and quizzes; classroom
discussions; and contact with students outside the classroom. They ask students
to explain their reasoning throughout their work, particularly through the
appropriate and measured use of differentiated instruction techniques. Upon
gaining new insights into student understanding, effective teachers adapt their
instructional strategies and assessments.

4. Effective teachers teach a smaller number of topics in greater depth, providing
many examples in which the same concept is at work.

This is a common refrain in findings from education research, often expressed in
the slogan “less is more.” In part, this finding is an implication of the previous
two: drawing out and working with student understandings and addressing
metacognitive skills and habits all take time, and this necessitates a reduction in
the breadth of coverage. Education research also suggests that coming to
understand a concept requires multiple encounters in a variety of contexts. This
finding is reflected across this chemistry curriculum, drawing on the “spiralling”
approach that revisits prior knowledge in new ways, or at an increased level of
sophistication.
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Making Interdisciplinary Connections in the Chemistry Classroom

An important issue for a field as ancient as chemistry is how it adapts to the needs
of society in a given place and time. The field of chemistry today faces a period of
transition.

* A period in which technology and knowledge-based industries are the primary
drivers of the national economy has begun.

* A period in which other areas of science, such as microbiology and genetics, will
undergo rapid progress has also begun.

* The increasing availability, power, and sophistication of computational hardware
and software will make possible novel quantitative descriptions of the physical
universe. Society in general appears to be rapidly becoming more and more
knowledge based. Enormous quantities of information are instantly available on
ubiquitous computers.

Teachers of chemistry will need to be able to apply the body of knowledge
developed within chemistry to totally new areas. In other words, chemistry teachers
will be asked to become more interdisciplinary; they will have to apply their special
knowledge and methods to problems that cross the boundaries of traditional
disciplines.

On the other hand, the topics that possess several features that naturally allow
students to begin to confront interdisciplinary issues are welcome, and align more
closely to the new emphases outlined in Section 1: Manitoba Foundations for
Scientific Literacy. First, there is the provision for interdisciplinary options (such as
biomedical chemistry, historical chemistry, the nature of science as seen through
chemistry) that teachers may choose to create.

Collaborative group work of students creates its interdisciplinary dimension
through ownership of a collaborative scientific investigation. Such projects can
easily involve applying knowledge and methods from several different scientific
tields. Increased interdisciplinary content could be added to chemistry courses by
developing more contexts such as the biomedical chemistry option mentioned
above. Alternatively, the enriched chemistry course might choose to explore
examples illustrating how fundamental physical principles apply to a wide variety
of areas. For example, the elastic properties of DNA molecules might be used to
discuss the range of validity of Hooke’s law for spring forces. Biological cell
membranes could be used to construct interesting examples of electrical potential
differences and electric fields. In agreement with the National Research Council’s
National Science Education Standards (NSES), Manitoba Education encourages
teachers to include some experiences with the interdisciplinary applications of
chemistry when implementing the chemistry curriculum.
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Unit Development in Chemistry

Grade 12 Chemistry is driven by specific learning outcomes that can be arranged in
a variety of groupings. This design empowers teachers to plan appropriate learning
experiences based on the nature of their students, school, and community. Teachers
are encouraged to seek their own instructional design with the new curriculum, to
share approaches and experiences with colleagues, and to use an integrated
interdisciplinary focus to develop and extend student experiences and
understandings in new ways.

Working with bigger ideas can allow for a more in-depth inquiry. Organizing
around a problem or theme will generally present information in the context of
real-world applications (Willis). For instance, the treatment of vector analysis or
free-body diagrams —usually taught in isolation as discrete mastery skills —could
be better served by presenting these concepts at the time when the context will
demand their use. Throughout the year, provide students with opportunities to
uncover concepts from among the sciences in a substantial way, and to make
coherent connections among them to chemistry.

Science deals with major themes in which people are already interested or can
readily be interested: life and living things, matter, the universe, information, the
“made-world.” A primary reason, therefore, for teaching science to young people is
to pass on to them some of this knowledge about the material world, simply because
it is both interesting and important—and to convey the sense of excitement that
scientific knowledge brings (Millar and Osborne 7).

For teachers adopting a “thematic” or “big ideas from chemistry” approach to
organizing the course, choosing an effective theme is critical to the success of such a
pathway. Involving students in the selection of a theme (or the important
subcomponents of a compulsory topic) will encourage and motivate them by
recognizing their interests.

A theme should

* be broad enough for students to find personal areas of interest

* promote learning

* have substance and apply to the real world

* have relevant materials readily available

* be meaningful and age-appropriate

* have depth

* integrate across the disciplines of chemistry, biology, physics, and geosciences

* fascinate students (Willis)
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A View of Chemistry Education: Toward Modes of Representation

Ask your students to respond, in one sentence, to the question, “what is
chemistry?” Responses tend to describe previous experiences with chemistry
content: “chemistry is molecular motion,” or “chemistry is the study of energy and
matter,” or “chemistry is like physics with lots of math in it,” or, from an educator’s
standpoint, “chemistry is an understanding of particulate representations not
visible to us.” Other responses are more global: “chemistry is the study of the
makeup of the universe,” or “chemistry is the science of all things.” The
relationship of mathematics to chemistry is predominant; a common lament is
“chemistry is math” or “chemistry is figuring out the simple things in everyday life
in a mathematically complex way” at the Senior Years. These responses indicate
that students see mathematics as the process of chemistry. Many see chemistry as an
important aspect of their preparation for an uncertain future, but with a varying
sense of what chemistry really is and what it could do for them.

What is chemistry? Although answers vary, a common theme exists if we consider
the various branches of chemistry and the underlying principles. Chemistry can
also be considered as including particulate representations in the world we perceive
around us. However, those relationships are embedded in visual, social, and
historical contexts —a set of lenses through which the relationships are perceived
and acted upon. For instance, we contemplate “something interesting,” and then
build models to identify fundamental characteristics to determine how they interact
and influence each other. From these relationships we are able to predict the
behaviour of other “interesting things” that have the same or similar parameters. A
major component of chemistry, then, is the study of relationships in a variety of
different forms. What makes the study of chemistry so difficult for so many is that
relationships can be represented in many different ways—and too often are shown
in just one manifestation, the mathematical symbolic relationship.

The Modes of Representation

The modes of representing relationships include the following;:
* macroscopic (visual) mode

* numerical mode

* graphical mode

* symbolic mode

* particulate mode

To facilitate teaching and learning, it is important to understand the various modes
of representation and their relationship to each other.
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Macroscopic (Visual) Mode

To illustrate the modes of representation, consider an example making use of the
physical properties of gases under changes in pressure. Initially, a single book is
placed on top of syringe apparatus (see illustration below). If we then enlarge the
scope of the picture by adding other books, we can perceive that a relationship is
emerging relating the amount of mass added to the syringe (that is, compressing
the gas within the syringe) and the amount of compression in the gas sample. This
is what we would call the macroscopic (visual) mode of representing a relationship.
Its basis is in the “real” world of sense perception and our associated perceptions of
how this “world” operates.

In the macroscopic (visual) mode, we suggest a relationship between two variables
and then test our hypothesis by observation and experimentation. In the present
case, as the downward force increases with the addition of more books, the syringe
depresses in some easily observed proportional manner. Sometimes we can even
determine the exact relationship. In this case, we can place a hypothetical “straight
edge” to line up in a straight line across the syringes, and certainly this does seem
to indicate that there is a predictable relationship.

(§<HHH

The macroscopic (visual) mode of representation embodies more than conjecture
and observation. It incorporates critical and creative thinking as we build and
modify models of nature that act as a foundation for our investigations. The “real”
world is conceptualized by a set of guiding assumptions we imagine to be true. We
may internalize a model to aid this conceptualization, and then we test this model
using experiments. A successful model has explanatory and predictive capabilities.
A model may incur discrepant events, which may force us to reconsider and
modify our model. Our model may be falsified, in which case we abandon the
model in search of a more complete and accurate model. For instance, the model of
electric charge provides a foundation for the examination of electric phenomena.
Historically, the fluid and particle models of charge accounted for experimental
observations. However, as our ideas about the structure of matter evolved, the
particle model provided a more reliable, predictive, and robust explanatory model.

Although we can make some general descriptions of relationships (e.g., as pressure
increases, volume decreases), we cannot always determine an exact relationship
using the macroscopic (visual) mode of representation. Therefore, we quantify the
characteristics and compare the numbers. This is called the numerical mode of
representation.
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Numerical Mode

In the numerical mode of representation, we operationally define fundamental
properties and use measurement to collect data. In the case here, the pressure
exerted on the gas is operationally defined as “changes in the position of the
syringe” and is something we can readily see with the eyes. If there is no pressure
applied, we see no change in the position of the syringe, and greater force implies
greater pressure exerted on the air within the syringe. We can then examine the
data to determine an exact relationship. The numerical mode dictates an
understanding of proportioning and numerical patterns (e.g., if pressure [P]
doubles, volume [V] is halved, and if P triples, V is reduced to a third of the
original volume, and so on). This suggests a direct proportion, and we can then
formulate a representative “law” describing the predictable behaviour of confined
gas samples or other phenomena of interest. However, in most cases that students
and researchers are involved in, the collection of data results in systematic errors.
Determining the relationship by simple inspection of the data can be very difficult.
A picture, however, is worth a thousand numbers to us. Graphing the data usually
gives a clearer picture of the relationship. It could be looked upon, for students, as a
preparation for examining closely a “picture of the numbers” (the graph).

The following data table is an example of a numerical mode that is of importance to
us at Grade 12 —to identify a direct relationship if that is the case, or an inverse
relationship such as in the example here (volume and pressure in a gas sample):

Volume and Pressure in a Gas
Volume Pressure
(mL) (mmHg)
30.5 739.8
20.3 1122.4
15.2 1493.8
10.2 2232.0
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Graphical Mode

The graphical mode of representation is a mathematical picture of the relationship.
Fortunately, there are a limited number of pictures one needs to know to determine
relationships. In fact, at the introductory Grade 12 Chemistry level, it is only
necessary to know three pictures that derive from mathematical relationships: a
straight line, a power curve, and an inverse curve. By adjusting the data to
“straighten the curve,” we can determine the exact relationship and formulate a law
that can be represented in a symbolic manner.

For our purposes here, there can be no better example of the power of mathematical
modelling than that from the relationship between the volume of a gas sample and
the pressure it exerts on the walls of a container. We, of course, know this as Boyle’s
Law, but it is instructive to view this from the point of view of students and our
discussion here of modes of representation. Below is a graphical representation of
numerical data from a fictitious student lab experience based on Robert Boyle’s
original data:

Robert Boyle’s Original Data—Pressure and Volume
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We would expect two things to arise from a discussion of this “picture.” First, the
relationship is inverse in some way (as one variable gets larger, the responding
variable gets smaller). Second, the inverse behaviour is not “one to one”; that is, it is
not a linear relationship. We cannot expect that either volume or pressure can
increase or decrease indefinitely in realistic terms. In order to “tease out” or model
the physical law that explains this behaviour of gases under pressure, students are
instructed in the techniques for curve straightening at Grade 12. This technique
directly links the graphical and symbolic modes of representation.
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Let’s see how this is accomplished. Our initial mathematical model states, using the
present example with gases, that some sort of inverse relationship exists between
volume and pressure. Expressing this as follows is a good starting point:

Pressure goes down as volume goes up.
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The implication is that if we replot that data, but this time plot the inverse of volume
against pressure, a new relationship should become visible:

Pressure of Gas versus Inverse of Volume (I/V)
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Symbolic Mode

The fourth mode of representation is the symbolic mode. To continue with our
example using Boyle’s Law, we represent the relationship between the pressure and
volume of a gas as an algebraic relationship, which can be applied to other physical
events that are similar in nature. When we look again at the last graph plotting the
inverse of volume with pressure, it is clearly evident that a direct relationship exists
between these two quantities. It would be very easy to determine a line of “best fit”
for this graph, determine the slope of that line, and close off the discussion with the
statement of a fundamental physical law.

If P=k e V' then PV =a constant (k).

We then can state Boyle’s Law as the product of pressure and
volume as being a constant....

Thus far, we have represented relationships in four different modes: macroscopic
(visual), numerical, graphical, and symbolic. In our model of chemistry education,
students should be afforded the opportunity to function in each mode of
representation to demonstrate growing understanding and mastery of these modes
conceptually.

Particulate Mode

Now, we will discuss a fifth mode of representation: particulate representations.
Throughout Grade 12 Chemistry, students will regularly involve themselves with
modelling chemical phenomena. This will include building ball-and-stick models,
using software simulations, or drawing pictures of events that are occurring at the
nanometre scale and are beyond our spatial constraints. For instance, we could
illustrate the gas sample featured in this discussion in this manner:
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The Importance of the Modes of Representation

It is easy to become caught up in a single mode of representation, especially the
symbolic mode, when teaching and learning chemistry. Students often complain
about the number of calculations in their chemistry course, or question their
purpose. They dutifully memorize equations and notation, learn to substitute for
variables, and arrive at numerical solutions. Students and teachers can easily
become trapped exclusively within the symbolic mode of representation.
Instruction using the symbolic mode is easy because little or no preparation is
required. The teacher, already grounded in mathematical principles, only needs to
derive an equation algebraically. This “out of context” treatment of relationships
between the physical/conceptual (i.e., visual mode variables) and the symbolic
presents tremendous difficulties for most students, including those students who
are apparently mathematically competent.

Meaningful connections between the symbolic and physical/conceptual modes are
difficult to make in a decontextualized setting. Many teachers, whose own
instruction in chemistry may have been primarily in the symbolic mode, may never
have mediated their own conceptual difficulties. Students taught exclusively in the
symbolic mode often know how to arrive at “cookbook” answers, but they rarely
understand the chemistry or retain the concepts. In fact, their difficulties rarely
focus on chemistry. Confusion appears because of notation, similar types of
equations, various algebraic representations of formulas, and calculations. As soon
as physical concepts are necessary, as in word problems beyond the “plug and
slug” variety, success rates decrease dramatically. Research in chemistry education
indicates that many advanced students experience difficulties when operating in
the physical/conceptual domain, but do calculations with apparent ease and
success. This, of course, may not be surprising if students” instruction has been
almost exclusively in the symbolic mode of representation.

Students need to develop their understanding of relationships more completely,
and develop skills in each mode of representation. Students should be able to
transfer between modes both fluidly and with facility. Moving through the modes
is not necessarily done in consecutive order. A “real scientist” can begin
investigations in any mode and transfer easily through any combination of modes.
Students who demonstrate a complete understanding of physical/conceptual
relationships should be able to move from mode to mode in any order.

While fluency with the modes of representation provides a solid foundation for
chemistry education, it is, of itself, not complete when portraying the nature of
scientific activity. Albert Einstein, while developing his theory of relativity,
conceptualized a hypothesis and then deduced a series of laws symbolically from a
set of fundamental assumptions about time and space. He left it to others to
observe, and then refute or confirm his propositions. Historical perspectives, and an
understanding of the nature of science, will move students toward a more
philosophically valid treatment of chemistry.
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Summing up the Modes of Representation for Chemistry Teachers

Macroscopic (Visual): Encourage students to discuss the representations they
see and experience.

Numerical: Use student-generated measurements—always in the context of
activities.

Graphical: Carefully plot graphs; get the “picture of the numbers,” not “this is a
picture of the world.”

Symbolic: Emphasize the concept first, and then initially apply formulas as word
definitions. Only then work “type” problems using formulas. Ideally, formulas are
memorized only in certain instances.

Particulate: Frequently make use of physical models that explain or illustrate the
invisible world of molecular structure and behaviour. Attempt to connect physical
phenomena with the underlying microscale movements of particles.

Toward an Instructional Philosophy in Chemistry

Teaching Grade 12 Chemistry with a focus on both content and processes naturally
allows for the use of a variety of instructional strategies. These strategies include
the collection and analysis of data from both laboratory work and field work, group
and individual instruction, a diversity of questioning techniques, decision-making,
problem-solving, and design-process activities, and a resource-based approach to
learning. Senior Years science programming should foster critical thinking skills
and promote the integration of knowledge and the application of facts to real-life
situations. Scientific concepts from other Senior Years science courses may become
part of the subject matter as the Grade 12 Chemistry course develops in the
classroom. This approach is a valuable and useful means of reinforcing and
validating scientific concepts as having relevant and contextual applications.

Chemistry is, in part, a way of thinking that has rules for judging the validity of
answers applicable to everyday life. It is an intense human activity, full of trial and
error that is influenced by cultural priorities and humanistic perspectives. The myth
of total objectivity that often permeates scientific dialogue also needs to be exposed
and discussed. Among the natural sciences, “scientific truth” is no longer viewed as
an objective reality awaiting discovery; rather, it is placed in the context of
something always to be sought. In recognition of the tentative nature of current
knowledge claims, “scientific truth” is not a goal that can be reached in absolute
terms, but can remain as one of the hallmarks of the traditions of scientific practice.

Students should be encouraged to make distinctions between what is observable
and testable, as well as develop the ability to consider the abstract deductions,
models, and themes that derive from evolving scientific research and thinking.
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Conceptual knowledge in science can also be integrated with principles from other
disciplines. The inclusion of social, historical, and political implications in the study
of chemistry provides students with opportunities to develop a facility to
communicate ideas effectively through verbal and written expression. Finally,
students will benefit from opportunities to develop an awareness of the options
available to them for careers and vocations in the wide diversity of sciences.

Grade 12 Chemistry, as a component of young people’s whole educational
experience, will assist in preparing them for a full and satisfying life. This
curriculum will sustain and develop the curiosity of young people about the
natural world around them, and build their confidence in their ability to inquire
into its behaviour, now and in the future. It seeks to foster a sense of wonder,
enthusiasm, and interest in science so that young people will feel confident and
competent to engage with everyday scientific and technological applications and
solutions.

As students study a range of topics through various sub-disciplines of chemistry,
they will develop a broad, general understanding of the important ideas and
explanatory frameworks of the field as a whole, including the procedures of
scientific inquiry that have had a major impact on our material environment and on
our culture. They will develop an appreciation for why these ideas are valued and
the underlying rationale for decisions that they may wish, or may be advised, to
take in everyday contexts, both now and in later life. They will be able to
understand, and respond critically to, media reports of issues with a science
(particularly a chemistry-related) component. Finally, students will feel empowered
to hold and express personal viewpoints on issues with a science component that
enter the arena of public debate, and perhaps to become actively involved in some
of these issues (Millar and Osborne 12).

Results-Based Learning*

In results-based learning, the programming focus is on what students know and
can do, rather than on what material is “covered.” The learning outcomes are an
elaboration of the knowledge, strategies, and skills and attitudes expected of each
Grade 12 Chemistry student. All programming decisions are directed toward
addressing the gap between the students” present level of performance and the
performance specified in the learning outcomes.

Bridging the Gap between
Student Performance and the Identified Learning Outcomes

Present Level of ——— > Programming Decisions ———— Grade 12 Student
Student Performance Learning Outcomes
« Instructional Strategies
» Materials and Resources

» Assessment Tools and Strategies

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for
Implementation. Winnipeg, MB: Manitoba Education and Training, 2000. Adapted from Section 2, p. 9.
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The student learning outcomes are not taught separately or in isolation. Nor are
they taught consecutively in the order in which they appear in the curriculum
documents. Most lessons or units draw on knowledge, skills and strategies, and
attitudes addressed in several or all general learning outcomes. In the process of
planning, teachers are encouraged to identify the learning outcomes they intend to
assess, and link all assessment to the specific learning outcomes.

In implementing results-based curricula, experienced teachers may find that they
use many of the instructional strategies and resources they have used previously.
However, the nature of results-based learning will reshape their programming in
several ways:

* Planning is ongoing throughout the semester or year because instruction is
informed by learning requirements that become evident through continuous
assessment.

* Some learning outcomes, especially skills and attitudes outcomes, are addressed
repeatedly in different ways throughout the school semester or year. As students
develop new scientific knowledge, skills and strategies, and attitudes, they need
to practise and refine those they have previously experienced.

Varied Instructional Approaches*

Teachers wear a number of different “pedagogical hats,” and change their teaching
styles in relation to the cognitive gains, attitudes, and skills demanded of the task at
hand (Hodson). In planning instruction for Grade 12 Chemistry, teachers may draw
upon a repertoire of instructional approaches and methods and use combinations of
these in each unit and lesson. Many suggestions are contained in this document.
Instructional approaches may be categorized as

* direct instruction

* indirect instruction

* experiential learning

* independent study

* interactive instruction

Most teachers draw from all these categories to ensure variety in their classroom

learning experiences, to engage students with various intelligences and a range of
learning approaches, and to achieve instructional goals.

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for
Implementation. Winnipeg, MB: Manitoba Education and Training, 2000. Adapted from Section 2,
p- 10.
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The following diagram displays instructional approaches and suggests some
examples of methods within each approach. Note that the approaches overlap.

Instructional Approaches®

Direct Instruction
Lesson Overviews
Guest Speakers

Explicit Teaching
Instruction of Strategic Processes
Modelling
Didactic Questioning
Interactive Instruction Demonstrations
Debates Mini-Lessons Indirect Instruction
Role Playing Guides for Reading, Jigsaw Groups
Panels Listening, and Viewing Problem Solving
Brainstorming Inquiry and Research
Peer Conferencing Reading and Viewing for Meaning
Discussion

Reflective Discussion
Gallery Walks
Concept Mapping

Collaborative Learning Groups

Problem Solving

Talking Circles
Peer Editing

Interv

Independent Study
Computer-Assisted Instruction

Experiential Learning
Field Trips

Essays Simulations
Reports Primary Research
Study Guides Games

Learning Contracts
Homework
Inquiry and Research Projects
Learning Centres

Focused Imaging
Observations
Role Playing

Surveys

* Source: © 1991, Government of Saskatchewan. Adapted with permission.
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Instructional Approaches

In selecting instructional approaches and methods, teachers consider which
combination will assist students in achieving the learning outcomes targeted for a
particular lesson or unit. Teachers consider the advantages and limitations of the
approaches and methods, as well as the interests, knowledge, skills, and attitudes of
their students. Some of these elements are represented in the following chart.

Instructional Approaches: Roles, Purposes, and Methods*

Instructional Roles Purposes/Uses Methods Advantages/
Approaches Limitations
Direct * Highly teacher- * Providing information | Teachers: Effective in providing
Instruction directed » Developing step-by- » Explicit teaching students with
» Teacher uses step skills and * Lesson overviews knowledge of steps
didactic questioning strategies » Guest speakers of highly sequenced
to elicit student * Introducing other * Instruction of strategic skills and strategies
involvement approaches and processes Limited use in
methods * Lecturing developing abilities,
» Teaching active » Didactic questioning processes, and
listening and note * Demonstrating and attitudes for critical
making modelling prior to thinking and
guided practice interpersonal
* Mini-lessons learning
» Guides for reading, May encourage
listening, and viewing passive, not active
learning
Indirect * Mainly student- « Activating student Students: Active involvement
Instruction centred interest and curiosity | + Observing an effective way for
» Teacher’s role » Developing creativity |+ Investigating students to learn
shifts to facilitator, and interpersonal * Inquiring and High degree of

supporter, resource
person

» Teacher monitors
progress to
determine when
intervention or
another approach
is required

skills and strategies
Exploring diverse
possibilities
Forming hypotheses
and developing
concepts

Solving problems
Drawing inferences

researching

Jigsaw groups
Problem solving
Reading and viewing
for meaning
Reflective discussion
Concept mapping

differentiation and
pursuit of individual
interests possible
Excellent facilitation
and organizational
skills required of
teachers

Some difficulty
integrating focused
instruction and
concepts of content

(continued)

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for Implementation. Winnipeg,
MB: Manitoba Education and Training, 2000. Adapted from Section 2, pp. 11-12.
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Instructional Approaches: Roles, Purposes, and Methods (continued)

guide or supervise
students’
independent study,
teach knowledge,
skills, and
strategies that
students require for
independent
learning, and
provide adequate
practice

initiative
Developing student
responsibility
Developing self-
reliance and
independence

projects

* Using a variety of
approaches and
methods

+ Computer-assisted
instruction

» Essays and reports

+ Study guides

* Learning contracts

* Homework

+ Learning centres

Instructional Roles Purposes/Uses Methods Advantages/
Approaches Limitations
Interactive » Student-centred  Activating student Students participating in: | « Increase of student
Instruction » Teacher forms interest and curiosity  Discussions motivation and
groups, teaches » Developing creativity + Sharing learning through
and guides small- and interpersonal skills | + Generating alternative active involvement in
group skills and and strategies ways of thinking and groups
strategies » Exploring diverse feeling * Key to success is
possibilities + Decision making teacher’s knowledge
» Forming hypotheses * Debates and skill in forming
and developing * Role-playing groups, instructing,
concepts » Panels and guiding group
» Solving problems * Brainstorming dynamics
» Drawing inferences » Peer conferencing « Effective in assisting
+ Collaborative learning students’
groups development of life
* Problem solving skills in cooperation
+ Talking circles and collaboration
* Interviewing
+ Peer editing
Experiential |+ Student-centred » Focusing on processes | Students participating in: | * Increase in student
Instruction » Teacher’s role may of learning rather than | » Learning activities understanding and
be to design the on products * Field trips retention
order and steps of |« Developing students’ + Simulations » Additional resources
the process knowledge and * Primary research and time required for
experience + Games hands-on learning
* Preparing students for | « Focused imaging
direct instruction * Role-playing
» Surveys
» Sharing observations
and reflections
* Reflecting critically on
experiences
» Developing hypotheses
and generalizations in
new situations
Independent |« Student-centred » Accessing and Students participating in: | « Students grow as
Study » Teacher’s role to developing student * Inquiry and research independent, lifelong

learners

Student maturity,
knowledge, skills,
and strategies
important to success
Student access to
resources essential
Approach flexible
(may be used with
individual students
while other students
use other
approaches)

30 - Section 2




GRADE 12 CHEMISTRY * Implementation of Grade 12 Chemistry

Linking Instructional Approaches with Specific Instructional Strategies

The interactions of the five instructional approaches just discussed can be linked to
more specific strategies commonly found within this curriculum document.
Although not exhaustive, the instructional strategies that follow may be used with
Grade 12 Chemistry as starting points toward a broader array of strategically used
classroom learning experiences with students.

Direct Instruction

Teacher demonstrations: Demonstrations, such as discrepant events, may be
used to arouse student interest and allow for visualization of phenomena.
Demonstrations can activate prior knowledge and generate discussion around
learning outcomes.

Community connections: Field trips and guest speakers may provide students
with opportunities to see science applied in their community and in local natural
environments.

Prior knowledge activities: Students learn best when they are able to relate new
knowledge to what they already know. Brainstorming, KWL (Know, Want to
know, Learned) charts, and Listen-Think-Pair-Share (see SYSTH, Chapter 9)* are
just a few of the strategies that may be used to activate and assess students’ prior
knowledge.

Indirect Instruction

Class discussion (teacher facilitated): Discussions may be used in a variety of
ways. They may spark interest in a topic or learning outcome, activate prior
knowledge by inviting speculation on why certain events occur, or generate ideas
for solutions to problems.

Collaborative teamwork: Instructional strategies, such as the Jigsaw or
Roundtable (see SYSTH, 3.19, 3.20, and Appendix 7), encourage students to learn
from one another and to develop teamwork skills. The use of cooperative
learning activities may lead to increased understanding of content and improved
thinking skills.

Interactive Instruction

Class discussion (student facilitated): Student-led discussions may be used with
groups of students who are amenable to this form of interaction once procedures
have been well developed in advance. They may spark interest in a topic or
learning outcome, activate prior knowledge by inviting speculation on why
certain events occur, or generate ideas for solutions to problems.

Debates: Debates draw upon students” own positions on STSE issues. When
carefully structured, debates may be used to encourage students’ consideration of
societal concerns and the opinions of others, and improve their communication
and research skills.

*

For a discussion of these and other instructional strategies, see Senior Years Science Teacher’s
Handbook (Manitoba Education and Training) —abbreviated as SYSTH in this document.
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Experiential Learning

* Student research/reports: Learning projects that involve student research are
among the most effective ways to individualize instruction in a diverse
classroom. These learning activities provide students with opportunities to
develop their research skills as they gather, process, and evaluate information.

* Problem-based learning (PBL): PBL is a curricular design that centres on an
authentic problem. Students are assigned roles and presented with a problem
that has no single, clear-cut solution. Students acquire content knowledge as they
work toward solving the problem.

* Journal writing: Science journal writing allows students to explore and record
various aspects of their experiences in science class. By sorting out their thoughts
on paper or thinking about their learning (metacognition), students are better
able to process what they are learning.

* Laboratory activities: Laboratory activities, whether student- or teacher-
designed, provide students with opportunities to apply their scientific
knowledge and skills related to a group of learning outcomes. Students will
appreciate the hands-on experience of doing science, as opposed to a sense of just
learning about science.

Independent Study

* WebQuests: A WebQuest is an inquiry-oriented activity in which most or all of
the information used by learners comes from resources on the Internet.
WebQuests are designed to use learners’ time well, to focus on using information
rather than looking for it, and to support learners’ thinking at the levels of
analysis, synthesis, and evaluation.

* Visual displays: When students create visual displays, they make their thinking
visible. Generating diagrams, concept maps, posters, and models provides
students with opportunities to represent abstract information in a more concrete
form.

Phases of Learning*

When preparing instructional plans and goals, many teachers find it helpful to
consider three learning phases:

* activating (preparing for learning)

* acquiring (integrating and processing learning)

* applying (consolidating learning)

These phases are not entirely linear but are a useful way of thinking and planning.
A variety of activating, acquiring, and applying strategies are discussed in Success

for All Learners: A Handbook on Differentiating Instruction and in Senior Years Science
Teachers” Handbook (Manitoba Education and Training).

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for
Implementation. Winnipeg, MB: Manitoba Education and Training, 2000. Adapted from Section 2,
pp. 12-15.
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Activating (Preparing for Learning)

One of the strongest indications of how well students will comprehend new
information is their prior knowledge of the subject. Some educators observe that
more student learning occurs during this activating phase than at any other time. In
planning instruction and assessment, teachers develop student learning experiences
and select strategies for activating their students’ prior knowledge. Using these
activating strategies, the learning experiences then provide information about the
extent of students’ prior knowledge of the topic to be studied, their knowledge of
and familiarity with the context in which that knowledge was acquired, and their
knowledge of and proficiency in applying skills for learning.

Learning experiences that draw on students’ prior knowledge

* help students relate new information, skills, and strategies to what they already
know and can do (e.g., if a text includes unfamiliar vocabulary, students may not
recognize the connection between what they know and the new material being
presented)

* allow teachers to recognize misconceptions that might make learning difficult for
students

* allow teachers to augment and strengthen students” knowledge base when
students do not possess adequate prior knowledge and experience to engage
with new information and ideas

* help students recognize gaps in their knowledge

* stimulate curiosity and initiate the inquiry process that will direct learning

Acquiring (Integrating and Processing Learning)

In the second phase of learning, students engage with new information and
integrate it with what they already know, adding to and revising their previous
knowledge. Part of the teacher’s role in this phase is to present this new
information or to help students access it from various resources.

Since learning is an internal process, however, facilitating learning requires more of
teachers than simply presenting information. In the acquiring phase, teachers
instruct students in strategies that help them make meaning of information,
integrate it with what they already know, and express their new understanding. In
addition, teachers monitor these processes to ensure that learning is taking place,
using a variety of instruments, tools, and strategies such as observations,
conferences, and examination of student work.

In practice, within an actual lesson or unit, the acquiring phase of learning may
include a series of steps and strategies, such as

* setting the purpose (e.g., discrepant events, lesson overviews, learning logs,
Admit Slips)

* presenting information (e.g., lab demonstrations, guest speakers, mini-lessons,
active reading)

* processing information (e.g., note making, group discussions, journals, visual
representations)
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* modelling (e.g., role-playing, demonstrations)

* checking for understanding (e.g., quizzes, informal conferences)

Applying (Consolidating Learning)

New learning that is not reinforced is soon forgotten. The products and
performances by which students demonstrate new learning are not simply required
for assessment; they have an essential instructional purpose in providing students
with opportunities to demonstrate and consolidate their new knowledge, skills and
strategies, and attitudes. Students also need opportunities to reflect on what they
have learned and to consider how new learning applies to new situations. By
restructuring information, expressing new ideas in another form, or integrating
what they have learned in science with concepts from other subject areas, students
strengthen and extend learning.

To ensure that students consolidate new learning, teachers plan various learning
experiences involving

* reflection (e.g., journals, Exit Slips)
* closure (e.g., sharing of products, debriefing on processes)

* application (e.g., inquiry, design process)

Differentiating Instruction

How can Senior Years science teachers meet each student’s learning requirements
and still make learning experiences challenging and meaningful for all? One way to
help all students achieve the identified student learning outcomes is to differentiate
the instructional strategies. Grade 12 Chemistry makes reference to a variety of
field-validated strategies for differentiating instruction. Most have been taken from
the support document Senior Years Science Teachers” Handbook (Manitoba Education
and Training).

Through differentiating instruction, teachers can
* activate students” prior knowledge

* accommodate multiple intelligences and the variety of learning and thinking
approaches

* help students interpret, apply, and integrate information

* facilitate the transfer of knowledge, skills and strategies, and attitudes to
students” daily lives

* challenge students to realize academic and personal progress and achievement

Differentiating instruction does not mean offering different programming to each
student. Classroom experiences can be differentiated by offering students choices
and by varying instructional and assessment strategies to provide challenging and
effective learning experiences for all. Ideas for differentiating instruction are
provided in Senior Years Science Teachers” Handbook and in Success for All Learners: A
Handbook on Differentiating Instruction (Manitoba Education and Training).
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Promoting Strategic Learning*

Many of the tasks science students perform are problem-solving tasks, such as
finding sources of information for an inquiry project, making meaning of a difficult
text, or organizing a body of information. To solve problems, students require a
strategic mindset; when confronted with a problem, students survey a number of
possible strategies, select the one that seems likely to work best for the situation,
and try an alternative method if the first one does not produce results.

Strategic learners in the sciences need to have not only a strategic mindset, but also
a repertoire of strategies for making meaning, for processing information, and for
expressing ideas and information effectively. Whereas skills are largely unconscious
mental processes that learners use in accomplishing learning tasks, strategies are
systematic and conscious plans, actions, and thoughts that learners select or invent
and adapt to each task. Strategies are often described as “knowing what to do, how
to do it, when to do it, and why it is useful.”

Scaffolding: Supporting Students in Strategic Learning

Many scientific tasks involve a complex interaction of skills. The most effective way
to learn, however, is not by breaking down the tasks into manageable parts and
teaching the skills separately and in isolation. In fact, this approach may be
counterproductive. Purcell-Gates uses the analogy of learning to ride a bicycle, a
skill that requires children to develop an intuitive sense of balance while also
learning to pedal and steer. Children do not learn to ride a bicycle by focusing on
only one of these skills at a time. Instead, they observe others who can ride a bicycle
successfully, and then make an attempt themselves. In the early stages of learning
to ride, a child counts on someone to provide support—to hold the bicycle upright
while the child mounts, to keep a hand on the seat to stabilize the bicycle for the
tirst few metres, and to coach and encourage. Gradually, these supports are
withdrawn as the rider becomes more competent. Eventually, the process becomes
automatic, and the rider is no longer aware of the skills being performed.

Providing this sort of support in teaching is called “scaffolding,” based on the work
of Wood, Bruner, and Ross. Teachers scaffold by

* structuring tasks so that learners begin with something they can do

* reducing the complexity of tasks

* calling students” attention to critical features of the tasks

* modelling steps

* providing sufficient guided and independent practice

* Source: Manitoba Education and Training. Senior 4 English Language Arts: A Foundation for
Implementation. Winnipeg, MB: Manitoba Education and Training, 2000. Adapted from Section 2,
pp- 16-17.

Section 2 - 35



Implementation of Grade 12 Chemistry * GRADE 12 CHEMISTRY

In a sense, each learning strategy is an external support or scaffold. At first,
working with a new strategy may be challenging and the main focus of students’
attention. Eventually, students use the strategy automatically and rely on it as a
learning tool. Students gradually internalize the process of the strategy. They begin
to adjust and personalize the process and to apply the thinking behind the strategy
automatically.

In strategic instruction, teachers observe and monitor students” use of a strategy for
a time, intervening where necessary. Students vary in the length of time they
require scaffolding. In this respect, strategic instruction is also a useful tool for
differentiation. Struggling learners may work with simplified versions of a strategy,
and they may continue to use the supports of a strategy (for example, a graphic
organizer for laboratory reports) after other students have internalized the process.

Strategic instruction works best when teachers pace the instruction of new
strategies carefully (so that students have time to practise each one), and when they
teach a strategy in the context of a specific task of relevant scientific experience.
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ASSESSMENT IN GRADE 12 CHEMISTRY am———

Classroom Assessment

Classroom assessment is an integral part of science instruction. Assessment could
be described as the “systematic process of gathering information about what a
student knows, is able to do, and is learning to do” (Manitoba Education and
Training, Reporting on Student Progress and Achievement 5). The primary purpose of
classroom assessment is not to evaluate and classify student performance, but to
inform teaching and improve learning, and to monitor student progress in
achieving year-end learning outcomes.

Rather than emphasizing the recall of specific, detailed and unrelated “facts,”
[assessment in science] should give greater weight to an assessment of a holistic
understanding of the major scientific ideas and a critical understanding of science
and scientific reasoning (Millar and Osborne 25).

Classroom assessment is broadly defined as any activity or experience that provides
information about student learning. Teachers learn about student progress not only
through formal tests, examinations, and projects, but also through moment-by-
moment observation of students in action. They often conduct assessment through
instructional activities.

Much of students’ learning is internal. To assess students” science knowledge, skills
and strategies, and attitudes, teachers require a variety of tools and approaches.
They ask questions, observe students engaged in a variety of learning activities and
processes, and examine student work in progress. They also engage students in
peer-assessment and self-assessment activities. The information that teachers and
students gain from assessment activities informs and shapes what happens in the
classroom; assessment always implies that some action will follow.

To determine whether student learning outcomes have been achieved, student
assessment must be an integrated part of teaching and learning. Assessment of
student learning involves careful planning and systematic implementation.
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Changing Emphases in Assessment

This view of effective assessment in science for Manitoba is reflective of changes in
emphases in science education at the national level and is congruent with
international changes in science education. The following chart summarizes some of
the changes in the assessment of student learning, as envisioned in National Science
Education Standards (National Research Council).

Changing Emphases in Assessment of Student Learning*

The National Science Education Standards envision change throughout the system.
The assessment standards encompass the following changes in emphases:

Less Emphasis On
Assessing what is easily measured

Assessing discrete knowledge

Assessing scientific knowledge

Assessing to learn what students do not
know

Assessing only achievement

End-of-term assessments by teachers

Development of external assessment by
measurements experts alone

More Emphasis On
Assessing what is most highly valued

Assessing rich, well-structured
knowledge

Assessing scientific understanding and
reasoning

Assessing to learn what students do
understand

Assessing achievement and opportunity
to learn

Students engaged in ongoing
assessment of their work and that of
others

Teachers involved in the development of
external assessments

*Source: Reprinted with permission from National Science Education Standards, 1996 by the
National Academy of Sciences, courtesy of the National Academies Press, Washington, DC.
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Purposes of Assessment

Assessment is integral to instruction and learning. It plays a major role in how
students learn, their motivation to learn, and how teachers teach. Research indicates
that ongoing formative assessment contributes more significantly to learning than
the traditional focus on summative assessment does (Black and Wiliam). Manitoba
Education refers to formative assessment as assessment for learning and assessment
as learning.

Each type of assessment serves a purpose and contributes to student success:

* Assessment for learning helps teachers to gain insight into what students
understand so that they can appropriately plan and differentiate teaching
strategies and learning opportunities to help students progress. Students need
frequent opportunities to obtain meaningful and relevant feedback. Descriptive
feedback that includes analytical questions and constructive comments provides
information to students that they may use to adjust their learning processes, and
is more helpful to students than a numeric or alphabetic grade.

* Assessment as learning helps students to develop an awareness of how they
learn and to use that awareness to adjust and advance their learning, taking an
increased responsibility for their learning. When students have the opportunity
to become reflective learners they can synthesize their learning, solve problems,
apply their learning in authentic situations, and better understand their learning
processes.

* Assessment of learning serves to confirm whether or not students have met
curricular outcomes, and provides evidence of achievement to students, teachers,
and parents, as well as to the broader educational community. Assessment of
learning supports learning when it is used to celebrate success, adjust future
instruction, and provide feedback to the learner.

Assessment must be planned with its purpose in mind. Assessment for, as, and of
learning all have a role to play in supporting and improving student learning, and
must be appropriately balanced. The most important part of assessment is the
interpretation and use of the information that is gleaned for its intended purpose.
For more information on assessment, consult Rethinking Classroom Assessment with
Purpose in Mind: Assessment for Learning, Assessment as Learning, Assessment of
Learning (Earl, Katz, and Western and Northern Canadian Protocol for
Collaboration in Education).
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Overview of Planning Assessment*

Assessment for Learning

Assessment as Learning

Assessment of Learning

Why Assess?

to enable teachers to determine
next steps in advancing student
learning

to guide and provide
opportunities for each student
to monitor and critically reflect
on his or her learning and
identify next steps

to certify or inform parents or
others of student’s proficiency
in relation to curriculum learning
outcomes

Assess What?

each student’s progress and
learning needs in relation to the
curricular outcomes

each student’s thinking about
his or her learning, what
strategies he or she uses to
support or challenge that
learning, and the mechanisms
he or she uses to adjust and
advance his or her learning

the extent to which students
can apply the key concepts,
knowledge, skills, and attitudes
related to the curriculum
outcomes

his or her learning

« differentiate instruction by
continually checking where
each student is in relation to
the curricular outcomes

» provide parents or guardians
with descriptive feedback
about student learning and
ideas for support

feedback that will help him or
her develop independent
learning habits

* have each student focus on
the task and his or her
learning (not on getting the
right answer)

» provide each student with
ideas for adjusting,
rethinking, and articulating
his or her learning

 provide the conditions for the
teacher and student to
discuss alternatives

» students report about their
learning

What a range of methods in different | a range of methods in different | a range of methods in different
Methods? modes that make students’ modes that elicit students’ modes that assess both product
skills and understanding visible | learning and metacognitive and process
processes
Ensuring » accuracy and consistency of | ¢ accuracy and consistency of |+ accuracy, consistency, and
Quality observations and student’s self-reflection, self- fairness of judgments based
interpretations of student monitoring, and self- on high-quality information
learning adjustment * clear, detailed learning
* clear, detailed learning » engagement of the student in expectations
expectations considering and challenging |, fair and accurate summative
e accurate, detailed notes for his or her thinking reporting
descriptive feedback to each | ¢ students record their own
student learning
Using the » provide each student with » provide each student with * indicate each student’s level
Information accurate feedback to further accurate, descriptive of learning

» provide the foundation for
discussions on placement or
promotion

* report fair, accurate, and
detailed information that can
be used to decide the next
steps in a student’s learning

* Source: Earl, Lorna M., Steven Katz, and Western and Northern Canadian Protocol for Collaboration in Education.
Rethinking Classroom Assessment with Purpose in Mind: Assessment for Learning, Assessment as Learning, Assessment of
Learning. Winnipeg, MB: Manitoba Education, Citizenship and Youth, 2006. 85. Available online at
<www.edu.gov.mb.ca/k12/assess/wncp/>.
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Assessment Strategies*

A range of assessment strategies can be used in the chemistry classroom, including
those described below. The same strategy can be used for both formative and
summative assessment, depending on the purpose of the assessment. Teachers are
encouraged to develop their own assessment for Senior Years science based on their
students’ learning requirements and the identified student learning outcomes.

* Observation: Observation of students is an integral part of the assessment
process. It is most effective when focused on skills, concepts, and attitudes.
Making brief notes on index cards, self-adhesive notes, or grids, as well as
keeping checklists, helps teachers maintain records of continuous progress and
achievement.

* Interviews: Interviews allow teachers to assess an individual’s understanding
and achievement of the student learning outcome(s). Interviews provide students
with opportunities to model and explain their understandings. Interviews may
be formal and informal. Posing science-related questions during planned
interviews enables teachers to focus on individual student skills and attitudes.
Students reveal their thinking processes and use of skills and strategies when
they are questioned about how they solved problems or answered science
questions. Using a prepared set of questions ensures that all interviews follow a
similar structure. It is important to keep a record of student responses and/or
understandings.

* Group/peer assessment: Group assessment gives students opportunities to assess
how well they work within a group. Peer assessment gives them opportunities to
reflect on one another’s work, according to clearly established criteria. During the
peer-assessment process, students must reflect on their own understanding in
order to evaluate the performance of another student.

* Self-assessment: Self-assessment is vital to all learning and, therefore, integral to
the assessment process. Each student should be encouraged to assess her or his
own work. Students apply known criteria and expectations to their work and
reflect on results to determine their progress toward the mastery of a specific
learning outcome. Participation in setting self-assessment criteria and
expectations helps students to see themselves as scientists and problem solvers. It
is important that teachers model the self-assessment process before expecting
students to assess themselves.

* Science journal entries: Science journal writing provides students with
opportunities to reflect on their learning and to demonstrate their understanding
using pictures, labelled drawings, and words. These journal entries can be
powerful tools of formative assessment, allowing teachers to gauge a student’s
depth of understanding.

* Source: Manitoba Education and Youth. Senior 2 Science: A Foundation for Implementation. Winnipeg,
MB: Manitoba Education and Youth, 2003. Reprinted from pp. 48-50.
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Rubrics/checklists: Rubrics and checklists are tools that identify the criteria upon
which student processes, performances, or products will be assessed. They also
describe the qualities of work at various levels of proficiency for each criterion.
Rubrics and checklists may be developed in collaboration with students.

Visual displays: When individuals or groups of students prepare visual displays,
they are involved in processing information and producing a knowledge
framework. The completed work (e.g., poster, concept map, diagram, model) is
the product with which teachers can determine what their students are thinking.

Laboratory reports: Laboratory reports allow teachers to gauge the ability of
students to observe, record, and interpret experimental results. These tools can
aid teachers in determining how well students understand the content.

Pencil-and-paper tasks: Quizzes can be used as discrete assessment tools, and
tests can be larger assessment experiences. These written tasks may include items
such as multiple-choice questions, completion of a drawing or labelled diagram,
problem solving, or long-answer questions. Ensure that both restricted and
extended expository responses are included in these assessment devices.

Research reports/presentations: Research projects allow students to achieve the
learning outcomes in individual ways. Assessment should be built into the
project at every stage, from planning, to researching, to presenting the finished
product.

Performance assessment/student demonstrations: Performance tasks provide
students with opportunities to demonstrate their knowledge, thinking processes,
and skill development. The tasks require the application of knowledge and skills
related to a group of learning outcomes. Performance-based tests do not test the
information students possess, but the way their understanding of a subject has
been deepened, and their ability to apply their learning in a simulated
performance. A scoring rubric that includes a scale for the performance of the
task helps organize and interpret evidence. Rubrics allow for a continuum of
performance levels associated with the task being assessed.
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Performance-Based Assessment Approaches*

The following performance-based assessment approaches and strategies can be used
to assess student knowledge and skills:

 Interpretation of media reports of science: Short pieces extracted from
newspapers could be used to assess the following: whether pupils understand the
scientific content of the piece; whether they can identify and evaluate the possible
risks and quality of the evidence presented; whether they can offer well-thought-out
reactions to the claims; and, finally, whether they can give their opinions about future
action that could be taken by individuals, governments, or other bodies.

+ Demonstration of an understanding of the major explanatory stories of
science: Questions should seek to examine observable results such as the
following: whether students have understood, for example, what the particle model
of matter is; whether they can give a short account of it; whether they can use it to
explain everyday phenomena; and whether they can explain why it is an important
idea in science.

+ Asking and answering questions based on data: Such questions should assess
students’ abilities to represent data in a variety of ways; to formulate and interpret
the messages that can be extracted from data; and to detect errors and dishonesty
in the way data are presented or selected. The ability to manipulate and interpret
data is a core skill that is of value, not only in science, but also in a wide range of
other professions and contexts.

* Recognizing the role of evidence: At the heart of scientific rationality is a
commitment to evidence. Contemporary science confronts the modern citizen with
claims that are contested and uncertain. Questions based on historical or
contemporary examples can be used to investigate students’ understanding of the
role of evidence in resolving competing arguments between differing theoretical
accounts.

* Source: Millar, Robin, and Jonathan Osborne, eds. Beyond 2000: Science Education for the Future.
London, UK: King’s College, 1998. 26. Adapted with permission.
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Planning for Assessment

Assessment purposes, approaches, and tools should be developed with
instructional approaches during the planning of the unit. In developing assessment
tasks and methods, teachers determine

* what they are assessing
* why they are assessing
* how the assessment information will be used
* who will receive the assessment information

¢ what assessment activities or tasks will allow students to demonstrate their
learning in authentic ways

Characteristics of Effective Assessment*

Effective assessment helps focus effort on implementing strategies to facilitate
learning both inside and outside the classroom. Effective assessment is

* congruent with instruction and integral to it
* ongoing and continuous
* based on authentic tasks and meaningful science-learning processes and contexts

* based on criteria that students know and understand and that appeal to their
strengths

* a collaborative process involving students
* multi-dimensional and uses a wide range of tools and methods

¢ focused on what students have learned and can do

Effective Assessment Is Congruent with (and Integral to) Instruction

Assessment requires teachers to be aware continually of the purpose of instruction:
What do I want my students to learn? What can they do to show that they have
learned it?

How teachers assess depends on what they are assessing —whether they are
assessing declarative knowledge, procedural knowledge, or attitudes and habits of
mind.

* Declarative knowledge: If teachers wish to measure fact-based recall, declarative
knowledge is the most straightforward dimension of learning to measure using
traditional tools. The purpose of fostering scientific literacy, however, is not met
if students simply memorize the declarative knowledge related to science; what
is more important is whether students understand and are able to apply this
knowledge. For example, it is more important that they understand the purposes
and effects of biodiversity, that they respond to and interpret what biodiversity
means for them personally and environmentally, and that they use terminology

* Source: Manitoba Education and Training. Senior 3 English Language Arts: A Foundation for
Implementation. Winnipeg, MB: Manitoba Education and Training, 1999. Adapted from Section 2,
pp- 10-14.
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with ease to enrich their scientific communication skills, and represent —rather
than reproduce —a definition of biodiversity. The challenge teachers face is to
design tools that test the application of declarative knowledge.

* Procedural knowledge: Tools that are designed to test declarative knowledge
cannot effectively assess skills and processes. For example, rather than trying to
infer student processes by looking at final products, teachers assess procedural
knowledge by observing students in action, by discussing their strategies with
them in conferences and interviews, and by gathering data from student
reflections, such as journals.

* Attitudes and habits of mind: Attitudes and habits of mind cannot be assessed
directly. They are implicit in what students do and say. Assessment tools
typically describe the behaviours that reflect the attitudes and habits of
scientifically literate individuals. They identify the attitudes and habits of mind
that enhance science-related language learning and use, and provide students
with the means to reflect on their own internal processes. For example, rather
than assigning global marks for class participation, teachers assess learning
outcomes related to students’” effective contributions to large and small groups.

Assessment is intended to inform students of the programming emphases and to
help them focus on important aspects of learning. If teachers assess only the
elements that are easiest to measure, students may focus only on those things. For
example, if science courses place a high value on collaboration, creativity, and
divergent thinking (learning outcomes that may be more difficult to measure), then
assessment tools and processes must reflect those values. The ways teachers assess
(what and how) inform students of what is considered important in learning.

Effective Assessment Is Ongoing and Continuous

Assessment that is woven into daily instruction offers students frequent
opportunities to gain feedback, to modify their learning approaches and methods,
and to observe their progress. Teachers provide informal assessment by questioning
students and offering comments. They also conduct formal assessments at various
stages of a project or unit of study.

Continuous assessment provides ongoing opportunities for teachers to review and
revise instruction, content, process emphases, and learning resources.

Effective Assessment Is Based on Authentic Tasks and Meaningful Science-
Learning Processes and Contexts

Assessment tasks in science should be authentic and meaningful — tasks worth
mastering for their own sake, rather than tasks designed simply to demonstrate
student proficiency for teachers and others. Through assessment, teachers discover
whether students can use knowledge, processes, and resources effectively to
achieve worthwhile purposes. Therefore, teachers design tasks that replicate the
context in which knowledge will be applied in the world beyond the classroom.
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For example, authentic science writing tasks employ the forms used by a wide
range of people (for example, scientists, journalists, filmmakers, poets, novelists,
publicists, speakers, technical writers, engineers, and academics). As often as
possible, students write, speak, or represent their ideas for real audiences and for
real purposes. In developing assessment tasks, teachers may consider providing
students with the resources people use when performing the same tasks in real-life
situations related to issues in science.

Authentic assessment tasks are tests not only of the information students possess,
but also of the way their understanding of a subject has deepened, and of their
ability to apply learning. They demonstrate to students the relevance and
importance of learning. Performance-based tests are also a way of consolidating
student learning. The perennial problem teachers have with “teaching to the test”
is of less concern if tests are authentic assessments of student knowledge, skills and
strategies, and attitudes.

Effective Assessment Is Based on Criteria That Students Know and Understand
and That Appeal to Their Strengths

Assessment criteria must be clearly established and made explicit to students before
an assignment or a test so that students can focus their efforts. In addition,
whenever possible, students need to be involved in developing assessment criteria.
Appendix 10: Developing Assessment Rubrics in Science describes a process for
creating assessment rubrics in collaboration with students.

Students should also understand clearly what successful accomplishment of each
proposed task looks like. Models of student work from previous years and other
exemplars assist students in developing personal learning goals.

Each assessment task should test only those learning outcomes that have been
identified to students. This means, for example, that laboratory skills tests need to
be devised and marked to gather information about students” laboratory skills, not
their ability to express ideas effectively when writing a laboratory report.

Effective Assessment Is a Collaborative Process Involving Students

The ultimate purpose of assessment is to enable students to assess themselves. The
gradual increase of student responsibility for assessment is aimed at developing
students” autonomy as lifelong learners. Assessment should decrease, rather than
foster, students” dependence on teachers” comments for direction in learning and on
marks for validation of their accomplishments.

Assessment enhances students” metacognition. It helps them make judgements
about their own learning, and provides them with information for goal setting and
self-monitoring.

Teachers increase students’ responsibility for assessment by

* requiring students to select the products and performances to demonstrate their
learning
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involving students in developing assessment criteria whenever possible (This
clarifies the goals of a particular assignment and provides students with the
vocabulary to discuss their own work.)

involving students in peer assessment, informally through peer conferences and
formally using checklists

having students use tools for reflection and self-assessment at every opportunity

(e.g., self-assessment checklists, journals, identification and selection of goals,
self-assessment of portfolio items)

* establishing a protocol for students who wish to challenge a teacher-assigned
mark (Formal appeals are valuable exercises in persuasive writing, and provide
opportunities for students to examine their performance in light of the
assessment criteria.)

Effective Assessment Is Multi-Dimensional and Uses a Wide Range of Tools and

Methods

Assessment in science must recognize the complexity and holistic nature of learning
for scientific literacy. To compile a complete profile of each student’s progress,
teachers gather data using many different means over numerous occasions. Student
profiles may involve both students and teachers in data gathering and assessment.

The following chart identifies areas for assessment and some suggested assessment
instruments, tools, and methods.

Data-Gathering Profile

Observation of Processes

Observation of Products and Performances

Teacher:

* Checklists

* Conferences and
interviews

* Anecdotal comments and
records

* Reviews of drafts and
revisions

» Oral presentations

* Rubrics and marking
scales

Students:

« Journals

+ Self-assessment
instruments and tools
(e.g., checklists, rating
scales, progress charts)

» Peer-assessment
instruments and tools
(e.g., peer-conference
records, rating scales)

Teacher: Students:
» Written assignments « Journals
» Demonstrations » Self-assessment
* Presentations instruments and tools
+ Seminars * Peer-assessment
* Projects instruments and tools
+ Portfolios + Portfolio analysis
+ Student journals and
notebooks
* Checklists
* Rubrics and marking
scales

Classroom Tests

Divisional and Provincial Standards Tests

Teacher:

» Paper-and-pencil tests
(e.g., teacher-made
tests, unit tests, essay-
style tests)

+ Performance tests and
simulations

* Rubrics and marking
scales

Students:

» Journals

» Self-assessment
instruments and tools

Teacher marker:
* Rubrics and marking scales
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Effective Assessment Focuses on What Students Have Learned and Can Do (Not
on What They Have Not Learned or Cannot Do)

Assessment must be equitable; it must offer opportunities for success to every
student. Effective assessment demonstrates the knowledge, skills and strategies,
and attitudes of each student and the progress the student is making, rather than
simply identifying deficits in learning.

To assess what students have learned and can do, teachers need to use a variety of
strategies and approaches, such as the following:

* Use a wide range of instruments to assess the multi-dimensional expressions of
each student’s learning, avoiding reliance upon rote recall or memorization.

* Provide students with opportunities to learn from feedback and to refine their
work, recognizing that not every assignment will be successful, nor will it
become part of a summative evaluation.

* Examine several pieces of student work in assessing any particular learning
outcome to ensure that data collected are valid bases for making generalizations
about student learning.

* Develop complete student profiles by using information from both learning-
outcome-referenced assessment, which compares a student’s performance to
predetermined criteria, and self-referenced assessment, which compares a
student’s performance to her or his prior performance.

* Avoid using assessment for purposes of discipline or classroom control. Research
has found that assessment that is perceived as a tool for controlling student
behaviour, meting out rewards and punishments rather than providing feedback
on student learning, reduces student motivation (Ryan, Connell, and Deci).

Students are sometimes assigned a mark of zero for incomplete work. Averaging a
zero into the student’s mark, however, means the mark no longer communicates
accurate information about the student’s achievement of science learning outcomes.
Unfinished assignments signal personal or motivational problems that need to be
addressed in appropriate and alternative ways.

* Allow students, when appropriate and possible, to choose how they will
demonstrate their competence.

* Use assessment tools appropriate for assessing individual and unique products,
processes, and performances.
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Managing Classroom Assessment*

Assessment is one of the greatest challenges science teachers face. The practices that
make science classrooms vital and effective (promoting student choice, assessing
processes, and assessing the subjective aspect of learning) make assessment a
complex matter.

Systems and supports that may assist teachers in managing assessment include

* dispensing with ineffectual means of assessment

* using time savers

sharing the load

taking advantage of technology

establishing systems of recording assessment information
A discussion of these suggestions follows.

Dispensing with Ineffectual Means of Assessment

Teachers need to question the efficacy, for example, of writing lengthy
commentaries on summative assessment of student projects. Detailed comments are
best provided as formative assessment (when students can make immediate use of
the feedback) and shared orally in conferences (which provide opportunities for
student-teacher discussion).

The time spent in assessment needs to be learning time, both for the teacher and the
student.

Using Time Savers

Many effective assessment tools are time savers. Developing checklists and rubrics
is time-consuming; however, well-written rubrics may eliminate the need to write
extensive comments, and may mean that student performances can be assessed
largely during class time.

Sharing the Load

While the ultimate responsibility for assessment rests with the teacher, student self-
assessment also provides a wealth of information. Collaborating with students to
generate assessment criteria is part of effective instruction. Grade 12 students may
develop checklists and keep copies of their own goals in an assessment binder for
periodic conferences. Students may be willing to contribute work samples to be
used as models in other classes.

Collaborating with other teachers in creating assessment tools saves time and
provides opportunities to discuss assessment criteria.

* Source: Manitoba Education and Training. Senior 2 English Language Arts: A Foundation for
Implementation. Winnipeg, MB: Manitoba Education and Training, 1998. Adapted from Assessment,
pp- 9-10.
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Taking Advantage of Technology

Electronic tools (e.g., audiotapes, videotapes, and computer files) can assist teachers
in making and recording observations. Word processors allow teachers to save,
modify, and reuse task-specific checklists and rubrics.

Establishing Systems for Recording Assessment Information

Collecting data from student observations is especially challenging for Senior Years
teachers, who may teach several classes of students in a given semester or term.
Teachers may want to identify a group of students in each class for observation
each week. Binders, card files, and electronic databases are useful for record
keeping, as are self-adhesive notes recording brief observations on student files,
which can later be transformed into anecdotal reports.

Teachers may also want to develop comprehensive forms for listing the identified
learning outcomes, and for recording data.

16 - Section 3



SECTION 4:
DOCUMENT ORGANIZATION

Document Organization and Format 3

Guide to Reading the Learning Outcomes and the Document Format 3
Sample Two-Page Layout 6

General Learning Outcomes 8

Cluster 0: Skills and Attitudes Outcomes 10

Specific Learning Outcomes 13






GRADE 12 CHEMISTRY * Document Organization

Document Organization and Format

The suggestions for instruction and assessment contained within Grade 12
Chemistry: A Foundation for Implementation provide teachers with strategies for
assisting students in achieving the general and specific learning outcomes identified
for this curriculum. The instructional and assessment suggestions offer teachers a
range of strategies from which to select appropriate directions with students.
Although they are not prescriptive, the strategies presented can be considered
starting points from which teachers can include their own initiatives, style, and
effective techniques to foster learning.

The topic-related appendices (found at the end of each topic) and the general
appendices (found at the end of this document) provide additional information on
student learning activities, teacher support materials related to instruction and
assessment, and a variety of assessment rubrics. These complementary resources
are closely linked to the learning outcomes and to the skills and attitudes outcomes,
and are designed to support, facilitate, and enhance student learning.

At-a-glance listings of the general learning outcomes, skills and attitudes outcomes,
and specific learning outcomes for Grade 12 Chemistry are provided at the end of
this section of this document, as well as in Appendix 12.

Guide to Reading the Learning Outcomes and the Document Format

The specific learning outcomes identified for Grade 12 Chemistry are organized
according to the following five thematic topics:

* Topic 1: Reactions in Aqueous Solutions

* Topic 2: Atomic Structure

* Topic 3: Chemical Kinetics

* Topic 4: Chemical Equilibrium

* Topic 5: Acids and Bases

* Topic 6: Electrochemistry

The suggested strategies for implementing the curriculum outcomes within each
chemistry topic include the following components:

* Specific Learning Outcomes (SLOs): The SLOs identified at the top of each page
outline the intended learning to be achieved by the student by the end of the
course. They include the SLOs related to the particular chemistry topic, in
addition to the learning outcomes related to Cluster 0: Skills and Attitudes,
selected to correspond to the Suggestions for Instruction.

* General Learning Outcome (GLO) Connections: The GLOs provide links across
the entire scope of the Kindergarten to Grade 12 continuum of learning in
science. These GLOs provide connections to the Five Foundations for Scientific
Literacy that guide all Manitoba science curricula in all science discipline areas.
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* Suggestions for Instruction: The instructional strategies relate directly to the

achievement of the identified SLOs.

— Entry-Level Knowledge: Students will have prior knowledge in relation to
some learning outcomes. Identification of students” entry-level knowledge,
where included, links instructors to key areas of the science curriculum from
previous years, providing information about where students should be in
relation to the present learning outcomes. Prior knowledge learning activities
can then be used to provide students with a rationale about what is to come
or to refresh conceptual or procedural knowledge that has lapsed over time.

— Student Learning Activities: Student learning activities are suggested for all
learning outcomes. The examples of teacher-facilitated instructional strategies
presented in this document are designed to be student-centred, engaging the
learner directly in some contextual way.

* Teacher Notes: Incorporated throughout this document as needed, these notes

provide teachers with definitions and content background (often beyond what
students are required to know), planning hints, special-interest material, cautions
and safety information, and depth of treatment on certain issues related to the
identified learning outcomes.

Suggestions for Assessment: These suggestions offer strategies for assessing
students” achievement of the specific learning outcomes.

Learning Resources Links: The links to additional chemistry resources are
intended to guide and support instruction, the learning process, and student
assessment. While only titles, authors, and page references are provided in the
Learning Resources Links for the specific learning outcome(s), the complete
bibliographic information is cited in the Bibliography of this document. It is
important to recognize that new editions of standard texts in the field of
chemistry can be expected about every two years — often with minimal changes
to content. The editions of learning resources identified in this document include
those that were used directly in the preparation of Grade 12 Chemistry: A
Foundation for Implementation. Teachers are encouraged to seek out newer
versions of texts considered as “standards in the field.”

The following resources are cited most frequently in the Learning Resources
Links:

Chang, Raymond. Chemistry. 9th ed. Boston, MA: McGraw-Hill Higher Education, 2007.

Chastko, Audrey, Jeff Goldie, Frank Mustoe, lan Phillips, and Sandy Searle. McGraw-Hill
Ryerson Inquiry into Chemistry. Toronto, ON: McGraw-Hill Ryerson, 2007.

Davies, Lucille, Maurice Di Giuseppe, Ted Gibb, Milan Sanader, and Angela Vavitsas.
Nelson Chemistry 12: College Preparation. Ontario Edition. Toronto, ON: Thomson
Nelson, 2003.

Davis, Joseph E., W. Keith McNab, Edward L. Haenisch, A. L. McClellan, and Paul R.
O’Connor. Laboratory Manual for Chemistry: Experiments and Principles. Lexington, MA:
D.C. Heath and Company, 1968.

Dingrando, Laurel, Kathleen (Gregg) Tallman, Nichols Hainen, and Cheryl Wistrom.
Glencoe Chemistry: Matter and Change. Columbus, OH: Glencoe/McGraw-Hill, 2005.
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. Glencoe Chemistry: Matter and Change: ChemLab and MiniLab Worksheets. Columbus,
OH: Glencoe/McGraw-Hill, 2002.

. Glencoe Chemistry: Matter and Change, Laboratory Manual. Columbus, OH:
Glencoe/McGraw-Hill, 2005.

. Glencoe Chemistry: Matter and Change: Small-Scale Laboratory Manual, Teacher Edition.
Columbus, OH: Glencoe/McGraw-Hill, 2002.

. Glencoe Chemistry: Matter and Change, Teacher Wraparound Edition. Columbus, OH:
Glencoe/McGraw-Hill, 2005.

Fisher, Douglas. Glencoe Chemistry: Matter and Change, Science Notebook. Columbus, OH:
Glencoe/McGraw-Hill, 2005.

Jenkins, Frank, Hans van Kessel, Lucille Davies, Oliver Lantz, Patricia Thomas, and Dick
Tompkins. Nelson Chemistry 11. Ontario Edition. Toronto, ON: Nelson Thomson
Learning, 2002.

Manitoba Education and Training. Senior Years Science Teachers” Handbook: A Teaching
Resource. Winnipeg, MB: Manitoba Education and Training, 1997.

Merrill, Phyllis, Robert W. Parry, and Robert L. Tellefsen. Chemistry: Experimental
Foundations, Laboratory Manual. 3rd ed. Englewood Cliffs, NJ: Prentice Hall, Inc., 1982.

Mustoe, Frank, Michael P. Jansen, Ted Doram, John Ivanco, Christina Clancy, and Anita
Ghazariansteja. McGraw-Hill Ryerson Chemistry. Combined Atlantic Edition. Toronto,
ON: McGraw-Hill Ryerson, 2004.

Penrose, Mike, Ted Gibb, Milan Sanader, and Angela Vavitsas. Nelson Chemistry 12:
College Preparation Teacher’s Resource. Toronto, ON: Nelson, 2004.

Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Glencoe Chemistry: Concepts and
Applications. Columbus, OH: Glencoe/McGraw-Hill, 2005.
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Sample Two-Page Layout

The following clarification on reading the document format is based on a sample
two-page layout from Grade 12 Chemistry: A Foundation for Implementation.

Indicates
chemistry topic.

The first alpha-
numeric code
indicates course
(Grade 12
Chemistry); the
second digit indicates
topic number; and
the third digit(s)
indicate(s) specific
learning outcome
number.

Suggestions for
student learning
experiences relate
directly to the
attainment of the
specific learning
outcome(s).

GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions define what students are expected to

Specific learning outcome (SLO) statements

achieve by the end of Grade 12 Chemistry.

SPECIFIC LEARNING OUTCOME <€~

\ Topic 1: C12-1-11: Balance oxidation-reduction reactions using redox methods.

Reactions in

Include: acidic and basic solutions

/ (3 hours)

Suggested instructional time allotment
~ for treatment of the specific learning
- outcome(s).
o~
O Students learnegd about the conservation of atoms in Grade 10 Science (S2-2-06), and
. about the consérvation of atoms and mass during a chemical reaction in Grade 11
|
7]

Note: ‘
Because of the links between
oxidation-reduction and

in Topic 1 as an introduction to redox reactions
The other more efficient method involving half-
cell reactions is addressed in Topic 6, where
oxidation potentials and the electromotive series
can be discussed more comprehensively.

Teacher notes provide

 teachers with background

outcome C12] information, definitions,
planning hints, special-

Include: Indicates a mandatory
component of the specific learning
outcome, or a defined set of

limitations.

Examples: Provide ideas of what
could be included (non-mandatory).
No examples occur in this learning

outcome.

that follows, then the acid or base will already be included in thl of treatment of certain

appropriate side to balance both ion charge and elemental speci| cautions are included.

Generally, if the reaction is written in the molecular form, as in | interest material, and depth

case of ionic aqueous reactions, H* ions or OH~ ions would nee| issues. Safety information and

examples will clearly illustrate this.

Oxidation-Number Change Method

Use the steps illustrated in the following examples to balance a redox reaction using
the oxidation-number change method. With this method, a redox equation is

General learning
outcome (GLO)
statements

balanced by comparing the increases and decreases in oxidation numbers (i.e.,
electrons lost and gained).

connect learning
to the Manitoba
Foundations for
Scientific Literacy.

General Learning Outcome Connections

GLO D3: Understand the properties and structures of matter, as well as various common manifestations and

applications of the actions and interactions of matter.

58 - Topic 1: Reactions in Aqueous Solutions

6 - Section 4
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Skills and attitudes learning outcomes
define expectations across all topics in
Grade 12 Chemistry.

GWFIZ/CHEMISTRY e Topic 1: Reactions in Aqueous Solutions

/

SKILLS AND ATTITUDES OUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Task
Have students balance redox equations ust

rocess notes (see SYSTH 13.14).

Journal Writing
Students may wish to write an account of the technology that goes in
functioning and use of a traditional breathalyzer.

T~ Suggested assessment

LEARNING RESOURCES LINKS X
strategies relate

Glencoe Chemis®y Concepts and Applications (Phillips, Strozak, and Wistrom) directly to assessing
Breathalyzer TeShg9 student achievement
Glencoe Chemistry: Matter am<Change (Dingrando, et al.) of the specific

uations, 644 .
learning outcome(s).

/ ;
" Section 20.2: Balancing Redo:
The Oxidation-Number Method,
] L Section 20.3: Half-Reactions, 650

McGraw-Hill Ryerson Chemistry, Combined Atlantr
18.2: Oxidation Numbers, 721
18.3: The Half-Reaction Method for Balancing Equations,

Prentice Hall Chemistry (Wilbraham, et al.)

ition (Mustoe, et al.)

Section 20.3: Balancing Redox Equations, 645

Links indicate the
S| titles, authors, and

oo ) ) ) ) page references (or
For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry, URL h SLO
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>. S) where :

Selecting Learning Resources

related content is
treated within the
various learning
resources.

Topic 1: Reactions in Aqueous Solutions - 63

Section 4 -7



Document Organization * GRADE 12 CHEMISTRY

General Learning Outcomes

General learning outcomes (GLOs) provide connections to the Five Foundations for
Scientific Literacy that guide all Manitoba science curricula in all science discipline
areas.

Nature of Science and Technology

As a result of their Senior Years science education, students will:

Al

A2

A3

A4

A5

Recognize both the power and limitations of science as a way of answering
questions about the world and explaining natural phenomena.

Recognize that scientific knowledge is based on evidence, models, and
explanations, and evolves as new evidence appears and new
conceptualizations develop.

Distinguish critically between science and technology in terms of their
respective contexts, goals, methods, products, and values.

Identify and appreciate contributions made by women and men from many
societies and cultural backgrounds that have increased our understanding of
the world and brought about technological innovations.

Recognize that science and technology interact with and advance one another.

Science, Technology, Society, and the Environment (STSE)

As a result of their Senior Years science education, students will:

B1

B2

B3

B4

B5

Describe scientific and technological developments — past and present—and
appreciate their impact on individuals, societies, and the environment, both
locally and globally.

Recognize that scientific and technological endeavours have been and
continue to be influenced by human needs and the societal context of the time.

Identify the factors that affect health, and explain the relationships among
personal habits, lifestyle choices, and human health, both individual and
social.

Demonstrate knowledge of and personal consideration for a range of possible
science- and technology-related interests, hobbies, and careers.

Identify and demonstrate actions that promote a sustainable environment,
society, and economy, both locally and globally.
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Scientific and Technological Skills and Attitudes

As a result of their Senior Years science education, students will:

C1

C2

C3

C4

C5

Cé

C7

C8

Recognize safety symbols and practices related to scientific and technological
activities and to their daily lives, and apply this knowledge in appropriate
situations.

Demonstrate appropriate scientific inquiry skills when seeking answers to
questions.

Demonstrate appropriate problem-solving skills when seeking solutions to
technological challenges.

Demonstrate appropriate critical thinking and decision-making skills when
choosing a course of action based on scientific and technological information.

Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy,
precision, honesty, and persistence, and appreciate their importance as
scientific and technological habits of mind.

Employ effective communication skills and use information technology to
gather and share scientific and technological ideas and data.

Work cooperatively and value the ideas and contributions of others while
carrying out scientific and technological activities.

Evaluate, from a scientific perspective, information and ideas encountered
during investigations and in daily life.

Essential Science Knowledge

As a result of their Senior Years science education, students will:

D1

D2

D3

D4

D5

Dé

Understand essential life structures and processes pertaining to a wide variety
of organisms, including humans.

Understand various biotic and abiotic components of ecosystems, as well as
their interaction and interdependence within ecosystems and within the
biosphere as a whole.

Understand the properties and structures of matter, as well as various
common manifestations and applications of the actions and interactions of
matter.

Understand how stability, motion, forces, and energy transfers and
transformations play a role in a wide range of natural and constructed
contexts.

Understand the composition of the Earth’s atmosphere, hydrosphere, and
lithosphere, as well as the processes involved within and among them.

Understand the composition of the universe, the interactions within it, and the
implications of humankind’s continued attempts to understand and explore it.
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Unifying Concepts
As a result of their Senior Years science education, students will:

E1 Describe and appreciate the similarity and diversity of forms, functions, and
patterns within the natural and constructed world.

E2 Describe and appreciate how the natural and constructed world is made up of
systems and how interactions take place within and among these systems.

E3  Recognize that characteristics of materials and systems can remain constant or
change over time, and describe the conditions and processes involved.

E4 Recognize that energy, whether transmitted or transformed, is the driving
force of both movement and change, and is inherent within materials and in
the interactions among them.

Cluster 0: Skills and Attitudes Outcomes

In Grade 12 Chemistry, Cluster 0 comprises four categories of specific learning
outcomes that describe the skills and attitudes involved in scientific inquiry and the
decision-making process for science, technology, society, and the environment
(STSE) issues. From Grades 5 to 10, students develop scientific inquiry through the
development of a hypothesis/prediction, the identification and treatment of
variables, and the formation of conclusions. Students begin to make decisions based
on scientific facts and refine their decision-making skills as they progress through
the grades, gradually becoming more independent. Students also develop key
attitudes, an initial awareness of the nature of science, and other skills related to
research, communication, the use of information technology, and cooperative
learning.

In Grade 12 Chemistry, students continue to use scientific inquiry as an important
process in their science learning, but also recognize that STSE issues require a more
sophisticated treatment through the decision-making process.

Teachers should select appropriate contexts to introduce and reinforce scientific
inquiry, the decision-making process, and positive attitudes within the thematic
topics (Topics 1 to 6) throughout the school year. To assist in planning and to
facilitate curricular integration, many specific learning outcomes within the Skills
and Attitudes cluster can link to specific learning outcomes in other subject areas.

Demonstrating Understanding
C12-0-U1 Use appropriate strategies and skills to develop an understanding of
chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate
representations, role-plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2 Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and
contrast concepts, apply knowledge to new situations and/or contexts, create analogies,
use manipulatives . . .
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Scientific Inquiry

C12-0-31

C12-0-S2

C12-0-S3

C12-0-54

C12-0-S5

C12-0-Sé6

C12-0-S7

C12-0-S8

C12-0-S9

Research
C12-0-R1

C12-0-R2

C12-0-R3

C12-0-R4

C12-0-R5

Demonstrate work habits that ensure personal safety and the safety of
others, as well as consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace
Hazardous Materials Information System (WHMIS), and emergency equipment

State a testable hypothesis or prediction based on background data or on
observed events.

Design and implement an investigation to answer a specific scientific
question.

Include: materials, independent and dependent variables, controls, methods,
and safety considerations

Select and use scientific equipment appropriately and safely.
Examples: volumetric glassware, balance, thermometer . . .

Collect, record, organize, and display data using an appropriate format.

Examples: labelled diagrams, graphs, multimedia applications, software integration,
probeware . . .

Estimate and measure accurately using Systeme International (SI) and
other standard units.

Include: SI conversions and significant figures

Interpret patterns and trends in data, and infer and explain
relationships.

Evaluate data and data-collection methods for accuracy and precision.
Include: discrepancies in data, sources of error, and percent error

Draw a conclusion based on the analysis and interpretation of data.

Include: cause-and-effect relationships, alternative explanations, and supporting
or rejecting a hypothesis or prediction

Synthesize information obtained from a variety of sources.
Include: print and electronic sources, specialists, and other resource people

Evaluate information obtained to determine its usefulness for
information needs.

Examples: scientific accuracy, reliability, currency, relevance, balance of perspectives,
bias . . .

Quote from or refer to sources as required and reference information
sources according to an accepted practice.

Compare diverse perspectives and interpretations in the media and
other information sources.

Communicate information in a variety of forms appropriate to the
audience, purpose, and context.
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Communication and Teamwork

C12-0-C1 Collaborate with others to achieve group goals and responsibilities.

C12-0-C2 Elicit, clarify, and respond to questions, ideas, and diverse points of
view in discussions.

C12-0-C3 Evaluate individual and group processes.

Nature of Science

C12-0-N1 Explain the roles of theory, evidence, and models in the development of
scientific knowledge.

C12-0-N2 Describe, from a historical perspective, how the observations and
experimental work of many individuals led to modern understandings
of matter.

C12-0-N3 Describe how scientific knowledge changes as new evidence emerges
and/or new ideas and interpretations are advanced.

STSE

C12-0-T1 Describe examples of the relationship between chemical principles and
applications of chemistry.

C12-0-T2 Explain how scientific research and technology interact in the
production and distribution of beneficial materials.

C12-0-T3 Provide examples of how chemical principles are applied in products
and processes, in scientific studies, and in daily life.

Attitudes

C12-0-A1 Demonstrate confidence in their ability to carry out investigations in
chemistry and to address STSE-related issues.

C12-0-A2 Value skepticism, honesty, accuracy, precision, perseverance, and open-
mindedness as scientific and technological habits of mind.

C12-0-A3 Demonstrate a continuing, increasingly informed interest in chemistry
and chemistry-related careers and issues.

C12-0-A4 Be sensitive and responsible in maintaining a balance between the needs
of humans and a sustainable environment.
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Specific Learning Outcomes

The specific learning outcomes (SLOs) identified here constitute the intended
learning to be achieved by the student by the end of Grade 12 Chemistry. These
statements clearly define what students are expected to achieve and/or be able to
perform at the end of the course. These SLOs, combined with the Skills and
Attitudes SLOs, constitute the source upon which assessment and instructional
design are based.

Topic 1: Reactions in Aqueous Solutions

C12-1-01 Explain examples of solubility and precipitation at the particulate and
symbolic levels.

C12-1-02 Perform a laboratory activity to develop a set of solubility rules.
C12-1-03 Use a table of solubility rules to predict the formation of a precipitate.
C12-1-04 Write balanced neutralization reactions involving strong acids and bases.

C12-1-05 Perform a laboratory activity to demonstrate the stoichiometry of a
neutralization reaction between a strong base and a strong acid.

C12-1-06 Calculate the concentration or volume of an acid or a base from the
concentration and volume of an acid or a base required for
neutralization.

C12-1-07 Design and test a procedure to determine the identity of a variety of
unknown solutions.

C12-1-08 Outline the development of scientific understanding of oxidation and
reduction reactions.

Include: gain and loss of electrons, oxidizing agent, and reducing agent
C12-1-09 Determine the oxidation numbers for atoms in compounds and ions.

C12-1-10 Identify reactions as redox or non-redox.

Include: oxidizing agent, reducing agent, oxidized substance, and reduced
substance

C12-1-11 Balance oxidation-reduction reactions using redox methods.

Include: acidic and basic solutions

C12-1-12 Research practical applications of redox reactions.

Examples: rocket fuels, fireworks, household bleach, photography, metal recovery from
ores, steel making, aluminum recycling, fuel cells, batteries, tarnish removal, fruit
clocks, forensic blood detection using luminol, chemiluminescence/ bioluminescence,
electrolytic cleaning, electrodeposition, photochemical etching, antioxidants/
preservatives . . .
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Topic 2: Atomic Structure

C12-2-01

C12-2-02

C12-2-03

C12-2-04

C12-2-05

C12-2-06

C12-2-07

Describe qualitatively the electromagnetic spectrum in terms of
frequency, wavelength, and energy.

Recognize, through direct observation, that elements have unique line
spectra.

Include: flame tests or gas discharge tubes and spectroscopes or diffraction
gratings

Describe applications and/or natural occurrences of line spectra.
Examples: astronomy, aurora borealis, fireworks, neon lights . . .

Outline the historical development of the quantum mechanical model of
the atom.

Write electron configurations for elements of the periodic table.
Include: selected elements up to atomic number 36 (krypton)

Relate the electron configuration of an element to its valence electron(s)
and its position on the periodic table.

Identify and account for periodic trends among the properties of
elements, and relate the properties to electron configuration.
Include: atomic radii, ionic radii, ionization energy, and electronegativity

Topic 3: Chemical Kinetics

C12-3-01

C12-3-02

C12-3-03

C12-3-04

C12-3-05

C12-3-06

Formulate an operational definition of reaction rate.
Include: examples of chemical reactions that occur at different rates

Identify variables used to monitor reaction rates (i.e., change per unit of
time, Ax/At).
Examples: pressure, temperature, pH, conductivity, colour . . .

Perform a laboratory activity to measure the average and instantaneous
rates of a chemical reaction.

Include: initial reaction rate

Relate the rate of formation of a product to the rate of disappearance of a
reactant, given experimental rate data and reaction stoichiometry.

Include: descriptive treatment at the particulate level

Perform a laboratory activity to identify factors that affect the rate of a
chemical reaction.

Include: nature of reactants, surface area, concentration, pressure, volume,
temperature, and presence of a catalyst

Use the collision theory to explain the factors that affect the rate of
chemical reactions.

Include: activation energy and orientation of molecules
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C12-3-07 Draw potential energy diagrams for endothermic and exothermic
reactions.

Include: relative rates, effect of a catalyst, and heat of reaction (enthalpy change)

C12-3-08 Describe qualitatively the relationship between the factors that affect the
rate of chemical reactions and the relative rate of a reaction, using the
collision theory.

C12-3-09 Explain the concept of a reaction mechanism.
Include: rate-determining step

C12-3-10 Determine the rate law and order of a chemical reaction from
experimental data.

Include: zero-, first-, and second-order reactions and reaction rate versus
concentration graphs

Topic 4: Chemical Equilibrium

C12-4-01 Relate the concept of equilibrium to physical and chemical systems.
Include: conditions necessary to achieve equilibrium

C12-4-02 Write equilibrium law expressions from balanced chemical equations for
heterogeneous and homogeneous systems.
Include: mass action expression

C12-4-03 Use the value of the equilibrium constant (K,) to explain how far a
system at equilibrium has gone towards completion.

C12-4-04 Solve problems involving equilibrium constants.

C12-4-05 Perform a laboratory activity to determine the equilibrium constant of an
equilibrium system.

C12-4-06 Use Le Chatelier’s principle to predict and explain shifts in equilibrium.

Include: temperature changes, pressure/volume changes, changes in
reactant/product concentration, the addition of a catalyst, the addition of an
inert gas, and the effects of various stresses on the equilibrium constant

C12-4-07 Perform a laboratory activity to demonstrate Le Chatelier’s principle.

C12-4-08 Interpret concentration versus time graphs.

Include: temperature changes, concentration changes, and the addition of a
catalyst

C12-4-09 Describe practical applications of Le Chatelier’s principle.

Examples: Haber process, hemoglobin production at high altitude, carbonated beverages,
eyes adjusting to light, blood pH, recharging of batteries, turbocharged/supercharged
engines, ester synthesis, weather indicators, arrangement of produce, carbonated
beverages in a hen'’s diet . . .

C12-4-10 Write solubility product (K,) expressions from balanced chemical
equations for salts with low solubility.
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C12-4-11 Solve problems involving K.
Include: common ion problems

C12-4-12 Describe examples of the practical application of salts with low
solubility.

Examples: kidney stones, limestone caverns, osteoporosis, tooth decay . . .

C12-4-13 Perform a laboratory activity to determine the K, of a salt with low
solubility.

Topic 5: Acids and Bases

C12-5-01 Outline the historical development of acid-base theories.
Include: the Arrhenius, Brensted-Lowry, and Lewis theories

C12-5-02 Write balanced acid-base chemical equations.
Include: conjugate acid-base pairs and amphoteric behaviour

C12-5-03 Describe the relationship between the hydronium and hydroxide ion
concentrations in water.

Include: the ion product of water, K,,

C12-5-04 Perform a laboratory activity to formulate an operational definition of
pH.

C12-5-05 Describe how an acid-base indicator works in terms of colour shifts and
Le Chatelier’s principle.

C12-5-06 Solve problems involving pH.

C12-5-07 Distinguish between strong and weak acids and bases.
Include: electrolytes and non-electrolytes

C12-5-08 Write the equilibrium expression (K, or K;) from a balanced chemical
equation.

C12-5-09 Use K, or K, to solve problems for pH, percent dissociation, and
concentration.

C12-5-10 Perform a laboratory activity to determine the concentration of an
unknown acid or base, using a standardized acid or base.

C12-5-11 Predict whether an aqueous solution of a given ionic compound will be
acidic, basic, or neutral, given the formula.
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Topic 6: Electrochemistry

C12-6-01
C12-6-02
C12-6-03

C12-6-04

C12-6-05
C12-6-06

C12-6-07
C12-6-08
C12-6-09
C12-6-10

C12-6-11

C12-6-12

Develop an activity series experimentally.
Predict the spontaneity of reactions using an activity series.

Outline the historical development of voltaic (galvanic) cells.
Include: contributions of Luigi Galvani and Alessandro Volta

Explain the operation of a voltaic (galvanic) cell at the visual, particulate,
and symbolic levels.

Include: writing half-cell reactions, the overall reaction, and shorthand (line)
notation

Construct a functioning voltaic (galvanic) cell and measure its potential.

Define standard electrode potential.
Include: hydrogen electrode as a reference

Calculate standard cell potentials, given standard electrode potentials.
Predict the spontaneity of reactions using standard electrode potentials.
Compare and contrast voltaic (galvanic) and electrolytic cells.

Explain the operation of an electrolytic cell at the visual, particulate, and
symbolic levels.

Include: a molten ionic compound and an aqueous ionic compound

Describe practical uses of electrolytic cells.

Examples: electrolysis of water, electrolysis of brine, electroplating, production and
purification of metals . . .

Using Faraday’s law, solve problems related to electrolytic cells.
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NOTES
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Topic 1: Reactions in Aqueous Solutions

C12-1-01 Explain examples of solubility and precipitation at the particulate
and symbolic levels.

C12-1-02 Perform a laboratory activity to develop a set of solubility rules.

C12-1-03 Use a table of solubility rules to predict the formation of a
precipitate.

C12-1-04 Write balanced neutralization reactions involving strong acids
and bases.

C12-1-05 Perform a laboratory activity to demonstrate the stoichiometry of
a neutralization reaction between a strong base and a strong acid.

C12-1-06 Calculate the concentration or volume of an acid or a base from
the concentration and volume of an acid or a base required for
neutralization.

C12-1-07 Design and test a procedure to determine the identity of a variety
of unknown solutions.

C12-1-08 Outline the development of scientific understanding of oxidation
and reduction reactions.

Include: gain and loss of electrons, oxidizing agent, and reducing agent

C12-1-09 Determine the oxidation numbers for atoms in compounds and
ions.

C12-1-10 Identify reactions as redox or non-redox.

Include: oxidizing agent, reducing agent, oxidized substance, and
reduced substance

C12-1-11 Balance oxidation-reduction reactions using redox methods.
Include: acidic and basic solutions

C12-1-12 Research practical applications of redox reactions.

Examples: rocket fuels, fireworks, household bleach, photography, metal
recovery from ores, steel making, aluminum recycling, fuel cells, batteries,
tarnish removal, fruit clocks, forensic blood detection using luminol,
chemiluminescence/bioluminescence, electrolytic cleaning, electrodeposition,
photochemical etching, antioxidants/preservatives . . .

Suggested Time: 18 hours
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-01: Explain examples of solubility and precipitation at

Reactions in
Aqueous Solutions

the particulate and symbolic levels.
(0.5 hour)

SLO: C12-1-01

SUGGESTIONS FOR INSTRUCTION

Entry-Level Knowledge

The solution process was addressed in detail in Grade 11 Chemistry (Topic 4:
Solutions). Students explained the solution process of simple ionic and covalent
compounds, using visual and particulate representations and chemical equations.
Students performed a laboratory activity to illustrate the formation of solutions in
terms of the polar and non-polar nature of substances, which included the terms
soluble and insoluble.

Assessing Prior Knowledge

Check for students” understanding of prior knowledge, and review concepts as
necessary. Prior knowledge can be reviewed and/or assessed by using any of the
KWL (Know, Want to Know, Learned) strategies (e.g., Concept Map, Knowledge
Chart, Think-Pair-Share) found in Chapter 9 of Senior Years Science Teachers’
Handbook (Manitoba Education and Training) —hereinafter referred to as SYSTH.

TEACHER NOTES

Demonstration

Provide students with several examples of solutions and have them explain the
solution process at the molecular level and the symbolic level. In this context, the
term molecular is considered interchangeable with the term particulate.

Example 1: NaCl) dissolved in water

m Molecular level:
NaCl (solid) + H,O (liquid) NaCl,,

Ce ““-: A Q “‘ o?

*C@ﬂ*f 4%8%:
o
pJe O I (666 %)

e N
2”Cuts @ ¢ulen’n, ’4

General Learning Outcome Connections

GLO D3:

Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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SKILLS AND ATTITUDES OUTCOME

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

= Symbolic level:
H>O
NaCl () 9 NaCl(aq)

Example 2: NaCl, ) and AgNO;(,q) combined together

m  Molecular level:
First show both solutions individually in their beakers. In beaker 1, NaCl(aq) is
drawn with the Na" and Cl~ ions circulating amidst the water molecules. In
beaker 2, AgNO;,q) is drawn with the Ag” and NO;™ ions floating around the
water molecules.
Then, in the third diagram, show the mixing of the two solutions. Students

should see that the Ag" ions will precipitate with the Cl~ ions, forming a white
precipitate.

= Symbolic level:
Molecular equation:
NaCl(aq) + AgNOS(aq) —>> AgCl(s) + NaNO3(aq)

Ionic equation:

+ - + 3— + 3
Na (aq) + Cl (aq) + Ag ( + NO ) —> AgCI(S) + Na (aq) + NO

aq) (aq (aq)

Net ionic equation:

A8 (ag) T C17 (aq) —> AgCly,)

Animations

Have students view animations of precipitation reactions online.

Sample Website:

Virtual Crezlab Qualitative Analysis. “Precipitation Reactions: Another Example of
Precipitation Reaction.” Teaching Laboratory. Crescent Girls” School.
<www.crescent.edu.sg/crezlab/webpages/pptReaction4.htm> (18 Jan. 2012).

This animation shows the reaction that takes place between solutions of sodium
chloride and silver nitrate.

Note: Not all mixtures of ions produce a precipitation reaction. For example, if we
mix together a solution of sodium chloride (NaCl) and a solution of potassium
iodide (KI), no precipitation will occur. All ions will stay in the solution.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SPECIFIC LEARNING QUTCOME

C12-1-01: Explain examples of solubility and precipitation at
the particulate and symbolic levels.

Topic 1:
Reactions in
Aqueous Solutions

(continued)

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Task

Ask students to diagram various reactions, showing the reaction at the molecular
(particulate) level and at the symbolic level.

LEARNING RESOURCES LINKS

Chemistry (Chang 489)

Chemistry (Zumdahl and Zumdahl 133)

Chemistry: The Molecular Nature of Matter and Change (Silberberg 136)
Glencoe Chemistry: Matter and Change (Dingrando, et al. 455)
McGraw-Hill Ryerson Inquiry into Chemistry (Chastko, et al. 169)
Prentice Hall Chemistry (Wilbraham, et al. 488)

Website

Virtual Crezlab Qualitative Analysis. “Precipitation Reactions: Another
Example of Precipitation Reaction.” Teaching Laboratory. Crescent Girls’
School. <www.crescent.edu.sg/crezlab/webpages/pptReaction4.htm>
(18 Jan. 2012).

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SKILLS AND ATTITUDES OUTCOME

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

NOTES
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SPECIFIC LEARNING QUTCOME

TOpiC 1: C12-1-02: Perform a laboratory activity to develop a set of solubility

rules.

Reactions in

Aqueous Solutions

(2 hours)

SLO: C12-1-02

SUGGESTIONS FOR INSTRUCTION
Entry-Level Knowledge

In Grade 9 Science (specific learning outcome S1-2-13), students defined the term
precipitate and recognized the formation of a precipitate to be one of the indicators
of a chemical change.

In Grade 10 Science (S2-2-07), students investigated double displacement reactions.
Grade 11 Chemistry (Unit 4: Solutions) presented the concepts of species being
soluble or insoluble. Concentration was also addressed in detail in Grade 11
Chemistry.

Assessing Prior Knowledge

Check for students” understanding of prior knowledge and review concepts as
necessary. Prior knowledge can be reviewed and/or assessed by using any of the
KWL strategies (e.g., Concept Map, Knowledge Chart, Think-Pair-Share —see
SYSTH, Chapter 9).

TEACHER NOTES

The following demonstration is meant to be an activation activity. Students will be
able to review reactions they have studied in Grade 10 Science and in Grade 11
Chemistry. Encourage students to draw molecular representations of these
reactions.

General Learning Outcome Connections

GLO B3:

GLO B5:

GLO C1:

GLO C2:
GLO Cs:

GLO Cs8:

Identify the factors that affect health, and explain the relationships among personal habits, lifestyle
choices, and human health, both individual and social.

Identify and demonstrate actions that promote a sustainable environment, society, and economy, both
locally and globally.

Recognize safety symbols and practices related to scientific and technological activities and to their daily
lives, and apply this knowledge in appropriate situations.

Demonstrate appropriate scientific inquiry skills when seeking answers to questions.
Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, honesty, and
persistence, and appreciate their importance as scientific and technological habits of mind.

Evaluate, from a scientific perspective, information and ideas encountered during investigations and in
daily life.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SKILLS AND ATTITUDES OUTCOMES
C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S3: Design and implement an investigation to answer a specific scientific question.

Include: materials, independent and dependent variables, controls, methods, and safety
considerations

C12-0-S5: Collect, record, organize, and display data using an appropriate format.
Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .
C12-0-S7: Interpret patterns and trends in data, and infer and explain relationships.

C12-0-S9: Draw a conclusion based on the analysis and interpretation of data.

Include: cause-and-effect relationships, alternative explanations, and supporting or rejecting a
hypothesis or prediction

C12-0-A1: Demonstrate confidence in their ability to carry out investigations in chemistry and to
address STSE-related issues.

Demonstration

Show students the reaction between potassium iodide and lead(II) nitrate, or
between cobalt(Il) chloride and a saturated calcium hydroxide solution (limewater).
These double displacement reactions demonstrate two indicators of a chemical
change (colour and precipitate formation). As an extension, have students predict
the products of the reaction and balance the equation. Remind students that both
solutions have a concentration, which is a numeric reflection of the moles of solute
compared to the volume of solution. The precipitate produced by the reaction is
insoluble, or slightly soluble, in the other aqueous product.

Laboratory Activity

Have students develop their own procedure to create a set of solubility rules. For
this experiment, see Appendix 1.1A: Developing a Set of Solubility Rules: Lab
Activity. Provide students with 0.1 mol/L solutions of various anions and cations
so that they can observe whether precipitates are formed. These observations will
help students develop a set of solubility rules for the positive and negative ions
used in the lab activity. A list of the solubility rules can be found in Appendix 1.1B:
Developing a Set of Solubility Rules: Lab Activity (Teacher Notes) and in the
resources listed in the Learning Resources Links.

SUGGESTIONS FOR ASSESSMENT

Laboratory Report

The lab activity could be assessed as a formal lab report using the Laboratory
Report Outline or the Laboratory Report Format (see SYSTH 11.38, 14.12). Word
processing and spreadsheet software could be used to prepare reports. Also refer to
the Lab Report Assessment rubric in Appendix 11.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SPECIFIC LEARNING OUTCOME
Topic 1: C12-1-02: Perform a laboratory activity to develop a set of solubility

. les.
Reactions in ruies
Aqueous Solutions

(continued)

Laboratory Skills

Periodically and randomly review the lab skills of individual students, so that
eventually all students are assessed. Sample checklists for assessing lab skills and
work habits are available in SYSTH (6.10, 6.11).

Paper-and-Pencil Task
Students can report on why certain ions are insoluble or soluble.

Journal Writing
Have students answer the following question in their science journals:

Do you think that “solubility guidelines” might be a better phrase to use than
“solubility rules”? Why or why not?

Class Discussion

Students can share their results with each other and come up with some general
guidelines regarding the solubility of ions in solution. The students’ rules can then
be reconfirmed by the solubility rules table.

LEARNING RESOURCES LINKS

Chemistry (Chang 118)

Chemistry (Zumdahl and Zumdahl 150)

Chemistry: The Molecular Nature of Matter and Change (Silberberg 142)
Glencoe Chemistry: Matter and Change (Dingrando, et al. 920)

McGraw-Hill Ryerson Inquiry into Chemistry (Chastko, et al. 161)

Nelson Chemistry 12: College Preparation Teacher’s Resource (Penrose, et al.)
LSM 1.15-1: The Solubility Rules, 97

Prentice Hall Chemistry (Wilbraham, et al. 344)
Investigations

Laboratory Manual for Chemistry: Experiments and Principles (Davis, et al.)
Experiment 17: Reactions between Ions in Aqueous Solutions, 50

Microscale Chemistry Laboratory Manual (Slater and Rayner-Canham)
Experiment 20: Solubilities of Salts, 60

Prentice Hall Chemistry: The Study of Matter, Laboratory Manual (Wagner)
Lab 31: Precipitates and Solubility Rules, 157
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SKILLS AND ATTITUDES OQUTCOMES

C12-0-S1:

C12-0-S3:

C12-0-S5:

C12-0-57:
C12-0-59:

C12-0-A1:

Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

Design and implement an investigation to answer a specific scientific question.

Include: materials, independent and dependent variables, controls, methods, and safety
considerations

Collect, record, organize, and display data using an appropriate format.
Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .
Interpret patterns and trends in data, and infer and explain relationships.

Draw a conclusion based on the analysis and interpretation of data.

Include: cause-and-effect relationships, alternative explanations, and supporting or rejecting a
hypothesis or prediction

Demonstrate confidence in their ability to carry out investigations in chemistry and to
address STSE-related issues.

Appendices
Appendix 1.1A: Developing a Set of Solubility Rules: Lab Activity

Appendix 1.1B: Developing a Set of Solubility Rules: Lab Activity
(Teacher Notes)

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-03: Use a table of solubility rules to predict the formation of a

Reactions in
Aqueous Solutions

precipitate.
(1 hour)

SLO: C12-1-03

SUGGESTIONS FOR INSTRUCTION

Entry-Level Knowledge

In Grade 11 Chemistry (C11-4-03), students were introduced to the fact that when
ionic compounds are placed in water, they dissociate (i.e., they separate into their
ions). In Grade 10 Science (SLO S2-2-07), students classified reactions such as
double displacement reactions. When solutions of two ionic compounds are placed
into water, the ions will interact with each other and a double displacement
reaction may occur. A precipitation reaction occurs when two aqueous solutions are
mixed and a solid (precipitate) is formed. Refer to specific learning outcome C12-1-
01 in Topic 1: Reactions in Aqueous Solutions, which addresses the process of
double displacement reactions at the particulate level and the symbolic level.

TEACHER NOTES

Precipitation reactions are used in water treatment plants, in qualitative analysis,
and as a preparation method for many salts. They are also a means by which
limestone caverns are formed.

Writing Net lonic Equations

Take students through the following steps to ensure that they will be able to write
net ionic equations.

General Learning Outcome Connections

GLO B3:

GLO B5:

GLO C1:

GLO C2:
GLO Cs:

GLO Cs8:

GLO D3:

Identify the factors that affect health, and explain the relationships among personal habits, lifestyle
choices, and human health, both individual and social.

Identify and demonstrate actions that promote a sustainable environment, society, and economy, both
locally and globally.

Recognize safety symbols and practices related to scientific and technological activities and to their daily
lives, and apply this knowledge in appropriate situations.

Demonstrate appropriate scientific inquiry skills when seeking answers to questions.

Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, honesty, and
persistence, and appreciate their importance as scientific and technological habits of mind.

Evaluate, from a scientific perspective, information and ideas encountered during investigations and in
daily life.

Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.
Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.
Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S9: Draw a conclusion based on the analysis and interpretation of data.

Include: cause-and-effect relationships, alternative explanations, and supporting or rejecting a
hypothesis or prediction

Sample Problem:

Write a net ionic equation for the reaction between BaCl, and Na,SO,.

1. Predict the products of the reaction and ensure that the equation is balanced.
BaCl, + Na,SO, — BaSO, + 2NaCl

2. Use Appendix 1.2: Solubility Rules to identify which ionic substances will
precipitate from aqueous solutions. (Any chemistry text listed in the Learning
Resources Links will have a table of rules.) Looking at these solubility rules,

students should notice that the Cl~ ion is soluble with the Na* ion. Therefore,
NaCl will stay in solution; that is, it is written as NaCl(aq). Students should also
notice from the solubility rules that the Ba®* ion forms an insoluble product with
the SO,°~ ion. Therefore, BaSO, is written with a subscript (s) as it forms a
precipitate in the beaker. Those substances that form a precipitate should be
followed by (), and those that do not form a precipitate should be followed
by (aq).

BaCly(,q) + NaySOyq) —> BaSOy ) + 2NaCl

This is known as the balanced molecular equation.

3. Recognize that soluble aqueous ionic compounds will dissociate into ions,
whereas insoluble compounds will not. Students must make sure that their
equation is balanced.

Ba2+(aq) + ZCI_(aq) + 2Na+(aq) + 8042_(21(,1) —> BaSO4(S) + 2Na+(aq) + ZCI_(aq)

This is known as the complete ionic equation, total ionic equation, or ionic equation.

4. Cancel out all spectator ions (those that appear on both sides of the equation),
and rewrite the equation.

Ba2+(aq) + 2Cl_(aq) + 2Na+(aq) + 8042_( — BaSO4(s) + 2Na+(aq) + 2Cl_(aq)

aq)

Ba2+ + 8042 ) — BaSO4(S)

(aq) (g
This is known as the net ionic equation.

See Appendix 1.3: Predicting Precipitation Reactions for more sample problems.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SPECIFIC LEARNING OUTCOME
Topic 1: C12-1-03: Use a table of solubility rules to predict the formation of a

Reactions in precipitate.
Aqueous Solutions

(continued)

Animations
A variety of animations of precipitation reactions are available online.

Sample Websites:

The North Carolina School of Science and Mathematics (NCSSM). Distance
Education and Extended Programs. “Science Secondary Level.” STEM@NCSSM.
<www.dlt.ncssm.edu/stem/sci-secondary> (3 Aug. 2012).

Dozens of chemistry animations, images, documents, and videos can be found
on this website.

. “Chemistry Graphics —Moles.” Teacher’s Instructional Graphics and
Educational Resource (TIGER). <www.dlt.ncssm.edu/stem/sci-secondary>
(18 Jan. 2012).

The animation entitled “DoubleDisp_Reaction_Precipitation.html (.exe or .mov)
shows the double displacement reaction between lead(Il) nitrate and potassium
iodide to form a slightly soluble precipitate.

”

Virtual Crezlab Qualitative Analysis. “Precipitation Reactions: Precipitation
Explained.” Teaching Laboratory. Crescent Girls” School.
<www.crescent.edu.sg/crezlab/webpages/pptReaction3.htm> (18 Jan. 2012).

This animation shows the precipitation reaction of lead(II) nitrate and potassium
iodide.

Laboratory Activity

Provide students with well plates and four unknown solutions in dropper bottles.
Students should be able to determine the identity of each solution, using
experimentation, their solubility rules, and a colour chart (see Appendix 1.4: Colour
Chart for Ions in Aqueous Solutions). For a sample procedure, see Appendix 1.5:
Identifying Unknown Solutions (Teacher Notes and Preparation Guide).

Discrepant Event

If you have not already done the demonstration suggested for C12-1-01, show
students that two clear solutions mixed together do not necessarily give a clear
product (e.g., lead(Il) nitrate and potassium iodide).

Alternatively, for a more environmentally friendly demonstration, show students a
precipitation reaction with a variety of colours involved.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.
Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.
Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S9: Draw a conclusion based on the analysis and interpretation of data.

Include: cause-and-effect relationships, alternative explanations, and supporting or rejecting a
hypothesis or prediction

Example:
CoCl, + saturated Ca(OH), (limewater) —» Co(OH), ppt

pink clear blue-green

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Task

Have students use process notes to solve problems using a set of solubility rules to
predict the potential formation of a precipitate in a double replacement reaction. For
examples of problems, see Appendix 1.3: Predicting Precipitation Reactions.

Laboratory Skills

Periodically and randomly review the lab skills of individual students, so that
eventually all students are assessed. Sample checklists for assessing lab skills and
work habits are available in SYSTH (6.10, 6.11).

Journal Writing/Process Notes

Students can explain the steps to writing out net ionic equations in their science
journals. See Appendix 1.6A: Process Notes for Writing Net Ionic Equations
(Teacher Notes) and Appendix 1.6B: Process Notes for Writing Net Ionic Equations
(BLM).

Visual Displays
Have students create a Word Cycle using the terms ions, spectator ions, precipitate,

molecular equation, total ionic equation, net ionic equation, and double displacement
reaction (see Word Cycle, SYSTH 10.21).
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-03: Use a table of solubility rules to predict the formation of a

Reactions in precipitate.

Aqueous Solutions

(continued)

LEARNING RESOURCES LINKS

Chemistry (Chang 118)
Chemistry (Zumdahl and Zumdahl 150)
Chemistry: The Molecular Nature of Matter and Change (Silberberg 142)

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom)
ChemLab Solution Identification, 456

Glencoe Chemistry: Matter and Change (Dingrando, et al. 290)
McGraw-Hill Ryerson Chemistry, Combined Atlantic Edition (Mustoe, et al. 289)
McGraw-Hill Ryerson Inquiry into Chemistry (Chastko, et al. 161)

Nelson Chemistry 12: College Preparation Teacher’s Resource (Penrose, et al.)
LSM 1.15-1: The Solubility Rules, 97

Nelson Chemistry 12: College Preparation, Ontario Edition (Davies, et al.)
Using Solubility Rules to Predict Precipitate Formation, 54

Prentice Hall Chemistry (Wilbraham, et al. 344)

Investigations

Glencoe Chemistry: Matter and Change (Dingrando, et al.)
MiniLab: Observing a Precipitate-Forming Reaction, 295

McGraw-Hill Ryerson Chemistry, Combined Atlantic Edition (Mustoe, et al.)
Investigation 8-A: The Solubility of Ionic Compounds, 283

Prentice Hall Chemistry Today: Laboratory Manual (Whitman and Zinck)
Solutions and Solubility, 58

Websites

The North Carolina School of Science and Mathematics (NCSSM). Distance
Education and Extended Programs. “Science Secondary Level.”
STEM@NCSSM. <www.dlt.ncssm.edu/stem/sci-secondary>
(3 Aug. 2012).

. . “Chemistry Graphics —Moles.” Teacher’s Instructional Graphics
and Educational Resource (TIGER).
<www.dlt.ncssm.edu/tiger/chem2.htm#moles> (18 Jan. 2012).

Virtual Crezlab Qualitative Analysis. “Precipitation Reactions: Precipitation
Explained.” Teaching Laboratory. Crescent Girls” School.
<www.crescent.edu.sg/crezlab/webpages/pptReaction3.htm>
(18 Jan. 2012).
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1:

C12-0-U2:

C12-0-S1:

C12-0-59:

Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .
Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

Draw a conclusion based on the analysis and interpretation of data.

Include: cause-and-effect relationships, alternative explanations, and supporting or rejecting a
hypothesis or prediction

Appendices

Appendix 1.2: Solubility Rules

Appendix 1.3: Predicting Precipitation Reactions
Appendix 1.4  Colour Chart for lons in Aqueous Solutions

Appendix 1.5: Identifying Unknown Solutions (Teacher Notes and
Preparation Guide)

Appendix 1.6A: Process Notes for Writing Net Ionic Equations (Teacher
Notes)

Appendix 1.6B: Process Notes for Writing Net Ionic Equations (BLM)

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SPECIFIC LEARNING OUTCOMES
TOpic 1: C12-1-04: Write balanced neutralization reactions involving strong
Reactions in acids and bases.
Aqueous Solutions C12-1-05: Perform a laboratory activity to demonstrate the

stoichiometry of a neutralization reaction between a strong
base and a strong acid.

(2.5 hours)

SUGGESTIONS FOR INSTRUCTION
Entry-Level Knowledge

The following learning outcomes were addressed in Grade 10 Science:

52-2-03: Write formulas and names of binary ionic compounds.
Include: IUPAC guidelines and rationale for their use

SLO: C12-1-04
SLO: C12-1-05

S2-2-06: Balance chemical equations.
Include: translation of word equations to balanced chemical equations, and balanced
chemical equations to word equations

52-2-10: Explain how acids and bases interact to form a salt and water in the
process of neutralization.

In Grade 11 Chemistry (C11-3-03), students were shown how to write formulas and
names for polyatomic compounds using International Union of Pure and Applied
Chemistry (IUPAC) nomenclature.

Assessing Prior Knowledge

Check for students” prior knowledge and review concepts as necessary.

TEACHER NOTES

Rules for Naming Binary and Polyatomic Acids
Introduce the rules for naming binary and polyatomic acids.
To name binary acids, follow these steps:

1. Use the prefix hydro-.

2. Use the root of the anion.

3. Use the suffix -ic.
4

. Use the word acid as the second word in the name.

General Learning Outcome Connections

GLO C2: Demonstrate appropriate scientific inquiry skills when seeking answers to questions.

GLO C5: Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, honesty, and
persistence, and appreciate their importance as scientific and technological habits of mind.

GLO D3: Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

C12-0-S5: Collect, record, organize, and display data using an appropriate format.
Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .

C12-0-S8: Evaluate data and data-collection methods for accuracy and precision.

Include: discrepancies in data, sources of error, and percent error

Example 1:

Naming a binary acid: HCI
1. hydro-

2. —chloride

3. -—chloric

4. hydrochloric acid

To name polyatomic acids, follow a different set of rules. Many of the oxygen-rich
polyatomic negative ions form acids that are named by replacing the suffix -ate
with -ic and the suffix -ite with -ous. To name oxyacids (acids containing the
element oxygen), students should be able to recognize oxyacids by the general
formula H,X,O., where X represents an element other than hydrogen or oxygen. If
enough H" ions are added to a (root)ate polyatomic ion to completely neutralize its
charge, the (root)ic acid is formed.

Examples of polyatomic acids:
HNOg; (nitric acid) is formed by adding one H" ion to nitrate, NOz~
H,SO, (sulphuric acid) is formed by adding two H" ions to sulphate, SO,*~

A strong acid completely dissociates into ions. This means that if 100 molecules of
HCl are dissolved in water, 100 ions of H" and 100 ions of Cl~ are produced.
Emphasize that there are only six strong acids: hydrochloric acid (HCI),
hydrobromic acid (HBr), hydroiodic acid (HI), sulphuric acid (H,SO,), nitric acid
(HNGO;), and perchloric acid (HCIO,). Students should memorize the names of these
acids, as this nomenclature forms the basis for naming other acids. Naming of other
oxyacids and weak acids will be dealt with in Topic 5: Acids and Bases.

To name a base, the name of the metal is combined with the anion, OH~, hydroxide
ion. For example, NaOH would be named sodium hydroxide. A strong base
completely dissociates into ions. This means that if 100 formula units of NaOH are
dissolved in water, 100 ions of Na" and 100 ions of OH™ are produced. Strong bases
include any ionic compound that contains the hydroxide (OH™) ion. When
combined with the hydroxide ion, elements found in groups 1 (IA) and 2 (IIA) form
strong bases.
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GRADE 12 CHEMISTRY * Topic 1: Aqueous Reactions

SPECIFIC LEARNING OUTCOMES
Topic 1: C12-1-04: Write balanced neutralization reactions involving strong

Reactions in acids and bases.
Aqueous Solutions C12-1-05: Perform a laboratory activity to demonstrate the

stoichiometry of a neutralization reaction between a strong
base and a strong acid.

(continued)

These are the only acids and bases that students will be dealing with in Topic 1:
Reactions in Aqueous Solutions.

When a strong acid and a strong base combine together they react completely. This
means that all the hydrogen ions (from the acid) and all the hydroxide ions (from
the base) will react to form water.

Remind students that acids and bases are ionic compounds, so that when placed
into water, they will separate into their ions and undergo a double displacement
reaction where a salt and water are formed.

Example 2:

Write an equation for the neutralization reaction between H,5O, and NaOH.

1. Predict the products of the reaction and ensure that the equation is balanced.
H,SO,4 + 2NaOH — H,0 + Na,SO,

2. Use the solubility rules to confirm whether each product will be aqueous, solid,
or liquid.

H2SO4( + ZNaOH(aq) —> 2H20(1) + NaZSO4(aq)

aq)
Note: Point out to students that water is a liquid, since aqueous solutions are
dissolved in water.

3. Write a total ionic equation, showing all ions that are in solution.

+ 2— + — + 2—
2H ( + SO4 (aq) + 2Na (aq) + 20H (aq) —> ZHzo(l) + 2Na (aq) + 804 (

aq) aq aq)

4. Cancel the spectator ions and write the net ionic equation.
2H' o) #5075 aq) + 2Na'(pq) + 20H" aq) —> 2H,0) £2Ner' o) +507 g
2H' (g + 20H™ o) — 2H,0y
H' (o) + OH o) —= H0y
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

C12-0-S5: Collect, record, organize, and display data using an appropriate format.
Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .

C12-0-S8: Evaluate data and data-collection methods for accuracy and precision.

Include: discrepancies in data, sources of error, and percent error

Discrepant Event

Show students that neutralization reactions can produce a greater volume than the
sum of the volumes of the reactants. Traditional demonstrations include adding
125 mL of 0.1 mol/L HCI to 125 mL of 0.1 mol/L NaOH in a 250 mL graduated
cylinder. An increase in volume of 2 to 3 mL should be observed. Have students
explain this demonstration using particulate representations.

Animations/Simulations
Have students view online animations/simulations of neutralization reactions.

Sample Websites:

International Union of Pure and Applied Chemistry (IUPAC). Home Page.
<www.iupac.org> (18 Jan. 2012).

Virtual Crezlab Qualitative Analysis. “Acid-Base Reactions.” Teaching Laboratory.
Crescent Girls” School.
<www.crescent.edu.sg/crezlab/webpages/ AcidReaction3.htm> (18 Jan. 2012).

This simulation demonstrates the neutralization reaction between sodium
hydroxide and hydrogen chloride solutions. The spectator ions are also indicated
in the simulation.

TEACHER NOTES

In Grade 10 Science, students worked with a 1:1 ratio for the neutralization reaction.
In the following suggested lab activity, students will look at a 2:1 ratio. It is
recommended that teachers avoid any discussion of Brensted-Lowry acids and
bases in addressing learning outcomes C12-1-04 and C12-1-05. A more in-depth
titration will be done in Topic 5: Acids and Bases.

Laboratory Activity

Provide students with 0.1 mol/L solutions of NaOH and H,50,. Have them
perform a microscale titration so that they can compare the stoichiometric ratio to
the experimental molar ratio between the reactants. Refer to Dispensing Drops from
a Pipet onto a Reaction Surface (Waterman and Thompson 10). See Appendix 1.7A:
Titration: Lab Activity and Appendix 1.7B: Titration: Lab Activity (Teacher Notes).
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SPECIFIC LEARNING OUTCOMES
Topic 1: C12-1-04: Write balanced neutralization reactions involving strong

Reactions in acids and bases.

Aqueous Solutions C12-1-05: Perform a laboratory activity to demonstrate the

stoichiometry of a neutralization reaction between a strong
base and a strong acid.

(continued)

SUGGESTIONS FOR ASSESSMENT

Process Notes

Ask students to explain the steps involved in writing neutralization reactions using
process notes. For an example, see Appendix 1.8: Process Notes for Balancing
Neutralization Reactions.

Paper-and-Pencil Task
Students should be able to write balanced neutralization reactions.

Laboratory Reports

The lab activity could be assessed as a formal lab report using the Laboratory
Report Outline or the Laboratory Report Format (see SYSTH 11.38, 14.12). Word
processing and spreadsheet software could be used to prepare reports. Also refer to
the Lab Report Assessment rubric in Appendix 11.

Laboratory Skills

Periodically and randomly review the lab skills of individual students, so that
eventually all students are assessed. Assess skills such as ensuring consistent trials,
proper use of a micropipette, and safe handling of chemicals. Sample checklists for
assessing lab skills and work habits are available in SYSTH (6.10, 6.11).

LEARNING RESOURCES LINKS

Chemistry (Chang 125)
Chemistry (Zumdahl and Zumdahl 161)
Chemistry: The Molecular Nature of Matter and Change (Silberberg 144, 148)

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom
521)

Glencoe Chemistry: Matter and Change (Dingrando, et al. 250, 295, 617)
McGraw-Hill Ryerson Inquiry into Chemistry (Chastko, et al. 163, 224)
Prentice Hall Chemistry (Wilbraham, et al. 217, 612)
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

C12-0-U2:

C12-0-S5:

C12-0-S8:

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Collect, record, organize, and display data using an appropriate format.
Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .

Evaluate data and data-collection methods for accuracy and precision.

Include: discrepancies in data, sources of error, and percent error

Investigations

Microscale Chemistry Laboratory Manual (Slater and Rayner-Canham)
Volumetric Acid-Base Titration, 24

Prentice Hall Chemistry: Small-Scale Chemistry Laboratory Manual
(Waterman and Thompson)
Dispensing Drops from a Pipet onto a Reaction Surface, 10

Websites

International Union of Pure and Applied Chemistry (IUPAC). Home Page.
<www.iupac.org> (18 Jan. 2012).

Virtual Crezlab Qualitative Analysis. “ Acid-Base Reactions.” Teaching
Laboratory. Crescent Girls” School.
<www.crescent.edu.sg/crezlab/webpages/ AcidReaction3.htm>
(18 Jan. 2012).

Appendices
Appendix 1.7A: Titration: Lab Activity
Appendix 1.7B: Titration: Lab Activity (Teacher Notes)

Appendix 1.8:  Process Notes for Balancing Neutralization Reactions

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-06: Calculate the concentration or volume of an acid or a base
Reactions in from the concentration and volume of an acid or a base

) required for neutralization.
Aqueous Solutions (1 hour)

SUGGESTIONS FOR INSTRUCTION

Entry-Level Knowledge

In addressing learning outcome C12-1-05, students obtained experimental data
related to the stoichiometry of a neutralization reaction between a strong base and a
strong acid.

SLO: C12-1-06

Demonstrations/Activating Activity

Before applying the suggested problem-solving strategy for sample neutralization
problems, teachers can perform several acid-base demonstrations to activate
students” interest. Have students write their

observations on the chemical reaction taking Note:

place (i.e., first describe the reactants and then Because some of these

describe the resulting products). demonstrations involve weak acids,
students should not be asked to

The following list is a sample of the variety of write balanced equations after they

demonstrations teachers can choose to perform. | are shown.
References for these demonstrations are given in
the Learning Resources Links.

®  Orange Juice to Strawberry Float

This demonstration involves mixing sodium

bicarbonate and Alconox in water. Methyl Caution:
orange indicator is added to this solution, This is a very messy demonstration
which results in a solution similar to orange and strict safety precautions should
juice. Then hydrochloric acid is added be taken.

quickly but very carefully. The reaction is |
very vigorous and produces a solution that
looks like a strawberry float.

General Learning Outcome Connections

GLO C2: Demonstrate appropriate scientific inquiry skills when seeking answers to questions.

GLO C5: Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, honesty, and
persistence, and appreciate their importance as scientific and technological habits of mind.

GLO D3: Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.

24 - Topic 1: Reactions in Aqueous Solutions



GRADE 12 CHEMISTRY * Topic 1: Reactions in Aqueous Solutions

SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-S5: Collect, record, organize, and display data using an appropriate format.

Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .

= pH Rainbow Tube

This demonstration starts with a tube filled with green solution. At one end, a
few drops of acid are added, and at the other end, a few drops of base are
added. As a result, a whole spectrum of colours appears.

m  Multi-Use for “MoM”

For this demonstration, a mixture of magnesium hydroxide (Mg(OH),), also
known as milk of magnesia, hydrochloric acid, and universal indicator shows a
colour change from blue (basic) to red (acidic). The full colour range of universal
indicator is shown during this process.

®  Indicator Sponge

This demonstration shows an indicator colour transition between pH 3 (blue)
and pH 5 (red). Materials needed are a light-coloured cellulose sponge, a congo
red indicator, sodium bicarbonate, and acetic or hydrochloric acid.

®  Magic Pitcher Demo

Several beakers are set up and, with the “magic pitcher,” students observe
different colour changes in the beakers. The key to this demonstration is that all
the beakers have had some drops of either acid or base, with varying
concentrations, added to them.

TEACHER NOTES

Students can use the experimental data obtained in relation to learning outcome
C12-1-04 to determine the unknown concentration of the acid or base. Teachers
should de-emphasize the use of formulas such as C;V; = C,V,. Also note that some
chemistry texts use the following notation for concentration: M;V; = M,V,. In
American-based textbooks, it is common to see molarity (M) being used. In

Grade 11 Chemistry (C11-4-13), the definition for molarity and concentration are
given. Use mol/L as much as possible, as [IUPAC no longer accepts M (molarity) as
a unit. Refer to the following website for further information on correct terminology
and units:

International Union of Pure and Applied Chemistry (IUPAC). Home Page.
<www.iupac.org> (18 Jan. 2012).
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-06: Calculate the concentration or volume of an acid or a base
) \ from the concentration and volume of an acid or a base
Reactions in required for neutralization.
Aqueous Solutions (continued)

Problem-Solving Strategy

To help students gain a better understanding of the concept of calculating the
concentration or volume of an acid or a base, use the following process in solving
neutralization problems:

1. Write a balanced chemical equation for the reaction.

2. Use the concentration and volume of the known acid or base to calculate the
moles of the substance.

3. Use the coefficients from the balanced equation to determine the moles of the
unknown acid or base.

4. Calculate the required volume or concentration of the acid or base.

Sample Neutralization Problems

1. In the reaction of 35.0 mL of liquid drain cleaner containing sodium hydroxide
(NaOH), 50.08 mL of 0.409 mol/L hydrochloric acid (HCl) must be added to
neutralize the base. What is the concentration of the base in the cleaner?

Solution:
a) Write a balanced equation.
NaOH,,,, + HCl(,q) — H;Og) + NaCl
b) Calculate the number of moles of HCI by multiplying concentration by
volume.
mol HCI = (0.409 mol/L)(0.05008 L)
= 0.0205 mol HCl

c) Use the balanced equation for the mole ratio between HCI and NaOH, and
solve for the number of moles of NaOH.

1 mol NaOH I mol NaOH
1mol HCl ~ 0.0205 mol HCI

1 mol NaOH

x mol NaOH = 0.0205 molHCl X ———————
1 M

x mol NaOH = 0.0205 moles NaOH

d) Solve for the concentration of NaOH by dividing the number of moles by the
volume given.

0.0205 moles

[NaOH] =
0.0350 L

=(0.586 mol/L
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-S5: Collect, record, organize, and display data using an appropriate format.

Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .

2. Calculate the volume of 0.256 mol/L Ba(OH), that must be added to neutralize
46.0 mL of 0.407 mol/L HCIO,.
Solution:
a) Write a balanced equation.
Ba(OH)j(oq) + 2HCIO,aq) —> 2H;0() + BaCly,q)

b) Calculate the number of moles of HCIO, by multiplying concentration by
volume.

mol HCIO, = (0.407 mol/L)(0.0460 L)
= 0.0187 mol HCIO,

c) Solve for the number of moles of Ba(OH), by setting up the ratio,
number of moles: coefficient from balanced equation.

mol HCIO, _ mol Ba(OH),
coefficient HCIO,  coefficient Ba (OH)2

0.0187 mol HCIO, _ mol Ba(OH),
2 mol HCIO, 1 mol Ba(OH),

0.00935 mol Ba (OH)2 =mol Ba(OH)2

d) Solve for the volume of Ba(OH), by dividing the number of moles by the
concentration.

mol _ 0.00935 mol
C  0.256 mol/L

Volume of Ba(OH), =36.5 mL

=0.0365 L

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Tasks
1. Ask students to write down the steps for solving neutralization problems.
2. Provide students with a neutralization problem to solve. Use a process-notes

format to have individuals share their thought processes for finding the
mathematical solution to the problems.

The texts cited in the Learning Resources Links provide samples of problems in
calculating for the concentration or the volume of given solutions.
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-06: Calculate the concentration or volume of an acid or a base
Reactions in from the concentration and volume of an acid or a base

) required for neutralization.
Aqueous Solutions

(continued)

LEARNING RESOURCES LINKS

Chemistry (Chang 145)
Chemistry (Zumdahl and Zumdahl 162)
Chemistry: The Molecular Nature of Matter and Change (Silberberg 147)

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom
521)

Glencoe Chemistry: Matter and Change (Dingrando, et al. 617)

McGraw-Hill Ryerson Chemistry, Combined Atlantic Edition (Mustoe, et al.
600)

Prentice Hall Chemistry (Wilbraham, et al. 612)

Demonstrations
Becker, Robert. “pH Rainbow Tube.” Chem 13 News 190 (Dec. 1989).

. “pH Rainbow Tube.” 1999. Flinn Scientific, Inc. Available on the
Northern Kentucky University website at
<www.nku.edu/~sievebl/makeandtake2011.pdf> (17 Apr. 2012).

Flinn Scientific, Inc. “Indicator Sponge: A Discrepant Event Demonstration.”
2009. Chem Fax! <www flinnsci.com/Documents/demoPDFs/Chemistry /
CF10376.pdf> (18 May 2012).

. “Orange Juice to Strawberry Float: A Foamy Acid-Base
Demonstration.” 2010. Chem Fax! <www flinnsci.com/Documents/
demoPDFs/Chemistry/CF0516.00.pdf> (17 Apr. 2012).

. Orange Juice to Strawberry Float. 2009. YouTube.
<www.youtube.com/watch?v=UVdbG9-mHyc&feature=BFa&list=
ULUVdbG9-mHyc&lf=channel> (17 Apr. 2012).

Gross, George, et al. “Indicator Sponge.” A Demo a Day: A Year of Chemical
Demonstrations. Ed. Borislaw Bilash II, George R. Gross, and John K. Koob.
Batavia, IL: Flinn Scientific, Inc., 1995.

Tanis, Dave. Demonstrations in Chemistry Classrooms, Michigan Science Teachers
Association Conference. 14 Mar. 2003. <http:/ /alittlecreation.com/
science/Chemistry/ tanis-chem.pdf> (6 Aug. 2010).

This resource describes the following demonstrations:

B Sconzo, Penny. “Multi-Use for MOM.” Flinn Workshop Materials.
Batavia, IL: Flinn Scientific Foundation, 2001. Page 29.

m  Becker, Bob. “Magic Pitcher Demo.” Flinn Workshop Materials. Batavia,
IL: Flinn Scientific, Inc., 2001. Page 54.
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SKILLS AND ATTITUDES OUTCOMES
C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-S5: Collect, record, organize, and display data using an appropriate format.
Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-07: Design and test a procedure to determine the identity of a

Reactions in
Aqueous Solutions

variety of unknown solutions.
(2 hours)

SLO: C12-1-07

SUGGESTIONS FOR INSTRUCTION

Entry-Level Knowledge

Students should be able to use the concepts addressed in the previous learning
outcomes to proceed with the lab activity that follows.

TEACHER NOTES

The solutions for the following lab activity should be prepared well in advance of
the actual lab period. Hand out the lab guidelines a week before students perform
the lab activity so they can research the possible products for each reaction (see
Appendix 1.9A: Test Tube Mystery: Lab Activity [Guidelines]). Have students
submit their plans a few days before the lab activity is conducted and check
whether their plans are viable. Students can prepare for the lab activity by
searching the Internet for information on their solutions, using key terms such as
“test tube mystery,” “identification of unknowns,” and “unknown ionic solutions.”
Remind students that the solubility chart and litmus tests can be used for acid and
base identification. The colour and odour of solutions can also be used to identify

the unknowns. Students who have prepared for the lab activity will have a better
chance of being successful in identifying the unknowns.

Consult Appendix 1.9B: Test Tube Mystery: Lab Activity (Preparation Guide) for
information on preparing for this lab activity before assigning it to students. A
“possible” solution set is also provided in Appendix 1.9B. Teacher keys are

available in Appendix 1.9C: Test Tube Mystery: Lab Activity (Teacher Key 1), which

provides a sample grid of what students would bring to the lab, and in
Appendix 1.9D: Test Tube Mystery: Lab Activity (Teacher Key 2), which provides a
detailed synopsis of expected student observations post-lab.

General Learning Outcome Connections

GLO C1:

GLO C2:
GLO C4:

GLO C5:

GLO C8:

Recognize safety symbols and practices related to scientific and technological activities and to their daily
lives, and apply this knowledge in appropriate situations.

Demonstrate appropriate scientific inquiry skills when seeking answers to questions.

Demonstrate appropriate critical thinking and decision-making skills when choosing a course of action
based on scientific and technological information.

Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, honesty, and
persistence, and appreciate their importance as scientific and technological habits of mind.

Evaluate, from a scientific perspective, information and ideas encountered during investigations and in
daily life.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-S3: Design and implement an investigation fo answer a specific scientific question.

Include: materials, independent and dependent variables, controls, methods, and safety
considerations

C12-0-S4: Select and use scientific equipment appropriately and safely.

Examples: volumetric glassware, balance, thermometer . . .
C12-0-S5: Collect, record, organize, and display data using an appropriate format.

Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .
C12-0-S9: Draw a conclusion based on the analysis and interpretation of data.

Include: cause-and-effect relationships, alternative explanations, and supporting or rejecting a
hypothesis or prediction

Laboratory Activity

Provide students with 12 unlabelled samples of the solutions listed in
Appendix 1.9B: Test Tube Mystery: Lab Activity (Preparation Guide).

Have students determine the identity of each solution using solubility rules,
observation of colour and odour, flame tests, and litmus paper. See Appendix 1.9A:
Test Tube Mystery: Lab Activity (Guidelines).

SUGGESTIONS FOR ASSESSMENT

Laboratory Reports

The suggested lab activity could be assessed as a formal lab report using the
Laboratory Report Outline or the Laboratory Report Format (see SYSTH 11.38,
14.12). Word processing and spreadsheet software could be used to prepare reports.
Also see the Lab Report Assessment rubric in Appendix 11.

Laboratory Skills

Create a short skill-based rubric to assess a predetermined set of lab skills. See
Appendix 11 for a variety of rubrics and checklists that can be used for self-
assessment, peer assessment, and teacher assessment.

Periodically and randomly review the lab skills of individual students, so that
eventually all students are assessed. Sample checklists for assessing lab skills and
work habits are available in SYSTH (6.10, 6.11).
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-07: Design and test a procedure to determine the identity of o
Reactions in variety of unknown solutions.

Aqueous Solutions

(continued)

LEARNING RESOURCES LINKS

Glencoe Chemistry: Matter and Change (Dingrando, et al. 617)
McGraw-Hill Ryerson Chemistry, Combined Atlantic Edition (Mustoe, et al. 600)
Prentice Hall Chemistry (Wilbraham, et al. 612)

Investigations

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom)
ChemlLab: Solution Identification, 456

McGraw-Hill Ryerson Inquiry into Chemistry (Chastko, et al.)
Thought Lab 7.1: Identifying Unknown Aqueous Solutions, 267

Appendices

Appendix 1.9A: Test Tube Mystery: Lab Activity (Guidelines)
Appendix 1.9B: Test Tube Mystery: Lab Activity (Preparation Guide)
Appendix 1.9C: Test Tube Mystery: Lab Activity (Teacher Key 1)
Appendix 1.9D: Test Tube Mystery: Lab Activity (Teacher Key 2)

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-S3: Design and implement an investigation fo answer a specific scientific question.

Include: materials, independent and dependent variables, controls, methods, and safety
considerations

C12-0-S4: Select and use scientific equipment appropriately and safely.

Examples: volumetric glassware, balance, thermometer . . .
C12-0-S5: Collect, record, organize, and display data using an appropriate format.

Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware . . .
C12-0-S9: Draw a conclusion based on the analysis and interpretation of data.

Include: cause-and-effect relationships, alternative explanations, and supporting or rejecting a
hypothesis or prediction

NOTES
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-08: Outline the development of scientific understanding of

. . oxidation and reduction reactions.
Reactions in

Include: gain and loss of electrons, oxidizing agent, and reducing

Aqueous Solutions agent
(0.5 hour)

S S I
o UGGESTIONS FOR INSTRUCTION
E Entry-Level Knowledge
6 In Grade 10 Science (S2-2-01, 52-2-02, S2-2-03, and S2-2-04), students were shown
o) the significance of the electron and nuclear charge with respect to periodicity and
A the reaction between elements to produce ionic and covalent compounds.

In addressing specific learning outcome C12-1-08, students develop an
understanding of how loss and gain of electrons can be considered to be either an
oxidation process or a reduction process.

Assessing Prior Knowledge

Check for students” understanding of prior knowledge and review concepts as
necessary. Prior knowledge can be reviewed and/or assessed by using any of the
KWL strategies (e.g., Concept Map, Knowledge Chart, Think-Pair-Share — see
SYSTH, Chapter 9).

Demonstration/Activating Activity

The following demonstration can be performed
to introduce this learning outcome. Place 20 g of Caution:

copper(II) chloride dihydrate (CuCl, - 2H,0) in This reaction is exothermic, so use
a 250 mL beaker and dissolve it in 175 mL of precautions. Provide for adequate
water. Loosely crumple a 10 cm X 10 cm piece | ventilation or use a fume hood.

of aluminum foil and place it in the solution.

Encourage students to note their observations carefully at the macro level for later
discussions related to activity at the molecular level. For instance, ask students
whether an aluminum tank could be used to transport a CuCl, solution. Students

could also explain why the following reaction does not occur: Cu) + AlCly(,q).

General Learning Outcome Connections

GLO D3: Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

TEACHER NOTES

The information presented for learning outcome C12-1-12 should provide teachers
with enough information to motivate students to learn more about the underlying
processes or factors that cause oxidation and reduction reactions to occur (e.g.,
rocket propulsion, fireworks, antioxidants, photosynthesis, rusting, breathalyzers, to
name a few of the applications).

Oxidation and Reduction

Oxidation and reduction reactions and the loss and gain of electrons have been
studied since the early 1800s. Scientists have focused on oxidation and reduction
reactions and the movement of electrons in addressing the energy crisis and the
struggle against climate change on our planet.

Many scientists believe that hydrogen cells and fuel cells are the way of the future.
If students are to make environmentally sound choices for the future, they should
understand the current electrochemical technologies they will be using. Provide
students with a brief overview of these technologies as a preparation for a detailed
discussion of electrochemistry in Topic 6: Electrochemistry.

The term oxidation was first applied to the combining of oxygen with other elements
(e.g., rusting iron or burning carbon or methane). Burning is another name for rapid
oxidation.

The term reduction originally meant the removal of oxygen from a compound. It
comes from the fact that the free metal has a lower mass than its oxide compound.
There is a decrease or reduction in the mass of the material as the oxygen is
removed.

Differentiating between Oxidation and Reduction: Examples

From their prior knowledge, students should have some familiarity with oxidation
through burning, or combustion, and the rotting of food. Students should have
observed the burning of magnesium metal in Grade 11 Chemistry. Remind students
that burning, or combustion, is the reaction of a substance with the oxygen gas in
the air.
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SPECIFIC LEARNING QUTCOME
Topic 1: C12-1-08: Outline the development of scientific understanding of
Reactions in oxidation and reduction reactions.
. Include: gain and loss of electrons, oxidizing agent, and reducin
Aqueous Solutions ogont 999 9

(continued)

Example 1:
ZMg(s) + Oz(g) —> 2MgO(S)

If this reaction is written in ionic form, it becomes

2Mg’ + O,° —> 2Mg*'O*~

Observations

® Non-scientists usually refer to this reaction as burning, or combustion, but
scientists refer to it as oxidation.

® Both magnesium and oxygen gases are elements and have no charge.
® The magnesium has been oxidized to MgO by the reaction with oxygen gas.

m Considering the charges, the metal has gone from 0 charge to 2+ charge, and the
non-metal from 0 charge to 2- charge.

Historically, chemists recognized that other non-metallic elements unite with
substances in a manner similar to that of oxygen (e.g., hydrogen, antimony, and
sodium will burn in chlorine, iron will burn in fluorine). Therefore, the terms
oxidation and reduction were redefined as follows:

m Oxidation: the process by which electrons are removed from an atom or ion.
® Reduction: the process by which any atom or ion gains electrons.

If we look at the change in ion charge as a function of electrons, the following
relationships can be written as

Mg —» Mg™ + 2e” In this equation, charge is conserved.
There is 0 charge on both sides.

O, +4e™ —> 20" In this equation, charge is conserved.

There is 4™ charge on both sides.

By doubling the Mg relationship, the electrons are lost by the Mg and gained by the
oxygen balance.

2 X (Mg —» Mg* + 2e”) = 2Mg —» 2Mg™ + 4e™
This results in the balanced equation
2Mg —» 2Mg* + 4e”
+ O, +4e —» 20°"
2Mg + O, — 2MgO
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Using this example, we could say that Mg is oxidized (combines with oxygen).
® Mg gains a positive charge by becoming an ion.

®  This change occurs by a loss of electrons.
Can we apply these generalizations to other reactions?

Example 2:
Mg(s) + ClZ(g) —> MgCIZ(S)

If this reaction is written in ionic form, it becomes
Mg’ + Cl,” —» Mg CI'~CI'~
Recall that 2CI'~ ions are required to balance the 2+ charges of the Mg ion to form
As in the first example, we can write the reaction as an ionic representation.
Mg —» Mg*" + 2e~ In this equation, charge is conserved.
There is 0 charge on both sides.

Cl, + 2™ — 2CI'~ In this equation, charge is conserved.

There is 27 charge on both sides.

Using this example, we could say that Mg is again oxidized.
®m Mg gains a positive charge to become an ion.

®  This change occurs by a loss of electrons.

A complementary reaction is that a Cl atom becomes a CI'".
m  (Clis reduced to a negative ion.
m  This change occurs by a gain of electrons.

Based on these generalizations, chemists have defined oxidation as a loss of
electrons, and reduction as a gain of electrons.

Mnemonics such as the following may help students differentiate between
oxidation and reduction:
m  OIL RIG —oxidation is losing and reduction is gaining

m  LEO GER—losing electrons oxidation and gaining electrons reduction
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-08: Outline the development of scientific understanding of
Reactions in oxidation and reduction reactions.

Include: gain and loss of electrons, oxidizing agent, and reducing

Aqueous Solutions agent
(continued)
Example 3:
Fe** + Cu'" — Fe*" + Cu™
Fe’* + le'~ — Fe** Gain of electrons —reduction
Cu'" —> Cu* + 1le'~ Loss of electrons —oxidation

There are basically two types of chemical reactions: those that do not have any
apparent electron change and those that do. The second type of chemical reaction,
in which electrons are transferred (lost or gained) between reactants, is called an
oxidation-reduction reaction or a redox reaction.

Animations/Simulations

Have students view online animations or simulations illustrating a redox reaction
at the molecular level.

Sample Website:

Chemical Education Research Group, lowa State University. “Chemistry
Experiment Simulations and Conceptual Computer Animations.” Chemical
Education. <http:/ / group.chem.iastate.edu/Greenbowe/sections/
projectfolder/simDownload/index4.html> (22 Nov. 2012).

In the Electrochemistry section, download and unzip the following animations:
m  Zinc Copper REDOX Transfer
®  Lead Silver REDOX Transfer

In the Electrochemistry section, download and unzip the following simulation:
m  Reactions of Metals and Metal Ions Experiment

In this simulation, electrons are transferred from zinc atoms to copper(Il)
ions. The animation shows electron exchange at the particulate level and
gives a detailed explanation of the process occurring.

Compare and Contrast

Have students start working on Appendix 1.10A: Compare and Contrast Oxidation
and Reduction. Students will be able to complete this frame once they have been
introduced to learning outcome C12-1-09.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Tasks

1.

Give students an example of a chemical reaction and ask them to identify the
substance being oxidized and the substance being reduced, as well as determine
the numbers of electrons lost and gained to conserve charge. Students should be
able to write the half-reactions; however, at this point, teachers would not likely
use the term.

Examples of chemical reactions such as the following can be drawn from
Grade 11 Chemistry:

ZAgNO3(aq) + Cu(s) — 2Ag(s) + Cu(NO3)2(aq)

Based on their prior knowledge, students can remove spectator ions from
reactions.

Ask students to determine which of the following are oxidation reactions and
which are reduction reactions. Students should be able to explain their answers.

Examples:
Na —> Na'" + 1e'~  (oxidation)
F+1le'” —F'~ (reduction)
TP — Ti*" + 1e'~  (oxidation)

Have students answer the following question:

Why must oxidation and reduction reactions occur together?
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SPECIFIC LEARNING OUTCOME
Topic 1: C12-1-08: Outline the development of scientific understanding of
, ] idation and reduction reactions.
Reactions in o
. Include: gain and loss of electrons, oxidizing agent, and reducing
Aqueous Solutions agent

(continued)

LEARNING RESOURCES LINKS

Chemistry (Chang 127)
Chemistry (Zumdahl and Zumdahl 164)
Chemistry: The Molecular Nature of Matter and Change (Silberberg 151)

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom
556)

Glencoe Chemistry: Matter and Change (Dingrando, et al. 637, 657)

McGraw-Hill Ryerson Chemistry, Combined Atlantic Edition (Mustoe, et al. 713)
McGraw-Hill Ryerson Inquiry into Chemistry (Chastko, et al. 434)

Nelson Chemistry 12, Ontario Edition (van Kessel, 652)

Nelson Chemistry 12: College Preparation, Ontario Edition (Davies, et al.)
Particulate Representation, 374

Prentice Hall Chemistry (Wilbraham, et al. 631)

Demonstration

Merrill Chemistry: A Modern Course, Teacher Annotated Edition (Smoot, Price,
and Smith 507)

Website

Chemical Education Research Group, lowa State University. “Chemistry
Experiment Simulations and Conceptual Computer Animations.” Chemical
Education. <http:/ / group.chem.iastate.edu/Greenbowe/sections/
projectfolder/simDownload/index4.html> (22 Nov. 2012).

Animations: Zinc Copper REDOX Transfer
Lead Silver REDOX Transfer
Simulation: Reactions of Metals and Metal Ions Experiment

Appendices
Appendix 1.10A: Compare and Contrast Oxidation and Reduction

Appendix 1.10B: Compare and Contrast Oxidation and Reduction (Sample
Response)

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

NOTES
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SPECIFIC LEARNING OUTCOME
Topic 1: C12-1-09: Determine the oxidation numbers for atoms in compounds

Reactions in and ions.

Aqueous Solutions (1 hour)

SUGGESTIONS FOR INSTRUCTION

Entry-Level Knowledge

Students should be familiar with the concepts of oxidation and reduction from
learning outcome C12-1-08.

SLO: C12-1-09

TEACHER NOTES

Now that students can differentiate between oxidation and reduction reactions,
give them an opportunity to discover that in complex reactions it is not always
obvious what is being reduced or oxidized.

Chemists have created a set of rules to allow us to determine more easily the
oxidation number of a given element within a compound or complex ion.

All chemistry texts provide rules for assigning oxidation numbers. Although the
rules provided in texts will vary slightly, they will give the same value for
oxidation numbers. One such set of rules is provided in Appendix 1.11: Oxidation
Number Rules.

Remind students that the ion charge is written as 2+, whereas the oxidation number
is written as +2.

Determining Oxidation Numbers: Examples

There are many ways to set up or explain the arithmetic process for finding
oxidation numbers. One such method is illustrated in the following examples, using
the nine rules identified in Appendix 1.11: Oxidation Number Rules. See the
Teacher Background notes that follow the examples.

For the following examples, determine the oxidation number of the elements
written in bold.

General Learning Outcome Connections

GLO D3: Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Example 1:
HNO;

Rule 4 tells us that the oxidation number of H" = +1, and rule 5 tells us that
O~ = -2. These numbers can be written in the appropriate places as indicated.

The total charge is calculated on the bottom (i.e., for H, +1 X 1 = +1;
for O, -2 x 3 = -6).

+1 | ? | -2 The oxidation numbers are written on top.
H | N | O;
+1 | ?2 | -6 The total charges are written on the bottom.

Rule 3 tells us the sum of the bottom charges must be 0.

Thus, the unknown (?) on the bottom line must be +5.

+1 ? -2
H N O;
+1 | +5 | -6

Since there is only one N, the oxidation number of N must be +5.

+1 | +5 | -2
H | N | O
+1 | +5 | -6
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SPECIFIC LEARNING OUTCOME
Topic 1: C12-1-09: Determine the oxidation numbers for atoms in compounds

) . {ions.
Reactions in and ions
Aqueous Solutions

(continued)

Example 2:
Na3PO4

Rule 6 tells us that the oxidation number of Na'* = +1, and rule 5 tells us that
O*~ = -2. These numbers can be written in the appropriate places as indicated.

The total charge is calculated on the bottom (i.e., for O, -2 X 4 = -8;
for Na, +1 x 3 = +3).

+1 | 7 -2 The oxidation numbers are written on top.
Na3 P 04
+3 | ? -8 The total charges are written on the bottom.

Rule 3 tells us the sum of the bottom charges must be 0.

Thus, the unknown (?) on the bottom line must be +5.

+1 ? -2
Na3 P O4
+3 | +5 | -8

Since there is only one P, the oxidation number of P must be +5.

+1 | 45 | -2
Na3 P 04
+3 | +5 | -8
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Example 3:
Cr2072_

This is a complex ion with an overall charge of 2-. This time the bottom charges
must sum 2-. Rule 5 tells us O°~ = -2.

? -2
Cl'z 072_
? -14

According to rule 3, -14 + ? = -2; therefore, the unknown (?) must be +12.

? -2
Crz 072_
+12 | -14

However, there are 2 Cr atoms; therefore, the oxidation number of each Cr must be
+6.

+6 | -2
Cr 3 072_
+12 | -14
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-09: Determine the oxidation numbers for atoms in compounds
. and ions.
Reactions in

Aqueous Solutions

(continued)

Other Examples:
V205 (+5)
H,CO, (+4)

(NHy),SO,  (-3) [Hint: Rewrite the formula as N,HgSO, or use the

ammonium ion NH,".]

Ra(NO,), (+3)  [Hint: Rewrite the formula as RaN,O, or use NO,' "]

This method is more visual in nature than other methods. Some chemistry texts use
a purely algebraic solution that will work for some students.

Teacher Background

Many chemistry texts mention the oxidation states of hydrides, peroxides, and
superoxides. This background information should assist teachers in giving students
clear explanations, and should be considered for an extension or enrichment
learning experience.

1. Ionic hydrides occur when hydrogen reacts with a reactive metal, such as the
alkali metals or alkaline earth family.
Examples:
NaH  The oxidation number of H is -1.
BaH, The oxidation number of H is -1.

AlH;  The oxidation number of H is -1.

2. Covalent hydrides occur when the hydrogen atom is covalently bonded to the
atom of another element. There are two types of covalent hydrides: those
containing discrete molecular units, such as CH, and NHj, and those that have

more complex structures, such as (BeH,), and (AlH,),.
CHy(g) + 2055 — COyq) + 2H)Oy This is a redox reaction.
The carbon in CH, has an oxidation number of -4 going to +4 in CO,, whereas

the oxygen atom goes from 0 in free oxygen to -2 in both CO, and H,O.

3. Ionic peroxides are usually listed as an exception to the normal rules for
assigning oxidation numbers for oxygen. They are known for the alkali metals:
calcium, strontium, and barium. The ionic peroxides with water or dilute acids
produce H,0O,, and are powerful oxidizing agents.

The peroxide ion is O,°7, in which the O atom has a -1 oxidation number.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

4. Superoxides are a group of compounds that contain the O, ion. Under excess
O, conditions, alkali metals will undergo combustion reactions that generate
several different products: oxides, peroxides, and superoxides. The superoxide

ion O, and, therefore, the O atom have an oxidation number of —%.

Potassium, rubidium, and cesium form stable, solid superoxide compounds that
decompose when they contact water, releasing O, gas. This reaction is used in
specialized breathing equipment. Moisture from a person’s breath will start the
reaction, releasing oxygen gas:

ZKOZ(S) + ZHZO(I) — ZKOH(aq) + 02<g) + HzoZ(aq)

Furthermore, KO, will react with CO, in the breath to release even more oxygen:

4KOZ(S) + ZCOZ(g) —> 2K2CO3(S) + 302(g)

As always, work through all examples before assigning them to students in case
fractional oxidation numbers arise. This may not be a problem in relation to
learning outcome C12-1-09, but it could provide a challenge when students are
balancing redox reactions in addressing learning outcome C12-1-10 (e.g., Fe30,,

where the oxidation number of Fe would be +8/3).

Identifying Oxidation Numbers

Have students identify the oxidation number for sulphur in each of the following
compounds: Na,SO,4, H,S, S, S,Cl,, SO,, and K,S,0;. Ask them to organize these
substances in order of increasing oxidation number (Dingrando, et al., Glencoe
Chemistry: Matter and Change, Teacher Wraparound Edition 641).
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-09: Determine the oxidation numbers for atoms in compounds
. and ions.
Reactions in

Aqueous Solutions

(continued)

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Tasks

1. Students should be able to determine the oxidation numbers for atoms in
compounds and ions. A host of chemistry texts contain examples for students to
practise assigning oxidation numbers. Students can be presented with sealed test
tubes of substances with the formulas of the substances listed on the test tubes.

Students can determine the oxidation number for each atom that is given in the
chemical formula (Dingrando, et al., Glencoe Chemistry: Matter and Change,
Teacher Wraparound Edition 643).

2. Have students complete Appendix 1.10A: Compare and Contrast Oxidation and
Reduction, which they started in relation to learning outcome C12-1-08 (see
Appendix 1.10B for a sample response).

Journal Writing

Ask students to propose how the rotting of food relates to oxidation and
combustion. Ask them to explain how burning and rusting are similar and yet quite
different.

LEARNING RESOURCES LINKS

Glencoe Chemistry: Matter and Change (Dingrando, et al.)
Determining Oxidation Numbers, 641
Oxidation Number in Redox Reactions, 643

Glencoe Chemistry: Matter and Change, Teacher Wraparound Edition (Dingrando,
et al. 641, 643)

McGraw-Hill Ryerson Chemistry, Combined Atlantic Edition (Mustoe, et al.)
Oxidation Numbers, 721

Nelson Chemistry 12: College Preparation, Ontario Edition (Davies, et al.)
5.2: Redox Reactions of Nonmetals, 379

Prentice Hall Chemistry (Wilbraham, et al.)
Section 20.2: Oxidation Numbers, 639

Appendices
Appendix 1.10A: Compare and Contrast Oxidation and Reduction

Appendix 1.10B: Compare and Contrast Oxidation and Reduction (Sample
Response)

Appendix 1.11: Oxidation Number Rules
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-10: Identify reactions as redox or non-redox.

Reactions in Include: oxidizing agent, reducing agent, oxidized substance, and

Aqueous Solutions

reduced substance

(0.5 hour)

SLO: C12-1-10

SUGGESTIONS FOR INSTRUCTION

Entry-Level Knowledge

Students should be familiar with the concepts of oxidation and reduction from
learning outcome C12-1-09.

In Grade 10 (52-2-06), students were introduced to the conservation of atoms in a
reaction, and in Grade 11 Chemistry (C11-3-05, C11-3-12, and C11-3-13), they
learned about the conservation of atoms and mass during a chemical reaction.

Assessing Prior Knowledge

Check for students” understanding of prior knowledge and review concepts as
necessary.

Demonstrations

Prepare a beaker of weak silver nitrate solution and add to it a length of coiled bare
copper wire. Have students observe (and recall from Grade 11 Chemistry) the
chemical reaction that occurs. Can they propose an explanation? Does the reverse
reaction occur?

Use a weak solution of copper nitrate and silver metal to demonstrate the non-
spontaneous reverse reaction of the above demonstration.

Demonstrate a number of reactive solutions involving oxidation-reduction (e.g.,
copper plus zinc sulphate and zinc plus copper sulphate). The choices that are
farther apart on the Standard Reduction Potentials table would result in faster
reactions. Illustrate this concept with enough detailed examples (such as the one
that follows) to ensure students thoroughly understand the concept of oxidation
and reduction and loss and gain of electrons. This understanding is critical to their
success in Topic 6: Electrochemistry.

General Learning Outcome Connections

GLO D3:

Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Example:
Ionic equation:
CU(S) + ZAgNOS(aq) —> CU(NO3)2(aq) + ZAg(S)

Net ionic equation:

Electrons lost (oxidation) Cu® —> Cu?" + 2e!-

| Y

Cu'g) + 2A8"aq) —> Cu®¥oq) + 2A8°

| }

Electrons gained (reduction) 2Ag* +2el= —>2Ag"

Note the following:
® A reducing agent causes the reduction of another species.
®  An oxidizing agent causes the oxidation of another species.

®  The substance being oxidized, Cu’, is the reducing agent (also called an electron
donor).

m  The substance being reduced, Ag’, is the oxidizing agent (also called an electron
acceptor).

Some chemistry texts refer to oxidation as an increase in the oxidation state, whereas
reduction is a reduction in the oxidation state.

Notice that each solid copper metal atom loses two electrons to form a copper(II)
ion. Two silver ions pick up one of each of the copper electrons to form two silver
atoms. The copper is oxidized and the silver is reduced —an oxidation-reduction
electron transfer reaction (a redox reaction).

Each loss of electrons from a molecule must be offset by an equal gain of electrons
in another molecule. Oxidation and reduction always accompany each other in
reactions. They occur simultaneously. If a reaction does not have any transfer of
electrons, it cannot be considered to be a redox reaction.
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SPECIFIC LEARNING OUTCOME
Topic 1: C12-1-10: Identify reactions as redox or non-redox.

Reactions in Include: oxidizing agent, reducing agent, oxidized substance, and
reduced substance

Aqueous Solutions

(continued)

Sample Problem

For the reaction, Zn) + Cu® ) — Zn* 4 + Cu(y, indicate the following:

m  State whether it is a redox or non-redox reaction.

m [f it is a redox reaction, identify the oxidized substance, the reduced substance,
the oxidizing agent, and the reducing agent.

Solution:

Step 1: Assign oxidation numbers to each substance based on the rules for
assigning oxidation numbers.
0 +2 +2 0

Zn(s) + Cu2+(a — Zn2+(aq) + CU(S)

q)

Step 2: Check which reactant is losing electrons. This will be the oxidized

substance.
0 +2 +2 0
2+ 2+
Zn + Cu™ (aq) —> Zn" o) + Cug)

| }

Zn is losing 2 electrons to form Zn*". Therefore, Zn is oxidized. Zn also is
the reducing agent, as it supplies electrons to the reactant getting reduced.

Step 3: Check which reactant is gaining electrons. This will be the reduced

substance.
0 +2 +2 0
2+ 2+
Zng + Cu™ (aq) —> Zn" o) + Cug)

}

Cu® is gaining 2 electrons to form Cu. Therefore, Cu™ is reduced. Cu** also
is the oxidizing agent, as it takes away electrons from the reactant being
oxidized.

Step 4: Check whether a reduction and an oxidation occur. If both processes occur,
then it is a redox reaction.

Steps 2 and 3 confirm that this is a redox reaction.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Teacher Background

A special type of redox reaction is one in which two elements in the same
compound change oxidation numbers. This is sometimes called a disproportionation
reaction. Two such examples are provided below.

Examples:

0 -2 +1 -2 +1 -1 +1 -2
Clag) + 20H™ (1q) = OCI™ 3 + C17 (o) + HyOy

T

+1 -1 +1 -2 0
ZHZOZ(aq) —> ZHzo(l) + OZ(g)

o

Simulation
Have students view an online simulation of a redox reaction.

Sample Website:

Chemical Education Research Group, lowa State University. “Chemistry
Experiment Simulations and Conceptual Computer Animations.” Chemical
Education. <http:/ /group.chem.iastate.edu/Greenbowe/sections/ projectfolder/
simDownload/index4.html> (18 Jan. 2012).

In the Electrochemistry section, download and unzip the following simulation:
m  Reactions of Metals and Metal Ions Experiment

This simulation illustrates a redox reaction at the molecular level when a
metal is immersed in aqueous ionic solution. Students can predict what will
occur prior to placing the metal in the solution.
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Topic 1:

Reactions in
Aqueous Solutions

SPECIFIC LEARNING OUTCOME
C12-1-10: Identify reactions as redox or non-redox.

Include: oxidizing agent, reducing agent, oxidized substance, and
reduced substance

(continued)

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Tasks

1.

Have students solve problems dealing with the identification of redox and non-
redox reactions.

Students should also be able to identify the oxidizing agent, reducing agent,
oxidized substance, and reduced substance in a redox reaction. Use the
convention that the “substance” is usually an atomic species, and therefore will
not use an ionic notation (e.g., N, as opposed to N*°). Teachers may choose
alternative ways of describing the substance oxidized or reduced, but
consistency throughout is important.

Examples:

For each of the following reactions, students could determine the substance
being oxidized, the substance being reduced, the oxidizing agent, and the
reducing agent.

a) Ag'ag + Cu'y —>= Ag'y + Cu™(yy

aq)
(Reaction is Cu(s) + 2AgNO;,q) —> Cu(NO3)yoq) + 2Ag(s)
®  Which substance is being oxidized? Cu’,
= Which substance is being reduced? Ag' aq)
m  What is the oxidizing agent? A (ag)
= What is the reducing agent? Cuo(s)
b) 2HNO;,q) + 3HyS(g) —= 2NO, + 38’ + 4H,0y
®  Which substance is being oxidized? S
®  Which substance is being reduced? N
®  What is the oxidizing agent? HNO;3(,q)
= What is the reducing agent? HyS(g)

Students could create an analogy that shows each of the following terms:
oxidation, reduction, oxidizing agent, and reducing agent (Dingrando, et al., Glencoe
Chemistry: Matter and Change, Teacher Wraparound Edition 636).
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Three-Point Approach for Words and Concepts

Ask students to use the Three-Point Approach to describe the terms oxidizing agent,
reducing agent, the substance oxidized, and the substance reduced (see SYSTH 10.22).

Journal Writing

At least two mnemonic devices are often used to assist students with remembering
the definition of oxidation and reduction:

m  OIL RIG —oxidation is losing and reduction is gaining

®  LEO GER—losing electrons oxidation and gaining electrons reduction

Students could have a creative time either artistically or with words to illustrate
these mnemonic devices. For example, students could draw a cartoon or a short
comic strip of an atom losing an electron to another atom (Dingrando, et al., Glerncoe
Chemistry: Matter and Change, Teacher Wraparound Edition 638).

LEARNING RESOURCES LINKS

Chemistry (Chang 127)
Chemistry (Zumdahl and Zumdahl 169)
Chemistry: The Molecular Nature of Matter and Change (Silberberg 151)

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom
559)

Glencoe Chemistry: Matter and Change (Dingrando, et al.)
Section 20.1: Oxidation and Reduction, 635

Glencoe Chemistry: Matter and Change, Teacher Wraparound Edition (Dingrando,
et al. 636, 638)

McGraw-Hill Ryerson Chemistry, Combined Atlantic Edition (Mustoe, et al. 726)
McGraw-Hill Ryerson Inquiry into Chemistry (Chastko, et al. 436)

Nelson Chemistry 12, Ontario Edition (van Kessel, et al. 674)

Nelson Chemistry 12: College Preparation, Ontario Edition (Davies, et al. 382)

Prentice Hall Chemistry (Wilbraham, et al.)
Section 20.1: The Meaning of Oxidation and Reduction, 631

Investigation

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom)
ChemLab: Copper Atoms and Ions: Oxidation and Reduction, 560
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SPECIFIC LEARNING OQUTCOME
Topic 1: C12-1-10: Identify reactions as redox or non-redox.

Include: oxidizing agent, reducing agent, oxidized substance, and
reduced substance

Reactions in
Aqueous Solutions

(continued)

Website

Chemical Education Research Group, lowa State University. “Chemistry
Experiment Simulations and Conceptual Computer Animations.”
Chemical Education. <http://group.chem.iastate.edu/Greenbowe/
sections/ projectfolder/simDownload/index4.html> (18 Jan. 2012).

Simulation: Reactions of Metals and Metal Ions Experiment

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

NOTES
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Topic 1:
Reactions in
Aqueous Solutions

SPECIFIC LEARNING OUTCOME
C12-1-11: Balance oxidation-reduction reactions using redox methods.

Include: acidic and basic solutions

(3 hours)

SLO: C12-1-11

SUGGESTIONS FOR INSTRUCTION

Entry-Level Knowledge

Students learned about the conservation of atoms in Grade 10 Science (S2-2-06), and
about the conservation of atoms and mass during a chemical reaction in Grade 11
Chemistry (C11-3-12 and C11-3-13).

Assessing Prior Knowledge

Check for students” understanding of prior knowledge and review concepts as
necessary.

TEACHER NOTES

There are two basic methods for balancing
oxidation-reduction reactions. The method that Note:

deals with oxidation numbers is addressed here Because of the links between

in Topic 1 as an introduction to redox reaction. oxidation-reduction and

The other more efficient method involving half- Sée:;i?g?fgf;z’g t_elz_(z)a;rce;s.. may
Cel'l rea.ictlons is a'ddressed in Topic 6, where . Electrachemistry following learning
oxidation potentials and the electromotive series | outcome C12-1-11.

can be discussed more comprehensively.

Generally, if the reaction is written in the molecular form, as in the first example
that follows, then the acid or base will already be included in the reaction. In the
case of ionic aqueous reactions, H" ions or OH™ ions would need to be added to the
appropriate side to balance both ion charge and elemental species. The following
examples will clearly illustrate this.

Oxidation-Number Change Method

Use the steps illustrated in the following examples to balance a redox reaction using
the oxidation-number change method. With this method, a redox equation is
balanced by comparing the increases and decreases in oxidation numbers (i.e.,
electrons lost and gained).

General Learning Outcome Connections

GLO D3:

Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Example 1:
Balance the chemical reaction below, following the specified steps.
P * HNOs(q) + H20¢) —= NOg) + H3PO4eq)

1. Assign oxidation numbers to all the atoms in the reaction. Write the numbers
above the appropriate atoms.

0 +1+5-2 +1 -2 +2 -2 +1+5-2
Pg) + HNOj(q) + HoO() — NO) + H3POyaq)

2. Identify which atoms are oxidized and which are reduced. Use a line to connect
the atoms that undergo oxidation and the atoms that undergo reduction. Write
the number of electrons lost/gained at the midpoint of each line.

5 electrons lost
‘ oxidation ¢

0 +1+5-2 +1 -2 +2 -2 +1 +5 -2
Pg) + HNOj(q) + HO() — NOq) + H3POy o)

3 electrons gained

reduction

3. Balance the electrons lost and gained using appropriate coefficients.

3 X (5 electrons lost)

‘ oxidation ¢
0 +1 +5-2 +1 -2 +2 -2 +1+5-2
Pg) + HNOj(q) + HyO() — NO) + H3POy o)

5 X (3 electrons gained)T

reduction

4. Place the coefficient 3 in front of the P and H;PO,, and place the coefficient 5 in
front of HNO; and NO.

3P(s) + 5HNO3(aq) + HzO(]) — SNO(g) + 3H3PO4(aq)

5. Balance all other atoms as you normally would and do a final check to see
whether all atoms and charges are balanced. Balance the metals first, then the
non-metals, then hydrogen, and finally, oxygen. If students balance the elements
in that order, often the more complex O atom numbers are already done.

3P(s) + 5HN03(aq) + 2Hzo(1) — 5NO(g) + 3H3PO4(aq)
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SPECIFIC LEARNING OUTCOME
Topic 1: C12-1-11: Balance oxidation-reduction reactions using redox methods.

Include: acidic and basic solutions

Reactions in
Aqueous Solutions

(continued)

Example 2: Acidic Solution

Balance the following aqueous oxidation-reduction reaction that occurs in an acidic
solution.
BiO;™

+ Mn02(aq) —> Bi3+( + MnO4_(

aq) aq) aq)

1. Assign oxidation numbers to all the atoms in the reaction. Write the numbers
above the appropriate atoms and show electrons lost and gained.

3 electrons lost

oxidation ¢
+5 -2 +4 -2 +3 +7 -2
BiO_S(aq) + MnOz(aq) — Bi3+(aq) + MHO4_(aq)

| 2 electrons gained T

reduction

2. Balance electrons lost and gained using appropriate coefficients.

2 X (3 electrons lost)

‘ oxidation ¢
+5 -2 +4 -2 +3 +7 -2
Bi03_(aq) + MHOZ(aq) — Bi3+(aq) + MnO4_(aq)

|3 X (2 electrons gained)

reduction

3. Write the coefficients in front of the appropriate species.
3Bi03_(aq) + 2Mn02(aq) —> 3Bi3+(aq) + 2MnO4_(aq)
4. Add up the ion charges and balance with H", since the reaction occurs in an

acidic solution.

Total the charges on both sides separately.

3BiO;3 " (ag) + 2MNOy(aq) —» 3B’ (1) + 2MNnO, ™ ()
G-) + (0 @+ + ()

3- 7+
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.
Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Therefore, 10H" ions need to be added to the left side of the reaction to balance
the ion charge.

3BiO; ™ (ag) + 2MNOyq) + 10H" (oq) —> 3Bi* (aq T 2MnO,™ ()

5. Water is now added to the opposite side to balance H and O atoms.

3BiO3_(aq) + ZMnOZ(aq) + 10H+(aq) — 3Bi3+(aq) + 2MnO4_(aq) + 5H20(aq)

Example 3: Basic Solution
Balance the following aqueous oxidation-reduction reaction that occurs in a basic
solution.

MnO4—(aq) + C2042— —> MnOZ(S) + CO32—(

(aq) aq)

1. Assign oxidation numbers to all the atoms in the reaction. Write the numbers
above the appropriate atoms and show electrons lost and gained.

2 electrons lost per C,

oxidation ¢
+7 -2 +3-2 +4 -2 +4 -2
MnO; ™ (5q) + C204 (g —> MOy + CO*" ()
3 electrons gained T
reduction

2. Balance electrons lost and gained using appropriate coefficients.

3 (2 electrons lost per C,)

‘ oxidation ¢
+7 -2 +3 -2 +4 -2 +4 -2
MnO,™ (o) * CZO42_(aq) —> MnOy + CO32‘(aq)
| 2 (3 electrons gained) T
reduction

3. Write the coefficients in front of the appropriate species.

2MnO,'™ (aq) + 3C,04° (ag —> 2MnOyy) + 6CO;™ )

Note that 6CO4>~ is required to balance the C atoms in 3C,0,”".
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SPECIFIC LEARNING OUTCOME
Topic 1: C12-1-11: Balance oxidation-reduction reactions using redox methods.

Include: acidic and basic solutions

Reactions in
Aqueous Solutions

(continued)

4. Add up the ion charges and balance with OH, since the reaction occurs in a
basic solution.

2Mn041_ + 3C2O42 ) —> 2Mn02(5) + 6CO32

(aa) (g ()

Total the charges on both sides separately.

2MnO,'~ (1) + 3C047 (29 —> 2MnOy) + 6CO5*
@)+ () © + (129

\/ \/

8- 12-

aq)

Therefore, 40H ™ ions need to be added to the left side of the reaction to balance
the ion charge.

2Mn04l_ ) + 3C2O42_ ) + 4OH_(aq) —> ZMHOZ(S) + 6CO32_

(aq (aq (aq)

5. Water is now added to the opposite side to balance H and O atoms.

2MnO41_( + 3C2042_( + 4OH_(aq) —> ZMHOZ(S) + 6CO32_( + 2H20(l)

aq) aq) aq)

Demonstration

A breathalyzer test works on a redox reaction given below. If students like a
challenge, ask them to balance this reaction.

3CH;CH,0H + 2K,Cr,0; + 8H,SO, —>
(orange-yellow)
3CH3;COOH + 2Cry(SOy); + 2K,50,4 + 11H,0
(green)

Historically, before laser spectrophotometry became prevalent in roadside breath
analysis equipment, the driver being assessed provided a breath sample to a
solution of potassium dichromate that was an orange-green colour. As the ethanol
(if present in the sample) reacted with the acid, the solution would become
increasingly green. The degree of change was then measured by a simple
spectrophotometer. As the wavelength of emitted light shifted to green, it indicated
a larger amount of dissolved alcohol in the breath. These traditional reagents are
readily available in most school laboratories.

Build a simple breathalyzer and bubble denatured ethanol into it to test the change
in colour. Generic mouthwash is a safe source to simulate alcohol on the breath.

What would happen if methanol or isopropyl alcohol were used instead of ethanol?
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Task
Have students balance redox equations using process notes (see SYSTH 13.14).

Journal Writing

Students may wish to write an account of the technology that goes into the
functioning and use of a traditional breathalyzer.

LEARNING RESOURCES LINKS

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom)
Breathalyzer Test, 569

Glencoe Chemistry: Matter and Change (Dingrando, et al.)
Section 20.2: Balancing Redox Equations, 644
The Oxidation-Number Method, 644
Section 20.3: Half-Reactions, 650

McGraw-Hill Ryerson Chemistry, Combined Atlantic Edition (Mustoe, et al.)
18.2: Oxidation Numbers, 721
18.3: The Half-Reaction Method for Balancing Equations, 730

Prentice Hall Chemistry (Wilbraham, et al.)
Section 20.3: Balancing Redox Equations, 645

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-12: Research practical applications of redox reactions.

Reactions in Examples: rocket fuels, fireworks, household bleach, photography,

metal recovery from ores, steelmaking, aluminum recycling, fuel

Aqueous Solutions cells, batteries, tarnish removal, fruit clocks, forensic blood

detection using luminol, chemiluminescence/bioluminescence,

SLO: C12-1-12

electrolytic cleaning, electrodeposition, photochemical etching,
antioxidants/preservatives . . .

(4 hours)

SUGGESTIONS FOR INSTRUCTION

TEACHER NOTES

In addressing learning outcome C12-1-12, ask students to choose a research topic
early in the school year so that they can research information and ideas on the
practical applications of redox reactions over an extended period of time. Group
presentations would be done during the study of Topic 6: Electrochemistry at the
end of the course. In their research, students could focus their attention on

m the redox reaction taking place
m the effect of the process on the environment
® the energy consumption involved

Encourage students to investigate and perform demonstrations to support their oral
presentations on their selected research topics.

General Learning Outcome Connections

GLO A3:

GLO A4:

GLO AS5:

GLO B1:

GLO B2:

GLO B4:

GLO C2:
GLO C4:

GLO Cs:

GLO Cé:

GLO C7:

GLO D3:

Distinguish critically between science and technology in terms of their respective contexts, goals, methods,
products, and values.

Identify and appreciate contributions made by women and men from many societies and cultural
backgrounds that have increased our understanding of the world and brought about technological
innovations.

Recognize that science and technology interact with and advance one another.

Describe scientific and technological developments—past and present—and appreciate their impact on
individuals, societies, and the environment, both locally and globally.

Recognize that scientific and technological endeavours have been and continue to be influenced by
human needs and the societal context of the time.

Demonstrate knowledge of and personal consideration for a range of possible science- and technology-
related interests, hobbies, and careers.

Demonstrate appropriate scientific inquiry skills when seeking answers to questions.

Demonstrate appropriate critical thinking and decision-making skills when choosing a course of action
based on scientific and technological information.

Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, honesty, and
persistence, and appreciate their importance as scientific and technological habits of mind.

Employ effective communication skills and use information technology to gather and share scientific and
technological ideas and data.

Work cooperatively and value the ideas and contributions of others while carrying out scientific and
technological activities.

Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-R1: Synthesize information obtained from a variety of sources.

Include: print and electronic sources, specialists, and other resource people

C12-0-R5: Communicate information in a variety of forms appropriate to the audience, purpose, and
content.

C12-0-C1: Collaborate with others to achieve group goals and responsibilities.
C12-0-C2: Elicit, clarify, and respond to questions, ideas, and diverse points of view in discussions.
C12-0-C3: Evaluate individual and group processes.

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

C12-0-T2: Explain how scientific research and technology interact in the production and distribution
of materials.

C12-0-T3: Provide examples of how chemical principles are applied in products and processes, in
scientific studies, and in daily life.

Practical Applications of Redox Reactions: Research Topics

Have groups of students research practical applications of redox reactions and
prepare a written report and an oral presentation on their findings. The following
information serves as an introduction to the various applications of redox reactions
cited as examples in learning outcome C12-1-12. Choose examples that relate to
student and teacher interest and experience. This material can be supplemented by
additional research using the usual resources (e.g., Internet, texts, encyclopedias,
journals, experts). Ideally, students would provide information from their own
sphere of experience. For a sample assighment, see Appendix 1.12A: Practical
Applications of Redox Reactions (Research Report and Presentation).

m  Rocket Fuels

Each solid rocket booster of the space shuttle, used during the first two minutes
of a launch, contains 495 000 kg of an explosive mixture of ammonium
perchlorate and aluminum:

m  Fireworks

The heat and thrust of a fireworks shell are produced by exothermic redox
reactions. A typical fireworks composition consists of an oxidizer (such as
potassium perchlorate), a fuel (such as aluminum or magnesium), a binder, and
some chemicals for the special effects of colour, sparks, and smoke. For example,
green fireworks are made by adding a barium compound, and gold sparks are
produced by adding iron filings or charcoal.
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SPECIFIC LEARNING QUTCOME

Topic 1: C12-1-12: Research practical applications of redox reactions.
Reactions in Examples: rocket fuels, fireworks, household bleach, photography,
X metal recovery from ores, steelmaking, aluminum recycling, fuel
Aqueous Solutions cells, batteries, tarnish removal, fruit clocks, forensic blood
detection using luminol, chemiluminescence/bioluminescence,
electrolytic cleaning, electrodeposition, photochemical etching,
antioxidants/preservatives . . .
(continued)
m  Household Bleach

Through the process of oxidation, unwanted colours (stains) are removed
(oxidized) by bleach. Colour is caused by the movement of electrons between
different energy levels of the atoms of the material.

OCl"(aq) + coloured stain molecule(s) >

Cl_(aq) + colourless oxidized stain molecule(s)

Photography
There are three different redox reactions in black-and-white photography:
1. The film negative is an emulsion of silver bromide:

A (ag) * Br™ ag —> AgBr()

2. The film is processed, and the remaining Ag’,q is converted to free silver by

a reducing agent. The unreacted AgBr is removed by an appropriate solution
process. This step produces the negative.

3. The negative is then printed onto photographic paper.

Metal Recovery from Ores

Aluminum metal is obtained by electrolysis of aluminum oxide (refined
bauxite), using the Hall-Héroult process.

Cathode: A13+(aq) +3e” — Al(s)
Anode: 20° (aq) —> On) t4e”

Net cell reaction: 4A1%" o) + 60°” (,q) —> 4Al () + 30y,

aq)

This process uses huge amounts of electric energy. Recycling of aluminum is a
lot more cost-effective than the processing of bauxite.

Copper, silver, gold, platinum, and palladium are the only transition metals that
are unreactive enough to be found in nature uncombined with other elements.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-R1: Synthesize information obtained from a variety of sources.

Include: print and electronic sources, specialists, and other resource people

C12-0-R5: Communicate information in a variety of forms appropriate to the audience, purpose, and
content.

C12-0-C1: Collaborate with others to achieve group goals and responsibilities.
C12-0-C2: Elicit, clarify, and respond to questions, ideas, and diverse points of view in discussions.
C12-0-C3: Evaluate individual and group processes.

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

C12-0-T2: Explain how scientific research and technology interact in the production and distribution
of materials.

C12-0-T3: Provide examples of how chemical principles are applied in products and processes, in
scientific studies, and in daily life.

m  Steelmaking

One aspect of steelmaking is the basic oxygen process used to purify iron (the
most common method used). Scrap steel is mixed with molten iron in a blast
furnace. Oxygen is introduced (injected) to oxidize the impurities.

®  Aluminum Recycling

All aluminum products can be recycled after use. Scrap aluminum is generally
taken by road to the recycling plant, where it is checked and sorted to determine
composition and value. If the scrap is of unknown quality, the aluminum will
first be passed through some large magnets to remove any ferrous metal.
Depending upon the type of contamination present, some scrap must be further
processed. Beverage cans, for example, must have their lacquer removed prior to
aluminum recovery.

m  Fuel Cells

The most common fuel cell is the hydrogen-oxygen fuel cell used in the space
shuttle. Some automotive manufacturers are now using fuel cells as a means of
power.

Oxidation: (2H2(g) + 2OH_<aq) — ZHzo(l) + 2e_) X 2
Reduction: OZ(g) + 2H20(1) +4e” — 4OH_(aq)
Overall: 2H2(g) + Oz(g) —> 2H20(1)

m Batteries

The flow of electrons in a battery is possible because zinc is oxidized in the
battery, and manganese dioxide (MNO,) is reduced. The following chemical

reactions occur:
Oxidation:  Zng) — Zn* o + 2e~

Reduction: ZMDOZ(S) + 2NH4+(aq) +2e” — MD2O3(S) + 2NH3<aq) + HZO(I)
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Topic 1:

SPECIFIC LEARNING OUTCOME
C12-1-12: Research practical applications of redox reactions.

Reactions in Examples: rocket fuels, fireworks, household bleach, photography,

metal recovery from ores, steelmaking, aluminum recycling, fuel

Aqueous Solutions cells, batteries, tarnish removal, fruit clocks, forensic blood

detection using luminol, chemiluminescence/bioluminescence,

electrolytic cleaning, electrodeposition, photochemical etching,
antioxidants/preservatives . . .
(continued)

Tarnish Removal

Silver tarnish (Ag,S) is formed by a redox reaction involving environmental
sulphides. To remove the tarnish, aluminum reacts in the following way:

3Ag25(s) + ZAI(S) — AIZS3(S) + 6Ag(s)

Fruit Clocks

Inserting two electrodes of differing metals into a piece of fruit (such as a lemon)
and connecting them with wires will cause an electric current to flow to a basic
liquid-crystal display clock:

ZD(S) + Cu2+ —> Zn2+(

+ CU(S)

(aq) aq)

Forensic Blood Detection Using Luminol

Criminalists spray a luminol mixture wherever they think blood might be found.
If hemoglobin and the luminol mixture come in contact, the iron in the
hemoglobin accelerates a reaction between the hydrogen peroxide and the
luminol. In this oxidation reaction, the luminol loses nitrogen and hydrogen
atoms and gains oxygen atoms, resulting in a compound called
3-aminophthalate. The reaction leaves the 3-aminophthalate in an energized
state —the electrons in the oxygen atoms are boosted to higher orbitals. The
electrons quickly fall back to a lower energy level, emitting the extra energy as a
light photon. With iron accelerating the process, the light is bright enough to see
in a dark room.

Chemiluminescence/Bioluminescence

Most chemiluminescence methods involve only a few chemical components to
generate light. Luminol chemiluminescence and peroxyoxalate
chemiluminescence are both used in bioanalytical methods. In each system, a
“fuel” is chemically oxidized to produce an excited-state product. In many
luminol methods, it is this excited product that emits the light for the signal. In
peroxyoxalate chemiluminescence, the initial excited-state product does not emit
light at all; instead, it reacts with another compound, often a compound also
viable as a fluorescent dye, and it is this fluorophore that becomes excited and
emits light.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-R1: Synthesize information obtained from a variety of sources.

Include: print and electronic sources, specialists, and other resource people

C12-0-R5: Communicate information in a variety of forms appropriate to the audience, purpose, and
content.

C12-0-C1: Collaborate with others to achieve group goals and responsibilities.
C12-0-C2: Elicit, clarify, and respond to questions, ideas, and diverse points of view in discussions.
C12-0-C3: Evaluate individual and group processes.

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

C12-0-T2: Explain how scientific research and technology interact in the production and distribution
of materials.

C12-0-T3: Provide examples of how chemical principles are applied in products and processes, in
scientific studies, and in daily life.

Bioluminescence is light produced by a chemical reaction within an organism. At
least two chemicals are required. The one that produces the light is generically
called a luciferin and the one that drives or catalyzes the reaction is called a
luciferase.

m  Electrolytic Cleaning

Electrolysis can be used to clean metal objects, as explained by Dingrando, et al:

Coatings of salts from the seawater on metal objects are removed by an
electrochemical process. A voltaic cell is set up with a cathode that is the
object itself and a stainless steel anode in a basic solution. Chloride ions are
removed when the electric current is turned on.

In another process, bacteria convert sulfate ions to hydrogen sulfide gas and
cause silver coins and bars to become coated with silver sulfide after long
periods of time at the bottom of the ocean. In an electrolytic cell, the silver in
silver sulfide can be reduced to silver metal and reclaimed. (Glencoe
Chemistry: Matter and Change, Teacher Wraparound Edition 684)

m  Electrodeposition

The process used in electroplating is called electrodeposition (e.g., making CDs).
The item to be coated is placed into a solution of one or more metal salts. The
item is connected to an electrical circuit, forming the cathode (negative) of the
circuit, while the anode (positive) is typically made of the metal to be plated on
the item. When an electrical current is passed through the circuit, metal ions in
the solution are attracted to the item. The result is a layer of metal on the item.
Considerable skill is required to produce an evenly coated finished product. This
process is analogous to a galvanic cell acting in reverse.
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Topic 1:

Reactions in

SPECIFIC LEARNING OUTCOME
C12-1-12: Research practical applications of redox reactions.

Examples: rocket fuels, fireworks, household bleach, photography,
metal recovery from ores, steelmaking, aluminum recycling, fuel

Aqueous Solutions cells, batteries, tarnish removal, fruit clocks, forensic blood

detection using luminol, chemiluminescence/bioluminescence,

electrolytic cleaning, electrodeposition, photochemical etching,
antioxidants/preservatives . . .
(continued)

Photochemical Etching

In the photochemical etching process, “ultraviolet light is used to transfer a
pattern onto a piece of metal. Then chemicals are applied to remove certain
areas in the pattern, creating an intricate design on the metal” (Dingrando, et al.,
Glencoe Chemistry: Matter and Change, Teacher Wraparound Edition 641).

Antioxidants/Preservatives

Oxidation can cause the decay of food and other organic material (e.g., human
skin). Antioxidants help reduce the decay of some essential amino acids and the
loss of some vitamins. Antioxidants, such as vitamin C, vitamin E, BHT
(butylated hydroxytoluene), BHA (butylated hydroxyanisole), sulphites, and
sulphur dioxide, react more readily with oxygen than the food does. This keeps
the food from spoiling.

Heart Pacemakers

Engineered in Canada by John Hopps in the 1940s, the pacemaker sends
electrical impulses to the heart muscle to correct heartbeat irregularities. The
pacemaker obtains its energy from a battery that lasts seven years.

Corrosion Prevention

Paint, or another protective coating, can protect steel structures from corrosion.
Sacrificial anodes of magnesium, zinc, or other active metals are also used to
prevent corrosion.

SUGGESTIONS FOR ASSESSMENT

Research

It may be beneficial to have students begin their research on the applications of
redox chemistry now, and present or display their projects later during the study of
Topic 6: Electrochemistry. For assessment suggestions, refer to Appendix 1.12B:
Practical Applications of Redox Reactions (Sample Checklist and Assessment
Rubric).

Students may wish to use a variety of presentation modes: models, posters,
computer-generated materials, animation, video, murals, and so on.
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SKILLS AND ATTITUDES OUTCOMES
C12-0-R1: Synthesize information obtained from a variety of sources.
Include: print and electronic sources, specialists, and other resource people

C12-0-R5: Communicate information in a variety of forms appropriate to the audience, purpose, and
content.

C12-0-C1: Collaborate with others to achieve group goals and responsibilities.
C12-0-C2: Elicit, clarify, and respond to questions, ideas, and diverse points of view in discussions.
C12-0-C3: Evaluate individual and group processes.

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

C12-0-T2: Explain how scientific research and technology interact in the production and distribution
of materials.

C12-0-T3: Provide examples of how chemical principles are applied in products and processes, in
scientific studies, and in daily life.

LEARNING RESOURCES LINKS

Glencoe Chemistry: Matter and Change (Dingrando, et al.)
Chapter 21: Electrochemistry, 662

Glencoe Chemistry: Matter and Change, Teacher Wraparound Edition (Dingrando,
et al. 641, 684)

Prentice Hall Chemistry (Wilbraham, et al.)
Chapter 21: Electrochemistry, 662

Appendices

Appendix 1.12A: Practical Applications of Redox Reactions (Research Report
and Presentation)

Appendix 1.12B: Practical Applications of Redox Reactions (Sample Checklist
and Assessment Rubric)

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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Appendix 1.1A: Developing a Set of Solubility Rules: Lab Activity

Purpose

In this lab activity, you will develop your own procedure to create a set of solubility
rules. You will be provided with 0.1 mol/L solutions of various anions and cations
so that you can observe whether precipitates are formed.

Solutions

The solutions the class will use include the following:

m SetA = SetB
silver ions (Ag") zinc ions (Zn*")
barium ions (Ba®") iron ions (Fe™)
sodium ions (Na*) sodium ions (Na*)
ammonium ions (NH,") magnesium ions (Mg”")
calcium ions (Ca®) potassium ions (K")
chloride ions (C17) chloride ions (Cl7)
carbonate ions (CO5°") hydroxide ions (OH™)
sulphate ions (SO,*") bromide ions (Br~)
nitrate ions (NO;") carbonate ions (CO;™")

phosphate ions (PO,*7) acetate ions (C;H;0,7)

Before you begin mixing solutions, set up a grid to organize your observations.

Follow-up Questions

1. Scientists have developed a set of solubility rules with respect to the solubility of
anions with numerous cations.

a) List the cations that did not form any precipitates.
b) For each anion, list the cations with which it was insoluble (formed a
precipitate).

2. List the set of solubility rules that you have developed.
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Appendix 1.1B: Developing a Set of Solubility Rules: Lab Activity
(Teacher Notes)

Introduction
Have student groups perform the lab activity using the solutions in either Set A or
Set B below and then share their observations.

Where appropriate, 1.0 mol/L solutions can be prepared instead of 0.1 mol/L
solutions. Involving students in the preparation of solutions is desireable. It may be
clearer for students if the ions that participate in the reactions come from separate
solutions. For instance, in Set A, a solution of 0.1 mol/L NaCl could be the source of

Na" ions, and 0.1 mol/L Na,CO; acts as the source of CO;”>~ ions. These solutions

would replace the following solution in Set A below: 2 X 0.1 mol/L solutions of
sodium carbonate (Na,COj3) labelled Na*" and CO5*~. The NH,Cl is used for the NH,"

ions and the (NH,),SO, is used as the source for SO,>~ ions. For Set B, NaCl can be
used as a source for sodium ions, and KCI can be used as a source for potassium ions.

If this strategy is not followed, students will no doubt observe “anomalous”
precipitates (discrepant events) that were unexpected, and may be difficult to explain.
To avoid confusion, teachers are encouraged to proceed according to the level of
difficulty desired for students” explanations of results.

Solutions
Prepare solution sets of 25 mL dropper bottles.
Set A

1 x 0.1 mol/L solution of silver nitrate (AgNO3) labelled Ag”

2 % 0.1 mol/L solutions of barium chloride (BaCl,) labelled Ba** and CI~

2 x 0.1 mol/L solutions of sodium carbonate (Na,COj) labelled Na* and CO;*~

2 x 0.1 mol/L solutions of ammonium sulphate ((NH,),SO,) labelled NH," and SO,*~
2 x 0.1 mol/L solutions of calcium nitrate (Ca(NO;),) labelled Ca** and NO;~

1 x 0.1 mol/L solution of potassium phosphate (K;PO,) labelled PO,*~

Set B

1 x 0.1 mol/L solution of zinc acetate (Zn(C2H;0,),) labelled Zn**

2 x 0.1 mol/L solutions of iron(Ill) chloride (FeCl;) labelled Fe** and CI~

2 x 0.1 mol/L solutions of sodium hydroxide (NaOH) labelled Na+ and OH~
1 x 0.1 mol/L solution of magnesium bromide (MgBr,) labelled Mg**

1 X 0.1 mol/L solution of sodium bromide (NaBr) labelled Br~

2 x 0.1 mol/L solutions of potassium carbonate (K,CO;) labelled K* and CO5*~
1 x 0.1 mol/L solution of sodium acetate (NaC,H;0,) labelled C,H;0,~
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Appendix 1.1A: Developing a Set of Solubility Rules: Lab Activity (Teacher Notes)

(continued)

Probable Results

Set A
Cl- CO4*~ SO, NO;~ PO~
Ag' PPT PPT PPT NP PPT
Ba®* NP PPT PPT NP PPT
Na* NP NP NP NP NP
NH," NP NP NP NP NP
Ca* NP PPT PPT NP PPT

PPT = precipitate; NP = no precipitate

1. a) The cations that did not form any precipitates were Na" and NH,".
b) Cl~ formed a precipitate with Ag".
COj5’~ formed a precipitate with Ag”, Ba®*, and Ca®".
SO,*~ formed a precipitate with Ag”, Ba**, and Ca®".

Note: Ag,SO, is sparingly soluble, so students may or may not see a
precipitate.

NO;™ did not form a precipitate with any of the cations.

PO,’~ formed a precipitate with Ag*, Ba*, and Ca™".
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Appendix 1.1B: Developing a Set of Solubility Rules: Lab Activity (Teacher Notes)

(continued)

Set B
Cl- OH~ Br- COs>" C,H;0,”
Zn** NP PPT NP PPT NP
Fe** NP PPT NP NP NP
Na* NP NP NP NP NP
Mg?* NP PPT NP PPT NP
K* NP NP NP NP NP

1. a) The cations that did not form any precipitates were Na" and K".
b) CI™ did not form a precipitate with any of the cations.
OH~ formed a precipitate with Zn*, Fe’* and Mg*".
Br~ did not form a precipitate with any of the cations.
CO5*~ formed a precipitate with Zn** and Mg™".

C,H;30,™ did not form a precipitate with any of the cations.

2. Solubility Rules
a) Most nitrate (NO; ™) salts are soluble.

b) Most salts containing the alkali metal ions (Li", Na*, K, Rb", Cs") and the
ammonium ion (NH,") are soluble.

¢) Most chloride (C17), bromide (Br™), and iodide (I"7) salts are soluble. Notable
exceptions are salts containing the ions Ag*, Pb*, and Hg,™".

d) Most sulphate (SO,°") salts are soluble. Notable exceptions are BaSO,, PbSO,,
HgSO,, and CaSQO,.

e) Most hydroxide (OH™) salts are only slightly soluble. The important soluble
hydroxides are NaOH and KOH. The compounds Ba(OH),, Sr(OH),, and
Ca(OH), are marginally soluble.

f) Most sulphide (5*7), carbonate (CO5°"), chromate (CrO,*~), and phosphate
(PO,’7) salts are only slightly soluble.
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Appendix 1.2: Solubility Rules

Negative lons Positive lons Solubility
Essentially all Alkali ions (Li*, Na*, K*, Rb", Cs") Soluble
Essentially all Hydrogen ion H" Soluble
Essentially all Ammonium ion (NH,") Soluble
Nitrate, NO;~ Essentially all Soluble
Acetate, CH;COO~ Essentially all (except Ag") Soluble

Chloride, C1~ Ag', Pb*, Hg,”, Cu®, TI Low solubility
Bromide, Br~
Iodide, I~ All others Soluble

Ca”, Sr*, Ba*, Pb*, Ra* Low solubility
Sulphate, SO,*~

All others Soluble

Alkali ions, H+(aq), NH,", Be*, Soluble
Sulphlde 82_ Mgz+’ Ca2+, Sr2+, Ba2+’ Ra2+

All others Low solubility

Alkali ions, H* . ,, NH,"

7 ( 7 4 7
e o oe o o aq)2+ Soluble

Hydroxide, OH" S, Ba”, Ra’, Tl

All others Low solubility
Phosphate, PO,*~ Alkali ions, H+(aq), NH," Soluble
Carbonate, CO5*~
Sulphite, SO5>~ All others Low solubility

Ba™, Sr**, Pb*, Ag" Low solubility
Chromate, CrO,*~

All others Soluble
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Appendix 1.3: Predicting Precipitation Reactions

Use a solubility rules table to predict precipitation reactions.
a) Predict the products of the reactions in the following examples.

b) Write a balanced molecular equation and check the table for the solubility of the
products.

c) Write a total ionic equation.

d) Write a net ionic equation.

Example 1
AICl; reacts with KOH

a) A’ combines with OH™ to form Al(OH),, and K* combines with Cl~ to form
KCL

b) The balanced molecular equation will be
A1C13(aq> + 3KOH(aq) — AI(OH)B(S) + 3KC1(aq)

Notice from the solubility table that the AI** ion is insoluble with the OH™ ion,
thus forming a precipitate.

c) Compounds that are written as aqueous are broken down to their respective
cations and anions. Solids are written in molecular form.

A13+(aq) + 3C1_(aq) + 3K+(aq) + 3OH_(aq) — Al(OH)3(S) + 3K+(aq) + 3C1_(aq)

d) Ions that are common to both sides of the reaction are called spectator ions.
These ions are cancelled when writing the net ionic equation.

3+ - + — + —
Al qq) + 3C0g) + 3Kogq) + 3OH o) —> AL(OH)s ) + 3K + 3C1g)
The net ionic equation would be

Al3+(aq) + 3OH_(aq) — AI(OH)3(S)
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Appendix 1.3: Predicting Precipitation Reactions (continued)

Example 2
AgNO; reacts with Cal,

a) Ag' combines with I~ to form Agl, and Ca*" combines with NO;~ to form
Ca(NO3)2.

b) The balanced molecular equation will be
ZAgNO3(aq) + CaIz(aq) —> 2Ag1(s) + Ca(NO3)2(aq)

Notice from the solubility table that the Ag" ion is insoluble with the I” ion, thus
forming a precipitate.

¢) Compounds that are written as aqueous are broken down to their respective
cations and anions. Solids are written in molecular form.

+ — 2+ — 2+ —
2A8 (aq) T 2NO3 7 (aq) + Ca™ o) + 217 (aq) —> 2A8l) + Ca™(oq) + 2NO37 (g

d) Ions that are common to both sides of the reaction are called spectator ions.
These ions are cancelled when writing the net ionic equation.

288" (aq) + 2NO5 (o) + C27Tag) *+ 2 (ag) —> 288l + Cag) + 2NO57)
The net ionic equation would be

2Ag+(aq) + 21_(aq) —> 2Agl(s)
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Appendix 1.4: Colour Chart for lons in Aqueous Solutions

lon Symbol Colour
Chrome(1I) cr* Blue
Chrome(I1I) cr* Green
Cobalt(II) Co™ Pink
Chromate CrO* Yellow
Dichromate Cr,O/~ Orange
Copper(I) Cu” Green
Copper(II) Cu™ Blue
Iron(II) Fe** Green
Tron(IIT) Fe™* Pale yellow
Manganese(1I) Mn** Pink
Permanganate MnO,"~ Purple
Nickel(II) Ni** Green
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Appendix 1.5: Identifying Unknown Solutions (Teacher Notes and
Preparation Guide)

Purpose

Present student groups with four unknown solutions. Their job will be to identify
each unknown solution using only a spot plate, a stir stick, a chart showing the
colour of ions in aqueous solutions, a table of solubility rules, and the solutions
themselves.

Solutions

The sets of solutions that students will use could include 0.1 mol/L solutions of the
following:

Set 1: Ba(NO3),, NaOH, Na,CO;, CuSO,

Set 2: Co(NOs),, NazPO,4, Na,SO,, AgNO;
Set 3: Cry(SOy)3, MnSO,, Ba(NOs),, Zn(NO3),
Set 4: Fe(NO3)3, KI, Pb(NO3),, NaOH

Set 5: NiSO,, Na,CO;, MnSO,, NaCl

Set 6: CuSO,, NaCl, Na;PO,, Zn(NO;),

Questions

Students must correctly identify the four solutions and explain how they identified
each of the solutions using the solubility rules.

1. Using a chart that shows the colour of common ions in aqueous solutions, can
you identify any of your unknowns based on this information? Explain.

2. Which solutions that you mixed formed a precipitate? Can you identify any of
the unknown solutions based on this result? Explain.

3. Are there any reactions that have no precipitate formation? Can you identify any
of the unknown solutions based on this result? Explain.

Preparation Guide

Prepare 0.1 mol/L solutions of each of the following.
Set 1
Solution 1: 2.613 g of Ba(NO3), in 100 mL of solution

Solution 2: 0.40 g of NaOH in 100 mL of solution
Solution 3: 1.06 g of Na,COj3 in 100 mL of solution

Solution 4: 2.50 g of CuSO,-5H,0 in 100 mL of solution
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Appendix 1.5: Identifying Unknown Solutions (Teacher Notes and
Preparation Guide) (continued)

Set 2
Solution 1: 2.91 g of Co(NOs3),-6H,0 in 100 mL of solution

Solution 2: 2.90 g of NagPO,-7H,0 in 100 mL of solution
Solution 3: 1.421 g of Na,SO,4 in 100 mL of solution
Solution 4: 1.699 g of AgNO; in 100 mL of solution

Set 3
Solution 1: 3.60 g of Cr,(SO,); in 100 mL of solution

Solution 2: 1.69 g of MnSO, - H,O in 100 mL of solution
Solution 3: 2.613 g of Ba(NO3), in 100 mL of solution
Solution 4: 2.97 g of Zn(NOs),-6H,0 in 100 mL of solution

Set 4
Solution 1: 4.04 g of Fe(NO3);-9H,0 in 100 mL of solution

Solution 2: 1.66 g of KI in 100 mL of solution
Solution 3: 3.312 g of Pb(NO3), in 100 mL of solution

Solution 4: 0.40 g of NaOH in 100 mL of solution

Set 5

Solution 1: 2.63 g of NiSO,-6H,0 in 100 mL of solution
Solution 2: 1.06 g of Na,COj; in 100 mL of solution
Solution 3: 1.69 g of MnSO,- H,O in 100 mL of solution
Solution 4: 0.584 g of NaCl in 100 mL of solution

Set 6

Solution 1: 2.50 g of CuSO,-5H,0 in 100 mL of solution
Solution 2: 0.584 g of NaCl in 100 mL of solution
Solution 3: 2.90 g of NayPO,*7H,0 in 100 mL of solution

Solution 4: 2.97 g of Zn(NO3),-6H,0 in 100 mL of solution
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Appendix 1.6A: Process Notes for Writing Net lonic Equations
(Teacher Notes)

Solve the problem, showing all Use words to describe each step of
steps. the solution.

Step 1: Predict the products of the
double displacement reaction
and ensure that the equation is
balanced.

Na28 + FeSO4 - Na2804 + FeS

Step 2: Use (aq) and (s) to identify
NayS,q) + FeSOyq) = each species as being soluble
NaySOy(aq) + FeSg) or slightly soluble (i.e., write
the molecular equation).

Step 3: Write the ionic equation by
breaking up soluble species
into their ions.

+ -
2Na'aq) + S ag)
2Na+(aq) + 8042_(

+ Fe'(uq) + S04 (o) =

aq) + FeSg)

2Na o + SZ_(aq) + F92+(aq) + 507 aq) = | Step 4: Cancel out all spectator ions

N o : )
2Na—g) + SO (o) + FeS and rewrite the equation.
S (aq) + Fe*"(aq) = FeS(s) This gives the net ionic equation.
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Appendix 1.6B: Process Notes for Writing Net lonic Equations (BLM)

Solve the problem, showing all
steps

Use words to describe each step
of the solution process.

BaC12 + Na(PO4)3 I

Step 1: Predict the products of the
double displacement reaction
and ensure that the equation
is balanced.

Step 2: Use (aq) and (s) to identify
each species as being soluble
or slightly soluble (i.e., write
the molecular equation).

Step 3: Write the ionic equation by
breaking up soluble species

into their ions.

Step 4: Cancel out all spectator ions
and rewrite the equation.

This gives the net ionic equation.
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Appendix 1.7A: Titration: Lab Activity

Purpose

Titrations are procedures that are usually used to determine the unknown
concentrations of substances. In this lab activity, you will add drops of a known
concentration of sodium hydroxide to a beaker containing a known concentration of
sulphuric acid until neutralization occurs. The number of moles of each reactant can
then be calculated from the volumes present, so that their ratio can be compared to
the ratio of coefficients in the balanced equation.

Materials

50 mL beaker

three micropipettes

phenolphthalein indicator

10 mL graduated cylinder

distilled water

0.1 mol/L sodium hydroxide (NaOH)
0.1 mol/L sulphuric acid (H,SOy,)

Procedure

1.

Using the 10 mL graduated cylinder and a micropipette, count and record the
number of drops required to obtain 1.0 mL of distilled water. Perform this
process a total of three times.

Note: For the best, most reproducible results, hold the micropipette vertically,
and squeeze the bulb slowly and gently. Avoid introducing air bubbles into the
stem of the pipette, as they will result in half or quarter drops.

. Add 5 mL of distilled water and one drop of phenolphthalein indicator to a

50 mL beaker. Swirl the beaker well.

. Using a second micropipette (to avoid contamination of the solutions), add

20 drops of 0.1 mol/L H,SOy to the beaker. Swirl the solution carefully.

Using a third micropipette, add the 0.1 mol/L NaOH drop by drop, until the
addition of one drop of the base permanently changes the colour of the solution.
Be sure to swirl the beaker gently after each drop is added. Record the number of
drops required to reach the endpoint of the titration.

Note: The endpoint of the titration occurs when one drop of an acid or a base
permanently changes the colour of the indicator used in the titration.

Rinse the contents of the beaker down the sink with plenty of water (the final
rinse should be with distilled water), and perform steps 2 through 4 a total of
three times.

Topic 1 Appendices - 15



GRADE 12 CHEMISTRY * Topic 1 Appendices

Appendix 1.7A: Titration: Lab Activity (continued)

Note: The trials should agree with one another to within one drop. If you make a
mistake, miss the endpoint, or lose count of the drops, perform another trial. Do
not erase the results, but make note of what went wrong.

Qualitative Observations
m Describe each solution before reaction occurs.

m Describe the solution after adding the drops of phenolphthalein.

Quantitative Data Tables

Trial Drops of Water in 1.0 mL
1
2
3
Average
Volume of Drops of Volume of Drops of Volume of
Water Used Sulphuric Sulphuric Sodium Sodium
(mL) Acid Acid Hydroxide Hydroxide
(mL) (mL)
5 20
5 20
5 20
Average
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Appendix 1.7A: Titration: Lab Activity (continued)

Calculations
1. Write a balanced molecular equation for the reaction.
2. Draw a particulate representation of the balanced reaction.

3. Calculate the average number of drops required to obtain 1.0 mL of distilled
water.

4. Using the data obtained in step 2 of the procedure, calculate the volume of
NaOH added in each trial.

5. Calculate the average number of moles of NaOH required to neutralize the
sample of H,SO,.

6. Using the data obtained in step 2, calculate the volume of H,SO, added in each
trial.

7. Using your balanced equation, determine the average number of moles present
in the sample of H,SO,.

8. Use the coefficients in the balanced equation to determine the ratio of moles
between the sodium hydroxide and the sulphuric acid.

9. Use the number of moles obtained in steps 4 and 5 of the procedure to determine
the ratio of moles between the sodium hydroxide and the sulphuric acid.

Conclusion

State the stoichiometric relationship between the sodium hydroxide and the
sulphuric acid.

Questions

1. a) Write a balanced molecular equation for the reaction between barium
hydroxide and sulphuric acid.

b) Use the coefficients in the balanced equation to calculate the volume of
barium hydroxide required to react with 20 mL of sulphuric acid.
2. a) Write a balanced molecular equation for the reaction between aluminum
hydroxide and sulphuric acid.

b) Use the coefficients in the balanced equation to calculate the volume of
aluminum hydroxide required to react with 30 mL of sulphuric acid.

Sources of Error

What possible errors could have occurred in your lab activity?
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Appendix 1.7B: Titration: Lab Activity (Teacher Notes)

Purpose

To demonstrate the stoichiometry of a neutralization reaction between a strong acid
and a strong base.

Qualitative Observations

Distilled water: clear, colourless liquid
Sulphuric acid: clear, colourless liquid
Sodium hydroxide: clear, colourless liquid

Phenolphthalein:  clear, colourless liquid

Quantitative Data Tables

Trial Drops of Water in 1.0 mL
1 23
2 24
3 23
Average 23
Volume of Drops of Volume of Drops of Volume of
Water Used Sulphuric Sulphuric Sodium Sodium
(mL) Acid Acid Hydroxide Hydroxide
(mL) (mL)
5 20 0.858 69 2.96
5 20 0.858 68 2.92
5 20 0.858 70 3.00
Average 20 0.858 69 2.96
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Appendix 1.7B: Titration: Lab Activity (Teacher Notes) (continued)

Calculations
1. 2NaOH(aq) + HZSO4(aq) —> Na2504(aq) + ZHzo(l)

2. Molecule size is not a true representation of the actual size of the compound.

+

o (0@
()

3. (23 +24 + 23)/3 = 23.3 drops

4. volume NaOH = (1 mL/23.3 drops) X 69 drops = 2.96 mL of NaOH

5. moles NaOH = 0.10 mole/L X 2.96 X 10~ L = 0.000296 moles NaOH
6. volume H,SO, = (1 mL/23.3 drops) X 20 drops = 0.858 mL of H,SO,

7. moles H,SO, = 0.10 mole/L X 0.858 x 10~° L = 0.0000858 moles H,SO,
8. coefficient NaOH/ coefficient H,SO, =2/1 = 2

9. moles NaOH/moles H,SO, = 0.000296/0.0000858 = 3.45

Conclusion

Answers will vary. For example, the stoichiometric relationship between the sodium
hydroxide and the sulphuric acid in the balanced equation is 2 to 1, while the
experimental relationship is 3.45 to 1.

Questions
1. a) Ba(OH)Z(aq) + HZSO4(aq) — BaSO4(aq) + ZHZO(I)

b) The volume of barium hydroxide required to react with 20 mL of sulphuric
acid is 20 mL.

2. a) ZAI(OH)S(aq) + 3HZSO4(aq) — AIZ(SO4)3(aq) + 6H20(l)
b) The volume of aluminum hydroxide required to react with 30 mL of

sulphuric acid is 20 mL.

Sources of Error

Sources of error could include calibration of the micropipette and graduated
cylinder, as well as the accuracy of the concentrations of the solutions used.
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Appendix 1.8: Process Notes for Balancing Neutralization Reactions

Solve the problem, showing all the
steps.

Use words to describe each step of
the solution process.

H,SO, + NaOH - Na,SO, + H,0O Step 1: Predict the products of the
neutralization reaction.
Remember that a salt and
water are formed.

H)SOy(aq) + 2NaOH(aq) = Step 2: Ensure that the equation is

Na,SOynq) + 2H,0O(1) balanced. Use (aq) and (I) to
identify each species as being
soluble or slightly soluble
(i.e., write the molecular
equation).

2H' (4q) + SO, (aq) + 2Na"(nq + 20H ()| Step 3: Write a total ionic equation,

9N a+(aq) + 5042_(aq) + 2H,0), shf)wing all ions that are in
solution.

ZH+(aq) + 5027 (g + 2Na'ig) + 2Z0H™ )| Step 4: Cancel the spectator ions.

= 2Na'gg) + S0 g + 2H:0y)

H+(aq) + OH™ (,q) = HO Step 5: Write the net ionic equation.
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Appendix 1.9A: Test Tube Mystery: Lab Activity (Guidelines)

Purpose

Chemists, like detectives, attempt to identify unknowns through a process of careful
and creative analysis. This usually involves observing the colours, odours, and
reactions of unknown substances and comparing them with those of known
substances. In this experiment, you will try to identify 12 different chemical
compounds by reacting them with each other, observing the results, and comparing
the results with the known characteristics of some common chemicals.

Chemical Compounds

The 12 chemicals used in this experiment are listed below (in no particular order):
potassium chromate (K,CrOy)
aluminum chloride (AICly)
sodium carbonate (Na,COs)
sodium acetate (NaCH;COO)
hydrochloric acid (HCI)
sodium hydroxide (NaOH)
ammonium hydroxide (NH,OH)
iron(III) nitrate (Fe(NOs3)5)
silver nitrate (AgNO;)
copper(1l) sulphate (CuSOy,)
nickel(II) chloride (NiCl,)
lead(Il) nitrate (Pb(NO3),)

Research and Plan

Before starting the lab activity, you will have to do extensive research on the
characteristic colours of the solutions, any distinguishing odours, their flame-test
colours, and the colours of any precipitates that may be created through the
combination of each different species. Your written plan must include a data table
grid that includes each species, the solution and flame-test colours, the colours of
potential precipitates, and any other information that you think will help to identify
your unknowns.
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Appendix 1.9A: Test Tube Mystery: Lab Activity (Guidelines) (continued)

Materials
On the day of the lab activity, you will be provided with the following materials:
12 test tubes containing 8 mL each of different solutions
well plates
stir sticks
cotton swabs/flame-test wires/moist wooden splints
Bunsen burners
matches
litmus paper
10 micropipettes
gloves
distilled water
Avoid running out of your samples, as you will not be provided with any more. Do

not assume that solution sets other groups are using are numbered in the same
way —they are not!

Lab Write-up

After recording all your observations in the lab activity, you will attempt to identify
each of the unknowns. A formal lab write-up must include a logical explanation of
how you determined the identity of each test tube. This will include net ionic
equations for any precipitates you saw.

Caution

All solutions must be treated as if they were poisonous and corrosive. Avoid
inhaling any fumes. Some reactions may occur very quickly, while others will occur
more slowly. Observe each reaction for at least two minutes before disposing of the
products. Gas evolution (bubbling) will be immediate. Rinse off your stir stick after
each use. As time will be limited, use your time wisely.
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Appendix 1.9B: Test Tube Mystery: Lab Activity (Preparation Guide)

Teachers can prepare the solutions for this lab activity in advance or have students
prepare them. Prepare a solution, given the amount of solute (in grams) and the
volume of solution (in millilitres), and determine the concentration in moles/litre.

Materials

well plates

stir sticks

cotton swabs/flame-test wires/moist wooden splints

Bunsen burners

matches

litmus paper

micropipettes (10 per group)

gloves

distilled water

test tube rack

test tubes (12 X 10/ group = 120 test tubes)

test tube stoppers or plastic wrap to cover the test tubes

100 mL solutions of the following 12 solutions:
0.2 mol/L K,CrO,—to prepare, dissolve 3.88 g of K,CrO, in 100 mL of
distilled water
1.0 mol/L AICl;-6H,0O —dissolve 24.14 g of AICl; in 100 mL of distilled water

1.0 mol/L Na,CO;—dissolve 10.6 g of Na2CO3 in 100 mL of distilled water

1.0 mol/L NaCH;COO-3H,0 —dissolve 13.61 g of NaCH;COO in 100 mL of
distilled water

6.0 mol/L HCl —mix 49.6 mL in 100 mL of distilled water

6.0 mol/L NaOH —dissolve 24.0 g of NaOH in 100 mL of distilled water

6.0 mol/L NH,OH —mix 40.5 mL in 100 mL of distilled water

0.1 mol/L Fe(NO3);-9H,0 —dissolve 4.04 g of Fe(NO3);-9H,0 in 100 mL of
distilled water
0.1 mol/L AgNO;—dissolve 1.70 g of AgNOj3; in 100 mL of distilled water

0.1 mol/L CuSO,—dissolve 2.50 g of CuSO,-5H,0 in 100 mL of distilled
water
0.1 mol/L NiCl,-6H,0 —dissolve 2.38 g of NiCl, in 100 mL of distilled water

0.1 mol/L Pb(NOj3), —dissolve 3.31 g of Pb(NO3), in 100 mL of distilled water
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Appendix 1.9B: Test Tube Mystery: Lab Activity (Preparation Guide) (continued)

100 mL solutions should be prepared in advance of the lab activity.
Test tubes can be pre-labelled with the information, set 1, test tube 1, and so on.

Students are given an 8 to 10 mL sample of each solution (12 different test tubes)
that are contained in a test tube rack.

A suggested teacher key is given for setting up each set of test tubes.

Solution Set Key

Substance Group 1 Group 2 Group 3 Group 4 Group 5
and and and and and
Group 9 Group 10 Group 6 Group 7 Group 8
K,CrO, 3 1 2 3 4
AlCl, 5 5 6 7 8
Na,CO;3 6 9 10 11 12
NaCH;COO 1 4 1 2 3
HCl 11 8 5 6 7
NaOH 4 12 9 10 11
NH,OH 7 3 4 1 2
Fe(NO3)3 10 7 8 5 6
AgNO; 2 11 12 9 10
CuSO, 8 2 3 4 1
NiCl, 12 6 7 8 5
Pb(NOs), 9 10 11 12 9
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Appendix 1.9C: Test Tube Mystery: Lab Activity (Teacher Key 1)
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Appendix 1.9D: Test Tube Mystery: Lab Activity (Teacher Key 2)

Substance Identifying Colour in Flame- Reacts To Colour of
Colour/ Litmus Test with Make Precipitate
Colour of Paper Colour
Solution
K,CrOy4 Yellow Blue Violet AgNO; Ag,CrO, Brick red
Pb(NO3), PbCrO, Yellow
A1C13 Neutral NaZCO3 Alz(CO3)3 White
NaOH Al(OH); White
AgNO; AgCl White*
Pb(NO3), PbCl, Yellow
Na,CO; Blue Yellow HCl bubbles Bubbles
Fe(NO;); Fe(CO3)3 White
AgNO; AgCO3 White*
CuSO, CuCO, White
NiCl, NiCO5 .
PB(NO5), PbCO, White
AICl; Aly(CO3)s White
White
NaCH;COO Blue Yellow AgNO; AgCH;COO White*
HCl Pink AgNO; AgCl White*
Pb(NO3), PbCl, Yellow
Na,CO3 Bubbles Bubbles
NaOH Blue Fe(NO3)3 Fe(OH); White
AgNO3 AgOH Brown*
CusO CulOHD, White
NiCl, Ni(OH), Whit
Pb(NO,), Pb(OH), White
AICI, Al(OH), e
White
NH,OH Strong Blue Fe(NO3)3 Fe(OH); White
odour AgNO3 AgOH Brown*
CusO CulOH, White
NiCl, Ni(OH), Whit
Pb(NO,), Pb(OH), White
AICI, Al(OH), e
White
Fe(NO3)3 Pale yelow Neutral Na,CO4 Fe,(CO3)3 White
NaOH Fe(OHy) White/Brown

*Most Ag precipitates start out a white to greyish-white colour, but turn purple/brown/black over time.

continued
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Appendix 1.9D: Test Tube Mystery: Lab Activity (Teacher Key 2) (continued)

Substance Identifying Colour in Flame- Reacts To Colour of
Colour/ Litmus Test with Make Precipitate
Colour of Paper Colour
Solution
AgNO; Neutral NiCl, AgCl White*
K,CrO, Ag,CrO4 Brick red
AlCly AgCl White*
Na,COs Ag,CO3 White*
NaCH;COO AgCH;COO White*
HCl AgCl White*
NaOH AgOH Brown
CuSO4 Agst4 White*
CuSO, Blue Neutral Bluish-green Pb(NO3), PbSO, White
N32CO3 CUCO3 White
NaOH Cu(OH), White
NiCl, Green/ Neutral Pb(NO3), PbCl, Yellow
Green-blue Na,CO;, NiCO;, White
NaOH Ni(OH), White
AgNO; AgCl White*
Pb(NO3), Neutral Bluish-white K,CrO4 PbCrO, Yellow
AlCl, PbCl, Yellow
N32CO3 PbCO3 White
HCl PBCl, Yellow
NaOH Pb(OH), White
CuSO, PbSO, White
NiCl, PbCl Yellow

*Most Ag precipitates start out a white to greyish-white colour, but turn purple/brown/black over time.
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Appendix 1.10A: Compare and Contrast Oxidation and Reduction

Oxidation Reduction
Historical Definition: Historical Definition:
Example: Example:
Present Definition: Present Definition:
Example: Example:
Mnemonic Device: Mnemonic Device:
When Balancing a Redox Reaction: When Balancing a Redox Reaction:
One substance is One substance is
and it is also the agent. | and it is also the agent.
Its oxidation number . | Its oxidation number
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Appendix 1.10B: Compare and Contrast Oxidation and Reduction

(Sample Response)

Oxidation

Reduction

Historical Definition:
Gain of oxygen
Example:

4Fe + 302 - 2F8203
CH4 + 202 g C02 + 2H20

Historical Definition:

Loss of oxygen

Example:

2Fe,0; + 3C —» 4Fe + 3CO,

Present Definition:

Loss of electrons

Example:
Mg +S - MgS
(Magnesium undergoes
oxidation)

Present Definition:
Gain of electrons
Example:

Mg +S - MgS
(Sulphur undergoes reduction)

Mnemonic Device:

OIL

LEO

Mnemonic Device:

RIG

GER

When Balancing a Redox Reaction:

One substance is oxidized

and it is also the __reducing agent.

Its oxidation number

increases .

When Balancing a Redox Reaction:

One substance is reduced

and it is also the _oxidizing agent.

Its oxidation number __ decreases .
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Appendix 1.11: Oxidation Number Rules

The rules for assigning oxidation numbers are identified below.

Rule 1:

Rule 2:

Rule 3:

Rule 4:

Rule 5:

Rule 6:

Rule 7:

Rule 8:

Rule 9:

The oxidation number of any free atom (or multiple of itself) is 0.

Examples:

C=0 H,=0 0,=0
An ion’s oxidation number is its charge when in ionic form.
Examples:

Na® = +1 P = +3 S =-2

In a compound or complex ion, the sum of all the oxidation numbers of
each part must equal the total charge of that compound or complex ion.

Examples:
NaCl Ca(Cl, SO~
+1-1=0 +2-1-1=0 +6-2-2-2-2=-2
The oxidation number of hydrogen is +1, except in metal hydrides where

H is the anion (e.g., CaH, or LiH) and the oxidation number is -1.

The oxidation number of oxygen is -2, except in peroxides (e.g., H,O,,
Na,O,) where it is -1, and when in combination with fluorine (O = +2).

The oxidation number of a Group IA (Group 1) element in a compound is
+1.

The oxidation number of a Group IIA (Group 2) element in a compound is
+2.

In most cases, the oxidation number of a Group VIIA (Group 17) element in
a compound is -1.

Within a compound containing complex ions, each element’s oxidation
number can be determined using the charge on the complex ion.

Example:
® The compound Ni,(SO,); contains the ions Ni** and SO,*".

® Since the oxidation number of O is -2 according to rule 5 (for a total of
-8), S must be +6 to result in -2 charge on the sulphate ion.

m Therefore,

? +6 -2 results in 3 46 -2
Nip(SOy)3 Nip(SOy)s
? 418 -4 +6  +18 -24
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Appendix 1.12A: Practical Applications of Redox Reactions

(Research Report and Presentation)

To learn more about the practical applications of redox reactions taking place
around you, your group (of no more than three students) will research one of the
following topics, write a report on your findings, and give an oral presentation.

Topics

—
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rocket fuels

fireworks

household bleach (i.e., stain removal and chlorination)
photography

metal recovery from ores

steelmaking

aluminum recycling

fuel cells

batteries

tarnish removal

fruit clocks

forensic blood detection using luminol

chemiluminescence/bioluminescence

. electrolytic cleaning

electrodeposition
photochemical etching

antioxidants/ preservatives

Resources

You will need access to resources such as the following:

school, university, or public libraries
Internet

textbooks (see teacher)

email communication (e.g., with an expert)
magazines, journals, and newspapers

interviews
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Appendix 1.12A: Practical Applications of Redox Reactions (Research Report and
Presentation) (continued)

Project Requirements
Your research, report, and presentation should include the following:
® [dentify the redox application you have selected.

m Describe the redox reaction taking place, including information on the substances
being oxidized and reduced, as well as the oxidizing agents and the reducing
agents.

m  Address the effects of the process on the environment, and the energy
consumption involved in the process.

Submit your group’s written project (of approximately two pages) to your teacher
the day before your oral presentation. (Dates will be determined at the beginning of
Topic 6: Electrochemistry, so that the written report can be copied for your
classmates.)

The oral presentation should be approximately 10 minutes long and will be teacher-
assessed. It will be followed by a brief question period (no longer than five minutes)
in which the audience may ask clarifying questions.

Assessment

Please refer to the attached checklist and rubric for a more detailed list of the project
requirements and assessment criteria for both the written report and the oral
presentation.
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Appendix 1.12B: Practical Applications of Redox Reactions (Sample
Checklist and Assessment Rubric)

Checklist
Written Report
Have you included the following?
(] Title page
(] Bibliography with at least five sources
(L] The selected redox application
(] All relevant redox reactions taking place

(] All substances being oxidized and reduced, and any oxidizing agents and
reducing agents

(] The effects of the process on the environment

(L] The energy consumption involved in the process

(L] An introduction and a conclusion that connect the topic to redox chemistry
(] Visual aids that help make the topic more easily understood

[_] Five possible test questions about the topic

(L] An answer key to the test questions

Oral Presentation

Have you included the following?
[ Equal participation by all group members
(L] The selected redox application
(] All relevant redox reactions taking place

(] All substances being oxidized and reduced, and any oxidizing agents and
reducing agents

(] The effects of the process on the environment

(] The energy consumption involved in the process

(] An introduction and a conclusion that connect the topic to redox chemistry
(] A logical flow and clear transitions

(] Visual aids that help make the topic more easily understood

The information is
(] Clear, accurate, concise

(] Presented fully

(] Interesting and easily understood
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Assessment Rubric

Assessment Rubric) (continued)

Appendix 1.12B: Practical Applications of Redox Reactions (Sample Checklist and

3

2

1

0

All relevant
redox reactions
are correct and
are included in
both the written
and oral reports.

All relevant
redox reactions
are correct and
are included in
one of the
reports.

Some relevant
redox reactions
are included in
the written and
oral reports, with
some errors.

No redox
reactions are
included in the
reports.

All substances
being oxidized
and reduced and
all oxidizing and
reducing agents
are correctly
listed.

Some substances
being oxidized
and reduced and
all oxidizing and
reducing agents
are correctly
listed.

Substances being
oxidized and
reduced and
oxidizing and
reducing agents
are incorrectly
listed.

Substances being
oxidized and
reduced and
oxidizing and
reducing agents
are not listed.
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Topic 2: Atomic Structure

C12-2-01 Describe qualitatively the electromagnetic spectrum in terms of
frequency, wavelength, and energy.

C12-2-02 Recognize, through direct observation, that elements have unique
line spectra.

Include: flame tests or gas discharge tubes and spectroscopes or
diffraction gratings

C12-2-03 Describe applications and/or natural occurrences of line spectra.
Examples: astronomy, aurora borealis, fireworks, neon lights . . .

C12-2-04 Outline the historical development of the quantum mechanical
model of the atom.

C12-2-05 Write electron configurations for elements of the periodic table.
Include: selected elements up to atomic number 36 (krypton)

C12-2-06 Relate the electron configuration of an element to its valence
electron(s) and its position on the periodic table.

C12-2-07 Identify and account for periodic trends among the properties of
elements, and relate the properties to electron configuration.

Include: atomic radii, ionic radii, ionization energy, and
electronegativity

Suggested Time: 10 hours
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SPECIFIC LEARNING QUTCOMES

Topic 2: C12-2-01: Describe qualitatively the electromagnetic spectrum in terms

Atomic
Structure

of frequency, wavelength, and energy.

C12-2-02: Recognize, through direct observation, that elements have
unique line spectra.

SLO: C12-2-01
SLO: C12-2-02

SLO: C12-2-03

Include: flame tests or gas discharge tubes and spectroscopes or
diffraction gratings

C12-2-03: Describe applications and/or natural occurrences of line
spectra.

Examples: astronomy, aurora borealis, fireworks, neon lights . . .

(3 hours)

SUGGESTIONS FOR INSTRUCTION
Entry-Level Knowledge

In Grade 8 Science (8-2-07), students compared and contrasted various types of
electromagnetic radiation with respect to energy, wavelength, frequency, and
human perception. Students who have studied Grade 11 Physics (Topic 1: Waves)
will be familiar with the terms wavelength and frequency.

General Learning Outcome Connections
GLO Al:

GLO A3:

GLO A5:
GLO B2:

GLO B3:

GLO B5:

GLO C1:

GLO C2:
GLO C4:

GLO C5:

GLO Cé:

GLO D3:

GLO Dé:

Recognize both the power and limitations of science as a way of answering questions about the world and
explaining natural phenomena.

Distinguish critically between science and technology in terms of their respective contexts, goals, methods,
products, and values.

Recognize that science and technology interact with and advance one another.

Recognize that scientific and technological endeavours have been and continue to be influenced by
human needs and the societal context of the time.

Identify the factors that affect health, and explain the relationships among personal habits, lifestyle
choices, and human health, both individual and social.

Identify and demonstrate actions that promote a sustainable environment, society, and economy, both
locally and globally.

Recognize safety symbols and practices related to scientific and technological activities and to their daily
lives, and apply this knowledge in appropriate situations.

Demonstrate appropriate scientific inquiry skills when seeking answers to questions.

Demonstrate appropriate critical thinking and decision-making skills when choosing a course of action
based on scientific and technological information.

Demonstrate curiosity, skepticism, creativity, open-mindedness, accuracy, precision, honesty, and
persistence, and appreciate their importance as scientific and technological habits of mind.

Employ effective communication skills and use information technology to gather and share scientific and
technological ideas and data.

Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.

Understand the composition of the universe, the interactions within it, and the implications of humankind’s
continued attempts to understand and explore it.
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SKILLS AND ATTITUDES OUTCOMES
C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S4: Select and use scientific equipment appropriately and safely.
Examples: volumetric glassware, balance, thermometer . . .

C12-0-R1: Synthesize information obtained from a variety of sources.
Include: print and electronic sources, specialists, and other resource people

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

Assessing Prior Knowledge

Students’ prior knowledge can be reviewed and/or assessed by using any of the
KWL forms (e.g., Concept Map, Knowledge Chart, Think-Pair-Share —see SYSTH,
Chapter 9).

TEACHER NOTES

The Electromagnetic Spectrum (C12-2-01)

One purpose of studying atomic structure is to understand the electron’s role in the
atom. Scientists at the turn of the twentieth century had just discovered this
subatomic particle, but they did not fully understand the magnitudes of types of
energy associated with an electron. By furthering their studies in this area, scientists
hoped they could better explain the behaviour of substances in chemical reactions.

In Topic 2: Atomic Structure, the electromagnetic spectrum will be linked to atomic
structure. The electromagnetic spectrum consists of electromagnetic radiation,
which is the release and transmission of energy in the form of electromagnetic
waves. These waves consist of an electric field and a magnetic field that are
perpendicular to each other. The different components (gamma rays, X-rays,
microwaves, visible light, and others) of the electromagnetic spectrum vary due to
differences in wavelength and frequency, but they all travel at the same speed,

3 x 10° m/s. Energy is transferred by means of waves —more specifically with
respect to atomic structure, electromagnetic waves.

Students should understand the relationship between wavelength (1) and
frequency (f) as an inverse one (A = 1/f). However, they are not required to treat
the relationship mathematically. It is more important for students to understand
conceptually that over a given span of distance, if the wavelength of a disturbance
is shortened (made smaller), then a greater number of waves would be able to fit
into that distance (increase in frequency).
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SPECIFIC LEARNING QUTCOMES

Topic 2: C12-2-01: Describe qualitatively the electromagnetic spectrum in terms
of frequency, wavelength, and energy.

C12-2-02: Recognize, through direct observation, that elements have
unique line spectra.

Atomic
Structure

Include: flame tests or gas discharge tubes and spectroscopes or
diffraction gratings

C12-2-03: Describe applications and/or natural occurrences of line
spectra.
Examples: astronomy, aurora borealis, fireworks, neon lights . . .

(continued)

A coiled spring toy, for example, can be used to show the relationship between
frequency and wavelength (see the following diagrams). Holding one end of the
toy, move your hand back and forth slowly. This illustrates a large wavelength (the
distance from one crest to the next successive crest) and a low frequency. Increasing
the frequency of the back-and-forth movement of your hand will result in a smaller
wavelength. In both cases, the speed of the wave is the same.

Motion of medium

Crest

\
- Trough

Motion of wave

The following diagram shows clearly the relationship between wavelength (1) and
the number of cycles in a given space (frequency of the wave).

b)
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S4: Select and use scientific equipment appropriately and safely.
Examples: volumetric glassware, balance, thermometer . . .

C12-0-R1: Synthesize information obtained from a variety of sources.
Include: print and electronic sources, specialists, and other resource people

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

The energy of the various parts of the electromagnetic (em) spectrum is directly
related to the frequency of the wave. If a wave has a high frequency, then it will
contain a higher amount of energy. For example, gamma rays are high-energy

waves due to their very high frequency (10* Hz). Radio waves are low-energy

waves, as their frequency is approximately 10° Hz.

Visible light, with its colours ranging from red to violet, is the portion of the
electromagnetic spectrum that is detected by the human eye. A common mnemonic
used to remember the colour spectrum is ROYGBIV. Ask students whether they can
recall this mnemonic from previous study (ROYGBIV: red, orange, yellow, green,
blue, indigo, violet). Within this range of colours, red light has the largest
wavelength (small frequency). At the other end of the spectrum, violet light has the
smallest wavelength (large frequency).

When an iron nail is heated in a Bunsen burner flame, it will glow bright red. The
human eye is sensitive to the frequency and wavelength of the electromagnetic
radiation within this range, and it is seen as red. If you place your hand near the
iron nail, your hand will detect the warmth of the nail, which is represented by the
infrared region of the electromagnetic spectrum.

Demonstrations

Several quick demonstrations can be performed to show the visible spectrum.

1. Hold up a glass prism to an overhead light and have students observe the white
light that passes through the prism break apart into a range of colours, known as

a spectrum. This can be projected on the classroom wall, ceiling, or overhead
screen.

2. Have students look at light being diffracted by a CD. This also shows a spectrum
of colours.
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Topic 2:
Atomic
Structure

SPECIFIC LEARNING OUTCOMES

C12-2-01: Describe qualitatively the electromagnetic spectrum in terms
of frequency, wavelength, and energy.

C12-2-02: Recognize, through direct observation, that elements have
unique line spectra.

Include: flame tests or gas discharge tubes and spectroscopes or
diffraction gratings

C12-2-03: Describe applications and/or natural occurrences of line
spectra.
Examples: astronomy, aurora borealis, fireworks, neon lights . . .

(continued)

TeEACHER NOTES
Line Spectra (C12-2-02)

Emission spectra can exist as continuous spectra or line spectra.

A continuous spectrum shows all the wavelengths of light in an uninterrupted
pattern, as demonstrated with the glass prism on the overhead. A common
occurrence with which students should be familiar is the rainbow, an
uninterrupted sequence of colours ranging from red to violet.

A line spectrum consists of distinct bright lines appearing on a dark background
that occur in different parts of the visible spectrum. This distinguishing feature
of gaseous atoms provides scientists with a unique “fingerprint” for each
element. Each element has its own unique line spectrum, as each element
contains differing amounts of electrons or different energy levels. These bright
lines indicate that only certain energies are possible within the atom. The
brightness of spectral lines depends on how many photons of the same
wavelength are emitted.

Demonstrations

Perform the following demonstrations:

1.

In a darkened room, hold a Tesla coil near a graphite (carbon) rod secured by a
clamp to a ringstand. The spark that results shows a lightning bolt, which is
composed of the nitrogen spectrum. This can be related to natural occurrences of
light spectra, such as a rainbow or the northern lights (aurora borealis). (The
physics teacher in your school may have a Tesla coil.)

Apply an electric current through a dill pickle and cause it to glow. The excited
sodium atoms emit a yellow light (589 nanometre) when they drop back down
to the ground state. This demonstration can be found in the Journal of Chemical
Education (see Learning Resources Links). Instructions for this demonstration are
also found online.

Sample Website:

Lori’s Chemistry Page. Complete with the Glowing Pickle.
<http:/ /myglowingpickle.com/> (30 Jan. 2012).
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GRADE 12 CHEMISTRY * Topic 2: Atomic Structure

SKILLS AND ATTITUDES OUTCOMES
C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S4: Select and use scientific equipment appropriately and safely.
Examples: volumetric glassware, balance, thermometer . . .

C12-0-R1: Synthesize information obtained from a variety of sources.
Include: print and electronic sources, specialists, and other resource people

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

Laboratory Activities

The purpose of the suggested lab activities is to have students observe continuous
spectra and line spectra. An analogy can be made to differentiate between these two
types of spectra. A wheelchair ramp is similar to a continuous spectrum, whereas a
staircase is similar to a line spectrum. Students should recognize that each element
has its own unique line spectrum. For these lab activities, students can use
commercially made spectroscopes or they can make their own.

1. Have students use prisms or spectroscopes

to observe white light from an incandescent Caution:
light bulb. Students will see a continuous Do not permit students to view
spectrum of colours ranging from red to | sunlight directly.

violet.

Have students view a fluorescent light bulb through the spectroscopes. They will
observe line spectra superimposed on the visible light spectra (continuous
spectra). This happens because some of the mercury atoms emit ultraviolet (UV)
light, which is not visible to the human eye. This UV light is absorbed by the
phosphor coating of the fluorescent tube. When these phosphor electrons return
to the ground state, they give off a white light that has more blue and less red
than sunlight (see Wilbraham, et al., Prentice Hall Chemistry 137). Different types
of fluorescent tubes give off their own unique spectrum. An Internet search can
direct you to the spectra of these tubes.

Students can make their own mini spectroscopes. Instructions can be found
online.

Sample Website:

Schwabacher, Alan. “Mini Spectroscopes.” The Science of Stuff. Rev. 8 Jan. 2002.
University of Wisconsin, Department of Chemistry.
<https:/ / pantherfile.uwm.edu/awschwab/www /specweb.htm>
(13 Jan. 2012).

2. Have students observe examples of emission line spectra using either gas
discharge tubes (if available) or colour flames. See Appendix 2.1: Spectral Lines
as a reference for the wavelength and colour of specific elements.
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SPECIFIC LEARNING QUTCOMES

Topic 2: C12-2-01: Describe qualitatively the electromagnetic spectrum in terms

. of frequency, wavelength, and energy.
Atomic quency o 9y

C12-2-02: Recognize, through direct observation, that elements have
Structure

unique line spectra.

Include: flame tests or gas discharge tubes and spectroscopes or
diffraction gratings

C12-2-03: Describe applications and/or natural occurrences of line
spectra.
Examples: astronomy, aurora borealis, fireworks, neon lights . . .

(continued)

m  Gas Discharge Tubes

As students view the gas discharge tubes,

have them draw the actual line spectra, Caution:
indicate the colours, and note the Teachers should handle the power
approximate location of the spectral lines. supplies and the gas spectrum

tubes. Students must exercise
caution when viewing the spectrum
tubes. These tubes get hot very
quickly and can cause burns.

See Appendix 2.2: Gas Discharge Tubes
(BLM). Students should then compare their
observed line spectra to the known line
spectra in order to identify the element
present in the gas mixture. For example,
students should observe four spectral lines for hydrogen: violet, blue-violet,
blue-green, and red. Point out to students that these visible spectral lines
represent electron transitions from energy levels 3, 4, 5, and 6 to energy level 2.
(Energy levels are addressed in greater detail in subsequent learning outcomes.)

m  Metallic Salts

Students can view wooden splints that have been soaked for a few days in
different solutions of metallic salts, such as 1/mol saturated solutions of barium,
calcium, copper(Il), potassium, and sodium. Students should be able to observe
the specific colour of the metal for a brief moment.

Demonstration
Perform the following demonstration.
= Flaming Salts

For this demonstration, ignite a series of salt solutions mixed in methanol and
have students observe the colours given off. Refer to Appendix 2.3: Flaming
Salts (Demonstration).
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SKILLS AND ATTITUDES OUTCOMES
C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S4: Select and use scientific equipment appropriately and safely.
Examples: volumetric glassware, balance, thermometer . . .

C12-0-R1: Synthesize information obtained from a variety of sources.
Include: print and electronic sources, specialists, and other resource people

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

TEACHER NOTES

Applications and Natural Occurrences of Line Spectra (C12-2-03)

As students have now seen and drawn line spectra, they should be ready to discuss
the applications and/or natural occurrences of line spectra. Students will be familiar
with fireworks and neon lights. However, most students may not know, for
example, that neon gas generates an orange-red light.

Spectral lines are produced by an atom in the excited state. First, the atom must
absorb energy. Electrons are then raised to a higher energy level by absorbing
energy. When the electron falls back down to a lower energy level, it
simultaneously gives off a colour of light, which could also be referred to as a single
wavelength, or a single frequency, or a single packet of energy being emitted. This
corresponds to the distance that the electron travelled. Since many electron
transitions are possible between energy levels, many spectral lines are produced by
an atom in the excited state.

For the hydrogen atom, when the electron falls from energy level 3 down to energy
level 2, a red colour is emitted. This should make sense, as the electron is falling the
shortest distance, which corresponds to the lowest frequency of visible light, which
is red. If an electron falls from energy level 4 to energy level 2, a green colour is
emitted. If it falls from energy level 5 to energy level 2, an indigo colour is emitted.
And, if it falls from energy level 6 to energy level 2, a violet colour is emitted.

Many chemistry texts give examples of line spectra for at least some elements.
Viewing such examples will help students appreciate that each element has its own
unique line spectrum. The line spectra could then be used to analyze a light source
for its constituent elements. A typical application occurs in astronomy when an
astronomer passes the light from a distant light source through a spectroscope to
determine what elements were contained in the light. Light sources could be stars,
nebula, supernova explosions in external galaxies, and so on. It is also possible for
astronomers to detect forms of radiation other than visible light. For example,
X-rays and gamma rays are emitted from very dense neutron stars, or emanate from
black holes. It is also historically important that the element helium was first
identified in the spectrum of the Sun before it was detected in Earth’s atmosphere
(and hence, named from the Greek helios, a reference to the Greek sun god). The
historical link between physics and chemistry could be explored.
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Topic 2:
Atomic
Structure

SPECIFIC LEARNING QUTCOMES

C12-2-01: Describe qualitatively the electromagnetic spectrum in terms
of frequency, wavelength, and energy.

C12-2-02: Recognize, through direct observation, that elements have
unique line spectra.

Include: flame tests or gas discharge tubes and spectroscopes or
diffraction gratings

C12-2-03: Describe applications and/or natural occurrences of line
spectra.
Examples: astronomy, aurora borealis, fireworks, neon lights . . .

(continued)

Students may have used an open flame to observe line spectra. A familiar
application of the spectra produced by elements is the manufacture of fireworks.
The following is a selection of the colours of elements as they are ignited:

Barium: yellow-green
Strontium: bright red
Calcium: orange-red
Sodium: bright yellow
Potassium: light purple
Lithium: purple-red
Copper: green

The Internet contains a wealth of information on the chemistry and manufacture of
tireworks (for sample websites, see Learning Resources Links).

Research

Students could research and write a report on an application or a natural
occurrence of line spectra (e.g., astronomy, aurora borealis, fireworks, neon lights).

1.

If sufficient time is available, students could research both fireworks and the use
of line spectra for analysis. If gas discharge tubes were demonstrated in
addressing the previous learning outcome, students will know that neon gas
produces only the orange-red light, and other colours of discharge tubes are
produced by other gases (e.g., argon produces green, helium produces pink-
orange, krypton produces lavender, xenon produces blue).

Students could research “how astrophysicists can determine what elements
make up Earth’s Sun and other stars. In general, because a star is made up of
hot, glowing gases, its emitted light can be gathered by a telescope and
analyzed. From the atomic emission and absorption spectra of the light, the
elements present in the star can be determined” (Dingrando, et al., Glerncoe
Chemistry: Matter and Change, Teacher Wraparound Edition 124).
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SKILLS AND ATTITUDES OUTCOMES
C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S4: Select and use scientific equipment appropriately and safely.
Examples: volumetric glassware, balance, thermometer . . .

C12-0-R1: Synthesize information obtained from a variety of sources.
Include: print and electronic sources, specialists, and other resource people

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Tasks
1. Students should be able to do the following:
®m  Draw a series of diagrams showing the relationship between the frequency
and wavelength of an electromagnetic wave.
m  Relate the frequency of electromagnetic radiation with the amount of energy
these waves contain.
m  Explain what happens to energy when frequency is doubled.

m  Explain what happens to energy when frequency is halved.

2. Following the lab activities suggested for learning outcome C12-2-02, have
students compare the light spectrum observed in fluorescent light with that
observed in incandescent light (see Appendix 2.4: Observing Continuous Spectra
and Line Spectra).

Laboratory Skills

Students should be able to handle and use diffraction gratings, prisms, and
spectroscopes safely.

Research Report

Students can prepare and present their research findings on one of the applications
and/or natural occurrences of line spectra. Written reports, oral presentations,
posters, models, multimedia presentations, or displays can be used. A rubric for
Assessment of Research Project is provided in Appendix 11.
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Topic 2:
Atomic
Structure

SPECIFIC LEARNING OUTCOMES

C12-2-01: Describe qualitatively the electromagnetic spectrum in terms
of frequency, wavelength, and energy.

C12-2-02: Recognize, through direct observation, that elements have
unique line spectra.
Include: flame tests or gas discharge tubes and spectroscopes or
diffraction gratings

C12-2-03: Describe applications and/or natural occurrences of line
spectra.
Examples: astronomy, aurora borealis, fireworks, neon lights . . .

(continued)

LEARNING RESOURCES LINKS

Chemistry (Chang 260, 262, 268)
Chemistry (Zumdahl and Zumdahl 292, 304)
Chemistry: The Molecular Nature of Matter and Change (Silberberg 258, 264, 269)

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom 70,
73,76)

Glencoe Chemistry: Matter and Change (Dingrando, et al. 118, 120, 128, 131, 138)

Glencoe Chemistry: Matter and Change, Teacher Wraparound Edition (Dingrando,
et al. 124)

Nelson Chemistry 11, Ontario Edition (Jenkins, et al. 39, 635, 637)

Nelson Chemistry 12, Ontario Edition (van Kessel, et al. 39)

Nelson Chemistry 12: College Preparation, Ontario Edition (Davies, et al. 16)
McGraw-Hill Ryerson Inquiry into Chemistry (Chastko, et al. 169)

Prentice Hall Chemistry (Wilbraham, et al. 126, 137, 138, 141, 142)

Line Spectra

Chemistry (Chang 268)

Chemistry: The Molecular Nature of Matter and Change (Silberberg 264)

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom
235)

Nelson Chemistry 11, Ontario Edition (Jenkins, et al. 637)
Nelson Chemistry 12: College Preparation, Ontario Edition (Davies, et al. 17, 489)
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-S1:

C12-0-54:

C12-0-R1:

C12-0-T1:

Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

Select and use scientific equipment appropriately and safely.
Examples: volumetric glassware, balance, thermometer . . .

Synthesize information obtained from a variety of sources.

Include: print and electronic sources, specialists, and other resource people

Describe examples of the relationship between chemical principles and applications of
chemistry.

Investigations

Glencoe Chemistry: Concepts and Applications (Phillips, Strozak, and Wistrom)
MiniLab 2.2: Line Emission Spectra of Elements, 77

Glencoe Chemistry: Matter and Change (Dingrando, et al.)
ChemLab 5: Line Spectra, 142

Nelson Chemistry 11, Ontario Edition (Jenkins, et al.)
Investigation 1.4.1: Atomic Spectra, 40
Activity 1.4.1: Creating a Flame Test Key, 42

Nelson Chemistry 12, Ontario Edition (van Kessel et al.)
Activity 3.4.1: Line Spectra, 212

Nelson Chemistry 12: College Preparation, Ontario Edition (Davies, et al.)
Identifying Gases Using Line Spectra, 19
Flame Tests, 23

Prentice Hall Chemistry (Wilbraham, et al.)
Small-Scale LAB: Atomic Emission Spectra, 137
Quick LAB: Flame Tests, 142

Demonstration

Gilbert, George L. “Tested Demonstrations: Sodium D Line Emission from
Pickle.” Journal of Chemical Education 70.3 (Mar. 1993): 250-251.

Websites

Edward M. Gouge. “A Flame Test Demonstration Device.” Journal of Chemical
Education 65.6 (June 1988): 544. Available online at
<http:/ /pubs.acs.org/doi/abs/10.1021/ed065p544> (13 Jan. 2012).

Glencoe Online. “An Internet WebQuest: The History of Fireworks.” WebQuest
Science. <www.glencoe.com/sec/science/webquest/content/
fireworks.shtml> (1 Feb. 2012).

This website presents the history and components of fireworks.

HowStuffWorksVideos. Fireworks Videos. 1998-2012.
<http:/ /videos.howstuffworks.com/science/ fireworks-videos-playlist.
htm#video-8329> (13 Jan. 2012).

This website offers a series of videos showing how fireworks work.
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Topic 2:
Atomic
Structure

SPECIFIC LEARNING QUTCOMES

C12-2-01: Describe qualitatively the electromagnetic spectrum in terms
of frequency, wavelength, and energy.

C12-2-02: Recognize, through direct observation, that elements have
unique line spectra.

Include: flame tests or gas discharge tubes and spectroscopes or
diffraction gratings

C12-2-03: Describe applications and/or natural occurrences of line
spectra.
Examples: astronomy, aurora borealis, fireworks, neon lights . . .

(continued)

Lori’s Chemistry Page. Complete with the Glowing Pickle.
<http:/ /myglowingpickle.com/> (30 Jan. 2012).

Pyro Universe. Home Page. <www.pyrouniverse.com> (31 Jan. 2012).

This website presents a history of fireworks and a glossary of pyrotechnic
terms.

Schwabacher, Alan. “Mini Spectroscopes.” The Science of Stuff. Rev. 8 Jan.
2002. University of Wisconsin. Department of Chemistry.
<https:/ / pantherfile.uwm.edu/awschwab/www /specweb.htm>
(13 Jan. 2012).

University of Colorado at Boulder. “Spectral Line.” Physics 2000: Science Trek.
<www.colorado.edu/physics/2000/ quantumzone/index.html>
(1 Feb. 2012).

This website shows a continuous spectrum for light and line spectra for
various elements.

Appendices

Appendix 2.1: Spectral Lines

Appendix 2.2: Gas Discharge Tubes (BLM)

Appendix 2.3: Flaming Salts (Demonstration)

Appendix 2.4: Observing Continuous Spectra and Line Spectra

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SKILLS AND ATTITUDES OUTCOMES
C12-0-S1: Demonstrate work habits that ensure personal safety and the safety of others, as well as
consideration for the environment.

Include: knowledge and use of relevant safety precautions, Workplace Hazardous Materials
Information System (WHMIS), and emergency equipment

C12-0-S4: Select and use scientific equipment appropriately and safely.
Examples: volumetric glassware, balance, thermometer . . .

C12-0-R1: Synthesize information obtained from a variety of sources.
Include: print and electronic sources, specialists, and other resource people

C12-0-T1: Describe examples of the relationship between chemical principles and applications of
chemistry.

NOTES
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SPECIFIC LEARNING OUTCOME
C12-2-04: Outline the historical development of the quantum

Topic 2 mechanical model of the atom.
Atomic
(1.5 hours)

Structure
S SUGGESTIONS FOR INSTRUCTION
N
& Entry-Level Knowledge
O In Grade 9 Science (52-2-02), students investigated the historical progression of

w ideas with respect to the atomic model. Students were also required to draw
‘,9) simplified Bohr models up to atomic number 18 (argon) (51-2-05).

TEACHER NOTES

Historical Development of Quantum Mechanical Model

The historical development of the quantum mechanical model of the atom is a
complex, theoretical topic. Most chemistry texts provide information on this topic,
but the extent and complexity of the treatment varies. The presentation to students
should be as logical and as simple as possible. The following suggested sequence of
events omits Einstein’s contribution, as the photoelectric effect is not relevant to the
historical progression.

In 1913, Danish physicist Niels Bohr (1885-1962) proposed a model for the hydrogen
atom, which states that when radiation is absorbed by an atom, an electron jumps
from the ground state to a higher unstable energy level (excited state). This electron
eventually loses energy and changes to a lower energy level by emitting energy in
the form of light. Using arguments based on electrostatic interactions and
Newtonian physics, Bohr showed that the energies of the electron in the hydrogen
atom could be calculated by a simple relationship involving the Rydberg constant
and a whole number that later became known as the principal quantum number (n).

Johannes Robert Rydberg (1854-1919), a Swedish physicist who did his most
important work on spectroscopy, found a simple relationship relating the various
lines in the spectra of the elements. His expression included a constant that later
became known as the Rydberg constant. The values that Bohr calculated compared

General Learning Outcome Connections

GLO Al:

GLO A2:

GLO A4:

GLO D3:

Recognize both the power and limitations of science as a way of answering questions about the world and
explaining natural phenomena.

Recognize that scientific knowledge is based on evidence, models, and explanations, and evolves as new
evidence appears and new conceptualizations develop.

Identify and appreciate contributions made by women and men from many societies and cultural
backgrounds that have increased our understanding of the world and brought about technological
innovations.

Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-N1: Explain the roles of theory, evidence, and models in the development of scientific
knowledge.

C12-0-N2: Describe, from a historical perspective, how the observations and experimental work of
many individuals led to modern understandings of matter.

C12-0-N3: Describe how scientific knowledge changes as new evidence emerges and/or new ideas
and interpretations are advanced.

favourably with the experimental values that had been observed earlier. This
provided strong evidence for the veracity of his model.

The following illustration shows the increase in potential energy as an electron
moves from the ground state to different excited states. The diagram illustrates the
energy levels.

Electron Energy Levels

Excited state, n3 /- @ _n4

\ )

\ /7
Excited state, n2 —_— n3 X
S/,

‘ L
Ground state, n1 3
n1

Physicists were both mystified and intrigued by Bohr’s model of the atom. They
questioned why the energies of electrons allowed only certain energies (later called
quantization). Apparently, even Bohr was not able to provide a logical explanation.

In 1924, French physicist Louis de Broglie (1892-1987) proposed a solution. He
reasoned that if light waves can behave like a stream of particles, then perhaps
particles such as electrons could similarly behave like waves. In his discussions, he
related the circumference of an atomic orbit to the wavelength of an electron
travelling around the nucleus. Shortly after de Broglie introduced this relationship,
American physicists Clinton Joseph Davisson (1881-1958) and Lester Halbert
Germer (1896-1972) and English physicist George Paget Thomson (1892-1975)
actually demonstrated that electrons do possess wavelike properties.
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SPECIFIC LEARNING QUTCOME

C12-2-04: Outline the historical development of the quantum
mechanical model of the atom.

Topic 2:
Atomic
Structure

(continued)

New questions then arose over the position of the electron. If an electron can act as
a wave, how can its precise location be defined within the atom? This led German
physicist Werner Heisenberg (1901-1976) to develop the Heisenberg uncertainty
principle, which states that it is impossible to know with certainty both the
momentum (or velocity) and the position of a particle at the same time.

Bohr made a significant contribution to our understanding of atoms, but his theory
did not provide a complete description of electronic behaviour within the atom. In
1926, Austrian physicist Erwin Schrodinger (1887-1961), using complex differential
calculus, developed an equation that describes the energies and behaviour of
submicroscopic particles. The importance of this equation is analogous to the
contributions of Isaac Newton in terms of our understanding of the position and
motion of particles. While Newton’s discussion focused on large, macroscopic
bodies, Schrodinger provided a novel, probabilistic view of the microscopic world.
For instance, Schrodinger’s equation represents the statistical probability of finding
an electron in a particular volume of space in the atom. The work of Schrodinger
contributed to beginning a new era in physics and chemistry that culminated in the
articulation of a new mechanics —namely, quantum mechanics.

Animation: Electron Orbits

Have students view an animation that shows the absorption and emission of
photons by a hydrogen atom. Students will observe how an electron absorbs energy
and travels to a higher orbital around the nucleus. Then the electron in this excited
state emits a photon and drops back down to a lower energy level. Students should
note that the electron is not very stable in the excited state and it prefers to drop
back down to a lower energy orbital.

Sample Websites:

University of Colorado at Boulder. “Atomic Spectra.” Physics 2000: Science Trek.
<www.colorado.edu/physics/2000/quantumzone/lines2. html> (3 Aug. 2012).

This animation allows students to click on an orbital to move a hydrogen
electron either up or down. A corresponding wave of light is either absorbed or
emitted.

Visionlearning, Inc. “Bohr’s Atom: Quantum Behavior in Hydrogen.” Library.
<www.visionlearning.com/library/flash_viewer.php?0id=1347&mid=51>
(3 Aug. 2012).

This animation allows students to excite a hydrogen atom up through four
orbits and then allow it to fall back to any lower orbit down to its ground state.
A brief pulse of light will be emitted at each fall, with the numerical value of
that wavelength displayed.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-N1: Explain the roles of theory, evidence, and models in the development of scientific
knowledge.

C12-0-N2: Describe, from a historical perspective, how the observations and experimental work of
many individuals led to modern understandings of matter.

C12-0-N3: Describe how scientific knowledge changes as new evidence emerges and/or new ideas
and interpretations are advanced.

Learning Activity/Demonstration: Bohr’s Atomic Theory and Emission
Spectrum

Have students model emission spectra using the following items:

®  small coloured balls (or coloured markers) —representing different photons with
energies corresponding to their colours

m floor space —representing the ground state

® 3 chair, a tall stool, and a table counter —representing the higher energy levels

The gap between the floor and the chair needs to be larger than the gap between the
chair and stool. The counter must be higher than the stool.

The teacher (or a student) plays the role of an electron that jumps between different
energy levels.

®  The teacher gives red, yellow, blue, violet, and black balls to students, while
keeping a red, a blue, and a violet ball. The first student throws a violet ball at
the teacher. While catching the ball, the teacher jumps from the floor (first
energy level) onto the stool (third energy level). This represents the absorption
of a violet photon. The teacher immediately takes a violet ball (e.g., out of his or
her pocket), throws it in a different direction than the incoming ball’s direction,
and jumps down to the floor. This represents the release of a photon and
corresponds to the violet line in the hydrogen emission spectrum.

m If a student throws a blue ball, the teacher jumps onto the chair (second energy
level). The teacher releases a blue ball from his or her pocket, and throws it in a
different direction than the incoming ball’s direction, and jumps down to the
floor. This represents the release of a photon and corresponds to the blue line in
the hydrogen emission spectrum.

®  The exercise continues with the red balls, which represent the energy between
the second level (the chair) and the third level (the stool) and correspond to the
red line in the hydrogen emission spectrum.

m  If the student throws a yellow ball, the teacher ignores it, as yellow does not
correspond to one of the energy-level transitions in hydrogen.

m  Finally, the teacher catches a black ball (representing ultraviolet), jumps onto the
counter, and runs free of the nucleus. This represents ionization.
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SPECIFIC LEARNING QUTCOME

Topic 2: C12-2-04: Outline the historical development of the quantum
Atomic. mechanical model of the atom.

Structure

(continued)

This learning activity demonstrates a number of key points of Bohr’s atomic theory
and emission spectra. The coloured balls represent the different energy levels and
the different energies correspond to jumps of different sizes. The emitted photon is
typically ejected in a different direction than the incident photon. Electron jumps
correspond to a small set of specific energy values.

SUGGESTIONS FOR ASSESSMENT

Research

1. Have students develop a timeline for the
scientific research that resulted in Note:
modifications to the understanding of the The historical development of the
structure of an atom. atom is an interesting account of

experimental interpretations and

2. Have students research the scientists whose theoretical explanations. It is not
work led to the establishment of the quantum  necessary for students to
mechanical model of the atom. Students’ memorize this development, but
research findings could be presented in the they need to appreciate its
form of | complexity.

®  written reports

m oral presentations

®  bulletin-board displays

®  multimedia presentations

For assessment rubrics, refer to Appendix 11.

Paper-and-Pencil Task

Have students use a diagram to explain the structure of the atom in terms of the
absorption of energy and the subsequent movement of electrons from one energy
level to another.

22 - Topic 2: Atomic Structure



GRADE 12 CHEMISTRY * Topic 2: Atomic Structure

SKILLS AND ATTITUDES OQUTCOMES

C12-0-N1: Explain the roles of theory, evidence, and models in the development of scientific
knowledge.

C12-0-N2: Describe, from a historical perspective, how the observations and experimental work of
many individuals led to modern understandings of matter.

C12-0-N3: Describe how scientific knowledge changes as new evidence emerges and/or new ideas
and interpretations are advanced.

LEARNING RESOURCES LINKS

Chemistry (Chang 264, 266, 279)

Chemistry (Zumdahl and Zumdahl 301, 306)

Chemistry: The Molecular Nature of Matter and Change (Silberberg 275)

Glencoe Chemistry: Matter and Change (Dingrando, et al. 127, 131)

Great Physicists: The Life and Times of Leading Physicists from Galileo to Hawking
(Cropper)

Nelson Chemistry 11, Ontario Edition (Jenkins, et al. 37, 45)

Nelson Chemistry 12, College Preparation, Ontario Edition (Davies, et al. 21)

Nelson Chemistry 12, Ontario Edition (van Kessel, et al. 37, 45)

Prentice Hall Chemistry (Wilbraham, et al. 127, 130, 144)

World of Physics (McGrath)

Demonstration

Palmquist, Bruce C. “Interactive Spectra Demonstration.”
The Physics Teacher 40.3 (Mar. 2002): 140.

Websites

University of Colorado at Boulder. “Atomic Spectra.” Physics 2000: Science
Trek. <www.colorado.edu/ physics/2000/ quantumzone/lines2.html>
(3 Aug. 2012).

Visionlearning, Inc. “Bohr’s Atom: Quantum Behavior in Hydrogen.” Library.
<www.visionlearning.com/library/flash_viewer.php?0id=1347&mid=51>
(3 Aug. 2012).

Selecting Learning Resources

For additional information on selecting learning resources for Grade 11 and Grade 12 Chemistry,
see the Manitoba Education website at <www.edu.gov.mb.ca/k12/learnres/bibliographies.html>.
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SPECIFIC LEARNING QUTCOMES

Topic 2: C12-2-05: Write electron configurations for elements of the periodic
. table.
S’:\::gl'lie Include: selected elements up to atomic number 36 (krypton)

C12-2-06: Relate the electron configuration of an element to its
valence electron(s) and its position on the periodic table.

(2.5 hours)

S S| SUGGESTIONS FOR INSTRUCTION

2 2 Entry-Level Knowledge

O O In Grade 9 Science (S1-2-05), students drew Bohr atoms for the first 18 elements of
(-)- O the periodic table up to argon. Students should also have an understanding of the
A A arrangement of the elements on the periodic table (51-2-06, S2-2-01, S2-2-02). In

Grade 10 Science (52-2-01), students were introduced to Lewis dot diagrams.

TEACHER NOTES
Electron Configurations

The arrangement of electrons in an atom is called the atom’s electron configuration.
Chemists use a combination of numbers and letters to designate the energy levels of
electrons within an atom.

m  The numbers refer to the principal energy levels (1, 2, 3, 4, and so on).

m  The letters refer to the energy levels (s, p, d, f, g, h, and so on), as shown in the
following table.

General Learning Outcome Connections
GLO A2: Recognize that scientific knowledge is based on evidence, models, and explanations, and evolves as new
evidence appears and new conceptualizations develop.

GLO D3: Understand the properties and structures of matter, as well as various common manifestations and
applications of the actions and interactions of matter.

GLO D4: Understand how stability, motion, forces, and energy transfers and transformations play a role in a wide
range of natural and constructed contexts.

GLO E1: Describe and appreciate the similarity and diversity of forms, functions, and patterns within the natural
and constructed world.
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

Summary of Energy Levels and Sublevels
Principal Quantum Sublevels Present Number of Orbitals Total Number of
Number (n) (Types of Orbitals) Related to Sublevel Orbitals Related to
Principal Energy
Level (n2)
s 1 1
2 s 1 4
p 3
3 s 1 9
p 3
d 5
4 S 1 16
P 3
d 5
f 7

Three principles or rules define how electrons can be arranged in an atom’s orbital.

1. The Aufbau Principle

The Aufbau principle (derived from the German, aufbauen, which means to build
up) was proposed by Danish physicist Neils Bohr (1885-1962). The Aufbau
principle states that each electron occupies the lowest energy orbital available.
The first step is for students to learn the sequence of atomic orbitals from lowest
energy to highest energy, as shown in the following diagram.

Atomic Orbital Diagram
RN 7p
7 . el | [ [ [ K
P 5d
6 4f
s 5p
5s 4d
4p
>
(@]
5 4s 3d
c
w 3p
3s
2p
2s
M 1s
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SPECIFIC LEARNING QUTCOMES

Topic 2: C12-2-05: Write electron configurations for elements of the periodic
. table.
Sl:\r?:::;e Include: selected elements up to atomic number 36 (krypton)

C12-2-06: Relate the electron configuration of an element to its
valence electron(s) and its position on the periodic table.

(continued)

In the previous diagram, each box represents an atomic orbital. Each energy
level (n1, n2, n3, n4) has one or more sublevels, referred to as s, p, d, f, g, h, and
so on. All orbitals in the same sublevel have the same energy. For example, the
electrons in the 2p sublevel have the same amount of energy in that sublevel.
The energy sublevels within a principal energy level have different energies. The
2s orbital has a lower energy than 2p orbital. Orbitals related to energy sublevels
within one principal energy level can overlap orbitals related to energy
sublevels within another principal level. For example, the 4s orbital has a lower
energy than the 3d orbitals.

2. The Pauli Exclusion Principle

Proposed by Austrian physicist Wolfgang Pauli (1900-1958), the Pauli exclusion
principle states that a maximum of two electrons may occupy a single atomic
orbital, but only if the electrons have opposite spins. Pauli proposed this
principle after observing atoms in excited states. The atomic orbital containing
two electrons with opposite spins is written as 1.

3. Hund’s Rule

Proposed by German physicist Friedrich Hund (1896-1997), Hund'’s rule states
that single electrons with the same spin must occupy each equal-energy orbital
before additional electrons with opposite spins can occupy the same orbitals. For
example, the three 2p orbitals would be filled as shown below.

1 electron |1

2 electrons | } )

3 electrons | 1 1 i

4 electrons |1} | |1 !
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SKILLS AND ATTITUDES OQUTCOMES

C12-0-U1: Use appropriate strategies and skills to develop an understanding of chemical concepts.

Examples: analogies, concept frames, concept maps, manipulatives, particulate representations, role-
plays, simulations, sort-and-predict frames, word cycles . . .

C12-0-U2: Demonstrate an understanding of chemical concepts.

Examples: use accurate scientific vocabulary, explain concepts to others, compare and contrast
concepts, apply knowledge to new situations and/or contexts, create analogies, use manipulatives . . .

A teaching aid that students can use to write the correct order for electron
configurations can be to set up as a diagram, as shown below.

75 V)
6p 6d 6f
5 5f
4f

7

Starting at the base of the diagram, the orbitals are filled by following the
direction of the arrows in this manner: 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s,
and so on.

Learning Activities: Electron and Valence Configurations

1. Ask students to write the electronic configuration using noble gas notation. For
example, the complete electron configuration for aluminum is 1s*2s°2p°3s3p".
Using the noble gas notation, the electron configuration for aluminum would be
written as [Ne] 3s’3p".

2. Show students how the modern periodic table has been designed according to
the structure of the atom with respect to valence electrons and the chemical
reactivity of elements.

Provide students with Appendix 2.5: Blank Periodic Table of the Elements and
have them write in the valence electrons and the orbital that is being completed.
Once the table is complete, the organization of the table should be apparent.

2s] 252 252 252 252 efc.
2p! 2p? 2p3

Periodic tables indicating the electron configurations of elements are available
online (see Websites in Learning Resources Links).
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SPECIFIC LEARNING OUTCOMES
Topic 2: C12-2-05: Write electron configurations for elements of the periodic
’ table.

Include: selected elements up to atomic number 36 (krypton)

Atomic

Structure C12-2-06: Relate the electron configuration of an element to its

valence electron(s) and its position on the periodic table.

(continued)

3. Students can play Electron Configuration Bingo. Hand out the symbols of the
elements on a bingo card and call out electron configurations. For example, call
out 1s% and have students cover up He.

Laboratory Activity

Have students perform a small-scale experiment on electron configurations of
atoms and ions (see Waterman and Thompson 73-76).

SUGGESTIONS FOR ASSESSMENT

Paper-and-Pencil Tasks

1. Ask students to write the complete electronic configuration and the valence
configuration for elements up to and including krypton.

2. Have students identify the valence configuration from an element’s position on
the periodic table.

Concept Development

Have students “think about and explain the analogy between Hund’s rule and the
behaviour of total strangers as they board an empty bus” (Dingrando, et al., Glencoe
Chemistry: Matter and Change, Teacher Wraparound 