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Unit I Overview
Content Area: Science
Unit Title: Chemistry Fundamentals
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: The chemical elements are fundamental building materials of matter, and all matter can be
understood in terms of arrangements of atoms.  These atoms retain their identity in chemical reactions.
Changes in matter involve the rearrangement and/or reorganization of atoms and/or the transfer of electrons.
Primary interdisciplinary connections:
ELA: RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form
(e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into
words. (HS-PS1-1)
Career Readiness, Life Literacies, and Key Skills
9.2.12.CAP.2: Develop college and career readiness skills by participating in opportunities such as structured
learning experiences, apprenticeships, and dual enrollment programs
9.4.12.CI.2: Identify career pathways that highlight personal talents, skills, and abilities (e.g., 1.4.12prof.CR2b,
2.2.12.LF.8)
9.4.12.CT.2: Explain the potential benefits of collaborating to enhance critical thinking and problem solving
(e.g., 1.3E.12profCR3.a). 9.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and
draw conclusions about the data. Collaborative digital tools can be used to access, record and share different
viewpoints and to collect and tabulate the views of groups of people.
Computer Science and Design Thinking:
8.1.12.DA.5: Create data visualizations from large data sets to summarize, communicate, and support different
interpretations of real-world phenomena.
8.2.12.ED.6: Analyze the effects of changing resources when designing a specific product or system (e.g.,
materials, energy, tools, capital, labor).

Unit Rationale: The concept of atoms as the building blocks of all matter is a fundamental premise of the
discipline of chemistry.  This concept provides the foundation for conceptualizing, interpreting, and explaining
the macroscopic properties and transformations observed inside and outside the laboratory in terms of the
structure and properties of the constituent materials.  The concept of the mole enables chemists to relate
measured masses in the laboratory to the number of particles present in a sample.  These two concepts also
provide the basis for the experimental determination of the purity of a sample through chemical analysis.

Learning Targets
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter
♣ Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons,
surrounded by electrons. (HS-PS1-1)
♣ The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places
those with similar chemical properties in columns. The repeating patterns of this table reflect patterns of outer
electron states. (HS-PS1-1)

Science and Engineering Practices:
Developing and Using Models
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to predict and
show relationships among variables between systems and their components in the natural and designed worlds.
♣ Use a model to predict the relationships between systems or between components of a system. (HS-PS1-1)

NJSLS# NJSLS Science
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
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HS-PS1-3 Plan and investigate to gather evidence to compare the structure of substances at the bulk
scale to infer the strength of electrical forces between particles.

Unit Essential Questions
● What are the main steps / methods scientists

use in their investigations?
● What is a hypothesis? What is a controlled

experiment?
● What are the SI base units of measurement?
● How to properly and safely use lab measuring

tools?
● What are the main lab safety rules and

procedures?
● What are the main classifications of matter?
● How to name and write formulas of

compounds?
● What is the definition of a “mole” and molar

mass?
● How to determine the percentage composition

of a compound?
● How to determine the empirical and the true

molecular formula of a compound?
● How to write and balance chemical equations?
● How to apply the mole concept to chemical

equations – Stoichiometry?
● How to determine limiting reactant, theoretical

and % yield?

Unit Enduring Understandings
● Molecules are composed of specific combinations of

atoms; different molecules are composed of
combinations of different elements and of
combinations of the same elements in differing
amounts and proportions.

● Chemical analysis provides a method for determining
the relative number of atoms in a substance, which
can be used to identify the substance or determine its
purity.

● The mole is the fundamental unit for counting
numbers of particles on the macroscopic level and
allows quantitative connections to be drawn between
laboratory experiments, which occur at the
macroscopic level, and chemical processes, which
occur at the atomic level.

● Chemical changes are represented by a balanced
chemical equation that identifies the ratios with which
reactants react and products form.

● Chemical and physical transformations may be
observed in several ways and typically involve a
change in energy.

● Conservation of atoms makes it possible to compute
the masses of substances involved in physical and
chemical processes.

● Chemical processes result in the formation of new
substances, and the amount of these depends on the
number and the types and masses of elements in the
reactants, as well as the efficiency of the
transformation.

● Quantitative information can be derived from
Stoichiometric calculations that utilize the mole
ratios from the balanced chemical equations.

Unit Learning Targets
● Describe how scientific models and mathematical formulations help us in the understanding of scientific

laws and theories.
● The student can justify the observation that the ratio of the masses of the constituent elements in any pure

sample of that compound is always identical on the basis of the atomic molecular theory.
● The student is able to select and apply mathematical routines to mass data to identify or infer the

composition of pure substances and/or mixtures.
● The student is able to select and apply mathematical relationships to mass data in order to justify a claim

regarding the identity and/or estimated purity of a substance.
● The student is able to connect the number of particles, moles, mass, and volume of substances to one

another, both qualitatively and quantitatively.
● The student is able to express the law of conservation of mass quantitatively and qualitatively using

symbolic representations and particulate drawings.
● The student is able to apply conservation of atoms to the rearrangement of atoms in various processes.
●Students can translate among macroscopic observations of change, chemical equations, and particle views.
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● The student is able to use stoichiometric calculations to predict the results of performing a reaction in the
laboratory and/or to analyze deviations from the expected results.

● The student is able to relate quantities (measured mass of substances, volumes of solutions, or volumes and
pressures of gasses) to identify stoichiometric relationships for a reaction, including situations involving
limiting reactants and situations in which the reaction has not gone to completion

Evidence of Learning
Summative/Formative Assessments:
Quizzes & Tests;   Laboratory Experiment Reports;  Projects
Equipment needed:
Lab materials and measuring instruments ( thermometers, weight scale, rulers, data collection
controllers)
Teacher Resources:
Textbooks and other publications; Web-based materials.
Formative Assessments

● Questions and answers during lectures
● Textbook-based review and

reinforcement questions
● Worksheets for in-class and at-home

work

Lesson Plans and Pacing Guide
Lesson Timeframe

Lesson 1
SI Units – Sig Figs – Molar Mass - %

Composition
1 Period (40min)

Lesson 2
Physical & Chemical Changes – Nomenclature &

Formulas of Compounds
1 Period (40min)

Lesson 3
Lab: Chemical Equations: Types & Balancing 2 Periods (80min)

Teacher Notes:

Curriculum Development Resources:
NJSLS Science 2020
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Unit II Overview
Content Area: Science
Unit Title: Types of Chemical Equations & AP Style Net Ionic Equations
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: Changes in matter involve the rearrangement and/or reorganization of atoms and/or the
transfer of electrons.  Chemical change is depicted in several ways, with the most important and informative
one being the balanced chemical equation for the reaction.  Because there is a large diversity of possible
chemical reactions, it is useful to categorize reactions and be able to recognize the category into which a given
reaction falls.

Primary interdisciplinary connections:
ELA/Literacy -
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.
(HS-PS1-1)
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to
important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS1-3),
(HS-PS1-5)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific
procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)
WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a
new approach, focusing on addressing what is most significant for a specific purpose and audience.
(HS-PS1-2)
WHST.9-12.7 Conduct short as well as more sustained research 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. (HS-PS1-3),
(HS-PS1-6)
WHST.11-12.8 Gather relevant information from multiple authoritative print and digital sources, using
advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task,
purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding
plagiarism and overreliance on any one source and following a standard format for citation. (HS-PS1-3)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research.
(HS-PS1-3)
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. (HS-PS1-4)

Mathematics -
MP.2 Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)
MP.4 Model with mathematics. (HS-PS1-4), (HS-PS1-8)
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. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4),(HS-PS1-7),
(HS-PS1-8)
HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
(HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)
Unit Rationale: Chemical reactions are the primary means by which transformations in matter occur.
Chemical equations for reactions efficiently communicate the rearrangements of atoms that occur during a
chemical reaction.  Describing a chemical change can include different forms of the equation, such as
molecular, ionic, and net ionic.  The equation provides information about atoms, ions and/or molecules
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reacting (not how they react) at the particulate level, as well as quantitative information about stoichiometry at
the macroscopic level.  Many chemical reactions involve small whole number ratios of reactants and products
as expressed by the stoichiometric coefficients of the balanced equation.  Many modern materials are
composed of non-stoichiometric combinations of the constituent elements.

Learning Targets
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter • Each atom has a charged substructure consisting of a nucleus,
which is made of protons and neutrons, surrounded by electrons. (HS-PS1-1) • The periodic table orders
elements horizontally by the number of protons in the atom’s nucleus and places those with similar chemical
properties in columns. The repeating patterns of this table reflect patterns of outer electron states. (HS-PS1-1),
(HS-PS1-2) • The structure and interactions of matter at the bulk scale are determined by electrical forces
within and between atoms. (HS-PS1-3), (secondary to HS-PS2-6) • Stable forms of matter are those in which
the electric and magnetic field energy is minimized. A stable molecule has less energy than the same set of
atoms separated; one must provide at least this energy in order to take the molecule apart. (HS-PS1-4)

PS2.B: Types of Interactions • Newton’s law of universal gravitation and Coulomb’s law provide the
mathematical models to describe and predict the effects of gravitational and electrostatic forces between distant
objects. (HSPS2-4) • Forces at a distance are explained by fields (gravitational, electric, and magnetic)
permeating space that can transfer energy through space. Magnets or electric currents cause magnetic fields;
electric charges or changing magnetic fields cause electric fields. (HS-PS2-4), (HS-PS2-5) • Attraction and
repulsion between electric charges at the atomic scale explain the structure, properties, and transformations of
matter, as well as the contact forces between material objects. (HS-PS2-6), (secondary to HS-PS1-1),
(secondary to HS-PS1-3)

NJSLS # NJSLS-Science
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-3 Plan and conduct an investigation to gather evidence to compare the structure of substances at

the bulk scale to infer the strength of electrical forces between particles.
HS-PS1-4 Develop a model to illustrate that the release or absorption of energy from a chemical reaction

system depends upon the changes in total bond energy.
HS-PS2-6 Communicate scientific and technical information about why the molecular-level structure is

important in the functioning of designed materials.
Unit Essential Questions
● Define electrolytes and how they interact with

water.
● How to determine molarity concentration and

prepare aqueous solutions.
● How to use solubility rules of ionic

compounds to identify precipitation reactions.
● How to use gravimetric methods and

calculations in precipitation reaction
experiments.

● How to recognize acid-base neutralization
reactions.

● What is and how to use titration methods in
acid-base reactions?

● How to identify Redox reactions.
● Use of the Activity Series of Metals in Redox

reactions.

Unit Enduring Understandings
● Chemical reactions can be classified by considering

what the reactants are, what the products are, or how
they change from one into the other.

● In a neutralization reaction, protons are transferred
from an acid to a base.

● In oxidation-reduction (redox) reactions, there is a net
transfer of electrons. The species that loses electrons
is oxidized, and the species that gains electrons is
reduced.

● Generally, when ionic compounds are dissolved in
water, the component ions are separated and
dispersed. The presence of ions in a solution can be
detected by use of conductivity measurements.

● Solution composition can be expressed in a variety of
ways; molarity is the most common method used in
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● How to write molecular and net ionic
equations for different types of reactions:

● Double Replacement (Metathesis)
● Combustion
● Synthesis
● Decomposition

the laboratory. Molarity is defined as the number of
moles of solute per liter of solution.

● Understanding how to prepare solutions of specific
molarity through direct mixing of the components,
through use of volumetric glassware, and by dilution
of a solution of known molarity with additional
solvent is important for performing laboratory work
in chemistry.

● In gravimetric analysis, a substance is added to a
solution that reacts specifically with a dissolved
analyte (the chemical species that is the target of the
analysis) to form a solid.  The mass of solid formed
can be used to infer the concentration of the analyte
in the initial sample.

● Titrations may be used to determine the concentration
of an analyte in a solution. The titrant has a known
concentration of a species that reacts specifically with
the analyte.

Unit Learning Targets
● Students can translate among macroscopic observations of change, chemical equations, and particle views.
● The student is able to express the law of conservation of mass quantitatively and qualitatively using

symbolic representations and particulate drawings.
● The student can design, and/or interpret data from, an experiment that uses gravimetric analysis to

determine the concentration of an analyte in a solution.
● The student can design, and/or interpret data from, an experiment that uses titration to determine the

concentration of an analyte in a solution.

●Students can translate among macroscopic observations of change, chemical equations, and particle views.
● The student can translate an observed chemical change into a balanced chemical equation and justify the

choice of equation type (molecular, ionic, or net ionic) in terms of utility for the given circumstances.
● The student is able to explain observations regarding the solubility of ionic solids and molecules in water

and other solvents on the basis of particle views that include intermolecular interactions and entropic
effects.

● The student is able to design a plan in order to collect data on the synthesis or decomposition of a
compound to confirm the conservation of matter and the law of definite proportions.

● The student is able to identify compounds as Brønsted-Lowry acids, bases, and/or conjugate acid-base pairs,
using proton-transfer reactions to justify the identification.

● The student is able to identify redox reactions and justify the identification in terms of electron transfer.
● The student is able to design and/or interpret the results of an experiment involving a redox titration.

Evidence of Learning
Summative Assessment
Quizzes & Tests;    Laboratory Experiment Reports;      Projects
Equipment needed:
Lab materials and measuring instruments ( thermometers, weight scale, filters, centrifuges, drying
oven, pH meters, data collection controllers)
Teacher Resources: Textbooks and other publications; Web-based materials.

Formative Assessments
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● Questions and answers during lectures
● Textbook-based review and reinforcement

questions
● Worksheets for in-class and at-home work

Lesson Plans & Pacing Guide
Lesson Timeframe

Lesson 1
Electrolytes & Solubility of Salts in Aqueous

Solutions
1 Period (40min)

Lesson 2
Precipitation Reactions 1 Period (40min)

Lesson 3
Lab: Gravimetric Analysis of a Precipitate 2 Periods (80min)

Teacher Notes:

Curriculum Development Resources
NJSLS Science 2020

8



Unit III Overview
Content Area: Science
Unit Title: Gas Laws
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: Matter can be described by its physical and chemical properties.  The physical properties of a
substance generally depend on the spacing between the particles (atoms, molecules, ions) that make up the
substance and the forces of attraction among them.
The gaseous state can be effectively modeled with a mathematical equation relating various macroscopic
properties.  A gas has neither a definite volume nor a definite shape; because the effects of attractive forces are
minimal, we usually assume that the particles move independently.
Primary interdisciplinary connections: ELA/Literacy -
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.
(HS-PS1-1)
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to
important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS2-1),
(HS-PS2-6)
RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media
(e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. (HS-PS2-1)
WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific
procedures/ experiments, or technical processes. (HS-PS2-6)
WHST.11-12.7 Conduct short as well as more sustained research 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. (HS-PS2-3),
(HS-PS2-5)
WHST.11-12.8 Gather relevant information from multiple authoritative print and digital sources, using
advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task,
purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding
plagiarism and overreliance on any one source and following a standard format for citation. (HS-PS2-5)
WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.
(HS-PS2-1), (HS-PS2-5) Mathematics -
HSN.Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step problems;
choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and
data displays. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)
HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1), (HS-PS2-2),
(HS-PS2-4), (HS-PS2-5), (HS-PS2-6)
HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
(HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)
HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1), (HS-PS2-4)
HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of the
quantity represented by the expression. (HS-PS2-1), (HS-PS2-4)
HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems. (HS-PS2-1),
(HS-PS2-2)

Unit Rationale: There is a relationship between the macroscopic properties of solids, liquids, and gasses, and
the structure of the constituent particles of those materials on the molecular and atomic scale.  The properties
of solids, liquids, and gasses also reflect the relative orderliness of the arrangement of particles in those states,
their relative freedom of motion, and the nature and strength of the interactions between them.
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For gases, volumetric relationships can be used to describe ideal behavior, and a conceptual understanding of
that behavior can be constructed based on the atomic model and a relatively simple kinetic molecular theory
(KMT).

Learning Targets
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter • Each atom has a charged substructure consisting of a nucleus,
which is made of protons and neutrons, surrounded by electrons. (HS-PS1-1) • The periodic table orders
elements horizontally by the number of protons in the atom’s nucleus and places those with similar chemical
properties in columns. The repeating patterns of this table reflect patterns of outer electron states. (HS-PS1-1),
(HS-PS1-2) • The structure and interactions of matter at the bulk scale are determined by electrical forces
within and between atoms. (HS-PS1-3), (secondary to HS-PS2-6) • A stable molecule has less energy than the
same set of atoms separated; one must provide at least this energy in order to take the molecule apart.
(HS-PS1-4)

PS1.B: Chemical Reactions • Chemical processes, their rates, and whether or not energy is stored or released
can be understood in terms of the collisions of molecules and the rearrangements of atoms into new molecules,
with consequent changes in the sum of all bond energies in the set of molecules that are matched by changes

PS2.B: Types of Interactions • Attraction and repulsion between electric charges at the atomic scale explain
the structure, properties, and transformations of matter, as well as the contact forces between material objects.
(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3)

PS3.A: Definitions of Energy • Motion energy is properly called kinetic energy; it is proportional to the mass
of the moving object and grows with the square of its speed. (MS-PS3-1) • A system of objects may also
contain stored (potential) energy, depending on their relative positions. (MS-PS3-2) • Temperature is a measure
of the average kinetic energy of particles of matter. The relationship between the temperature and the total
energy of a system depends on the types, states, and amounts of matter present. (MS-PS3-3), (MS-PS3-4)

PS3.B: Conservation of Energy and Energy Transfer • When the motion energy of an object changes, there
is inevitably some other change in energy at the same time. (MS-PS3-5) • The amount of energy transfer
needed to change the temperature of a matter sample by a given amount depends on the nature of the matter,
the size of the sample, and the environment. (MS-PS3-4) • Energy is spontaneously transferred out of hotter
regions or objects and into colder ones. (MS-PS3-3)

ETS1.A: Defining and Delimiting Engineering Problems • Criteria and constraints also include satisfying
any requirements set by society, such as taking issues of risk mitigation into account, and they should be
quantified to the extent possible and stated in such a way that one can tell if a given design meets them.
(secondary to HS-PS2-3)

ETS1.B: Developing Possible Solutions • When evaluating solutions, it is important to take into account a
range of constraints, including cost, safety, reliability, and aesthetics, and to consider social, cultural, and
environmental impacts. (HS-ETS1-3) • Both physical models and computers can be used in various ways to aid
in the engineering design process. Computers are useful for a variety of purposes, such as running simulations
to test different ways of solving a problem or to see which one is most efficient or economical; and in making a
persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4)

ETS1.C: Optimizing the Design Solution • Criteria may need to be broken down into simpler ones that can
be approached systematically, and decisions about the priority of certain criteria over others (trade-offs) may be
needed. (secondary to HS-PS2-3)
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NJSLS# NJSLS Science:
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns
of chemical properties.

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

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.

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

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

HS-PS3-2 Develop and use models to illustrate that energy at the macroscopic scale can be accounted for
as either motions of particles or energy stored in fields.

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

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

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.

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.

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.

Unit Essential Questions

● What scientific measurements are important
for a determination of the properties and
behavior of matter in the gaseous state?

● General Gas Laws: Boyle, Charles, Combined
and Ideal.

● Definition and application of Dalton’s Law of
Partial Pressure.

● How to apply gas laws and stoichiometry to
calculate the molar volume of a gas.

● Define and apply Graham’s Law for gas
effusion and diffusion.

● Define Kinetic Molecular Theory – KMT.

● Unit Enduring Understandings

● Ideal gasses exhibit specific mathematical
relationships among the number of particles present,
the temperature, the pressure, and the volume.

● In a mixture of ideal gasses, the pressure exerted by
each component (the partial pressure) is independent
of the other components. Therefore, the total
pressure is the sum of the partial pressures.

● Graphical representations of the relationships
between P, V, and T are useful to describe gas
behavior.

● Kinetic molecular theory combined with a
qualitative use of the Maxwell-Boltzmann
distribution provides a robust model for qualitative
explanations of these mathematical relationships.

● Some real gasses exhibit ideal or near-ideal behavior
under typical laboratory conditions. Laboratory data
can be used to generate or investigate the
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● Real Gasses and deviation from the ideal gas
law.

relationships between gas properties and to estimate
absolute zero on the Celsius scale.

● All real gasses are observed to deviate from ideal
behavior, particularly under conditions that are close
to those resulting in condensation.

● Except at extremely high pressures that are not
typically seen in the laboratory, deviations from
ideal behavior are the result of intermolecular
attractions among gas molecules.

● These forces are strongly distance-dependent, so
they are most significant during collisions.

● Observed deviations from ideal gas behavior can be
explained through an understanding of the structure
of atoms and molecules and their intermolecular
interactions.

● The presence of intermolecular forces among
gaseous particles, including noble gasses, leads to
deviations from ideal behavior, and it can lead to
condensation at sufficiently low temperatures and/or
sufficiently high pressures.

● Graphs of the pressure-volume relationship for real
gasses can demonstrate the deviation from ideal
behavior; these deviations can be interpreted in
terms of the presence and strengths of intermolecular
forces.

Unit Learning Targets
● Students can predict properties of substances based on their chemical formulas, and provide explanations

of their properties based on particle views.
● The student is able to use KMT and concepts of intermolecular forces to make predictions about the

macroscopic properties of gasses, including both ideal and non-ideal behaviors.
● The student is able to refine multiple representations of a sample of matter in the gas phase to accurately

represent the effect of changes in macroscopic properties on the sample.
● The student can apply mathematical relationships or estimation to determine macroscopic variables for

ideal gasses.
● The student can qualitatively analyze data regarding real gasses to identify deviations from ideal behavior

and relate these to molecular interactions.
Evidence of Learning

Summative/Formative Assessments:
Quizzes & Tests;    Laboratory Experiment Reports;      Projects
Equipment needed:
Lab materials and measuring instruments ( thermometers, weight scale, filters, centrifuges, drying
oven, pH meters, data collection controllers)
Teacher Resources:
Textbooks and other publications; Web-based materials.

Formative Assessments
● Questions and answers during lectures
● Textbook-based review and reinforcement

questions

● Worksheets for in-class and at-home work
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Lesson Plans & Pacing Guide
Lesson Timeframe

Lesson 1
Gas Laws 1 Period (40min)
Lesson 2

Dalton’s Law of Partial gas Pressure 1 Period (40min)
Lesson 3

Lab: Determination of the Molar Mass of a Gas 2 Periods (80min)
Teacher Notes:

Curriculum Development Resources
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Unit IV Overview
Content Area: Science
Unit Title: Thermochemistry
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: The laws of thermodynamics describe the essential role of energy and explain and predict the
direction of changes in matter.  All changes in matter involve some form of energy change.  Thus, the
availability or disposition of energy plays a role in virtually all observed chemical processes.  The conservation
of energy plays an important role in reasoning about the transfer of energy in chemical systems.
Thermodynamics provides a number of tools for understanding this key role, particularly the conservation of
energy, including energy transfer in the forms of heat and work.

Primary interdisciplinary connections: ELA/Literacy -
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.
(HS-PS1-1)
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to
important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS2-1),
(HS-PS2-6)
RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media
(e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. (HS-PS2-1)
WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific
procedures/ experiments, or technical processes. (HS-PS2-6)
WHST.11-12.7 Conduct short as well as more sustained research 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. (HS-PS2-3),
(HS-PS2-5)
WHST.11-12.8 Gather relevant information from multiple authoritative print and digital sources, using
advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task,
purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding
plagiarism and overreliance on any one source and following a standard format for citation. (HS-PS2-5)
WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.
(HS-PS2-1), (HS-PS2-5)

Mathematics -
HSN.Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step problems;
choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and
data displays. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5) ,(HS-PS2-6)
HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1), (HS-PS2-2),
(HS-PS2-4), (HS-PS2-5), (HS-PS2-6)
HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
(HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)
HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1), (HS-PS2-4)

Unit Rationale: Thermodynamic studies in advanced chemistry and engineering rely on basic comprehension
and problem-solving skills about thermal energy involved in either chemical reactions or physical interaction
between substances. Industrial processes and scientific investigations always account for thermal energy
transferred in chemical reactions. The economic feasibility of most processes rest on the thermal efficiency of
the reactions involved.

14



A molecular system has energy that is a function of its current state.  The energy of a system changes when the
state of the system changes; for instance, when the temperature of the system changes, when a substance melts
or boils, or when a chemical reaction occurs, the energy changes.  Conservation of energy implies that any
change in the energy of a system must be balanced by the transfer of energy either into or out of the system.
This energy transfer can take the form of either heat transfer or work. Work includes all forms of energy
transfer other than heat transfer. Examples of mechanical work include the expansion of a gas against a piston
in engines.
The change in energy associated with a chemical process is an important aspect of such processes
characterizing, for instance, the amount of energy that can be obtained from a fuel system.

Learning Targets
Disciplinary Core Ideas: PS1.A: Structure and Properties of Matter
• Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons,
surrounded by electrons. (HS-PS1-1)
• The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places
those with similar chemical properties in columns. The repeating patterns of this table reflect patterns of outer
electron states. (HS-PS1-1), (HS-PS1-2)
• The structure and interactions of matter at the bulk scale are determined by electrical forces within and
between atoms. (HS-PS1-3), (secondary to HS-PS2-6)
• A stable molecule has less energy than the same set of atoms separated; one must provide at least this energy
in order to take the molecule apart. (HS-PS1-4)

PS1.B: Chemical Reactions
• Chemical processes, their rates, and whether or not energy is stored or released can be understood in terms of
the collisions of molecules and the rearrangements of atoms into new molecules, with consequent changes in
the sum of all bond energies in the set of molecules that are matched by changes in kinetic energy. (HS-PS1-4),
(HS-PS1-5)
• In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction
determines the numbers of all types of molecules present. (HS-PS1-6)
• The fact that atoms are conserved, together with knowledge of the chemical properties of the elements
involved, can be used to describe and predict chemical reactions. (HS-PS1-2), (HS-PS1-7)

PS2.B: Types of Interactions
• Attraction and repulsion between electric charges at the atomic scale explain the structure, properties, and
transformations of matter, as well as the contact forces between material objects. (HS-PS2-6), (secondary to
HS-PS1-1), (secondary to HS-PS1-3)

PS3.A: Definitions of Energy
• Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object and grows
with the square of its speed. (MS-PS3-1)
• A system of objects may also contain stored (potential) energy, depending on their relative positions.
(MS-PS3-2)
• Temperature is a measure of the average kinetic energy of particles of matter. The relationship between the
temperature and the total energy of a system depends on the types, states, and amounts of matter present.
(MS-PS3-3), (MS-PS3-4)

PS3.B: Conservation of Energy and Energy Transfer
• When the motion energy of an object changes, there is inevitably some other change in energy at the same
time. (MS-PS3-5)
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ETS1.A: Defining and Delimiting Engineering Problems
• Criteria and constraints also include satisfying any requirements set by society, such as taking issues of risk
mitigation into account, and they should be quantified to the extent possible and stated in such a way that one
can tell if a given design meets them. (secondary to HS-PS2-3)
ETS1.B: Developing Possible Solutions
• When evaluating solutions, it is important to account for a range of constraints, including cost, safety,
reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (HS-ETS1-3)
• Both physical models and computers can be used in various ways to aid in the engineering design process.
Computers are useful for a variety of purposes, such as running simulations to test different ways of solving a
problem or to see which one is most efficient or economical; and in making a persuasive presentation to a
client about how a given design will meet his or her needs. (HS-ETS1-4)
ETS1.C: Optimizing the Design Solution
• Criteria may need to be broken down into simpler ones that can be approached systematically, and decisions
about the priority of certain criteria over others (trade-offs) may be needed. (secondary to HS-PS2-3)

NJSLS# NJSLS Science
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns
of chemical properties.

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

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.

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

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

HS-PS3-2 Develop and use models to illustrate that energy at the macroscopic scale can be accounted for
as either motions of particles or energy stored in fields.

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

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

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.

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria and tradeoffs
that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well
as possible social, cultural, and environmental impacts

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.

Unit Essential Questions Unit Enduring Understandings
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● Define Law of Conservation of Energy, Work
and Internal Energy of a system.

● Define endothermic and exothermic reactions.

● Calculate amount of energy absorbed or
released in chemical reactions.

● Draw and analyze enthalpy graphs.

● Use Calorimetry principles to calculate
specific heat capacity of different substances.

● How to apply Hess’ Law to determine enthalpy
of reaction.

● How to use bond energy to find the magnitude
of enthalpy of reaction.

● Two systems with different temperatures that are in
thermal contact will exchange energy.

● Energy is neither created nor destroyed, but only
transformed from one form to another.

● Energy is transferred between systems either through
heat transfer or through one system doing work on the
other system.

● The quantity of thermal energy transferred from one
system to another is called heat.

● The process of kinetic energy transfer at the
particulate scale is referred to in this course as heat
transfer, and the spontaneous direction of the transfer
is always from a hot to a cold body.

● Chemical systems undergo three main processes that
change their energy: heating/cooling, phase changes,
and chemical reactions.

● Breaking bonds requires energy, and making bonds
releases energy.

● Potential energy is associated with a particular
geometric arrangement of atoms or ions and the
electrostatic interactions between them.

● The net energy change during a reaction is the sum of
the energy required to break the bonds in the reactant
molecules and the energy released in forming the
bonds of the product molecules.

● The net change in energy may be positive for
endothermic reactions where energy is absorbed, or
negative for exothermic reactions where energy is
released.

● Calorimetry is an experimental technique that is used
to determine the heat exchanged/transferred in a
chemical system.

Unit Learning Targets

● The student is able to create or use graphical representations in order to connect the dependence of
potential energy to the distance between atoms and factors, such as bond order (for covalent interactions)
and polarity (for intermolecular interactions), which influence the interaction strength.

● The student is able to relate temperature to the motions of particles, either via particulate representations,
such as drawings of particles with arrows indicating velocities, and/or via representations of average
kinetic energy and distribution of kinetic energies of the particles.

● The student can generate explanations or make predictions about the transfer of thermal energy between
systems based on this transfer being due to a kinetic energy transfer between systems arising from
molecular collisions.

● The student is able to draw qualitative and quantitative connections between the reaction enthalpy and the
energies involved in the breaking and formation of chemical bonds.

● The student is able to use conservation of energy to relate the magnitudes of the energy changes occurring
in two or more interacting systems, including identification of the systems, the type (heat versus work), or
the direction of energy flow.
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● The student is able to use conservation of energy to relate the magnitudes of the energy changes when two
non-reacting substances are mixed or brought into contact with one another.

● The student is able to use calculations or estimations to relate energy changes associated with heating /
cooling a substance to the heat capacity, relate energy changes associated with a phase transition to the
enthalpy of fusion/vaporization, relate energy changes associated with a chemical reaction to the enthalpy
of the reaction, and relate energy changes to P∆V work.

● The student is able to design and/or interpret the results of an experiment in which calorimetry is used to
determine the change in enthalpy of a chemical process (heating/cooling, phase transition, or chemical
reaction) at constant pressure.

Evidence of Learning
Summative/Formative Assessments:
Quizzes & Tests;    Laboratory Experiment Reports;      Projects
Equipment needed:
Lab materials and measuring instruments ( thermometers, weight scale, calorimeters, data collection
controllers)
Teacher Resources:
Textbooks and other publications; Web-based materials.

Formative Assessments
● Questions and answers during lectures
● Textbook-based review and reinforcement

questions

● Worksheets for in-class and at-home work

Lesson Plans and Pacing Guide
Lesson Timeframe

Lesson 1
Law of Conservation of Energy, Work and

Internal Energy
1 Period (40min)

Lesson 2
Change in Enthalpy of Chemical Reactions 1 Period (40min)

Lesson 3
Lab: Designing a Hand Warmer 2 Periods (80min)

Teacher Notes:

Curriculum Development Resources
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Unit V Overview
Content Area: Science
Unit Title: Atomic Structure and Periodicity
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: The chemical elements are fundamental building materials of matter, and all matter can be
understood in terms of arrangements of atoms.  These atoms retain their identity in chemical reactions.
The atomic theory of matter is the most fundamental premise of chemistry.  A limited number of chemical
elements exist, and the fundamental unit of the chemical identities they carry is the atom.
Although atoms represent the foundational level of chemistry, observations of chemical properties are always
made on collections of atoms, and macroscopic systems involve such large numbers that they are typically
counted in the unit known as the mole rather than as individual atoms.
For elements, many chemical and physical properties exhibit predictable periodicity as a function of atomic
number. In all chemical and physical changes, atoms are conserved.

Primary interdisciplinary connections: ELA/Literacy

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.
(HS-PS1-1)
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to
important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS1-3),
(HS-PS1-5)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific
procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)
WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a
new approach, focusing on addressing what is most significant for a specific purpose and audience.
(HS-PS1-2)
WHST.9-12.7 Conduct short as well as more sustained research 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. (HS-PS1-3),
(HS-PS1-6)
WHST.11-12.8 Gather relevant information from multiple authoritative print and digital sources, using
advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task,
purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding
plagiarism and overreliance on any one source and following a standard format for citation. (HS-PS1-3)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research.
(HS-PS1-3)
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. (HS-PS1-4)

Mathematics MP.2 Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)
MP.4 Model with mathematics. (HS-PS1-4), (HS-PS1-8)
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. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4), (HS-PS1-7),
(HS-PS1-8)
HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
(HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)
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Computer Science and Design Thinking
8.1.12.DA.6: Create and refine computational models to better represent the relationships among different
elements of data collected from a phenomenon or process.

Unit Rationale: The electronic structure of the atom can be described using an electron configuration that
reflects the concept of electrons in quantized energy levels or shells; the energetics of the electrons in the atom
can be understood by consideration of Coulomb’s law.
Many properties of atoms exhibit periodic trends that are reflective of the periodicity of electronic structure.
The currently accepted best model of the atom is based on the quantum mechanical model.
As is the case with all scientific models, any model of the atom is subject to refinement and change in response
to new experimental results. In that sense, an atomic model is not regarded as an exact description of the atom,
but rather a theoretical construct that fits a set of experimental data.
An early model of the atom stated that all atoms of an element are identical. Mass spectrometry data
demonstrate evidence that contradicts this early model.

Learning Targets
Disciplinary Core Ideas: PS1.A: Structure and Properties of Matter • Each atom has a charged
substructure consisting of a nucleus, which is made of protons and neutrons, surrounded by electrons.
(HS-PS1-1) • The periodic table orders elements horizontally by the number of protons in the atom’s nucleus
and places those with similar chemical properties in columns. The repeating patterns of this table reflect
patterns of outer electron states. (HS-PS1-1) • The structure and interactions of matter at the bulk scale are
determined by electrical forces within and between atoms. (HS-PS1-3)
Science and Engineering Practices: Developing and Using Models Modeling in 9–12 builds on K–8 and
progresses to using, synthesizing, and developing models to predict and show relationships among variables
between systems and their components in the natural and designed worlds. • Use a model to predict the
relationships between systems or between components of a system. (HS-PS1-1) Planning and Carrying Out
Investigations • Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to
include investigations that provide evidence for and test conceptual, mathematical, physical, and empirical
models. • Plan and investigate individually and collaboratively to produce data to serve as the basis for
evidence, and in the design: decide on types, how much, and accuracy of data needed to produce reliable
measurements and consider limitations on the precision of the data (e.g., number of trials, cost, risk, time), and
refine the design accordingly. (HS-PS1-3)
Crosscutting Concepts: Patterns
● Different patterns may be observed at each of the scales at which a system is studied and can provide
evidence for causality in explanations of phenomena. (HS-PS1-1), (HSPS1-3)

NJSLS # NJSLS Science
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-3 Plan and investigate to gather evidence to compare the structure of substances at the bulk scale

to infer the strength of electrical forces between particles.
Unit Essential Questions
● Describe the electron configuration of atoms

and the Aufbau principle.
● Define valence electrons and Lewis dot

structure.
● Explain periodic trends of elements.
● Explain how the periodic table of elements is

arranged according to the electronic properties
of matter.

● Define the properties of light and the nature of
electromagnetic waves.

Unit Enduring Understandings
● The atoms of each element have unique

structures arising from interactions between
electrons and nuclei.

● Elements display periodicity in their properties
when the elements are organized according to
increasing atomic number. This periodicity can
be explained by the regular variations that occur
in the electronic structures of atoms.
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● Describe the atomic spectra of hydrogen atoms
and the electron energy levels.

● Define the quantum mechanical model of
atoms.

● Relationship between quantum theory and
electron orbitals.

● Describe orbital shape and its energy level.
● How to use spectroscopy to analyze the

electronic structure of matter.

● Periodicity is a useful principle for
understanding properties and predicting trends in
properties.

● Its modern-day uses range from examining the
composition of materials to generating ideas for
designing new materials.

● Atoms are so small that they are difficult to study
directly; atomic models are constructed to
explain experimental data on collections of
atoms.

Unit Learning Targets
● The student is able to explain the distribution of electrons in an atom or ion based upon data.
● The student is able to analyze data relating to electron energies for patterns and relationships.
● The student is able to describe the electronic structure of the atom, using PES data, ionization energy data,

and/or Coulomb’s law to construct explanations of how the energies of electrons within shells in atoms
vary.

● The student is able to explain the distribution of electrons using Coulomb’s law to analyze measured
energies.

● The student is able to predict and/or justify trends in atomic properties based on location on the periodic
table and/or the shell model.

● Students can justify with evidence the arrangement of the periodic table and can apply periodic properties
to chemical reactivity.

● The student can analyze data, based on periodicity and the properties of binary compounds, to identify
patterns and generate hypotheses related to the molecular design of compounds for which data are not
supplied.

● The student is able to explain why a given set of data suggests, or does not suggest, the need to refine the
atomic model from a classical shell model with the quantum mechanical model.

● Given information about a particular model of the atom, the student is able to determine if the model is
consistent with specified evidence.

● Given information about a particular model of the atom, the student is able to determine if the model is
consistent with specified evidence.

● The student is able to use data from mass spectrometry to identify the elements and the masses of
individual atoms of a specific element.

● The student can justify the selection of a particular type of spectroscopy to measure properties associated
with vibrational or electronic motions of molecules.

● The student can design and/or interpret the results of an experiment regarding the absorption of light to
determine the concentration of an absorbing species in a solution.

Evidence of Learning
Summative Assessment:
Quizzes & Tests;    Laboratory Experiment Reports;      Projects
Equipment needed:
Lab materials and measuring instruments ( thermometers, weight scale, calorimeters, data collection
controllers)
Teacher Resources:
Textbooks and other publications; Web-based materials.

Formative Assessments
● Questions and answers during lectures ● Worksheets for in-class and at-home work
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● Textbook-based review and reinforcement
questions

Lesson Plans and Pacing Guide
Lesson Timeframe

Lesson 1
Electron Configuration of Atoms 1 Period (40min)

Lesson 2
The Periodic Table of Elements 1 Period (40min)

Lesson 3
Lab: Spectroscopy 2 Periods (80min)

Teacher Notes:

Curriculum Development Resources
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Unit VI Overview
Content Area: Science
Unit Title: Chemical Bonding
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: The chemical elements are fundamental building materials of matter, and all matter can be
understood in terms of arrangements of atoms.  Chemical and physical properties of materials can be explained
by the structure and the arrangement of atoms, ions, or molecules and the forces between them.
The strong electrostatic forces of attraction holding atoms together in a unit are called chemical bonds.
Ionic bonding results from the net attraction between oppositely charged ions, closely packed together in a
crystal lattice.  In covalent bonding, electrons are shared between the nuclei of two atoms to form a molecule
or polyatomic ion.  Electronegativity differences between the two atoms account for the distribution of the
shared electrons and the polarity of the bond.

Primary interdisciplinary connections: ELA/Literacy -
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.
(HS-PS1-1)
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to
important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS1-3),
(HS-PS1-5)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific
procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)
WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a
new approach, focusing on addressing what is most significant for a specific purpose and audience.
(HS-PS1-2)
WHST.9-12.7 Conduct short as well as more sustained research 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. (HS-PS1-3),
(HS-PS1-6)
WHST.11-12.8 Gather relevant information from multiple authoritative print and digital sources, using
advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task,
purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding
plagiarism and overreliance on any one source and following a standard format for citation. (HS-PS1-3)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research.
(HS-PS1-3)
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. (HS-PS1-4)
Mathematics - MP.2
Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)
MP.4 Model with mathematics. (HS-PS1-4), (HS-PS1-8)
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. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4),(HS-PS1-7),
(HS-PS1-8)
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HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
(HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)
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. (HS-PS2-6)
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-6)

Unit Rationale: Covalent bonds, ionic bonds, and metallic bonds are distinct from (and significantly stronger
than) typical intermolecular interactions.  Electronegativity can be used to reason about the type of bonding
present between two atoms.
Covalent chemical bonds can be modeled as the sharing of one or more pairs of valence electrons between two
atoms in a molecule.  The extent to which this sharing is unequal can be predicted from the relative
electro-negativity of the atoms involved; the relative electro-negativities can generally be understood through
application of the shell model and Coulomb’s law.  The Lewis structure model, combined with valence shell
electron pair repulsion (VSEPR), can be used to predict many structural features of covalently bonded
molecules and ions.
Ionic bonding is the term used to describe the strong interaction between ions in an ionic substance.
The bonding in metals is characterized by delocalization of valence electrons.

Learning Targets
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter
• Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons,
surrounded by electrons. (HS-PS1-1)
• The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places
those with similar chemical properties in columns. The repeating patterns of this table reflect patterns of outer
electron states. (HS-PS1-1), (HS-PS1-2)
• The structure and interactions of matter at the bulk scale are determined by electrical forces within and
between atoms. (HS-PS1-3), (secondary to HS-PS2-6)
• Stable forms of matter are those in which the electric and magnetic field energy is minimized. A stable
molecule has less energy than the same set of atoms separated; one must provide at least this energy in order to
take the molecule apart. (HS-PS1-4)
PS2.B: Types of Interactions
• Newton’s law of universal gravitation and Coulomb’s law provide the mathematical models to describe and
predict the effects of gravitational and electrostatic forces between distant objects. (HSPS2-4)
• Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating space that can
transfer energy through space. Magnets or electric currents cause magnetic fields; electric charges or changing
magnetic fields cause electric fields. (HS-PS2-4), (HS-PS2-5)
• Attraction and repulsion between electric charges at the atomic scale explain the structure, properties, and
transformations of matter, as well as the contact forces between material objects. (HS-PS2-6), (secondary to
HS-PS1-1), (secondary to HS-PS1-3)
Science and Engineering Practices: Developing and Using Models
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to predict and
show relationships among variables between systems and their components in the natural and designed worlds.
• Develop a model based on evidence to illustrate the relationships between systems or between components of
a system. (HS-PS1-4), (HS-PS1-8)
• Use a model to predict the relationships between systems or between components of a system. (HSPS1-1)

Planning and Carrying Out Investigations
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• Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include
investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.
• Plan and conduct an investigation individually and collaboratively to produce data to serve as the basis for
evidence, and in the design: decide on types, how much, and accuracy of data needed to produce reliable
measurements and consider limitations on the precision of the data (e.g., number of trials, cost, risk, time), and
refine the design accordingly. (HS-PS1-3)

Using Mathematics and Computational Thinking
• Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using algebraic
thinking and analysis, a range of linear and nonlinear functions including trigonometric functions, exponentials
and logarithms, and computational tools for statistical analysis to analyze, represent, and model data.
• Simple computational simulations are created and used based on mathematical models of basic assumptions.

Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 9–12 builds on K–8 and progresses to evaluating the
validity and reliability of the claims, methods, and designs.
♣ Communicate scientific and technical information (e.g. about the process of development and the design and
performance of a proposed process or system) in multiple formats (including orally, graphically, textually, and
mathematically). (HS-PS2-6)

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

NJSLS# NJSLS Science
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-3 Plan and conduct an investigation to gather evidence to compare the structure of substances at

the bulk scale to infer the strength of electrical forces between particles.
HS-PS1-4 Develop a model to illustrate that the release or absorption of energy from a chemical reaction

system depends upon the changes in total bond energy.
HS-PS2-6 Communicate scientific and technical information about why the molecular-level structure is

important in the functioning of designed materials.
Unit Essential Questions
● How to draw Lewis dot structure based on the

number of valence electrons in the atoms of
different elements.

● Define resonance structures and formal
charges.

● Predict bond polarity and strength of dipole
moments in molecules.

● Determine VSEPR models and molecular
geometry.

● Predict polarity of molecules.
● Define orbital hybridization.
● Compare lattice energy of different ionic

compounds.

Unit Enduring Understandings
● The strong electrostatic forces of attraction holding

atoms together in a unit are called chemical bonds.
● Covalent bonds, ionic bonds, and metallic bonds are

distinct from (and significantly stronger than) typical
intermolecular interactions.

● Electronegativity can be used to reason about the
type of bonding present between two atoms.

● Covalent chemical bonds can be modeled as the
sharing of one or more pairs of valence electrons
between two atoms in a molecule.

● The extent to which this sharing is unequal can be
predicted from the relative electro-negativity of the
atoms involved; the relative electro-negativity can
generally be understood through application of the
shell model and Coulomb’s law.
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● The Lewis structure model, combined with valence
shell electron pair repulsion (VSEPR), can be used
to predict many structural features of covalently
bonded molecules and ions.

● Ionic bonding is the term used to describe the strong
interaction, governed by Coulomb Law, between
ions in an ionic substance.

● Ionic solids have high melting points, are brittle, and
conduct electricity only when molten or in solution.

● The bonding in metals is characterized by
delocalization of valence electrons.

● Metallic solids are good conductors of heat and
electricity, have a wide range of melting points, and
are shiny, malleable, ductile, and readily alloyed.

● Covalent network solids generally have extremely
high melting points, are hard, and are thermal
insulators. Some conduct electricity.

● Molecular solids with low molecular weight usually
have low melting points and are not expected to
conduct electricity as solids, in solution, or when
molten.

Unit Learning Targets
● The student is able to explain the distribution of electrons in an atom or ion based upon data.
● The student can predict the type of bonding present between two atoms in a binary compound based on

position in the periodic table and the electronegativity of the elements.
● The student is able to rank and justify the ranking of bond polarity on the basis of the locations of the

bonded atoms in the periodic table.
● The student can create visual representations of ionic substances that connect the microscopic structure to

macroscopic properties, and/or use representations to connect the microscopic structure to macroscopic
properties (e.g., boiling point, solubility, hardness, brittleness, and low volatility, lack of malleability,
ductility, or conductivity).

● The student is able to explain how a bonding model involving delocalized electrons is consistent with
macroscopic properties of metals (e.g., conductivity, malleability, ductility, and low volatility) and the
shell model of the atom.

● The student is able to use Lewis diagrams and VSEPR to predict the geometry of molecules, identify
hybridization, and make predictions about polarity.

● The student is able to design or evaluate a plan to collect and/or interpret data needed to deduce the type
of bonding in a sample of a solid.

● The student can create a representation of an ionic solid that shows essential characteristics of the
structure and interactions present in the substance.

● The student is able to explain a representation that connects properties of an ionic solid to its structural
attributes and to the interactions present at the atomic level.

● Students can use the electron sea model of metallic bonding to predict or make claims about the
macroscopic properties of metals or alloys.

● The student can create a representation of a metallic solid that shows essential characteristics of the
structure and interactions present in the substance.
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● The student can create a representation of a covalent solid that shows essential characteristics of the
structure and interactions present in the substance.

● The student is able to explain a representation that connects properties of a covalent solid to its structural
attributes and to the interactions present at the atomic level.

Evidence of Learning

Summative Assessment: Quizzes & Tests; Laboratory Experiment Reports; Projects
Equipment needed: Lab materials and measuring instruments ( thermometers, weight scale,
calorimeters, data collection controllers)
Teacher Resources: Textbooks and other publications; Web-based materials.

Formative Assessments
● Questions and answers during lectures
● Textbook-based review and reinforcement

questions

● Worksheets for in-class and at-home work

Lesson Plans & Pacing Guide
Lesson Timeframe

Lesson 1
Lewis Dot Structure 1 Period (40min)

Lesson 2
VSEPR Models & Molecular Geometry 1 Period (40min)

Lesson 3
Lab: Investigation of Chemical Bonding in Solids 2 Periods (80min)
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Unit VII Overview
Content Area: Science
Unit Title: Liquids, Solids and Solutions
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: Chemical and physical properties of materials can be explained by the structure and the
arrangement of atoms, ions, or molecules and the forces between them.
The different properties of solids and liquids can be explained by differences in their structures, both at the
particulate level and in their supra-molecular structures.
Solutions are homogeneous mixtures in which the physical properties are dependent on the concentration of
the solute and the strengths of all interactions among the particles of the solutes and solvent.

Unit Rationale: Forces of attraction between particles (including the noble gases and also different parts of
some large molecules) are important in determining many macroscopic properties of a substance, including
how the observable physical state changes with temperature.
Chemists categorize intermolecular interactions based on the structural features giving rise to the interaction.
Although there are some trends in the relative strengths of these interactions, the specific structure and size of
the particles involved can play a very important role in determining the overall strength of a particular
intermolecular (or intramolecular) interaction.  The properties of condensed phases and of many crucial
biological structures are determined by the nature and strength of these interactions.  Deviation from ideal gas
behavior is generally a reflection of the presence of intermolecular interactions between gas particles.
Thus, in all phases, the structure of particles on the molecular level is directly related to the properties of both
the particles themselves and the behavior of macroscopic collections of those molecules.
Primary Interdisciplinary Connections
ELA:
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.
(HS-PS1-1)
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to
important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-PS3-4)
WHST.9-12.7 Conduct short as well as more sustained research 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. (HS-PS3-3),
(HS-PS3-4), (HS-PS3-5)
WHST.11-12.8 Gather relevant information from multiple authoritative print and digital sources, using
advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task,
purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding
plagiarism and overreliance on any one source and following a standard format for citation. (HS-PS3-4),
(HS-PS3-5)
WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and research.
(HS-PS3-4), (HS-PS3-5)
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.
(HS-PS3-1), (HS-PS3-2), (HS-PS3-5)
RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media
(e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. (HS-ETS1-1),
(HS-ETS1-3)
RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying
the data when possible and corroborating or challenging conclusions with other sources of information.
(HS-ETS1-1), (HS-ETS1-3)
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Learning Targets
Science and Engineering Practices Developing and Using Models
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to predict and
show relationships among variables between systems and their components in the natural and designed worlds.
● Develop and use a model based on evidence to illustrate the relationships between systems or between
components of a system. (HS-PS3-2), (HS-PS3-5)

Planning and Carrying Out Investigations Planning and carrying out investigations to answer questions or test
solutions to problems in 9–12 builds on K–8 experiences and progresses to include investigations that provide
evidence for and test conceptual, mathematical, physical, and empirical models.
● Plan and conduct an investigation individually and collaboratively to produce data to serve as the basis for
evidence, and in the design: decide on types, how much, and accuracy of data needed to produce reliable
measurements and consider limitations on the precision of the data (e.g., number of trials, cost, risk, time), and
refine the design accordingly. (HS-PS3-4)

Constructing Explanations and Designing Solutions Constructing explanations and designing solutions in 9–12
builds on K–8 experiences and progresses to explanations and designs that are supported by multiple and
independent student-generated sources of evidence consistent with scientific ideas, principles, and theories.
● Design, evaluate, and/or refine a solution to a complex real-world problem, based on scientific knowledge,
student-generated sources of evidence, prioritized criteria, and trade off considerations. (HS-PS3-3)

Using Mathematics and Computational Thinking Mathematical and computational thinking in 9–12 builds on
K–8 experiences and progresses to using algebraic thinking and analysis, a range of linear and nonlinear
functions including trigonometric functions, exponentials and logarithms, and computational tools for
statistical analysis to analyze, represent, and model data. Simple computational simulations are created and
used based on mathematical models of basic assumptions.
Disciplinary Core Ideas

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

PS3.B: Conservation of Energy and Energy Transfer
● Energy cannot be created or destroyed, but it can be transported from one place to another and transferred
between systems. (HSPS3-1), (HS-PS3-4) ● Uncontrolled systems always evolve toward more stable
states—that is, toward more uniform energy distribution (e.g., water flows downhill, objects hotter than their
surrounding environment cool down). (HS-PS3-4)

PS3.C: Relationship Between Energy and Forces ● When two objects interacting through a field change
relative position, the energy stored in the field is changed. (HS-PS3-5)
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PS3.D: Energy in Chemical Processes ● Although energy cannot be destroyed, it can be converted to less
useful forms—for example, to thermal energy in the surrounding environment. (HS-PS3-3), (HS-PS3-4)

ETS1.A: Defining and Delimiting Engineering Problems ● Criteria and constraints also include satisfying any
requirements set by society, such as taking issues of risk mitigation into account, and they should be quantified
to the extent possible and

NJSLS# NJSLS Science
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are

conserved during a chemical reaction.
HS-PS3-1 Create a computational model to calculate the change in the energy of one component in a

system when the change in energy of the other component(s) and energy flows in and out of
the system are known.

HS-PS3-2 Develop and use models to illustrate that energy at the macroscopic scale can be accounted for
as either motions of particles or energy stored in fields.

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

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

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.

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

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

Unit Essential Questions
● Define the basic physical structure of matter

and how intra- and intermolecular bonding
affects its structure.

● Explain the arrangements of atoms and/or
molecules in compounds such as covalent
network, metallic, ionic and molecular.

● Define types of intermolecular bonding: ionic,
dipole-dipole, hydrogen, London Dispersion
and Van der Waals.

● Define and calculate vapor pressure.
● Analyze how vapor pressure is affected by

composition of solutions.
● Describe the relationship between pressure and

temperature and the change in the physical
state of matter.

● Draw and analyze the heating curve for water.
● Describe composition of solutions.
● Determine molar concentration of aqueous

solutions.
● Define colloids and suspensions.

Unit Enduring Understandings
● Matter can be described by its physical properties.

The physical properties of a substance generally
depend on the spacing between the particles (atoms,
molecules, ions) that make up the substance and the
forces of attraction among them.

● There is a relationship between the macroscopic
properties of solids, liquids, and gasses, and the
structure of the constituent particles of those
materials on the molecular and atomic scale.

● The properties of solids, liquids, and gasses also
reflect the relative orderliness of the arrangement of
particles in those states, their relative freedom of
motion, and the nature and strength of the
interactions between them.

● Intermolecular forces play a key role in determining
the properties of substances, including biological
structures and interactions.

● Many properties of liquids and solids are determined
by the strengths and types of intermolecular forces
present.
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● Dipole forces result from the attraction among the
positive ends and negative ends of polar molecules.

● Hydrogen bonding is a strong type of dipole-dipole
force that exists when very electronegative atoms
(N, O, and F) are involved.

● London dispersion forces are attractive forces
present between all atoms and molecules. London
dispersion forces are often the strongest net
intermolecular force between large molecules.

● Solutions are an important class of mixtures; of
particular importance is a conceptual understanding
on the molecular level of the structure and
composition of a liquid solution.

● In addition, the energetics of solution formation can
be understood qualitatively through consideration of
the interactions and structure of the components
before and after the creation of the solution.

Unit Learning Targets
● Students can predict properties of substances based on their chemical formulas, and provide explanations

of their properties based on particle views.
● The student is able to use aspects of particulate models (i.e., particle spacing, motion, and forces of

attraction) to reason about observed differences between solid and liquid phases and among solid and
liquid materials.

● The student can create visual representations of ionic substances that connect the microscopic structure to
macroscopic properties, and/or use representations to connect the microscopic structure to macroscopic
properties (e.g., boiling point, solubility, hardness, brittleness, and low volatility, lack of malleability,
ductility, or conductivity).

● The student is able to explain the trends in properties and/or predict properties of samples consisting of
particles with no permanent dipole on the basis of London dispersion forces.

● The student is able to describe the relationships between the structural features of polar molecules and the
forces of attraction between the particles.

● The student is able to explain how a bonding model involving delocalized electrons is consistent with
macroscopic properties of metals (e.g., conductivity, malleability, ductility, and low volatility) and the shell
model of the atom.

● The student is able to apply Coulomb’s law qualitatively (including using representations) to describe the
interactions of ions, and the attractions between ions and solvents to explain the factors that contribute to
the solubility of ionic compounds.

● The student is able to explain how solutes can be separated by chromatography based on intermolecular
interactions.

● The student can draw and/or interpret representations of solutions that show the interactions between the
solute and solvent.

● The student is able to create or interpret representations that link the concept of molarity with particle
views of solutions.

● The student can design and/or interpret the results of a separation experiment (filtration, paper
chromatography, column chromatography, or distillation) in terms of the relative strength of interactions
among and between the components.
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● The student is able to explain observations regarding the solubility of ionic solids and molecules in water
and other solvents on the basis of particle views that include intermolecular interactions and entropic
effects.

● The student is able to explain the properties (phase, vapor pressure, viscosity, etc.) of small and large
molecular compounds in terms of the strengths and types of intermolecular forces.

Evidence of Learning
Summative Assessment:
Quizzes & Tests;    Laboratory Experiment Reports;      Projects
Equipment needed:
Lab materials and measuring instruments ( thermometers, weight scale, calorimeters, data collection
controllers)
Teacher Resources:
Textbooks and other publications; Web-based materials.

Formative Assessments
● Questions and answers during lectures

● Textbook-based review and reinforcement
questions

● Worksheets for in-class and at-home work

Lesson Plans & Pacing Guide
Lesson Timeframe

Lesson 1

Intra- and Intermolecular Forces of Attraction 1 Period (40min)

Lesson 2

Vapor Pressure above Solutions 1 Period (40min)

Lesson 3

Lab: Intermolecular Forces and Solutions, 2 Periods (80min)
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Unit VIII Overview
Content Area: Science
Unit Title: Chemical Reactions
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: Rates of chemical reactions are determined by the details of molecular collisions. Chemical
changes occur over a wide range of time scales. Practically, the manner in which the rate of change is observed
is to measure changes in concentration of reactant or product species as a function of time. If reactants and
products are all gas species, measurements of the partial pressure of those species can be used, instead of molar
concentrations, for calculations of the rate of chemical reactions.

Unit Rationale: There are a number of possible factors that influence the observed speed of reaction at the
macroscopic level, including the concentration of reactants, the temperature, and other environmental factors.
Measured rates for reactions observed at the macroscopic level can generally be characterized mathematically
in an expression referred to as the rate law.  In addition to these macroscopic-level characterizations, the
progress of reactions at the particulate level can be connected to the rate law. Factors that influence the rate of
reaction, including speeding of the reaction by the use of a catalyst, can be delineated as well.

Learning Targets
Primary Interdisciplinary Connections:
ELA:
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual
form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an
equation) into words. (HS-PS1-1)
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts,
attending to important distinctions the author makes and to any gaps or inconsistencies in the account.
(HS-PS1-3), (HS-PS1-5)
WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events,
scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)
WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, or
trying a new approach, focusing on addressing what is most significant for a specific purpose and
audience. (HS-PS1-2)
WHST.9-12.7 Conduct short as well as more sustained research 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. (HS-PS1-3), (HS-PS1-6)
Mathematics:
MP.2 Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)
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. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7),
(HS-PS1-8)
HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4),
(HS-PS1-7), (HS-PS1-8)
HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting
quantities. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter
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• Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons,
surrounded by electrons. (HS-PS1-1)

• The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and
places those with similar chemical properties in columns. The repeating patterns of this table reflect
patterns of outer electron states. (HS-PS1-1), (HS-PS1-2)

• The structure and interactions of matter at the bulk scale are determined by electrical forces within and
between atoms. (HS-PS1-3), (secondary to HS-PS2-6)

• A stable molecule has less energy than the same set of atoms separated; one must provide at least this
energy in order to take the molecule apart. (HS-PS1-4)

PS1.B: Chemical Reactions
• Chemical processes, their rates, and whether or not energy is stored or released can be understood in

terms of the collisions of molecules and the rearrangements of atoms into new molecules, with
consequent changes in the sum of all bond energies in the set of molecules that are matched by changes
in kinetic energy. (HS-PS1-4), (HS-PS1-5)

• In many situations, a dynamic and condition-dependent balance between a reaction and the reverse
reaction determines the numbers of all types of molecules present. (HS-PS1-6)

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

PS2.B:  Types of Interactions
• Attraction and repulsion between electric charges at the atomic scale explain the structure, properties,

and transformations of matter, as well as the contact forces between material objects.
(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3

NJSLS# NJSLS Science
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on

the outermost electron states of atoms, trends in the periodic table, and knowledge of the
patterns of chemical properties.

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

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.

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

Unit Essential Questions
● Define the reaction rates.
● Describe types of rate laws.
● Determine the form of the rate laws by the

method of initial rates.
● Define integrated rate laws.
● Use experimental data to determine rate law:
● First Order rate law
● Half-life of first order reaction.
● Second order rate law.
● Analyze reaction mechanisms to determine

rate law of a reaction.
● Define catalysts and describe how they affect

the rate of chemical reactions.

Unit Enduring Understandings
● The rate of a reaction is the rate at which reactants

are converted to products, and is given in terms of
the change in concentrations with time.

● The rate of a reaction is influenced by the
concentration or pressure of reactants, the phase of
the reactants and products, and environmental
factors such as temperature and solvent.

● A variety of means exist to experimentally measure
the loss of reactants or increase of products as a
function of time.

● One important method involves the spectroscopic
determination of concentration through Beer’s law.
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● The rate of a reaction is influenced by reactant
concentrations (except in zero-order processes),
temperature, surface area, and other environmental
factors.

● In cases in which the concentration of any other
reactants remain essentially constant during the
course of the reaction, the order of a reaction with
respect to a reactant concentration can be inferred
from plots of the concentration of reactant versus
time.

● An appropriate laboratory experience would be for
students to use spectrophotometry to determine how
concentration varies with time.

● The method of initial rates is useful for developing
conceptual understanding of what a rate law
represents.

● Investigation of data for initial rates enables
prediction of how concentration will vary as the
reaction progresses.

● Elementary reactions are mediated by collisions
between molecules. Only collisions having sufficient
energy and proper relative orientation of reactants
lead to products.

● Not all collisions are successful.  To get over the
activation energy barrier, the colliding species need
sufficient energy.  Also, the orientations of the
reactant molecules during the collision must allow
for the rearrangement of reactant bonds to form
product bonds.

● Many reactions proceed through a series of
elementary reactions or steps, and this series of steps
is referred to as the reaction mechanism.  The steps
of the mechanism sum to give the overall reaction;
the balanced chemical equation for the overall
reaction specifies the stoichiometry.

● The mechanism of a multistep reaction consists of a
series of elementary reactions that add up to the
overall reaction.

● In many reactions, the rate is set by the slowest
elementary reaction, or rate-limiting step.

● Reaction intermediates, which are formed during the
reaction but not present in the overall reaction, play
an important role in multistep reactions.

● Reaction rates may be increased by the presence of a
catalyst.

● Catalysts function by lowering the activation energy
of an elementary step in a reaction mechanism, and
by providing a new and faster reaction mechanism.

● Important classes in catalysis include acid-base
catalysis, surface catalysis, and enzyme catalysis.
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Unit Learning Targets
● The student is able to design and/or interpret the results of an experiment regarding the factors (i.e.,

temperature, concentration, surface area) that may influence the rate of a reaction.
● The student is able to analyze concentration vs. time data to determine the rate law for a zeroth-, first-, or

second-order reaction.
● The student is able to connect the half-life of a reaction to the rate constant of a first-order reaction and

justify the use of this relation in terms of the reaction being a first-order reaction.
● The student is able to connect the rate law for an elementary reaction to the frequency and success of

molecular collisions, including connecting the frequency and success to the order and rate constant,
respectively.

● The student is able to explain the difference between collisions that convert reactants to products and those
that do not in terms of energy distributions and molecular orientation.

● The student is able to use representations of the energy profile for an elementary reaction (from the
reactants, through the transition state, to the products) to make qualitative predictions regarding the relative
temperature dependence of the reaction rate.

● The student is able to evaluate alternative explanations, as expressed by reaction mechanisms, to determine
which are consistent with data regarding the overall rate of a reaction, and data that can be used to infer the
presence of a reaction intermediate.

● The student can translate among reaction energy profile representations, particulate representations, and
symbolic representations (chemical equations) of a chemical reaction occurring in the presence and
absence of a catalyst.

● The student is able to explain changes in reaction rates arising from the use of acid-base catalysts, surface
catalysts, or enzyme catalysts, including selecting appropriate mechanisms with or without the catalyst
present.

Evidence of Learning
Summative Assessment:
Quizzes & Tests;    Laboratory Experiment Reports;      Projects
Equipment needed:
Lab materials and measuring instruments ( thermometers, weight scale, calorimeters, data collection
controllers)
Teacher Resources:
Textbooks and other publications; Web-based materials.

Formative Assessments
● Questions and answers during lectures

● Textbook-based review and reinforcement
questions

Lesson Plans & Pacing Guide
Lesson Timeframe

Lesson 1
Reaction Rates 1 Period (40min)

Lesson 2
Types of Rate Law 1 Period (40min)

Lesson 3
Lab: Kinetics of a Chemical Reaction 2 Periods (80min)
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Unit IX Overview
Content Area: Science
Unit Title: General Equilibrium
Target Course/Grade Level: AP Chemistry / 11th – 12th Grade
Unit Summary: Any bond or intermolecular attraction that can be formed can be broken.  These two
processes are in a dynamic competition, sensitive to initial conditions and external perturbations.
Many processes in nature, including large numbers of chemical reactions, are reversible, i.e., these processes
can proceed in either direction.
Chemical reactions can be reversible at the atomic or molecular level.  When opposing processes occur at the
same rate, a stable but dynamic state called equilibrium is established.

Unit Rationale: Many chemical reactions do not proceed spontaneously to completion but instead reach a
state of dynamic equilibrium in which the rate of products and reactants formation are the same and constant.
The expression for the equilibrium constant, K, is a mathematical expression that describes the equilibrium
state associated with a chemical change.
An analogous expression for the reaction quotient, Q, describes a chemical reaction at any point, enabling
comparison to the equilibrium state.
A wide range of equilibrium constants is possible; of particular significance are those that arise from acid-base
chemistry, particularly as embodied in biochemical systems where the value of K is such that significant
amounts of both reactants and products are present.
Equilibrium states can be perturbed in a variety of ways, and the response to such a perturbation is predictable.

Learning Targets
Content Statements
● A large number of important reactions involve the transfer of either electrons or hydrogen ions between

reacting ions, molecules, or atoms.  In other chemical reactions, atoms interact with one another by sharing
electrons to create a bond.

● The conservation of atoms in chemical reactions leads to the ability to calculate the mass of products and
reactants using the mole concept.

● The driving forces of chemical reactions are energy and entropy.  Chemical reactions either release energy
to the environment (exothermic) or absorb energy from the environment (endothermic).

● Chemical equilibrium is a dynamic process that is significant in many systems, including biological,
ecological, environmental, and geological systems.  Chemical reactions occur at different rates. Factors
such as temperature, mixing, concentration, particle size, and surface area affect the rates of chemical
reactions.

NJSLS# NJSLS Science
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.
Unit Essential Questions
● How chemical reactions reach equilibrium

conditions.
● What are the characteristics of chemical

equilibrium?
● Define equilibrium constant.
● Write equilibrium expressions involving molar

concentrations.
● Write equilibrium expressions involving partial

gas pressures.
● Define and give examples heterogeneous

equilibria.

Unit Enduring Understandings
● Chemical equilibrium is a dynamic, reversible state in

which rates of opposing processes are equal.
● In many classes of reactions, it is important to consider

both the forward and reverse reaction.
● The current state of a system undergoing a reversible

reaction can be characterized by the extent to which
reactants have been converted to products.

● The relative quantities of reaction components are
quantitatively described by the reaction quotient, Q.
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● Describe and give examples of applications of
equilibrium constant.

● Define and calculate reaction quotient (Q).
● Calculate equilibrium pressures and molar

concentrations.
● Define and apply Le Chatelier’s Principle to

analyze reactions at equilibrium.
● Relate changes in reaction direction to change

in pressure, concentration and temperature.

● When a system is at equilibrium, all macroscopic
variables, such as concentrations, partial pressures, and
temperature, do not change over time.

● Equilibrium results from an equality between the rates
of the forward and reverse reactions, at which point Q
= K.

● Equilibrium constants can be determined from
experimental measurements of the concentrations of
the reactants and products at equilibrium.

● Given a single reaction, initial concentrations, and K,
the concentrations at equilibrium may be predicted.

● Graphs of concentration over time for simple
chemical reactions can be used to understand the
establishment of chemical equilibrium.

● The magnitude of the equilibrium constant, K, can be
used to determine whether the equilibrium lies toward
the reactant side or product side.

● Systems at equilibrium are responsive to external
perturbations, with the response leading to a change
in the composition of the system.

● Systems at equilibrium respond to disturbances by
partially countering the effect of the disturbance (Le
Chatelier’s Principle).

● Le Chatelier’s principle can be used to predict the
response of a system to the following stresses:
addition or removal of a chemical species, change in
temperature, change in volume/pressure of a gas
phase system, and dilution of a reaction system with
water or other solvent.

● A disturbance to a system at equilibrium causes Q to
differ from K, thereby taking the system out of the
original equilibrium state. The system responds by
bringing Q back into agreement with K, thereby
establishing a new equilibrium state.

● Chemical equilibrium plays an important role in
acid-base chemistry and in solubility.

Unit Learning Targets
● The student is able to, given a set of experimental observations regarding physical, chemical, biological, or

environmental processes that are reversible; construct an explanation that connects the observations to the
reversibility of the underlying chemical reactions or processes.

● The student can, given a manipulation of a chemical reaction or set of reactions (e.g., reversal of reaction
or addition of two reactions), determine the effects of that manipulation on Q or K.

● The student can connect kinetics to equilibrium by using reasoning about equilibrium, such as Le
Chatelier’s principle, to infer the relative rates of the forward and reverse reactions.

● The student can, given a set of initial conditions (concentrations or partial pressures) and the equilibrium
constant, K, use the tendency of Q to approach K to predict and justify the prediction as to whether the
reaction will proceed toward products or reactants as equilibrium is approached.
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● The student can, given data (tabular, graphical, etc.) from which the state of a system at equilibrium can be
obtained, calculate the equilibrium constant, K.

● The student can, given a set of initial conditions (concentrations or partial pressures) and the equilibrium
constant, K, use stoichiometric relationships and the law of mass action (Q equals K at equilibrium) to
determine qualitatively and/or quantitatively the conditions at equilibrium for a system involving a single
reversible reaction.

● The student is able, for a reversible reaction that has a large or small K, to determine which chemical
species will have very large versus very small concentrations at equilibrium.

● The student is able to use Le Chatelier’s principle to predict the direction of the shift resulting from various
possible stresses on a system at chemical equilibrium.

● The student is able to use Le Chatelier’s principle to design a set of conditions that will optimize a desired
outcome, such as product yield.

● The student is able to connect Le Chatelier’s principle to the comparison of Q to K by explaining the
effects of the stress on Q and K.

Evidence of Learning
Summative Assessment:
Quizzes & Tests;    Laboratory Experiment Reports;      Projects
Equipment needed:
Lab materials and measuring instruments ( thermometers, weight scale, calorimeters, data collection
controllers)
Teacher Resources:
Textbooks and other publications; Web-based materials.

Formative Assessments
● Questions and answers during lectures

● Textbook-based review and reinforcement
questions

● Worksheets for in-class and at-home work

Lesson Plans & Pacing Guide
Lesson Timeframe

Lesson 1
Characteristics of Chemical Equilibrium 1 Period (40min)

Lesson 2
Applications of Equilibrium Constant 1 Period (40min)

Lesson 3
Lab: Equilibrium & Le Chatelier’s Principle 2 Periods (80min)
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Unit X Overview
Content Area: Chemistry
Unit 14 Title: Acids and Bases – Definition and pH Calculations
Target Course/Grade Level: 10 and 11
Unit Summary: The definition of acids and bases given by both Svante Arrhenius and Bronsted-Lowry are
introduced and used extensively to explain the nature and properties of acid and basic solutions.
The definition and examples of strong and weak acids and bases, and the concept of conjugate acid-base pairs
are presented and explained in the context of chemical reactions.
The concentration of H+ and OH- ions in an aqueous solution is usually expressed in terms of pH and pOH.
Acidic, basic and neutral aqueous solutions are identified based on the pH value of the solutions.
Chemical reactions involving acids and bases are analyzed in order to determine both their stoichiometric
characteristics and the final pH of the mixture.
Primary interdisciplinary connections:
ELA/Literacy -
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form

(e.g., a table or chart) and translate information expressed visually or mathematically (e.g.,
in an equation) into words. (HS-PS1-1)

RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to
important distinctions the author makes and to any gaps or inconsistencies in the account.
(HS-PS2-1), (HS-PS2-6)

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and
media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem. (HS-PS2-1)

WHST.11-12.2 Write informative/explanatory texts, including the narration of historical events, scientific
procedures/ experiments, or technical processes. (HS-PS2-6)

WHST.11-12.7 Conduct short as well as more sustained research 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. (HS-PS2-3), (HS-PS2-5)

WHST.11-12.8 Gather relevant information from multiple authoritative print and digital sources, using
advanced searches effectively; assess the strengths and limitations of each source in terms
of the specific task, purpose, and audience; integrate information into the text selectively to
maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and
following a standard format for citation. (HS-PS2-5)

WHST.11-12.9 Draw evidence from informational texts to support analysis, reflection, and research.
(HS-PS2-1), (HS-PS2-5)

Mathematics -
HSN.Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step

problems; choose and interpret units consistently in formulas; choose and interpret the scale
and the origin in graphs and data displays. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4),
(HS-PS2-5), (HS-PS2-6)

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS2-1),
(HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting
quantities. (HS-PS2-1), (HS-PS2-2), (HS-PS2-4), (HS-PS2-5), (HS-PS2-6)
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HSA.SSE.A.1 Interpret expressions that represent a quantity in terms of its context. (HS-PS2-1),
(HS-PS2-4)

HSA.SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of
the quantity represented by the expression. (HS-PS2-1), (HS-PS2-4)

HSA.CED.A.1 Create equations and inequalities in one variable and use them to solve problems.
(HS-PS2-1), (HS-PS2-2)

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. (HS-PS2-1), (HS-PS2-2)

HSA.CED.A.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in
solving equations. (HS-PS2-1), (HS-PS2-2)

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. (HS-PS2-1)

HSS-IS.A.1 Represent data with plots on the real number line (dot plots, histograms, and box plots).
(HS-PS2-1)

Unit Rationale: The identification of solutions as being acidic or basic is critical in numerous chemical and
biological processes which occur in scientific research, industrial plants as well as in the environment.  Students
must be able to identify compounds, given by their formulae, as being acids or bases and, analyze reactions in
order to determine the final pH and consequently, the acidity or basicity of the solutions.

Learning Targets
Disciplinary Core Ideas:
PS1.A: Structure and Properties of Matter
• Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons,

surrounded by electrons. (HS-PS1-1)
• The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and

places those with similar chemical properties in columns. The repeating patterns of this table reflect
patterns of outer electron states. (HS-PS1-1), (HS-PS1-2)

• The structure and interactions of matter at the bulk scale are determined by electrical forces within and
between atoms. (HS-PS1-3), (secondary to HS-PS2-6)

PS1.B: Chemical Reactions
• Chemical processes, their rates, and whether or not energy is stored or released can be understood in

terms of the collisions of molecules and the rearrangements of atoms into new molecules, with
consequent changes in the sum of all bond energies in the set of molecules that are matched by changes
in kinetic energy. (HS-PS1-4), (HS-PS1-5)
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• In many situations, a dynamic and condition-dependent balance between a reaction and the reverse
reaction determines the numbers of all types of molecules present. (HS-PS1-6)

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

PS2.B:  Types of Interactions
• Attraction and repulsion between electric charges at the atomic scale explain the structure, properties,

and transformations of matter, as well as the contact forces between material objects.
(HS-PS2-6), (secondary to HS-PS1-1), (secondary to HS-PS1-3)

ETS1.A:  Defining and Delimiting Engineering Problems
• Criteria and constraints also include satisfying any requirements set by society, such as taking issues of

risk mitigation into account, and they should be quantified to the extent possible and stated in such a way
that one can tell if a given design meets them. (secondary to HS-PS2-3)

ETS1.B: Developing Possible Solutions
• When evaluating solutions, it is important to take into account a range of constraints, including cost,

safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (ETS1-3)
• Both physical models and computers can be used in various ways to aid in the engineering design

process. Computers are useful for a variety of purposes, such as running simulations to test different
ways of solving a problem or to see which one is most efficient or economical; and in making a
persuasive presentation to a client about how a given design will meet his or her needs. (HS-ETS1-4)

ETS1.C: Optimizing the Design Solution
• Criteria may need to be broken down into simpler ones that can be approached systematically, and

decisions about the priority of certain criteria over others (trade-offs) may be needed.
Science and Engineering Practices: Developing
and Using Models
Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to predict
and show relationships among variables between systems and their components in the natural and
designed worlds.
• Use models to predict the relationships between systems or components of a system. (HS-PS1-1)

Using Mathematics and Computational Thinking
• Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses to using

algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric
functions, exponentials and logarithms, and computational tools for statistical analysis to analyze,
represent, and model data.

• Simple computational simulations are applied based on mathematical models of basic assumptions.

NJSLS#: NJSLS-Science:
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns of
chemical properties.

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

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.

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

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

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.

Unit Essential Questions
• What is the definition of an acid (base)

under Arrhenius?
• How does Bronsted-Lowry define acids

and bases?
• What defines an acid (base) as being

strong or weak?
• What is an acid-base conjugate pair?
• How do we calculate the pH of a solution

given the molar concentration of H+ or OH-

ions?
• How do we determine the final pH of a

reaction involving acids and bases?

Unit Enduring Understandings
• According to Arrhenius, (a) acids are substances

that release H+ ions into solutions; (b) bases
release OH- ions.

• Bronstead-Lowry defined acids as any substance
that donates H+ (protons) and bases as any
substance that accepts H+.

• Strong acids and bases dissolve completely in
water.

• Weak acids and bases only partially dissociate in
water.

• In any acid-base reactions at equilibrium, acids
(bases) always produce conjugate bases (acids).

• The pH of a solution is determined by applying
pH= –log [H+] where, [H+] = molar concentration of H+.
• The final pH of an acid-base reaction is
determined by the analysis of which ion, H+ or

OH-, is in excess when the reaction is complete.

Unit Learning Targets
Students will ...

• Define acids and bases according to Arrhenius and Bronstead-Lowry.
• List the seven strong acids and the strong bases
• Describe the properties that differentiate strong from weak acids and bases.
• Write the equation for the ionization of an acid or base.
• Identify the acid-base conjugate pairs in a chemical equation.
• Calculate the pH, or pOH, of a solution given molar concentration of H+, or OH-.
• Perform stoichiometric analysis of reactions between acids and bases to determine the final pH of the

solution.
• Determine the concentration of an unknown acid or base using titration data.
• To describe how to choose an indicator for a particular reaction.

Evidence of Learning
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Summative Assessment(12 days):
Chapter test.
Equipment needed:
Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder.
Teacher Resources:
Textbooks, ancillary worksheets and materials, videos.
Formative/Benchmark Assessments
 quizzes and lab reports  class worksheets and homework
● experiences that allow for students to express, clarify, justify, interpret and represent their

ideas
Lesson Plans  & Pacing Guide

Lesson Timeframe (12 days)

Lesson 1
Classic Definitions of Acids and Bases 3 days

Lesson 2
Conjugate Acid-Base Pairs 5 days

Lesson 3 The
pH Scale 4 days

Teacher Notes:

Curriculum Development Resources

New Jersey Student Learning Standards – Science, 2020
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Unit XI Overview
Content Area: Chemistry
Unit 15 Title: Nuclear Reactions
Target Course/Grade Level: 10 and 11
Unit Summary: Atom nuclei that are unstable spontaneously emit radiation and are said to be radioactive.
Atoms containing unstable nuclei, labeled nuclides, are known as radioisotopes.
The emission of radiation, also called radioactive decay, can be of five common types: alpha particles (2

4He),
beta particles (-1

0e), positron (-1
0e), electron capture, and gamma radiation (0

0γ).  Each one of the radioactive
decays has its own properties related to electric charge, mass and penetrating power.
The rate of nuclear decay can be expressed in terms of half-life, and knowing the value of half-life allows us to
determine the amount of radioisotope that remains intact after a given period of time.
Analogous to chemical equations, nuclear equations, showing the initial radioisotope, the nature of emission
and the final remaining product, can be written for each type of nuclear decay.
Empirical observations have concluded that, in general, nuclei with eight-four (84) or more protons are
naturally radioactive and that the ratio neutron-to-proton determines the degree of stability of the nucleus.
Nuclear transmutation occurs when high-velocity subatomic particles, such as neutrons or alpha particles, are
made to collide with the nucleus of an otherwise stable atom.
Fission is the splitting of heavy nuclei forming light nuclei and releasing a vast amount of energy. Fusion is the
union of light nuclei, at extremely high temperatures, forming heavier nuclei and also releasing an enormous
amount of energy.

Primary Interdisciplinary Standards
ELA:
RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual
form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an
equation) into words. (HS-PS1-1)

RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts,
attending to important distinctions the author makes and to any gaps or inconsistencies in the account.
(HS-PS1-3), (HS-PS1-5)

WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events,
scientific procedures/ experiments, or technical processes. (HS-PS1-2), (HS-PS1-5)

WHST.9-12.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, or
trying a new approach, focusing on addressing what is most significant for a specific purpose and
audience. (HS-PS1-2)

WHST.9-12.7 Conduct short as well as more sustained research 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. (HS-PS1-6)

Mathematics:
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MP.2 Reason abstractly and quantitatively. (HS-PS1-5), (HS-PS1-7)

MP.4 Model with mathematics. (HS-PS1-4), (HS-PS1-8)
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. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7),
(HS-PS1-8)

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4),
(HS-PS1-7), (HS-PS1-8)

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting
quantities. (HS-PS1-2), (HS-PS1-3), (HS-PS1-4), (HS-PS1-5), (HS-PS1-7), (HS-PS1-8)

Unit Rationale: Radioactive elements, radioisotopes, are extensively used in medicinal procedures as
diagnostic tools as well as treatment for an array of diseases, especially cancer.  They are also used as tracers in
the analysis of the movement of atoms and molecules in bio-organisms and in the study of mechanisms of
biochemical reactions.
Nuclear reactions are also used in the generation of electricity in nuclear power plants.

Learning Targets
Science and Engineering Practices

Developing and Using Models

Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing models to
predict and show relationships among variables between systems and their components in the natural
and designed worlds.

● Develop a model based on evidence to illustrate the relationships between systems or between
components of a system. (HS-PS1-4), (HS-PS1-8)

● Use a model to predict the relationships between systems or between components of a system.
(HS-PS1-1)

Using Mathematics and Computational Thinking

Mathematical and computational thinking at the 9–12 builds on K–8 and progresses to using
algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric
functions, exponentials and logarithms, and computational tools for statistical analysis to analyze,
represent, and model data. Simple computational simulations are created and used based on
mathematical models of basic assumptions.

● Use mathematical representations of phenomena to support claims. (HS-PS1-7)

Constructing Explanations and Designing Solutions
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Constructing explanations and designing solutions in 9–12 builds on K–8 builds on K–8 experiences
and progresses to explanations and designs that are supported by multiple and independent
student-generated sources of evidence consistent with scientific ideas, principles, and theories.

Apply scientific principles and evidence to provide an explanation of phenomena and solve design
problems, taking into account possible unanticipated effects. (HS-PS1-5)

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

● Refine a solution to a complex real-world problem, based on scientific knowledge,
student-generated sources of evidence, prioritized criteria, and trade off considerations.
(HS-PS1-6)
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Disciplinary Core Concepts

PS1.A: Structure and Properties of Matter
♣ Each atom has a charged substructure consisting of a nucleus, which is made of protons and
neutrons, surrounded by electrons. (HS-PS1-1)
♣ The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and
places those with similar chemical properties in columns. The repeating patterns of this table reflect
patterns of outer electron states. (HS-PS1-1), (HS-PS1-2)
♣ The structure and interactions of matter at the bulk scale are determined by electrical forces within
and between atoms. (HSPS1-3)

PS1.B: Chemical Reactions
♣ Chemical processes, their rates, and whether or not energy is stored or released can be understood in
terms of the collisions of molecules and the rearrangements of atoms into new molecules, with
consequent changes in the sum of all bond energies in the set of molecules that are matched by
changes in kinetic energy. (HS-PS1-4), (HS-PS1-5)
♣ In many situations, a dynamic and condition-dependent balance between a reaction and the reverse
reaction determines the numbers of all types of molecules present. (HS-PS1-6)
♣ The fact that atoms are conserved, together with knowledge of the chemical properties of the
elements involved, can be used to describe and predict chemical reactions. (HS-PS1-2), (HS-PS1-7)

PS1.C: Nuclear Processes
♣ Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, involve
release or absorption of energy. The total number of neutrons plus protons does not change in any
nuclear process. (HS-PS1-8) PS2.B: Types of Interactions
♣ Attraction and repulsion between electric charges at the atomic scale explain the structure,
properties, and transformations of matter, as well as the contact forces between material objects.
(secondary to HSPS1-1), (secondary to HS-PS1-3)

ETS1.C: Optimizing the Design Solution
♣ Criteria may need to be broken down into simpler ones that can be approached systematically, and
decisions about the priority of certain criteria over others (trade offs) may be needed. (secondary to
HS-PS1-6)
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Crosscutting Concepts

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

Energy and Matter
♣ In nuclear processes, atoms are not conserved, but the total number of protons plus neutrons is
conserved. (HS-PS1-8)
♣ The total amount of energy and matter in closed systems is conserved. (HS-PS1-7)
♣ Changes of energy and matter in a system can be described in terms of energy and matter flows
into, out of, and within that system. (HS-PS1-4)

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

Connections to Nature of Science

Scientific Knowledge Assumes an Order and Consistency in Natural Systems

♣ Science assumes the universe is a vast single system in which basic laws are consistent. (HS-PS1-7)
NJSLS#: NJSLS-Science:
HS-PS1-1 Use the periodic table as a model to predict the relative properties of elements based on the

patterns of electrons in the outermost energy level of atoms.
HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the

outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns of
chemical properties.

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

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.

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

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.

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.

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
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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.

Unit Essential Questions
• When does an atomic nucleus become

radioactive?
• What is nuclear decay?
• What are the five main types of nuclear

decay?
• What are the patterns that allow us to predict

whether or not an atomic nucleus is stable?
• How do we write an equation showing a type

of nuclear decay?
• What is the half-life of a nuclear decay?
• What is a nuclear transmutation?
• What is fission?
• What is fusion?

Unit Enduring Understandings
• Naturally, or artificially, unstable atomic

nuclei undergo nuclear decay releasing
particles and/or electromagnetic radiation.

• Each kind of nuclear decay has its own
properties related to mass, electric charge and
penetrating power.

• Nuclear decay and nuclear transmutation can
be expressed by nuclear reaction equations.

• Using the value of the half-life for a nuclear
decay allows us to determine the remaining
mass of a radioisotope after a given period of
time.

• Fission is the splitting of heavy nuclei into
light nuclei.

• Fusion is the union of light nuclei into heavier
nuclei releasing an enormous amount of
energy.

Unit Learning Targets
Students will ...

• Define radioactivity and nuclear decay.
• Explain why nuclear decay is likely to occur in certain isotopes.
• Identify the possible products for different types of nuclear decay.
• Write balanced nuclear decay equations.
• Define the rate of nuclear decay using half-life and remaining mass calculations.
• Identify and describe the uses of radioactivity in medicinal and industrial processes.
• Define fission and fusion nuclear reactions.

Evidence of Learning
Summative Assessment: Chapter test.
Equipment needed: Metric rulers, digital and mechanical weight scale, beakers, flasks and graduated cylinder.
Teacher Resources: Textbooks, ancillary worksheets and materials, videos.

Formative/Benchmark Assessments
 quizzes and lab reports  class worksheets and homework

Lesson Plans
Lesson Timeframe (12 days)

Lesson 1
Radioactivity and Nuclear Decay 4 days

Lesson 2 Rates of
Nuclear Decay 4 days

Lesson 3
Nuclear Fission and Fusion Reactions 4 days

Teacher Notes:
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Curriculum Development Resources
New Jersey Student Learning Standards – Science, 2020
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https://www.nj.gov/education/cccs/2020/NJSLS-Science.pdf

