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Cross-Cutting Themes

Guidance for the Reader

The idea of Science, Technology, Engineering, The Arts and Mathematics (STEAM) is an overarching idea for how to break up the study of
Chemistry into core disciplinary knowledge (that students need to learn in order to pass examination at each grade level) and cross-cutting themes
(interdisciplinary connections and recurring ideas that are best reinforced in every chapter in order to promote student critical thinking and
curiosity, but that is not expected to be assessed in standardized exams).

Cross-cutting themes must be appropriately included into every chapter of schools textbooks that are aligned with these standards. This does not
rean that every subcompaonent of every theme must be included in every chapter, rather that where connections are appropriate and would
enhance the study of the core disciplinary knowledge these should be incorporated.

The themes presented below are adapted from the Next Generation Science Standards:

Science: theoretical understandings about science in general, experimental skills and their mutual overlaps in the methods of scientific inquiry.
Put Scientific Method in cross cutting themes

Engineering and Technology: applications of science to create solutions that improve standards of living, along with the design thinking approach
of engineering applied to scientific problems and vice versa

Mathematice: the connections of mathematics with the natural world, and its interconnectedness with the methods of the natural sciences

The Arts: What can be understood about the nature of science from the fine arts, performing arts and the humanities
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Theme

Components

Elaboration and Guidance

Science

A) Scientific Knowledge (these themes are applied across the concepiual SL0Os)
1. Patternz

i} Different patiemns may be observed al each of the scales at which a system is studied and can
provide evidence for causality in explanations of phenomena.

iy Classificalions or explanations used at one scale may fail or need revision when information
from smaller or larger scales s introduced; thus requirng improved invesfigalions and
expenments

iiij Patiemns of performance of designed systems can be analyzed and inferpreled fo reengineer
and improve fhe sysiem

w1 Mathematical reprezentations are nesded fo idenfify some patiems.

v} Empincal evidence is needed to identify pattems

2, Cause and Effect: Mechanism and Prediction

i) Empirical evidence iz required fo differentiale between cause and comelalion and make claims
about specific causes and effects.

ity Cause and effect relationships can be suggesied and predicied for compiex natural and
human designed systems by examining what is known aboul smaller scale mechanisms within
the system.

iii) Systems can be designed fo cause a desired effect

iv) Changes in syslems may have varnous causes that may not have equal efiecks.

3. Scale, Proportion, and Quanftity

i} The significance of a phenomenon iz dependent on the scale. proporfion. and quaniity at
which il occurs.

i} Some systems can only be studied indirectly as they are foosmall, foofarge, too fast arfoo
slow to observe directly.

iii} Patterns obsernvable at one scale may nol be observable or exist al other scales

iv) Uzing the concept of orders of magnitude allows one to understand how a2 model 2l one scale
relates 1o @ mode! at another scale:

v} Algebr zic thinking is used to examine scienfic data and predict the effect of a change in one
varable on another (e.g., Iinear growth v=_exponential growih}

4. Systems and System Models

i} Systems can be designed todospecific tasks.

it} When investigaling or descnbing a system. the boundarnes and infizl condifions of the sysiem
need io be defined and their inpuis and ocutputs analyzed and described using models.

iii} Models {e.g., physical, mathematical, computer models) can be uzed to simulale sy=lems
and interaciions—including energy, matter, and information flows—uwithin and between systems
at different scales.

) Models can be used to predict the behavior of a gyslem, bul these predictions have limited
precision and redfiability due to the assumplions and approximations inherent in models.

Elaborations on {A) Scientific Knowledge):

1. Pattems: Observed patterns in nature guide organization
and classification and prompt guestions about refationships
and causes underiying them

2 Cause and Effeck Evenls have causes, sometimes simple,
sometimes muliifaceted. Deciphering causal relationships, and
the mechanisms by which they are mediated, is a major acivity
of science and engineering.

3. Scale; Proportion and Cluaniity: In considening phenomena,
it iz crifical to recognize what is refevant at different size. fime,
and energy scales and fo recognize proporiional relationships
between different guanlibes as =cales change.

4. Systems and System Models: A system is an organized
group of related objecls or components; models can be used
for understanding and predicting the behavior of sysiems.

5. Energy and Matter: Tracking energy and matter flows, into,
oul of and within sysiems helps one undersiand their

system’s behavior

6. Structure and Funclion: The way an object is-shaped or
structured determines many of its properiies and funclions.

T Siability and Change: For bolh designed and natural
gy=iems conditions that affect stability and factors that condrol
rales of change are crfical elemenis lo consider and
undersiand.

Elaborations on (B} Scientific Practices:

1. A=king Guesfions and Defining Problems: A prachice of
science is to azk and refine questions that lead fo descriptions
and explanzstions of how the nalural and designed world{s)
works and which can be empircally tested. Engineening
questions ciarify problems lo detemming criteria for successiul
solutions and dentify constraints fo solve problems about the
designed world. Both scienlists and engineers aiso ask
questions to clanfy ideas.

2. Developing and Using Models: A practice of both science
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5. Energy and Matter: Flows, Cycles, and Conservation

i} The total amount of energy and matter in closed sysiems is consarved.

i} Changes of energy and matter in a system can be described in terms of energy and matter
flows into. out of -and wilhin thal sysiem

iii} Energy cannot be created or destroyed—only moves between one place and another place,
between objects andfor fields, or between syslems.

) Energy drives the cyciing of matter within and behween sysiems.

v} In nuclear processes, aloms are nol conserved, but the tolal number of protons plus neutrons
iz conserved.

6. Structure and Function

i) Investigafling or designing new systems or struclures requires a detailed examination of the
properiies of different malerials, the stuctures of different componenis, and conneclions of
components to reveal its function andfor solve a problem.

i} The funclions and properties of natural and designed objects and systems can be infemred
from their overall structure, the way their componenis are shaped and used, and the molecular
subsiructures of its varous materials.

7. Stability and Change:

i) Much of science deals with constrecting explanafions of how things:change and how they
remain =table.

ii) Change and rales of change can be quantified and modeled over very shorl or very fong
periods of lime. Some system changes are imeversible

iii) Feedback {negative of positive) can stabilze or destabilize a system.

iv} Sy=tems can be designed for greater or lesser stabality

B} Scientific Practices
1. Asking Questions and Defining Problems
1] Ask questions:

- that anse from careful obsepvation of phenomena, or unexpected resulis, to clanfy andfor sesk
additicnal

imformation

- that arise from examining modeis or 3 theory, lo clanfy andfor =eek addiional information and
redationships.

- to defermine relationships, including guaniitative relalionships, belween independent and
dependent variables

- to clarfy and refing @ model. an explanalion, or an engineenng problem.

iij Evaluate a question fo determine if it is testable and relevant.

iii} Ask gueslions that can be investigaled within the scope of the schood laboralary, research

and engineering is to use and construct models as helpful
toods for representing ideas and explanalions. These tools
include diagrams, drawings, physical replicas, mathemalical
representations. analogies. and computer simulations.
Modefing toods are used to develop questions, prediclions and
explanations; analyze and identify faws in syslems; and
communicale ideas. Modeks are used to build and revise
scientific explanations and proposed engineered sysiems.
Meazuremenls and observalions are used o revise models
and designs.

3. Planning and Carrying Out Investigations: Scientistz and
enginesrs plan and camy oul investigations in the fisld or
laboratory, working collaboratively as wel as individually.
Their investigations are sysiemabic and require clarifying what
counts as dala and idenfifying variables or paramefers.
Engineenng investigations ideniify the effeciivenass
efficiency, and durabdlity of designs under different condifions.

4. Analyzing and Interprefing Data: Scientific investigalions
produce dala that must be analyzed in order to derive
meaning. Because dala pattemns and frends are not ahways
obvious, scientists use a range of tools including tabulation,
graphical interpretation, visualization, and siatistical analysi=—
to identify the significant features and pattems in the daia.
Scienlisis identify sources of emor in the investigations and
calculate the degree of certainty in the resulis: Modem
technology makes the collection of large dala seis much
easier, providing secondary sources for analysis. Engineering
investigations include analysis of data collected in the tests of
de=igns. This allows comparison of different solufions and
determines how well each meels specific design criteria—ihat
iz, which design best solves the problem within given
consirainis. Like scientisis, enginesrs reguire a range of lools
to identify. pattems within data and inferpret the results.
Advances in science make analysis of propozed solufions
more efficient and effective.

5. Using Mathemalics and Compulational Thinking: In both
science and enginesring, maihematics and computation are
fundamental fools for representing physical variables and their
relationshipz. They are v=ed for a range of 1lasks such as
constructing simulations, solving equalicns exactiy or
approxinately: and recognizing. expressing, and applying
guantitative relationships. Mathematical and compuiahional
approaches enable scientisls and engineers to predict the
behavior of systems and test the validity of such prediciions.
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facilities, or field (e.g., ouldoor environmenl ) with available resources and, when appropniate,
frame a hypothesis based on a model or theory

i} Ask andfor evaluate questions that challenge the premised{s). of an argument, the
interpretation of a dafa seb or the suitability of 3 design.

i} Define a design problem that invoives the development of 2 process or system with
inferacting componenis and critena and constraints that may include social, technical andfor
envirenmenial considerations.

2. Developing and Using Models

i} Evaluate meriis and limilation= of two different models of the same proposed fool, process,
mechanism, or sysiem in order to select or revise a model thal best fils the evidence or design
criteria

i) Design a test of a model to ascertain ils refiability.

iii) Develop. revize, andlor use a model based on evidence {o illusirate andfor predict the
relafionzhips between systems or between components of a sysiem,

) Develop and/or use mulliple types of models to provide mechanistic accounts andfor predict
phenomena, and move flexibly between model types based on meritz and limitalions.

v} Develop a complex model that allows for manipulation and tesling of a proposed process or
system.

vi) Develop and/or u2e a model (including mathematical and compulaiional) to generate data o
support explanations. predict phenomena, analyze systems, andior solve problems.

3. Planning and Cammying Cut Investigations

i} Plan an invesligation or lest a design individually and collaboratively to produce data to serve
a3 the basis for evidence az parl of buiding and revizing models, supporting explanations for
phenomena, or lesfing solubons to problems. Consider possible confounding vanables or effecis
and evaluate the invesfigafion’s design to ensure variables are confrofled.

ii) Plan and conduct an investigation individually and collaboratively to produce data to serve as
the basis for evidence, and in the design. decide on types, how much; and accuracy of dala
needed o produce reliable measurements and conzider limilalions on the precizion of the dala
(e.q., number of trials. cost, risk, time), and refing the design accordingly.

iii) Plan and conduct an investigation or tesl a design solulicn in a safe and efhical manner
inctuding considerafions of environmental, social, and personal impacis

6. Construciing Explanations and Designing Solutions: The
goal of science is the construction of theories that provide
explanatory accounts of the world. A theory becomes
accepied when it has muitiple ines of empincal evidence and
grester explanatory power of phenomena than previous
theories. The goal of engineenng design iz {o find a systematic
solution to probiems that is based on scienlific knowledge and
models of the material world. Each proposed solufion resulis
from & process of balancing competing critenz of desired
funcions. technical feasibility, cost, safely, aesthetics, and
compliance with legal requirements. The oplimal choice
depends on how weell the proposed solutions meel criteria and
conzhaints.

T_Engaging in Argument from Evidence: in science and
enginesring, reascning and argument based on evidence are
essenfial to identifying the best explanation for a nataral
phenomenon or the best solution 1o a design problem
Scienfisis and engineers use argumentation to listen io,
compare. and evaluate competing ideas and methods based
on menis. Scientisiz and enginesrs engage in argumeniafion
when invesfigating a phenomenon, testing a design soiution
resolving guestions about measurements, building data
models, and u=sing evidence to evaluale claims.

8. Obtaining, Evalusting and Communicating Information:
Scientists and enginesrs must be able to communicate clearly
and persuasively the ideas and melhodsz they generate.
Crifiquing and communicafing ideas individually and in groups
iz a critical professional activity. Communicaling information
and ideas can be done in mulfiple ways: using tables.
dizgrams, araphs. models, and equations a5 well s orally, in
wrifing, and through extended discussions. Scientists and
engineers employ mulliple sources to obiain information that is
used to evaluate the merit and vahdity of claims, methods, and
designs
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i) Select appropriate tools to collec!, record, anafyze, and evaluate dala

V) Make directional hypotheses that specify what happens to a dependent variable when an
independent variable is manipulated.

Vi) Manipuiate varables and collect data about a complex model of @ proposed process of
system to identify failure ponts or improve performance refative o crteria for success or other
varnabdes.

4. Analyzing and Interpreting Data

i} Analyze data using tools, technologies, andfor models (e.g., computational, mathematical) in
order fo make valid and reliable scientific claims or defermine an oplimal design soluiion.

i) Apply concepls of sfalizfics and probability (including determining function fits to data, slope,
intercept. and corredation coefficient for linear fits) to scientific and enginesring questions and
problems, using digital tools when feasible.

iii) Consider limifations of dala analysis (e.g., measurement eror, sample selection} when
analyzing and interprefing data

) Compare and conlrast varnous types of dala sefs (e.g.. seff generated, archival) to examine
consistency of measurements and observafions

v} Evaluate the impact of new daia on a working explanation andfor mode| of a proposed
process or sysiem.

vi) Analyze data to identify design features or characternstics of the components of a proposed
process or system fo optimize it relative to crileria for success.

5. Using Mathematics and Computational Thinking

i} Creale andior revise a computational model or simulation of a phenomenon, designed device,
process, of system.

ii) Use mathematical. computafional, and/or algorithmic representations of phenomena or design
solufions to'describe andfor supporl claims andfor explanalions

i) Apply techniques of algebra and functions lo repre=zent and solve sdenfific and engineering
problems.

v} Use simple fimit cases 1o test mathemalical expressions. compuler programs, aigorithms, or
simulations of a process or system to see i a model “makes sense” by comparing the culcomes
with what iz known about the real world.
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v} Apply rafios, rales, percentages, and unil conversions i the conlext of complicaled
measurement problems involving quantifies with derived or compound units (such as mgimlL,
kaim3 , acre-fest ele ).

6. Constructing Explanations and Designing Solutions

il Make a quaniitative and'or guaiitaiive claim regarding the refafionzhip between dependent and
independent variables

it} Construct and revise an explanafion based on valid and reliable evidence oblained from a
varaly of sources (including studenls’ own investigations, models, theores, simulaiions, peer
review) and the assumplion that theories and laws that descrbe the natural world operate today
as they did in the past and will continue 1o do =0 in the future.

ili} Apply scientific ideas, principles, andfor evidence lo provide an explanation of phenomena
and solve design problems, taking info account possible unanficipated effects.

) Apply scientific reasoning, theory, andfor models to link evidence to the claims 1o assess the
extent to which the reasoning and data support the explanation or copclusion.

v} Design, evaluate, and/or refine a solufion o a complex real-world problem, based on scienkific
knowiedge, student-generated sources of evidence, prioritized criferia, and trade off
considerations.

7. Engaging in Argument from Evidence

i) Compare and evaluate competing argumenis or design solufions in ight of curmently accepled
explanations, new evidence, limitalions (e.9., frade-offs), consiraints, and ethical issues.

ilj Evaluate the claims, evidence, and/or reasoning behind currently accepled explanations or
solufions to determine the merils of arguments:

iiij Respecifully provide andior receive cntigues on scientific arguments by probing reasoning
and evidence and challenging idess and conclusions, responding thoughtfully to diverse
perspectives. and delermining whal sdditional information i= required lo resolve contradiclions

) Construct, use, andior prezent an oral and writien argument or counter-arguments based on
dala and evidence.

v} Make and defend a claim based on evidence about the natural world of the effectiveness of a
design solution that refiects scientific knowledge, and student-generaled evidence

vi} Evaluate compeling design solulion=s {o a real-world problem based on scienhific ideas and
principles, empirical evidence, and/or logical arguments regarding relevant factors (e.g.
economic, societal environmental, ethical considerafions)

{08 )



8. Obtaining, Evaluating and Communicating Information

i} Crtically read scientific leralure adaptied for classroom uze fo defemmine the cenlral ideas or
conclusions andfor lo oblain scientific andior technical mformation fo summarize complex
evidence. concepls, processes, or information presented in 2 text by paraphrasing them in
gimpler but =till accurate terms

ii) Compare, infegraie and evaluzie sources of miormafion presented in different media or
formats (e.g.. visually, quanfiatively) as well as in words in order fo address 3 scienfific guestion
or zolve a problem.

jii} Gather, read, and evaluate scienfific andfor iechnical information from multiple authortative
sources, assessing the evidence and usefulness of each source.

iv) Evaluate the validity and refiability of and/or synfhesize mulfiple claims, methods. andfor
designs that appear in scientific and technical fexts or media reporis, vernifying the daia when

possibie.

v) Communicate sciendific andfor technical information or ideas (e g, about phenomena and/or
the process of development and the design and peformance of 2 proposed process or sysiem)
in multiple formats (incleding orally, graphically, texiually, and mathematically )
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The Engineering Design oycle can be considered to consist of

1. Analyze a major global challenge to specify qualitative and quantitative criteria and the below three lieralive steps in a global problem solving

T h I constraints for solutions that account for societal needs and wants. context
ecnnology

il Analyze complex real-world problems by specifying crtena and constraints for successful Define: Attend 1o 2 broad range of considerations in criteria

& S:IMDIE . . D Epeciying and constrainis for problems of social and giobat significance
- = S . . . . - - Develop solufions: Break a major problem into smaller

ii} Crifenz and consfraintz also include salizfring any reguirements sel by sociely, such as iaking

Eﬂglneerl ng issues of risk mifigation info account, and they should be quantified to fhe exient possible and problems that can be solved separately

stated in such a way that one can tell if a given design meets them Oaliis: Priciiize clboiia, bonsides Yadeolls zind 2

iii) Humanity faces major global challenges loday, such as the need for supplies of cesn water social and environmental impacts as a complex solufion is

and food or for energy sources thal minimize pollution, which can be addreszed through tested and refined
enginesring. These global challenges also may have manifestations in local communifies.

) All human aclivity draws on natural resources and has both shorl and long-term
consequences. posiive as well as negative, for the health of people and the natural envirenment

vh New technologies can have deep impacts on society and the environmenl, including some
that were not anlicipated. Analysis of costs and benefiis is a crifical aspect of decizions about
fechnology

2. Design a solufion o a complex real-world problem by breaking it down info smaller, more:
manageable problems that can be solved through enginesring.

i} Design a solufion fo a complex real-world problem, based on scientific knowiedge, sludent-
generated sources of evidence, pricritized criteria, and trade off consideralicns.

il) Criteriz may need to be broken down into simpler ones that can be-approached
systemaflically, and decisicns aboul the priosity of cedain criteria over others (trade-offs) may be
nesded.

3. Evaluate a solufion to a complex real-world problem based on priontized criteria and
trade-offs that account for a range of conzsiraints, including cost, safety, reliability, and
aesthetics, as well as possible social, cultural, and environmental impacis.

i} Evaluate a sofulion o a complex reai-worid problem; based on scienfific knowledge, student-
generated sources of evidence. prentized critena, and trade off considerations.

i} When svaluating solutions, i is mporant to take info account a range of constraints, including

cost, safety, reliability, and aesthelics, and lo consider social, cultural, and envircnmental
impacts.

4. Use a computer simulation to model the impact of proposed solutions o a complex
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real-world problem with numerous criteria and constraints on interactions within and
between systems relevant to the problem.

i} Use mathemafical models and!or computer simulations to predict the effects of a design
zolufion on systems andior the inferactions between syzlems,

ii) Both phy=ical models and compuiers can be us=ed in various ways to aid in the engineenng
design process. Computers are useful for a variety of purposes, such as running simulations to

fe=t different ways of solving a problem or o see which one is most efficient or economical; and
in making a persuasive presentation fo a client about how a given design will meet his or her
needs.

iii} Models (e.g., physical. mathematical, compuler models) can be used to simulate syslems
and interactions—inchuding energy, matler, and information flows—within and between syzlems
at different scales.

5. Interdependence of Science, Engineering, and Technology

i} Science and engineering complement each other in the cycle known as reseamch and
development (R&D).

ii) Many R&D projects may involve sciendists. engineers, and others with wide ranges of
experiize

6. Influence of Engineering, Technology, and Science on Society and the Natural World

il Modem civilization depends on major technological systems, such as agriculture. health,
waler, energy, transporiation, manufactunng, construction, and communications

i) Engineers contimuously modify these systems lo increase benefits while decreasing costs and
risks.

iii} Mew technologies can have deep impacis on sociely and the environment, inciuding some
that were not anficipated.

) Analysis of cosiz-and benefits 1s-acriticai aspect of decisions aboul fachnology.

{11 )




A} Mathematical Knowledge in Science (these are embedded int the conceplual SLO=s, as
well as iz in the prerequisite mathematical knowiedge requirements)

The Arts and | s nature of science

Mathematics 1. Scientific Investigations Use a Variety of Methods

i1 Science investigations uze diverse methods and do not always use the same set of
procedures fo obfain daia

i) New fiechnologies advance scienfific knowiedoge.

iii} Scientific inguiry is characterized by a common set of vaiues that inclade: logical thinking,
precizion, open-mindedness. objectivity, skeplicism, replicability of resuits. and honest and
ethical reporting of findings.

i) The discourse practices of science are organized around disciplinary domains that share
examples for making decizions regarding the values, instruments, methods, models, and
evidence to adopl and use.

v} Scientific investigations use a vanety of methods. tocls, and technigues to revise and produce
new knowledge.

2. Science knowledge is bazed on empincal evidence.

i} Science disciplines share common rules of evidence used to evaluate explanations about
natural sysiems.

it} Science includes the proecess of coordinating patiemns of evidence wilh cument theory.

iii} Science arguments are strengthensd by multiple iines of evidence supporiing 2 single
explanation.

3. Scientific Knowledge i3 Open to Hevision in Light of New Evidence

i} Scienfific explanations can be probabilistic:

it} Mozt scienfific knowledge i quite durabile but is, in principle, subject to change based on new
evidence andfor reinterpretation of exisfing

evidence.

iii} Scientific argumentation is a mode of logical discourse used to clarnfy the strength of
retationships bebween ideas and evidence thal may resuit in revision of an explanafion.

4. Science Models, Laws, Mechaniams, and Theories Explain Natural Phenomena

i1 Theores and laws provide explanations-in science, but theones do nol with fime become laws
or facls.

ii} A scientific theory = a subslantialed esplanation of some azpect of the nalural world, based
on a body of facls thal has been repeatedly confirmed through observation and expenment, and
the science community validates each theory before it iz accepled. If new evidenceis
dizscovered that the theory does not accommodate, the theory is generally modified in light of this
new evidencs.

iii) Models, mechanizms, and explanalions collectively serve as tools in the developmeni of 2
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scientific theorny,
v} Laws are stalements or descriptions of ihe relationships among obsenvable phenomena.
v} Scientists oflen use hypotheses to develop and test theories and explanations.

5. Science is a Way of Knowing

i) Science iz both a body of knowiedge that represenis a camrent understanding of natural
gy=tems and the processes used o refine, elaborale, revise, and exlend thiz knowledge.

ii) Science iz a unique way of knowing and there are other ways of knowing.

iii} Science disnguishes fiself from other ways of knowing through uss of empirical standards,
Ingicai arguments. and skeplical review.

) Science knowledge has a history that includes the refinement of, and changes io, theories,
ideas. and beliefs over fime.

6. Scientific Knowledge Assumes an Order and Consistency in Matural Systems

i) Scienlific knowiedge is based on the assumption that natural laws operate today as they did in
the past and they will continue to do so in the fulure.
i} Science assumes the universe iz a vast single system in which basic iaws are consisienl

7. Science i2 8 Human Endeavor

i} Scienfific knowledge is a resull of human endeavor, imaginalion, and creativity.

ii) Individuals and teams from many nalions and cultures have confribuied to science and fo
advances in engineering.

iii} Scientistz’ backgrounds; thecrelical commiiments, and fiedds of endeavor influence the nature
of their findings

iv) Technological advances have influenced the progress of science and science has influenced
advances in technology

v} Science and enginesnng are influenced by society and society & influenced by science and
engineenng.

8. Science Addresses Questions About the Matural and Material World

i} Mot all guesfions can be answered by sCience,

ii) Science and fechnology may raise ethical issues for which science, by iizelf, does not provide
answers and solufions

iii} Science knowledge indicales what can happen in natural systems—not what should happen:
Thie latter imvolves ethics, values, and human decisions about the use of knowiedge.

) Many decisions are nol made using science alone. but rely on social and cultural contexis to
resolve issues.
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Cross Cutting Theme
Grade 9 Grade 10 Grade 11 Grade 12

1. State that people who study 1. Suggest, with examples, the
chemistry are called chemists. impact of social and political
2. lustify, with examples, that factors on the recognition of
civilizations throughout history scientific contributions, using
have systematically studied historical examples.
living things

{for example:
{Some examples include;

. ) - historically the contributions
s The ancient Egyptians of women to scientific

experimented with metals, research have not been
dyes, and medicines, while the highlighted)

ancient Greeks studied the
properties of matter and

- the effects of racism,
colonialism and elitism on
proposed theories about who gets credit for work

compaosition. - theinfluence (private,
» The Indus Valley Civilization public, national,

developed advanced
metallurgy and pottery
technigques, and Ayurvedic
medicine utilized chemical
compounds.

# In China, alchemists
experimented with chemical
processes to create materials

international) of funding
sources and lobbying)
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like porcelain, gunpowder,
and paper, and discovered the
principles of distillation and
fermentation.

® During the lslamic Golden
Age, scholars like Jabir ibn
Hayyan conducted
experiments with metals and
acids, paving the way for the
discovery of many chemical
reactions and compounds. |

3. lllustrate, with examples from
the physical sciences, that
scientists often work in areas,
or produce findings, that have
significant ethical and political
implications.

[Some examples include:

- These areas include development
of chemical weapons, drug research,
disposal of chemical waste
practices, mining of rare earth
metals, development of chemical
products that may have unforeseen
side effects llke causing cancer

-There are also guestions involving
intellectual property rights and the
free exchange of information that
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may impact significantly on a
society.

- 5cience is undertaken in
universities, commercial companies,
government organizations, defense
agencies and international
organizations. Questions of patents
and intellectual property rights arize
when work is done In a protected
environment.

- 5cience has been used to solve
many problems and improve
humankind’s lot, but it has also been
used in morally questionable ways
and in ways that inadvertently
caused problems. Advances in
sanitation, clean water supplies and
hygiene led to significant decreases
in death rates but without
compensating decreases in birth
rates, this led to huge population
increases with all the problems of
resources, energy and food supplies
that entails.

- Ethical discussions, risk—benefit
analyses, risk assessment and the
precautionary principle are all parts
of the scientific way of addressing
the commaon good.)
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Theoretical Concepts Progression Grid

Guidance for the Reader

Assumption of Prior Knowledge: It 1s assumed that students will already have knowledge (and be able to apply it as needed in their current
class) of what they leamed in their previous grades, so SLOs from previous grades are not repeated in the higher grades. In practice, teachers

may want to refresh concepts with their students as appropriate.

Organization of the SLOs in the Progression Grid: Inside a grade; teachers are free to teach the content 1 anv order of preference. Textbook
publishers are also free to organize the contents of their books 1n any manner that they consider most effective. as long as all the SLOs 1n the
Progression Grid and Cross-Cutting themes are covered. The 5L.0s inside a grade do not need to be taught in the order presented 1n a grade in this
PG. The Nature of Science domamn would, for example_ be best taught by bemng mntegrated into the teaching of all the chapters of the curniculum.

MNature of Science Domain A Guidance for the Reader: Nature of Science learning objectives have been added to the Progression Gnds of
Physics, Biology, Chemistry and Math  The purpose of studying science at the high school level is not enly to prepare students for further study

in the sciences. Many students will i fact not go on to study further science or STEM fields. The science that they learn in school may well remain
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their understanding of the subject for the rest of their lives. Hence these cumicula must consider what citizens 1n a democratic society ought to
know about the nature of science. “Nature of Science™ (NOS) means teaching about science’ s underlying assumptions, and 1ts methodologies. This
invelves some integrated study of the history of science, and some of the broad concepts from the philosophyv of science. It 1s important to study
NOS because it helps students become critical thinkers about the scientific information they consume from the world around them. Teaching NOS
in the study of Physics, Biology, Chemistry 1s a cutting-edge international trend.

# Inthe Nature of Science domain SL.Os, unless explicitly stated, where the SLO begins with the phrase “explain with examples” 1f 15 enough
that student’s study 2-3 examples and can use them in their answers for examination questions.

® There 1z no need to extensively or comprehensively study the history of science or its applications m other fields.

® The purpose here 1s that students are able to develop an appreciation of these aspects of the field of chemistry with some rigor (hence these
5LOs are expected to be assessed). but not to become so extensive that 1t takes a lot of time out from building competence in rest of the

domains on chemistry skills and knowledge.

Assessment Criterion for Domain A

Assessment of Nature of Science Domain A in standardized board exams will be kept to objective knowledge: students will not be expected to
write argumentative essays or express subjective perspectives. Rather assessment in the standardized exams will occur through multiple choice
questions and/or through short answer guestions that require two-three sentence responses. Sample questions are provided in the Curniculum

Guidelines. In their regular classroom study, teachers gre encouraged to teach these topics through learner-centered activities that promote

curiosity, mquiry, creativity, critical discussion and collaboration
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Grade 9 Grade 10 Grade 11 Grade 12

Benchmark 1: Students will be able to explain and analyse major
branches of Chemistry and their role in real life.

dents will demonstrate an understanding, skill and attitude to deal in the areas of chemistry as an introduction to chemisiry

Students will ba able to

[SLO: C-09-A-01]
Define chemistry as the study of
rmatter, its properties,
composition, and Interactions
with other matter and energy.
(Knowledge)

[5L0: C-09-A-02]

Explain  with  examples that
chemistry has many sub-fields and
interdisciplinary  fields.,  (Some
examples include:

Biochemistry
Medicinal Chemistry
Polymer Chemistry
Geochemistry
Environmental Chemistry
Analytical Chemistry
Physical Chernistry
Organic Chemistry
Inorganic Chemistry
Muclear Chemistry
{Understanding)
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[SLO: C-09-A-03]

Compare different branches of
Chemistry in terms of focus and key
differences by providing two real
life examiples for each branch,
(Application)

students should be Investigate and explain the physical and chemical properties of matter, an:
state, and applwmsmm mmﬂmmﬂdm and p(alslem:a

Benchmark 1: Students will explain the nature of matter, its N/A
composition including atoms, elements, and molecules.

[SLO: C-09-B-01] N/A
Define matter.
(Knowledge)

[SLO: C-09-B-02]

Differentiate maoroscopic properties of
commonly observed states of sofids,
liguids and gas=zes with reference to
density, compressibility, and fluidiy.

{Knowledge)

[SLO: C-09-B-03]
ldentify states of matter as distinct
forms of matter, including
commaon, intermediate, and exotic
states such as plasmia, liguid
cryarals,

{Knowledge)
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[SLO: C-09-B-04]
Explain -allotropic forme of elements
[Diarmond, Graphite, and Fullerenes}
[Understanding)

[SLO: C-09-B-05]
Explaiih  the differences between|
elements, compounds and mixtures)

{Understanding)

[SLO: C-09-B-06]
ldentify  solutions, colloids, and
suspensions as types of mixtures and
distinguizsh them by giving a clear|
example of zach

{Knowledge])

[SLO: C-09-B-07]

Explain the effect of temperature on
solubility and formation of unsaturated
and saturated solutions

[Understanding)

Benchmark 2: Students will be able to understand states of matter N/A

and phase changes, and explain how temperature and pressure

affect the behavior of matter.

NSfA [SLO: C-10-B-01] N/A N/A

State the assumption: of the
kinetic molecular theory and
explain phase changes melting,
boiling, freezing, condensation,
sublimation, and deposition in
terms of particle behavior and
energy changes,

{Understanding)
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[5L0: C-10-B-02]

Distinguish between evaporation
and boiling.

(Understanding)

[5L0: C-10-B-03]
Interpret  heating and cooling
curves in terms of kinetic theory
(Understanding)

[5L0: C-10-B-04]
State Boyle's law, Charles' Law,
and Avogadro's Law.

[Knowledge)

[SLO: C-10-B-05]
Explain gualitative effect  of
external pressure on rate o
boiling and evaporation
{Understanding)

[SLD: C-10-B-06]

Explain diffusion of gases In
terms of kinetic particle theory.
(Understanding)

[5LO: C-10-B-07]

Examine qualitative the effect of
molecular mass and temperature
on the rate of diffusion
(Understanding)

[5LO: C-10-B-08]

Explain, with the help of kinetic
particle theory, the importance
of rates of diffusion of medicines
in the body

(Application)
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istandard: Students will be able to describe atomic structure, atomic number, electronic arrangement, isotopes, and jon farmation, and explain how these determine

Benchmark 1: Students will be able to describe the structure of Benchmark 1: Students will be able to explain the

atoms, including the protons, neutrons, and electrons and using arrangement of electrons in energy levels and orbitals, and

these concepts to discuss Isotopes. relate atomic structure to the periodic properties of
elements.

[SLO: C-09-B-08] N/A, [SLO: C-11-B-01] NfA

Explain the structure of an Describe that each atomic shell

atom as a central nucleus g, substel]| S divided: 16t

degenerate orbitals, which have

containing  neutrons  and o
the same energy within 3 given

protons surrounded by

siibshell.
electrons. (Understanding)
{Understanding)
[SLO: C-11-B-02]
[SLO: C-09-B-09] Describe protons, neutrons and
State that electron shells electrons in terms of their
(orbits) are discrete energy refative charges and relative
levels, where higher shells have ;:;:Zfﬁtan ding)
greater  energy  and  the
glectrons are, on average, [SLO: C-11-B-03]
farther from the nucleus. Describe the behavior of beams ofi
(Knowledge) protons, neutrons and electronsg
moving at the same velocity in an|
[SLO: C-09-B-10] electric field
Explain that a nucleus is made {Understanding)

up of protons and neutrons,
held together by strong nuclear
force

(Understanding)

[SLO: C-11-B-04]
Determine the number of protons |
neutrons, and electrons in atoms
and jons wsing atomic {proton)
number, mass {nucleon) number,
and charge

(Understanding)
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[SLO: C-09-B-11]

State the relative charge and
relative masses of a subatomic
particles (an electron, proton
and neutron)

{Knowledge)

[5LO: C-09-B-12]

Interpret the relationship
betwsen two subatomic particles
and their mass and charge,
[Understanding)

[SLO: C-09-B-13]

Hlustrate the f{rajectories of
positively  and negatively
charged particles when
subjected to a uniform electric
field.

{Understanding)

[SLD: C-09-B-14]

Define proton number/atomic
number as the number of
protons in the nucleus of an
atom.

(Knowledge)

[5L0: C-09-B-15]

Explain that proton number is
unique to each element and
serves as the basis for arranging
elements in pericdic table
[Understanding)

[SLO: C-11-B-05]
Determine  and  write  the
electronic configurations of
glements and their jons in
both shell arrangement (e.g.,
2,8,1) and subshell notation
le.g., 1s* 2s* 2p® 3s') using
their proton numbers and
positions in the periodic table.
Students should be zble to
derive electronic
configurations  from  the
periodic table and explain that
the chemical properties of
elements are primarily
governed by their wvalence
electrons.
(Knowledge/{Understanding)
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[SLO: C-09-B-16]

State that radioactive decay can
change the proton number of a
nucleus, thereby changing the|
identity of the atom.
(Understanding)

[SLO: C-09-B-17]

Define nucleon (mass) number
as the total number of protons
and neutrons in the nucleus of
an atom.

[Knowledge)

[SLO: C-09-B-18]
Define isotopes

(Knowledge)

[SLO: C-09-B-19]

State that isotopes affect the
atomic mass but do not
significantly change the
chemical properties of an
glement.

[Understanding)
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[SLO: C-08-B-20]

Calculate the number of
protons and neutrons in
different  isotopes  using
atomic number and mass
number

(Application)

[SLO: C-09-B-21]
Define relative atomic mass as the
average mass of isotopes of an

1 IR
element compared to — of mass off
12

an atom of carbon-12_
(Knowledge)

[SLO: C-08-B-22)
State that some isotopes of
same element exhibit
radicactivity

(Understanding)

[SLO: C-09-B-23]

Discuss the importance and uses
of isotopes, including Carbon-14
for radiocarbon dating and
Technetium-92 for medical
imaging and dizgnostic
procedures.

(Understanding)
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[SLO: C-09-B-24]
Describe the formation of
positive (cation) and negativy
(anion) ions from atoms.
{Understanding)

[SLO: C-059-B-25]

Interpret and use standard
chemical symbols to represent
atoms and ions, including
atamic number, mass number,
and charge notation.
(Understanding)

[SLO: C-09-B-26)

Calculate relative atomic mass
of an element from relative
masses  and  abundance of
isntopes

(Application)

[SLO: C-09-B-27]

Determine  the electronig
configuration of elements and
their ions with proton numbers)|
(From Proton number 1 to 20)
simple configuration include K, LU
and M. (s, p and d configurations
are not required)

(Application)
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N/A Benchmark 2:
Students will be able to explain and apply the principles of
electronic configuration to describe the arrangement of
electrons in atoms and ions in terms of shells, subshells,
and orbitals, using gquantum numbers, energy ordering,
and fundamental electron-filling rules.

NfA NfA [5L0: C-11-B-06] NfA

iDefine and explain terms
related to electronic structure,
including shells, subshells,
orbitals, principal guantum
number (n)(n){n), and ground
state,

(Knowledge)

[SLO: C-11-B-07]

Relate guantum numbers to
the arrangement and
distribution of electrons in
ETOMms.

(Understonding)

[SLO: C-11-B-08]

Describe the number of orbitals
present in s, o, d, and f
subshelis and state the
imaximum number of electrons
that each subshell can
accommodate.,
(Understanding)

[SLO: C-11-B-09]

Describe the shapes and
orientations of s, p, and d
worhitals.

(Understanding)
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lsLo: c-11-8-10]

Apply the Aufbau principle,
Pauli exclusion principle, and
Hund's rule to explain the filling
of electrons in atomic orbitals.
{Application)

[SLO: C-11-B-11]

Explain the relative energies
and order of filling of s, p, d,
and f subshells,
{Understanding)

[SLO: C-11-B-12]

Interpret electronic
configurations in terms of
electron enargy levels, stability,
2nd inter-electronic repulsions.
{Understanding)

[SLO: C-11-B-13]

Define free radicals as species
containing one or mare
unpaired electrons.
(Understanding)

Benchmark 1: Students will be able to describe the types of Benchmark 1: Students will be able to apply the concepts of
chemical bonds, including ionic, covalent, coordinate covalent, chemical bmding.m predict the structure and properties of
and metallic bonds. molecules, including molecular geometry and polarity.
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[5L0:C-09-B-28]

Explain how noble gas electronic
configuration, the octet rule, and
the duplet rule help predict the
chemical properties and stability of
main group elements.
{Understanding)

[5L0:C-09-B-29]

Compare the formation of cations
and anions in terms of electron
loss and gain.

{Understanding]

[5L0: C-09-B-30]
Explain the electropositive nature
of metals and the electronegative
nature of nonmetals based on their
tendency to lose or gain electrons.
(Understanding]

N/A

[5L0: C-11-B-14]
Describe covalent bonding in
molecules using the concept of|
hybridization, including sp, sp°,
and sp* orbitals.
{Understonding)

[SLO: C-11-B-15]

Compare the reactivity of covalent]
molecules using bond  energy
values and bond  lemgth

{Application)

[St0: C-11-B-16)

Describe molecular shapes and|
bond angles using WSEPR theory,
including representation through
sketches.

{Understanding)

[SLO: C-11-8-17]

Predict the shapes and bond|
angles of molecules and ions using
VSEPR theary.
{Understanding)

N/A
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[SLO: C-09-B-31] [SLO: C-11-B-18]

Define ionic, covalent, Explain hybridization and its types)
4 in covalent bonding.
coordinate covalent, and ;
- {Understanding)
metallic bonds.
(Knowledge) [SLO: C-11-8-19]
Explain the valence bond theory of
[SLO: C-D9-B-32] chemical bonding.
Differentiate between ionic and| {Understanding)
covalent compounds on the [SLO: C-11-8-20]
basis of bond formation, Explain the salient festures off
structure, and properties, molecular orbital theory.
including the nature of ionic, {Understanding)

covalent, and metallic bonding
as  electrostatic attractions.)
{Understanding)

[SLO: C-11-B-21]

Explaif the paramapgnetic naturs
of the axygen molecule interms of
molecular orbital theory.

[SLO: C-D9-B-33] {Understarding)

Explain the physical properties

of compounds in terms of their EOnd SR

Calculate the bond order of simple

bonding and structure. diatomic molecules such as Ns, Oz
{Understanding) Fz and Hea.
{Understanding)
[5LO: C-09-B-34]
Compare the properties and BREEES ted
Lize the concept Of

uses of materials, such as i g
! electronegativity to explain bond

strength and electrical polarity and molecular dipale
conductivity, in relation to the moments.

type of chemical bonding {Understanding)

present between their atoms,

[SLO: C-11-B-24]

State that iohic, covalent, atid
metallic bonds are  generally
strongar than  intermolecular
forces.

{Understanding)

[(Understanding)
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[SLO: C-09-B-35] [SLO: C-11-B-25]

Interpret the effect of the Recognize er"Iat pobyatomic ions
strength of intermolecular and iy captain expanded actets,

) such as sulfate and nitrate fons.
electrostatic forces on the (Understanding)
meiting and boiling points of]
ionic and covalent compounds, [SLO: C-11-B-26]
(Understanding) Explain the formation of dative

[coordinate} bonds in species such
as CO, ozone, and the hydronium
[SLO: C-09-B-36] ion  (HsO%), without invobving
ExpiEl'lr‘l thE E\'Ellrabflit"f ﬂf frE‘E resonance structures

charged particles (ions or {Understanding)
electrons) responsible  for
electrical conductivity in ionic,

covalent, and metallic
substances.
{Understanding)

[SLO: C-09-B-37]

Recognize that some substances
ionize in water and conduch
electricity.

{Understanding)

[5LO: C-09-B-38]

Justify the industrial uses of
graphite, diamond, and metals
based on their bonding,

structure, and physical
properties.
{Understanding)

[SLO: C-09-B-39]
Draw and explain the formation
of ionic and covalent]
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compounds (NaCl, NaF, CaCl)
Hi, Ch, O3, N2, Hz0, NHz, CHa,
COz, CzHe and HCN) using dot
and-cross diagrams and Lewis

dot structures,
{Application)

Standard: Stoichiometry

Students will be able to explain the mole concept and apply it in chemical calculations involving stoichiometry. They will use the law of conservation of mass to
construct and balance chemical equations and to predict quantities of reactants and products in chemical reactions. Students will also relate moles, mass, and
volume to perform stoichiometric calculations accurately.

Benchmark 1;

Students will be able to balance chemical equations and perform
stoichiometric calculations using the mole concept

Benchmark 1:

equations.

Students will be able to use stoichiometry to predict the
guantities of reactants and products in chemical reactions,
identify the limiting reactant, and write balanced chemical

[SLO: C-03-B-40]

State and write the chemical
formulae of commoen elements|
and compounds Including O,
Ha, N2, H:0, €O, NBCL and HCL
(Knowledge)

[SLO: C-09-B-41]

Define molecular formula of a
compound as the number and type of
different atoms in one moleculg

(Knowledga)

[SLO: C-10-B-9]

Use the maolar gas volume of 24
dm® at. room temperature and
pressure (r.Lp.) to calculate the
volume and Use the molar ga
volume of 24 dm® at room
temperature  and pressure o
calculate the volume and number
of moles of a gas in a given
reaction.

[Application)

[5LO: C-11-B-27]

Interpret & balanced chemical
eguation in terms of moles,
representative particles, masses of]
reactants ‘and products, and
volumes of gases (at 5TP)L
(Application)

[5LO: C-11-B-28]

Ewplain what 3 limiting reagent is|
and identify it in a given
chemical reaction by comparing
the mole ratios of reactants
[Understanding)

N/A
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[5LO: C-09-B-42]

Define empirical formula as thegDefine  concentration of a3
simplest whole number ratic of atoms|solution as the amount of solutel
of each element present in  algissolved per unit volume of

compound.

{Knowledge)

[51L0: C-09-B-43]
Deduce the formula and name of binary
ignic compounds from charges of thein
constituent ions.

(Application)

[SLO: C-00-B-44]
Deduce the formula of a moleculan
substance from the given structure of
molecules.

(Application)

[SLO: C-09-B-45]
Define the mole as the SI unit of
amount of substance equal 10
Avogadra’s number  [6.02x10%)
representing particles  (atoms,
molecules or ions)

{Knowledge)

[SLO: C-09-B-46]

Use the relationship n=m/M o
valeulate the amount of substance
[moles), mass and maolar mass to
calculate number of moles, and
use n=N/Na to calculate the
number of particles, given relevant
data.

[5LO: C-10-B-10]

solution, expressed in gfdm?® o
mol/dm?.
[Knowledge)

[SLO: C-10-B-11]

Calculate the concentration of a
solution in gfdm?® and mol/dm?,
and convert between the two
units using molar mass.
{Application)

[SLO: C-10-B-12]
Calculate stoichiometrid
relationships between reactanty
and products specifically:
® reacting masses using mole
ratios from a balanced
chemical equation.
® [imiting reactant in a
chemical reaction
o volume of a gas produced
or consimed In a reaction
atr.r.p.
& volume or concentration of
a solution invalved in a

reaction, expressing
cancentration in gfdm? or
mol/dm?3,

{Application)

{Application)

[SLO: C-11-B-29]

Calculate the maximum amount of
product formed and the amount
of any unreacted excess reagent
remaining, using the limiting
reagent and stoichiometric
mole ratios from a balanced
rhemical equation.
[Application)

[SLO: C-11-B-30]
Caleulate the percentage yisld
of a chemical reaction using the
relationship: percentage yield 5
{actual yvield = theoretical yield)
» 100, given experimental and
stoichiometric data.
{Application)

[SLO: C-11-B-31]
State the volume of one mole of 3
gas at 5TP

[Knowledge)

[SLO: C-11-B-37]
Use the molar volume of 3 gas at
5TF to calculate the volume o
number of moles of a gas'in a
given reaction.

(Application)

[SLO: C-11-B-33]
Calculate the gram molecular massg
of -3 gas from  density
measuremeants at 5TP.

(Application)
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[5L0: C-09-B-47]

(Understanding)

[SLO: C-059-B-48]

Construct balanced chemical
equations including state symbols to
represent chemical reactions

{Application)
[SLO: C-09-B-49]

equations, including  state
symbols, to show the reaction

solutions.
{Application)

[SLO: C-09-B-50]

symbols for a chemical reaction
Deduce and write 3 balanced symbaol
eguation with state =symbols for a
chemical reaction when given a
written  desgription of the
reaction.

{Application)

Explain the refationship between alCalculate empirical formula of a
mole and Awvogadro's constanficompound from = percentage

Construct balanced ionid

between ions in  agueous

Deduce and write a balanced pure substance and the total
symbol equation with statg mass of the impure sample.

[SLO: C-10-B-13]

composition by mass  and
molecular formula  from  its
empirical formula and relativel
maolecular mass (Mr).

(Application)

[SLO: C-10-B-14]

Calculate

s percentage yield of a product
in a chemical reaction using
actual yield and theoretical
yield.

= percentage composition by
mass of each element in a
compound

= percentage purity of 3
substance given the mass of

(Application)

[SLO: C-11-B-34]
Calculate the mass, volume af
STP, and number off
representative particles of a
substance when given the
amount in moles, and vice
versa,

{Application)

[SLO: C-11-B-35]

Apply stoichiometric principies to
zolve multi-step problems
involving reacting masses, gas
volumes at  STP, solution
concentrations, limiting reagents,
and percentage vield using data
from balanced chemical
equations.

[Application)




Standard: Electrochemistry

Students will be able to explain the principles of electrochemistry in terms of oxidation-reduction reactions and the transfer of electrons. They will describe the
processes of oxidation, reduction, and electrolysis, and explain the role of electrodes and electrolytes in chemical reactions involving electricity. Students will also
apply electrachemical principles to interpret the working and applications of batteries, fuel cells, and other electrochemical devices.

Benchmark 1:

Students will be able to describe the principles of electrochemistry, including redox reactions, oxidation and reduction processes, and the behavior of electrolytes.
[SLO: C-10-B-15] M/A I[SLD: C-12-B-01]
Define redox reactions as Apply the concept of oxidation
simultaneous oxidation and mumbers in identifying oxidation
reduction in terms of oxyzen) and reduction reactions
hydrogen, electrons and changes in| {{Application)
oxidation state
[uﬂderitandlﬂg} I[SLD: C—].Z-B-HZI

Apply the concept of chamges in

[SLO: C-10-B-16] oxidation numbers to balance
Apphy the rules of oxidation states to chemical equations
assign oxidation numbers to (Application)

elements in compounds and ions,

d R s
and use ARoman numerals in SLO: C-12-B-03]

Define the terms redox, oxidation,
reduction, and disproportionation
(in terms of electron transfer and

parentheses to indicate the
o¥idation state of variable-valencoy
metals in their IWPAC names.

OS] changes in  oxidation number)

[SLO: C-10-B-17] (Knowledge)

Identify oxidizing and reducing

agents in 3 given redox reaction [SLO: C-12-B-04]

[underﬁtandinﬂ Identify thE oxidizing and rEdu?ing
agents in a redox reaction
[Understanding)
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[5L0O: C-10-B-18]

State that the oxidation number|
of any uncombined element in its
free state is zero, including
diatomic molecules such as Os,
H., and Ci;, and polyatomic
molecules such as Pa and Se

{Knowledge)

[SLO: C-10-B-19]
Deduce the chemical formula of]
ionic  compounds, including|
hinary Jonic compounds  and
those containing polyatomic ions,
by balancing the charges of the
constituent fons so  that thel
overall charge of the compound ig
7ero,

{Application)

[5L0: C-10-B-20]
Identify that the oxidstion number

of 2 monatomic on is the same as
the charge on the ion

(Knowledge)

[SLO: C-10-B-21]
Explain that the sum of thel
oxidation numbers in @ neutral
compound iz zErD

(Understanding)

[SLO: C-12-B-05]

Describe the role of axidizing and
reducing a3gents in the redox
reaction

(Understanding)

[SLO: C-12-B-06]

Explain the concept of activity
series. of metals and s relation
with ease of oxidation

(Understanding)

[SLO: C-12-B-07]
Dedure the feasibility of redox
reactions from activity series.

(Application)

[SLO: C-12-B-08]

Explain the concept of electrolytic
cells in converting electrical energy
into chemiczl energy, including the
processes of oxidstion =t the
anode and reduction at the
cathode

[Understanding)

[5LO: C-12-B-09]

predict the substances liberated
at the electrodes during
siectrolysis by applying
knowledge of the state and
concentration of the electrolyte
and the relative positions of ions
in the electrochemical (redox)
SEFIES.

[Application)
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[sL0: C-10-B-22] [SLO: C-12-B-10]

Explzin that the sum of the Apply the relationship between
opwidation numbers in an  jon is the Faraday constant, Avogadro
equal to the charge on the fon constant, and the charge on the
(Understanding) glectron  to  solve  problems
[Application)
[5L0: C-10-B-23]
Determine whether a substance is an [SLO: C-12-B-11]
owidising sgent or a reducing agent| Calculate the guantity of charge
by interpreting the colour changes| passed during electrobysis and mass
obzerved when tested with acidified or wvolume of the substances
aqueous potassium manganate{Vil] liberated  during  electrobysis.
(purple to colourless) or aguecus [Application)
potassium  jodide (colourless  tof
brown due to liberation of iodine). [SLO: C-12-B-12]
Deduce the Avogadro constant by
{SLO: C-10-B-24] an electrobytic method.
Define electrolysis as (Application)
decomposition of ionig
compound, in molten or agueous [SLO: C-12-B-13]
solution, by passage of electrig Define  the terms  standard
current electrode potentizl and standard
(Knowledge) cell potential
(Knowledge]

[5L0: €-10-B-25]

ldentify and label the components
of a simple electrolytic cells,
including the anode {+], cathode (4
I, electrolyte and indicate the

[SLO: C-12-B-14]

Describe  the structure  and
function of the standard hydrogen
electrode and expiain how it is
used to determine standard

direction of electron flow in electrade potentials.
external circuit, movemeant of ong (Understanding)
towards each electrode,

{Application)

[5LD: C-10-B-26]

Describe  the movement of
electrons through the external
circuit, movement of iohs in the
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electrolyte  and  transfer  of

electrons at electrodes during [SLO: C-12-B-15]
electrolysis. Calculate standard cell potentials
(Understanding) from the standard electrode

potentials of two haif-cells and use
these wvalues to predict the
feasibility of redox reactions and
the direction of electron flow in

[SLO: C-10-B-27]
ldentify the products formed at

electrodes and describe the slactrachermical cells.
pbservations made during the |Application).
electrolysis of the following
substances using inert electrodes [SLO: C-12-B-16]
(platinum or carbon/graphite); Deduce the refative reactivity of
elements, compounds, and jons as
s Molten lead(ll) chloride oxidizing  agents or reducing
zgents  from  their electrode
» Concentrated and dilute F’“"E“t_ial "'?5“ Es.
aqueous sodium chloride (Application)
e Dilute sulfuric acid [SLO: C-12-B-17]
{Application) Construct redox equations using
relevant half-eguations.
[SLO: C-10-B-28] (Application)
State that a hydrogen-oxygen
fuel cell uses hydrogen and [SLO: C-12-B-18]

txplain how electrode potentials
vary with the concentrations of
agueous ions and use the Memnst
equation to predict this
(Knowledge) quantitatively,

[Application)

oxygen to produce electricity
with water as the only chemical
product

[SLO: C-10-B-29]

Describe the advantages and
disadvantages af using
hydrogen—oxygen fuel cells inf
comparison with gasoline/petrol
engines i vehicles

{Understanding)
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[SLO: C-10-B-30]

Define corrosion as  the
gradual deterioration of a
metal due to chemical
reaction with its
environment, and describe
methods of  preventing
corrosion including barrier
methods such as painting,
galvanizing, and
electroplating, and sacrificial
protection such as the use of
magnesium blocks in ships.
(Knowledge/Understanding)

Benchmark 2: Students will be able to apply the principles of Benchmark 2: Students should be able to explain how voltaic
electrochemistry to explain and predict the behavior of galvanic (galvanic) cells convert chemical energy inte electrical
and electrolytic cells, determine the direction of electron flow and energy through redox reactions and the flow of electrons.

feasibility of redox reactions, and explain the applications of
electrochemical processes in batteries, corrosion, corrosion

prevention, and electroplating.

[SLO: C-10-B-31] [SLO: C-12-B-19]

Identify the products formed at Explain how voltaic {galvanic) celis

glectrodes and describe the convert energy from spontaneous,

observations made doring the exothermic chemical processes to

glectrolysis of dilute copper{il) electrical energy, with oxidation at]

sulfate using inert electrode or the snode and reduction at the

copper glectrode cathode

{Understanding) (Understanding)

[SLO: C-10-B-32] [SL0: C-12-B-20]

Construct half jonic eguations for Explain  how voltaic  cellg

reaction at either electrode. convert chemical energy from

(Application) redox reactions to electrica
energy using Cu-Zn galvanic cell
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a5 an example.

e e Understandi
Describe  electroplating and it ( ng)

spplications.
(Understanding/{Application)

[SLO: C-10-B-34]
sketch a schematic diagram for 3

voltaic «cell eg  Daniel  cell
(Application)

N/A Benchmark 1: Students should be able to explain and apply the
kinetic molecular theory to predict the properties of liquids in
terms of molecular motion and intermolecular forces.

NfA /A [SLO: C-11-B-36] N/A

Describe  different  types o

intermalecular  forces, includin

instantansous dipole—induced
dipole (London dispersion forces),
permanent dipole—permanent|

dipole interactions, and hydrogen
bonding a= a special case of dipale—
dipole interaction occurring when
hydrogen &5 bonded to  highly
glectronegative atoms.

[510:C-11-B-37]
Describe hydrogen bonding, limited
to molecules containing N—H, O—H
and H—F groups, (including
ammaoniz, water and H-F as simple
examples) (Understanding)
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[SLO: C-11-B-38]
Use the concept of hydropen bonding

to explain the anomalous properties
of H:0 [ice floats on water)

[Understanding)

[SLO: C-11-B-39]
Explain the strength and applications
of dipole-dipole forces, hydrogen
bonding and London  forces|
{Understanding/Application)

[S5LO: C-11-B-40]
Describe physical properties of liguids
such as evaporation, vapor pressure
boiling point, viscosity and surface
tension. {Understanding)

[SLO: C-11-B-41]
Apply the concept of hydrogen)
bonding to explain the properties of
water [specifically high surface
tension, high specific heat, low vapor
pressure, high heat of vaporization,
and high boiling point}

{Application)

[SLO:C-11-B-42]
Define moiar heat of fusion and molar
heat of vaporization.
(Knowledge)

[S5LO: C-11-B-43]

Describe how heat of fusion and heat
of vaporization relate to changes in
the arangement and ensrgy of
particles during phase changes of
matter.

{Understanding)
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[SLO: C-11-B-44]

State assumption of kinetic
molecular theory of gases.
(Knowledgze)

[SLO: C-11-B-45]

State Boyle's, Charle's and
Avogadro’s law and interpret them
graphicalhy.
(Understanding)

[5LD: C-11-B-46]
Using. PW=nRT in calculations]
including density and Mr

(Application)

MNSA Benchmark 2: Explain the properties of solids depending on
the type of solid in context.

NSA NAA [SLO: C-11-B-47] MfA
Differentiate between

amorphous and crystalline
solids based on their structural
arrangement and  physical
properties.

(Knowledge)

[SLO: C-11-B-48]
Deseribe properties of]
crystalline soilids kel
geometrical  shape, melting
paoint and cleavage planes,
{Understanding)
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Standard: Energetics

Students will be able to describe the nature of energy using energy profile diagrams and explain its relationship with chemical reactions, including exothermic and
endothermic processes; apply thermochemical principles to calculate heat transfer and enthalpy changes; explain the laws of thermodynamics and their application|

in chemical systems; and describe the relationship between energy and work in thermodynamic processes,

Benchmark 1: Students should be able to define and apply energy
concepts, including internal energy, enthalpy, and heat changes, to

explain thermochemical processes in chemical reactions.

Benchmark 1: Students should be able to apply the laws of
thermodynamics to analyze and predict energy changesin
chemical systems, including exothermic and endothermic
reactions, enthalpy changes, and entropy changes.

[S1L0: C-09-B-51]

Explain the cohcept -of a chemical
systermn and its surroundings, and how
their interaction influences: enorgy
transfer during a chemical reaction.

{Understanding)

[51L0: C-09-B-52]

Differentiate between exothermic and
epdothermic reactions. by giving
examples.

(Understanding)

[SLO: C-02-B-53]

State that heat energy at constant
pressure is knowrn as enthalpy changes
and identify that it is negative for
exothermic reactions and positive for
endothermic reactions.

(Knowledge)

/A

[SLO: C-11-B-49]

Describe that chemical reactions
are accompanied by enthalpy
changes and these changes can
e exothermic (AH 1s negative) or
endothermic (AH iz positive)
{Understanding)

[SLO: C-11-B-50]
interpret '@ reaction  pathway)
diagram, in terms of the enthalpy]
change of reaction and activation
energy

{Application)

[SLO: C-11-B-51]

Define =standard conditions,
enthalpy change, enthalpy of
reaction, enthalpy of formation,
enthalpy of combustion; and
enthalpy of heutralization.
[Knowledge)

IS
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[SLO: C-09-B-54]

Define activation energy as  thel
minimum  energy  that coliiding]
particles must possess for a successful
{effective) coliision to occur.
(Knowledge)

[SLO: C-09-B-55]

Explain that activation energy
depends on reaction pathway, which
can be changed using catalyzts or
enzyme (detailed pathways not
reguired)

(Understanding)

[SLO: C-09-B-56]

Draw, label, and interpret reaction
pathway diagram for exothermic and
endothermic  reactions  including
enthalpy change, activation energy
{uncatalyzed and catalyzed), reactants
and products

(Application)

[SLO: C-09-B-57]
Recognize that bond breaking s
endothermic process and bond making]
is an exothermic ProCesses.
(Understanding)

[SLO: C-02-B-58]
Explain that enthalpy change is the sum
of energies absorbed in bond breakin
and released in bond furminj

(Understanding)

[SLO: C-11-B-52]

Explain in terms of bond breaking
and bond making whether the
reaction is endothermic  or
expthermic

(Understanding)

[SLO: C-11-B-53]

Calculate the enthalpy change of
& reaction (AH) uwsing bond
EnErgies.

[Application)

[SLO: C-11-B-54]

Descrinbe  that zome bond
energiez are exact values while
others are average (approximate)
values.

{Understanding}

[SLO: C-11-B-55]
Calculate enthalpy changes from
experimental dats using the
relationships g =mcAT and
AH =—mcAT/n
{Application)

[SLO: C-11-B-56]
Define  enthalpy change of
atomization{AHs=) and lattice
energy (AHmics)
(Knowledge)

[SLO: C-11-B-57]
Construct Borm—Habsr cycles for
ionic solids to determine fattice

energy. (Application)
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[SLO: C-09-B-59] [5LO: C-11-B-58]

Calculate the enthalpy change of 3 Perform calcutations involving
reaction using bond energy data Born—Haber cycles
{(Application) {Application)

[5LO: C-11-B-59]

Explain the effect of ionic charge
and jonic radius on the magnitude]
of lattice energy
{Understanding)

[5LO: C-11-B-60]

Apply enthalpy change with
reference to hydration and
enthalpy of =olution

[Application)

[5L0: C-11-B-61]

Construct. an  energy cycle
involving enthalpy of solution,
lattice energy and enthalpy of
hydration

(Application)

[SLO: C-11-B-62]

Perform caiculations involving
energy cycles

(Application)

[SLO: C-11-B-63]
Explain the effect of ionic charge
and ionic radius on the magnitude
of enthalpy of hydration
{Understanding)
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[5L0: C-11-B-64]

Define entropy, 5, 35 the measure
of the number of possible
arrangements of the particles and
their energy in 2 given system

(Knowledge)

[SLO: C-11-B-65]

explain the sign of the entropy
change during changes of state,
temperature changes and
reactions involving changes in
the number of gaseous
maolecules

(Understanding)

[SLO: C-11-B-66]

Calrulate the entropy change of a
reaction, A5 using  standard
entropies, 5, of reactants and
products

(Application)

[5LO: C-11-B-67]
Explain the concept of heat as a
form of  energy transfer

(Understanding)

[SLO: C-11-B-68]

Explain the concept of standard
conditions and standard states in
measuring energy changes.
(Understanding)

[5LO: C-11-B-69]
Explain Hess's Law
(Understanding)
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[5L0: C-11-B-70]

Apply Hess's law to caicuiate
enthalpy changes of a reactions
carried out in multiple steps.
(Application)

[SLD: C-11-B-71]
Define Gibbs free energy
(Knowledge)

[5L0: C-11-B-72]

Apply the concept of Gibbs freg
energy to solve problems by using
AG=AH-TAS

(Application)

[SLO: C-11-B-73]
Explain the relationship between
Gibhs free energy change, AG,
and the feasibility of 3 reaction
{Understanding)

Standard: (Reaction Kinetics) Students will be able to describe the nature of chemical reactions in terms of activation energy and rate of reaction;
explain the factors affecting reaction rate, including temperature, concentration, surface area, and catalysts; and apply kinetic models such as rate laws

and rate constants to describe reaction behavior.

Benchmark 1: The student be able to calculate the rate of
reaction and the rate constant using rate law eguation and
interpret the significance of the rate constant in relation of
reaction rate.

{48 )



/A [SLO:C-11-B-74] NfA
Explain the concept of rate of
reaction and rate constant

(Understanding)

i[SLO: C-11-B-75]
Use experimental data to calculate]
the rate of 2 reaction

(Application)

{[SLO: C-11-B-76]
Explain the concept of activation

energy and its role in chemical
reactions

{Understanding)

[SLD: C-11-B-77]

Use the Boltzmann distribution
curye to explain the effect of
temperature on the rate of a
reaction

{Understanding)

[SLD:C-11-B-78]
BExplain the concept of catabyst
and how catalysts increase the
rate of a reaction by lowering
activation EMErEY
(Understanding)

i[5L0: C-11-B-79]
Interpret reaction pathway
diagrams, including those with and|
without catalysts
(Application)

[SLO: C-11-B-380]

Use rate equations to detemmine
orders of reaction and rate
constants  (Application)
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[SLO: C-11-B-81]

Czlculate the numerical value of 3
rate constant using initial rates
and haif-lifa method.

(Application)

[S5LO: C-11-B-82]

Deduce the units of rate constant
for Zero, 1% and 2nd order
reactions.

{Application)

[SLO: C-11-B-83]
Suggest @ reaction mechanism
that Is consistent with a given
rate  equation and  rate-
determining step

{Application)

[S5LO: C-11-B-84]
Describe the effect of temperaturs
changs on rate constant and rate
of reaction.

(Understanding)
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N/A

N/A, /A MN/A

Standard: (Equilibria) Students will be able to describe the concept of chemical equilibrium and its dynamic nature; explain the relationship between
concentrations of reactants and products and the position of equilibrium; apply the law of mass action to predict equilibrium position; and analyze the effects of

temperature and pressure on chemical equilibrium using Le Chatelier’s principle.

Benchmark 1: Students should be able to describe chemical Benchmark 1: Students should be able to apply the principles|
equilibrium and explain how reversible reactions are affected by of chemical equilibrium to predict the position and extent of]
changes in physical conditions such as temperature, pressure, and equilibrium, including the degree of dissociation of solutes|
concentration. under different physical conditions.
[SLO: C-09-B-60] /A [SLO: C-11-B-85]
Recognize that reversible reaction Describe reversible reactions and
are shown by symbol = and may not dynamic equilibrium in terms of
go to completion equal rate of forward and reverse
[Knawledge] reactions and constant
concentrations of reactants and
[SLO: C-09-B-61] prodels.
Describe how changing the physical {Understanding]
conditions of a chemical equilibrium
systermn  can  redirect  reversible
reacticns
{5ome examples can include:




[5LO: C-11-B-86]

d. effect of heat on hydrated Define dynamic ecuilibriuem
compounds between two  physical  states]
b. addition of water to anhydrous (Knowledge)
substances in particular
copperil) sulfate and cobalt {11} [SLO: C-11-B-87]
chioride State the necessary conditions for,
{Understanding) equilibrium and how eguilibrivem
can be recognized
[SLO: C-00-B-62] (Knowledge)
State that reversible reactions can
achieve eguilibrium in 2 cloced system [SLO: C-11-B-88]
when rate of forward and backward Describe  with  example  the
reactions are erjuak microscopic ewvents that occur
{Undersianding} when a chemical system is ing
equilibrium
{Understanding)

[SLO: C-11-B-89]

Deduce the equilibrium constant
expression [Kc] from the eguation
of & homogenects reaction

{Application)

[SLO:C-11-B-90]

Write: the equilibrium constant
expression for a given chemical
reaction in terms of concentration
{K:), partial pressure (Kp). and
rmigte fraction.

{Application)

[SLD:C-11-B-91]

Uee Kp and Ko expressions to
perform  calculations  involving
eguilibrium concentration and
partial pressures of reactants
and products.

{Application)
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[SLO: C-11-B-92]

Determine whether the
lequilibrivm constant will increase
or decrease when temperature is
changed, given the reaction
equation.

[Understanding)

[SLO: C-11-B-93]

State Le Chatelier's Principle and
apphy it to systems ineguilibriurm
with changes in concentration,
pressure, temperature, or the
addition of catalyst Occur.

{Application)

[SLO: C-11-B-94]
Expiain industrial applications of
Le Chatelier's Principle using the
Haber's process and the Contact
Process as example.
(Understanding)

[SLO: C-11-B-95]
Discuss industrial applications of
chemical equilibrium snd how it is)
used to optimize chemical
reactions to maximize yields and
minimize waste.

(Application)

[SLO: C-11-B-96]
Explain the common jon effects
with suitable examples,
[Understanding)
[SLO: C-11-B-97]
Demonstrate understanding and
application of the concept of
solubility product. (Ke)

(Application)
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[SLO: C-11-B-98]
Construct expression for g
{Application)

[SLO: C-11-B-99)
calculate K., from concentrations
data and vice versa

(Application)

[SLO: C-11-B-100])

Apply commeoen ion  effect to
explain changes in solubllity when
a substance is dissolved in a
solution containing a common fon;
(Application)

[SLO: C-11-B-101)

perform  calculations using K
values and concentration of a
commen lon,

{Application)

[SLO: C-11-B-102]
state the meaning of the partition
coefficient, Kp:

(Knowledge)

[SLO: C-11-B-103]
calculate the partition coefficient
for a system where a solute existd
in the same physical state in two
immiscibie solvents

(Application)

[SLO: C-11-B-104]

Expiain the factors affecting the
numerical value of the partition
coefficient in  terms of the

polarities. of the selute and the
salvent,
(Understanding)
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Standard: (Acid-Base Chemistry and pH) Students will be able to define acids and bases and describe their properties; explain the concept of pH and its refatio
with hydrogen ion concentration; describe acid-base reactions including neutralization and proton transfer; and explain the role of buffers in maintaining pH,

including buffer capacity and the concentration of buffer components.

Benchmark 1: Students should be able to identify and distinguish
acids and bases based on their properties, chemical behavior, and
Bronsted-Lowry theory.

Benchmark 1: Students should be able to calculate pH values.
of acidic and alkaline solutions, including applications in
titration experiments.

[SLO: C-09-B-63] W&
refine Bronsted-Lowry 2cids as proton
donors and Bronsted-Lowry bases as
proton acceptors

[Knowledge)

[SLO: C-09-B-64]
Recognize that aguecus solutions of]
acids contain H® jons and agueous|
solutions. of alkalis contain OH jons

(Knowledge)

[SLO: C-09-B-65]

Define strong acids and bases as
substances that completely dissociates
in-agueous solution and weak acid and
base that partially dissociates in
agueous solution with examples
including hydrochloric acid, sulphurig
acid, nitric acid, and ethanoic acid.
represent their dissociation using
symbolic equations.

(Knowledge)

[SLO: C-09-B-66]
Formulate dissociation egquations for
acid or base in 3gueous solution.

[Application)

Acid-Base Theory

[SLO: C-12-B-21]

Define conjugate acid—base pairs
(Knowledge)

[S5LO: C-12-B-22]
identify conjugate acid-base pairs
in reactions

(Understanding)

[SLO: C-12-B-23]

Apply the concept of conjugate
arid and conjugate base on salt
hydrolysis

(Application)

[SLO: C-12-B-24]

Define mathematically the terms
pH, Kz, pKz and K« and use them
in calculations (K and the
equation K. = ¥ = Kz will not be
tested)

{Application)

[SLO: C-12-B-25]
calculate [Holag)] and pH values
for:

{a) strong acids

ik} strun'g_alskalis




[SLO: C-008-B-67]

Recognize that bases are metzl oxides
or hydroxides and that alkalis arg
water-soluble bases

{Understanding)

[SLO: C-002-B-68]

Describe the characteristic properties
of acids in terms of their reactions with
metals, bases and carbonates

{Understanding)

[SLO: C-09-B-69]

Identify the characteristic properties
of bases in terms of their reactions
with' acids and ammonium zaits

(Understanding)

[SLD: C-09-B-70]
Define acid rain.

(Knowledge)

[SLO: C-09-B-71]
Discuss effects of acid rain and relate
them with properties of acids

(Understanding)

{c] weak acids
(d] weak alkalies

(Application)
[SLO: C-12-B-26]
Calculate the [H207] given the K3

and molar concentration of weaky
arid.

{Application)

[SLO: C-12-B-27]

Distinguish that Lewis acids are
electron pair acceptors and Lewis
bases are electron pair donors
forming coordinate cowvalent
bond.

(Understanding)

[SLO: C-12-B-28]

Use the extent of ionization and
the acid dissociation constant, K,
to distinguish bstween strong
and weak acids.

(Application)

[SLO: C-12-B-29]

Use the extent of ionization and|
the base dissociation constant, Kz
to distinguish between strong and
weak bases.

{Application)
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[SLO: C-12-B-30]

Explain what is meant by a
chemical buffer and how a buffer
system works. (For context this
should include:

a. definingwhatis 3
buffer solution

b. explaining how a buffer
=olution can be made

C expizining how buffer
zojutions control pH;
uze chemical eguations
in these explanations

d. describeand explain the
uses of buffer solutions,
including the role of
HCO: in controfling pH In
blaod)

(Understanding)

[SLO: C-12-B-31]

calculate the pH of buffer
solutions by using appropriate
data

(Application)




[51L0:cC-12-B-32]

Sketch the pH titration curves
using combinations of strong and
weak arids with strong and weak
alkalis

(Application)

[SLO: C-12-B-33]
Use the concept of hydrolysis tol

explain why agusous solutions of
some =alts are acidic or basic.

(Application)

Standard: (Salts) Students will be able to describe the nature of salts and their formation from acid—base reactions; explain ionic compounds in terms of crystal
lattice structure; discuss the properties of salts including solubility, conductivity, and melting point; apply principles of chemical bonding to explain the befravior

Benchmark 1: Students will be able to differentiate be N/A
different types of salts based on their properties and sol
behaviour.
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MNSA

[SLO: C-10-B-35]

Explain that salts are ionic
compounds formed by
electrostatic attraction between
oppositely charged ions where
positive ions are derived from
bases and negative fons are
derived from acids.
(Understanding)

[5LO: C-10-B-38]

Explain why at STP salts are
solids with high melting points,
(Understanding)

[SLO: C-10-B-371
Describe that under normal
conditions, ionic compounds are
uvsually solids with lattice
structures.

[Knowledge)

[SLO: €-10-B-38]
Explain why the molten and
agueous soiutions of salis are
good conductors of electricity by
making reference to the idea of
mobile ions

(Understanding)

N/A

/A
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SLO: C-10-B-39]

Descrive general trends in the
solubility of salts in water, including
that all sodium, potassium,
ammonium, and nitrate salts are
zofuble; most chiorides are soluble
except those of silver and lead:;
carbonates are generally insoluble
except those of sodium, potassium,
and ammanium; and hydrosides
are generally insoluble  except
those of sodium, potassium,
ammonium, and calcium [partially
soluble).

(Knowledge)

[SLO: C-10-B-30]

Describe the preparation,
separation and purification of
soluble salts by reaction of acids
with alkali (titration), excess metal,
excess insoluble base, and excess
insoluble carbonate
(Understanding)




Benchmark 1: Students will be able to explain the similarities and
differences in properties of elements within the same group
(vertical column) and across periods (horizontal row) of the
periodic table, including the classification of elements into s- and
p-blocks based on their electron configurations.

Benchmark 1: The student will be able to interpret and
explain periodic trends in electron configuration, ionization
energy, electron affinity, and atomic radius; predict the
properties and reactivity of elements based on their position
in the periodic table; and use periodic properties to classify
elements and compounds into groups and identify

relationships among them.

[SLO:C09-C-01]

Define the periodic table as an
arrangement of elements Into
periods and groups in order of
increasing proton number {atomic)
rumber).
[Knowledge)

[SLO:C-09-C-02]
Identify the group, pericd, or block
of an element from i electronic
canfiguration (only the concept of
subshells related to blocks may be
introduced).

{Understanding)

[SLO:C-09-C-03]

Explain the relationship between
the group number and the chargg
of ions formed by elements of that]
group in terms of their outermost
electron shells.
(Understanding)

[SLO:C-09-C-04]

Explain  the similarities in  the
chemical properties of elerments)
within the same group in terms of]
their electronic configurations,

{Understanding)

N/A

[SLO:C-11-C-01]
Explain the arrangement of
elements in the periodic table,
(Understanding)

[SLO:C-11-C-02]
Explain that the periodic table
is divided into four blocks
associated  with  the four
sublevels: 5, p d, and f)
{Understanding)

[SLO:C-11-C-03]
Recognize that the period
number (#) correspotids to the
outermost  principal  energy
level occupied by electrons,
{Understanding)

[SLO:C-11-C-04]

State that the principal energy
leve| number and the number
of valence electrons in an atom
carn be deduced from its
position in the periodic table.
(Knowledge)

MN/A
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[SLO:C-09-C-05]

ldentify trends across groups and
periods using information about
elements, including trends in
atomic radius, electron affinity,

electronegativity, ionization
nargy, metallic  character,
reactivity, and density.
(Understanding)
[SLO:C-D9-C-06]

Use the terms alkall metals,
olkaline earth metals, halogens,
noble gaoses, tronsition metals,
lanthanides, and actinides in
reference to the periodic table.
(Knowledge)

[5LO:C-09-C-07]

Predict the charactaristic
properties of an element in 2
givernr group using knowledge of
chemical periodicity.
{Application)

[5L0:C-09-C-08]

Predict the possible position of an
unknown element in the periodic
table with reference to  its
electronic configuration.
{Application)

[SLO:C-11-C-05]
ldentify the positions of metals,
non-metals, and metalloids in
the periodic table,
(Understanding)

[SLO:C-11-C-06]
Explain that jonization energy|
arises  from the attraction
between the nucleus and the
OUtErmost electron)
{Understanding)

[SLO:C-11-C-07]
Explain the variation in the
successive ionization energies|
of an element,
(Understanding)

[SLO:C-11-C-08]

Explain the factors that
influence the ionization|
energies of elements, including
nuclear charge, atomic and
ionic radius; shielding by inner|
shells and subshells, and spind
pair repulsion,
{Understanding)

[SLO:C-11-C-09]

Deduce the electranig
configuration of an element
using successive  fonization)
Energy data.)
[Application)
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[5L0:C-11-C-10]

Deduce the position of an
element in the periodic tablg
using successive  jonization
energy data.
(Application)

[SLO:C-11-C-11]

Define electronegativity as the
ability of an atom to attract
glectrons toward itself,
[Knowledge)

[5LO:C-11-C-12]

Explain  the factors that
influence the electronegativity]
of elements, including nuclear|
charge, atomic radius, and
shielding by inner shells and
subshells.

{Understanding)

[SLO:C-11-C-13]

Use differences in' Pauling
electronegativity  wvalues 1o
predict whether jonic o
covalent bonds  will form.

[Application)

[SLO:C-11-C-14]

Define first electron  affinity
{EA).

(Enowledge)
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[SLO:C-11-C-15]

Explain the factors that affect
the electron affinities.  of
elements.
(Understanding)

[SLO:C-11-C-16]
Explain  the wvertical and
horizontal trends in the
periodic  table  for atomic
radius, ionic radius, ionization
energy, electron affinity, and
electronegativity.
(Understanding)

[SLO:C-11-C-17]
Recognize that trends In
metallic  and  non-metallid
character are due to trends in
the number of valenice
electrons.

[Understanding)

[SLO:C-11-C-18]
Deduce the electron
configuration of an atom from
its position in the periodic
table, and vice versa, based on
s, p, d, and f subshells,

{Application)

[SLO:C-11-C-19]
Describe,  including  writing
equations, the reactions (if any)
of third-period oxides (acidig
and basic) with water, including
the likely pH of the resulting
solutions.

{Understanding)
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[SLO:C-11-C-20]
Explain, with the help of
equations, the acidic, basic, and
amphoteric behavior of the
oxides of third-period elements,
[Understanding)

[SLO:C-11-C-21]
Predict the characteristig
properties of an element in a
given group using knowledge off
chemical periodicity.
|Application)




Standard: (Group Properties and Elements) Students will be able to describe group properties of elements including electron configurations and reactivity; explai
trmﬂsinfeamvity atomic size, and electronegativity within groups; discuss the chemical behavior of elements in different oxidation states; apply electro
3l mmmmmmmmmmmmmmmmmmmgmupam:msamaﬂmmh.am !

tmﬂ:mmis, halogens, and noble gases.

Benchmark 1: Students should be able to describe the physical and N/A
chemical properties of elements in different sroups of the periodic
table, including their reactivity and tendency to form compounds.

Group | Properties Mitrogen and Sulfur

[SLO: C-09-C-09] [SLO: C-10-C-01]

Define Group | Alkali metals as soft Describe the catalytic role of NOD
metals. and describe general trendzand NO: in the oxidation of
down the group including decrsasing atmospheric  sulfur  dioxide to

melting peint, increasing density and sulphur trioxide.
increasing reactivity tUnderStanding]
[Knowledge)

[SLO: C-10-C-02]

[SLO: C-09-C-10] State the symbol equation for the
Predict properties of other elements | production of ammonia in the
in group |, given information about |Haber process, Nzg + 3Hzg =

the elements. INHag
[Application) [Knowledge)
[SLO: C-09-C-11] [SLO: C-10-C-03]

Predict properties of elements in | stare the sources of the hydrogen
group 1 in-order of reactivity given | imethane) and nitrogen {air) in thel
relevant information. Haber process

(Application) (Knowledge)

[SLO: C-10-C-04]
State the typical conditions in the
Haber process as 450°C, 200 atm and
an ircn catalyst

{(Knowledge)
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Group VIl Properties

SLO:C-09-C-12]
Define Group VIl halogens as
diatomic non-metals with general
trends limited to increasing density
and decreasing reactivity.
(Knowledge)

[SLO:C-09-C-13]
ldentify  the appearance  of
halogens at room temperature and
pressure [RTP) as follows: fluorines
as a pale yellow gas, chlorine as 3
vellow-green gas, bromine as a red-
brown liquid, and fodine as a grey-
black =olid.
(Knowledge)

[SLO:C-09-C-14]
Explain the displacement reactions
of halogens with halide iorns, and
their behavior as reducing agents)
(Understanding)

[SLO:C09-C-15]
Predict the properties of elements
in  Group VIl using given
information about the elements)
{Application)

[SLO:C09-C-16]
Analyze  the relative  thermal
stability of hydrogen halides and
explain itin terms of bond strength |
(Understanding]

| trioxide in the Contact process as

[SLO: C-10-C-05]

State the symbol equation for the
comversion of sulfur dioxide to
sulfur trioxide in the Contact
process, 250k + Db = 25055
(Knowledge)

[SLO: C-10-C-06]
State the sources of the sulfun
dioxide {burming sulfur or roasting
sulfide ores) and oxygen (air) in the
Contact process

(Knowledge)

[SLO: C-10-C-07]
State the typical conditions for the)

comversion of sulfur dioxide to sulfur]

450°C, 200kPa
vanadium(V) oxide catalyst

(Knowledge)

fatm and 3
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Transition Elements Oxides

[SLO: C-10-C-08]

[SLD:F_HQ{_I?I_ . Describe  amphotenic oxides as
Describe transition elerments as enides that: Teack selth ~acads - and

metals that have high densities, pases to produce a salt and water
high melting points, and variable (Understanding)

oxidation states, and that form
colored compounds and act as[SLO: C-10-C-09]
catalysts in industrial processes) Classify oxides as acidic (nonmetall
Examples of catalytic uses include| oxides), basic (metal oxides) or
the Haber process, catalyticamphoteric, limited to AlO3 and
converters, the Contact process;znO, related to metallic and nond
and the manufacture of margarine.| metallic character.

(Knowledge) (Understanding)

Noble Gases
Properties of metals
[SLO:C-09-C-18]
Define Group 18 noble gases ag [SLO:C-10-C-10]

unreactive, monatomic  gases. Identify the general chemical
(Knowledge) properties of metals, limited to

their reactions with dilute acids,
coid water, steam and oxyegen.

[5L0:C-09-C-19] (Understanding)
Explain their lack of reactivity in

terms of  their electronic

configuration. [SLO: C-10-C-11]

{Understanding) Arrange metals in order of reactivity
given relevant information
(Application)
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Properties of metals

[5L0-C-09-C-20]

Compare the general physical
properties of metals and non-
metals, specifically in terms of
thermal conductivity, electrical
conductivity, malleability and
ductility, and melting and boiling
points.

(Understanding)

Standard: S Block Elements Students will be able to identify and classify Group 2 elements based on their position in the periodic table; explain trends in reactivity
based on electron configuration and oxidation state; describe industrial and everyday uses of Group 2 elements such as magnesium, calcium, and barium; explain
methads of extraction and purification including thermal reduction and electrolysis; and describe the properties of Group 2 compounds, including trends in solubility
and reactivity of oxides, hydroxides, and carbonates.

N/A Benchmark 1: Students should be able to describe trends in
atomic properties of Group 2 elements and explain their
chemical reactivity with the other elements including trends in
reactivity , solubility, and the formation of oxides and
carbonates.
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MSA MNSA MFA [5L0: C-12-C-01]

Describe  the properties and
trends of Group 1 and 2 clements,
including their electron
configurations, reactivity, and
common  compounds  such  as
oxides, hydroxides and
carhonates

(Understanding)

[SLO: C-12-C-02]

Explain the chemical reactivity of
Group 1and 2 elements, including
their reactions with  oxygen,
walter, and acids (Be, Mg, Cal

{Understanding)

[SLO: C-12-C-03]

Explain the wariation in the
oxidation number of the oxides
and chlorides (NaCl, MgClh) in
terms of their outer shell (valence
shell) electrons.

{Understanding)

[5L0: C-12-C-04]
Explain the reactivity of Group 1
and 2 elements in terms of their
electron configuration and
valence glectrons.

(Understanding)

[SLO:C-12-C-05]
Describe the industrial and
everyday uses of selected
Group 2 compounds such as)
magnesium  oxide, calciurm
oxide, calcium hydroxide, and
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rragnesiurm sulfate, including
their rales in medicine and
agriculture.
[Application)

[SLO: C-12-C-06]

Explain the term reactivity series
and its-application in predicting
the outcomes of chemical
reactions.

(Understanding)

[5LO: C-12-C-07]
Use the concept of the reactivity
series to predict the outcomes of|
chemical reactions.

(Application)

[SLO: C-12-C-08]

Explain the extraction and
purification process of Group |
elements and their compounds,

{Understanding)

[SLO: C-12-C-09]

Understand the term thermal
decomposition and its application
in the analysis of Group 2
compounds especially carconates
and nitrates.
(Understanding)

[5LO: C-12-C-10]

Explain the trend in solubility off
group 2 sulfates and hydroxides
using terms enthalpy of hydration
and enthalpy of solution

(Application)
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[SL0: C-12-C-11]

Compare the properties and
reactivity of Group 2 elements
with group 1 in the periodic table.

(Application)

[SLO: C-12C-12]

Describe qualitatively the trend in
the thermal stability of the
nitrates and carbonates of group
1 and Z including the effect of
jonic radius on the polarisation of
the large anion

{Application)

[5L0: C-12-C-13]

describe  gualitatively  the
variation in  solubility and
enthalpy change of solution, of
Prydroxices and sulfates interms
of relative magnitudes: of
enthalpy change of hydration
ahd lattice encrgy
{Application)




N/A Benchmark 1: Students should be able to describe trends in
the reactivity of halogens and explain their tendency to form
compounds with other elements in the periodic table.

N/& N/A [SLO: C-11-C-22] MA
Describe the colors and trend in
volatility of chlorine, bromine and
iodine

{Understanding)

[SLO: C-11-C-23]

Describe the relative reactivity of
the halogen elements as oxidizing
agents

(Understanding)

[SLO: C-11-C-24]

Describe the reactions of the
halogenz with hydrogen and
expizin their relative reactivity in
theze reactions

(Understanding)

[SLO: C-11-C-25]
Describe the relstive. thermal
stabilities of the hydrogen halides
and explain these in terms of
bond strengths
(Understanding)

[SLO: C-11-C-26]
Describe the relative reactivity of

halide ions as reducing agents

(Understanding)
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IisLo: c-11-c-27]

Ewplain the reactions of halide
ions with concentrated sulfuric
‘acid

(Understanding)

[SLO: C-11-C-28]

Interpret the reactions of chlorine
with cold and hot -agueous
sodium hydraxide a5
disproportionation reactions

(application)

[sLO: C-11-C-29]

Erq.l’ca?n the use of chlorine in
water purification, induding the
farmation of active species such
as HOC and ClO, which kil
bacteria.

{Understanding)




nN/A Benchmark 1: Students should be able to describe the
reactivity of Nitrogen and Sulphur, th properties of their
compounds, their major chemical reactions and their roles in
the environment.

N/A N/A Nitrogen MN/A
[5LO: C-11-C-30]

Explain the lack of reactivity off
nitrogen due to its triple bond
strength and lack of polarty
(Understanding)

Sulfur

[SLO: C-11-C-31]

Explain the lack of reactivity of
sulfur, with referehce to its
bonding and ctability of its
compounds.

(Understanding)

[SLO: C-11-C-32]

Dezcribe the different oxidation
states of sulfur and their relative
stability.

(Understanding)

[5L0: C-11-C-33]

Describe the chemical reactions
and processes invaolving sulfur,
such  as combustion and
oxidation.

{Understanding)

[5LO: C-11-C-34]

Explain the wses of sulfun
compourds  in industry  and)
everyday life, such asin fertilizers)
guripoveder and rubber, and in the
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Synthetic  organic  chemistry,
including the synthesis of dyes
and drugs.

{Understanding/Application)

Standard: Transition Metals

Students will be able to describe the general physical properties of transition elements; and explain the pattern of electronic configuration in d-block elements and
its implications for chemical bonding, chemical reactions, and physical properties.

N/A Benchmark 1: Students should be able to Identify d-block in
the periodic table and understand their general physical and
chemical properties.

MfA N/A [SLO: C-12-C-14]
Identify the generzl physical and
chemical properties of the first
row of transition elements)
titanium to copper
[Understanding)

[SLO: C-12-C-15]

define a transition elementas a
d-block element that forms one or
mare stable ions with incomplets
d orbitals

(Knowledge)

[SLO: C-12-C-168]
|dentify the properties of
transition slements (Some
examplesinclude:
3l they hawve variable
oxidation states
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b} theybehave a= catalysts
c) theyform complexions

d) they form coloured
compounds)

{Understanding)

[5L0: C-12-C-17]
Explain why transition elerments
exhibit variable oxidation states
in terms of the similar energies|
of the 3d and 4s subshells:
(Understanding)

[5L0: C-12-C-18]
Explain why transition elerments
act as catalysts in terms of
having more than one stable
oxidation state and vacant d
orbitals that are energetically]
accessible  and  capable  of
forming dative bonds  with
ligands,

(Understanding)

[SLO: C-12-C-19]
Explain why transition elements|
form complex ions in terms of
vacant o orbitals that are
energetically accessible,
(Understanding)

N/A
N/A | nya ]
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[SLO: C-12-C-20]

Explain  the resctions of
transition  elements  with
ligands to form complex fons,
including complexes of
copper(ll) and cobalt{ll) ions
with water and ammonia
molecules, and with hydroxide
and chloride jons.
{Application)

[SLO: C-12-C-21]

Define the term ligand as a
species that contains a lone
pair of electrons which s
donated to a central metal
atom or ion to form 3 dative
covalent bond,

[Knowledge)

[SLO: C-12-C-22]

Uze the term monodentate ligand
and identify examples such as
Hz0, NHz, 0~ and CN™
(Knowledge)

[SLO: C-12-C-23]
Uz the term bidentate ligand ang
polydentate  ligand, including
examples such  as 1,24
diamincethane, HaNCH:CHaNH:
‘and ethanedioate io n, C20u

as bidentate fgand and EDTA az 2
polydentate ligand.
(Knowledge/Understanding)

{78 )



[SLO: C-12-C-24]

Define the term complex 3s a
molecule or ion formed by a
central metal atom [ ion
surrounded by one or more
ligands

(Knowledge)

[SLO: C-12-C-25]

Describe the geometry (shape
and bond angles) of transition
glement complexes which are
[inear, tetrahedral or octahedral.

(Understanding)

[SLO: C-12-C-26]
State what = meant by
coordination number

(Knowledge)

[SLO: C-12-C-27]
Predict the formula and charge of
& complex ion, given the metal
ion, its charge or oxidaiion state,
the ligand and its coordination
number or geometry.

(Application)

[SLO: C-12-C-28]
Explain gualitatively that . ligand]
exchange can occur, including
complexes of copper{ll) ions. and|
cobalt{ll) jons. with water and
ammonia malecules and|
hydroxide and chloride ions
(Understanding)
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Colour of complexes
[5LO: C-12-C-29]

use the terms degenerate and
non-degenerate d  orbitals

{(Knowledge)

[5LO: C-12-C-30]
Describe  the splitting  of
degenerate d orbitals into two
sets  of non-degenerale d
orbitals of different energies,
and use AE in:
{a) octahedral complexes, where
two orbitals are higher in energy|
and three are lower
(b} tetrahedral complexes,
where three orbitais are higher|
in energy and two are lower
{Understanding)

[SLO: C-12-C-31]
Explain why transition elements
form coloured compounds in
terms of the frequency of light
absorbed when an electron is
promoted between non-
degenerate d orbitals.
(Understanding)

[SLO: C-12-C-32]
Deseribe gualitatively the effect
of different ligands on AE, the
frequency of light absorbed, and
ithe complementary colour]
mhserved,

Application}
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7 N/A [SLO: C-12-C-33]
Use complexes of copper(ll) and
cobalt{ll) fons with water,
Fmmonia, hydroxide, and
chloride ions as examples of
ligand  exchange  affecting
observed colour.
[Application)

Stability Constants, Kstab

[SLO: €-12-C-34]
Define the stability constant
(K.=b) of a complex as the
equilibrium constant for the
formation of a complex ion in
solution from its constituent]
ions or molecules,
[Enowledge)

[5LO: €-12-C-35]
Write an expression for K.sb of]
a complex (water molecules
should not be included).

{Application)

[SLO: C-12-C-36]

Use K.:b expressions to
perform caleulations.
[Application)

[SL0: C-12-C-37]

Explain figand exchange in
terms of K.eb wvalues and
understand that a large Kb
indicates the formation of a
more stable complex ion.
{Understanding)
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N/A
MNFA /A

Standard: (Atmosphere) Students will be able to describe the composition and structure of the Earth’ snmmphmimmgmmdmm explain the role,
of the atmosphere in Earth’s climate, including the greenhouse effect; discuss the sources and effects of atmospheric pc , including g jouse gases and air

pﬂuhnh,apﬂypﬂncmlasnfﬂmnmalmnﬁmstuuplmtha formation and removal of atmospheric pollutants; and describe the role nfahm:sph&zdlemmm
try and its impact on air quality and climate.

Benchmark 1: Students should be able to demonstrate an Benchmark 1: Students should be able to evaluate the
understanding of the composition, structure and functions of the impact of atmospheric pollutants on the environment and
Earth's atmosphere, including the role of atmospheric gases, living organisms and describe possible solutions to mitigate
pollutants and greenhouse effect. these effects.

[SLO: C-10-D-01] [SLO: C-11-D-01] M4

State that composition of clean, dry Identify the properties and

air iz approximately 78% nitrogen, composition of the atmosphere)

Mz, 21% oxygeh, Oz and the {Include the concepts of 4 layers of]

remainder a5 a mixture of noble atmosphere and their

gasses and carbon dicxkide, 00: compaositicon)

(Knowledge) Knowledge]

[5L0: C-10-D-02]

state the major sources of ain
pollutants, including carbon
dioxide from complets
combustion of carbon-containing
fuels; carbon monoxide and
particulate matter from
incomplete combistion;
methane from decomposition of
vegetation and waste gases from)
animal digestion; oxides of]
nitrogen from car engines; sulfur
dioxide from the cembustion off
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sulfur-containing fossil fuels; and
ground-level ozone formed from|
reactions between oxides of
nitrogen and wvolatile organic
compounds in the presence of
sunlight.

(Knowledge)

[5L0: C-10-D-03]

State the adverse effects of air
pollutants, including:

a. carbon dioxide: increased levels
contribute to plobal warming,
leading to climate change

b. carbon monoxide: a toxic gas

. particulates (dust, smoke, and
fine particles): increased risk of
respiratory diseases and cancer

d. methane: increased levels
contribute to plobzl warming,
leading to climate change

e. oxides of nitrogen: cause acid
rain, photochemical smog (PAN),
and respiratony probiems

f. sulfur dioxide: causes acid rain
and haze

(Knowledge)

[SLO: C-11-D-02]
Describe the sources and effects of
air pollution, including both
natural and human-caused
pollutants such a5 orone (Oa),
polycyclic aromatic hydrocarbons|
{PAHS), persistent organic
pollutants {POPs),
chtorofiuorocarbons  (CFCs)  and
other ozone-depleting substances,
and heavy metals such as lead,
mercury, and cadmium.

[understanding)

[SLO: C-11-D-03]
Design experiments and collec
data to test hypotheses about ain

guality with respect to the use of]
an antismog gun.

{Application)
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[SLO: C-10-D-04]
Explain how the greenhouse gases|
carbon dioxide and methane cause
global warming: including:
2. Theabsorption, reflection and
re-emission of thermal energy
k. The reduction of heat loss from
earth to space)

(Understanding)

[SLO: C-10-D-05]
Describe the role of sulfur in thel
formation of acid rain and its impact]
on the environment.

(Understanding)

[5L0: C-10-D-06]

Describe strategies to reduce the

effects of major environmental

iszues including:

2. climate change: planting trees,
reduction in livestock farming,
decreasing the use of fossil
fuelsand increasing the use of
hydrogen and renswable
energy such as wind and sofar
Energy

b, acid Taine using catalytic
conwerters in vehicles, reducing
sulfur dioxide emission by low
suifur fuels and and applying
fiue gas desulfurization using
calcium oxide

(Understanding)
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[SLO: C-10-D-07]

Describe the role of NO and MOz in
the formation of acid rain, both
directly and through their catalytic
role in the oxidation of atmospherid
sulfur dioxide.

(Understanding)

[SLO: C-10-D-08]
Explain how oxides of nitrogen arg
formed in car engines and describe
their removal by catalytic converters,
eg CO+2NO - 200+ Nz

(Understanding)

[SLO: C-10-D-09]
State that water from naturzal
sources may contain useful and
harmful substances.

including:

dissolved ooygen

metal compounds
plastics

SEWSEE

harmful microbes
nitrates from fertilizers
phosphates from
fertilizers and
detergents)

[Knowledge)

[SLO: C-10-D-10]

Recognize that some  naturally

occuring substances in water arg
beneficial
including:

a dissofved ocwygen for aguatic
life

mpRn e
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b. some metal compounds
provide essential minerals for
life)

(Understanding)

[SLD: C-10-D-11]
Recognize that some  naturaliy
occuring substances in water arg
potentially harmiful

including:
3. some metal compounds
that are toxic
b. some plastics that harm
aguatic life

C sewage that contzins
harmiful microbes which
cause disease

d.  nitrates and phosphates
that |ead to
deowygenation of water
and damage to aguatic life
Details of the
eutrophication Process
are not required)

[Understanding)

[SLO: C-10-D-12]
Explain the treatment of ths
domestic water supphy
including:
{a) sedimentation and filtration
to remove solids
(b) use of carbon to remove
tastes and odors
(c) chiorination to kill microbes)
(Understanding)
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[SLO: C-10-D-13]

identify the negative effects of
water pollutantz on life and the
WEYS to avoid them.

{Understanding)

[5L0: C-10-D-14]

Explain  water scarcity as an
important issue faced by Pakistan
and suggest ways in whichitcan be
resohved.

{Understanding)

Fertilizers

[SLO: C-10-D-15]
State that urea, ammonium salts
and nitrates are used as fertilizers.

(Knowledge)

[5L0: C-10-D-16]

Explain the use of NPK fertilizers in
providing nitrogen, phosphorus and
patassium:  for improved plant
growth.

{Understanding)
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Standard: Water

Students should be able to describe the composition, properties, sources, distribution, and natural recycling of water on Earth, including the water cycle.
groundwater systems. They should also analyze the effects of pollutants such as acid rain, chemical contaminants, and eutrophication on water quality, apply bs
thermrﬂpmuphsmexplammefuﬂnaﬁnnandmmvdﬂfthempdhmm;,mdmﬂemmﬂ:emhafWMmuﬁmmmmmswmmhpum :
sustaining water resources and aquatic ecosystems.

Benchmark 1:
Students should be able to demonstrate the ability to identify
types of water pollution and common pollutants such as oil,
pesticides, and heavy metals. They should also evaluate the
impact of human activities, including agriculture and industry,
on water resources, and explain strategies for the
conservation and sustainable management of water
resources.

M/A [SLO: C-11-D-04] MfA
identify different types of water
pollution, including point source
and nonpoint source pollution.

(Knowledge)

[SLO: C-11-D-05]

|dentify common water
pollutants such as oil, pesticides,
and heavy metals.

(Knowledze)

[SLO: C-11-D-06]

Evaluate the impact of human
activities, such as agriculture and
industrial processes on  water
rESOUrces.

[Application)
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[5LO: C-11-D-7]

Explain conservatian and
management  strategies  for
protecting and preserving water
resources

(Understanding)

..m Serstar I’ﬂte

rules. mmmld dem-ﬂ;e functional groups such as m

H:adﬁmnhm,mam oo ﬂm

similarity in properties and maatnﬁlrammgﬂsmnnhmﬂwmdﬁ mwmm#wwmmﬂﬂm mﬂﬂﬁms.

common reactions, mmemmmm reduction.

Benchmark 1: Students should be able to recognize and classi
organic compounds based on their functional groups, nomenclature
isomerism, and homologous series.

Benchmark 1: Students should be abie to analyze the

chemical and physical properties of organic compounds based
on their functional groups and demonstrate understanding of
common organic structures, terminology and reaction
mechanisms.
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[5L0: C-09-E-01] [SLO: C-10-E-01] [SLO: C-11-E-01] [5L0: C-12-E-01]

Describe  organic molecules 85 | MName and draw the structural snd Define catenation and explain its | Explain sterecisomerism and it
straight-chained, branched or cyclic |displayed formulae of unbranched importance in organic chemistry. | division into geometrical
(Knowledge) slikanes, alkenss, alcohols, and {Understanding) {cisftrans} and optical isomerism
carboxylic acds: (Include but-1-ene {Understanding)
[SLD: C-09-E-02] and but-Z2-ene, propan-1-ol, propan [SLO: C-11-E-02]
State that 3 structural formula is an |270) Butan-1-ol and butan-2-of] Recognize that hydrocarbons are | [SLO: C-12-E-02]
unambiguous representation of how |(Knowledge) compounds made up of Cand H | Describe geometrical (cis/trans)
atoms jn 2 molecule are arranged, atoms only izamerism in alkenes, and explain
including examples such as CH:=CH;, | [5L0: C-10-E-02] (Knowledge) its origin in terms of restricted
CH=CH20H, CHaCOOCH= State the type of compound present rotation dueto the presence of
(Knowledge) from its chemical ‘name ending in 5 [SLO: C-11-E-03] bonds
ane, -ene, -yne, -ol, or -cic acid o Recognize that alkanes are {Understanding)
[SLD: C-09-E-03] fr_ﬂm its molecular, structural on simple hydrocarbons with no
|dentify and draw structural formulae displayed formula functicnal group [5LO: C-12-E-03]
for molecules. (Knowledge) (Knowledge) Explain what is meant by a chiral
(Knowledge) center and that such a center
[SLO: C-10-E-03] [SLO: C-11-E-04] gives rise to two optical isomers
[SLO: C-09-E-04] Mame and draw the displayed Recognizethat  compounds dEnantinmersh.
et e Sowintes ol furrnuiae of the unbranched esters contain a functional group which | (Understanding)
compounds in the same homologous which can be mage T‘mrrl un_hranched dictates their physical and
series  including alkanes, alkenes, alcuh?l? and carbomylic acids, eachy chemical properties [5LO: C-12-E-04]
alkynes, alcohols and carbowyfic acids £aytsining up o our car atpms {Understanding) Describe that enantiomers have
(Understanding) (Knowledge) identical physical and chemical
[5LO: C-11-E-05] properties except for their ability
[SLO: C-09-E-05] Interpret the general, structural, |10 TOtate FIFEHI_:_‘-!:IDFEr'iZEd _"ight
Bifrie  shhehaal  emee = displayed and skeletal formulze | 200 pc:-temral‘ bioloeical activity.
compounds with the same maleculan of the classes of compounds (Understanding)
formula, but different structorall [Undarstanding)
formulae; induding examples such as [5LO: C-12-E-05]
CaHis  (CHsCHzCH:CH: and [SLO: C-11-E-06] Appiy; the: terms. optically active;
CH:CH{CH:)THz) and CaHs Describe the use of systematig =CEMIC IRie A
mesocompounds on given

(CHSCHCH=CHzand CHsCH=CHCHs) nomenclature of simple aliphatig

organic molecutes (including oydo EtmctL_‘rE'_
(Knowledge} alkanes  and  alkenes)  with (Application)

functional groups

(Understanding)
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[SLO: C-09-E-06]
|dentify a functional group as an atom|
or group of atoms that determine the
chemical properties of 2 homologous|
series. including that for alcohaols,
aldehydes, ketones, carboxyiic acids,

(Knowledge)

[SLO: C-09-E-07]

Describe the general characteristics of]
a3 homologous series

including:
[a) hawing the same functional
group
[b) having the same general
formula

[c) differing from one member to
the next by a —CHa— unit
(d) displaying a trend in physical

properties
(e] sharing =imilar  chemical
properties)

{Understanding)

[SLO: C-0%-E-08]

State that a saturated compound has
malecules in which all carbon—carbon
bonds are single bonds
(Knowledge)

[SLO: C-09-E-09]
State that an unsaturated compound 15
one whose molecules contain one on
mare carbon—carbon bonds that arg
not single bonds.

(Knowledge)

[SL0: C-11-E-07]

Deduce the motecular or empirical
formula of a compound, from its
structural, displayed or skelstal
formula

(Application)

[SLO: C-11-E-08]

Describe structural isomerism in
organic  maolecules and it
classification into chain, positional |
functionat group  iSOMerism
metamerism and tautomerizm.
{Understanding)

[SLO: C-12-E-06]
Describe the effect of two optical
isomers of 3 single substance on
plane polarized light:
[Understanding)

{91)




Standard: Hydrocarbons

Students should be able to describe the structures and properties of alkanes, alkenes, and alkynes, and classify them as saturated or unsaturated hydrocarbons.
Thershoddﬂlphmﬁﬂrrm including combustion, addition, and substitution, and ﬂ;uﬁﬂ:eh'mHasﬁ:elﬁand nmmhmmﬂm
They should also apply concepts. of chemical bonding and reactivity te predict products of hydrocarbon reactions, including aromatic compounds, and describe their

importance in organic chemistry, industry, and daily life.

Benchmark 1: Students should be abie to classify and identify
different types of hydrocarbons {alkanes, alkenes, and alkynes)
based on their molecular structure, reactivity, and physical

properties.

Benchmark 1: Students should

understanding of the formation and reactions of
hydrocarbens, including aromatic compounds, along with
their nomenciature, shapes, and properties.

be able to demonstrate

[SLO: C-09-E-10]

State that the bonding in alkanes is
single covalent and that alkanss arg
saturated hydrocarbons

(Knowledge])

[SLO: C-09-E-11]
Describe the reactions of alkane such
as combustion and substitution with
chlorine az a photochemical reacticn,
and draw the structural or displayed
formulae of the products, fimited to
monasubstitution
{Understanding)

[SLO: C-09-E-12]

Describe, uwsing symbol  eguations,
preparation of alkanes from cracking of
larger hydrocarbons, hydrogenation of
alkenes and alkynes, and reduction off
alkyl halides

{Application)

Alkenes
[SLO: C-10-E-04]
state that the bonding in alkenes
includes a double carbon—carbon
covalent bond and that alkenes arg
unsaturated hydrocarbons

(Knowledge)

[SLO: C-10-E-05]

Descrine:  the manufacture of
alkenes by the cracking of large
alkane molecules using a high
temperature  and a3 catalyst

[Understanding)

[SLO: C-10-E-086]
Descrine:. the reasons for the
cracking of large alkane molecules

{Understanding)

[SLO: C-10-E-07]

Describe the test to  distinguish
hetween saturated and unsaturated
hydrocarbons by their reaction with
agueous bromine and KMnOg

(Knowledge)

[SLO: C-11-E-09]
Classify hydrocarbons acs aliphatid
and aromatic

(Knowledge)

[SLO: C-11-E-10]

Explain the shapes of alkanes and|{Understanding)

cycloalkanas exemplified byl
ethane and cyclopropans.

{Understanding)

[SLO: C-11-E-11]

Explain unteactive nature ofKnowledge)

alkanes towards polar reagents.

{Understanding}

[SLO: C-11-E-12]
Define homolytic and heterolytic
fission

(Knowledge)

[5LO: C-11-E-13]

Describe the mechanism of freg
radical substitution in  alkanes
exemplified by methane,

{Understanding)

[SLO: C-12-E-07]
Explain the shape of the benzene
molecule including =p
hybridization, in terms of o bohds|
land 2 delocalised m  system
{molecular orbital aspect].

[SLO: C-12-E-08]

Define  resonance,  resonance
crnergy and relative stability of
Denzens.

[SLOD: C-12-E-09]
Compare the reactivity: of benzeno
with alkanes and alkenes.
(Application)

[SLO: C-12-E-10]
Describe  the mechanism off
electrophilic substitution reactions|
with chioring and bromineg,
including the formation of ortho,
para, and meta [somers, and
pradict the major product{s} of the
reaction.

[Application)
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[SLO: C-10-E-08]
Dezcribe the properties of alkenes
in t2rms of addition reactions with:

a. Bromineoraguecus broming

b. hydrogen in the presence ofa
nickel catabyst

. steam in the presence of an
acid catalyst and draw the
structural or displayed
formuiae of the products

(Understanding)

[S1L0: C-10-E-09]

Describe, wsing symbol equations,
preparation of alkenes by
elimination reaction in
halogencalkanes and alcohols
(Application)

Alkynes

[SLO: C-10-E-10]

ldentify alkynes as hydrocarbons|
containing ftiple carbon-carbor
covalent bond and that alkynes are
unsaturated hydrocarbons

{Knowledge)

[SLO: C-11-E-14]

Explain the IUPAC nomenciature
of alkenes and alkynes
{Understanding)

[SLO: C-11-E-15]
Explain shape of ethens and

sthyne molecules in terms of[SLO: C-12-E-12]

structure and bonding.
(Understanding)

[S1L0:C-11-E-18]
Compare the reactivity of alkenes)
and allomes. v terms  of
hybridization:

(Application)

[SLO: C-11-E-17]

Explain dehydration of alcohols
and dehydrohalogenation of RX
for the preparation of ethens.

(Understanding)

[SLO: C-11-E-18]

Explain dehydrohalogenation  of
vicinal dihalide and geminal
dihalide for the preparation of
alkymes

(Understanding)

[SLO: C-11-E-19]

Deseribe the chemistry of alkenes
by the following reactions of
ethene: nydrogenation,
hydrohalogenation, hydration,
nalogenation, halohwdration,
oxidation |Basyer's test),
ozonolysis, polymerization.

[SLO: C-12-E-11]
compare  the  reactivity off
halogenoalkane and
halogencarene using chloroethang
and chlorobenzene as examplies

(Application)

Explain  the mechanism  off
nitration, including the formation
of a nitronium ion, and predict the
rmajor product]{s) of the reaction.

[Application)

[SLO: C-12-E-13]
Explain the mechanism of Friedel-
Crafts alkylation and acylation
respectively, including the role of
the Lewis acid catalyst, and predict
the major products] of the
reacticn.

(Application)

[SLO: C-12-E-14]

Explain the side  chain oxidation
of alkyl benzene, including the
formation of a  benzoic acid.

(Understanding)

[SLO: C-12-E-15]

Describe  the  Orientation  off
electrophilic substitution reactions)
in mono substituted benzene., and
predict the major product(s) of the
reaction based on the directing
effects of substituents on  the
aromatic ring.

(Application)
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[SL0: C-10-E-11]

Describe the use of -ethyne as fuei
for welding and in artificially
ripening fruits

(Knowledge)

[SLO: C-10-E-12]

Describe separation of petroleurn
into useful fraction by fractional
distillation

(Knowledge)

[SLO: C-10-E-13]

Describe how the properties of
fractions obtained from petrofeum
charge from the bottom to the Top
of the fractionating <olumn,
including decreasing chain length,
increasing  volatiiity, lower baoiling
points,. and  lower  viscosity.
{Understanding)

[SL0: C-10-E-14]

Mame the uses of petroloum
fractions, including:

a. refimeny gas fraction: used-as
fuel for heating and cooking

b, gasoline/petrol fraction: used
az fuel for cars

c. naphtha fraction: used as a

chemical fecdstock
d: kerosene/paraffin fraction:
used as jet Tued

2. diesel oil/gas oil fraction: used
az fuel for diesel engines
. fuel ol fraction: used as fuel for
ships and home heating systems
g. lubricating oil fraction: used for
lubricants, waxes, and polishes
h. bitumen fracticn: used for road
Construction

{ Knowledge)

[SLO: C-11-E-20]

Describe the chemistry of alkynes
by the following reactions of
alkyrnes: hydrogenation,
tydrohalogenation, hydration,
halogenation, axidation,

[Understanding)

[SLO: C-11-E-21]

Explainacidic matureof alkyne by
using Ammonical silver pitrate
and Ammonical cuprous chloride

[Understanding)

[SLO: C-11-E-22]

Explain the concept of
conjugation in  alkehes having
alternate doubie bonds.

(Understanding)

[SLOD: C-11-E-23]
Describe  the mechanism  of
electrophilic addition In alkenes,|
using  bromine with ethene and)
hydrogen bromide with propeng
as examples.

(Understanding)

[SLO: C-11-E-24]
explain  the inductive effects of]
alkyl groups on the stability of
primary, secondary and tertiany
carbocations  formed during]
electrophilic addition and use thig|
o account for Markowvnikay rule

[Understanding)
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standard: Halogenoalkanes

Students will be able to explain the synthesis and classification of halogenoalkanes based on molecular structure. They will describe their common reactions,
including substitution (SNy and SN) and elimination reactions, and predict their reactivity based on structure and reaction conditions. They will also describe
simple syntheses of halogenoalkanes and the functional groups involved, and analyze reaction mechanisms and products,

N/A Benchmark 1: Students should be able to explain the
reactions by which halogenoalkanes and halogenoarenes are
produced, as well as the chemical reactions of these
compounds.

MA MfA [SLO: C-11-E-25]

Classify halogenocalkanes bazed on
the type of halogen atom and its
positicn in the carbon chain, and
explain  how the moleculan
structure affects their reactivity
(Understanding)

[SLO: C-11-E-26]

Explain the functional groups
involved in simple
halogenoalkane synthesis, and
predict  the major product(s)
based on the reaction conditons.
this includes:

® free-radical substitution
of alkanes by C| or Brin
the presence of ultraviolet
fight, {e.g ethane)

& plectrophilic addition of
alkene with a halogen, Xz,
or hydrogen halide, HX{g),
at room temperature.

& substitution of alcohols
using HX or KBr with H.50,

<9



or H:PD4 or using PCl:
(with heat), PCls, or 50Ck

[Application)

[SLO: C-11-E-27]
Describe nucleophilic
substitution reactions

[specificaily:

the reaction with
MNaOH(ag} and heat to
produce an alcohol

s the reaction with ECN in
ethanol and heat to produce
a nitriie

» the reaction with MNHz in
gthanol heated under
pressure to produce an
amine

s the reaction with agueous
silver nitrate in ethanol as a
method of identifying the
haltogen present as
exemplified by
bromoethane)

(Understanding)
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[SLO: C-11-E-28]

Describe the efimination reaction
with NaOH In ethanol and heat to
produce an alkene s exemplified
by bromoethane
(Understanding)

[SLO: C-11-E-29]
Describe the SNy and SNz
mechanisms of  nucleaphilig
substitution in halogenoalkanes
including the inductive effects of

alkyl groups

{Understanding)

[SLO: C-11-E-30]

identify that primaryl
halogenozlkanes tend to react vig
SNz mechanism; tertiary
halogenozlkanes via 54

mechanism; and secondary
halogenoalkanes by 3 minture of
the two, depending on structure

(Understanding)

[5LO: C-11-E-21]
Explain the different reactivities of
halogenoalkanes with particulan
reference to the relative strengths
of the C—X bonds as exemplifizd by
the reactions of hslogenoalkanes
with agueous silver nitrates
{Understanding)
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N/fA

T NSA N/A

Standard: Hydroxy Compounds (Alcohols)
Students should be able to describe the structure and properties of alcohols, including primary, secondary, and tertiary alcohols. They should explain the reactions|
of alcohals, including oxidation, esterification, and dehydration, and discuss their applications as solvents, fuels, and starting materials in organic synthesis. They|

should apply concepts of chemical bonding and reactivity to predict the proeducts of alcohal reactions and describe the importance of alcohols in organic chemistry,)

industry, and daily life.
Benchmark 1: Students should be able to identify the processes for Benchmark 1;
manufacturing ethanol, along with its uses and effects. Students should be able to analyze the different reactions

through which hydroxy compounds can be produced, as the
physical and chemical properties of the corresponding
alcohols
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WA

[SLO: C-10-E-15]

Describe the manufacture of
ethanol, including:

# fermentation of agueous
glucose at 2535 “Cin the
presence of yeast under
anaerobic conditions [absence
of oxygen)

P catalytic hydration of etheng
using steam at 300 *C and 6000
kPa (6 atm) in the presence of an
avid catalyst, including a
comparisan of the advantages|
and disadvantages of both
methods

(Understanding)

[SLO: C-10-E-16]
Descrine the combustion of alcohaols

(Knowledge)

[SLO: C-10-E-17]

Discuss  the applications of
alcohols as fuels, including their
advantages and disadvantages
over fossil fuels.
|Understanding)

[SLO: C-10-E-18]

Explain the role of alcohols in
Various industries such as
pharmaceuticals, cosmetics, and
fuel production.

(Understanding)

[SLO: C-12-E-18]

State the reactions (reagents and

conditions) by which alcohols can

be produced:

a] electrophilic addition of
steam to-an alkene, H:0(g)
and HaPOa

catalyst

b) reaction of alkenes with
cold dilute acidified
potassiummanganate (Vi)
to form a diol

€] substitution of a
halogenoalkane using
Mz0H {ag) and heat

d] reduction of an aldehyde or
ketone using NaBHz or LiAlHs

e] reduction of 3 carboxylic acid
using LiAlHa

fi  hydrolysis of an ester
using dilute acid or dilute
alkali and heat

(Knowledge]

[SLO: C-12-E-17]

describe the reaction with oxygen
[combistion) of organic hydroxy
compounds

(Understanding)

[SLO:C-12-E-18]

Diescribe substitution to
halogenoalkanes, e.g. by reaction
with HX or KBr with H:50. or
HzPOs: or with PCl: and heat: or
with PClz; or with SOCk:

(Understanding)




SLO: C-10-E-19]
Discuss the impact of alcohol= on
daily life, including their use asg
solvents and disinfectants |

(Understanding)

[SLO:C-12-E-19]

Describe the reaction of alcohol
with Mafs)

(Understanding)

[SLOD: C-12-E-20]

Describe’ the oxidation with
acidified K:CmOy or acidified
KNWinDs to: carbonyl compounds
by distillation, carboylic acids by
refiuxing {primary alcohols give
aldehydes which can be further
oxidized to- carbowylic acids,
secondary alcohols give ketones,
tertiary alcohols cannot be
owidized)

(Understanding]

[SLO: C-12-E-21]
Describe: the dehydration of
alcohols to alkenes by using a
heated catalyst, eg. ALO: or a
concentrated acid
{Understanding)

[SLO: C-12-E-22]

Describe the formation of esters
by reaction with carboxylic acids
and concentrated H:50: or HiPOu
as catalyst az exemplified by
ethanaol

[Understanding)




[SLO: C-12-E-23]

classify alcohols  as  primary,
secondary and tertiary alcohols,
to include sxampiss with more
than one alcohol group
(Knowledge)

[SLO: C-12-E-24]

state characteristic distinguishing
reactions of primary, secondary
and tertiary alcohols eg. mild
oxidation with addified K2Cr20O7,
colour change from orange to
green

(Knowledge)

[SLO: C-12-E-25]

deduce the presence of =
CH:CH{OH)— group in an alcohol,
CH:CH{OH)-R, from its reaction
with alkaline lxag) to form a
yellow precipitate of tri-
liodomethane and an ion, RCOz

(Application]

[SLO: C-12-E-26]

recall the reactions (resgents and
conditions) by which phenol can
be produced: reaction @ of
phenylamine with HNO: or NaNO:
and dilute acid below 1°C to
produce the diszonium salt;
further warming of the diazonium
salt with H:D to give phenol

(Knowledge)
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[SLO: C-12-E-27]

recall the chemistry of phenal, as

exemplified by the following

reactions:

» with Sodium metal and
NaOH (ag) to produce
sodium phenoxide

® nitrstion of the aromatic
ring with dilute HNO:({aqg) at
room temperature to give a
mixture of 2- nitrophenol
and 4- nitrophenaol

® bromination of the
aromatic ring  with
Bralag) to form 2,4.6-
tribromophenal

{Knowledge)

[SLO: C-12-E-28]
explain the acidity of phenol
(Understanding)

[SLD: C-12-E-29]
describe the relative acidities of
water, phenol and ethanol
(Understanding)

[SLD: C-12-E-30]

explain why the reagents and
conditions for the nitration and
bromination of phenol are
different from those for benzene

(Understanding)
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[SL0: C-12-E-31]

recall that the hydrowyl group ofa
phenol directs to the 2-, 4- and &-
positions

(Knowledge)

Mﬂhm beahlem dl!m*ﬂ!,-efhe structure and properties of carbonyl compounds, including their characteristic functional groups. They should explain the
reactions of carboxylic acids, including decarboxylation, esterification, and acid-base reactions, and discuss the applications of carboxylic acids and esters as
fmgrmmﬂmmand&tmingmterhh in organic synthesis. They should also apply concepts of chemical bonding and reactivity to predict the products of
carboxylic acid reactions.

Benchmark 1: Students should be able to identify and explain the
properties and reactions of carboxylic acids and esters, including
their preparation, structure, and uses in industry and daily life.

Benchmark 1: Students should be able to explain the
reactions by which carboxylic acids are produced and
describe the nature, reactions, and uses of aldehydes and

ketones.

N/A

[SLO: C-10-E-20]

Describe the reactions of carboooylic
acids with metsls, bases and
carbonates including names and
formulae of the zalts produced.

(Understanding)

[SLO: C-10-E-21]

Describe the formation of ethanaoic
acid by the oxidation of sthanol:
with acidified agueous potassium
manganate(Vll) & by bacterial
ocoddation during vinegar production

{Understanding)

[SLO: C-12-E-32]

state the reactions (reagents and
conditions) by which aldehydes
and ketones can be produced:

a. the oxidation of primary
alcohols using acidified KaCnOror
acidified KMnDsand distillation to
produce aldehydes

. the oxidation of secondary
alcohols using acidified KaCnO7 or
acidified KMinOsand distiliation to
produce ketones
[Knowledge)
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[SLO: C-10-E-22]
Describe the reaction of a carbowyiic
acid with anaicohol using an acid
catalyst to form an ester

(Understanding)

SLO: C-10-E-23]

describe the industrial applications
of carbowylic acids and esters,
including their use as solvents,
flavors, fragrances, and plastics.

(Understanding)

SLO: C-10-E-24]

expizin the role of carboylic acids
and esters in daily life, including
their use in food preservation,
cosmetics, and pharmaceuticals.

(Understanding)

[SLO: C-12-E-33]
Describe:

a. the reduction of
altdehydes and ketones,
using NaBHa or LislHz to
produce alcohols

b. the reactionof aidehydes
and ketones with HCN,
KCN as catalyst, and heat
to produce
hydroxynitriles
exermnplified by ethanal
and propanone

[Understanding)

[SLO: C-12-E-34]

Describe the mechanism of the
nucleophilic addition reactions of
nydrogen cyanide with aldehydes
and ketones

[Understanding)

[SLO: C-12-E-35]

Describe  the wse of Z4-
dinitrophenylhydrazine (2,4-DNFH
reagent} to detect the presence of
carbonyl compounds

[Understanding)

[SLO: C-12-E-36]

Deduce the nature [sldehyde or
ketone) of an unknown carbonyl
compound from the results of
=imple test= (Fehling’s and Tollens’
reagents; ease of oxidation)

[Application)
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[SLO: C-12-E-37]

Deduce the presence of a CHzCO —
group in-an aldehyde or ketone,
CH:CO—R, from its reaction with
alkaling laea to form 3 yellow
precipitate of tri-iodomethane and

an ion, RCO:
{Application)

[SLO: C-12-E-38]
recall the reactions by which
carboxylic acids can be produced:
al owidation of primary
alcohols and aldehydes
with acidified K:Cr:0; or
acidified KMnO: and
refiuxing
b} hydrolysic of nitriles with
dilute acid or dilute alkali
followed by acidification
¢} hwdrolysis of esters with
dilute acid or dilute alkali
and heat followed by
acidification

[Knowledge)

[SLO: C-12-E-39]
Deccribe reactions of carboxylic
acid:

2. the redox reaction with
reactive metals to
produce a saltand Hz{g)

k. the neutralization
reaction with alkalis to
produce a salt and Ha0(1 )

. the acdd-base reaction
with carbonates to
produce a salt and HaOfl)
and COz(g)
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. esterfication with

L

alcohols with
concentrated Hi50s as
catalyst

=. reduction by LiAlH: to
form a primary alcohol
[Understanding)

[SLO: C-12-E-40]

Describe the hydrolysis of esters
by dilute zcid and by dilute alkali
iand heat

(Understanding)

[SLO: C-12-E-41]

Describe the reaction of carboxylic
lacids with PCla and heat, PCls, or
S0Ch to form acyl  chlorides

{Understanding)

[SLO: C-12-E-42]

Explain the relative acidities of
carbonyfic  acids, phenols’ and
alcohols

(Understanding)

[SLO: C-12-E-43]

Ewplain the relative acidities of
chlorine-substituted carboolic
tacids

(Understanding)
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[SLO: C-12-E-44)

fiecall the reaction by which esters
can be produced: reaction of
alcohols with acyl chlorides using
ithe formation of ethyl ethanoste
and phenyl benzoate as examples

(Knowledge)

[SLO: C-12-E-45]

Describe the following reactions of
acyl chlorides: {check either
bullets or add a,b,c.d)

3. hydrolysis on addition of
water at room temperature
to give the carboxylic acid
and HCl

b. reaction with an alcohol at
raom temperature to
produce an ester and HCI

. reaction with phenol at
raom temperature to
produce an esterand HC|

d. reaction with ammoniaat
room temperature to
produce an amide and HC

{Understanding)

[SLO: C-12-E-46]

Describe the addition elimination
mechanism of acyl chlorides in
reactions discuss is SLO E-45,

[SLO: C-12-E-47]

explain  the relative ease of
hydrolysis of acyl chiorides, alboyl
chiorides and halogenoarenes
laryl chlorides)

Understanding)
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Students should be able to d
sotians of sk Gpen-coi

N/A Benchmark 1: Students should be able to explain the
classification and reactions of aliphatic and aromatic amines,
including their conversion into amides and their role in the
formation of amino acids.

Primary and secondary

amines

[SLO: C-12-E-48]
Define primary and secondary
amines, and explain their basid
properties and reactivity.

(Understanding)

[SLO: C-12-E-49]

identify the differences between
primaiy and secondary amines i
terms of  their structure  and
chemical properties.

(Understanding)

[SLO: €-12-E-50]

Describtve reactions [reagents and
conditions) by which primary and
secchdary amines are produced:

{a) reaction of
halogencalkanes with NHzin
ethanoi heated under
pressure

()

{c) reaction of
halogenoalkanes with

primary amines in ethanol,
hieated in a sealed tube [
under pressure
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WA
{C) the reductionofamides
with LiAiHa

[E} the reduction of nitrites
with LiAIHs or HZ{ Ni

{Understanding]

[SLO: C-12-E-51]

Describe the reactions by which
nitriles can be produced: reaction
of a halogenocalkane with KCN i
ethana! and heat
{Understanding)

[SLO: C-12-E-52]
Describe the hydrolysis of nitriles
with dilute acid or dilute alkaly
followed by acidification

(Understanding)

[SLO:C-12-E-53]
Describe the basicity of aguecus
sofutions of amines

(Understanding)

Phenylamine and azo
compounds

[SLO: C-12-E-54]
Describe the reaction of
phenylamine with Br:(aq) at
room termperature

(Understanding)

[SLD: C-12-E-55]

Describe the reaction of
phenyiamine with HNO: or
MNaNO; and dilute acid-below 1°C
to produce the diazonium salt;
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further warming of the dizzonium
salt with H:0 to give phenol

(Understanding)

[SLO: C-12-E-56]
explain the relative basicities of
agueous ammonia,  ethylaming
and phenylamine
{Understanding)

[SLO: C-12-E-57]

identify the properties of azo
compounds

(Some examples include:

(a) describe the coupling of
benzenediazonium chloride
with phenol in NaOH{ag) to
form an 8z0 compound
(b) identify the azo group
(c] state that azo compounds
are often used as dyes
{d) Recognize that other azo
dyes can he formed via 2
similar route)

(Knowledge)

Amides

[SLO: C-12-E-58]
identify the reactions (reagents
and conditions) by which amides
are produced
{5ome examples include:
@) the reaction between
ammonia and an acyl chloride
at room temperature
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(b) the reaction between a
primary amine and an acyl
chloride at room
temperature]

(Knowledge)

[SLO: C-12-E-54]
dezcribe the reactions of amides
(Some examples include:
(a) hydrolysi= with agueous
alkali or agueous acid
(b) the reduction of the CO
group in amides with LiAlH: to
form anamine}
{Understanding)

[SLO: C-12-E-60]
exnplain why amides are much
weaker bases than amines

(Understanding)

[SLO: C-12-E-61]

describe the acid/  base
properties of amino acids and the
formation of zwitterions,

{Understanding)

[SLO: C-12-E-62]
describe the formation of amide
(peptide) bonds between amino
acids to give di- and tripeptides
(Understanding)
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[SLO: C-12-E-63]

Describe: the basic principle of
electrophoresizs and predict the
results - of electrophoresis on
mixtures of amino acids at
varying pHs

(Application)

Standard: Polymers

Students should be able to describe the structure and properties of polymers, including homopolymers and copolymers. They should explain the formation and
synthesis of polymers through addition and condensation polymerization. They should also discuss the applications of polymers in industries such as plastics,
textiles, and biomedicine. In addition, students should apply concepts of chemical bonding and reactivity to predict the properties of polymers and describe their

impaortance in materials science, as well as their impact on society and the environment.

Benchmark 1: Students should be able to identify and describe the Benchmark 1: Students should be able to describe the

structure, properties, reactions, and applications of various polymerization process and the factors that affect

polymers, including both natural and synthetic types. polymer properties and performance.

M/A [5L0: C-10-E-25] [SLO: C-12-E-64]
Define polymers 2= large moleculed Explain the chemical processes
built up from many smallern and properties of PVC and nyion;
maolecules called monomers and the applications of these
(Knowledge) polymers in the industry

(Understanding)

[SLO: C-10-E-26]
Identify the repeating units and/on
linkages in addition polymers
(Application)
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[SLO: C-10-E-27]

Deduce the structure or repeat unit
of an addition polymer from a given
aikene and vice verza

(Application)

[SLO: C-10-E-28]

State that plastics are madefrom
pobymers

(Knowledge)

[SLO: C-10-E-29]

Describe how the properties of
plastics have implications for their
disposal

(Understanding)

[SLO: C-10-E-30]

Describe the environmentat
challenges caused by plastics,
[imited to:

3. dizposal in landfill sites
b. accumulation in oceans

c. formation of toxic gases
from burning

{Understanding)

[SLO: C-12-E-65]

Describe the chemical processes
of addition and condensation
polymerization and the
differences between them.
Examples include

A. =addition pofymers such as

polylethene) and
poly{chloroethene), PVLC,
b. polyesters (from

reactionz of diol and
dicarboxylic or dioyl acid,
and from
hydroxycarboxylic acid),

£. polyamides {from
reactions of a diamine and
a dicarboxylic acid or dioyl
chloride, of an
aminocarboxylic acid, or
between amino adds)

(Understanding)

[5L0: C-12-E-66]
identify the polymer formed, thel
monomer present in a section off
polymer, and classify them as ong
of the two polymers.
{Application)

[5LO: C-12-E-67]

Deduce the repeating unit of 3
polymer obtained from a given
MOoNoMEer or pair of monomers
and identify the monomers
present in a2 given section of a
polymer molecule.
{Application)
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[SLO: C-12-E-68]

Predict the type af
polymerization reaction for a
given monomer or pair  of
MONDIMErs.

(Application)

[SLO: C-12-E-63)

recognise that poly(zlkenes) are
chemically inert amd can
therefore be  difficult to
biodegrade

(Knowledge)

[SLO: C-12-E-70]

recognise that some polymers
tan be degraded by the action of
light

(Knowledge)

[SLO: C-12-E-71]

recognise that polyesters
(Terylens) and polyamides|
(protein] are biodegradable by
acidic and alkaline hydrolysis
(Knowledge)
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Standard: Gfmﬁc Synthesis

Students will be able to identify and name common organic functional groups and describe their physical and chemical properties. They will demonstrate
understanding of the basic mechanisms of common organic reactions involving functional groups. They will design synthetic routes for simple organic compounds
using appropriate reagents and reaction conditions.

N/A Benchmark 1: Students should be able to understand that
functional groups have distinct and waried reactions and
explain how one organic compound can be synthesized from
another functional group.

NA MSA
[SLO: C-12-E-72]
Explain the concept of orzanidg
synthesis and functicnzl groop
interconversions.
(Understanding)

[SLD: C-12-E-73]

Identify organic functional groups
using the reactions in this
progression grid.

(Application)

[SLD: C-12-E-74]

Predict properties and reactions
of organic molecules based on
functional group presence.
{Application)

[SLD: C-12-E-75]

Devise miulti-step synthetic
routes for preparing  organic
molecules.

{Application)
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[SLO: C-12-E-76]
Analyze 3 given synthetic route in
terms of type of reaction and
reagents used for each step of it)
and possible by-products.

(Application)

[SLO: C-12-E-77]

Describe the use of artificizl
intetligence toots in the design of
organic molecules that may have
potential as medicines, using:
Halicin as an sxample.
[Hn{lerslantﬁng‘]
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Benchmark 1: Students should be able to identify the structure of Benchmark 1: Students should be able to explain the

carbohydrates, proteins and fats. structures and roles of different biochemical compounds in
living organisms.

[SLO: C-10-E-31] [SLO: C-12-E-78]
Describe  proteins 35 natural Explain the basic of classification;
polyamides and that they are and structure of carbohydrates
formed from amino acid monomers (Understanding)
with the general structure’,
(Knowledge) [SLO: C-12-E-79]

Explain the basis of classification]
[SLO: C-10-E-32] and structure of proteins
Draw the general structure of (Understanding)
profeins
{Knowledge) [SLO: C-12-E-80]

Describe the activity of enmyme
[SLO: C-10-E-33] as biocatalyst and relate this role
Craw the structure of lipids and to various functions such as
carbohydrates digestion of food

(Knowledge) (Understanding)

[SLO: C-12-E-81]

Dezcribe the basis of
classification and structure of
lipids

{Understanding)

[SLO: C-12-E-82]

Identify the structural
components of DNA and ANA
(Knowledge)

[SLO: C-12-E-83]
Differentiate between the
structures of DMNA  palymen
(double strand) and RMNA (singlg
strand).

(Understanding)
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Standard: Mass Spectrometry

Students will be able to interpret mass spectra and identify isotopes based on their m/e (mass-to-charge) values and relative abundances. They will determine the
atomic mass of an element from its isotopic compasition and mass spectrum, and analyze the molecular mass of organic compounds using the molecular ion peak.
They will also predict the identity of fragmented ions in a given mass spectrum and determine the number of carbon atoms in a compound using the M+1 peak and

the appropriate formula.

MN/A Benchmark 1: Students should be able to understand how
mass spectrometers are used to analyze atoms, including
isotopes based on their m/e values, and identify molecules
based on their masses using mass spectra.

[sLO: C-12-F-01]

Analyse mass spectra in terms of
mfe walues and isotopic
abundances (knowledge of the
working of the mass
spectrometer is not required)
[Application)

[SLO: C-12-F-02]
calculate the relative stomic mass
of an element given the relative
abundances of its isotopes, or its
mass spectrum

(Application)

{118)



N/A

N/A

[SLO: C-12-F-03]
Deduce the molecular mass of an|
organic  molecule  from  thel
molecular ion peak in 3 mass|
spectrum

{Application)

[SLO: C-12-F-04]

Suggest the identity of molecules
formed by simple fragmentation
in a given mass spectrum
[Understanding)

[SLO: C-12-F-05]
Oeduce the number of carbon
atoms, n, in 3 compound using

the formula
4 100 N sidsipdaiey af (6w | jpaali
08 Alhmhdasie of W peal

(Understanding)

[5LO: C-12-F-06]
Deduce the presence of broming|
and chiorine atoms in a compound
using the ratio of M and WM+2
peaks.

{Understanding]
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Standard: Spectroscopy
. ﬂﬂﬁhwﬂlh&ﬂhﬁwmh&myﬁmﬁmmfw[mwﬂwwhﬂ t ﬂf _

@ trﬂﬂmhonwﬁhmﬂanmwmmamtﬂ

{mt-’&‘i;} aml nuclmmagnelumﬁmam tmnn]spechmmmr and apptf Hlmtequues tm:lmﬁfymh‘mnwmpwndsand determine tlmrsl:mcmms

N/A Benchmark 1: Students should be able to explain the
principles of spectroscopy and use spectral data to identify
functional groups and determine molecular structures.

N/A NSA
[SLO: C-12-F-07]

Interpret  am  infrared  (IR)
spectrum of a simple molecule to
identify functional groups
[Application)

[5LO: C-12-F-08]

Deduce possible structures fon
organic compounds using A
spectrum and molecular formuts
[Examples: phenaol,  acetons,
ethanol)

(Application)

[SLO: C-12-F-08]

Predict whether a given molecule
will zbsarb in the UV/visible
regian.

{Application)
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Standard: Nuclear Magnetic Resonance (NMR) Spectrosco

students will be able to describe the basic prir ﬂfmmﬂmﬂ’ﬂlﬂ explain how it is used to determine the structure of organic molecules. They will
distinguish mmﬂhtntmanMnspmmmmﬂwmmm provide. They will use NMR spectra to determine the number and types of
carbon and hydrogen atoms in organic molecules and explain how carbon-13 NMR spectroscopy provides structural information. They will also analyze NMR
spectra to deduce the structures of simple organic compounds and recognize common spectral patterns associated with different functional groups and molecular

environments

NSA Benchmark 1: Students should be able to interpret NMR
spectra to identify compounds and determine molecular
structures by analyzing the environments of carbon and
hydrogen atoms.

/A /A N4 [SLO: C-12-F-10]

Analyze the different
etnvironments. of carbon atoms
present In a simple molecule
gsing a 13C NMR spectrum.
{Application)

[SLO: C-12-F-11]
Us= o C-13 NMR spectrum o
deduce possible structures of a
simplie molecule.

[Application)

[SLO: C-12-F-12]

Pradict the number of peaksin s
C-13 NMR spectrum Tor a given
miolecule.

(Application)

[SLO: C-12-F-13]

Analyze the different
environments of protons present
in a simple moleculz using a
(proton]} MMR spectrum.

{Application)
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[5L0: C-12-F-14]

Use a H* {proton) NMR spectrum
to deduce relative numbers of
each type of proton present, the
number of equivalent protons on
the carbon atom adjacent to the
one to which the given proton is
attached,

(Application)

[SLO: C-12-£-15]
Deduce possible structures for

the molecule

{Application)

[SLO: C-12-F-186]

Predict the chemical shifts and
splitting patterns of the protons
in a given molecule

(Application)

[SLO: C-12-F-171]

explain the use of
tetramethylsilane, TMS5, as the
standard for chemical shift
Measurement
(Understanding)

[SLO: C-12-F-18]

Recognize the need for
deuterated solvents, e.g. CDClz,
when obtaining 2 proton NMR
spectrum

(Understanding)
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[SLO: C-12-F-19]

Describe the identification of O—H
and WN-H protons by proton
exchange using D0
(Understanding)

[SLO: C-12-F-20]

Explore how Mass spectrometry
(MiS), proton nuclear magnetic
resonance  spectroscopy [1H
MMR) and infrared spectroscopy
(IR} are technigues that can be
used to help identify compounds
and to determine their structure
(Understanding)
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Experimentation Skills Progression Grid

Guidance for the Reader

Guidance on Practical Work Expectations: For the sciences_ there 1s no compulsory hist of practical experiments that students have to conduct
during their studies. Students gre still expected to do extensive practical work (ideally two lessons in the lab per week). but the purpose of the lab
work is to build their entical thinking. experiment designing, data collection and analysis skills. In their board exams. they will ot be expected to
reproduce a memorized practical that they have already studied in their classes. In Grade 10 board exams they are expected to conduct expeniments
(with apparatus and on broad topics that they have studied) as per the instructions they will be provided, and then analyze the data collected and
then critique the expenmental methodology followed. A more advanced version of this practical exam 1z also expected to be conducted 1n Grade
11 board exams. In Grade 12 they are expected to be able to rigorously design experiments of their own to test provided hypotheses (on broad
topics that they have studied).

Grade-Wise Progression of Skills: This progreszion grid 15 about building skills. Grades 9-10 have the same skills listed. because the 1dea s to
reinforce them through the practical work, they will do associated with the topics they are studyving. For example, in Grade 2 students may learn
about exothermic reactions and conduct practical work to mvestigate the heat released during such a reaction. In this expeniment they would learn
experimental design, data collection and analysis skills. Similarly i Grade 10 they may learn about stoichiometry and then conduct titration
experiments. Here agamn they would be building expenimental design_ data collection and analysis skills; just with a different topic. In contrast,
Grade 11 and 12 have their skills leaming outcomes separately listed. This i1s because in Grade 11, compared with Grade 10, the empirical research

skills expected are more advanced. In Grade 12, there 1s a much stronger emphasis on learning how to design experiments to investigate grven
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hvpotheses_ and these skills are hence listed 1n more detail at this level Further sundance for educators on how to conduct lab classes keeping in
mind this vision 1s provided in the Curniculum Guidelines.

Organization of the SLOs in the Progression Grid: Inside a grade, teachers are free to teach the content 1n anv order of preference. Textbook
publishers are also free to organize the contents of their books in any manner that they consider most effective, as long as all the SLOs 1n the
Progression Grid and Cross-Cutting themes are covered. The 5L.0s inside a grade do not need to be taught in the erder presented 1n a grade in this
PG.
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Grades 9-10 Grade 11 Grade 12

Standard: Students should be able to demonstrate knowledge of how to select and safely use techniques, apparatus and materials

Benchmark I: Students should be able to
follow provided safety instructions in
general lab settings while using appropriate
apparatus, equipment and methods.
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[SLO: C-09-10-G-01]
identify  apparatus: from diagrams or
descnptions

[SLO: C-09-10-G-02]
draw, complete or label diagrams of apparaius

[SLO: C-03-10-G-03]
Explain the use of common fechniques,
apparatus and materials
[SLO: C-09-10-G-04]
select the most appropriate apparatus or method|
for the task and justify the choice made
[SLO: C-09-10-G-05)
|dentify approgriate apparatus for the measurement of
time, temperature, mass and volume, including:
a. stopwatches
b. thermometers
c. balances

d. burettes

e. volumetric pipettes

=

measuring cylinders

E.. Ea55YTinges
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[5L0: C-09-10-G-08]

Justify why chemists use cm?, g and s as morg
practical units when working with small amounts in
lab

Standard: Students should be able to plan and carry out experiments and investigations. They should also be able to make and record

Benchmark I: Students should be able to
apply scientific knowledge to conduct
simple experiments using appropriate
apparatus.

[5LD: C-09-10-G-07]
Separate a given mixture by sublimation.

[5LD: C-09-10-G-08]
calculate [(Molarity) concentration of a Acid/ base|
solution in a titration using empirical data

[SLO: C-09-10-G-03]
Explain methods of separation and purification
(some example include:

al using asultable solvent
bl filtration

c} crystaliisation

d) simple distillation

e} fractional diztillation)

Benchmark |: Students should be able t
collect data under instructor supervisio
while ensuring quality of measurement an

lobservaﬁon.

[SLO: C-11-G-01]
Set up apparatus following instructions given
in written or diagrammatic form.

[SLO: C-11-G-02]
use apparatus to coliect an appropriate
quantity of data

[SLO: C-11-G-03]

make  abservations, including  subtle
differences in colour, solubility or quantity of
materials

[sLO: C-11-G-04]

make measurements using pipeties, burettes,
measuring cylinders, thermometers and other
common laboratory apparaius;

Benchmark I: Students should be abie to
ccurately carry out titration experiments,
suring quality observations and proper
bulation of resuits

[5L0: C-12-G-01]

Explain the principle behind titration

(Use the following types of titrations as examples:
acid-alkali titration (this could be weak or strong
acid and weak or strong alkali), potassium
manganats(\Il) titration with hydrogen peroxide,
iron(ll) ions, nitrite jons or ethanedioic acid or its
salts and sodium thiosulfate and iodine titration)

[SLO: C-12-G-02]
Analyse reactions involving I"u“lr1l:|;1-f C;Ck:in acid

solution given suitable data (including describing the
reaction and doing calcufations)

[SLO: C-12-G-03]

Analyse reactions involving MnQs ~ / Fe®* in acid
solution given suitable data ((including describing
the reaction and doing calculations)

[5L0: C-12-G-04]
understand how to correctly set up a burette in

order to carry out titralions
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[SLO: C-09-10-G-10] [SLO: C-11-G-05]) [5LO: C-12-G-05]
Suggest suitable separation and purification techniques, |decide how many iests or observations to Identify the imporiance of carrying out a rough
iven information about the substances involved, and |perform titration before

their usage in daily life
[SLO: C-12-G-06)

el C t titrat i dant resuits
[SLO: C-09-10-G-11] » identify where repeated readings or ﬂ;:ﬂi’:mz“ T AR ARG | RESUES: a1

Identify substances and assess their purity using melting ghservations are appmpﬁate

point and boiling point information (5LO: C-12-G-07]

[5L0: C11-G-07] ! Identify and use appropriate indicators in the
[SLO: C-09-10-G-12] + replicate readings or cbservalions 23S  |iration
Describe tests to identify important gasses necessary, including where an anomaly is

Benchmark: Students should be able to

(Some examples include: suspected . : .

a. ammonia, NHz, using damp red litmus paper ﬂ““'fﬂﬂi? GEIT]" out rate E?pEHTI‘lEI‘I‘I:S,
[SLO: C-11-G-08] ensuring quality observations and

b. carbon dioxide, 003, using limewater -identify where confirmatory tests are [@PPropriate presentation of results.
appropriate and the nature 'of such tests

¢ chlorine, Cla, using damp litmus paper [SLO: C-12-G-08]
[SLO: C-11-G-09] Carry out rate investigation by mixing reagents

d. hydrogen, Hz, using a lighted splint « select reagents to distinguish between given and recording the time for an observation to occur.

ions.
[5L0: C-12-G-09]

Suggest experimental designs to measure the rate
[SLO: C-11-G-10] afareaction

f.  sulfur dioxide, 502, using acidified agueous Caf{‘y’ out pmcedures u,sing simple apparams'ﬂenchmark‘ e et o e g

e oxygen, 02, using 2 glowing splint

potassium manganate(Vil) in situations where the method may not beacourately  carry out  gravimetric
familiar to the candidate experiments, ensuring quality observations
[SLO: C-09-10-G-13] and appropriate presentation of resulits.
Explain the use.of a flame test to identify important [5L0: C-12-G-10]
cations: prepare a sample for gravimetric analysis
(Some examples include:
lithium, L [SLO: C-12-G-11]

Perform a gravimetric analysis using appropriate
technigues (may include precipitation and
fittration)

sodium, Na™
potassium, K°
caldum; Ca¥

copper{ll), Cu™

b = M =

barium, Ba™)
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[SLO: C-09-10-G-14]
Carry out separation and purification technigues
{This may inciude:

- filtration

- crystallisation

- simple distillation

- fractional distillation

- chromatography

- electrolysis)

[SLO: C-09-10-G-15]
Describe how paper chromatography i= used to
separate mixtures of soluble substances, using a3
suitsble solvent

[SLO: C-09-10-G-16]
Describe the use of locating agents when
separating mixtures containing colorless
substances.
[For cantext, knowledge of specific locating agents|
is not required

[SLO: C-09-10-G-17]
Interpret simple chromatograms
(For context, students should identify:
al unknown substances by comparison with known
substances
bl pureand impure substances)

[SLO: C-09-10-G-18]
State and use the equation for Rs

[SLO: C-09-10-G-18]
Imvestigate chemical tests for the presence of water using
anhydrous copper{ll) suifate

[5L0: C-12-G-12]

ensure quality of observation by properly controlling
varables, using appropriate eqguipment, and
making accurate and precise measurements (for
example heat a salid in a crucible on a pipe- clay
friangle and record any mass change)

Benchmark: Students should be able to
accurately carry out thermometric
experiments, ensuring quality observations
and appropriate presentation of results.

[SLO: C-12-G-13]

prepare and set up a sample for a thermometric
analysis to find enthalpy change of
neutralisation including appropriate mixing and
stirring technigues

[SLO: C-12-G-14]
accurately use and take readings from
thermometers

[5LO: €-12-G-15]
Pedorm calculation of enthalpy change of
neutralisation by using AH = mcAT/n

Benchmark: Students should be able to
accurately carry out gas volume
experiments, ensuring quality observations
and proper tabulation of resulits..

[SLO: C-12-G-16]

Set up and prepare a gas volume experiment,
including appropriate apparatus selection and
assembly technigues

[5L0: C-12-G-17]
use a gas syringe, gas burstie, or other

appropriate equipment to measure gas volume
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[SLO: C-08-10-G-20]
Explain how to test the purity of water using melting point
and boiling point

[SLO: C-08-10-G-21]
Distinguish between Distilled water and tap water with
their applications in practical chemistry.

[sLO: C-09-10-G-22]
suggest the most appropriate apparatus of]
technique and justify the choice made

[SLO: C-09-10-G-23]
— describe expenmental procedures

[SLO: C-09-10-G-24]
take readings from apparatus (analogue and
digital) or from diagrams of apparatus with
appropriate precision,

[SLO: C-09-10-G-25]
— iake sufficient observations or measurements,
including repeats where appropriate

[SLO: C-D9-10-G-26]
—record qualitative observations from chemical
tests and other tests

[SLO: C-09-10-G-27]
record observations and measurements
systematically (in a sutable table, to an
appropriaie degree of precision and using
appropriate units)

[l]

Benchmark: Students should be able to
accurately perform qualitative analysis
tests while observing appropriate safety
precautions and demonstrate the
knowledge and skiils required for the
respective experiments.

[5LO: C-12-G-18]

Ferform the following organic analysis tests and

interpret the positive test result to identify the

functicnal group present

s the production of an orangefred precipitate with

Fehling's reagent to indicate the presence of the

aldehyde functional group

» the production of a silver mirror/black precipitate

with Tollens’ reagent to indicate the presence of

the aldehyde functional group

» the production of a yellow precipitate with

alkaline agueous iodine to indicate the presence

of the CH:CO or CHaCH({OH) group

sthe change in colour of acidified potassium
manganate(\ll}) from purple to colourless to
indicate the presence of a compound that can be
oxidised.
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Benchmark 2: Students will be able to evaluate the
results of qualitative analysis experiments by
interpreting observations and data, determining the
accuracy and precision of findings, and identifying]
potential errors and sources of error.

N/A
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Acid—base titrations
[sLD: C-11-G-11]
Describe an acid—base titration to include the use of &

a. burette
. wolumetric pipette
z. suitableindicator

[5LO: C-11-G-12]
Describe how ta identify the end-point of a titration
using an indicator

[SLO: C-11-G-13]
Perform-acid-base titrations to calculate
molarity and strength of given sample
solutions.

[SLO: C-11-G-14]
Select suitabie indicators for acid-alkali
titrations, given appropriate data (pk: values
will not be used)

Identification of ions and gases

[5LO: C:11-G-15]

Understand the appropriate methods to be used

when carrying out gualitative analysis tests:

= totreat all unknown materials with caution

o to use an appropriate quantity of the material
under test

= towork safely, e g. to use a test-tube holder
when heating a solid in a hard-glass test-lube

o torecord all observations, even when this is 'né
change’ or remains a colourless solution’

= to use excess alkali where a precipitate is
produced on addition of NaOH{ag) or NHs (ag)|
to determine its solubility

= toidentify a gas whose formation is shown by
effervescence.
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[SLO: C-11-G-16]
Dezcribe tests to 1dentify the anions:

4. carbonate by reaction with dilute acid and
then testing for carbon dioxide gas

£. nitrate by reduction with aluminum Toil and
agueous sodium hydroxide and then testing
for ammonia gaz

. sulfate by acidifying with dilute nitricacid
then adding agueous barium nitrate

T. sulfite by reaction with acidified agueous
potassivm manganateWVil)

h. Halides {Cl", Br' and I") with agueous

silver nitrate followed by agueons
AMMOona

[SLO: C-11-G-17]
s Describe tests using aqueous sodium hydroxide
and aquegus ammonia to identify the agueous

cations:

a. aluminum, AP
b. ammonium, NHa™

C. -calcium; Ca®t

(58

chramium{ill), o™

i

. copper(il), Cu™

. ciron(ll), B
g. iron{lll), Fe®

h. zinc, Zn®
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Benchmark |: Students should be able to
present data in a tabulated or graphical form.

Benchmark I: Students should be able to
present data in a meaningful way and be
able to interpret it.

Benchmark I: Students should be able to
analyse the presented data and identify
sources of error.

[SLO: C-09-10-G-28]
record the results of an experiment

[SLO: C-09-10-G-29]
— process data, including calculations for graphy

plotting

[SLO: C-09-10-G-30]
present data graphically, including the use of
best-fit lines where appropriate

[SLO: C-09-10-G-31]
— analyse and interpret observations and dafa,
including data presented graphically

[SLO: C-09-10-G-32]
— evaluate the guality of observations and dafa,
identifying any anomalous resuits

[sLO: C-11-G-18]

- present numerical data, wvalues or
observations in a single table of results with
headings and units that conform

to accepted scientific conventions

[SLO: C-11-G-19]

- draw an appropriate table in advance of
taking readings or making observations and
record all data in the table

[sLO: C-11-G-20]
plot appropriate variables on appropriate,
clearly labelled x- and y-axes with carcfully
chosen scales

[SLO: C-11-G-21]
draw straight lines or smooth curves of best fit
to show the trend of a graph;

[SLO: C-11-G-22]
describe the patterns and trends shown by data
in tables and graphs

[SLO: C-11-G-23]
- determine the gradient of a straight-line
graph and extrapolate the line of a graph.

[SLO: C-12-G-19]

|dentify the best way to present collected and
transformed dafa based on the experiment
being performed

[SLO: C-12-G-20]

record raw readings of a quantity to the same
degree of precision and observations to the
same level of detail

[SLO: C-12-G-21]
show working in calculations and key steps in
reasoning

[SLO: C-12-G-22]
use the correct number of significant figures
for calculated quantities
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[SLO: C-11-G-24]
Draw conclusions from interpretations of
observations, data and calculated values

[SLO: C-11-G-25]

Make scientific explanations of data,
observations and conclusions that they have
described.

Standard: Students should be able to evaluate methods and suggest possible improvements.

Benchmark |: Students should be able to Benchmark I: Students should be able tofN/A
suggest improvements in the experimental evaluate the method used and sugge

design improvements based on validity, reliability
and safety.
[SLO: C-11-G-26]

[SLO: C-09-10-G-33] Describe systematic emrors

identify potential sources of emor In an

expenmental design [5L0: C-11-G-27]

identify the most significant sources of emror in
an experiment
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[SLO: C-11-G-28]
State the unceriainty In a guantitative
measurement and express such uncertainty

in a measurement as an actual or percentage
error

[SLO: C-11-G-29]
Suggest alternate chemicals in expenmental
design which contribute to green chemistry
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Guidelines for Authors, Teaching Strategies for SLLO-Based Instruction, and Assessment
Framework for Paper Setters

Introduction

The document provides detailed guidelines for textbook authors, recommendad strategies compatible with SLOs and standardized assessment
patterns for future paper setters. including PBA_ This will also complete the curriculum package with clear and consistent link among curriculum
intent, classroom instruction laboratory practice and assessment standards to ensure umiformity and coherence in the implamentation of the revisad

curriculum.

Section A: Guidelines for Textbook Authors
A.l Alignment with SLOs
All chapters, topics, and subtopics strictly adhers to the prescribed SLOs. Additional content, bevond the scope of approved SLOs, should not be
included. Content of the SL.Os should match the local and international levels standard with examples from tha local context. Content of the chapter
should clearly raflect the intent and limits of the SLOs at the appropriate grade level Awuthor should follow the given guidslines :

= All facts, laws, constants, and eguations must be scientifically correct.
= TUse SI units consistently.
= Provide correct chemical equations with balanced stoichiometry.

=  Avoid ambiguous or ontdated scientific ferms.

A.2 Depth and Cognitive Level

Author of textbook must understand and adhere to a specified. required cognitive level (Knowledge, Understanding. Application, or Higher Order)
assigned to each SLO. The text shall avoid unnecessary theorstical depth. complicated dermvations, or university-level axplanations unless
spacifically required by the syllabus. Concepts should be explained in simple and clear language, supported by relevant examples from daily lifa.
Any safety precautions related to the concepts must be clearly highlightad
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A.3 Language and Presentation

The language of the textbook should be clear, precise. learner-friendly and scientifically accurate. Techmical/scientific terminologies should be
used instead of using translated terms. Dhagrams, figures and tables should be clearly labelled, accurate, relevant to the targeted SLOs, easy for

students to understand and not to be copy paste where applicable.

A.4 Examples and Illustrations
Worked examples and illustrations should directlv support conceptual clarity and attainment of the 5L.Os. Examples should logically progress from
simple to moderate levels of difficulty and Numerical problems should involve basic calculations and avoid multi-step complexity beyond the
curriculum scope.
A5 Exercises
Exercises at the end of each chapter should be clearlv aligned to relevant SLOs and their cognitive levels. An appropnate balance of the
following components should be ensured:

s  Objective-type questions (MCQs)

s Structured questions (Both short response and extended response questions)

s Repetition of similar questions across chapters is not encouraged.

*  (Questions should address all cognitive levels of the SLOs 1n same proportion as mentionad in the chapters.

Each chapter should follow this structure:
* Introduction (link with prior knowledge)

* EKey concepts
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* Examples and illustrations
o  Applications
e Key points

e Exercises

A.6 Use of Pedagogical Features
Include:

o Dhd You Know?
* Think About It
o Real Life Applications

® Science Tidbits

Section B - Teaching Strategies for SLO-Based Instruction
B.1 General Principles
Teaching and learning practices should focus on the achievement of prescribed Student Leaming Outcomes (SLOs) through logical reasoning
rather than mere svllabus coverage. Lesson planning should clearly identify targeted SLOs, teaching strategies, and assessment approaches.
Instruction should promote conceptual clarity and subject understanding appropriate to the specified level
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B.2 Teaching Strategies Aligned with Cognitive Levels
Interactrve lectures, visuals, and recall-based activities are recommended for Knowledge based SLOs, while Understanding level 5LOs can be
addressed through guided discussion. concept mapping and real-life examples. Application level SLOs should be taught with problem-solving,
demonstrations and laboratory activities. Whenever possible, Higher-Order SLOs mayv require inquiry based leaming. group dizscussions and
interpretation of data. For effective teaching and practice of multiple choice questions, students should be asked to provide reasons for their chosen
options. Teacher must use new teaching methods like flipped classroom, blended learning etc.
B.3 Assessment Techniques during Teaching
a) Formative Assessment (During Learning)

& Short quizzes, class tests, and surprise tests

o Homework and worksheets

e Oral questioning

o (lass participation / group discussions

¢ TLab work observation

s Concept mapping

b) Summative Assessment (End of Learning)
o MNidterm/Sendup exams (As per the discretion of mnstitution head)
* Mock exam Preboard (As per the discretion of institution head)

¢ Final exams (Including theorv/Practical) (As per the mandate)
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B.4 Practical and Laboratory Based Learning

Practical work must be directly linked with the practical SLOs and focus on the development of experimental skills, observation and result

interpretation. Experiments should not be beyvond the prescnibed scope of the cumiculum.

B.5 Integration of Technology

Pesources such as digital tools such as mathgpt, Bing Al Copilot by Microsoft, Deep Seck, Magical School Al, Khan Academy, Bright Class and

Edmodo ete. simulations (PHET Interactive Simulations) and multimedia can be used to build conceptual understanding. Artificial intelligence-

based tools may be used to support formative assessment for concept clanfication. supported appropriately by the teacher. Following tools/websites

may be used to perform experiments on the virtual lab or to prepare chemical solution etc 1 e. ChemReaX, ChemCollective and wolfram alpha.
Section C: Assessment Framework and Guidelines for Paper Setters

C.1 Purpose of Assessment

Assessment should adhere to the eszence of SL Oz within cognitrve level domamm Questions should assess conceptual clanty, basic application,

and mstructional actrvities related understanding appropniate to specified level. Standard Numenical values of constants should be provided in the

guestion paper as required.

.2 Cogmtive Level Weightage

Paper setters should maintain a balanced distribution of cogmitive levels as follows: Knowledse: 20% Understanding: 30% and
Application/analysis/Evaluation: 30% (Higher order ttems should only be included where applicable).

C.3 Tvpes of Assessment Questions
Permissible formats include:
¢ MNlultiple-choice questions (MCQs)

* Structured questions (Short and extended response questions)
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(Questions should be:

® (Clear and unambiguous

¢ (Concept based

®  Approprniate in length and difficulty for specified grades.
C.4 Practical-Based Assessment (PBA)
The PBA paper should be conceptual and skill-oriented. It should be set in a manner that the students who attend the laboratory sessions regularly
and perform practical work 1n the laboratory are capable of attempting the paper. PBA questions must include experimental objectives, use of
apparatus, observation, interpretation of data, good laboratory safety practices and problems that require solution in an experimental setting. The
paper must avoid assessing rote leaming of practical manuals or the long reproduction of procedures.
Conclusion
The revision of the Chemistry curriculum for Grades 912 has been carried out as a strategic policy tnitiative to enhance curriculum relevance,
coherence, and alignment with national educational goals and internationally recognized standards. A comprehensive review revealed that the
existing cumiculum content was overburden. exhibited improper vertical progression of Student Learnming Outcomes (SLOs). and. 1n several
instances, SLOs are beyond the expectations of the cogmitive level of students at the respective grades.
Furthermore, the presence of overlapping and repetitive SLOs across allied subjects, particularly Biology and Physics. resulted in unnecessary
academic burden and dilution of subject focus. To address these challenges_redundant and misaligned 8SL.Os were rationalized or removed. ensuring
that Chemistry retains 1ts disciplinary integrity while avoiding duplication of learning objectives already addressed in other subjects.
As part of the reform process, selected 5L.Os were reallocated across grade levels to establish a logical. gradual progression from foundational
concepts in Grade 9 to advanced understanding in Grade 12 In addition, certain SL.Os were shifted across learming domams to ensure alignment

among curriculum intent, instructional practices, and assessment frameworks.
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The development of clear implementation guidelines for teachers, textbook authors. and paper setters 15 a key policy measure to ensure uniform
and effective execution of the revised curriculum. These guidelines promote outcome-based mnstruction, conceptual clarity, real life relevance, and

assessment practices aligned with defined cognitive levels, while explicitly discouraging unwarranted theoretical depth and advanced denivations

not required at this stage.
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