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ABSTRACT
In academic chemistry, instructional time is divided into six units: (1) structure and properties of matter, (2) chemistry of abiotic systems, (3)
bonding and chemical reactions, (4) matter and energy in living systems, (5) nuclear chemistry, and (6) human impact: the chemistry of
sustainability.
The first unit includes investigation of how the molecular-level structure informs the bulk-scale properties of substances. Unit two focuses on the
unique properties of water, ranging from energy absorption and transmittance to its effect in the geological processes in the earth. The third unit
explores endothermic and exothermic reactions and requires students to develop a model for identifying, classifying, and predicting the energy
transfer in specific chemical reactions. Unit four explores the complex chemical reactions pertaining to matter and energy that occur in living
systems. The fifth unit provides students with a foundational understanding of basic nuclear chemistry and challenges students to apply this
understanding to stellar processes and the age of Earth materials. Unit six synthesizes the chemical understandings students have gained
throughout the year to the application of feedback systems in Earth’s processes, climate change, and the effect of human activity on Earth and its
systems.
Students will explore the chemistry concepts through a collaborative and lab/inquiry based environment, developing critical thinking and problem
solving skills essential to becoming informed productive contributors to society in the 21st century. Instructional practice will include an inquiry
approach to learning, project-based learning, activities, and lecture. Regular laboratory investigations will explore new concepts and extend
students’ understanding of major chemical ideas. Students who have mastered algebra based physics will explore the disciplinary core ideas and the
cross-cutting concepts, in accordance with the New Jersey Student Learning Standards for Science (NJSLS-S). Students will also explore engineering,
environmental, and earth and space science concepts that have their foundations in chemistry.
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Proficiencies and Pacing Guide:
Course Title: Academic Chemistry
Prerequisite(s): None
Unit Title:
Unit 1:
Structure
and
Properties of
Matter

Duration/
Month(s)
6 weeks

Related Standards:

Subject Area:
NJ Student Learning
September- Standards-S:
October
• NJSLS-S.HS-PS1-1
• NJSLS-S.HS-PS1-2
• NJSLS-S.HS-PS1-3
• NJSLS-S.PS-PS2-6
• NJSLS-S.HS-ETS1-3
• NJSLS-S.HS-ETS1-4
Interdisciplinary:
NJSLS:
Literacy
• NJSLS.RST.11-12.1
• NJSLS.WHST.9-12.2
• NJSLS.WHST.9-12.5
• NJSLS.WHST.9-12.7
• NJSLS.WHST.11-12.8
• NJSLS.WHST.9-12.9
• NJSLS.SL.11-12.5
Mathematics
• NJSLS.MP.2
• NJSLS.MP.4
• NJSLS.HSN-Q.A.1
Career Ready Practices
• CRP2
• CLKS.2
• CRP4
• CLKS.4
• CLKS.5
• CLKS.6
• CLKS.9
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Learning Goals:
•

•

•

Students will understand
that that the periodic
table is organized
according to atomic
structure (2 weeks)
Students will be able to
predict properties,
including reactivity, of
elements depending on
their location on the
periodic table. (2 weeks)
Students will understand
that the bulk-scale
properties of substances
can be used to draw
inferences about the
microscopic structure of
the substance. (2 weeks)

Topics and Skills:
Related to NJSLS-S.HS-PS1-1 (PS1.A)
-Students identify and describe:
• Elements and their arrangement on the periodic table
• A positively-charged nucleus composed of both protons
and neutrons, surrounded by negatively-charged
electrons
• Valence electrons
• How to determine the number of protons in each
element
-Students identify and describe the following relationships:
• The arrangement of the main groups of the periodic
table reflects the patterns of valence electrons
• Elements in the periodic table are arranged by the
numbers of protons in atoms
-Students predict the following patterns:
• The number and types of bonds formed by an element
and between elements
• The number and charges in stable ions that form from
atoms in a group of the periodic table
• The trend in reactivity and electronegativity of atoms
down a group, and across a row
• The relative sizes of atoms both across a row and down
a group
Related to NJSLS-S.HS-PS1-2 (PS1.A and PS1.B)
-Students construct an explanation of the outcome of a given
reaction, including:
• The idea that the total number of atoms from each
element in the reactant and products is the same
• The numbers and types of bonds that each atom forms,
as determined by the valence electron states and the
electronegativity

Unit Title:

Duration/
Month(s)

3

Related Standards:
Technology
• NJSLS.8.1.12.DA.1
• NJSLS.8.2.12.ED.4
• NJSLS.8.1.12.IC.1
• NJSLS.8.2.12.ITH.1
Career Explorations
• NJSLS.9.3.ST-ET.1
• NJSLS.9.3.ST-ET.2
• NJSLS.9.3.ST-ET.3
• NJSLS.9.3.ST-ET.4
• NJSLS.9.3.ST-ET.5
• NJSLS.9.3.ST-ET.6
• NJSLS.9.3.ST-SM.1
• NJSLS.9.3.ST-SM.2
• NJSLS.9.3.ST-SM.4

KRSD Office of Curriculum and Instruction

Learning Goals:

Topics and Skills:
The valence electron state of the atoms that make up
both the reactants and the products of the reaction is
based on their position on the periodic table
• How the patterns of attraction allow the prediction of
the type of reaction that occurs.
-Students identify and describe:
• The products and reactants, including their chemical
formulas and the arrangement of their valence electrons
• The number and types of atoms are the same before
and after a reaction
• The numbers and types of bonds in both the reactants
and the products
• The patterns of reactivity at the macroscopic level
-Students describe their reasoning that connects evidence to
construct an explanation for how atomic structure can be used
to predict the reactivity of each element.
-Given new evidence or context, students construct a revised or
expanded explanation about the outcome of a chemical reaction
and justify the revision.
Related to NJSLS-S.HS-PS1-3 (PS1.A)
-Students describe the relationship between the measurable
properties of a substance and the strength of the electrical
forces between the particles of the substance.
-Students develop an investigation and describe the data (about
bulk properties of a substance) that will be collected that would
allow inferences to be made about the strength of electrical
forces between particles.
• Students include a rationale for the choice of substances
to compare and a description of the composition of
those substances at the atomic molecular scale.
• Students provide a description of how the data will be
collected, the number of trials, the experimental set up,
and the equipment required.
•

Unit Title:

Duration/
Month(s)

4

Related Standards:
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Learning Goals:

Topics and Skills:
Students describe how the data will be collected, the
number of trials, the experimental set up, and the
equipment required.
• Students collect and record data on the bulk properties
of substances.
• Students evaluate their investigation, including the
accuracy and precision of the data collected, the
limitations of the investigation, and the ability of the
data to provide the evidence required.
-Students describe why the data about bulk properties would
provide information about the strength of electrical forces
between particles, including:
• The spacing of the particles can change, even if the
identity of the particles does not change.
• Thermal (kinetic) energy has an effect on the ability of
the electrical attraction between particles to keep the
particles close together.
• The patterns of interactions between particles at the
molecular scale are reflected in the patterns of behavior
at the macroscopic scale.
• Together, patterns observed at multiple scales can
provide evidence of the causal relationships between
the strength of the electrical forces between particles
and the structure of substances at the bulk scale.
Related to NJSLS-S.HS-PS2-6 (PS2.B)
-Students use at least two different formats to communicate
scientific and technical information, including fully describing
the structure, properties, and design of the chosen materials,
citing information as appropriate.
-Students identify and communicate the evidence for why
molecular level structure is important in the functioning of
designed materials, including:
• How the structure and properties of matter and the
types of interactions of matter at the atomic scale
•

Unit Title:

Duration/
Month(s)

5

Related Standards:
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Learning Goals:

Topics and Skills:
determine the function of the chosen designed
materials
• How the material’s properties make it suitable for use in
its designed function
-Students explicitly identify the molecular structure of the
chosen designed materials using a representation appropriate
for the specific type of communication.
-Students describe the intended function of the chosen design
material.
-Students describe the relationship between the material’s
function and its macroscopic properties and each of the
following:
• Molecular level structure of the material
• Intermolecular forces and polarity of molecules
• The ability of electrons to move relatively freely in
metals
-Students describe the effects that attractive and repulsive
electrical forces between molecules have on the arrangement of
the chosen designed material of molecules.
-Students describe that, for all materials, electrostatic forces on
the atomic and molecular scale results in contact forces on the
macroscopic scale.
Related to NSLS-S.HS-ETS1-3 (ETS1.B)
-Students will evaluate potential solutions to a complex realworld problem:
• Generate a list of three or more realistic criteria and two
or more constraints, including such relevant factors as
cost, safety, reliability, and aesthetics that specifies an
acceptable solution to a complex real-world problem.
• Assign priorities for each criterion and constraint that
allows for a logical and systematic evaluation of
alternative solution proposals.
• Analyze and describe the strengths and weaknesses of
the solution with respect to each criterion and

Unit Title:

Duration/
Month(s)

6

Related Standards:
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Learning Goals:

Topics and Skills:
constraint, as well as social and cultural acceptability
and environmental impacts.
• Describe possible barriers to implementing each
solution, such as cultural, economic, or other sources or
resistance to potential solutions.
• Provide an evidence-based decision of which solution is
optimum, based on prioritized criteria, analysis of the
strengths and weaknesses of each solution, and barriers
to overcome.
-Students refine and optimize the design solution by describing
which parts of the complex real-world problem may remain
even if the proposed solution is implemented.
Related to NJSLS-S.HS-ETS1-4 (ETS1.B)
-Students identify the following components from a given
computer simulation:
• The complex real-world problem with numerous criteria
and constraints
• The system that is being modeled by the computational
simulation, including the boundaries of the system
• What variables can be changed by the user to evaluate
the proposed solutions, tradeoffs, or other decisions
• The scientific principles and/or relationships being used
by the model
-Students use the given computer simulation to model the
proposed solutions by:
• Selecting logical and realistic inputs
• Using the model to simulate the effects of different
solutions, tradeoffs, or other decisions
-Students analyze the results of the simulation:
• Students compare the simulated results to the expected
results.
• Students interpret the results of the simulation and
predict the effects of the proposed solutions within and
between systems relevant to the problem based on the
interpretation.

Unit Title:

Unit 2: The
Chemistry of
Abiotic
Systems

7

Duration/
Month(s)

Related Standards:

6 weeks

Subject Area:
NJ Student Learning
Standards-S:
• NJSLS.S-HS-PS3-1
• NJSLS.S-HS-PS3-3
• NJSLS.S-HS-PS3-4
• NJSLS.S-HS-ESS2-5
• NJSLS.S-HS-ESS3-1
• NJSLS.S-HS-ESS3-2
• NJSLS.S-HS-ESS3-5
• NJSLS.S-HS-ESS3-6
• NJSLS.S-HS-ETS1-3
Interdisciplinary:
NJSLS:
Literacy
• NJSLS.RST.11-12.1
• NJSLS.RST.11-12.7
• NJSLS.RST.11-12.8
• NJSLS.RST.11-12.9
• NJSLS.WHST.9-12.7
• NJSLS.WHST.11-12.8
• NJSLS.WHST.9-12.9
Mathematics
• NJSLS.MP.2
• NJSLS.MP.4
Career Ready Practices
• CRP2
• CRP4
• CLKS.3
• CLKS.4
• CLKS.5

OctoberDecember

Learning Goals:

Topics and Skills:
Students identify the possible negative consequences of
solutions that outweigh their benefits.
• Students identify the simulation’s limitations.
Related to NJSLS-S.HS-PS3-4 (PS3.B and PS3.D)
-Students describe the purpose of the investigation, which
includes the idea 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).
-Students develop an investigation plan and describe the data
that will be collected and the evidence to be derived from the
data, including:
• The measurement of the reduction of temperature of
the hot object and the increase in temperature of the
cold object to show that the thermal energy lost by the
hot object is equal to the thermal energy gained by the
cold object and that the distribution of thermal energy is
more uniform after the interaction of the hot and cold
components
• The heat capacity of the components in the system
-In the investigation, students describe:
• How a nearly closed system will be constructed,
including the boundaries and initial conditions of the
system
• The data that will be collected, including masses of
components and initial and final temperatures
• The experimental procedure, including how the data will
be collected, the number of trials, the experimental set
up, and equipment required
-Students collect and record data that can be used to calculate
the change in thermal energy of each of the two components of
the system.
-Students evaluate and refine the investigation, including:
•
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•

•

•

Students will understand
and be able to apply the
second law of
thermodynamics to
scenarios involving
energy transfer. (2
weeks)
Students will understand
that the molecular
structure of water is
unique and will be able
to explain special
properties of water
based on this structure.
(2 weeks)
Students will research
and evaluate sources of
energy to provide
evidence-based claims
about the merits and
disadvantages of
different energy sources.
(2 weeks)

Unit Title:

Duration/
Month(s)

8

Related Standards:
• CLKS.8
• CLKS.9
Technology
• NJSLS.9.4.12.TL.4
• NJSLS.8.2.12.ED.4
• NJSLS.9.4.12.CT.1
Financial Literacy
• NJSLS.9.1.12.FP.1
Career Explorations
• NJSLS.9.3.ST-ET.1
• NJSLS.9.3.ST-ET.2
• NJSLS.9.3.ST-ET.3
• NJSLS.9.3.ST-ET.4
• NJSLS.9.3.ST-ET.5
• NJSLS.9.3.ST-ET.6
• NJSLS.9.3.ST-SM.1
• NJSLS.9.3.ST-SM.2
• NJSLS.9.3.ST-SM.4

KRSD Office of Curriculum and Instruction

Learning Goals:

Topics and Skills:
The accuracy and precision of the data collected, as well
as the limitations of the investigation
• The ability of the data to provide the evidence required
• If necessary, refine the plan to produce more accurate,
precise, and useful data
• Potential causes of the apparent loss of energy from a
closed system and adjust the design accordingly
Related to NJSLS-S.HS-ESS2-5 (ESS2.C)
-Students describe the phenomenon under investigation, which
includes the connection between the properties of water and its
effects on Earth materials and surface processes.
-Students develop an investigation plan and describe the data
that will be collected and the evidence to be derived from the
data, including:
• Properties of water (heat capacity, density in solid and
liquid states, polarity)
• Effect of the properties of water on energy transfer that
causes patterns of temperature, air movement, and
water movement at Earth’s surface
• Mechanical effects of water on Earth materials that can
be used to infer the effect of water on Earth’s surface
processes like stream transportation and deposition,
erosion, expansion of water as it freezes.
• Chemical effects of water on Earth materials that can be
used to infer the effect of water on Earth’s surface
processes like chemical weathering, rusting, melt
generation, and that water decreases the viscosity of
melted rock.
-In the collaborative investigation plan, students include a
means to indicate or measure the predicted effect of water on
Earth’s materials or surface processes like:
• The role of the heat capacity of water to affect the
temperature, movement of air and movement of water
at the Earth’s surface
•

Unit Title:

Duration/
Month(s)

9

Related Standards:
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Learning Goals:

Topics and Skills:
The role of flowing water to pick up, move and deposit
sediment
• The role of the polarity of water (through cohesion) to
prevent or facilitate erosion
• The role of the changing density of water (depending on
physical state) to facilitate the breakdown of rock
• The role of the polarity of water in facilitating the
dissolution of Earth materials
• Water as a component in chemical reactions that
change Earth materials
• The role of the polarity of water in changing the melting
temperature and viscosity of rocks
-Students collect and record measurements or indications of the
predicted effect of a property of water on Earth’s materials or
surface.
-Students evaluate the accuracy and precision of the collected
data, evaluate whether the data can be used to infer the effect
of water on processes in the natural world, and if necessary,
refine the plan to produce more accurate and precise data.
Related to NJSLS-S.HS-ESS3-2 (ESS3.A and ETS1.B)
-Students describe the nature of the problem each design
solution addresses.
-Students identify the solution that has the most preferred costbenefit ratios.
-Students identify evidence for the design solutions, including:
• Societal needs for that energy of mineral resource
• The cost of extracting or developing the energy reserve
or mineral resource
• The costs and benefits of the given design solutions
• The feasibility, costs, and benefits of recycling or reusing
the mineral resource, if applicable
-Students evaluate the given design solutions, including:
• The relative strengths of the given design solutions,
based on associated economic, environmental, and
geopolitical costs, risks, and benefits
•

Unit Title:

10

Duration/
Month(s)

Related Standards:
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Learning Goals:

Topics and Skills:
The reliability and validity of the evidence used to
evaluate the design solutions
• Constraints, including cost, safety, reliability, aesthetics,
cultural effects environmental effects
-Students use logical arguments based on their evaluation of the
design solutions, costs and benefits, empirical evidence, and
scientific ideas to support one design over the others in their
evaluation.
-Students describe that a decision on the “best” solution may
change over time as engineers and scientists work to increase
the benefits of design solutions while decreasing costs and risks.
Related to NJSLS-S.HS-ETS1-3 (ETS1.B)
-Students will evaluate potential solutions to a complex realworld problem:
• Generate a list of three or more realistic criteria and two
or more constraints, including such relevant factors as
cost, safety, reliability, and aesthetics that specifies an
acceptable solution to a complex real-world problem.
• Assign priorities for each criterion and constraint that
allows for a logical and systematic evaluation of
alternative solution proposals.
• Analyze and describe the strengths and weaknesses of
the solution with respect to each criterion and
constraint, as well as social and cultural acceptability
and environmental impacts.
• Describe possible barriers to implementing each
solution, such as cultural, economic, or other sources or
resistance to potential solutions.
• Provide an evidence-based decision of which solution is
optimum, based on prioritized criteria, analysis of the
strengths and weaknesses of each solution, and barriers
to overcome.
-Students refine and optimize the design solution by describing
which parts of the complex real-world problem may remain
even if the proposed solution is implemented.
•

Unit Title:
Unit 3:
Bonding and
Chemical
Reactions

11

Duration/
Month(s)
6 weeks
DecemberFebruary

Related Standards:
Subject Area:
NJ Student Learning
Standards-S:
• NJSLS-S.HS-PS1-4
• NJSLS-S.HS-PS1-5
• NJSLS-S.HS-PS1-6
• NJSLS-S.HS-PS1-7
• NJSLS-S.HS-PS4-5
• NJSLS-S.HS-ETS1-2
Interdisciplinary:
NJSLS:
Literacy
• NJSLS.RST.9-10.7
• NJSLS.RST.11-12.1
• NJSLS.RST.11-12.7
• NJSLS.RST.11-12.8
• NJSLS.RST.11-12.9
• NJSLS.WHST.9-12.2
• NJSLS.WHST.9-12.5
• NJSLS.WHST.9-12.7
• NJSLS.SL.11-12.5
Mathematics
• NJSLS.MP.2
• NJSLS.MP.4
• NJSLS.HSN-Q.A.1
Career Ready Practices
• CRP2
• CRP4
• CLKS.4
• CLKS.5
• CLKS.9
Technology
• NJSLS.8.2.12.ED.5
Financial Literacy
• NJSLS.9.1.12.FP.1
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Learning Goals:
1. Students will
understand and be
able to apply the law
of conservation of
mass to various
chemical reactions.
(2 weeks)
2. Students will be able
to understand and
explain the
difference between
endothermic and
exothermic
reactions. (2 weeks)
3. Students will
understand the
factors that affect
rate of reaction and
will be able to make
predictions about
reaction rate based
on adjustments to
the system. (2
weeks)

Topics and Skills:
Related to NJSLS-S.HS-PS1-4 (PS1.A and PS1.B)
-Students use evidence to develop a model in which they
identify and describe the relevant components, including:
• The chemical reaction, the system, and the surroundings
under study
• The bonds that are broken during the course of the
reaction
• The bonds that are formed during the course of the
reaction
• The energy transfer between the systems and their
components or the system and surroundings
• The transformation of potential energy from the
chemical system interactions to kinetic energy in the
surroundings (or vice versa) by molecular collisions
• The relative potential energies of the reactants and the
products
-In the model, students include and describe the relationships
between components, including:
• The net change of energy within the system is the result
of bonds that are broken and formed during the
reaction
• The energy transfer between system and surroundings
by molecular collisions
• The total energy change of the chemical reaction system
is matched by an equal but opposite change of energy in
the surrounding
• The release or absorption of energy depends on
whether the relative potential energies of the reactants
and products decrease or increase
-Students use the developed model to illustrate:
• The energy change within the system is accounted for
by the change in the bond energies of the reactants and
products.
• Breaking bonds requires an input of energy from the
system or surroundings, and forming bonds releases

Unit Title:

12

Duration/
Month(s)

Related Standards:
Career Explorations
• NJSLS.9.3.ST-ET.1
• NJSLS.9.3.ST-ET.2
• NJSLS.9.3.ST-ET.3
• NJSLS.9.3.ST-ET.4
• NJSLS.9.3.ST-ET.5
• NJSLS.9.3.ST-ET.6
• NJSLS.9.3.ST-SM.1
• NJSLS.9.3.ST-SM.2
• NJSLS.9.3.ST-SM.4

KRSD Office of Curriculum and Instruction

Learning Goals:

Topics and Skills:
energy to the system and the surroundings.
• The energy transfer between systems and surroundings
is the difference in energy between the bond energies of
the reactants and the products.
• The overall energy of the system and surroundings is
unchanged (conserved) during the reaction.
• Energy transfer occurs during molecular collisions.
• The relative total potential energies of the reactants and
products can be accounted for by the changes in bond
energy.
Related to NJSLS-S.HS-PS1-5 (PS1.B)
- Students construct an explanation that includes the idea that
as the kinetic energy of colliding particles increases and the
number of collisions increases, the reaction rate increases.
-Students identify and describe evidence to construct the
explanation, including:
• Evidence (e.g., from a table of data) of a pattern that
increases in concentration (e.g., a change in one
concentration while the other concentration is held
constant) increase the reaction rate, and vice versa
• Evidence of a pattern that increases in temperature
usually increase the reaction rate, and vice versa
-Students use a describe the following chain of reasoning that
integrates evidence, facts, and scientific principles to construct
the explanation:
• Molecules that collide can break bonds and form new
bonds, producing new molecules.
• The probability of bonds breaking in the collision
depends on the kinetic energy of the collision being
sufficient to break the bond, since bond breaking
requires energy.
• Since temperature is a measure of average kinetic
energy, a higher temperature means that molecular
collisions will, on average, be more likely to break bonds
and form new bonds.

Unit Title:

13

Duration/
Month(s)

Related Standards:
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Learning Goals:

Topics and Skills:
At a fixed concentration, molecules that are moving
faster also collide more frequently, so molecules with
higher kinetic energy are likely to collide more often.
• A high concentration means that there are more
molecules in a given volume and thus more particle
collisions per unit of time at the same temperature.
Related to HS-PS1-6 (PS1.B and ETS1.C)
- Students identify and describe potential changes in a
component of the given chemical reaction system that will
increase the amounts of particular species at equilibrium.
Students use evidence to describe the relative quantities of a
product before and after changes to a given chemical reaction
system (e.g., concentration increases, decreases, or stays the
same), and will explicitly use Le Chatelier’s principle, including:
• How, at a molecular level, a stress involving a change to
one component of an equilibrium system affects other
components
• That changing the concentration of one of the
components of the equilibrium system will change the
rate of the reaction (forward or backward) in which it is
a reactant, until the forward and backward rates are
again equal
• A description of a system at equilibrium that includes
the idea that both the forward and backward reactions
are occurring at the same rate, resulting in a system that
appears stable at the macroscopic level
-Students describe the prioritized criteria and constraints, and
quantify each when appropriate. Examples of constraints to be
considered are cost, energy required to produce a product,
hazardous nature and chemical properties of reactants and
products, and availability of resources.
-Students systematically evaluate the proposed refinements to
the design of the given chemical system. The potential
refinements are evaluated by comparing the redesign to the list
of criteria (i.e., increased product) and constraints (e.g., energy
•

Unit Title:

14

Duration/
Month(s)

Related Standards:

KRSD Office of Curriculum and Instruction

Learning Goals:

Topics and Skills:
required, availability of resources).
-Students refine the given designed system by making tradeoffs
that would optimize the designed system to increase the
amount of product, and describe the reasoning behind design
decisions.
Related to NJSLS-S.HS-PS1-7 (PS1.B)
-Students identify and describe the relevant components in the
mathematical representations:
• Quantities of reactants and products of a chemical
reaction in terms of atoms, moles, and mass
• Molar mass of all components of the reaction
• Use of balanced chemical equation(s)
• Identification of the claim that atoms, and therefore
mass, are conserved during a chemical reaction
-The mathematical representations may include numerical
calculations, graphs, or other pictorial depictions of quantitative
information.
- Students identify the claim to be supported: that atoms, and
therefore mass, are conserved during a chemical reaction.
-Students use the mole to convert between the atomic and
macroscopic scale in the analysis.
-Given a chemical reaction, students use the mathematical
representations to:
• Predict the relative number of atoms in the reactants
versus the products at the atomic molecular scale
• Calculate the mass of any component of a reaction,
given any other component
-Students describe how the mass of a substance can be used to
determine the number of atoms, molecules, or ions using moles
and mole relationships (e.g., macroscopic to atomic molecular
scale conversion using the number of moles and Avogadro’s
number).
Related to NJSLS-S.HS-ETS1-2 (ETS1.C)
-Using scientific knowledge to generate the design solution:
• Students restate the original complex problem into a

Unit Title:

Unit 4:
Matter and
Energy in
Living
Systems

15

Duration/
Month(s)

Related Standards:

3 weeks

Subject Area:
NJ Student Learning
Standards-S:
• NJSLS-S.HS-LS1-6
• NJSLS-S.HS-LS1-7
• NJSLS-S.HS-LS2-5
Interdisciplinary:
NJSLS:
Literacy
• NJSLS.RST.11-12.1
• NJSLS.WHST.9-12.2
• NJSLS.WHST.9-12.5
• NJSLS.WHST.9-12.9
• NJSLS.SL.11-12.5
Mathematics
• NJSLS.MP.4
• NJSLS.HSF-IF.C.7
• NJSLS.HSF-BF.A.1

March
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Learning Goals:

1. Students will be able
to explain the
chemical reactions
that occur to transfer
light energy into
chemical potential
energy. (1 week)
2. Students will be able
to explain the
chemical reactions
that occur to
transform chemical
potential energy
during cellular
respiration. (1 week)
3. Students will
understand and be
able to construct a
model of a

Topics and Skills:
finite set of two or more sub-problems (in writing or as a
diagram or flow chart).
• For at least one of the sub-problems, students propose
two or more solutions that are based on studentgenerated data and/or scientific information from other
sources.
• Students describe how solutions to the sub-problems
are interconnected to solve all or part of the larger
problem.
-Describing criteria and constraints, including quantification
when appropriate:
• Students describe criteria and constraints for the
selected sub-problem.
• Students describe the rationale for the sequence of how
sub-problems are to be solved, and which criteria should
be given highest priority of tradeoffs must be made.
Related to NJSLS-S.HS-LS1-6 (LS1.C)
-Students construct an explanation of phenomena that includes:
• The relationship between the carbon, hydrogen, and
oxygen atoms from sugar molecules formed in or
ingested by an organism and those same atoms found in
amino acids and other large carbon-based molecules.
• That larger carbon-based molecules and amino acids can
be a result of chemical reactions between sugar
molecules (or their component atoms) and other atoms.
-Students identify and describe the evidence to construct the
explanation, including:
• All organisms take in matter (allowing growth and
maintenance) and rearrange the atoms in chemical
reactions.
• Cellular respiration involves chemical reactions between
sugar molecules and other molecules in which energy is
released that can be used to drive other chemical
reactions.
• Sugar molecules are composed of carbon, oxygen, and

Unit Title:
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Duration/
Month(s)

Related Standards:
Career Ready Practices
• CLKS.1
• CRP2
• CRP4
• CLKS.5
• CLKS.9
Technology
• NJSLS.9.4.12.TL.4
Career Explorations
• NJSLS.9.3.ST-ET.1
• NJSLS.9.3.ST-ET.2
• NJSLS.9.3.ST-ET.3
• NJSLS.9.3.ST-ET.4
• NJSLS.9.3.ST-ET.5
• NJSLS.9.3.ST-ET.6
• NJSLS.9.3.ST-SM.1
• NJSLS.9.3.ST-SM.2
• NJSLS.9.3.ST-SM.4

KRSD Office of Curriculum and Instruction

Learning Goals:
macromolecule from
basic molecules in
living systems. (1
week)

Topics and Skills:
hydrogen atoms.
• Amino acids and other complex carbon-based molecules
are composed largely of carbon, oxygen, and hydrogen
atoms.
• Chemical reactions can create products that are more
complex than the reactants.
• Chemical reactions involve changes in the energies of
the molecules involved in the reaction.
-Students use a variety of valid and reliable sources for
evidence.
-Students use reasoning to connect the evidence, along with 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, to construct the explanation that atoms
from sugar molecules may combine with other elements via
chemical reactions to form other large carbon-based molecules.
Students describe the following chain of reasoning for their
explanation:
• The atoms in sugar molecules can provide most of the
atoms that comprise amino acids and other complex
carbon-based molecules.
• The energy released in respiration can be used to drive
chemical reactions between sugars and other
substances, and the products of those reactions can
include amino acids and other complex carbon-based
molecules.
• The matter flows in cellular processes are the result of
the rearrangement of primarily the atoms in sugar
molecules because those are the molecules whose
reactions release the energy needed for cell processes.
-Given new evidence or context, students revise or expand their
explanation about the relationships between atoms in sugar
molecules and atoms in large carbon-based molecules, and
justify their revision.
Related to NJSLS-S.HS-LS1-7 (LS1.C)

Unit Title:

Unit 5:
Nuclear
Chemistry

17

Duration/
Month(s)

Related Standards:

5 weeks

Subject Area:
NJ Student Learning
Standards-S:
• NJSLS-S.HS-PS1-8
• NJSLS-S.HS-ESS1-1
• NJSLS-S.HS-ESS1-2
• NJSLS-S.HS-ESS1-3
• NJSLS.S-HS-ESS1-5
• NJSLS-S.HS-ESS1-6

MarchApril

KRSD Office of Curriculum and Instruction

Learning Goals:

1. Students will be able
to construct basic
models that
represent fusion and
fission reactions. (1
week)
2. Students will be able
to explain how stars
produce elements. (1
week)

Topics and Skills:
-From a given model, students identify and describe the
components of the model relevant for their illustration of
cellular respiration, including:
• Matter in the form of food molecules, oxygen, and the
products of their reaction (e.g., water and CO2)
• The breaking and forming of chemical bonds
• Energy from chemical reactions
-From the given model, students describe the relationships
between components, including:
• Carbon dioxide and water are produced from sugar and
oxygen by the process of cellular respiration.
• The process of cellular respiration releases energy
because the energy released when the bonds that are
formed in CO2 and water is greater than the energy
required to break the bonds of sugar and oxygen.
-Students use the given model to illustrate that:
• The chemical reaction of oxygen and food molecules
releases energy as the matter is rearranged, existing
chemical bonds are broken, and new chemical bonds are
formed, but matter and energy are neither created nor
destroyed.
• Food molecules and oxygen transfer energy to the cell
to sustain life’s processes, including the maintenance of
body temperature despite ongoing energy transfer to
the surrounding environment.
Related to NJSLS-S.HS-PS1-8 (PS1.C)
-Students develop models in which they identify and describe
the relevant components of the models, including:
• Identification of an element by the number of protons
• The number of protons and neutrons in the nucleus
before and after the decay
• The identity of the emitted particles (i.e., alpha, beta —
both electrons and positrons, and gamma)
• The scale of energy changes associated with nuclear
processes, relative to the scale of energy changes

Unit Title:
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Duration/
Month(s)

Related Standards:
Interdisciplinary:
NJSLS:
Literacy
• NJSLS.RST.11-12.1
• NJSLS.WHST.9-12.2
• NJSLS.SL.11-12.4
Mathematics
• NJSLS.MP.2
• NJSLS.MP.4
• NJSLS.HSN-Q.A.1
• NJSLS.HSN-Q.A.2
• NJSLS.HSN-Q.A.3
• NJSLS.HSA-SSE.A.1
• NJSLS.HSA-CED.A.2
• NJSLS.HSA-CED.A.4
Career Ready Practices
• CLKS.1
• CRP2
• CLKS.2
• CRP4
• CLKS.3
• CLKS.4
• CRP7
• CLKS.5
• CLKS.6
• CLKS.9
Technology
• NJSLS.8.2.12.ETW.2
• NJSLS.8.2.12.ED.4
• NJSLS.9.4.12.CT.1
• NJSLS.8.1.12.IC.1
• NJSLS.8.2.12.ED.3
• NJSLS.8.2.12.ETW.1
• NJSLS.8.2.12.EC.3

KRSD Office of Curriculum and Instruction

Learning Goals:
3. Students will be able
to apply their
understanding of
fusion to make
predictions about the
life cycle of a star. (1
week)
4. Students will be able
to explain the
evidence that exists
that supports the Big
Bang Theory. (1
week)
5. Students will apply
their understanding
of nuclear chemistry
to explain how
radiometric dating is
used on ancient
earth materials. (1
week)

Topics and Skills:
associated with chemical processes
-Students develop five distinct models to illustrate the
relationships between components underlying the nuclear
processes of 1) fission, 2) fusion and 3) three distinct types of
radioactive decay.
-Students include the following features, based on evidence, in
all five models:
• The total number of neutrons plus protons is the same
both before and after the nuclear process, although the
total number of protons and the total number of
neutrons may be different before and after.
• The scale of energy changes in a nuclear process is much
larger (hundreds of thousands or even millions of times
larger) than the scale of energy changes in a chemical
process.
-Students develop a fusion model that illustrates a process in
which two nuclei merge to form a single, larger nucleus with a
larger number of protons than were in either of the two original
nuclei.
- Students develop a fission model that illustrates a process in
which a nucleus splits into two or more fragments that each
have a smaller number of protons than were in the original
nucleus.
-In both the fission and fusion models, students illustrate that
these processes may release energy and may require initial
energy for the reaction to take place.
-Students develop radioactive decay models that illustrate the
differences in type of energy (e.g., kinetic energy,
electromagnetic radiation) and type of particle (e.g., alpha
particle, beta particle) released during alpha, beta, and gamma
radioactive decay, and any change from one element to another
that can occur due to the process.
- Students develop radioactive decay models that describe that
alpha particle emission is a type of fission reaction, and that
beta and gamma emission are not.
Related to NJSLS-S.HS-ESS1-1 (ESS1.A and PS3.D)

Unit Title:

19

Duration/
Month(s)

Related Standards:
• NJSLS.8.2.12.ETW.4
• NJSLS.8.2.12.ITH.1
Financial Literacy
• NJSLS.9.1.12.F.3
Career Explorations
• NJSLS.9.3.ST-ET.1
• NJSLS.9.3.ST-ET.2
• NJSLS.9.3.ST-ET.3
• NJSLS.9.3.ST-ET.4
• NJSLS.9.3.ST-ET.5
• NJSLS.9.3.ST-ET.6
• NJSLS.9.3.ST-SM.1
• NJSLS.9.3.ST-SM.2
• NJSLS.9.3.ST-SM.3
• NJSLS.9.3.ST-SM.4

KRSD Office of Curriculum and Instruction

Learning Goals:

Topics and Skills:
-Students use evidence to develop a model in which they
identify and describe the relevant components, including:
• Hydrogen as the sun’s fuel
• Helium and energy as the products of fusion processes
in the sun
• That the sun, like all stars, has a life span based primarily
on its initial mass, and that the sun’s lifespan is about 10
billion years.
-In the model, students describe relationships between the
components, including a description of the process of radiation,
and how energy released by the sun reaches Earth’s system.
-Students use the model to predict how the relative proportions
of hydrogen to helium change as the sun ages.
-Students use the model to qualitatively describe the scale of
the energy released by the fusion process as being much larger
than the scale of the energy released by chemical processes.
-Students use the model to explicitly identify that chemical
processes are unable to produce the amount of energy flowing
out of the sun over long periods of time, thus requiring fusion
processes as the mechanism for energy release in the sun.
Related to NJSLS-S.HS-ESS1-2 (ESS1.A and PS4.B)
-Students construct an explanation that includes a description of
how astronomical evidence from numerous sources is used
collectively to support the Big Bang theory, which states that the
universe is expanding and that thus it was hotter and denser in
the past, and that the entire visible universe emerged from a
very tiny region and expanded.
-Students identify and describe the evidence to construct the
explanation, including:
• The composition (hydrogen, helium and heavier
elements) of stars
• The hydrogen-helium ratio of stars and interstellar gases
• The redshift of the majority of galaxies and the redshift
vs. distance relationship
• The existence of cosmic background radiation

Unit Title:
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Duration/
Month(s)

Related Standards:
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Learning Goals:

Topics and Skills:
-Students use a variety of valid and reliable sources for the
evidence, which may include students’ own investigations,
theories, simulations, and peer review.
-Students describe the source of the evidence and the
technology used to obtain that evidence.
-Students use reasoning to connect evidence, along with 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, to construct the explanation for the early
universe (the Big Bang theory). Students describe the following
chain of reasoning for their explanation:
• Redshifts indicate that an object is moving away from
the observer, thus the observed redshift for most
galaxies and the redshift vs. distance relationship is
evidence that the universe is expanding.
• The observed background cosmic radiation and the ratio
of hydrogen to helium have been shown to be
consistent with a universe that was very dense and hot a
long time ago and that evolved through different stages
as it expanded and cooled (e.g., the formation of nuclei
from colliding protons and neutrons predicts the
hydrogen-helium ratio [numbers not expected from
students], later formation of atoms from nuclei plus
electrons, background radiation was a relic from that
time).
• An expanding universe must have been smaller in the
past and can be extrapolated back in time to a tiny size
from which it expanded.
Related to NJSLS-S.HS-ESS1-3 (ESS1.A)
-Students use at least two different formats (e.g., oral, graphical,
textual, and mathematical) to communicate scientific
information, and cite the origin of the information as
appropriate.
- Students identify and communicate the relationships between
the life cycle of the stars, the production of elements, and the
conservation of the number of protons plus neutrons in stars.

Unit Title:
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Duration/
Month(s)

Related Standards:
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Learning Goals:

Topics and Skills:
Students identify that atoms are not conserved in nuclear
fusion, but the total number of protons plus neutrons is
conserved.
-Students describe that:
• Helium and a small amount of other light nuclei (i.e., up
to lithium) were formed from high-energy collisions
starting from protons and neutrons in the early universe
before any stars existed.
• More massive elements, up to iron, are produced in the
cores of stars by a chain of processes of nuclear fusion,
which also releases energy.
• Supernova explosions of massive stars are the
mechanism by which elements more massive than iron
are produced.
• There is a correlation between a star’s mass and stage of
development and the types of elements it can create
during its lifetime.
• Electromagnetic emission and absorption spectra are
used to determine a star’s composition, motion and
distance to Earth.
Related to NJSLS-S.HS-ESS1-6 (ESS1.C and PS1.C)
-Students include and describe the following evidence in their
explanatory account:
• The age and composition of Earth’s oldest rocks, lunar
rocks, and meteorites as determined by radiometric
dating
• The composition of solar system objects
• Observations of the size and distribution of impact
craters on the surface of Earth and on the surfaces of
solar system objects (e.g., the moon, Mercury, and
Mars)
• The activity of plate tectonic processes, such as
volcanism, and surface processes, such as erosion,
operating on Earth
-Students use reasoning to connect the evidence to construct

Unit Title:

Duration/
Month(s)

Unit 6:
6 weeks
Human
Impact: The
AprilChemistry of June
Sustainability
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Related Standards:

Learning Goals:

Topics and Skills:
the explanation of Earth’s formation and early history, including
that:
• Radiometric ages of lunar rocks, meteorites and the
oldest Earth rocks point to an origin of the solar system
4.6 billion years ago, with the creation of a solid Earth
crust about 4.4 billion years ago.
• Other planetary surfaces and their patterns of impact
cratering can be used to infer that Earth had many
impact craters early in its history.
• The relative lack of impact craters and the age of most
rocks on Earth compared to other bodies in the solar
system can be attributed to processes such as
volcanism, plate tectonics, and erosion that have
reshaped Earth’s surface, and that this is why most of
Earth’s rocks are much younger than Earth itself.

Subject Area:
NJ Student Learning
Standards-S:
• NJSLS-S.HS-ESS2-4
• NJSLS-S.HS-ESS2-6
• NJSLS.S-HS-ESS2-7
• NJSLS-S.HS-ETS1-1
• NJSLS-S.HS-ETS1-2
• NJSLS-S.HS-ETS1-3
• NJSLS-S.HS-ETS1-4
Interdisciplinary:
NJSLS:
Literacy
• NJSLS.RST.11-12.1
• NJSLS.WHST.9-12.2
• NJSLS.SL.11-12.4
Mathematics
• NJSLS.MP.2
• NJSLS.MP.4

KRSD Office of Curriculum and Instruction

• Students will apply their
understanding of
chemistry to explain the
relationship between the
changes in our
atmosphere and those
effects on Earth’s
systems (climate
change). (3 weeks)
• Students will understand
and be able to explain
how carbon cycles
between the
hydrosphere,
atmosphere, geosphere,
and biosphere. (3 weeks)

Related to NJSLS-S.HS-ESS2-4 (ESS1.B, ESS2.A, and ESS2.D)
-From the given model, students identify and describe the
components of the model relevant for their mechanistic
descriptions. Given models include at least one factor that
affects the input of energy, at least one factor that affects the
output of energy, and at least one factor that affects the storage
and redistribution of energy. Factors are derived from the
following list:
• Changes in Earth’s orbit and the orientation of its axis
• Changes in the sun’s energy output
• Configuration of the continents resulting from tectonic
activity
• Ocean circulation
• Atmospheric composition (including amount of water
vapor and carbon dioxide)
• Atmospheric circulation
• Volcanic activity
• Glaciation
• Changes in extent or type of vegetation cover

Unit Title:
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Duration/
Month(s)

Related Standards:
• NJSLS.HSN-Q.A.1
• NJSLS.HSN-Q.A.2
• NJSLS.HSN-Q.A.3
• NJSLS.HSA-SSE.A.1
• NJSLS.HSA-CED.A.2
• NJSLS.HSA-CED.A.4
Career Ready Practices
• CLKS.1
• CRP2
• CLKS.2
• CRP4
• CLKS.3
• CLKS.4
• CRP7
• CLKS.5
• CLKS.6
• CLKS.9
Technology
• NJSLS.9.4.12.TL.4
• NJSLS.8.2.12.ED.4
• NJSLS.8.1.12.IC.1
• NJSLS.8.2.12.ITH.2
• NJSLS.8.2.12.ED.3
• NJSLS.8.2.12.ETW.1
• NJSLS.8.2.12.ITH.1
• NJSLS.8.2.12.D.4
• NJSLS.8.2.12.D.6
Financial Literacy
• NJSLS.9.1.12.CFR.6
• NJSLS.9.1.12.CFR.1
Career Explorations
• NJSLS.9.3.ST-ET.1
• NJSLS.9.3.ST-ET.2
• NJSLS.9.3.ST-ET.3

KRSD Office of Curriculum and Instruction

Learning Goals:

Topics and Skills:
• Human activities
-From the given model, students identify the relevant different
time scales on which the factors operate.
-Students identify and describe the relationships between
components of the given model, and organize the factors from
the given model into three groups:
• Those that affect the input of energy
• Those that affect the output of energy
• Those that affect the storage and redistribution of
energy
-Students describe the relationships between components of
the model as either causal or correlational.
-Students use the given model to provide a mechanistic account
of the relationship between energy flow in Earth’s systems and
changes in climate, including:
• The specific cause and effect relationships between the
factors and the effect on energy flow into and out of
Earth’s systems.
• The net effect of all of the competing factors in changing
the climate.
Related to NJSLS-S.HS-ESS2-6 (ESS2.D)
-Students use evidence to develop a model in which they:
• Identify the relative concentrations of carbon present in
the hydrosphere, atmosphere, geosphere and biosphere
• Represent carbon cycling from one sphere to another
-In the model, students represent and describe the following
relationships between components of the system, including:
• The biogeochemical cycles that occur as carbon flows
from one sphere to another
• The relative amount of and the rate at which carbon is
transferred between spheres
• The capture of carbon dioxide by plants
• The increase in carbon dioxide concentration in the
atmosphere due to human activity and the effect on
climate

Unit Title:
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Duration/
Month(s)

Related Standards:
•
•
•
•
•
•
•

NJSLS.9.3.ST-ET.4
NJSLS.9.3.ST-ET.5
NJSLS.9.3.ST-ET.6
NJSLS.9.3.ST-SM.1
NJSLS.9.3.ST-SM.2
NJSLS.9.3.ST-SM.3
NJSLS.9.3.ST-SM.4

KRSD Office of Curriculum and Instruction

Learning Goals:

Topics and Skills:
-Students use the model to explicitly identify the conservation of
matter as carbon cycles through various components of Earth’s
systems.
- Students identify the limitations of the model in accounting for
all of Earth’s carbon.
Related to NJSLS-S.HS-ETS1-1 (ETS1.A)
-Students analyze a major global problem. In their analysis,
students:
• Describe the challenge with a rationale for why it is a
major global challenge
• Describe, qualitatively and quantitatively, the extent and
depth of the problem and its major consequences to
society and/or the natural world on both global and
local scales if it remains unsolved
• Document background research on the problem from
two or more sources, including research journals
-In their analysis, students identify the physical system in which
the problem is embedded, including the major elements and
relationships in the system and boundaries so as to clarify what
is and is not part of the problem.
-In their analysis, students describe societal needs and wants
that are relevant to the problem (e.g., for controlling carbon
dioxide emissions, societal needs include the need for cheap
energy).
-Students specify qualitative and quantitative criteria and
constraints for acceptable solutions to the problem.
Related to NSLS-S.HS-ETS1-2 (ETS1.C)
-Using scientific knowledge to generate the design solution:
• Students restate the original complex problem into a
finite set of two or more sub-problems (in writing or as a
diagram or flow chart).
• For at least one of the sub-problems, students propose
two or more solutions that are based on studentgenerated data and/or scientific information from other
sources.

Unit Title:
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Duration/
Month(s)

Related Standards:
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Learning Goals:

Topics and Skills:
Students describe how solutions to the sub-problems
are interconnected to solve all or part of the larger
problem.
-Describing criteria and constraints, including quantification
when appropriate:
• Students describe criteria and constraints for the
selected sub-problem.
-Students describe the rationale for the sequence of how subproblems are to be solved, and which criteria should be given
highest priority of tradeoffs must be made.
Related to NJSLS-S.HS-ETS1-3 (ETS1.B)
-Students will evaluate potential solutions to a complex realworld problem:
• Generate a list of three or more realistic criteria and two
or more constraints, including such relevant factors as
cost, safety, reliability, and aesthetics that specifies an
acceptable solution to a complex real-world problem.
• Assign priorities for each criterion and constraint that
allows for a logical and systematic evaluation of
alternative solution proposals.
• Analyze and describe the strengths and weaknesses of
the solution with respect to each criterion and
constraint, as well as social and cultural acceptability
and environmental impacts.
• Describe possible barriers to implementing each
solution, such as cultural, economic, or other sources or
resistance to potential solutions.
• Provide an evidence-based decision of which solution is
optimum, based on prioritized criteria, analysis of the
strengths and weaknesses of each solution, and barriers
to overcome.
-Students refine and optimize the design solution by describing
which parts of the complex real-world problem may remain
even if the proposed solution is implemented.
Related to NJSLS-S.HS-ETS1-4 (ETS1.B)
•

Unit Title:
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Duration/
Month(s)

Related Standards:
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Learning Goals:

Topics and Skills:
-Students identify the following components from a given
computer simulation:
• The complex real-world problem with numerous criteria
and constraints
• The system that is being modeled by the computational
simulation, including the boundaries of the system
• What variables can be changed by the user to evaluate
the proposed solutions, tradeoffs, or other decisions
• The scientific principles and/or relationships being used
by the model
-Students use the given computer simulation to model the
proposed solutions by:
• Selecting logical and realistic inputs
• Using the model to simulate the effects of different
solutions, tradeoffs, or other decisions
-Students analyze the results of the simulation:
• Students compare the simulated results to the expected
results.
• Students interpret the results of the simulation and
predict the effects of the proposed solutions within and
between systems relevant to the problem based on the
interpretation.
• Students identify the possible negative consequences of
solutions that outweigh their benefits.
• Students identify the simulation’s limitations.

Unit: 1: Structure and Properties of Matter

Recommended Duration: 6 Weeks – (September – October)

Unit Description: In this unit of study, students use investigations, simulations, and models to makes sense of the substructure of atoms and to provide more
mechanistic explanations of the properties of substances. Chemical reactions, including rates of reactions and energy changes, can be understood by students
at this level in terms of the collisions of molecules and the rearrangements of atoms. Students are able to use the periodic table as a tool to explain and predict
the properties of elements. Students are expected to communicate scientific and technical information about why the molecular-level structure is important in
the functioning of designed materials. The crosscutting concepts of structure and function, patterns, energy and matter, and stability and change are called out
as the framework for understanding the disciplinary core ideas. Students use developing and using models, planning and conducting investigations, using
mathematical thinking, and constructing explanations and designing solutions. Students are also expected to use the science and engineering practices to
demonstrate proficiency with the core ideas.
Essential Questions:
•
•

Enduring Understandings:

How can we use the substructures of atoms to explain the
placement of elements on the periodic table?
How can we use patterns on the periodic table to explain the
observable properties of substances?

•
•
•
•

All atoms consist of a substructure of protons, neutrons, and electrons.
An element’s identity is defined by the number of protons in the nucleus.
An element’s reactivity is defined by the arrangement and quantity of
valence electrons.
A substance’s properties are a direct result of the following:
o The types of elements involved in the substance
o The types and numbers bonds present at the atomic scale
o The electrostatic attractions and repulsions between atoms at the
atomic scale

Relevant Standards:

Learning Goals:

Power (Primary):
• NJSLS-S.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.
• NJSLS-S.HS-PS1-2 - Construct and
revise an explanation for the
outcome of a simple chemical
reaction based on the outermost

• Students will understand that that the
periodic table is organized according to
atomic structure (2 weeks)
• Students will be able to predict properties,
including reactivity, of elements
depending on their location on the
periodic table. (2 weeks)
• Students will understand that the bulkscale properties of substances can be used
to draw inferences about the microscopic
structure of the substance. (2 weeks)
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Learning Objectives:
•
•
•
•
•

Students will identify the three subatomic particles
that make up all atoms.
Students will categorize elements on the periodic table
based on their subatomic structure (rows/columns).
Students will compare the reactivity of elements based
on their placement on the periodic table.
Students will relate the reactivity of elements to the
number and arrangement of valence electrons.
Students will hypothesize about and explain the
microscopic structure of a substance based on
observable macroscopic properties (and vice versa).

Relevant Standards:

•

•

electron states of atoms, trends in
the periodic table, and knowledge
of the patterns of chemical
properties.
NJSLS-S.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.
NJSLS-S.PS-PS2-6 - Communicate
scientific and technical information
about why the molecular-level
structure is important in the
functioning of designed materials.

Supportive (Secondary):
• NJSLS-S.HS-ETS1-3 - Evaluate a
solution to a complex real-world
problem based on prioritized
criteria and trade-offs that account
for a range of constraints, including
cost, safety, reliability, and
aesthetics, as well as possible
social, cultural, and environmental
impacts.
• NJSLS-S.HS-ETS1-4 - Use a computer
simulation to model the impact of
proposed solutions to a complex
real-world problem with numerous
criteria and constraints on
interactions within and between
systems relevant to the problem.
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Learning Goals:

Learning Objectives:
•
•
•
•
•

•

Students will explain the repulsive and attractive
forces within and between atoms in a substance.
Students will compare and categorize substances
based on their atomic structure (i.e. classification of
ionic and molecular solids).
Students will examine the number and types of bonds
within a substance.
Students will create Lewis dot diagrams and structures
to illustrate electron theory.
Students will investigate trade-offs (i.e. cost, safety,
reliability, aesthetics and possible social, cultural, and
environmental impacts) of a solution to a complex
real-world problem.
Students will compare the impact of proposed solutions
to a complex real-world problem using a computer
simulation.

Formative Assessments
•
•
•
•
•
•
•
•

Topic Assessment 1.1 –
Periodic Trends
Topic Assessment 1.2 –
Reaction Patterns
Topic Assessment 1.3 –
Intermolecular Forces and
Energy
Daily Do Nows
Entrance/Exit tickets
White boarding
Teacher observation of
student group performance
Teacher-student questioning

Summative Assessments:
•
•
•
•
•

Performance Assessments:

Pre-Assessment
Benchmark (CSA1)
Summative Question 1.1
Summative Question 1.2
Summative Question 1.3
Bulk-Scale Properties Lab
Report

Possible Assessment Modifications /Accommodations:
Special Education
ELLs
• Allow retakes of topic
• Allow retakes of topic
assessments 1.1, 1.2
assessments 1.1, 1.2
• Additional time on topic
• Additional time on topic
assessments 1.1, 1.2
assessments 1.1, 1.2
• Provide study guides prior to
• Provide study guides prior to
topic assessments 1.1, 1.2
topic assessments 1.1, 1.2
• Reduce number of answer
• Flash Cards for topic
choices on topic assessments
assessments 1.1, 1.2
1.1, 1.2
• Reduce number of answer
• No penalty for spelling errors
choices on topic assessments
on Bulk Scale Properties Lab
1.1, 1.2
Report
• Answers to be dictated on
topic assessments 1.1, 1.2
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•

Bulk-Scale Properties Lab

•
•
•

Struggling Learners
Allow retakes of topic
assessments 1.1, 1.2
Additional time on topic
assessments 1.1, 1.2
Provide study guides prior to
topic assessments 1.1, 1.2

Major Activities/ Assignments
(required):
• Types of Reactions lab
• Bulk-Scale Properties lab
• Self-Study Packet – Periodic
Trends
• Self-Study Packet – Chemical
Bonding
• Mercury Program Lab
• Computer simulations
Major Activities:
• Lewis dot diagram practice
• Lewis dot structure practice
• Periodic trends POGIL
• Naming compounds practice
• Writing chemical reactions
practice
• Types of reactions practice
Types of substances practice
(ionic, molecular, etc.)

•
•

Advanced Learners
Allow retakes of topic
assessments 1.1, 1.2
Allowed choice of type of
assessment (verbal or
written) in balancing
equations

Possible Assessment Modifications /Accommodations:
Special Education
ELLs
• Truncated or shorted versions
of topic assessments 1.1, 1.2,
and Bulk Scale Properties Lab
Report
• No penalty for spelling errors
on Bulk Scale Properties Lab
Report
• Allow outlining on Bulk Scale
Properties Lab Report
• Modified grading on Bulk
Scale Properties Lab Report
• Highlighting important words
or phrases on topic
assessments 1.1, 1.2
• Test taking during SMART for
topic assessments 1.1, 1.2
Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

DQ 2.6—identifying critical information
DQ 2.7—organizing students to interact with new knowledge
DQ 2.8—previewing new content
DQ 2.9—chunking content into “digestible bites”
DQ 2.10—processing of new information
DQ 2.11—elaborating on new information
DQ 2.12—recording and representing knowledge
DQ 2.13—reflecting on learning
DQ 3.14—reviewing content
DQ 3.15—organizing students to practice and deepen knowledge
DQ 3.16—using homework
DQ 3.17—examining similarities and differences
DQ 3.18—examining errors in reasoning
DQ 3.19—practicing skills, strategies, and processes
DQ 3.20—revising knowledge
DQ 4.21—organizing students for cognitively complex tasks
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Struggling Learners

Advanced Learners

Instructional Strategies (Robert Marzano’s 41 Elements):
•
•

DQ 4.22—engaging students in cognitively complex tasks involving hypothesis generation and testing
DQ 4.23—providing resources and guidance

Possible Instructional Modifications /Accommodations/Differentiation:
Special Education
ELLs
• Peer or scribe notetaking for unit
• Peer or scribe notetaking for unit
notes
notes
• Extra visual and verbal cues and
• Extra visual and verbal cues and
prompts during unit notes
prompts during unit notes
• Provision of unit notes/outline
• Provision of unit notes/outline
• Review sessions during SMART
• Review sessions during SMART
• Allow extended time for
• Allow extended time for
assignments:
assignments:
o Ionic bonding & covalent
o Ionic bonding & covalent
bonding Gizmos
bonding Gizmos
o Lewis structure practice
o Lewis structure practice
problems
problems
o Solid state diagram activity
o Solid state diagram activity
• Lab sheets with highlighted
• Lab sheets with highlighted
instructions for Bulk Scale
instructions for Bulk Scale
Properties lab
Properties lab

•
•
•
•

•

Struggling Learners
Peer or scribe notetaking for unit
notes
Review sessions during SMART
Provision of unit notes/outline
Allow extended time for
assignments:
o Ionic bonding & covalent
bonding Gizmos
o Lewis structure practice
problems
o Solid state diagram activity
Lab sheets with highlighted
instructions for Bulk Scale
Properties lab

Advanced Learners
• Polyatomic ions POGIL
• Naming acids POGIL
• DOK4 practice problems for Lewis
structures

Unit Vocabulary:
Essential: Atoms, elements, protons, neutrons, electrons, valence electrons, bond, periodic table, patterns, trends, reactivity, charge, positive, negative, Life
Cycle Analysis, cost, safety, reliability, aesthetics, constraints, systems, computer simulation, group, row, ion, metal, non-metal, ionic, molecular, covalent,
network covalent, macroscopic, microscopic, bulk scale, conductivity
Non-Essential: nucleon, intermolecular forces, electrostatic, intramolecular forces, period, family, alkali metals, alkaline earth metals, halogens, chalcogens,
noble gases, transition metal, octet rule
Interdisciplinary Connections
(Applicable Standards):
Literacy
• NJSLS.RST.11-12.1- Accurately
cite strong and thorough
evidence from the text to support
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Integration of Technology:

21st Century Themes:

21st Century Skills:

Technology
• NJSLS.8.1.12.DA.1 - Produce and edit
a multi-page digital document for a
commercial or professional audience

__X__ Global Awareness-Using
21st Century skills to understand
and address global issues
__X__ Financial, Economic,

__X__ Media Literacy-Utilize
Chromebooks/Laptops for research
project and/or to assist with lab
reports
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Interdisciplinary Connections
(Applicable Standards):
analysis of science and technical
texts, attending to precise details
for explanations or descriptions.
• NJSLS.WHST.9-12.2- Write
informative/explanatory texts to
examine and convey complex
ideas, concepts, and information
clearly and accurately through
the effective selection,
organization, and analysis of
content.
• NJSLS.WHST.9-12.5- 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.
• NJSLS.WHST.9-12.7- Conduct
short as well as more sustained
research projects to answer a
question (including a selfgenerated question) or solve a
problem; narrow or broaden the
inquiry when appropriate;
synthesize multiple sources on
the subject, demonstrating
understanding of the subject
under investigation.
• NJSLS.WHST.11-12.8- Gather
relevant information from
multiple authoritative print and
digital sources, using advanced
searches effectively; assess the
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Integration of Technology:
and present it to peers and/or
professionals in that related area for
review (M)
o Laptops/Chromebooks:
o Collaboration
o Research
o Lab Reports
• NJSLS.8.2.12.ED.4 - Develop an
innovative solution to a real world
problem or issue in collaboration
with peers and experts, and present
ideas for feedback through social
media or in an online community. (R)
• NJSLS.8.1.12.IC.1 - Evaluate the
strengths and limitations of
emerging technologies and their
impact on educational, career,
personal and or social needs.
• NJSLS.8.2.12.ITH.1 - 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).
• SMART/white Boards
o Lesson instruction
o Review (S)
• Computer simulations (gizmos,
PhET, Khan academy, Crash Course
chemistry)(M)
o Enhancing lesson depth
o Student exploration of chemical
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21st Century Themes:

21st Century Skills:

Business, & Entrepreneurial
Literacy-Using entrepreneurial
skills to enhance workplace
productivity and career options

__X__ Critical Thinking and Problem
Solving- Student with groups to analyze
data from various experiments.
__X__ Information & Communication
Technologies Literacy- Students use
Chromebooks to research. Peer review
with Google Docs.
__X__ Communication &
Collaboration- Students work together
to present experimental data to the
class.
__X__ Information Literacy-Utilize
various sources for research project

Interdisciplinary Connections
Integration of Technology:
(Applicable Standards):
usefulness of each source in
concepts
answering the research question;
o Simulations of lab experiments
integrate information into the
that are impractical to perform in
text selectively to maintain the
the classroom
flow of ideas, avoiding plagiarism
and following a standard format
for citation.
• NJSLS.WHST.9-12.9- Gather
relevant information from
multiple authoritative print and
digital sources, using advanced
searches effectively; assess the
usefulness of each source in
answering the research question;
integrate information into the
text selectively to maintain the
flow of ideas, avoiding plagiarism
and following a standard format
for citation.
• NJSLS.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
• NJSLS.MP.2 Reason abstractly and
quantitatively
• NJSLS.MP.4- Model with
mathematics.
• NJSLS.HSN-Q.A.1- Use units as a
way to understand problems and
to guide the solution of multi-
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21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
Integration of Technology:
(Applicable Standards):
step problems; choose and
interpret units consistently in
formulas; choose and interpret
the scale and the origin in graphs
and data displays.
Career Ready Practices
• CRP2-Apply appropriate academic
and technical skills
• CLKS.2-Attend to personal health
and financial well-being
• CRP4-Communicate clearly and
effectively and with reason
• CLKS.4-Demonstrate creativity
and innovation
• CLKS.5-Utilize critical thinking to
make sense of problems and
persevere in solving them
• CLKS.6-Model integrity, ethical
leadership, and effective
management
• CLKS.9-Work productively in
teams while using cultural global
competence
Career Exploration
• NJSLS.9.3.ST-ET.1- Use STEM
concepts and processes to solve
problems involving design and/or
production.
• NJSLS.9.3.ST-ET.2- Display and
communicate STEM information.
• NJSLS.9.3.ST-ET.3- Apply
processes and concepts for the
use of technological tools in
STEM.
• NJSLS.9.3.ST-ET.4- Apply the
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21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
Integration of Technology:
(Applicable Standards):
elements of the design process.
• NJSLS.9.3.ST-ET.5- Apply the
knowledge learned in STEM to
solve problems.
• NJSLS.9.3.ST-ET.6- Apply the
knowledge learned in the study of
STEM to provide solutions to
human and societal problems in
an ethical and legal manner.
• NJSLS.9.3.ST-SM.1- Apply science
and mathematics to provide
results, answers and algorithms
for engineering and technological
activities.
• NJSLS.9.3.ST-SM.2- Apply science
and mathematics concepts to the
development of plans, processes
and projects that address real
world problems.

21st Century Themes:

21st Century Skills:

Resources:
Texts/Materials:
• Student self-study packets
• Leveled Reading-ChemMatters; Using Wordify
Unit: 2: The Chemistry of Abiotic Systems

Recommended Duration: 6 Weeks – (October – December)

Unit Description: In this unit of study, students develop and use models, plan and carry out investigations, analyze and interpret data, and engage in argument
from evidence to make sense of energy as a quantitative property of a system—a property that depends on the motion and interactions of matter and radiation
within that system. They will also use the findings of investigations to provide a mechanistic explanation for the core idea that total change of energy in any
system is always equal to the total energy transferred into or out of the system. Additionally, students develop an understanding that energy, at both the
macroscopic and the atomic scales, can be accounted for as motions of particles or as energy associated with the configurations (relative positions) of particles.
Students apply their understanding of energy to explain the role that water plays in affecting weather. Students examine the ways that human activities cause
feedback that create changes to other systems. Students are expected to demonstrate proficiency in developing and using models, planning and carrying out
investigations, analyzing and interpreting data, engaging in argument from evidence, and using these practices to demonstrate understanding of core ideas.
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Unit: 2: The Chemistry of Abiotic Systems

Recommended Duration: 6 Weeks – (October – December)

Students also develop possible solutions for major global problems. They begin by breaking these problems into smaller problems that can be tackled with
engineering methods. To evaluate potential solutions, students are expected not only to consider a wide range of criteria, but also to recognize that criteria
need to be prioritized.
Essential Questions:
•
•
•
•

Enduring Understandings:

What generalizations can we draw about the energy transfer to
and from a system?
Why do water’s unique physical properties make it such an
important substance for life?
Why is it important to consider multiple energy sources for
current societal needs?
What is the difference between when science tells us what could
happen versus what society tells us what should happen?

•
•
•
•
•

Energy transfers in predictable and quantifiable ways from systems to
surroundings and vice versa.
Hotter systems will always transfer energy to colder systems (2nd Law of
Thermodynamics).
Based on its atomic structure, water’s properties are unique among
substances which makes it critical for life as we know it.
All sources of energy have associated costs, benefits and other risks which
must be considered as we strive to meet the needs of a 21st century world.
Science tells us what can happen in a natural system, not what should
happen which is a result of the norms, values and ethics of human society
sometimes resulting in conflict or controversy.

Relevant Standards:

Learning Goals:

Power (Primary):
• NJSLS.S-HS-PS3-1Create 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.
• NJSLS.S-HS-PS3-3Design, build, and refine a device that
works within given constraints to
convert one form of energy into another
form of energy.*

• Students will understand and be able to apply
the second law of thermodynamics to scenarios
involving energy transfer. (2 weeks)
• Students will understand that the molecular
structure of water is unique and will be able to
explain special properties of water based on this
structure. (2 weeks)
• Students will research and evaluate sources of
energy to provide evidence-based claims about
the merits and disadvantages of different energy
sources. (2 weeks).
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Learning Objectives:
•
•
•
•
•
•
•

Students will be able to explain energy.
Students will be able to compare thermal,
phase and chemical energy.
Students will collect and display
information to prove the law of
conservation of energy.
Students will compare endothermic and
exothermic reactions.
Students will be able to create graphical
representations of energy flow into or out
of a system (LOL & LOLOL charts).
Students will be able to draw conclusions
from heating and cooling curves.
Students will be able to quantify the 2nd law
of thermodynamics (Q = mcΔT).

Relevant Standards:
NJSLS.S-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).
Supportive (Secondary):
• NJSLS.S-HS-ESS2-5 - Plan and conduct an
investigation of the properties of water
and its effects on Earth materials and
surface processes.
• NJSLS.S-HS-ESS3-1-Construct an
explanation based on evidence for how
the availability of natural resources,
occurrence of natural hazards, and
changes in climate have influenced
human activity.
• NJSLS.S-HS-ESS3-2 - Evaluate competing
design solutions for developing,
managing, and utilizing energy and
mineral resources based on cost-benefit
ratios.
• NJSLS.S-HS-ESS3-5Analyze 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
•
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Learning Goals:

Learning Objectives:
•
•

•

•

•

Students will investigate the 2nd law of
thermodynamics via calorimetry lab.
Students will explain what makes water so
“special”:
o Chemical structure
o IMFs/Hydrogen bonding
o 3 Phases of water (solid, liquid, gas)
Students will investigate how water affects
the rock cycle:
o Water as a solvent
o Water in streams (deposition &
erosion)
o Expansion of water as a solid (frost
wedging)
Students will compare the properties of
pure substances versus the properties of
mixtures of substances (intermediate
properties).
Students will develop a logical argument
about energy and mineral usage and
conservation in modern society.

Relevant Standards:

•

•

•
•
•
•
•
•

Learning Objectives:

systems.
NJSLS.S-HS-ESS3-6Use a computational representation to
illustrate the relationships among Earth
systems and how those relationships are
being modified due to human activity.
HS-ETS1-3 - Evaluate a solution to a
complex real-world problem based on
prioritized criteria and trade-offs that
account for a range of constraints,
including cost, safety, reliability, and
aesthetics, as well as possible social,
cultural, and environmental impacts.

Formative Assessments
•

Learning Goals:

Topic Assessment 2.1 – First
Law of Thermodynamics
Topic Assessment 2.2 –
Water and Rock Cycles
Do nows
Entrance/Exit tickets
White boarding
Teacher observation of
student group performance
Teacher-student questioning
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Summative Assessments:
•
•
•
•
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Summative Question 2.1
Summative Question 2.2
Benchmark (CSA2)
Specific Heat of Metals
Lab Report

Performance Assessments:
•

Specific Heat of Metals lab

Major Activities/ Assignments
(required):
• Calorimetry Lab/Lab report
• Water and Rock Cycle Gizmos
• Student self-study packet – Heat
and Energy
• Student self-study packet –
Water and Rock Cycles
• Energy advertisement group
project
• Computer simulations
Major Activities (required):
• Heating/Cooling curve practice
• LOL & LOLOL Chart practice
• Q = mcΔT Practice
• Hydrologic cycle simulation
• Rock cycle simulation

Possible Assessment Modifications /Accommodations:
Special Education
ELLs
• Allow retakes of topic
• Allow retakes of topic
assessments 2.1, 2.2
assessments 2.1, 2.2
• Additional time on topic
• Additional time on topic
assessments 2.1, 2.2
assessments 2.1, 2.2
• Provide study guides prior to
• Provide study guides prior to
topic assessments 2.1, 2.2
topic assessments 2.1, 2.2
• Reduce number of answer
• Flash Cards for topic
choices on topic assessments
assessments 2.1, 2.2
2.1, 2.2
• Reduce number of answer
• No penalty for spelling errors on
choices on topic assessments
Specific Heat of Metals lab
2.1, 2.2
report
• Answers to be dictated on topic
assessments 2.1, 2.2
• Truncated or shorted versions of
topic assessments 2.1, 2.2, and
Specific Heat of Metals Lab
• No penalty for spelling errors on
Specific Heat of Metals lab
report
• Allow outlining on Specific Heat
of Metals lab report
• Modified grading on Specific
Heat of Metals lab report
• Highlighting important words or
phrases on topic assessments
2.1, 2.2
• Test taking during SMART for
topic assessments 2.1, 2.2
Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•

DQ 2.6—identifying critical information
DQ 2.7—organizing students to interact with new knowledge
DQ 2.8—previewing new content
DQ 2.9—chunking content into “digestible bites”
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Struggling Learners
• Allow retakes of topic
assessments 2.1, 2.2
• Additional time on topic
assessments 2.1, 2.2
• Provide study guides prior to
topic assessments 2.1, 2.2

Advanced Learners
• DOK4 problems for Q=mcΔT and
–Q=Q on assessments 2.1, 2.2

Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•
•
•
•
•
•
•
•
•
•
•

DQ 2.10—processing of new information
DQ 2.11—elaborating on new information
DQ 2.12—recording and representing knowledge
DQ 2.13—reflecting on learning
DQ 3.14—reviewing content
DQ 3.15—organizing students to practice and deepen knowledge
DQ 3.16—using homework
DQ 3.17—examining similarities and differences
DQ 3.18—examining errors in reasoning
DQ 3.19—practicing skills, strategies, and processes
DQ 3.20—revising knowledge
DQ 4.21—organizing students for cognitively complex tasks
DQ 4.22—engaging students in cognitively complex tasks involving hypothesis generation and testing
DQ 4.23—providing resources and guidance

Possible Instructional Modifications /Accommodations/Differentiation:
Special Education
ELLs
• Peer or scribe notetaking for
• Peer or scribe notetaking for
unit notes
unit notes
• Extra visual and verbal cues
• Extra visual and verbal cues
and prompts during unit
and prompts during unit
notes
notes
• Provision of unit
• Provision of unit
notes/outline
notes/outline
• Review sessions during
• Review sessions during
SMART
SMART
• Extra practice problems for
• Extra practice problems for
Q= mc∆T & Q=-Q
Q= mc∆T & Q=-Q
• Allow extended time for
• Allow extended time for
assignments:
assignments:
o Water Cycle Gizmo
o Water Cycle Gizmo
o Rock Cycle Gizmo
o Rock Cycle Gizmo
o Properties of Water
o Properties of Water
Packet
Packet
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•
•
•
•

Struggling Learners
Peer or scribe notetaking for
unit notes
Review sessions during
SMART
Provision of unit
notes/outline
Allow extended time for
assignments:
o Water Cycle Gizmo
o Rock Cycle Gizmo
o Properties of Water
Packet

•
•
•
•

Advanced Learners
Polyatomic ions POGIL
Naming acids POGIL
DOK4 practice problems for
Q=mc∆T
DOK4 practice problems for
Q=-Q

Possible Instructional Modifications /Accommodations/Differentiation:
• Lab sheets with highlighted
• Lab sheets with highlighted
instructions for Water
instructions for Water
calorimetry lab, Specific heat
calorimetry lab, Specific heat
of metals lab report
of metals lab report
Unit Vocabulary:
Essential: energy, thermodynamics, heat, temperature, kinetic energy, thermal energy, system, surroundings, transfer, water, weathering, volume, heat
capacity, mass, specific heat, calorimetry, expansion, phase changes, chemical change, physical change, hot, cold, enthalpy, law of conservation of energy
Non-Essential: erosion, frost wedging, hydrogen bonding, melt generation, magma, lava, volcanoes, mantle, tectonic plates, 2nd law of thermodynamics,
geopolitical costs, social regulations, ethics, abiotic, entropy
Interdisciplinary Connections
(Applicable Standards):
Literacy
• NJSLS.RST.11-12.1- Accurately cite
strong and thorough evidence from
the text to support analysis of
science and technical texts,
attending to precise details for
explanations or descriptions.
• NJSLS.WHST.9-12.2- Write
informative/explanatory texts to
examine and convey complex ideas,
concepts, and information clearly
and accurately through the effective
selection, organization, and analysis
of content.
• NJSLS.WHST.9-12.5- 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.
• NJSLS.WHST.9-12.7- Conduct short
as well as more sustained research
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Integration of Technology:

21st Century Themes:

21st Century Skills:

Technology
• NJSLS.9.4.12.TL.4 - Collaborate
in online learning communities
or social networks or virtual
worlds to analyze and propose
a resolution to a real-world
problem (e.g., 7.1.AL.IPERS.6).
• NJSLS.8.2.12.ED.4 - Design a
product or system that
addresses a global problem and
document decisions made
based on research, constraints,
trade-offs, and aesthetic and
ethical considerations and share
this information with an
appropriate audience
• NJSLS.9.4.12.CT.1 Identify
problem-solving strategies used
in the development of an
innovative product or practice
Technology:
• Laptops/Chromebooks: (M)
o Collaboration

__X__ Global Awareness-Using 21st
Century skills to understand and
address global issues
__X__ Financial, Economic,
Business, & Entrepreneurial
Literacy-Using entrepreneurial skills
to enhance workplace productivity
and career options

__X__ Media Literacy-Utilize
Chromebooks/Laptops for research
project and/or to assist with lab reports
__X__ Critical Thinking and Problem
Solving- Student with groups to analyze
data from various experiments.
__X__ Information & Communication
Technologies Literacy- Students use
Chromebooks to research. Peer review
with Google Docs.
__X__ Communication & CollaborationStudents work together to present
experimental data to the class.
__X__ Information Literacy-Utilize various
sources for research project
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Interdisciplinary Connections
(Applicable Standards):
projects to answer a question
(including a self-generated question)
or solve a problem; narrow or
broaden the inquiry when
appropriate; synthesize multiple
sources on the subject,
demonstrating understanding of the
subject under investigation.
• NJSLS.WHST.11-12.8- Gather
relevant information from multiple
authoritative print and digital
sources, using advanced searches
effectively; assess the usefulness of
each source in answering the
research question; integrate
information into the text selectively
to maintain the flow of ideas,
avoiding plagiarism and following a
standard format for citation.
• NJSLS.WHST.9-12.9- Gather relevant
information from multiple
authoritative print and digital
sources, using advanced searches
effectively; assess the usefulness of
each source in answering the
research question; integrate
information into the text selectively
to maintain the flow of ideas,
avoiding plagiarism and following a
standard format for citation.
• NJSLS.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,
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Integration of Technology:
o Research
o Lab Reports
• SMART/white Boards (S)
o Lesson instruction
o Review
• Computer simulations (M)
(gizmos, PhET, Khan academy,
Crash Course chemistry)
o Enhancing lesson depth
o Student exploration of
chemical concepts
o Simulations of lab
experiments that are
impractical to perform in the
classroom
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21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
Integration of Technology:
(Applicable Standards):
and evidence and to add interest
Mathematics
• NJSLS.MP.2 Reason abstractly and
quantitatively
• NJSLS.MP.4- Model with
mathematics.
• NJSLS.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.
Career Ready Practices
• CRP2-Apply appropriate academic
and technical skills
• CLKS.2-Attend to personal health
and financial well-being
• CRP4-Communicate clearly and
effectively and with reason
• CLKS.4-Demonstrate creativity and
innovation
• CLKS.5-Utilize critical thinking to
make sense of problems and
persevere in solving them
• CLKS.6-Model integrity, ethical
leadership, and effective
management
• CLKS.9-Work productively in teams
while using cultural global
competence
Career Exploration
• NJSLS.9.3.ST-ET.1- Use STEM
concepts and processes to solve
problems involving design and/or
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21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
(Applicable Standards):
production.
• NJSLS.9.3.ST-ET.2- Display and
communicate STEM information.
• NJSLS.9.3.ST-ET.3- Apply processes
and concepts for the use of
technological tools in STEM.
• NJSLS.9.3.ST-ET.4- Apply the
elements of the design process.
• NJSLS.9.3.ST-ET.5- Apply the
knowledge learned in STEM to solve
problems.
• NJSLS.9.3.ST-ET.6- Apply the
knowledge learned in the study of
STEM to provide solutions to human
and societal problems in an ethical
and legal manner.
• NJSLS.9.3.ST-SM.1- Apply science
and mathematics to provide results,
answers and algorithms for
engineering and technological
activities.
• NJSLS.9.3.ST-SM.2- Apply science
and mathematics concepts to the
development of plans, processes and
projects that address real world
problems.

Integration of Technology:

Resources:
Texts/Materials:
• Student self-study packets
• Leveled Reading- ChemMatters; Using Wordify
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21st Century Themes:

21st Century Skills:

Unit: 3: Bonding and Chemical Reactions

Recommended Duration: 6 Weeks – (December – February)

Unit Description: In this unit of study, students develop and using models, plan and conduct investigations, use mathematical thinking, and construct
explanations and design solutions as they develop an understanding of the substructure of atoms and to provide more mechanistic explanations of the
properties of substances. Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the
collisions of molecules and the rearrangements of atoms. Students also apply an understanding of the process of optimization and engineering design to
chemical reaction systems. The crosscutting concepts of patterns, energy and matter, and stability and change are the organizing concepts for these disciplinary
core ideas. Students are expected to demonstrate proficiency in developing and using models, planning and conducting investigations, using mathematical
thinking, and constructing explanations and designing solutions.
Essential Questions:

Enduring Understandings:

• How can we apply the law of conservation of mass to any chemical
reaction?
• What determines whether or not a system is exothermic or
endothermic?
• What factors affect the reaction rate of a chemical system?
• How can we alter a chemical system to affect the amount of product
made?

•
•
•
•
•

Relevant Standards:
Power (Primary):
• NJSLS-S.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.
• NJSLS-S.HS-PS1-5 - Apply scientific
principles and evidence to provide an
explanation about the effects of
changing the temperature or
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The total number of atoms (and therefore mass) of any chemical system
must be conserved.
If the energy required to break the bonds is greater than the energy
released when making the bonds the reaction is endothermic.
If the energy required to break the bonds is less than the energy released
when making the bonds the reaction is exothermic.
Reaction rates can be sped up or slowed down by altering the temperature,
pressure, or concentration or by the addition of a catalyst.
Applying changes to temperature, pressure, or concentration can shift
equilibrium and result in a net increase of either the products or reactants
in a dynamic system.

Learning Goals:
•
•

•

Students will understand and be able to
apply the law of conservation of mass to
various chemical reactions. (2 weeks)
Students will be able to understand and
explain the difference between
endothermic and exothermic reactions. (2
weeks)
Students will understand the factors that
affect rate of reaction and will be able to
make predictions about reaction rate

Learning Objectives:
•
•
•
•
•

Students will summarize the law of conservation of
mass.
Students will construct a model to illustrate how the
law of conservation of mass applies to chemical
reactions.
Students will identify patterns as they balance
chemical equations.
Students will compare energy flow in different
systems (endothermic vs. exothermic).
Students will formulate an explanation for

Relevant Standards:

Learning Goals:

concentration of the reacting
particles on the rate at which a
reaction occurs.
• NJSLS-S.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.
• NJSLS-S.HS-PS1-7 - Use mathematical
representations to support the claim
that atoms, and therefore mass, are
conserved during a chemical
reaction.
• NJSLS-S.HS-PS4-5- Communicate
technical information about how
some technological devices use the
principles of wave behavior and
wave interactions with matter to
transmit and capture information
and energy.*
Supportive (Secondary):
• NJSLS-S.HS-ETS1-2 - Design a
solution to a complex real-world
problem by breaking it down into
smaller, more manageable
problems that can be solved
through engineering.
Formative Assessments
•
•
•

Topic Assessment 3.1 –
Quantitative Chemistry
Topic Assessment 3.2 –
Reaction Stoichiometry
Topic Assessment 3.3 –
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Learning Objectives:

based on adjustments to the system. (2
weeks)

•
•
•
•
•

Summative Assessments:
•
•
•
•
•
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Summative Question 3.1
Summative Question 3.2
Summative Question 3.3
Summative Question 3.4
Summative Question 3.5

Performance Assessments:
•
•

Stoichiometry Lab
Le Chatelier Lab

exothermic and endothermic reactions in terms of
bond formation and breaking.
Students will summarize chemical equilibrium.
Students will relate temperature, pressure,
concentration and catalysts to reaction rates.
Students will investigate a system to determine
ways to shift equilibrium to maximize products.
Students will compare chemical systems to
determine which would maximize products
Students will separate a large problem into smaller,
more manageable problems.

Major Activities/ Assignments
(required):
• Stoichiometry lab/lab report
• Affecting reaction rates lab
• Le Chatelier lab
• Conservation of mass lab
• Student self-study packet

Formative Assessments
•
•
•
•
•
•
•
•
•

Bonding Energy
Topic Assessment 3.4 –
Reaction Rates
Topic Assessment 3.5 – Le
Chatelier
Pre-assessments
Do nows
Entrance/Exit tickets
White boarding
Teacher observation of
student group performance
Teacher-student questioning
Entrance tickets

Summative Assessments:
•
•

Performance Assessments:

Stoichiometry Lab Report
Le Chatelier Lab Report

Possible Assessment Modifications /Accommodations:
Special Education
ELLs
• Allow retakes of TA 3-1, 3-2, 3-3,
• Allow retakes of TA 3-1, 3-2, 3-3,
3-4, 3-5
3-4, 3-5
• Additional time for TA 3-1, 3-2, 3- • Additional time for TA 3-1, 3-2, 33, 3-4, 3-5
3, 3-4, 3-5
• Provide study guides prior to TA
• Read directions
3-1, 3-2, 3-3, 3-4, 3-5
• Provide study guides prior to TA
3-1, 3-2, 3-3, 3-4, 3-5
• Reduce number of answer
choices on TA 3-1, 3-2, 3-3, 3-4,
• Reduce number of answer
3-5
choices on TA 3-1, 3-2, 3-3, 3-4,
3-5
• Test taking during SMART for TA
3-1, 3-2, 3-3, 3-4, 3-5
• Answers to be dictated for TA 31, 3-2, 3-3, 3-4, 3-5 TA 3-1, 3-2, 33, 3-4, 3-5
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•
•
•
•

Major Activities/ Assignments
(required):
(Quantitative Chemistry)
• Student Self-Study Packet
(Reactions and Stoichiometry)
• Student Self-Study Packet
(Bonding and Reaction Energy)
• Student Self-Study Packet
(Reaction Rates)
• Student Self-Study Packet (Le
Chatelier)
• Computer simulations
Major Activities (required):
• Balancing chemical reactions
practice
• Stoichiometry practice
• Reaction coordinate diagram
practice
• Endothermic/Exothermic
reaction practice

Struggling Learners
Allow retakes of TA 3-1, 3-2, 3-3,
3-4, 3-5
Additional time for TA 3-1, 3-2, 33, 3-4, 3-5
Provide study guides prior to TA
3-1, 3-2, 3-3, 3-4, 3-5
Test taking during SMART for TA
3-1, 3-2, 3-3, 3-4, 3-5

•

Advanced Learners
Allow retakes of TA 3-1, 3-2, 3-3,
3-4, 3-5

Possible Assessment Modifications /Accommodations:
Special Education
ELLs
• No penalty for spelling errors on
• Truncated or shortened version
Le Chatelier and Drug content lab
of TA 3-1, 3-2, 3-3, 3-4, 3-5, Le
report
Chatelier and Drug content lab
report
• Modified grading on Le Chatelier
and Drug content lab report
• Highlighting important words or
phrases on TA 3-1, 3-2, 3-3, 3-4,
3-5
• Test taking during SMART for TA
3-1, 3-2, 3-3, 3-4, 3-5
• No penalty for spelling errors on
Le Chatelier and Drug content lab
report
• Allow outlining of Le Chatelier
and Drug content lab report
• Modified grading on Le Chatelier
and Drug content lab report
Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

DQ 2.6—identifying critical information
DQ 2.7—organizing students to interact with new knowledge
DQ 2.8—previewing new content
DQ 2.9—chunking content into “digestible bites”
DQ 2.10—processing of new information
DQ 2.11—elaborating on new information
DQ 2.12—recording and representing knowledge
DQ 2.13—reflecting on learning
DQ 3.14—reviewing content
DQ 3.15—organizing students to practice and deepen knowledge
DQ 3.16—using homework
DQ 3.17—examining similarities and differences
DQ 3.18—examining errors in reasoning
DQ 3.19—practicing skills, strategies, and processes
DQ 3.20—revising knowledge
DQ 4.21—organizing students for cognitively complex tasks
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Struggling Learners

Advanced Learners

Instructional Strategies (Robert Marzano’s 41 Elements):
•
•

DQ 4.22—engaging students in cognitively complex tasks involving hypothesis generation and testing
DQ 4.23—providing resources and guidance

Possible Instructional Modifications /Accommodations/Differentiation:
Special Education
ELLs
•
Peer or scribe notetaking for unit
•
Peer or scribe notetaking for unit
notes
notes
•
Extra visual and verbal cues and
•
Extra visual and verbal cues and
prompts during unit notes
prompts during unit notes
•
Provision of unit notes/outline
•
Provision of unit notes/outline
•
Review sessions during SMART
•
Review sessions during SMART
•
Extra practice problems for:
•
Extra practice problems for:
o Unit conversions
o Unit conversions
o Molar mass
o Molar mass
o Balancing chemical equations
o Balancing chemical equations
o Stoichiometry
o Stoichiometry
•
Allow extended time for
•
Allow extended time for
assignments:
assignments:
o Reaction rate lab
o Reaction rate lab
o Nail lab
o Nail lab
o Stoichiometry gizmo
o Stoichiometry gizmo
•
Lab sheets with highlighted
•
Lab sheets with highlighted
instructions for reaction rate lab,
instructions for reaction rate lab,
nail lab, Le Chatelier lab, Drug
nail lab, Le Chatelier lab, Drug
Content lab
Content lab

•
•
•
•

Struggling Learners
Peer or scribe notetaking for
unit notes
Review sessions during
SMART
Provision of unit
notes/outline
Allow extended time for
assignments:
o Reaction rate lab
o Nail lab
o Stoichiometry gizmo

•
•
•
•

Advanced Learners
DOK4 practice
problems for balancing
chemical equations
DOK4 practice
problems for
stoichiometry
Limiting reagent
stoichiometry
Will not perform nail
lab as practice prior to
drug content lab

Unit Vocabulary:
Essential: equilibrium, temperature, pressure, concentration, catalyst, reaction coordinate diagram, products, reactants, system, exothermic, endothermic,
energy, mass, law of conservation of mass (LoCoM), stoichiometry, reaction rate
Non-Essential: Le Chatelier, dynamic system, perturbations
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Interdisciplinary Connections
Integration of Technology:
(Applicable Standards):
Literacy
Technology
• NJSLS.RST.9-10.7- Translate
• NJSLS.8.2.12.ED.5 - Evaluate the
quantitative or technical
effectiveness of a product or system
information expressed in words in
based on factors that are related to
a text into visual form (e.g., a
its requirements, specifications, and
table or chart) and translate
constraints (e.g., safety, reliability,
information expressed visually or
economic considerations, quality
mathematically (e.g., in an
control, environmental concerns,
equation) into words.
manufacturability, maintenance and
repair, ergonomics)
• NJSLS.RST.11-12.1- Accurately cite
Technology:
strong and thorough evidence
from the text to support analysis
• Laptops/Chromebooks:
of science and technical texts,
o Collaboration (M)
attending to precise details for
o Research (S)
explanations or descriptions.
o Lab Reports (A,M)
• NJSLS.S-RST.11-12.7- Integrate
• SMART/white Boards (S)
and evaluate multiple sources of
o Lesson instruction
information presented in diverse
o Review
formats and media (e.g.,
• Computer simulations (gizmos, PhET,
quantitative data, video,
Khan academy, Crash Course
multimedia) in order to address a
chemistry) (M)
question or solve a problem.
o Enhancing lesson depth
o Student exploration of chemical
• NJSLS.S-RST.11-12.8- Evaluate the
hypotheses, data, analysis, and
concepts
conclusions in a science or
o Simulations of lab experiments
technical text, verifying the data
that are impractical to perform
in the classroom
when possible and corroborating
or challenging conclusions with
other sources of information.
• NJSLS.S-RST.11-12.9. Synthesize
information from a range of
sources (e.g., texts, experiments,
simulations) into a coherent
understanding of a process,
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21st Century Themes:

21st Century Skills:

__X__ Global Awareness-Using
21st Century skills to understand
and address global issues
__X__ Financial, Economic,
Business, & Entrepreneurial
Literacy-Using entrepreneurial
skills to enhance workplace
productivity and career options

__X__ Media Literacy-Utilize
Chromebooks/Laptops for research
project and/or to assist with lab reports
__X__ Critical Thinking and Problem
Solving- Student with groups to analyze
data from various experiments.
__X__ Information & Communication
Technologies Literacy- Students use
Chromebooks to research. Peer review
with Google Docs.
__X__ Communication & CollaborationStudents work together to present
experimental data to the class.
__X__ Information Literacy-Utilize
various sources for research project

phenomenon, or concept,
resolving conflicting information
when possible.
• NJSLS.WHST.9-12.2- Write
informative/explanatory texts to
examine and convey complex
ideas, concepts, and information
clearly and accurately through the
effective selection, organization,
and analysis of content.
• NJSLS.WHST.9-12.5- 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.
• NJSLS.WHST.9-12.7-Conduct short
as well as more sustained
research projects to answer a
question (including a selfgenerated question) or solve a
problem; narrow or broaden the
inquiry when appropriate;
synthesize multiple sources on
the subject, demonstrating
understanding of the subject
under investigation.
• NJSLS.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
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• NJSLS.MP.2-Reason abstractly and
quantitatively
• NJSLS.MP.4- Model with
mathematics
• NJSLS.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.
Career Ready Practices
• CRP2- Apply appropriate
academic and technical skills
• CRP4- Communicate clearly and
effectively and with reason
• CLKS.4- Demonstrate creativity
and innovation
• CLKS.5-Utilize critical thinking to
make sense of problems and
persevere in solving them
• CLKS.9- Work productively in
teams while using cultural global
competence
Financial Literacy
• NJSLS.9.1.12.FP.1 - Create a clear
long-term financial plan to ensure
its alignment with your values.
Career Exploration
• NJSLS.9.3.ST-ET.1- Use STEM
concepts and processes to solve
problems involving design and/or
production.
• NJSLS.9.3.ST-ET.2- Display and
communicate STEM information.
• NJSLS.9.3.ST-ET.3- Apply
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•
•
•

•

•

processes and concepts for the
use of technological tools in
STEM.
NJSLS.9.3.ST-ET.4- Apply the
elements of the design process.
NJSLS.9.3.ST-ET.5- Apply the
knowledge learned in STEM to
solve problems.
NJSLS.9.3.ST-ET.6- Apply the
knowledge learned in the study of
STEM to provide solutions to
human and societal problems in
an ethical and legal manner.
NJSLS.9.3.ST-SM.1- Apply science
and mathematics to provide
results, answers and algorithms
for engineering and technological
activities.
NJSLS.9.3.ST-SM.2- Apply science
and mathematics concepts to the
development of plans, processes
and projects that address real
world problems.

Resources:
Texts/Materials:
• Student self-study packets
• Leveled Reading-ChemMatters; using Wordify
Unit: 4: Matter & Energy Transformations in Living Systems

Recommended Duration: 3 Weeks – (March)

Unit Description: In this unit of study, students construct explanations for the role of energy in the cycling of matter in organisms. They apply mathematical
concepts to develop evidence to support explanations of the interactions of photosynthesis and cellular respiration and develop models to communicate these
explanations. The crosscutting concept of matter and energy provides students with insights into the structures and processes of organisms. Students are
expected to develop and use models, plan and conduct investigations, use mathematical thinking, and construct explanations and design solutions as they
demonstrate proficiency with the disciplinary core ideas.
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Essential Questions:
•
•
•

How does photosynthesis transform light energy into stored
chemical energy?
How does cellular respiration result in a net transfer of energy?
How do elements of a sugar molecule combine with other
elements to form amino acids and/or other large carbon-based
molecules?

Relevant Standards:

Learning Goals:

Power (Primary):
• NJSLS-S.HS-LS1-6 - Construct
and revise an explanation based
on evidence for how carbon,
hydrogen, and oxygen from
sugar molecules may combine
with other elements to form
amino acids and/or other large
carbon-based molecules.
• NJSLS-S.HS-LS1-7 - Use a model
to illustrate that cellular
respiration is a chemical process
whereby the bonds of food
molecules and oxygen
molecules are broken and the
bonds in new compounds are
formed resulting in a net
transfer of energy.
Supportive (Secondary):
• NJSLS-S.HS-LS2-5Develop a model to illustrate
the role of photosynthesis and
cellular respiration in the cycling
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Enduring Understandings:
• Photosynthesis converts light energy to stored energy by converting
carbon dioxide plus water into sugars plus released oxygen.
• Cellular respiration is a chemical process in which the bonds of food
molecules and oxygen molecules are broken and new compounds are
formed that can transport energy to muscles.
• Sugar molecules contain carbon, hydrogen, and oxygen. Their
hydrocarbon backbones are used to make amino acids and other carbonbased molecules that can be assembled into larger molecules (such as
proteins or DNA), used for example to form new cells.
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•

•

•

Students will be able to explain the
chemical reactions that occur to transfer
light energy into chemical potential
energy. (1 week)
Students will be able to explain the
chemical reactions that occur to transform
chemical potential energy during cellular
respiration. (1 weeks)
Students will understand and be able to
construct a model of a macromolecule
from basic molecules in living systems. (1
weeks)

Learning Objectives:
•
•
•
•
•
•
•

Students will explain the steps of photosynthesis.
Students will summarize the energy changes
associated with photosynthesis in terms of making
and breaking bonds.
Students will describe the processes of cellular
respiration.
Students will summarize the energy changes
associated with cellular respiration in terms of
making and breaking bonds.
Students will explain why photosynthesis and cellular
respiration are essential processes for energy
production in organisms.
Students will be able to identify macromolecules and
explain why they are important to the function of
organisms.
Students will apply their knowledge of chemical
reactions to transform models of sugar molecules
into other molecules essential to life.

Relevant Standards:

Learning Goals:

Learning Objectives:

of carbon among the biosphere,
atmosphere, hydrosphere, and
geosphere.
Formative Assessments
•
•
•
•
•
•

Topic assessment 4.1
(Chemical Reactions in Living
Systems)
Do nows
Entrance/Exit tickets
White boarding
Teacher observation of
student group performance
Teacher-student questioning

Summative Assessments:
•
•

Performance Assessments:

Summative Question 4.1
Benchmark (CSA3)

Possible Assessment Modifications /Accommodations:
Special Education
ELLs
• Allow retakes of TA HS-LS1-6
• Allow retakes of HS-LS1-6
• Additional time for TA HS-LS1• Additional time for HS-LS1-6
6
• Read directions for HS-LS1-6
• Provide study guides prior to
• Provide study guides prior to
TA HS-LS1-6
TA HS-LS1-6
• Reduce number of answer
• Reduce number of answer
choices on TA HS-LS1-6
choices on TA HS-LS1-6
Test taking during SMART for
• Answers to be dictated for TA
TA HS-LS1-6
HS-LS1-6
• Truncated or shortened
version of TA HS-LS1-6
• Highlighting important words
or phrases on TA HS-LS1-6
• Test taking during SMART for
TA HS-LS1-6
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•

Visual representation of
photosynthesis, a step of
cellular respiration, or building
of a macromolecule (teacher or
student choice)

•
•
•
•

Major Activities/ Assignments
(required):
• Student self-study packet
(Organic Chemical Processes)
• Building molecule models
• Computer simulations

Struggling Learners
Allow retakes of TA HS-LS1-6
Additional time for TA HS-LS16
Provide study guides prior to
TA HS-LS1-6
Test taking during SMART for
TA HS-LS1-6

•

Advanced Learners
Test taking during SMART for
TA HS-LS1-6

Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

DQ 2.6—identifying critical information
DQ 2.7—organizing students to interact with new knowledge
DQ 2.8—previewing new content
DQ 2.9—chunking content into “digestible bites”
DQ 2.10—processing of new information
DQ 2.11—elaborating on new information
DQ 2.12—recording and representing knowledge
DQ 2.13—reflecting on learning
DQ 3.14—reviewing content
DQ 3.15—organizing students to practice and deepen knowledge
DQ 3.16—using homework
DQ 3.17—examining similarities and differences
DQ 3.18—examining errors in reasoning
DQ 3.19—practicing skills, strategies, and processes
DQ 3.20—revising knowledge
DQ 4.21—organizing students for cognitively complex tasks
DQ 4.22—engaging students in cognitively complex tasks involving hypothesis generation and testing
DQ 4.23—providing resources and guidance

Possible Instructional Modifications /Accommodations/Differentiation:
Special Education
ELLs
• Peer or scribe notetaking for
• Peer or scribe notetaking for
unit notes
unit notes
• Extra visual and verbal cues
• Extra visual and verbal cues
and prompts during unit notes
and prompts during unit notes
• Provision of unit notes/outline
• Provision of unit notes/outline
• Review sessions during SMART
• Review sessions during SMART
• Extra practice problems for:
• Extra practice problems for:
o Stoichiometry (in living
o Stoichiometry (in living
systems)
systems)
• Allow extended time for
• Allow extended time for
assignments:
assignments:
o Photosynthesis Gizmo
o Photosynthesis Gizmo
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•
•
•
•

Struggling Learners
Peer or scribe notetaking for
unit notes
Review sessions during SMART
Provision of unit notes/outline
Allow extended time for
assignments:
o Photosynthesis gizmo

•

Advanced Learners
DOK4 practice problems for
stoichiometry (in living
systems)

Unit Vocabulary:
Essential: photosynthesis, energy, exothermic, endothermic, cellular respiration, molecule, macromolecule, synthesis, polymer, monomer
Non-Essential: ATP, ADP, amino acid, nucleic acid, lipid, carbohydrate, monosaccharide, polysaccharide
Interdisciplinary Connections
(Applicable Standards):
Literacy
• NJSLS.RST.11-12-1. Accurately
cite strong and thorough
evidence from the text to
support analysis of science and
technical texts, attending to
precise details for explanations
or descriptions.
• NJSLS.WHST.9-12.2- Write
informative/explanatory texts to
examine and convey complex
ideas, concepts, and information
clearly and accurately through
the effective selection,
organization, and analysis of
content.
• NJSLS.WHST.9-12.5- 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.
• NJSLS.WHST.9-12.9- Gather
relevant information from
multiple authoritative print and
digital sources, using advanced
searches effectively; assess the
usefulness of each source in
answering the research
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Integration of Technology:

21st Century Themes:

21st Century Skills:

Technology
• NJSLS.9.4.12.TL.4 - Collaborate in
online learning communities or
social networks or virtual worlds
to analyze and propose a
resolution to a real-world
problem (e.g., 7.1.AL.IPERS.6).
Technology:
• Laptops/Chromebooks:
o Collaboration (M)
o Research (S)
• SMART/white Boards (S)
o Lesson instruction
o Review
• Computer simulations (gizmos,
Khan academy, Crash Course
chemistry) (M)
o Enhancing lesson depth
o Student exploration of
chemical concepts
o Simulations of lab
experiments that are
impractical to perform in
the classroom

__X__ Health Literacy

__X__ Critical Thinking and Problem
Solving- Student with groups to analyze
data from various experiments.
__X__ Information & Communication
Technologies Literacy- Students use
Chromebooks to research. Peer review
with Google Docs.
__X__ Communication & CollaborationStudents work together to present
experimental data to the class.
__X__ Information Literacy-Utilize
various sources
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Interdisciplinary Connections
Integration of Technology:
(Applicable Standards):
question; integrate information
into the text selectively to
maintain the flow of ideas,
avoiding plagiarism and
following a standard format for
citation.
• NJSLS.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
• NJSLS.MP.4 Model with
mathematics • NJSLS.HSF-IF.C.7 – Graph
functions expressed symbolically
and show key features of the
graph, by hand in simple cases
and using technology for more
complicated cases.
• NJSLS.HSF-BF.A.1 – Write a
functions that describes a
relationships between two
quantities
Career Ready Practices
• CLKS.1-Act as a responsible and
contributing citizen and
employee
• CRP2- Apply appropriate
academic and technical skills
• CRP4- Communicate clearly and
effectively and with reason
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21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
(Applicable Standards):
• CLKS.5- Utilize critical thinking to
make sense of problems and
persevere in solving them
• CLKS.9- Work productively in
teams while using cultural global
competence
Career Exploration
• NJSLS.9.3.ST-ET.1- Use STEM
concepts and processes to solve
problems involving design
and/or production.
• NJSLS.9.3.ST-ET.2- Display and
communicate STEM
information.
• NJSLS.9.3.ST-ET.3- Apply
processes and concepts for the
use of technological tools in
STEM.
• NJSLS.9.3.ST-ET.4- Apply the
elements of the design process.
• NJSLS.9.3.ST-ET.5- Apply the
knowledge learned in STEM to
solve problems.
• NJSLS.9.3.ST-ET.6- Apply the
knowledge learned in the study
of STEM to provide solutions to
human and societal problems in
an ethical and legal manner.
• NJSLS.9.3.ST-SM.1- Apply science
and mathematics to provide
results, answers and algorithms
for engineering and
technological activities.
• NJSLS.9.3.ST-SM.2- Apply science
and mathematics concepts to
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Integration of Technology:
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21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
(Applicable Standards):
the development of plans,
processes and projects that
address real world problems.

Integration of Technology:

21st Century Themes:

21st Century Skills:

Resources:
Texts/Materials:
• Student self-study packets
• Molecule modeling kits
• Computer simulation of photosynthesis and cellular respiration
• Leveled Reading-ChemMatters; using Wordify
Unit: 5: Nuclear Chemistry

Recommended Duration: 5 Weeks – (March – April)

Unit Description: In this unit of study, energy and matter are studied further by investigating the processes of nuclear fusion and fission that govern the
formation, evolution, and workings of the solar system in the universe. Some concepts studied are fundamental to science and demonstrate scale, proportion,
and quantity, such as understanding how the matter of the world formed during the Big Bang and within the cores of stars over the cycle of their lives.
In addition, an important aspect of Earth and space sciences involves understanding the concept of stability and change while making inferences about events
in Earth’s history based on a data record that is increasingly incomplete the farther one goes back in time. A mathematical analysis of radiometric dating is used
to comprehend how absolute ages are obtained for the geologic record.
The crosscutting concepts of energy and matter; scale, proportion, and quantity; and stability and change are called out as organizing concepts for this unit.
Students are expected to demonstrate proficiency in developing and using models; constructing explanations and designing solutions; using mathematical and
computational thinking; and obtaining, evaluating, and communicating information; and they are expected to use these practices to demonstrate understanding
of the core ideas.
Essential Questions:
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Enduring Understandings:

•
•
•
•
•

What kind of changes result from nuclear transmutation?
How were the first elements in the universe formed?
How do the processes occurring in the sun provide the energy
that reaches the Earth?
How did the processes at the beginning of the universe result
in the matter that we see today?
How did the Earth come to be?

•
•
•
•
•

Relevant Standards:
Power (Primary):
• NJSLS.S-HS-PS1-8 - Develop models to
illustrate the changes in the
composition of the nucleus of the atom
and the energy released during the
processes of fission, fusion, and
radioactive decay
Supportive (Secondary):
• NJSLS.S-HS-ESS1-1 - Develop a model
based on evidence to illustrate the life
span of the sun and the role of nuclear
fusion in the sun’s core to release
energy that eventually reaches Earth in
the form of radiation
• NJSLS.S-HS-ESS1-2 - Construct an
explanation of the Big Bang theory
based on astronomical evidence of light
spectra, motion of distant galaxies, and
composition of matter in the universe
• NJSLS.S-HS-ESS1-3 - Communicate
scientific ideas about the way stars,
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The nuclear processes of fission, fusion, and radioactive decay can result in
the transmutation of elements by changing the composition of an element’s
nucleus.
The nuclear processes of fission, fusion, and radioactive decay result in the
release of energy in quantities much higher than normal chemical processes.
The processes that occur in stars are how all of the natural elements of the
periodic table were formed.
The process of the universe cooling after the Big Bang has led to the universe
we know today.
Evidence from ancient Earth materials, meteorites, and other planetary
surfaces can be used to draw inferences about Earth’s formation.

Learning Goals:
•
•
•

•
•

Students will be able to construct basic
models that represent fusion and
fission reactions. (1 week)
Students will be able to explain how
stars produce elements. (1 week)
Students will be able to apply their
understanding of fusion to make
predictions about the life cycle of a
star. (1 week)
Students will be able to explain the
evidence that exists that supports the
Big Bang Theory. (1 week)
Students will apply their
understanding of nuclear chemistry to
explain how radiometric dating is used
on ancient earth materials. (1 week)

Learning Objectives:
•
•

•

•

•

Students will be able to explain energy transfers in
predictable and quantifiable ways from systems to
surroundings and vice versa.
Students will be able to develop five distinct models to
illustrate the relationships between components
underlying the nuclear processes of 1) fission, 2) fusion
and 3) three distinct types of radioactive decay.
Students will be able to construct an explanation of the Big
Bang theory based on astronomical evidence of light
spectra, motion of distant galaxies, and composition of
matter in the universe.
Students will be able to apply scientific reasoning and
evidence from ancient Earth materials, meteorites, and
other planetary surfaces to construct an account of Earth’s
formation and early history.
Students will be able to summarize scientific ideas about
the way stars, over their life cycle, produce elements.

Relevant Standards:

Learning Goals:

Learning Objectives:

over their life cycle, produce elements
• NJSLS.S-HS-ESS1-6 - Apply scientific
reasoning and evidence from ancient
Earth materials, meteorites, and other
planetary surfaces to construct an
account of Earth’s formation and early
history

Formative Assessments
•
•
•
•
•
•
•
•
•

Topic Assessment 5.1 –
Radiometric Dating and Half-life
Topic Assessment 5.2 – Nuclear
Chemistry
Pre-assessments
Do nows
Entrance/Exit tickets
White boarding
Teacher observation of student
group performance
Teacher-student questioning
Entrance tickets
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Summative Assessments:
•
•

Summative Question 5.1
Summative Question 5.2
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Performance Assessments:
•

•

Group presentation on the
comparison and contrast of
nuclear and chemical processes
(specifically energy and
transmutation)
Visual representation on fission,
fusion, or radioactive decay
(teacher or student choice)

Major Activities/ Assignments
(required):
• Student Self-Study Packet (HalfLife and Decay)
• Computer simulations
• Modeling of fission, fusion, and
radioactive decay
• Modeling of the lifespan of a star
• Modeling of the formation of
Earth
• Group presentation on the
comparison and contrast of
nuclear and chemical processes
(specifically energy and
transmutation)
• Visual representation on fission,
fusion, or radioactive decay
(teacher or student choice)

Possible Assessment Modifications /Accommodations:
Special Education
• Allow retakes of TA HS-ESS1-6, HSPS1-8
• Additional time for TA HS-ESS1-6,
HS-PS1-8
• Provide study guides prior to HSESS1-6, HS-PS1-8
• Reduce number of answer choices
on HS-ESS1-6, HS-PS1-8
• Test taking during SMART for HSESS1-6, HS-PS1-8

ELLs

• Allow retakes of TA HS-ESS1-6, HSPS1-8
• Additional time for TA HS-ESS1-6,
HS-PS1-8
• Read directions for TA HS-ESS1-6,
HS-PS1-8
• Provide study guides prior to TA
HS-ESS1-6, HS-PS1-8
• Reduce number of answer choices
on TA HS-ESS1-6, HS-PS1-8
• Answers to be dictated for TA HSESS1-6, HS-PS1-8
• Truncated or shortened version of
TA HS-ESS1-6, HS-PS1-8
• Highlighting important words or
phrases on TA HS-ESS1-6, HS-PS18
• Test taking during SMART for TA
HS-ESS1-6, HS-PS1-8

Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•
•
•
•
•
•
•
•
•
•

DQ 2.6—identifying critical information
DQ 2.7—organizing students to interact with new knowledge
DQ 2.8—previewing new content
DQ 2.9—chunking content into “digestible bites”
DQ 2.10—processing of new information
DQ 2.11—elaborating on new information
DQ 2.12—recording and representing knowledge
DQ 2.13—reflecting on learning
DQ 3.14—reviewing content
DQ 3.15—organizing students to practice and deepen knowledge
DQ 3.16—using homework
DQ 3.17—examining similarities and differences
DQ 3.18—examining errors in reasoning
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Struggling Learners
• Allow retakes of TA HS-ESS1-6, HSPS1-8
• Additional time for TA HS-ESS1-6,
HS-PS1-8
• Provide study guides prior to TA
HS-ESS1-6, HS-PS1-8
• Test taking during SMART for TA
HS-ESS1-6, HS-PS1-8

Advanced Learners
• Allow retakes of TA HS-ESS1-6, HSPS1-8

Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•
•

DQ 3.19—practicing skills, strategies, and processes
DQ 3.20—revising knowledge
DQ 4.21—organizing students for cognitively complex tasks
DQ 4.22—engaging students in cognitively complex tasks involving hypothesis generation and testing
DQ 4.23—providing resources and guidance

Possible Instructional Modifications /Accommodations/Differentiation:
Special Education
ELLs
•
Peer or scribe notetaking for
•
Peer or scribe notetaking for
unit notes
unit notes
•
Extra visual and verbal cues
•
Extra visual and verbal cues
and prompts during unit notes
and prompts during unit notes
•
Provision of unit notes/outline
•
Provision of unit notes/outline
•
Review sessions during SMART
•
Review sessions during SMART
•
Extra practice problems for:
•
Extra practice problems for:
o Half-life problems
o
Half-life problems
•
Allow extended time for
•
Allow extended time for
assignments:
assignments:
o
Nuclear decay Gizmo
o
Nuclear decay Gizmo
o
Half-life Gizmo
o
Half-life Gizmo

•
•
•
•

Struggling Learners
Peer or scribe notetaking for
unit notes
Review sessions during SMART
Provision of unit notes/outline
Allow extended time for
assignments:
o
Nuclear decay Gizmo
o
Half-life Gizmo

•
•

Advanced Learners
DOK4 half-life problems
DOK4 nuclear chemistry
equations

Unit Vocabulary:
Essential: fission, fusion, radioactive decay, Big Bang theory (not the TV show), alpha, beta, gamma, radiation, energy, transformation, transmutation, nuclear,
life cycle, subatomic particles, radiometric dating, carbon dating
Non-Essential: nucleons, nucleosynthesis, meteorites, solar flares, sunspots, cosmic microwave background, remnant radiation, interstellar gases, light spectra
Interdisciplinary Connections
(Applicable Standards):
Literacy
• NJSLS.RST.11-12.1- Accurately cite
strong and thorough evidence from
the text to support analysis of
science and technical texts,
attending to precise details for
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Integration of Technology:

21st Century Themes:

21st Century Skills:

Technology
• NJSLS.9.4.12.DC.7 - Evaluate
the influence of digital
communities on the nature,
content and responsibilities of
careers, and other aspects of

__X__ Financial, Economic,
Business, & Entrepreneurial
Literacy--Using entrepreneurial
skills to enhance workplace
productivity and career options

__X__ Media Literacy-Utilize
Chromebooks/Laptops for research
project and/or to assist with lab reports
__X__ Critical Thinking and Problem
Solving- Student with groups to analyze
data from various experiments.
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Interdisciplinary Connections
(Applicable Standards):
explanations or descriptions.
• NJSLS.WHST.9-12.2 Write
informative/explanatory texts to
examine and convey complex ideas,
concepts, and information clearly
and accurately through the
effective selection, organization,
and analysis of content.
• NJSLS.SL.11-12.4- Present
information, findings and
supporting evidence clearly,
concisely, and logically. The
content, organization,
development, and style are
appropriate to task, purpose, and
audience.
Mathematics
• NJSLS.MP.2 – Reason Abstractly and
Quantitatively
• NJSLS.MP.4 – Model with
Mathematics
• NJSLS.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.
• NJSLS.HSN-Q.A.2 Define
appropriate quantities for the
purpose of descriptive modeling• NJSLS.HSN-Q.A.3- Choose a level of
accuracy appropriate to limitations
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Integration of Technology:
•

•

•

•

•

•
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society.
NJSLS.8.2.12.ETW.2 Synthesize
and analyze data collected to
monitor the effects of a
technological product or
system on the environment.NJSLS.8.2.12.ED.4 - Design a
product or system that
addresses a global problem
and document decisions made
based on research, constraints,
trade-offs, and aesthetic and
ethical considerations and
share this information with an
appropriate audience
NJSLS.9.4.12.CT.1- Identify
problem-solving strategies
used in the development of an
innovative product or practice
NJSLS.8.1.12.IC.1 - Create
interactive data visualizations
using software tools to help
others better understand real
world phenomena, including
climate change.
NJSLS.8.2.12.ETW.1 - Evaluate
ethical considerations
regarding the sustainability of
environmental resources that
are used for the design,
creation, and maintenance of a
chosen product
NJSLS.8.2.12.EC.3 - Synthesize
data, analyze trends, and draw
conclusions regarding the

21st Century Themes:

21st Century Skills:
__X__ Information & Communication
Technologies Literacy- Students use
Chromebooks to research. Peer review
with Google Docs.
__X__ Communication & CollaborationStudents work together to present
experimental data to the class.
__X__ Information Literacy-Utilize various
sources

Interdisciplinary Connections
(Applicable Standards):
on measurement when reporting
quantities.
• NJSLS.HSA-SSE.A.1- Interpret
expressions that represent a
quantity in terms of its context.
• NJSLS.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.
• NJSLS.HSA-CED.A.4- Rearrange
formulas to highlight a quantity of
interest, using the same reasoning
as in solving equations
Career Ready Practices
• CLKS.1-Act as a responsible and
contributing citizen and employee
• CRP2- Apply appropriate academic
and technical skills
• CLKS.2-Attend to personal health
and financial well-being
• CRP4- Communicate clearly and
effectively and with reason
• CLKS.3-Consider the environmental,
social, and economic impacts of
decisions
• CLKS.4- CLKS.4-Demonstrate
creativity and innovation
• CLKS.5-Utilize critical thinking to
make sense of problems and
persevere in solving them
• CLKS.6-Model integrity, ethical
leadership, and effective
management
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Integration of Technology:
effect of a technology on the
individual, culture, society, and
environment and share this
information with the
appropriate audience
• NJSLS.8.2.12.ETW.4 - Research
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.
• NJSLS.8.2.12.ITH.1- Analyze a
product to determine the
impact that economic,
political, social, and/or cultural
factors have had on its design,
including its design
constraints.
Technology:
• Laptops/Chromebooks:
o Collaboration (M)
o Research (S)
• SMART/white Boards (S)
o Lesson instruction
o Review
• Computer simulations
(gizmos, PhET, Khan
academy, Crash Course
chemistry) (M)
o Enhancing lesson
depth
o Student
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21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
(Applicable Standards):
• CLKS.8-Use technology to enhance
productivity
• CLKS.9- Work productively in teams
while using cultural global
competence
Financial Literacy
• NJSLS.9.1.12.FP.7- Determine how
multiple sources of objective,
accurate and current financial
information affect the prioritization
of financial decisions (e.g., print
information, prospectus, certified
financial planners, internet, sales
representatives, etc.).
Career Exploration
• NJSLS.9.3.ST-ET.1- Use STEM
concepts and processes to solve
problems involving design and/or
production.
• NJSLS.9.3.ST-ET.2- Display and
communicate STEM information.
• NJSLS.9.3.ST-ET.3- Apply processes
and concepts for the use of
technological tools in STEM.
• NJSLS.9.3.ST-ET.4- Apply the
elements of the design process.
• NJSLS.9.3.ST-ET.5- Apply the
knowledge learned in STEM to solve
problems.
• NJSLS.9.3.ST-ET.6- Apply the
knowledge learned in the study of
STEM to provide solutions to
human and societal problems in an
ethical and legal manner.
• NJSLS.9.3.ST-SM.1- Apply science
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Integration of Technology:
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o

exploration of
chemical concepts
Simulations of lab
experiments and
scenarios that are
impractical to
perform in the
classroom

21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
(Applicable Standards):
and mathematics to provide results,
answers and algorithms for
engineering and technological
activities.
• NJSLS.9.3.ST-SM.2- Apply science
and mathematics concepts to the
development of plans, processes
and projects that address real world
problems.
• NJSLS.9.3.ST-SM. Analyze the
impact that science and
mathematics has on society.

Integration of Technology:

21st Century Themes:

21st Century Skills:

Resources:
Texts/Materials:
• Student self-study packets
• Twizzlers & Skittles (half-life/decay)
• Cosmos / Universe videos
• Atom boards & atom board nuclear decay game
• Leveled Reading-ChemMatters; Using Wordify
Unit: 6: Human Impact: The Chemistry of Sustainability

Recommended Duration: 6 Weeks – (April – June)

Unit Description: In this unit of study, students use cause and effect to develop models and explanations for the ways that feedbacks among different Earth
systems control the appearance of Earth’s surface. Central to this is the tension between internal systems, which are largely responsible for creating land at
Earth’s surface (e.g., volcanism and mountain building), and the sun-driven surface systems that tear down the land through weathering and erosion. Students
begin to examine the ways that human activities cause feedbacks that create changes to other systems. Students understand the system interactions that
control weather and climate, with a major emphasis on the mechanisms and implications of climate change. Students model the flow of energy and matter
between different components of the weather system and how this affects chemical cycles such as the carbon cycle. Engineering and technology figure
prominently here, as students use mathematical thinking and the analysis of geoscience data to examine and construct solutions to the many challenges facing
long-term human sustainability on Earth. Here students will use these geoscience data to explain climate change over a wide range of timescales, including over
one to ten years: large volcanic eruption, ocean circulation; ten to hundreds of years: changes in human activity, ocean circulation, solar output; tens of
thousands to hundreds of thousands of years: changes to Earth’s orbit and the orientation of its axis; and tens of millions to hundreds of millions of years: longterm changes in atmospheric composition).
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Essential Questions:
•
•
•
•
•

Enduring Understandings:

What is climate change?
How does carbon cycle through the Earth’s systems?
How can humans adjust their actions to alter the conditions of
the Earth?
How can humans break a large problem into more manageable
pieces, prioritizing based on the given constraints?
How can we model the impact of proposed solutions for complex
real-world problems?

•
•
•
•
•
•
•

Relevant Standards:

Learning Goals:

Power (Primary):
• NJSLS.S-HS-ESS2-6 - Develop a
quantitative model to describe the
cycling of carbon among the
hydrosphere, atmosphere, geosphere,
and biosphere.
• NJSLS.S-HS-ESS2-7Construct an argument based on
evidence about the simultaneous
coevolution of Earth’s systems and life
on Earth.
• NJSLS.S-HS-ETS1-4 - Use a computer
simulation to model the impact of
proposed solutions to a complex realworld problem with numerous criteria
and constraints on interactions within
and between systems relevant to the
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Climate change occurs in both the short- and long-term stages of Earth’s
history as a result of changes in Earth’s systems like ocean circulation,
human activity, Earth’s orbit, and atmospheric composition.
The foundation of living organisms is carbon.
The hydrosphere, atmosphere, geosphere, and biosphere transfer carbon
atoms in defined, measurable ways.
Human activity affects Earth’s systems, both in positive and negative
ways.
Large problems are more manageable when broken into smaller, less
complex pieces.
All design solutions have trade-offs in terms of cost, safety, reliability,
aesthetics, and personal preferences.
Models can be used to represent parts of complex real-world problems
and solutions.
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•

•

•

Students will apply their understanding of
chemistry to explain the relationship
between the changes in our atmosphere and
those effects on Earth’s systems (climate
change). (2 weeks)
Students will understand and be able to
explain how carbon cycles between the
hydrosphere, atmosphere, geosphere, and
biosphere. (2 weeks)
Students will understand that human
activities impact Earth’s systems and will be
able to articulate how complex problems can
be solved collaboratively and in smaller
pieces. (2 weeks)

Learning Objectives:
•
•
•
•
•
•

Students will develop models to represent the
flow of energy between Earth systems.
Students will explain how models differ when
considering short-term, middle-term, and longterm time frames.
Students will explain what the hydrosphere,
atmosphere, geosphere, and biosphere are.
Students will compare the flow of carbon between
the hydrosphere, atmosphere, geosphere, and
biosphere.
Students will assess a major global challenge to
summarize qualitative and quantitative criteria
and constraints.
Students will summarize a design solution to a
complex real-world problem by breaking it down
into smaller, more manageable problems that can
be solved through engineering.

Relevant Standards:

Learning Goals:

Learning Objectives:

problem.
Supportive (Secondary):
• NJSLS.S-HS-ESS2-4 - Use a model to
describe how variations in the flow of
energy into and out of Earth’s systems
result in changes in climate.
• NJSLS.S-HS-ETS1-1 - Analyze a major
global challenge to specify qualitative
and quantitative criteria and
constraints for solutions that account
for societal needs and wants.
• NJSLS.S-HS-ETS1-2 - Design a solution
to a complex real-world problem by
breaking it down into smaller, more
manageable problems that can be
solved through engineering.
• NJSLS.S-HS-ETS1-3 - Evaluate a
solution to a complex real-world
problem based on prioritized criteria
and trade-offs that account for a range
of constraints, including cost, safety,
reliability, and aesthetics as well as
possible social, cultural, and
environmental impacts.
Formative Assessments
• Topic assessment 6.1 – Carbon
Cycles
• Topic Assessment 6.2 – Human
Sustainability
• Pre-assessments
• Do nows
• Entrance/Exit tickets
• White boarding
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•

Summative Assessments:
• Summative Question 6.1
• Summative Question 6.2
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Students will use Pandemic (collaborative board
game focusing on curing four worldwide diseases)
to simulate the impact of proposed solutions to
complex real-world problems.

Performance Assessments:
• Visual representation of carbon
movement in hydrosphere,
atmosphere, geosphere, or
biosphere
• Written reflection of Pandemic
experience

Major Activities/ Assignments
(required):
• Student self-study packet (Carbon
Cycle)
• Student self-study packet
(Sustainability and Human Impact)
• Computer simulations
• Modeling of hydrosphere,
atmosphere, geosphere, and
biosphere

Formative Assessments

Summative Assessments:

Performance Assessments:

• Teacher observation of student
group performance
• Teacher-student questioning
• Entrance tickets

Major Activities/ Assignments
(required):
• Pandemic board game/journal
reflection

Possible Assessment Modifications /Accommodations:
Special Education
• Allow retakes of TA HS-ESS2-4, HSESS2-6
• Additional time for TA HS-ESS2-4,
HS-ESS2-6
• Provide study guides prior to TA
HS-ESS2-4, HS-ESS2-6
• Reduce number of answer choices
on TA HS-ESS2-4, HS-ESS2-6
• Test taking during SMART for TA
HS-ESS2-4, HS-ESS2-6

ELLs
• Allow retakes of TA HS-ESS2-4, HSESS2-6
• Additional time for TA HS-ESS2-4,
HS-ESS2-6
• Read directions
• Provide study guides prior to TA
HS-ESS2-4, HS-ESS2-6
• Reduce number of answer choices
on TA HS-ESS2-4, HS-ESS2-6
• Answers to be dictated for TA HSESS2-4, HS-ESS2-6
• Truncated or shortened version of
TA HS-ESS2-4, HS-ESS2-6
• Highlighting important words or
phrases on TA HS-ESS2-4, HSESS2-6
• Test taking during SMART for TA
HS-ESS2-4, HS-ESS2-6

Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•
•
•

DQ 2.6—identifying critical information
DQ 2.7—organizing students to interact with new knowledge
DQ 2.8—previewing new content
DQ 2.9—chunking content into “digestible bites”
DQ 2.10—processing of new information
DQ 2.11—elaborating on new information
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Struggling Learners
• Allow retakes of TA HS-ESS2-4, HSESS2-6
• Additional time for TA HS-ESS2-4,
HS-ESS2-6
• Provide study guides prior to TA
HS-ESS2-4, HS-ESS2-6
• Test taking during SMART for TA
HS-ESS2-4, HS-ESS2-6

Advanced Learners
• Allow retakes of TA HS-ESS2-4, HSESS2-6

Instructional Strategies (Robert Marzano’s 41 Elements):
•
•
•
•
•
•
•
•
•
•
•
•

DQ 2.12—recording and representing knowledge
DQ 2.13—reflecting on learning
DQ 3.14—reviewing content
DQ 3.15—organizing students to practice and deepen knowledge
DQ 3.16—using homework
DQ 3.17—examining similarities and differences
DQ 3.18—examining errors in reasoning
DQ 3.19—practicing skills, strategies, and processes
DQ 3.20—revising knowledge
DQ 4.21—organizing students for cognitively complex tasks
DQ 4.22—engaging students in cognitively complex tasks involving hypothesis generation and testing
DQ 4.23—providing resources and guidance

Possible Instructional Modifications /Accommodations/Differentiation:
Special Education
ELLs
• Peer or scribe notetaking for
• Peer or scribe notetaking for
unit notes
unit notes
• Extra visual and verbal cues and
• Extra visual and verbal cues and
prompts during unit notes
prompts during unit notes
• Provision of unit notes/outline
• Provision of unit notes/outline
• Review sessions during SMART
• Review sessions during SMART
• Allow extended time for
• Allow extended time for
assignments:
assignments:
o Carbon cycle Gizmo
o Carbon cycle Gizmo

•
•
•
•

Struggling Learners
Peer or scribe notetaking for
unit notes
Review sessions during SMART
Provision of unit notes/outline
Allow extended time for
assignments:
o Carbon cycle Gizmo

•

Advanced Learners
Differentiated role assignments
during Pandemic activity

Unit Vocabulary:
Essential: atmosphere, hydrosphere, geosphere, biosphere, sustainability, carbon cycle, Earth system, ocean circulation, volcanic eruption, atmospheric
composition, glacial ice volume, biosphere distribution, biogeochemical cycles, qualitative, quantitative
Non-Essential: constraints, criteria, aesthetics
Interdisciplinary Connections
(Applicable Standards):
Literacy
• NJSLS.RST.11-12.1- Accurately cite
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Integration of Technology:

21st Century Themes:

21st Century Skills:

Technology
• NJSLS.9.4.12.TL.4 - Collaborate in
online learning communities or

__X__ Global Awareness-Using 21st
Century skills to understand and
address global issues

__X__ Media Literacy-Utilize
Chromebooks/Laptops for research
project and/or to assist with lab reports
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Interdisciplinary Connections
(Applicable Standards):
strong and thorough evidence from
the text to support analysis of science
and technical texts, attending to
precise details for explanations or
descriptions.
• NJSLS.WHST.9-12.2- Write
informative/explanatory texts to
examine and convey complex ideas,
concepts, and information clearly and
accurately through the effective
selection, organization, and analysis
of content
• NJSLS.SL.11-12.4- Present
information, findings, and supporting
evidence, conveying a clear and
distinct perspective, such that
listeners can follow the line of
reasoning, alternative or opposing
perspectives are addressed, and the
organization, development,
substance, and style are appropriate
to purpose, audience, and a range of
formal and informal tasks.
Mathematics
• NJSLS.MP.2-Reason abstractly and
quantitatively
• NJSLS.MP.4-Model with mathematics
• NJSLS.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.
• NJSLS.HSN-Q.A.2 Define appropriate
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Integration of Technology:

•

•

•

•

•

21st Century Themes:

social networks or virtual worlds __X__ Financial, Economic,
to analyze and propose a
Business, & Entrepreneurial
resolution to a real-world
Literacy- Using entrepreneurial
problem (e.g., 7.1.AL.IPERS.6).
skills to enhance workplace
productivity and career options
NJSLS.8.2.12.ED.4 - Design a
product or system that
addresses a global problem and
document decisions made based
on research, constraints, tradeoffs, and aesthetic and ethical
considerations and share this
information with an appropriate
audience
NJSLS.8.1.12.IC.1 - Evaluate the
ways computing impacts
personal, ethical, social,
economic, and cultural practices
NJSLS.8.2.12.ITH.2 - Propose an
innovation to meet future
demands supported by an
analysis of the potential costs,
benefits, trade-offs, and risks
related to the use of the
innovation.
NJSLS.8.2.12.ED.3 - Evaluate
several models of the same type
of product and make
recommendations for a new
design based on a cost benefit
analysis
NJSLS.8.2.12.ETW.1 - Evaluate
ethical considerations regarding
the sustainability of
environmental resources that
are used for the design, creation,
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21st Century Skills:
__X__ Critical Thinking and Problem
Solving- Student with groups to analyze
data from various experiments.
__X__ Information & Communication
Technologies Literacy- Students use
Chromebooks to research. Peer review
with Google Docs.
__X__ Communication & CollaborationStudents work together to present
experimental data to the class.
__X__ Information Literacy-Utilize various
sources

Interdisciplinary Connections
(Applicable Standards):
quantities for the purpose of
descriptive modeling• NJSLS.HSN-Q.A.3- Choose a level of
accuracy appropriate to limitations on
measurement when reporting
quantities.
• NJSLS.HSA-SSE.A.1- Interpret
expressions that represent a quantity
in terms of its context.
• NJSLS.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.
• NJSLS.HSA-CED.A.4- Rearrange
formulas to highlight a quantity of
interest, using the same reasoning as
in solving equations
Career Ready Practices
• CLKS.1-Act as a responsible and
contributing citizen and employee
• CRP2- Apply appropriate academic
and technical skills
• CLKS.2-Attend to personal health and
financial well-being
• CRP4- Communicate clearly and
effectively and with reason
• CLKS.3-Consider the environmental,
social, and economic impacts of
decisions
• CLKS.4- CLKS.4-Demonstrate creativity
and innovation
• CRP7-Employ valid and reliable
research strategies
• CLKS.5-Utilize critical thinking to make
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Integration of Technology:
and maintenance of a chosen
product
• NJSLS.8.2.12.ITH.1 - Analyze a
product to determine the impact
that economic, political, social,
and/or cultural factors have had
on its design, including its design
constraints
• NJSLS.8.2.12.EC.1 - Analyze
controversial technological
issues and determine the degree
to which individuals, businesses,
and governments have an ethical
role in decisions that are made.
• NJSLS.8.2.12.EC.3 - Synthesize
data, analyze trends, and draw
conclusions regarding the effect
of a technology on the
individual, culture, society, and
environment and share this
information with the appropriate
audience.
Technology:
• Laptops/Chromebooks:
o Collaboration (M)
o Research (S)
• SMART/white Boards (S)
o Lesson instruction
o Review
• Computer simulations (gizmos,
PhET, Khan academy, Crash
Course chemistry) (M)
o Enhancing lesson depth
o Student exploration of
chemical concepts

KRSD Office of Curriculum and Instruction

21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
(Applicable Standards):
sense of problems and persevere in
solving them
• CLKS.6-Model integrity, ethical
leadership, and effective
management
• CLKS.9- Work productively in teams
while using cultural global
competence
Financial Literacy
• NJSLS.9.1.12.CFR.6- Identify and
explain the consequences of breaking
federal and/or state employment or
financial laws.
• NJSLS.9.1.12.CFR.1- Compare and
contrast the role of philanthropy,
volunteer service, and charities in
community development and quality
of life in a variety of cultures.
Career Exploration
• NJSLS.9.3.ST-ET.1- Use STEM concepts
and processes to solve problems
involving design and/or production.
• NJSLS.9.3.ST-ET.2- Display and
communicate STEM information.
• NJSLS.9.3.ST-ET.3- Apply processes
and concepts for the use of
technological tools in STEM.
• NJSLS.9.3.ST-ET.4- Apply the elements
of the design process.
• NJSLS.9.3.ST-ET.5- Apply the
knowledge learned in STEM to solve
problems.
• NJSLS.9.3.ST-ET.6- Apply the
knowledge learned in the study of
STEM to provide solutions to human
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Integration of Technology:
o Simulations of lab
experiments and scenarios
that are impractical to
perform in the classroom
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21st Century Themes:

21st Century Skills:

Interdisciplinary Connections
(Applicable Standards):
and societal problems in an ethical
and legal manner.
• NJSLS.9.3.ST-SM.1- Apply science and
mathematics to provide results,
answers and algorithms for
engineering and technological
activities.
• NJSLS.9.3.ST-SM.2- Apply science and
mathematics concepts to the
development

Integration of Technology:

Resources:
Texts/Materials:
• Student self-study packets
• Pandemic board game
• Leveled Reading-ChemMatters/Using Wordify
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21st Century Themes:

21st Century Skills:

