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Unit Topic Outline (AP 
Essential Knowledge) 

Performance Expectations 
(NGSS) 

S & E Practices (NGSS) DC Ideas (NGSS) CC Concepts (NGSS) 

Unit 1: Matter and 
Measurement 
Time estimate 8-12 days 
 
Essential knowledge 1.A.1: 
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. 
 

    
 
 
 
MS-PS1-1: Develop models to 
describe the atomic composition 
of simple molecules and 
extended structures. 
 

 
 
 
 
Developing and Using 
Models: Develop a model to 
predict and/or describe 
phenomena. 
 

 
 
 
 
MS.PS1.A: Structure and 
Properties of Matter Substances 
are made from different types of 
atoms, which combine with one 
another in various ways. Atoms 
form molecules that range in 
size from two to thousands of 
atoms. Solids may be formed 
from molecules, or they may be 
extended structures with 
repeating subunits (e.g., 
crystals). 
 

 
 
 
 
Scale, Proportion, and 
Quantity: Time, space, and 
energy phenomena can be 
observed at various scales 
using models to study systems 
that are too large or too small. 
 

Essential knowledge 1.A.2: 
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. 
 

N/A N/A N/A N/A 

Essential knowledge 3.C.1: 
Production of heat, or light, 
formation of a gas, and 
formation of a precipitate and/or 
a color change are possible 
evidences that a chemical 
change has occurred. 
 

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.  
 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or 
between components of a 
system. 
 

HS.PS1.A: Structure and 
Properties of Matter Each 
atom has a charged 
substructure consisting of a 
nucleus, which is made of 
protons and neutrons, 
surrounded by electrons. The 
periodic table orders elements 

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. 
 



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. 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-PS1-2 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. 

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

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 
describe and predict chemical 
reactions. 
 

Patterns: Different patterns may 
be observedvat each of the 
scales at which av system is 
studied and can provide 
evidence for causality in 
explanations of phenomena. ( 

 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. 
 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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.  
 
 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

Unit 2: Atoms, Molecules, and 
Ions 
Time estimate 10-14 days 

 
 
 

 
 
 

 
 
 

 
 
 



 
Essential knowledge 1.A.2: 
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. 
 

 
N/A 

 
N/A 

 
N/A 

 
N/A 

Essential knowledge 1.D.1: 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. 
 

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.  
 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

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

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. 
 

Essential knowledge 1.D.2: 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. 
 

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. 
 

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 

HS.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. 
 

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. 
 



the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

Unit 3: Stoichiometry: 
Calculations with Chemical 
Formulas and Equations 
Time estimate 14-18 days 
 
Essential knowledge 1.A.3 
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. 
 

 
 
 
 
 
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. 
 

 
 
 
 
 
Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific 
knowledge, student-generated 
sources of evidence, prioritized 
criteria, and 
tradeoff considerations. 

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

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

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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to support claims. 

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

Energy and Matter: The total 
amount of energy and matter in 
closed systems is conserved. 

 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 

Constructing Explanations 
and Designing Solutions: 
Construct and revise an 
explanation based on valid and 
reliable evidence 
obtained from a variety of 

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 

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. 



the patterns of chemical 
properties.  
 

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. 

describe and predict chemical 
reactions.  
 

 

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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to support claims. 

HS.PS3.D: Energy in 
Chemical Processes The main 
way that solar energy is 
captured and stored on Earth is 
through the complex chemical 
process known as 
photosynthesis.  
 

Energy and Matter: The total 
amount of energy and matter in 
closed systems is conserved. 

Essential knowledge 1.E.2: 
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. 
 

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. 
 

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

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

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-PS1-7 Use mathematical 
representations to support the 
claim that atoms, and therefore 
mass, are conserved. 
 

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to support claims. 

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 
describe and predict chemical 
reactions. 

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 



 

Essential knowledge 3.A.1: A 
chemical change may be 
represented by a molecular, 
ionic, or net ionic equation. 
 

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. 
 

Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific 
knowledge, student-generated 
sources of evidence, prioritized 
criteria, and tradeoff 
considerations. 

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

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

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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to support claims. 

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

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 

Essential knowledge 3.A.2: 
Quantitative information can be 
derived from stoichiometric 
calculations that utilize the mole 
ratios from the balanced 
chemical equations The role of 
stoichiometry in real-world 
applications is important to note, 
so that it does not seem to be 

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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to support claims. 

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 
describe and predict chemical 
reactions. 
 

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 



simply an exercise done only by 
chemists. 
 

Essential knowledge 3.B.1: 
Synthesis reactions are those in 
which atoms and/or molecules 
combine to form a new 
compound. Decomposition is 
the reverse of synthesis, a 
process whereby molecules are 
decomposed, often by the use 
of heat. 
 

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. 
 

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

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

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-PS1-2 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. 
 

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

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 
describe and predict chemical 
reactions. 
 

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. 

Essential knowledge 3.B.3: 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. 
 

N/A N/A N/A N/A 

Unit 4: Aqueous Reactions     



and Solution Stoichiometry 
Time estimate 14-18 days 
 
Essential knowledge 1.E.2: 
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. 
 

 
 
 
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. 

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

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

 
 
 
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-PS1-7 Use mathematical 
representations to support the 
claim that atoms, and therefore 
mass, are conserved. 

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to support claims. 

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 
describe and predict chemical 
reactions. 

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 

Essential knowledge 3.A.1: A 
chemical change may be 
represented by a molecular, 
ionic, or net ionic equation. 
 

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. 

Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 

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

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

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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to support claims. 

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 
describe and predict chemical 

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 



reactions. 

Essential knowledge 3.A.2: 
Quantitative information can be 
derived from stoichiometric 
calculations that utilize the mole 
ratios from the balanced 
chemical equations. The role of 
stoichiometry in real-world 
applications is important to note, 
so that it does not seem to be 
simply an exercise done only by 
chemists. 
 

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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to support claims. 

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 
describe and predict chemical 
reactions. 

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 

Essential knowledge 3.B.3: 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. 
 

N/A N/A N/A N/A 

Essential knowledge 3.C.1: 
Production of heat, or light, 
formation of a gas, and 
formation of a precipitate and/or 
a color change are possible 
evidences that a chemical 
change has occurred. 
 

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. 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

HS.PS1.A: Structure and 
Properties of Matter  Each 
atom has a charged 
substructure consisting of a 
nucleus, which is made of 
protons and neutrons, 
surrounded by electrons. The 
periodic table orders elements 
horizontally by the number of 
protons in the atom’s nucleus 
and places those with similar 
chemical properties in columns. 
The repeating patterns of this 
table reflect patterns of outer 
electron states. A stable 
molecule has less energy than 
the same set of atoms 
separated; one must provide at 
least this energy in order to take 

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. 
 



the molecule apart. 

 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 

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

HS.PS1.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. 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. 

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 

 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. 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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. 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

Unit 5: Thermochemistry 
Time estimate 8-10 days 

 
Essential knowledge 3.C.2: 
Net changes in energy for a 
chemical reaction can be 
endothermic or exothermic. 

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. 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.PS1.A: Structure and 
Properties of Matter 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. 

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-PS1-4 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. 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 



rearrangements of atoms into 
new molecules, with consequent 
changes in the sum of all bond 
energies. 

 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. 

Using Mathematics and 
Computational Thinking: 
Create a computational model 
or simulation of a phenomenon, 
designed device, process, or 
system. 

HS.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.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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 

Systems and System Models: 
Models can be used to predict 
the behavior of a system, but 
these predictions have limited 
precision and reliability due to 
the assumptions and 
approximations inherent in 
models. 



radiation, a phenomenon in 
which energy stored in fields 
moves across space. 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.B: Conservation of 
Energy and Energy Transfer 
Conservation of energy means 
that the total change of energy 
in any system is always equal to 
the total energy transferred into 
or out of the system.  
 
Energy cannot be created or 
destroyed, but it can be 
transported from one place to 
another and transferred 
between systems.  
 
Mathematical expressions, 
which quantify how the stored 
energy in a system depends on 
its configuration (e.g. relative 
positions of charged particles, 
compression of a spring) and 
how kinetic energy depends on 
mass and speed, allow the 
concept of conservation of 
energy to be used to predict and 
describe system behavior. The 
availability of energy limits what 
can occur in any system. 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 

Essential knowledge 5.A.2: 
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. 
 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



system, energy is continually 
transferred from one object to 
another and between its various 
possible forms.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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 Develop and use 
models to illustrate that energy 
at the macroscopic scale can be 
accounted for as a combination 
of energy associated with the 
motions of particles (objects) 
and energy associated with the 
relative position of particles 
(objects). 

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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. Uncontrolled 
systems always evolve toward 
more stable states—that is, 
toward more uniform energy 
distribution (e.g., water flows 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



downhill, objects hotter than 
their surrounding environment 
cool down). 

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

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, 
how much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

HS.PS3.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. 

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

Essential knowledge 5.B.1: 
Energy is transferred between 
systems either through heat 
transfer or through one system 
doing work on the other system. 
 

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. 

Using Mathematics and 
Computational Thinking: 
Create a computational model 
or simulation of a phenomenon, 
designed device, process, or 
system. 

HS.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.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
These relationships are better 
understood at the microscopic 

Systems and System Models: 
Models can be used to predict 
the behavior of a system, but 
these predictions have limited 
precision and reliability due to 
the assumptions and 
approximations inherent in 
models. 



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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.B: Conservation of 
Energy and Energy Transfer 
Conservation of energy means 
that the total change of energy 
in any system is always equal to 
the total energy transferred into 
or out of the system.  
 
Energy cannot be created or 
destroyed, but it can be 
transported from one place to 
another and transferred 
between systems.  
 
Mathematical expressions, 
which quantify how the stored 
energy in a system depends on 
its configuration (e.g. relative 
positions of charged particles, 
compression of a spring) and 
how kinetic energy depends on 
mass and speed, allow the 
concept of conservation of 
energy to be used to predict and 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



describe system behavior.  
 
The availability of energy limits 
what can occur in any system. 
 
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-PS3-3 Design, build, and 
refine a device that works within 
given constraints to convert one 
form of energy into another form 
of energy. 

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

HS.PS3.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. 

Energy and Matter Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 
 
Influence of Science, 
Engineering, and 
Technology on Society and 
the Natural World Modern 
civilization depends on major 
technological systems. 
Engineers continuously modify 
these technological systems by 
applying scientific knowledge 
and engineering design 
practices to increase benefits 
while decreasing costs and 
risks. 

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

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 

HS.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. 

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



components in the system 
(second law of 
thermodynamics). 

measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

Essential knowledge 5.B.2: 
When two systems are in 
contact with each other and are 
otherwise isolated, the energy 
that comes out of one system is 
equal to the energy that goes 
into the other system. The 
combined energy of the two 
systems remains fixed. Energy 
transfer can occur through 
either heat exchange or work. 
 

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. 

Using Mathematics and 
Computational Thinking: 
Create a computational model 
or simulation of a phenomenon, 
designed device, process, or 
system. 

HS.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. 

Systems and System Models: 
Models can be used to predict 
the behavior of a system, but 
these predictions have limited 
precision and reliability due to 
the assumptions and 
approximations inherent in 
models. 

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

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

HS.PS3.B: Conservation of 
Energy and Energy Transfer 
Conservation of energy means 
that the total change of energy 
in any system is always equal to 
the total energy transferred into 
or out of the system.  
 
Energy cannot be created or 
destroyed, but it can be 
transported from one place to 
another and transferred 
between systems.  
 
Mathematical expressions, 
which quantify how the stored 
energy in a system depends on 
its configuration (e.g. relative 
positions of charged particles, 
compression of a spring) and 
how kinetic energy depends on 

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



mass and speed, allow the 
concept of conservation of 
energy to be used to predict and 
describe system behavior.  
 
The availability of energy limits 
what can occur in any system.  
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 Plan and conduct an 
investigation to provide 
evidence that the transfer of 
thermal energy when two 
components of different 
temperature are combined 
within a closed system results in 
a more uniform energy 
distribution among the 
components in the system 
(second law of 
thermodynamics). 

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

HS.PS3.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. 

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

Essential knowledge 5.B.3: 
Chemical systems undergo 
three main processes that 
change their energy: 
heating/cooling, phase 
transitions, and chemical 
reactions. 
 

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. 

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 

HS.PS1.A: Structure and 
Properties of Matter The 
structure and interactions of 
matter at the bulk scale are 
determined by electrical forces 
within and between atoms.  
 
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. 

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. 



cost, risk, time), and refine the 
design accordingly. 

 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. 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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. 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

 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. 

Using Mathematics and 
Computational Thinking: 
Create a computational model 
or simulation of a phenomenon, 
designed device, process, or 
system. 

HS.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. 

Systems and System Models: 
Models can be used to predict 
the behavior of a system, but 
these predictions have limited 
precision and reliability due to 
the assumptions and 
approximations inherent in 
models. 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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.  
 
At the macroscopic scale, 
energy manifests itself in 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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 Develop and use 
models to illustrate that energy 
at the macroscopic scale can be 
accounted for as a combination 
of energy associated with the 
motions of particles (objects) 
and energy associated with the 
relative position of particles 
(objects). 

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.B: Conservation of 
Energy and Energy Transfer 
Conservation of energy means 
that the total change of energy 
in any system is always equal to 
the total energy transferred into 
or out of the system. Energy 
cannot be created or destroyed, 
but it can be transported from 
one place to another and 
transferred between systems.  
 
Mathematical expressions, 
which quantify how the stored 
energy in a system depends on 
its configuration (e.g. relative 
positions of charged particles, 
compression of a spring) and 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



how kinetic energy depends on 
mass and speed, allow the 
concept of conservation of 
energy to be used to predict and 
describe system behavior.  
 
The availability of energy limits 
what can occur in any system. 

Essential knowledge 5.B.4: 
Calorimetry is an experimental 
technique that is used to 
determine the heat 
exchanged/transferred in a 
chemical system. 
 

MS-PS3-4 Plan an investigation 
to determine the relationships 
among the energy transferred, 
the type of matter, the mass, 
and the change in the average 
kinetic energy of the particles as 
measured by the temperature of 
the sample. 

Planning and Carrying Out 
Investigations: Plan an 
investigation individually and 
collaboratively, and in the 
design: identify independent and 
dependent variables and 
controls, what tools are needed 
to do the gathering, how 
measurements will be recorded, 
and how many data are 
needed to support a claim. 

MS.PS3.A: Definitions of 
Energy 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. 

Scale, Proportion, and 
Quantity  Proportional 
relationships (e.g. speed as 
the ratio of distance traveled to 
time taken) among different 
types of quantities provide 
information about the magnitude 
of properties and processes. 

 MS-PS3-4 Plan an investigation 
to determine the relationships 
among the energy transferred, 
the type of matter, the mass, 
and the change in the average 
kinetic energy of the particles as 
measured by the temperature of 
the sample. 

Planning and Carrying Out 
Investigations: Plan an 
investigation individually and 
collaboratively, and in the 
design: identify independent and 
dependent variables and 
controls, what tools are needed 
to do the gathering, how 
measurements will be recorded, 
and how many data are 
needed to support a claim. 

MS.PS3.B: Conservation of 
Energy and Energy Transfer 
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. 

Scale, Proportion, and 
Quantity  Proportional 
relationships (e.g. speed as 
the ratio of distance traveled to 
time taken) among different 
types of quantities provide 
information about the magnitude 
of properties and processes. 

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

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 

HS.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.  
 
Uncontrolled systems always 
evolve toward more stable 

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



(second law of 
thermodynamics). 

limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

states—that is, toward more 
uniform energy distribution (e.g., 
water flows downhill, objects 
hotter than their surrounding 
environment cool down). 

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

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

HS.PS3.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. 

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

Essential knowledge 5.C.2: 
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 required, or negative 
for exothermic reactions where 
energy is released. 
 

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. 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.PS1.A: Structure and 
Properties of Matter 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. 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

 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. 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 



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

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

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

Energy and Matter Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 
 
Influence of Science, 
Engineering, and 
Technology on Society and 
the Natural World Modern 
civilization depends on major 
technological systems. 
Engineers continuously modify 
these technological systems by 
applying scientific knowledge 
and engineering design 
practices to increase benefits 
while decreasing costs and 
risks. 

 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. 

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

HS.PS3.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.  
 
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). 

Energy and Matter Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 
 
Influence of Science, 
Engineering, and 
Technology on Society and 
the Natural World Modern 
civilization depends on major 
technological systems. 
Engineers continuously modify 
these technological systems by 
applying scientific knowledge 
and engineering design 



practices to increase benefits 
while decreasing costs and 
risks. 

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

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

HS.PS3.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. 

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

Unit 6: Electronic Structure of 
Atoms and Periodic 
Properties of the Elements 
Time estimate 8-12 days 
 
Essential knowledge 1.B.1: 
The atom is composed of 
negatively charged electrons, 
which can leave the atom, and a 
positively charged nucleus that 
is made of protons and 
neutrons. The attraction of the 
electrons to the nucleus is the 
basis of the structure of the 
atom, Coulomb's law is 
qualitatively useful tor 
understanding the structure of 
the atom. 
 

 
 
 
 
 
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. 

 
 
 
 
 
Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

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

 
 
 
 
 
Patterns: Different patterns may 
be observed at each of the 
scales at which a system is 
studied and can provide 
evidence for causality in 
explanations of phenomena. 
  

 HS-PS2-4 Use mathematical 
representations of Newton’s 

Using Mathematics and 
Computational Thinking: Use 

HS.PS2.B: Types of 
Interactions Newton’s law of 

Patterns  Different patterns may 
be observed at each of the 



Law of Gravitation and 
Coulomb’s Law to describe and 
predict the gravitational and 
electrostatic forces between 
objects. 

mathematical representations of 
phenomena to describe 
explanations. 

universal gravitation and 
Coulomb’s law provide the 
mathematical models to 
describe and predict the effects 
of gravitational and electrostatic 
forces between distant objects.  
 
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.  
 
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. 

scales at which a system is 
studied and can provide 
evidence for causality in 
explanations of phenomena. 

Essential knowledge 1.B.2: 
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. 
 

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. 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

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

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. 
 



outer electron states. 

 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. 

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

HS.PS1.B: Chemical 
Reactions The fact that atoms 
are conserved, together with 
knowledge of the chemical 
properties of the elements 
involved, can be used to 
describe and predict chemical 
reactions. 

Patterns: Different patterns may 
be observed at each of the 
scales at which a system is 
studied and can provide 
evidence for causality in 
explanations of phenomena. 

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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to describe 
explanations. 

HS.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.  
 
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.  
 
Attraction and repulsion 
between electric charges at the 
atomic scale explain the 
structure, properties, and 
transformations of matter, as 

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. 



well as the contact forces 
between material objects. 

Essential knowledge 1.C.1: 
Many properties of atoms 
exhibit periodic trends that are 
reflective of the periodicity of 
electronic structure. 
 

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. 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

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

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 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. 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

HS.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. 

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. 
 

Essential knowledge 1.C.2: 
The currently accepted best 
model of the atom is based on 
the quantum mechanical model. 
 

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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to describe 
explanations. 

HS.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.  
 
Forces at a distance are 
explained by fields 
(gravitational, electric, and 
magnetic) permeating space 
that can transfer energy through 

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. 



space. Magnets or electric 
currents cause magnetic fields; 
electric charges or changing 
magnetic fields cause electric 
fields. 

Essential knowledge 1.D.1: 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. 
 

N/A N/A N/A N/A 

Unit 7: Basic Concepts of 
Chemical Bonding 
Time estimate 8-12 days 
 
Essential knowledge 1.C.1: 
Many properties of atoms 
exhibit periodic trends that are 
reflective of the periodicity of 
electronic structure. 
 

 
 
 
 
N/A 

 
 
 
 
N/A 

 
 
 
 
N/A 

 
 
 
 
N/A 

Essential knowledge 2.C.1: 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. 
 

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.  
 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

HS.PS1.A: Structure and 
Properties of Matter Each 
atom has a charged 
substructure consisting of a 
nucleus, which is made of 
protons and neutrons, 
surrounded by electrons.  
 
The periodic table orders 
elements horizontally by the 
number of protons in the atom’s 
nucleus and places those with 

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. 
 



similar chemical properties in 
columns. The repeating patterns 
of this table reflect patterns of 
outer electron states.  
 
The structure and interactions of 
matter at the bulk scale are 
determined by electrical forces 
within and between atoms.  
 
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-PS1-2 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.  
 

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

HS.PS1.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.  
 
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.  
 

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 

 HS-PS1-3 Plan and conduct an 
investigation to gather evidence 
to compare the structure of 

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 

HS.PS2.B: Types of 
Interactions Newton’s law of 
universal gravitation and 

Patterns  Different patterns may 
be observed at each of the 
scales at which a system is 



substances at the bulk scale to 
infer the strength of electrical 
forces between particles.  
 

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. 

Coulomb’s law provide the 
mathematical models to 
describe and predict the effects 
of gravitational and electrostatic 
forces between distant objects. 
 
 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.  
 
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.  
 

studied and can provide 
evidence for causality in 
explanations of phenomena. 

 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.  
 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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. 
 
 Forces at a distance are 
explained by fields 
(gravitational, electric, and 
magnetic) permeating space 
that can transfer energy through 
space. Magnets or electric 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 



currents cause magnetic fields; 
electric charges or changing 
magnetic fields cause electric 
fields.  
 
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-PS2-4 Use mathematical 
representations of Newton’s 
Law of Gravitation and 
Coulomb’s Law to describe and 
predict the gravitational and 
electrostatic forces between 
objects.  
 

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to describe 
explanations. 

HS.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.  
 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.C: Relationship 
Between Energy and Forces 
When two objects interacting 
through a field change relative 
position, the energy stored in 
the field is changed.  
 

Cause and Effect  Cause and 
effect relationships can be 
suggested and predicted for 
complex natural and human 
designed systems by examining 
what is known about smaller 
scale mechanisms within the 
system. 

Unit 8: Molecular Geometry 
Time estimate 8-12 days 
 
Essential knowledge 2.C.4: 
The localized electron bonding 
model describes and predicts 
molecular geometry using Lewis 
diagrams and the VSEPR 
model. 
 

 
 
 
N/A 

 
 
 
N/A 

 
 
 
N/A 

 
 
 
N/A 

Unit 9: Gases     



Time estimate 8-12 days 
 
Essential knowledge 2.A.2: 
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. 
 

 
 
MS-PS1-4 Develop a model that 
predicts and describes changes 
in particle motion, temperature, 
and state of a pure substance 
when thermal energy is added 
or removed.  
 

 
 
Developing and Using 
Models: Develop a model to 
predict and/or describe 
phenomena. 

 
 
MS.PS1.A: Structure and 
Properties of Matter Gases 
and liquids are made of 
molecules or inert atoms that 
are moving about relative to 
each other.  
 
In a liquid, the molecules are 
constantly in contact with 
others; in a gas, they are widely 
spaced except when they 
happen to collide. In a solid, 
atoms are closely spaced and 
may vibrate in position but do 
not change relative locations.  
 
The changes of state that occur 
with variations in temperature or 
pressure can be described and 
predicted using these models of 
matter.  
 

 
 
Cause and Effect  Cause and 
effect relationships may be used 
to predict phenomena in natural 
or designed systems. 

 MS-PS1-4 Develop a model that 
predicts and describes changes 
in particle motion, temperature, 
and state of a pure substance 
when thermal energy is added 
or removed.  
 

Developing and Using 
Models: Develop a model to 
predict and/or describe 
phenomena. 

MS.PS3.A: Definitions of 
Energy The term "heat as used 
in everyday language refers 
both to thermal energy (the 
motion of atoms or molecules 
within a substance) and the 
transfer of that thermal energy 
from one object to another. In 
science, heat is used only for 
this second meaning; it refers to 
the energy transferred due to 
the temperature difference 
between two objects.  
 
The temperature of a system is 
proportional to the average 

Cause and Effect  Cause and 
effect relationships may be used 
to predict phenomena in natural 
or designed systems. 



kinetic energy and potential 
energy per atom or molecule 
(whichever is the appropriate 
building block for the system's 
material). The details of that 
relationship depend on the type 
of atom or molecule and the 
interactions among the atoms in 
the material. Temperature is not 
a direct measure of a system's 
total thermal energy. The total 
thermal energy (sometimes 
called the total internal energy) 
of a system depends jointly on 
the temperature, the total 
number of atoms in the system, 
and the state of the material.  
 

 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.  
 

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

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

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



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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to describe 
explanations. 

HS.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.  
 
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.  
 
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.  
 

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

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

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

HS.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 

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. 



another and between its various 
possible forms.  
 
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. 
  
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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.  
 
Uncontrolled systems always 
evolve toward more stable 
states—that is, toward more 
uniform energy distribution (e.g., 
water flows downhill, objects 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



hotter than their surrounding 
environment cool down).  
 

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

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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.  
 

Cause and Effect  Cause and 
effect relationships can be 
suggested and predicted for 
complex natural and human 
designed systems by examining 
what is known about smaller 
scale mechanisms within the 
system. 

Essential knowledge 5.A.1: 
Temperature is a measure of 
the average kinetic energy of 
atoms and molecules. 
 

MS-PS3-3 Apply scientific 
principles to design, construct, 
and test a device that either 
minimizes or maximizes thermal 
energy transfer.  
 

Constructing Explanations 
and Designing Solutions: 
Apply scientific ideas or 
principles to design, construct, 
and test a design of an object, 
tool, process or system. 

MS.PS3.A: Definitions of 
Energy 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.  
 

Energy and Matter  The 
transfer of energy can be 
tracked as energy flows through 
a designed or natural system. 

 MS-PS3-3 Apply scientific 
principles to design, construct, 
and test a device that either 
minimizes or maximizes thermal 
energy transfer.  
 

Constructing Explanations 
and Designing Solutions: 
Apply scientific ideas or 
principles to design, construct, 
and test a design of an object, 
tool, process or system. 

MS.PS3.B: Conservation of 
Energy and Energy Transfer 
Energy is spontaneously 
transferred out of hotter regions 
or objects and into colder ones.  
 

Energy and Matter  The 
transfer of energy can be 
tracked as energy flows through 
a designed or natural system. 



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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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.  

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 

 HS-PS3-4 Plan and conduct an Planning and Carrying Out HS.PS3.B: Conservation of Systems and System Models  



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

Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

Energy and Energy Transfer 
Energy cannot be created or 
destroyed, but it can be 
transported from one place to 
another and transferred 
between systems.  
 
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).  
 

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

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

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

HS.PS3.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.  
 

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

Unit 10: Intermolecular 
Forces, Liquids, Solids and 
Properties of Solutions 
Time estimate 10-14 days 
 
Essential knowledge 2.A.1: 
The different properties of solids 
and liquids can be explained by 
differences in their structures, 
both at the particulate level and 
in their supramolecular 

 
 
 
 
 
MS-PS1-4 Develop a model that 
predicts and describes changes 
in particle motion, temperature, 
and state of a pure substance 
when thermal energy is added 
or removed.  

 
 
 
 
 
Developing and Using 
Models: Develop a model to 
predict and/or describe 
phenomena. 

 
 
 
 
 
MS.PS1.A: Structure and 
Properties of Matter Gases 
and liquids are made of 
molecules or inert atoms that 
are moving about relative to 
each other.  

 
 
 
 
 
Cause and Effect  Cause and 
effect relationships may be used 
to predict phenomena in natural 
or designed systems. 



structures. 
 

 
In a liquid, the molecules are 
constantly in contact with 
others; in a gas, they are widely 
spaced except when they 
happen to collide. In a solid, 
atoms are closely spaced and 
may vibrate in position but do 
not change relative locations.  
 
The changes of state that occur 
with variations in temperature or 
pressure can be described and 
predicted using these models of 
matter.  
 

 MS-PS1-4 Develop a model that 
predicts and describes changes 
in particle motion, temperature, 
and state of a pure substance 
when thermal energy is added 
or removed.  
 

Developing and Using 
Models: Develop a model to 
predict and/or describe 
phenomena. 

MS.PS3.A: Definitions of 
Energy The term "heat as used 
in everyday language refers 
both to thermal energy (the 
motion of atoms or molecules 
within a substance) and the 
transfer of that thermal energy 
from one object to another. In 
science, heat is used only for 
this second meaning; it refers to 
the energy transferred due to 
the temperature difference 
between two objects.  
 
The temperature of a system is 
proportional to the average 
kinetic energy and potential 
energy per atom or molecule 
(whichever is the appropriate 
building block for the system's 
material). The details of that 
relationship depend on the type 
of atom or molecule and the 
interactions among the atoms in 

Cause and Effect  Cause and 
effect relationships may be used 
to predict phenomena in natural 
or designed systems. 



the material. Temperature is not 
a direct measure of a system's 
total thermal energy. The total 
thermal energy (sometimes 
called the total internal energy) 
of a system depends jointly on 
the temperature, the total 
number of atoms in the system, 
and the state of the material.  
 

 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.  
 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

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

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-PS1-3 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.  
 

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 

HS.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.  
 

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. 



measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

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

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

HS.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.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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). 

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. 



This last concept includes 
radiation, a phenomenon in 
which energy stored in fields 
moves across space.  
 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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). 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



This last concept includes 
radiation, a phenomenon in 
which energy stored in fields 
moves across space.  
 

Essential knowledge 2.A.3: 
Solutions are homogenous 
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. 
 

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.  
 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.PS1.A: Structure and 
Properties of Matter The 
structure and interactions of 
matter at the bulk scale are 
determined by electrical forces 
within and between atoms.  
 
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.  
 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

 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.  
 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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.  
 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

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

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

HS.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.  
 

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 



textually, and mathematically). a problem. 

Essential knowledge 2.B.1: 
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. 
 

N/A N/A N/A N/A 

Essential knowledge 2.B.2: 
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, 0, 
and F) are involved. 
 

N/A N/A N/A N/A 

Essential knowledge 2.B.3: 
Intermolecular forces play a key 
role in determining the 
properties of substances, 
including biological structures 
and interactions. 
 

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.  
 

Developing and Using 
Models: Use a model to predict 
the relationships between 
systems or between 
components of a system. 
 

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

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. 
 



within and between 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.  
 

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

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

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

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

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

HS.PS2.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.  
 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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. 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



and energy associated with the 
relative position of particles 
(objects).  
 

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. 
 
 At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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.  
 

Essential knowledge 5.B.3: 
Chemical systems undergo 
three main processes that 
change their energy: 
heating/cooling, phase 
transitions, and chemical 

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.  

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 

HS.PS1.A: Structure and 
Properties of Matter The 
structure and interactions of 
matter at the bulk scale are 
determined by electrical forces 
within and between atoms.  

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. 



reactions. 
 

 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. 

 
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 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.  
 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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.  
 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

 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.  
 

Using Mathematics and 
Computational Thinking: 
Create a computational model 
or simulation of a phenomenon, 
designed device, process, or 
system. 

HS.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.  
 

Systems and System Models: 
Models can be used to predict 
the behavior of a system, but 
these predictions have limited 
precision and reliability due to 
the assumptions and 
approximations inherent in 
models. 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



 conserved, even as, within the 
system, energy is continually 
transferred from one object to 
another and between its various 
possible forms.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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 Develop and use 
models to illustrate that energy 
at the macroscopic scale can be 
accounted for as a combination 
of energy associated with the 
motions of particles (objects) 
and energy associated with the 
relative position of particles 
(objects).  

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.B: Conservation of 
Energy and Energy Transfer 
Conservation of energy means 
that the total change of energy 
in any system is always equal to 
the total energy transferred into 
or out of the system.  
 
Energy cannot be created or 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



 destroyed, but it can be 
transported from one place to 
another and transferred 
between systems.  
 
Mathematical expressions, 
which quantify how the stored 
energy in a system depends on 
its configuration (e.g. relative 
positions of charged particles, 
compression of a spring) and 
how kinetic energy depends on 
mass and speed, allow the 
concept of conservation of 
energy to be used to predict and 
describe system behavior.  
 
The availability of energy limits 
what can occur in any system.  
 

Essential knowledge 5.D.1: 
Potential energy is associated 
with the interaction of 
molecules; as molecules draw 
near each other, they 
experience an attractive force. 
 

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.  
 

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

HS.PS1.A: Structure and 
Properties of Matter The 
structure and interactions of 
matter at the bulk scale are 
determined by electrical forces 
within and between atoms.  
 
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.  
 

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-PS1-4 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.  

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 



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

Using Mathematics and 
Computational Thinking: Use 
mathematical representations of 
phenomena to describe 
explanations. 

HS.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.  
 
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.  
 
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.  
 

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-PS3-2 Develop and use 
models to illustrate that energy 
at the macroscopic scale can be 
accounted for as a combination 
of energy associated with the 

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 

HS.PS3.A: Definitions of 
Energy Energy is a quantitative 
property of a system that 
depends on the motion and 
interactions of matter and 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 



motions of particles (objects) 
and energy associated with the 
relative position of particles 
(objects).  
 

components of a system. 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  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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.  
 

fields, or between systems. 

 HS-PS3-5 Develop and use a 
model of two objects interacting 
through electric or magnetic 
fields to illustrate the forces 

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 

HS.PS3.C: Relationship 
Between Energy and Forces 
When two objects interacting 
through a field change relative 

Cause and Effect  Cause and 
effect relationships can be 
suggested and predicted for 
complex natural and human 



between objects and the 
changes in energy of the objects 
due to the interaction.  
 

between systems or between 
components of a system. 

position, the energy stored in 
the field is changed.  
 

designed systems by examining 
what is known about smaller 
scale mechanisms within the 
system. 

Essential knowledge 5.D.2: At 
the particulate scale, chemical 
processes can be distinguished 
from physical processes 
because chemical bonds can be 
distinguished from 
intermolecular interactions. 
 

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.  
 

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

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

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 

 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.  
 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

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.  
 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

Unit 11: Chemical Kinetics 
Time estimate 14-18 days 
  
Essential knowledge 4.A.1: 
The rate of a reaction is 
influenced by the concentration 

 
 
 
HS-PS1-5 Apply scientific 
principles and evidence to 
provide an explanation about 

 
 
 
Constructing Explanations 
and Designing Solutions: 
Apply scientific principles and 

 
 
 
HS.PS1.B: Chemical 
Reactions Chemical processes, 
their rates, and whether or not 

 
 
 
Patterns  Different patterns may 
be observed at each of the 
scales at which a system is 



or pressure of reactants, the 
phase of the reactants and 
products, and environmental 
factors such as temperature and 
solvent. 
 

the effects of changing the 
temperature or concentration of 
the reacting particles on the rate 
at which a reaction occurs.  
 

evidence to provide an 
explanation of phenomena and 
solve design problems, taking 
into account possible 
unanticipated effects. 

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.  
 

studied and can provide 
evidence for causality in 
explanations of phenomena. 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



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.  
 

Essential knowledge 4.A.2: 
The rate law shows how the rate 
depends on reactant 
concentrations. 
 

N/A N/A N/A N/A 

Essential knowledge 4.A.3: 
The magnitude and temperature 
dependence of the rate of 
reaction is contained 
quantitatively in the rate 
constant. 
 

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.  
 

Constructing Explanations 
and Designing Solutions: 
Apply scientific principles and 
evidence to provide an 
explanation of phenomena and 
solve design problems, taking 
into account possible 
unanticipated effects. 

HS.PS1.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.  
 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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 

Energy and Matter Energy 
cannot be created or 
destroyed—only moves 
between one place and another 
place, between objects and/or 
fields, or between systems. 



another and between its various 
possible forms.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 
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.  
 

Essential knowledge 4.B.1: 
Elementary reactions can be 
unimolecular or involve 
collisions between two or more 
molecules. 
 

N/A N/A N/A N/A 

Essential knowledge 4.B.2: 
Not all collisions are successful. 
To get over the activation 
energy barrier, the colliding 
species need sufficient energy. 
Also, the orientations of the 

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.  

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.PS1.A: Structure and 
Properties of Matter A stable 
molecule has less energy than 
the same set of atoms 
separated; one must provide at 
least this energy in order to take 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 



reactant molecules during the 
collision must allow for the 
rearrangement of reactant 
bonds to form product bonds. 
 

 the molecule apart.  
 

 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.  
 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.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.  
 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

Essential knowledge 4.B.3: A 
successful collision can be 
viewed as following a reaction 
path with an associated energy 
profile. 
 

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.  
 

Developing and Using 
Models: Develop a model 
based on evidence to illustrate 
the relationships between 
systems or between 
components of a system. 

HS.PS1.A: Structure and 
Properties of Matter 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.  
 

Energy and Matter: Changes of 
energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 

 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.  
 

Constructing Explanations 
and Designing Solutions: 
Apply scientific principles and 
evidence to provide an 
explanation of phenomena and 
solve design problems, taking 
into account possible 
unanticipated effects. 

HS.PS1.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.  
 

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-PS3-5 Develop and use a Developing and Using HS.PS3.C: Relationship Cause and Effect  Cause and 



model of two objects interacting 
through electric or magnetic 
fields to illustrate the forces 
between objects and the 
changes in energy of the objects 
due to the interaction.  
 

Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

Between Energy and Forces 
When two objects interacting 
through a field change relative 
position, the energy stored in 
the field is changed.  
 

effect relationships can be 
suggested and predicted for 
complex natural and human 
designed systems by examining 
what is known about smaller 
scale mechanisms within the 
system. 

Essential knowledge 4.C.1: 
The mechanism of a multistep 
reaction consists of a series of 
elementary reactions that add 
up to the overall reaction. 
 

N/A N/A N/A N/A 

Essential knowledge 4.C.2: In 
many reactions, the rate is set 
by the slowest elementary 
reaction, or rate-limiting step. 
 

N/A N/A N/A N/A 

Essential knowledge 4.C.3: 
Reaction intermediates, which 
are formed during the reaction 
but not present in the overall 
reaction, play an important role 
in multistep reactions. 
 

N/A N/A N/A N/A 

Essential knowledge 4.D.1: 
Catalysts function by lowering 
the activation energy of an 
elementary step in a reaction 
mechanism, and by providing a 
new and faster reaction 
mechanism. 
 

N/A N/A N/A N/A 

Essential knowledge 4.D.2: 
Important classes in catalysis 
include acid-base catalysis, 
surface catalysis, and enzyme 
catalysis. 
 

N/A N/A N/A N/A 

Unit 12: Chemical Equilibrium     



Time estimate 14-18 days 
 
Essential knowledge 5.E.4: 
External sources of energy can 
be used to drive change in 
cases where the Gibbs free 
energy change is positive. 
 

 
 
N/A 

 
 
N/A 

 
 
N/A 

 
 
N/A 

Essential knowledge 6.A.1: In 
many classes of reactions, it is 
important to consider both the 
forward and reverse reaction. 
 

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.  
 

Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 

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

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

Essential knowledge 6.A.2: 
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. 
 

N/A N/A N/A N/A 

Essential knowledge 6.A.3: 
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. 
 

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.  
 

Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 

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

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

 HS-PS1-6 Refine the design of Constructing Explanations HS.PS3.B: Conservation of Stability and Change  Much of 



a chemical system by specifying 
a change in conditions that 
would produce increased 
amounts of products at 
equilibrium.  
 

and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 

Energy and Energy Transfer 
Energy cannot be created or 
destroyed, but it can be 
transported from one place to 
another and transferred 
between systems.  
 
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).  
 

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

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

Planning and Carrying Out 
Investigations: Plan and 
conduct an investigation 
individually and collaboratively 
to produce data to serve as the 
basis for evidence, and in the 
design: decide on types, how 
much, and accuracy of data 
needed to produce reliable 
measurements and consider 
limitations on the precision of 
the data (e.g., number of trials, 
cost, risk, time), and refine the 
design accordingly. 

HS.PS3.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.  
 

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

Essential knowledge 6.A.4: 
The magnitude of the 
equilibrium constant, K, can be 
used to determine whether the 
equilibrium lies toward the 
reactant side or product side. 
 

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.  
 

Constructing Explanations 
and Designing Solutions: 
Construct and revise an 
explanation based on valid and 
reliable evidence obtained from 
a variety of sources (including 
students’ own investigations, 
models, theories, simulations, 
peer review) and the 
assumption that theories and 
laws that describe the natural 

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

Energy and Matter: The total 
amount of energy and 
matter in closed systems is 
conserved. 



world operate today as they did 
in the past and will continue to 
do so in the future. 

 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.  
 

Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 

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

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

Essential knowledge 6.B.1: 
Systems at equilibrium respond 
to disturbances by partially 
countering the effect of the 
disturbance (Le Chatelier's 
principle). 
 

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.  
 

Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 

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

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

Essential knowledge 6.B.2: 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. 
 

N/A N/A N/A N/A 



Unit 13: Acid-Base Equilibria 
Time estimate 14-18 days 
 
Essential knowledge 3.B.2: In 
a neutralization reaction, 
protons are transferred from an 
acid to a base. 

 
 
 
N/A 

 
 
 
N/A 

 
 
 
N/A 

 
 
 
N/A 

Essential knowledge 6.C.1: 
Chemical equilibrium reasoning 
can be used to describe the 
proton-transfer reactions of 
acid-base chemistry. 
 

N/A N/A N/A N/A 

Essential knowledge 6.C.2: 
The pH is an important 
characteristic of aqueous 
solutions that can be controlled 
with buffers. Comparing pH to 
pKa allows one to determine the 
protonation state of a molecule 
with a labile proton. 
 

N/A N/A N/A N/A 

Unit 14: Additional Aspects of 
Aqueous Equlibria 
Time estimate 14-18 days 
 
Essential knowledge 6.C.1: 
Chemical equilibrium reasoning 
can be used to describe the 
proton-transfer reactions of 
acid-base chemistry. 
 

 
 
 
 
N/A 

 
 
 
 
N/A 

 
 
 
 
N/A 

 
 
 
 
N/A 

Essential knowledge 6.C.2: 
The pH is an important 
characteristic of aqueous 
solutions that can be controlled 
with buffers. Comparing pH to 
pKa allows one to determine the 
protonation state of a molecule 
with a labile proton. 

N/A N/A N/A N/A 



 

Essential knowledge 6.C.3: 
The solubility of a substance 
can be understood in terms of 
chemical equilibrium. 
 

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.  

Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 

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

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

Unit 15: Chemical 
Thermodynamics 
Time estimate 10-12 days 
 
Essential knowledge 5.E.1: 
Entropy is a measure of the 
dispersal of matter and energy. 
 

 
 
 
 
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.  
 

 
 
 
 
Constructing Explanations 
and Designing Solutions: 
Refine a solution to a complex 
real-world problem, based on 
scientific knowledge, student-
generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 

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

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

Essential knowledge 5.E.2: 
Some physical or chemical 
processes involve both a 
decrease in the internal energy 
of the components (∆Ho< 0) 
under consideration and an 
increase in the entropy of those 
components (∆So> 0). These 
processes are necessarily 
"thermodynamically favored" 
(∆G° < 0). 

N/A N/A N/A N/A 

Essential knowledge 5.E.3: If 
a chemical or physical process 
is not driven by both entropy 
and enthalpy changes, then the 
Gibbs free energy change can 
be used to determine whether 

N/A N/A N/A N/A 



the process is 
thermodynamically favored. 
 

Essential knowledge 5.E.4: 
External sources of energy can 
be used to drive change in 
cases where the Gibbs free 
energy change is positive. 
 

N/A N/A N/A N/A 

Essential knowledge 5.E.5: A 
thermodynamically favored 
process may not occur due to 
kinetic constraints (kinetic vs. 
thermodynamic control). 

N/A N/A N/A N/A 

Essential knowledge 6.D.1: 
When the difference in Gibbs 
free energy between reactants 
and products (∆G°) is much 
larger than the thermal energy 
(RT), the equilibrium constant is 
either very small (for ∆G° > 0) 
or very large (for ∆G° < 0). 
When ∆G° is comparable to the 
thermal energy (RT), the 
equilibrium constant is near 1. 
 

N/A N/A N/A N/A 

Unit 16: Electrochemistry 
Time estimate 14-20 days 
 
Essential knowledge 3.C.3: 
Electrochemistry shows the 
interconversion between 
chemical and electrical energy 
in galvanic and electrolytic cells. 

 
 
 
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.  
 
 

 
 
 
Using Mathematics and 
Computational Thinking: 
Create a computational model 
or simulation of a phenomenon, 
designed device, process, or 
system. 

 
 
 
HS.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 

 
 
 
Systems and System Models: 
Models can be used to predict 
the behavior of a system, but 
these predictions have limited 
precision and reliability due to 
the assumptions and 
approximations inherent in 
models. 



transferred from one object to 
another and between its various 
possible forms.  
 
At the macroscopic scale, 
energy manifests itself in 
multiple ways, such as in 
motion, sound, light, and 
thermal energy.  
 

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

Using Mathematics and 
Computational Thinking: 
Create a computational model 
or simulation of a phenomenon, 
designed device, process, or 
system. 

HS.PS3.B: Conservation of 
Energy and Energy Transfer 
Conservation of energy means 
that the total change of energy 
in any system is always equal to 
the total energy transferred into 
or out of the system.  
 
Energy cannot be created or 
destroyed, but it can be 
transported from one place to 
another and transferred 
between systems.  
 
Mathematical expressions, 
which quantify how the stored 
energy in a system depends on 
its configuration (e.g. relative 
positions of charged particles, 
compression of a spring) and 
how kinetic energy depends on 
mass and speed, allow the 
concept of conservation of 
energy to be used to predict and 
describe system behavior.  
 
The availability of energy limits 
what can occur in any system.  
 

Systems and System Models: 
Models can be used to predict 
the behavior of a system, but 
these predictions have limited 
precision and reliability due to 
the assumptions and 
approximations inherent in 
models. 

 HS-PS3-3 Design, build, and Constructing Explanations HS.PS3.C: Relationship Energy and Matter Changes of 



refine a device that works within 
given constraints to convert one 
form of energy into another form 
of energy.  
 

and Designing Solutions: 
Design, evaluate, and/or refine 
a solution to a 
complex real-world problem, 
based on scientific knowledge, 
student-generated sources of 
evidence, prioritized criteria, and 
tradeoff considerations. 

Between Energy and Forces 
When two objects interacting 
through a field change relative 
position, the energy stored in 
the field is changed.  
 

energy and matter in a system 
can be described in terms of 
energy and matter flows into, 
out of, and within that system. 
 
Influence of Science, 
Engineering, and 
Technology on Society and 
the Natural World Modern 
civilization depends on major 
technological systems. 
Engineers continuously modify 
these technological systems by 
applying scientific knowledge 
and engineering design 
practices to increase benefits 
while decreasing costs and 
risks. 

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

Developing and Using 
Models: Develop and use a 
model based on evidence to 
illustrate the relationships 
between systems or between 
components of a system. 

HS.PS3.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.  
 

Cause and Effect  Cause and 
effect relationships can be 
suggested and predicted for 
complex natural and human 
designed systems by examining 
what is known about smaller 
scale mechanisms within the 
system. 

 


