
Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Atomic Structure 12 days
(including
4 for
beginning
of year)

HS-PS1-1. Use the periodic table
as a model to predict the relative
properties of elements based on
the patterns of electrons in the
outermost energy level of atoms.

Science and Engineering Practices:
Developing and Using Models
Use a model to predict the relationships
between systems or between
components of a system. (HS-PS1-1)

Crosscuting Concepts:
Patterns
Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
(HS-PS1-1)

Stability and Change
Much of science deals with constructing
explanations of how things change and
how they remain stable.

Disciplinary Core Ideas:
PS1.A: Structure and Properties of
Matter
Each atom has a charged substructure
consisting of a nucleus, which is made of
protons and neutrons, surrounded by
electrons.
The periodic table orders elements
horizontally by the number of protons in
the atom’s nucleus and places those with
similar chemical properties in columns.
The repeating patterns of this table
reflect patterns of outer electron states.

Phenomena:
Why wouldn't you
stand under a tree
during a storm?

What is the most
radioactive place on
the earth?

Anchoring
Questions:
What is the purpose
of models? How do
they evolve?

Draw  a model of an
atom.

Essential
Questions:
What do you think
makes up the nucleus
of the atom?

How does the
structure of atoms
affect their function
and properties?

How is the relative
mass of atoms
determined?

How and why has the
model of the atom
changed?

All matter is made of
atoms.

There is a limited number
of types of atoms.

These are the elements.

They differ from each other
in their subatomic structure.

The periodic table can be
used to determine the
number of protons in any
given atom.

A fundamental force that
holds the nucleus of an
atom together is the strong
force.

Electrostatic forces keep
the electrons around the
nucleus.

Differentiate atoms through
modeling

Analyze the historical findings
to develop the progression of
the atomic model.

Interepret the findings and
create a timeline for the
development of the current
understanding of the structure
of the atom

Using the current model of an
atom, construct an
explanation of the
organization of the periodic
table.

Obtain isotope data to
analyze and relate to the
average atomic mass data on
the periodic table

Formative: Do nows
(scientists, isotope notation,
average atomic mass)

Summative: Atomic
Structure Unit Test, Lab
Quiz

Common: Isotope common
assessment

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words. (HS-PS1-
1)
WHST.9-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.9-12.9 Draw evidence from
informational texts to support
analysis, reflection, and research.
SL.11-12.5 Make strategic use of
digital media (e.g., textual,
graphical, audio, visual, and
interactive elements) in
presentations to enhance
understanding of findings,
reasoning, and evidence and to
add interest.

Mathematics:
MP.2 Reason abstractly and
quantitatively. (HS-PS1-5)
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN-Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN-Q.A.3  Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.

Technology:
8.2.12.C.4 Explain and identify
interdependent systems and their
functions.

9.3.ST.2 Use technology to
acquire, manipulate, analyze
and report data.

9.3.ST.3 Describe and follow
safety, health and
environmental standards
related to science, technology,
engineering and mathematics
(STEM) workplaces.

9.3.ST.4 Understand the nature
and scope of the Science,
Technology, Engineering &
Mathematics Career Cluster
and the role of STEM in society
and the economy.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Light, Bohr model
(includes electron
configurations)

12 days HS-PS4-1. Use mathematical
representations to support a claim
regarding relationships among the
frequency, wavelength, and
speed of waves traveling in
various media.

HS-PS4-3. Evaluate the claims,
evidence, and reasoning behind
the idea that electromagnetic
radiation can be described either
by a wave model or a particle
model, and that for some
situations one model is more
useful than the other.

Science and Engineering Practices:
Using Mathematics and Computational
Thinking
Use mathematical representations of
phenomena or design solutions to
describe and/or support claims and/or
explanations. (HS-PS4-1)

Engaging in Argument from Evidence
Evaluate the claims, evidence, and
reasoning behind currently accepted
explanations or solutions to determine
the merits of arguments. (HS-PS4-3)

Crosscuting Concepts:
Cause and Effect
Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects. (HS-PS4-1)

Systems and System Models
Models (e.g., physical, mathematical,
computer models) can be used to
simulate systems and
interactions—including energy, matter,
and information flows—within and
between systems at different scales.
(HS-PS4-3)

Stability and Change
Systems can be designed for greater or
lesser stability. (HS-PS4-2)

Disciplinary Core Ideas:
PS4.B Electromagnetic Radiation
Electromagnetic radiation (e.g., radio,
microwaves, light) can be modeled as a
wave of changing electric and magnetic
fields or as particles called photons. The
wave model is useful for explaining many
features of electromagnetic radiation, and
the particle model explains other
features. (HS-PS4-3)
When light or longer wavelength
electromagnetic radiation is absorbed in
matter, it is generally converted into
thermal energy (heat). Shorter
wavelength electromagnetic radiation
(ultraviolet, X-rays, gamma rays) can
ionize atoms and cause damage to living
cells.
Atoms of each element emit and absorb
characteristic frequencies of light. These
characteristics allow identification of the
presence of an element, even in
microscopic quantities. (secondary)

PS4.A: Wave Properties
The wavelength and frequency of a wave
are related to one another by the speed
of travel of the wave, which depends on
the type of wave and the medium through
which it is passing. (HS-PS4-1)

PS3.A: Definitions of Energy
At the macroscopic scale, energy
manifests itself in multiple ways, such as
in motion, sound, light, and thermal
energy. (HSPS3-2) (HS-PS3-3)

ESS1.A: The Universe and Its Stars
The study of stars’ light spectra and
brightness is used to identify
compositional elements of stars, their
movements, and their distances from
Earth.

Phenomena:
Why is the spectrum
of hydrogen so
different from
sunlight?

How is the color
produced in a neon
sign?

What is the difference
between a red laser
and a green laser?

Anchoring
Questions:
How do you think an
increase in the
number of electrons
would impact the
emission spectrum of
an atom?

How does energy
affect the excitation of
electrons?

Essential
Questions:
How are electrons
arranged within an
atom?

The interaction of
electromagnetic energy
with the atom is the key to
unlocking the electronic
structure of the atom.

Each element has a
characteristic emission and
absorption spectrum.

These can be used to
identify components in
mixtures both here on Earth
and in the stars.

Presented with phenomena of
light, students will synthesize,
evaluate, engage in argument
and communicate the origins
of light as related to
subatomic structure(flame
test, spectroscope)

Describe the cause and effect
for the differnt frequencies of
light produced based on
mathematical relationship
between wavelength,
frequency and energy.

Additional for Honors:
Use photoelectron spectra to
evaluate the validity of the
quantum model of the atom.
Interpret, explain and predict
photoelectron spectra of
atoms.

Formative: QFocus (Use a
discrepant event-"Absorption
and emission spectra of
substances are caused by
the movement of electrons"-
Produce questions in your
group. Pick 3 questions that
need answers)
Do now (Bohr model, Show
models to explain the
emission of photons;  EM
Spectrum (wavelength &
frequency)

Summative: Light Unit Test,
Lab Quiz

Common: Light CER

ELA/Literacy:
RST.11-12.7 Integrate and
evaluate multiple sources of
information presented in diverse
formats and media (e.g.,
quantitative data, video,
multimedia) in order to address a
question or solve a problem. (HS-
PS4-1)
RST.11-12.8 Evaluate the
hypotheses, data, analysis, and
conclusions in a science or
technical text, verifying the data
when possible and corroborating
or challenging conclusions with
other sources of information. (HS-
PS4-3)
WHST.9-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.11-12.8 Gather relevant
information from multiple
authoritative print and digital
sources, using advanced searches
effectively; assess the strengths
and limitations of each source in
terms of the specific task, purpose,
and audience; integrate
information into the text selectively
to maintain the flow of ideas,
avoiding plagiarism and
overreliance on any one source
and following a standard format for
citation.

Mathematics:
MP.2 Reason abstractly and
quantitatively. (HS-PS4-1), (HS-
PS4-3)
MP.4 Model with mathematics.
(HS-PS4-1)
HSA-SSE.A.1 Interpret
expressions that represent a
quantity in terms of its context.
(HS-PS4-1), (HS-PS4-3)
HSA-SSE.B.3 Choose and
produce an equivalent form of an
expression to reveal and explain
properties of the quantity
represented by the expression.
(HS-PS4-1), (HS-PS4-3)
HSA.CED.A.4 Rearrange formulas
to highlight a quantity of interest,
using the same reasoning as in
solving equations. (HS-PS4-1),
(HS-PS4-3)

9.3.ST.2 Use technology to
acquire, manipulate, analyze
and report data.

9.3.ST.3 Describe and follow
safety, health and
environmental standards
related to science, technology,
engineering and mathematics
(STEM) workplaces.

9.3.ST.4 Understand the nature
and scope of the Science,
Technology, Engineering &
Mathematics Career Cluster
and the role of STEM in society
and the economy.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Periodic trends 15 days HS-PS1-1. Use the periodic table
as a model to predict the relative
properties of elements based on
the patterns of electrons in the
outermost energy level of atoms.

HS-PS2-4. Use mathematical
representations of Newton’s Law
of Gravitation and Coulomb’s Law
to describe and predict the
gravitational and electrostatic
forces between objects.

Science and Engineering Practices:
Developing and Using Models
Use a model to predict the relationships
between systems or between
components of a system. (HS-PS1-1)

Using Mathematics and Computational
Thinking
Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-4)

Crosscuting Concepts:
Patterns
Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
(HS-PS1-1), (HS-PS1-2), (HS-PS1-3),
(HSPS1-5)

Stability and Change
Much of science deals with constructing
explanations of how things change and
how they remain stable. (HS-PS1-6)

Disciplinary Core Ideas:
PS1.A Structure and Properties of Matter
The periodic table orders elements
horizontally by the number of protons in
the atom’s nucleus and places those with
similar chemical properties in columns.
The repeating patterns of this table
reflect patterns of outer electron states.
(HS-PS1-1)

PS2.B Types of Interactions
Newton’s law of universal gravitation and
Coulomb’s law provide the mathematical
models to describe and predict the
effects of gravitational and electrostatic
forces between distant objects. (HS-PS2-
4)
Forces at a distance are explained by
fields (gravitational, electric, and
magnetic) permeating space that can
transfer energy through space. Magnets
or electric currents cause magnetic fields;
electric charges or changing magnetic
fields cause electric fields. (HS-PS2-4)

Phenomena:
Why are frying pans
made of metal and
baking dishes often
made of glass or
ceramic?

Why are electrical
wires made of copper
and not carbon fiber?

Anchoring
Questions:
How and why do you
organize items in
everyday life?

Demonstration of
reactivity of metals
with water:

Why is potassium
more reactive than
sodium?

Why is sodium more
reactive than
magnesium?

Essential
Questions:
How can you create
an organizational
chart to assist in
understanding?

How is the periodic
table organized?

How does the
arrangement of
electrons in an atom
determine its
chemical behavior?

What are specific
properties of
materials that allow
them to be classified
as metals or
nonmetals?

The periodicity of the
chemical and physical
properties of the  elements
depends on the underlying
electronic structure of the
atom.

The periodic table reflects
this periodicity and
therefore serves as a
valuable tool to predict and
explain the properties of
elements.

Utilize electron configuartion
to develop and draw model of
the atoms

Fill in electron configurations
on a blank periodic table and
identify the patterns relating
to valence electrons

Analyze and interpret data
and construct explanations
referring to Coloumb's law for
atomic size and ionization
energy.

Construct explanations
regarding the number of
valence electrons, ionization
energy and ions formed and
relate to patterns on the
periodic table.

Additional for Honors:
Develop model relating the
energy level transitions of
electrons quantitatively to the
wavelength of light emitted.

Formative: Do now (atom
and ion size; Ionization
energy)

Summative: Periodic
Trends Unit Test, Lab Quiz

Common: Periodic Trends
Common Assessment

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words. (HS-PS1-
1)
WHST.9-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.9-12.5 Develop and
strengthen writing as needed by
planning, revising, editing,
rewriting, or trying a new
approach, focusing on addressing
what is most significant for a
specific purpose and audience.
WHST.9-12.9 Draw evidence from
informational texts to support
analysis, reflection, and research.
SL.11-12.5 Make strategic use of
digital media (e.g., textual,
graphical, audio, visual, and
interactive elements) in
presentations to enhance
understanding of findings,
reasoning, and evidence and to
add interest.

Mathematics:
MP.2 Reason abstractly and
quantitatively.
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN-Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN-Q.A.3 Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.
HSA.SSE.A.1 Interpret
expressions that represent a
quantity in terms of its context.
HSA.SSE.B.3 Choose and
produce an equivalent form of an
expression to reveal and explain
properties of the quantity
represented by the expression.

9.3.ST.2 Use technology to
acquire, manipulate, analyze
and report data.

9.3.ST.3 Describe and follow
safety, health and
environmental standards
related to science, technology,
engineering and mathematics
(STEM) workplaces.

9.3.ST.4 Understand the nature
and scope of the Science,
Technology, Engineering &
Mathematics Career Cluster
and the role of STEM in society
and the economy.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Bonding 25 days HS-PS1-1. Use the periodic table
as a model to predict the relative
properties of elements based on
the patterns of electrons in the
outermost energy level of atoms.

HS-PS1-2.  Construct and revise
an explanation for the outcome of
a simple chemical reaction based
on the outermost electron states
of atoms, trends in the periodic
table, and knowledge of the
patterns of chemical properties.

HS-PS1-3. Plan and conduct an
investigation to gather evidence to
compare the structure of
substances at the bulk scale to
infer the strength of electrical
forces between particles.

HS-PS2-4. Use mathematical
representations of Newton’s Law
of Gravitation and Coulomb’s Law
to describe and predict the
gravitational and electrostatic
forces between objects.

HS-PS3-5. Develop and use a
model of two objects interacting
through electric or magnetic fields
to illustrate the forces between
objects and the changes in
energy of the objects due to the
interaction.

Science and Engineering Practices:
Developing and Using Models
Develop and use a model based on
evidence to illustrate the relationships
between systems or between
components of a system. (HS-PS3-5)

Using Mathematics and Computational
Thinking
Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-4)

Planning and Carrying Out Investigation
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 data
needed to produce reliable
measurements and consider limitations
on the precision of the data (e.g., number
of trials, cost, risk, time), and refine the
design accordingly. (HS-PS1-3)

Constructing Explanations and Designing
Solutions
Construct and revise an explanation
based on valid and reliable evidence
obtained from a variety of sources
(including students’ own investigations,
models, theories, simulations, peer
review) and the assumption that theories
and laws that describe the natural world
operate today as they did in the past and
will continue to do so in the future. (HS-
PS1-2)

Crosscuting Concepts:
Patterns
Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
(HS-PS1-1), (HS-PS1-2), (HS-PS1-3)

Stability and Change
Much of science deals with constructing
explanations of how things change and
how they remain stable.

Disciplinary Core Ideas:
PS1.A Structure and Properties of Matter
Attraction and repulsion between electric
charges at the atomic scale explain the
structure, properties, and transformations
of matter, as well as the contact forces
between material objects. (secondary to
HS-PS1-1),(secondary to HS-PS1-3)
A stable molecule has less energy than
the same set of atoms separated; one
must provide at least this energy in order
to take the molecule apart (HS-PS1-4)

PS2.B Types of Interactions
Newton’s law of universal gravitation and
Coulomb’s law provide the mathematical
models to describe and predict the
effects of gravitational and electrostatic
forces between distant objects. (HS-PS2-
4)

Phenomena:
Why can we eat
sodium chloride but
not sodium and
chlorine?

Essential
Questions:
Why do elements
combine to form
compounds?

Why do elements
combine in the
specific ways that
they do?

How might the
valence electrons of
sodium (Na) and
chlorine (Cl) interact
to create the bond in
NaCl?

How are chemical
compounds
represented with
words and formulas?

Atoms will combine to form
various molecular and ionic
compounds thereby,
lowering the energy state
and becoming  a more
stable entity.

The manner in which they
combine can be predicted
based on their outermost
electronic structure which
can be  inferred  from the
periodic table.

Presented with chemical
formulas of known binary
ionic compounds, students
will analyze, interpret and
synthesize infomation and
construct explanations to
identify the patterns to
account for the bonding
ratios.

Students will be able to
synthesize and construct
explanations for ionic bonding
through modeling

Students will be able to
identify the type of bond by
using mathematical
computation of
electronegativity differences.

Using the patterns in the
periodic table, students will
be able to draw Lewis dot
structures to make a model to
illustrate the sharing of
electrons in covalent bonding.

Students will be able to
makes models of the
molecules and use Coloumb's
law, they will be able to justify
the shapes of the molecules.

Provided with bond length
and bond strength data graph
of potential energy and
distance, students will
synthesize and report
information.

Additional for honors:
Students will identify regions
regions of sigma and pi
bonding and evaluate the
effect on the 3-dimentional
character of the molecule
(including rotation around
sigma bonds and planarity of
molecules and isomers).
Students will be able to make
Lewis models of polyatomic
ions and use coulomb's law to
justify the shape of
polyatomic ions.
Students will us the
resonance concept to explain
the bond length in polyatomic
ions and molecules

Formative: Do now (
electronegativity; Difference
in electronegativity, naming,
formula writing, transition
elements and polyatomic
ions, ionic bonding, covalent
bonding; VSEPR)

Summative: Chemical
Bonding Unit Test

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words.
RST.11-12.1 Cite specific textual
evidence to support analysis of
science and technical texts,
attending to important distinctions
the author makes and to any gaps
or inconsistencies in the account.
RST.11-12.7 Integrate and
evaluate multiple sources of
information presented in diverse
formats and media (e.g.,
quantitative data, video,
multimedia) in order to address a
question or solve a problem.
WHST.11-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.9-12.5 Develop and
strengthen writing as needed by
planning, revising, editing,
rewriting, or trying a new
approach, focusing on addressing
what is most significant for a
specific purpose and audience.
WHST.11-12.8 Gather relevant
information from multiple
authoritative print and digital
sources, using advanced searches
effectively; assess the strengths
and limitations of each source in
terms of the specific task, purpose,
and audience; integrate
information into the text selectively
to maintain the flow of ideas,
avoiding plagiarism and
overreliance on any one source
and following a standard format for
citation.

Mathematics:
MP.2 Reason abstractly and
quantitatively.
MP.4 Model with mathematics.
HSN.Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN.Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN.Q.A.3 Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.
HSA.SSE.A.1 Interpret
expressions that represent a
quantity in terms of its context.
HSA.SSE.B.3 Choose and
produce an equivalent form of an
expression to reveal and explain
properties of the quantity
represented by the expression.
HSA.CED.A.1 Create equations
and inequalities in one variable
and use them to solve problems.

9.3.ST.2 Use technology to
acquire, manipulate, analyze
and report data.

9.3.ST.3 Describe and follow
safety, health and
environmental standards
related to science, technology,
engineering and mathematics
(STEM) workplaces.

9.3.ST.4 Understand the nature
and scope of the Science,
Technology, Engineering &
Mathematics Career Cluster
and the role of STEM in society
and the economy.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

HSA.CED.A.2 Create equations in
two or more variables to represent
relationships between quantities;
graph equations on coordinate
axes with labels and scales.
HSA.CED.A.4 Rearrange formulas
to highlight a quantity of interest,
using the same reasoning as in
solving equations.
HSF-IF.C.7 Graph functions
expressed symbolically and show
key features of the graph, by in
hand in simple cases and using
technology for more complicated
cases.
HSS-IS.A.1 Represent data with
plots on the real number line (dot
plots, histograms, and box plots).

Technology:
8.2.12.C.4 Explain and identify
interdependent systems and their
functions.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Intermolecular
Forces

17 days HS-PS1-3.  Plan and conduct an
investigation to gather evidence to
compare the structure of
substances at the bulk scale to
infer the strength of electrical
forces between particles.

HS-PS2-4.  Use mathematical
representations of Newton’s Law
of Gravitation and Coulomb’s Law
to describe and predict the
gravitational and electrostatic
forces between objects.

HS-PS2-6.  Communicate
scientific and technical
information about why the
molecular-level structure is
important in the functioning of
designed materials.*

HS-PS3-5. Develop and use a
model of two objects interacting
through electric or magnetic fields
to illustrate the forces between
objects and the changes in
energy of the objects due to the
interaction.

HS-PS2-3.  Apply scientific and
engineering ideas to design,
evaluate, and refine a device that
minimizes the force on a
macroscopic object during a
collision.*

Science and Engineering Practices:
Developing and Using Models
Develop and use a model based on
evidence to illustrate the relationships
between systems or between
components of a system. (HS-PS3-5)

Planning and Carrying Out Investigations
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 data
needed to produce reliable
measurements and consider limitations
on the precision of the data (e.g., number
of trials, cost, risk, time), and refine the
design accordingly. (HS-PS1-3)

Obtaining, Evaluating, and
Communicating Information
Communicate scientific and technical
information (e.g. about the process of
development and the design and
performance of a proposed process or
system) in multiple formats (including
orally, graphically, textually, and
mathematically). (HS-PS2-6)

Constructing Explanations and Designing
Solutions
Apply scientific ideas to solve a design
problem, taking into account possible
unanticipated effects. (HS-PS2-3)

Crosscuting Concepts:
Patterns
Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
(HS-PS2-4)

Cause and Effect
Systems can be designed to cause a
desired effect. (HS-PS2-3)

Structure and Function
Investigating or designing new systems
or structures requires a detailed
examination of the properties of different
materials, the structures of different
components, and connections of
components to reveal its function and/or
solve a problem. (HS-PS2-6)

Disciplinary Core Ideas:
PS1.A Structure and Properties of Matter
The structure and interactions of matter
at the bulk scale are determined by
electrical forces within and between
atoms. (HS-PS1-3),(secondary to HS-
PS2-6)

PS2.B Types of Interactions
Newton’s law of universal gravitation and
Coulomb’s law provide the mathematical
models to describe and predict the
effects of gravitational and electrostatic
forces between distant objects. (HS-PS2-
4)
Forces at a distance are explained by
fields (gravitational, electric, and
magnetic) permeating space that can
transfer energy through space.

Phenomena:
Why is a permanent
marker permanent?
How does a washable
marker differ from a
permanent marker?

You drink milk and
not water when you
eat something spicy.

When you are in the
shower or going for a
swim your hair gets
wet and it takes a
while to dry. But when
a duck is swimming
her feathers stay dry
and don't get wet.

There are different
recycling codes that
you see everywhere,
what do they mean?

Anchoring
Questions:
Why do some things
melt more easily than
others?

What determines how
hard it is to clean
something?

Why are molecules
attracted to each
other?

What influences the
strength of the
attraction of
molecules?

What are polymers
and how can
knowledge of their
structures help in the
design process?

How are properties of
matter related to
atomic structure?

To what extent is
understanding the
predictability of
changes in matter
useful?

What are the
advantages of  a
natural dye versus a
synthetic one?

Essential
Questions:
How do liquids and
solids behave and
why?

What determines the
phase that a given
substance exists in?

The strength of Coulombic
forces of attraction on the
particulate level is what
determines the
macroscopic properties of a
substance.

These properties include
state of matter, boiling
point, melting point, surface
tension, solubility, material
strength, elasticity, and
many others.

Students will be able to plan
and carry out investigation
along with engage in
argument using the evidence

Students will plan and
conduct an investigation to
compare the structure of
substances at the bulk scale
to infer the strength of
electrical forces between
them.

Students will be able to model
the interactions between
polar and non polar
molecules and identify the
type of force between them.

Students will be to develop a
model to show the
dissociation of ionic
compounds in a polar solvent
and construct explanation to
describe the interaction
between an ionic compound
and a polar solvent.

Students will obtain,
synthesize evidence from
their investigation and
engage in argument to
determine the forces at work.

Students will predict, obtain,
synthesize evidence from
their investigation and
engage in argument to
determine the forces at work.

Students will be able to
analyze the interactions
between slime and inks and
different types of paper. They
will be able to construct
explanations to relate them to
the intermolecular forces
acting between them.

Formative: Do now( polar,
non polar, identifying the
intermolecular forces)

Summative: IMF unit test
Lab quiz

Common: Intermolecular
Forces Common
Assessment

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words.
WHST.9-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.9-12.5 Develop and
strengthen writing as needed by
planning, revising, editing,
rewriting, or trying a new
approach, focusing on addressing
what is most significant for a
specific purpose and audience.
WHST.9-12.9 Draw evidence from
informational texts to support
analysis, reflection, and research.
SL.11-12.5 Make strategic use of
digital media (e.g., textual,
graphical, audio, visual, and
interactive elements) in
presentations to enhance
understanding of findings,
reasoning, and evidence and to
add interest.

Mathematics:
MP.2 Reason abstractly and
quantitatively.
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN-Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN-Q.A.3 Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.

9.3.ST.2 Use technology to
acquire, manipulate, analyze
and report data.

9.3.ST.3 Describe and follow
safety, health and
environmental standards
related to science, technology,
engineering and mathematics
(STEM) workplaces.

9.3.ST.4 Understand the nature
and scope of the Science,
Technology, Engineering &
Mathematics Career Cluster
and the role of STEM in society
and the economy.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Reactions
(Types of reactions,
mole, solutions,
reaction rates)

38 days
(including 8

for exam
review and

exam)

HS-PS1-1. Use the periodic table
as a model to predict the relative
properties of elements based on
the patterns of electrons in the
outermost energy level of atoms.

HS-PS1-2. Construct and revise
an explanation for the outcome of
a simple chemical reaction based
on the outermost electron states
of atoms, trends in the periodic
table, and knowledge of the
patterns of chemical properties.

HS-PS1-5. Apply scientific
principles and evidence to provide
an explanation about the effects
of changing the temperature or
concentration of the reacting
particles on the rate at which a
reaction occurs.

Science and Engineering Practices:
Developing and Using Models
Use a model to predict the relationships
between systems or between
components of a system. (HS-PS1-1)

Planning and Carrying Out Investigations
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 data
needed to produce reliable
measurements and consider limitations
on the precision of the data (e.g., number
of trials, cost, risk, time), and refine the
design accordingly. (HS-PS1-5)

Constructing Explanation and Designing
Solutions
Apply scientific principles and evidence
to provide an explanation of phenomena
and solve design problems, taking into
account possible unanticipated effects.
(HS-PS1-5)
Construct and revise an explanation
based on valid and reliable evidence
obtained from a variety of sources
(including students’ own investigations,
models, theories, simulations, peer
review) and the assumption that theories
and laws that describe the natural world
operate today as they did in the past and
will continue to do so in the future. (HS-
PS1-2)

Using Mathematics and Computational
Thinking
Use mathematical representations of
phenomena to describe explanations.
(HS-PS2-2),(HS-PS2-4)

Crosscuting Concepts:
Patterns
Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of
phenomena.(HS-PS1-1), (HS-PS1-2),
(HS-PS1-3), (HSPS1-5)

Stability and Change
Much of science deals with constructing
explanations of how things change and
how they remain stable. (HS-PS1-6)

Disciplinary Core Ideas:
PS 1.B Chemical Reactions
Chemical processes, their rates, and
whether or not energy is stored or
released can be understood in terms of
the collisions of molecules and the
rearrangements of atoms into new
molecules, with consequent changes in
the sum of all bond energies in the set of
molecules that are matched by changes
in kinetic energy. (HS-PS1-5)
The fact that atoms are conserved,
together with knowledge of the chemical
properties of the elements involved, can
be used to describe and predict chemical
reactions. (HS-PS1-2)

PS 3.D Energy In Chemical Processes
and Everyday Life
Although energy cannot be destroyed, it
can be converted to less useful
forms—for example, to thermal energy in

Phenomena:
Statue of Liberty has
copper on the outside
and iron as inner
support. As time goes
by, copper starts to
react with air and
form a patina.

What do explosions
and roasting
marshmallows have
in common?

Why does cutting raw
onions makes you
cry?

Why are bridges,
such as the George
Washington Bridge,
painted every year?

Anchoring
Questions:
Why are some items
plated with silver or
gold rather than solid
silver or gold?

Why might an artist
choose to electroplate
a sculpture?

What is rust and what
causes it?

Why do you think that
food spoilage
(chemical change)
takes place more
slowly in a
refrigerator?

In what form are the
reactants prepared in
fireworks?

A pad of steel wool
rusts out much faster
than the hull of a steel
ship. Why?

What is the difference
between aluminum
and gold?

Why has the value of
aluminum decreased
over the years?

Essential
Questions:
Why do substances
react to form new
products?

What are the
indications that a
chemical reaction has
occurred?

How are chemical
reactions classified?

How is the outcome
of a chemical reaction
predicted?

Atoms are conserved in
chemical reactions.

Recognizing the patterns
for various reaction types
allows for the prediction of
the products of a reaction.

Factors such as
temperature and
concentration will affect the
rate at which a reaction will
occur. This can be
understood through viewing
a reaction on the particulate
level;  reactants must
collide in the correct
orientation with sufficient
energy to produce
products.

Many of these reactions
occur in solution due to the
added freedom of the
particles.

The mole is the link
between the macroscopic
and particulate world.

Solution concentration is a
measure of the amount of
solute in a solvent.

Construct categories of types
of reaction by analzying the
patterns.

Using the patterns, students
will be able to predict the
product of the reactions.

Using the periodic table as a
model students will be able
predict the relative properties
of elements based on the
patterns of electrons in the
outermost energy level of
atoms.

Students will be able to plan
and conduct an investigation
using metals and various
ionic compounds to produce
data to serve as basis for
evidence and design an
activity series of the metals.
Students will be able to
construct explanations by
researching cathodic
protection and galvanization

Students will be able to
engineer, plan and conduct
an investigation to predict
which metals will provide
corrosion protection for an
iron nail.

Students will be able to plan
and conduct an investigation
using two aqueous ionic
solutions to produce data to
serve as basis for evidence.
Using the evidence, students
will draw models and
construct explanation for the
net ionic equation.

Students will engage in
arguement using the
evidence from the lab to
construct a solubility table.

Students will plan and carry
out investigation to determine
the quantity of items in an
unknown substance through
mass.

Students will use
mathematical and
computational thinking to
calculate the concentration of
solutions and utilize the skill
to carry out dilution activities

Students will develop model
quantitatively and qualitatively
the dilution calculation.

Students will be able to plan
and conduct investigation to
produce data to serve as the
basis for evidence in
determing the factors
influencing the rate of the
reactions.

Additional for honors:
Thiosulfate lab:  students will
use experimental data to

Formative: Do now
(classification of types of
reactions, mole to mass,
mass to mole conversion,
molarity, dilution )

Summative: Reactions quiz;
Mole Quiz; Solutions quiz;
Lab quiz

Common: Reactions
Common Assessment

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words. (HS-PS1-
1)
WHST.9-12.2  Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes. (HS-PS1-2), (HS-PS1-
5)
WHST.9-12.5 Develop and
strengthen writing as needed by
planning, revising, editing,
rewriting, or trying a new
approach, focusing on addressing
what is most significant for a
specific purpose and audience.
(HS-PS1-2)
WHST.9-12.9 Draw evidence from
informational texts to support
analysis, reflection, and research.
SL.11-12.5 Make strategic use of
digital media (e.g., textual,
graphical, audio, visual, and
interactive elements) in
presentations to enhance
understanding of findings,
reasoning, and evidence and to
add interest.

Mathematics:
MP.2 Reason abstractly and
quantitatively. (HS-PS1-5)
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN-Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN-Q.A.3 Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.

Technology:
8.2.12.B.4 The influence of
technology on history.   Investigate
a technology used in a given
period of history, e.g., stone age,
industrial revolution or information
age, and identify their impact and
how they may have changed to
meet human needs and wants.
8.2.12.C.3 The application of
engineering design.  Analyze a
product or system for factors such
as safety, reliability, economic
considerations, quality control,
environmental concerns,
manufacturability, maintenance
and repair, and human factors
engineering (ergonomics).

9.3.ST.2 Use technology to
acquire, manipulate, analyze
and report data.

9.3.ST.3 Describe and follow
safety, health and
environmental standards
related to science, technology,
engineering and mathematics
(STEM) workplaces.

9.3.ST.4 Understand the nature
and scope of the Science,
Technology, Engineering &
Mathematics Career Cluster
and the role of STEM in society
and the economy.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

the surrounding environment.

ESS1.C The History of Planet Earth
Although active geologic processes, such
as plate tectonics and erosion, have
destroyed or altered most of the very
early rock record on Earth, other objects
in the solar system, such as lunar rocks,
asteroids, and meteorites, have changed
little over billions of years. Studying these
objects can provide information about
Earth’s formation and early history.

What factors affect
the rates of chemical
reactions and how do
they affect it?

develop a quantitative model
for the effect of concentration
on reaction rate.

HTPS Chemistry Curriculum Map
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Energy and
Thermodynamics

20 days HS-PS1-4. Develop a model to
illustrate that the release or
absorption of energy from a
chemical reaction system
depends upon the changes in
total bond energy.

HS-PS3-1. Create a
computational model to calculate
the change in the energy of one
component in a system when the
change in energy of the other
component(s) and energy flows in
and out of the system are known.

HS-PS3-2. Develop and use
models to illustrate that energy at
the macroscopic scale can be
accounted for as a combination of
energy associated with the
motions of particles (objects) and
energy associated with the
relative position of particles
(objects).

HS-PS3-3. Design, build, and
refine a device that works within
given constraints to convert one
form of energy into another form
of energy.*

HS-PS3-4. Plan and conduct an
investigation to provide evidence
that the transfer of thermal energy
when two components of different
temperature are combined within
a closed system results in a more
uniform energy distribution among
the components in the system
(second law of thermodynamics).

Science and Engineering Practices:
Planning and Carrying Out Investigations
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 data
needed to produce reliable
measurements and consider limitations
on the precision of the data (e.g., number
of trials, cost, risk, time), and refine the
design accordingly. (HS-PS3-4)

Using Mathematics and Computational
Thinking
Create a computational model or
simulation of a phenomenon, designed
device, process, or system. (HS-PS3-1)

Constructing Explanations and Designing
Solutions
Design, evaluate, and/or refine a solution
to a complex real-world problem, based
on scientific knowledge, student-
generated sources of evidence,
prioritized criteria, and tradeoff
considerations. (HS-PS3-3)

Crosscuting Concepts:
Energy and Matter
Changes of energy and matter in a
system can be described in terms of
energy and matter flows into, out of, and
within that system. (HSPS3-3)
Energy cannot be created or
destroyed—only moves between one
place and another place, between
objects and/or fields, or between
systems. (HS-PS3-2)

Systems and System Models
When investigating or describing a
system, the boundaries and initial
conditions of the system need to be
defined and their inputs and outputs
analyzed and described using models.
(HS-PS3-4)

Disciplinary Core Ideas:
PS3.A  Definitions of Energy
Energy is a quantitative property of a
system that depends on the motion and
interactions of matter and radiation within
that system. That there is a single
quantity called energy is due to the fact
that a system’s total energy is conserved,
even as, within the system, energy is
continually transferred from one object to
another and between its various possible
forms. (HS-PS3-1), (HS-PS3-2)
At the macroscopic scale, energy
manifests itself in multiple ways, such as
in motion, sound, light, and thermal
energy. (HS-PS3-2), (HS-PS3-3)
These relationships are better
understood at the microscopic scale, at
which all of the different manifestations of
energy can be modeled as a combination
of energy associated with the motion of
particles and energy associated with the
configuration (relative position of the
particles). In some cases the relative
position energy can be thought of as
stored in fields (which mediate
interactions between particles). This last
concept includes radiation, a
phenomenon in which energy stored in
fields moves across space. (HS-PS3-2)

Phenomena:
Styrofoam cups can
keep liquids warm
and cold.

Anchoring
Questions:
Which cookware
would you choose to
fry an egg and why?

Why might a stainless
steel pan have a
copper bottom?

Why do confectioners
use marble slabs to
prepare candies and
fudge?

What is the difference
between heat and
temperature?

Can you make frozen
Popsicles out of hot
cocoa?

Why are certain
materials better
insulators?

Do the instant ice
packs found in first-
aid kits require
refrigeration?

Which is hotter,
beach sand or the
water?  Concrete or
asphalt?

Essential Questions
How is the behavior
of a chemical reaction
determined by the
energy changes
involved in the
reaction?

Where does the heat
obtained from a
reaction come from?

What is the role of the
catalyst in a chemical
reaction?

Honors:
How is the
exothermicity of a
reaction related to the
bond strengths of the
reactants and
products?

How are enthalpy and
entropy related to
reaction spontaneity?

Energy is neither created
nor destroyed.

It is only transformed from
one form to another.

Breaking a  bond requires
an input of energy; forming
a bond releases energy.

This is due to a change in
the potential energy of the
system. In  chemical
reactions, some bonds are
broken while others are
formed.

This leads to a difference in
the potential energy of the
reactants versus the
products.

This difference leads to a
change in the kinetic
energy of the system which
is then observed as a
change in temperature.

Using one of the
phenomenas, students will
construct an explanation to
evaluate the phenomena and
provide evidence to explain
specific heat of an object.

Students will plan and
conduct an investigation to
obtain data, construct
explanations and design
solutions regarding a heat
pack limitation(change in
temperature, duration).

Students will design a
prototype for device to cool or
heat a drink and write a
feasibility study of a product
to include: economic, market,
technical, financial, and
management factors, and
provide recommendations for
implementation

Students will construct
explanations using
mathematical thinking and will
develop a model that will
illustrate the release or
absorption of energy from a
chemical reaction and relate it
to the changes in the total
bond energy

Students will create a
computational model to relate
the change in thermal energy
to the exchanges in kinetic
and potential energy.

Additional for honors:
Students will develop and
model for determining if the
entropy of a system is
increasing or decreasing.

Students will evaluate
enthalpy and entropy data
using the Gibbs Free Energy
model and  to qualitatively
determine whether a reaction
will be spontaneous or not.

Formative: Do now
(Endothermic, exothermic,
specific heat, potential
energy, bond energy
calculations)

Summative:
Thermodynamics Unit Test

Common: Thermodynamics
Common Assessment

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words.
WHST.9-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.9-12.5 Develop and
strengthen writing as needed by
planning, revising, editing,
rewriting, or trying a new
approach, focusing on addressing
what is most significant for a
specific purpose and audience.
WHST.9-12.9 Draw evidence from
informational texts to support
analysis, reflection, and research.
SL.11-12.5 Make strategic use of
digital media (e.g., textual,
graphical, audio, visual, and
interactive elements) in
presentations to enhance
understanding of findings,
reasoning, and evidence and to
add interest.

Mathematics:
MP.2 Reason abstractly and
quantitatively.
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN-Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN-Q.A.3 Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.

Technology:
8.2.12.A.1 Propose an innovation
to meet future demands supported
by an analysis of the potential full
costs, benefits, trade-offs and
risks, related to the use of the
innovation.
8.2.12.D.1 Design and create a
prototype to solve a real world
problem using a design process,
identify constraints addressed
during the creation of the
prototype, identify trade-offs made,
and present the solution for peer
review.
8.2.12.D.2 Write a feasibility study
of a product to include: economic,
market, technical, financial, and
management factors, and provide
recommendations for
implementation.

9.3.ST.2 Use technology to acq

9.3.ST.3 Describe and follow s

9.3.ST.4 Understand the nature
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

PS3.B Conservation of Energy and
Energy Transfer
Conservation of energy means that the
total change of energy in any system is
always equal to the total energy
transferred into or out of the system. (HS-
PS3-1)
Energy cannot be created or destroyed,
but it can be transported from one place
to another and transferred between
systems. (HS-PS3-1), (HS-PS3-4)
Mathematical expressions, which
quantify how the stored energy in a
system depends on its configuration (e.g.
relative positions of charged particles,
compression of a spring) and how kinetic
energy depends on mass and speed,
allow the concept of conservation of
energy to be used to predict and describe
system behavior. (HS-PS3-1)
The availability of energy limits what can
occur in any system. (HS-PS3-1)
Uncontrolled systems always evolve
toward more stable states—that is,
toward more uniform energy distribution
(e.g., water flows downhill, objects hotter
than their surrounding environment cool
down). (HS-PS3-4)

PS3.D  Energy in Chemical Preocesses
and Everyday Life
Although energy cannot be destroyed, it
can be converted to less useful
forms—for example, to thermal energy in
the surrounding environment. (HS-PS3-
3), (HS-PS3-4)

ESS2.C The Role of Water in Earth's
Surface Processes
The abundance of liquid water on Earth’s
surface and its unique combination of
physical and chemical properties are
central to the planet’s dynamics. These
properties include water’s exceptional
capacity to absorb, store, and release
large amounts of energy, transmit
sunlight, expand upon freezing, dissolve
and transport materials, and lower the
viscosities and melting points of rocks.

HTPS Chemistry Curriculum Map
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Stoichiometry 20 days HS-PS1-1. Use the periodic table
as a model to predict the relative
properties of elements based on
the patterns of electrons in the
outermost energy level of atoms.

HS-PS1-2. Construct and revise
an explanation for the outcome of
a simple chemical reaction based
on the outermost electron states
of atoms, trends in the periodic
table, and knowledge of the
patterns of chemical properties.

HS-PS1-7. Use mathematical
representations to support the
claim that atoms, and therefore
mass, are conserved during a
chemical reaction.

Science and Engineering Practices:
Developing and Using Models
Use a model to predict the relationships
between systems or between
components of a system. (HS-PS1-1)

Planning and Carrying Out Investigations
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 data
needed to produce reliable
measurements and consider limitations
on the precision of the data (e.g., number
of trials, cost, risk, time), and refine the
design accordingly.

Using Mathematics and Computational
Thinking
Use mathematical representations of
phenomena to support claims. (HS-PS1-
7)

Constructing Explanations and Designing
solutions
Refine a solution to a complex real-world
problem, based on scientific knowledge,
student-generated sources of evidence,
prioritized criteria, and tradeoff
considerations. (HS-PS1-2)

Crosscuting Concepts:
Patterns
Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
(HS-PS1-1), (HS-PS1-2)

Energy and Matter
The total amount of energy and matter in
closed systems is conserved. (HS-PS1-
7)

Disciplinary Core Ideas:
PS1.B  Chemical Reactions
The fact that atoms are conserved,
together with knowledge of the chemical
properties of the elements involved, can
be used to describe and predict chemical
reactions. (HS-PS1-2), (HS-PS1-7)

Phenomena:
An airbag is designed
in such a way that an
exact quantity of
nitrogen must be
produced in an
instant

Car analogy: For
each car you need 4
wheels, 1 steering
wheel, and 2 doors
equation:
4 wheels + 1 steering
wheel + 2 doors -->
car
If you have 19 wheels
2 steering wheels and
10 doors, what is the
"limiting reactant"?

Essential Question:
How are the
quantities of reactants
and products in a
chemical reaction
interrelated?

A balanced chemical
equation describes the
relative number of each
type of reactant and
product involved in a
chemical reaction.

That relationship, along
with a knowledge of the
masses of the elements,
enables the mathematical
computation of the relative
masses of reactants and
products involved in a
chemical reaction.

Students will experiment to
synthesize and obtain
information to determine the
optimal ratio of hydrogen to
oxygen in the synthesis of
water.

Students will construct an
explanation relating the
meaning of a balanced
chemical equation based on
information synthesized from
the activity.

Students will quantitatively
plan and design an airbag.
Their design will then be
tested.

Formative: Do now (Mole to
mass; Mass to mole; Mass
to mass; limiting , excess,
theoretical yield, percent
yield)

Summative: Stoichiometry
Unit test
lab quiz

Common: Stoichiometry
Common Assessment

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words.
RST.11-12.1 Cite specific textual
evidence to support analysis of
science and technical texts,
attending to important distinctions
the author makes and to any gaps
or inconsistencies in the account.
WHST.9-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.9-12.5 Develop and
strengthen writing as needed by
planning, revising, editing,
rewriting, or trying a new
approach, focusing on addressing
what is most significant for a
specific purpose and audience.
WHST.9-12.9 Draw evidence from
informational texts to support
analysis, reflection, and research.
SL.11-12.5 Make strategic use of
digital media (e.g., textual,
graphical, audio, visual, and
interactive elements) in
presentations to enhance
understanding of findings,
reasoning, and evidence and to
add interest.

Mathematics:
MP.2 Reason abstractly and
quantitatively.
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN-Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN-Q.A.3 Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.

Technology:
8.2.12.C.3 Analyze a product or
system for factors such as safety,
reliability, economic
considerations, quality control,
environmental concerns,
manufacturability, maintenance
and repair, and human factors
engineering (ergonomics).
8.2.12.C.4 Explain and identify
interdependent systems and their
functions

9.3.ST.2 Use technology to
acquire, manipulate, analyze
and report data.

9.3.ST.3 Describe and follow
safety, health and
environmental standards
related to science, technology,
engineering and mathematics
(STEM) workplaces.

9.3.ST.4 Understand the nature
and scope of the Science,
Technology, Engineering &
Mathematics Career Cluster
and the role of STEM in society
and the economy.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Equilibrium 20 days
(including 8

for exam
review and

exam)

HS-PS1-5. Apply scientific
principles and evidence to provide
an explanation about the effects
of changing the temperature or
concentration of the reacting
particles on the rate at which a
reaction occurs.

HS-PS1-6. Refine the design of a
chemical system by specifying a
change in conditions that would
produce increased amounts of
products at equilibrium.

Science and Engineering Practices:
Constructing Explanations and Designing
Solutions
Apply scientific principles and evidence
to provide an explanation of phenomena
and solve design problems, taking into
account possible unanticipated effects.
(HS-PS1-5)
Refine a solution to a complex real-world
problem, based on scientific knowledge,
student-generated sources of evidence,
prioritized criteria, and tradeoff
considerations. (HS-PS1-6)

Crosscuting Concepts:
Stability and Change
Much of science deals with constructing
explanations of how things change and
how they remain stable. (HS-PS1-6)

Patterns

Different patterns may be observed at
each of the scales at which a system is
studied and can provide evidence for
causality in explanations of phenomena.
(HS-PS1-5)

Disciplinary Core Ideas:
PS1.B  Chemical Reactions
In many situations, a dynamic and
condition-dependent balance between a
reaction and the reverse reaction
determines the numbers of all types of
molecules present. (HS-PS1-6)

Phenomena:
Why do you turn blue
when you are cold?

pH indicator change

Anchoring questions:
How do mood rings
work?

How do color
changing substances
work?

Essential
Questions:
What defines
chemical equilibrium?

How do you
recognize a system at
equilibrium?

How are reversible
reactions affected by
changes in
concentration,
temperature or
pressure?

How does taking an
antacid relieve the
discomfort that
accompanies
digestive problems?

Many reactions are
reversible, meaning that the
products formed can react
to reform reactant
molecules.

These reversible reactions
tend to reach an equilibrium
where the forward rate of
reaction is equal to the
reverse rate of reaction.

When equilibrium is
reached, both reactants
and products will remain in
the system with their
concentrations unchanging.

An understanding of what
influences the rates of the
forward and reverse
reaction rates, along with
Le Chatelier's Principle,
allows for a prediction of
how the relative amounts of
reactants and products
present at equilibrium
changes under varying
conditions of temperature
and concentration.

Students will apply
experimental data to develop
a graphical model of
equilibrium.  Honors:
Quantitative analysis of the
data.

Students will engage in
argument using evidence
regarding the difference
between thermochromic
materials and uv-sensitive
materials.

Students will plan and
investigate how various
stresses will affect an
equilibrium.  They will then
construct explanations for
phenomena observed.

Additional for honors:  Utilize
equilibrium constant and
reaction quotient to predict
the direction of reaction to
reach equilibrium and
equilibrium concentrations
(mathematical modeling)

Formative: Do now (Launch
lab questions; Stresses on
equilibrium)

Summative: Equilibrium
Unit Test

Common: Equilibrium
Common Assessment

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words.
RST.11-12.1 Cite specific textual
evidence to support analysis of
science and technical texts,
attending to important distinctions
the author makes and to any gaps
or inconsistencies in the account.
WHST.9-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.9-12.5 Develop and
strengthen writing as needed by
planning, revising, editing,
rewriting, or trying a new
approach, focusing on addressing
what is most significant for a
specific purpose and audience.
WHST.9-12.9 Draw evidence from
informational texts to support
analysis, reflection, and research.
SL.11-12.5 Make strategic use of
digital media (e.g., textual,
graphical, audio, visual, and
interactive elements) in
presentations to enhance
understanding of findings,
reasoning, and evidence and to
add interest.

Mathematics:
MP.2 Reason abstractly and
quantitatively.
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN-Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN-Q.A.3 Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.

9.3.ST.2 Use technology to
acquire, manipulate, analyze
and report data.

9.3.ST.3 Describe and follow
safety, health and
environmental standards
related to science, technology,
engineering and mathematics
(STEM) workplaces.

9.3.ST.4 Understand the nature
and scope of the Science,
Technology, Engineering &
Mathematics Career Cluster
and the role of STEM in society
and the economy.
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Unit of Study Pacing NGSS Performance
Expectation(s)

3-Dimensional Learning Components
Science and Engineering Practices:

Crosscutting Concepts:
Disciplinary Core Ideas (DCI):

Phenomena,
Anchoring

Activity/Question,
Essential Questions

Enduring Understandings Learning Targets Assessment Formative,
Summative, and Common

Interdisciplinary Connections
(identify subject and standard)

21st Century Life and Career
Standards

Chemistry and the
Environment

3 days HS-ESS3-4. Evaluate or refine a
technological solution that
reduces impacts of human
activities on natural systems.

HS-ESS3-5. Analyze geoscience
data and the results from global
climate models to make an
evidence-based forecast of the
current rate of global or regional
climate change and associated
future impacts to Earth systems

Science and Engineering Practices:
Analyzing and Interpreting Data
Analyze data using computational
models in order to make valid and
reliable scientific claims. (HS-ESS3-5)

Using Mathematics and Computational
Thinking
Use a computational representation of
phenomena or design solutions to
describe and/or support claims and/or
explanations.

Crosscuting Concepts:
Stability and Change
Feedback (negative or positive) can
stabilize or destabilize a system. (HS-
ESS3-4)
Change and rates of change can be
quantified and modeled over very short
or very long periods of time. Some
system changes are irreversible. (HS-
ESS3-5)

Systems and System Models
When investigating or describing a
system, the boundaries and initial
conditions of the system need to be
defined and their inputs and outputs
analyzed and described using models.

Cause and Effect
Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects.

Disciplinary Core Ideas:
ESS2.D: Weather and Climate
Current models predict that, although
future regional climate changes will be
complex and varied, average global
temperatures will continue to rise. The
outcomes predicted by global climate
models strongly depend on the amounts
of human-generated greenhouse gases
added to the atmosphere each year and
by the ways in which these gases are
absorbed by the ocean and biosphere.
(secondary)

ESS3.C: Human Impacts on Earth
Systems
Scientists and engineers can make major
contributions by developing technologies
that produce less pollution and waste and
that preclude ecosystem degradation.
(HS-ESS3-4)

ESS3.D: Global Climate Change
Though the magnitudes of human
impacts are greater than they have ever
been, so too are human abilities to
model, predict, and manage current and
future impacts. (HS-ESS3-5)

Phenomena:
Global warming

Acid rain

Sinkholes

Ozone depletion

Anchoring
Questions:
How do sinkholes
form?

Why do statues erode
away?

Why is the Earth
warming up?

What are the
consequences of
depleting the ozone?

Essential
Questions:
How does acid affect
materials like marble
and limestone?

How do certain gases
affect the global
climate?

How do molecules
like CFCs work to
deplete the ozone
layer?

Over the course of time,
many of man's activities
have had adverse effects
on the natural world.
Ozone depletion, acid rain,
and global warming are
among the most
recognizable effects to the
planet.

Each of these problems is
the result of reactions at the
molecular level.

By limiting the amount of
chemicals responsible for
these results, man can
lesson his global impacts.

Research based project

Students will obtain,
synthesis and report findings
regarding the implications of
chemistry in the environment.

Summative: Chemistry and
the Environment Unit Quiz

ELA/Literacy:
RST.9-10.7 Translate quantitative
or technical information expressed
in words in a text into visual form
(e.g., a table or chart) and
translate information expressed
visually or mathematically (e.g., in
an equation) into words.
RST.11-12.1 Cite specific textual
evidence to support analysis of
science and technical texts,
attending to important distinctions
the author makes and to any gaps
or inconsistencies in the account.
WHST.9-12.2 Write
informative/explanatory texts,
including the narration of historical
events, scientific procedures/
experiments, or technical
processes.
WHST.9-12.5 Develop and
strengthen writing as needed by
planning, revising, editing,
rewriting, or trying a new
approach, focusing on addressing
what is most significant for a
specific purpose and audience.
WHST.9-12.9 Draw evidence from
informational texts to support
analysis, reflection, and research.
SL.11-12.5 Make strategic use of
digital media (e.g., textual,
graphical, audio, visual, and
interactive elements) in
presentations to enhance
understanding of findings,
reasoning, and evidence and to
add interest.

Mathematics:
MP.2 Reason abstractly and
quantitatively.
MP.4 Model with mathematics.
HSN-Q.A.1 Use units as a way to
understand problems and to guide
the solution of multi-step problems;
choose and interpret units
consistently in formulas; choose
and interpret the scale and the
origin in graphs and data displays.
HSN-Q.A.2 Define appropriate
quantities for the purpose of
descriptive modeling.
HSN-Q.A.3 Choose a level of
accuracy appropriate to limitations
on measurement when reporting
quantities.

Technology:
8.2.12.B.5 Research the historical
tensions between environmental
and economic considerations as
driven by human needs and wants
in the development of a
technological product, and present
the competing viewpoints to peers
for review.

9.3.ST.2 Use technology to acq

9.3.ST.3 Describe and follow s

9.3.ST.4 Understand the nature
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