Chariho Regional School District - Science Curriculum
September, 2016

CHEMISTRY CURRICULUM

Unit 1: Using Mathematics in Chemistry

OVERVIEW

Summary

Measurements are fundamental to the experimental sciences. It is important to be able to take measurements
and decide whether measurements make sense, are correct and are represented properly. Students will be
able to measure as accurately and precisely as possible, perform operations, calculate, and round the
answers relevant to the context of the problems. In this unit, topics such as scientific notation, solving
multi-step equations, rounding and order of operation will be reinforced in the context of chemistry problem
solving.

Content to Be Learned
Convert measurements into scientific notation.

Distinguish among accuracy, precision, and error of a measurement.

Determine the number of significant figures in a measurement and in a calculated answer.
List Standard International (SI) Units of measurement and common SI prefixes.

Solve multi-step problems.

Interpret results and determine the appropriateness of their responses.

Practices
e Using Mathematics and Computational Thinking.

Crosscutting Concepts

e Scale, Proportion, and Quantity.

e Patterns.

Essential Questions

e Why is it important for scientists to measure accurately and precisely when conducting scientific

investigations?
e What are some ways scientists communicate their results to peers effectively and accurately?

Common Core Standards
e C(CCSS.ELA-LITERACY.RST.9-10.7 Translate quantitative or technical information expressed in

words in a text into visual form (e.g., a table or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.



CCSS.MATH.PRACTICE.MP2 Reason abstractly and quantitatively.
CCSS.MATH.PRACTICE.MP4 Model with mathematics.

CCSS.MATH.CONTENT.HSN.Q.A.1 Use units as a way to understand problems and to guide the
solution of multi-step problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays.
CCSS.MATH.CONTENT.HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive
modeling.

CCSS.MATH.CONTENT.HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on
measurement when reporting quantities.

Unit 2: Atomic Structure

OVERVIEW

Summary

Students will be introduced to the structure of an atom. Using a periodic table they will be able to determine
the number of protons, neutrons and electrons of an element. Students will begin to see patterns (both
horizontal and vertical) in the periodic table. Based on the number of electrons in the outer shell, students
will gain an understanding of how an atom becomes charged and reacts with one another. This unit is a
foundation for the unit on Chemical Bonding.

Content to Be Learned

Structure of an atom (protons, neutrons, electrons).

The arrangement of the periodic table is by number of protons and similarity of chemical protons, and
patterns of outer electron states.

Chemical processes can be described and predicted based on knowledge of chemical properties and
conservation of atoms.

Periodic table orders elements horizontally based on number of protons in an atom’s nucleus, and
places elements with similar properties in columns. This pattern reflects patterns of outer electron
states.

Practices

Developing and using models.

Constructing explanations and designing solutions.
Planning and carrying out investigations.

Obtaining, evaluating and communicating information.

Crosscutting Concepts

Patterns.
Energy and matter.
Structure and function.



Essential Questions
e How can the periodic table be used to predict the properties of elements?
e How does the periodic table show patterns in valance electrons of elements?
e How can the structure of an object infer information about the strength of the forces between its
particles?
e Why is the molecular-level structure important in the functioning of designed materials?

Next Generation Science Standards
HS-PS1-1 Matter and its Interactions

Students who demonstrate understanding can:

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. [Clarification Statement: Examples of properties that could be predicted from patterns
could include reactivity of metals, types of bonds formed, numbers of bonds formed, and reactions with oxygen.] [Assessment
Boundary. Assessment is limited fo main group elemenis. Assessment doses not include quantitative understanding of ionization
energy beyond relafive frends.]

The performiance -expectation above was developed using the following slements from the NRC document A Framework for K-12 Seignce Education:

Developing and Using Models

Modeling in 8-12 builds on K-8 and progresses to

using, synthesizing, and developing models to predict

and show relationships among variables between

systems and their components in the natural and

designed worlds.

= Use a model o predict the relationships between

sysiems or between compenenits of a system.

Connections to other DCIs in this grade-band.:
H5.LS1.C

Articelation of DCls across grade-bands!
MS.P51.A ; M5.P51.B

Commeon Core State Standards Conneclions:
ELA/L iteracy -

R3T.9-
10.7

Disciplinary Core ideas

PS1.A: Structure and Properties of Matter

« Each atom has a charged substructure consisting
of a nucleus, which is made of protons and
neutrons, surrounded by elecirons.

= The periodic table orders elements horzontally
by the number of protons in the aiom’s nucleus
and places those with similar chemical properties
in columns. The repealing patterns of this table
reflect patterns of cuter electron states.

Crosscufting Concepts

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

Translate quantitative or technical information expressed in words in a text into visual form {e.g.. a table or chart) and translate information expressed visually or
mathematically {e.g.. in an equation) inte words. (HS-PS51-1)




HS-PS1-3 Matter and its Interactions

Students who demonstrate understanding can:

HS-P51-3. 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. [Clarification Statement: Emphasizs is on understanding the strengths of
forces between particles, not on naming specific intermolecular forces (such as dipole-dipale). Examples of particies could
include ions, atoms, molecules, and networked materials (such as graphite). Examples of bulk properties of substances could
include the melting point and boiling point, vapor pressure, and surface tension.| [Assessment Boundary: Assessment does not
include Raoult's law calculations of vapor pressure.]

The performance expectation above was developed using the following elemenis from the MRC document A Framework for K-12 Stience Education

Disciplinary Cors ideas Crosacarting Concepts

Planning and Carrying Out Investigations P51.A: Structure and Properties of Matter Pattorns

Planning and camying out investigations in 812 « The siructure and interactions of matter at the = Different patterns may be observed at each of the
builds on K-B experiences and progresses o include bulk scale are determined by electrical forces scales at which a system is studied and can
investigations that provide evidance for and test within and between atoms. provide evidence for causality in explanations of
concepiual, mathematical, physical, and empirical phenomena,

modéls.

» Plan and concuct an investigation individually
and collaboratively to produce data 1o serve as
the basis for evidence, and in the design: decide
on types, how much, and accuracy of data
needed 1o produce reliable measurements and
consider limitations on the precision of the data
{e.g., number of frials, cost, risk, tima}, and refine
the design accordingly.

Connections to-ofher DCIs in his grade-band:
HS.ESS52.C

Articuiation of DCls across grade-bands:
MS.PS1.A ; M5.P52.B

Comman Core State Standards Connections:

ELALiteracy -

RST.11- Cite specific textual eviderce to support analysis of science and technical texts, attending 1o impernant distinctions the author makes and to any gaps or

124 inconsistencies in the account. (H3-P31-3)

WHET.9- Conduct short as well as more sustained research projects to answer a question {including a self-generaled question) or solve a problem; narrow or broaden

12.7 the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. (H3-P51-3)

WHST.11- Gather relevant information from multiple authertative print and digital sources, using advanced searches effectively; assess the sirengths and limitations of

12.8 each source in terms of the specific task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas; aveiding
plagiarism and overreliance on any one source and following a standard format for citation. (HS-P51-3)

WHST.9- Draw evidence from informational texts to support analysis, reflection, and research, (HS-P571-3)

12.9

Mathematics -

HSN- Use wnits as a way to understand problems and to guide the solution of multi-siep problems; choose and interpret units consistently in formulas; choose and

QA interpret the scale and the origin in graphs and data displays. (H5-P57-3)

HSN- Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (H5-P51-3)

QA3




HS-P52-6 Motion and Stability: Forces and Interactions

Students who demonstrate understanding can:

HS-PS2-6. Communicate scientific and technical information about why the molecular-level structure is important in the
functioning of designed materials.” [Clarification Statement. Emphasis is on the atfractive and repulsive forces that
determing the functioning of the material. Examples could include why efectrically conductive materials are often made of
metal, flexible but durable materiale are made up of long chained molecules, and pharmaceuticals are designed to interact with
specific receptors.] [Assessment Boundary: Assessmeant is imited o provided molecular shuctures of specific designed
matenals.]

The performance expeciation sbove was developed using the following elemeants from the NRC documeant 4 Framework for K-12 Sclence Educebion:

Obtaining, Evaluating, and Communicating PS52.8: Types of Interactions Structure and Function
Information : . » Alftracbon and repulsion between eleciric charges # Investigaling or designing new syslams o
Ciotaining, evaluating, and cormmunicating information al the alomic scale expiain e siructure, stuctures requires & detalied axamination of the
i 812 Duitds on K-8 and progresses to eveluating properties, and transformations of matter, as wall oroperties of diferent materials. the structures of
the validity and reliability of the claims, methods, and as the contact forces batween matenal objects. «ifferant components, and connections of
designs. componenis to reveal its function andlfor solwe &
= Communicata scientific and technical information el
{e.0. about the process of develoomant and the
-design and parformance of 8 proposed process or
system) i multiple forrmats (inckuding orally,
grachically, textually, and mathematically).

Connachions to other DCIs in ihis grads-loval: N4

Articulstion of OCie acrose grade-banads:

MS5.P52.8

Cammuon Core State Stendsnds Connechions;

ELAAterecy -

RST.A1- Cite specific textual evidence bo suppor analysis of scence and technical texts, alending 10 important distncbons the author makes and to any gaps or

124 inconeistencias in the account. (HE-PE2-6)

WHST.11- Write informativefexplanatory texts, including the narration of historical events, scientific procedures’ expenmants, or technical pracessas. (HS-PS2-6)

122

Mathemaiics -

HEM.Q.AA Use units a5 a way o understand problerms and to guide the solution of multl-step probdems; chooss and inerpret units consistently in formulas; choose and
mterpret the scale and the origin in graphs and data displays. (HE-F52-6)

HEN.Q.AZ Define appropriate quantiies fior the purpose of descripbive modeling. (HE-PE2-6)

HSMN.Q.A3  Choose a level of accuracy appropriate to limilatons on measurament when reporting quantibes. (HS-PE2-6)

* The performance expectations marked with an asterisk inlegrate radifional scence content with engineering through & Practice or Disciplinary Core idea.

The saction entiied "Déscipinery Core ldeas” ie reproduced verbatim from A Frameweork for K-12 Sclence Eduwoation: Prachices, Cross-Culfing Conoepts: and Core Idees.
Intesgrated and reprintsd with peemission from the Mational Academy of Sclences.

Unit 3: Chemical Bonding

OVERVIEW

Summary

Chemical Bonding is the electrostatic interaction of charged atoms which leads to chemical bonding. Students

will be introduced to the measures used to determine the strength of these bonds based on the ability of these

atoms to compete for electrons. This knowledge will ultimately lead to an understanding of the physical and

chemical properties of substances.

Content to Be Learned

e Determine the number of valence electrons in an atom of a representative element.

e Explain how the octet rule applies to atoms of metallic and nonmetallic elements.

o Describe how cations and anions form.



Describe the physical and chemical properties of ionic, covalent, and metallic compounds.

Describe the information provided by a chemical formula.

Compare and contrast the relative positions that electrons take in ionic, covalent, and metallic bonding.
Describe how atoms form single, double, and triple covalent bonds.

Describe how electronegativity determine the distribution of charge in a polar molecule.

Describe how the magnitude of the electronegative difference determines the type of chemical bond.

Evaluate the strength of intermolecular attractions in ionic, covalent, metallic bonds.

Practices
e Developing and using models.
e Constructing explanations and designing solutions.
e Planning and carrying out investigations.

Crosscutting Concepts

e Patterns.

Essential Questions
e How does the atomic structure affect interactions between atoms?
e How does the type of chemical bond affect the physical and chemical properties of a compound?
e How does the knowledge of chemical bonding allow chemists to design chemicals with specific
properties?
e Why does matter organize itself?

Next Generation Science Standards
HS-PS1-1 Matter and its Interactions

Students who demonstrate understanding can:

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. [Clarification Statement: Examples of properties that could be predicted from patterns
could include reactivity of metals, types of bonds formed, numbers of bonds formed, and reactions with oxygen.] [Assessment
Boundary: Assessment is limited fo main group elemenis. Assessment does nof include gquantitative understanding of ionization
energy bayond relalive frends.]

The performance expectation above was developed. using the following elemeants from the NRC docement A Framework for K-12 Scignce Education:

Sclence and Engineering Practices Disciplinary Core ideas Crosscutting Concepts

Daveloping and Using Models PS1.A: Structure and Properties of Matter Patterns
Maodafing in 9-12 builds on K-8 and progresses to « Each atom has a charged substructure consisting « Different patterns may be observed at each of the
using, synthesizing, and developing models to predict of a nucleus, which is made of protons and scales at which a system is studied and can
and show relationships among variables between neutrons, surrounded by elecirons. provide evidence for causality in explanations of
sysiems and their comporents in the natural and = The periodic table orders elements hoszontally phenomena.
designed worlds. by the number of protons in the aiom’s nucleus
« Use a model to predict the relationships between and places those with similar chemical properties
sysiems or beiween components of a sysiem. in columns. The repeating patterns of this table

reflect patterns of outer electron states.

Connections to other DCis in this grade-band:
H5.L51.C

Aticilation of DCls across grade-bands:
M5.P51.A ME.PS1.B

Common Core State Standards Canneclions:

ELAA iteracy -
RST.9- Translate quantitative or technical information expressed in words in a text into visual form (e.g.. a table or chart) and translate infermation expressed visually or
10.7 mathematically (e.q., in an equation) into words. (HS-P51-1)




HS-PS1-2 Matter and its Interactions

Students who demonstrate understanding can:
HS-PS1-2.

carmbustion reactions.)

Science and Engineering Practices

Constructing Explanations and Dasigning
Solutions

Constructing explanations and designing solutions in
912 builds on K-8 experiences and progresses o
explanations and designs that ana supportad by
multiple and independent sludent-generated sources
of evidence consistent with scientific ideas, principles,
and theories.

« Construct and revise an explanation based on
valid and reliable evidence obtained from a
varigty 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 fo
o so inthe future.

Connections to other DCIs in this grade-band:
HS.L51.C ; HS.ESS2.C

Articulation of DC/s across grade-bands:
MS.PE1.A . M5.PS1.B

Comman Core State Standards Connections:
ELA iferacy -

WHST.9-
12.2
WHST.9-
12.5
Mathematics -
HSMN-
QA1
HSMN-
QA3

PS1.A: Structure and Properties of Matter
« The periodic table orders elements horizonially
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.
P51.B: Chemical Reactions
« The fact that atoms are conserved, together with
knowledge of the chemical properties of the
elements irvolved, can be used to describe and
predict chemical reactions.

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. [Clarification
Statement: Examples of chemical reactions could include the reaction of sodium and chlarine, of carbon and oxygen, or of
carbon and hydrogen.| [Assessment Boundary: Assessment is limited to chemical reactions invalving main graup elements and

The performance expectation above was developed. using the foilowing elements from the NRC dociment A Framework for K-12 Science Education:

Crosscutting Concepts

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

Write informativelexplanatory texts, including the narration of historical evenis, scientific procedures! experiments, or technical processes. (HS-P51-2)

Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant
for a specific purpose and audience. (HS-PS51-2)

Use units as a way to understand problems and w0 guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays. (HS-P51-2)
Choose a level of accuracy appropriate 1o limitations on measurement when reporting quantities. (H3-PS51{-2)

Unit 4: Chemical Reactions

OVERVIEW

Summary

Chemical reactions have many applications that make life possible. The Law of Conservation of Mass states
that the total mass of the reactants will equal the total mass of the products. Students will learn to identify,
name, and balance chemical reactions. They will learn about the various types of reactions and how to predict
their products. They will be introduced to stoichiometry and the importance of balancing reactions.

Content to Be Learned
e [dentify the reactants and products in a chemical reaction.

e Describe the steps for writing a balanced chemical equation.
e Describe the major types of reactions.
e Predict the products of the major types of reactions.



e Describe the information found in a net ionic equation.

e Determine how a chemical reaction satisfies the law of conservation of mass.

e Identify redox reactions, oxidizing agents, and reducing agents.

e Predict the amount of a precipitate in a double replacement reaction.

e Explain how balanced equations apply to both chemistry and everyday situations.

e Interpret balanced chemical equations in terms of moles, representative particles, mass and gas
volumes at STP.

e (Calculate stoichiometric quantities from balanced chemical equations using units of moles, mass,
representative particles, and volumes of gases at STP.

e Identify the limiting reagent in a reaction.

Practices

e Using mathematics and computational thinking.

e Developing and using models.

e Constructing explanations and designing solutions.

Crosscutting Concepts

Patterns.
Energy and matter.
Stability and change.

Essential Questions

How can the outcome of a chemical reaction be predicted based on knowledge of chemical properties
and patterns of the periodic table?

What relationship exists between bond energy and the release or absorption of energy in a reaction?
How does changing the temperature or concentration of reactants influence the rate of a reaction?
How can conservation of mass be applied to chemical reactions?

What variable need to be changed, and in what ways, to increase amounts of product in a chemically
balanced system (equilibrium)?



HS-PS51-2 Matter and its Interactions

Students who demonstrate understanding can:
HS-PS1-2.

Construct and revise an explanation for the outcome of a simple chemical reaction based on the ocutermost electron

states of atoms, trends in the periodic table, and knowledge of the patterns of chemical properties. [Clarification
Statement: Examples of chemical reactions could include the reaction of sodium and chlarine, of catbon and oxygen, or of
carbon and hydrogen.) [Assessment Boundary: Assessment is limited fo chemical reactions fmvolving main group elements and

combustion reactions.)

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Scignce Education:

Disciplinary Core ideas T —

Constructing Explanations and Designing
Solutions
Censtructing explanations and designing solutions in
8-12 builds on K-8 experiences and progresses o
axplanations and designs that are supported by
multiple and independent student-generated sources
of evidence consistent with scientific ideas, principles;
« Construct and revise an explanation based on
valid and reiiable 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 fo
do so in the future.

Connections to other DCis in this grade-band:
H8.L51.C ; HS.ESS82.C

Articidation of DCIs across grade-bands:
M5.P51.A . ME.PS1.B

Commuon Core State Standands Conneclions:
ELAA iferacy -

WHST.9-
12.2
WHST.9-
12.5 )
Mathematics -
HSMN-
Q.Ad
HSHN-
QAZ

PS1.A: Structure and Properties of Matter
« The periodic table orders elements horizonally
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.
P51.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 chamical 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.

Write informativelexplanatory texts, including the narration of historical events, scientific procedures! experiments, or technical processes. (HS-P51-2)

Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant
for a specific purpose and audience. (H5-P51-2)

Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units congistertly in formulas; choose and
interpret the scale and the origin in graphs and data displays. (HS-P51-2)
Choose a level of accuracy sppropriate to limitations on measurement when reporting guantities. (HS-PS1-2)




HS-PS1-5 Matter and its Interactions

Students who demonstrate understanding can:

HS-P51-5. 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. [Clarification Statement: Emphasis is on
student reasoning that focuses on the number and energy of collisions between molecules.] [Assessment Boundary:
Assessment is limited to simple reactions in which there are only two reactants; evidence from temperature, concentration, and
rate data; and qualitative relationships between rate and temperature.]

The performance expectation above was developed using the foliowing elements from the NRC document A Framework for K-12 Sofence Educstion:

Caonstructing Explanations and Designing P51.B: Chemical Reactions Patterns
Solutions « Chemical processes, their rates, and whether ar = Different patterns may be observed at each of the
Gnnsh'uctln explanations and designing solutions in not energy is stored or released can be scales at which a system is studied and can
9-12 huirds on K-8 experiences and mmm undarstood in t8ms of the collisions of molecules provide evidence for causality in explanations of
explanations and designs that ane supported by and the rearrangements of atoms into new phenomena.
multiple and independant student-generated sources molecules, with consequent changes in the sum
of evidence consistent with scientific ideas, principles, of all bond energies in the set of molecules that
and meumss are matched by changes in kinetic energy.
« Apply scientific principles and evidence to
pravide an nxplanannn of phenomena and solve
design problems, taking into account possible
unanticipated effacts,

Connections to ofher DCls in this grade-band:

H5.P53.A

Articitation of DCls across grade-bands:

MS.P51.A ; M5.P51.B ; M5.P52.B : M5.P53.A  MS.P53.B

Common Core State Standands Conneclions:

EL A/ iferacy -

R5T.11- Cite specific textual eviderce to support analysis of science and technical texts, attending to imperiant distinctions the author makes and to any gaps or

12.1 inconsistencies in the account. (HS-PS1-5)

WHST.9- Write informative’explanatory texts, including the namration of historical events, scientific procedures/ experiments, or technical processes. (H5-P571-5)

12.2

Mathematics -

MP.2 Reason absiractly and guantitatively. (HS5-P51-5)

HSM- Use units as a way to understand problems and w0 guide the solution of multi-step problems,; choose and interpret units consistently in formulas; choose and
Q.AA interpret the scale and the origin in graphs and data displays. (H5-P57-3)

HSMN- Choose a level of accuracy appropriate {o imitations on measurement when reporting quantities. (H3-P51-5)

Q.A2

HS-PS1-6 Matter and its Interactions

Students who demonstrate understanding can:

HS5-P51-6. Refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of
products at equilibrium.* [Clarification Statement: Emphasis is on the application of Le Chatelier's Principle and on refining
designs of chemical reaction systems, including descriptions of the connection between changes made at the macroscopic level
and what happens at the maolecular level. Examples of designs could include different ways to increase product formation
including adding reactants or removing products. | [Assessment Boundary: Assessment is limited to specifying the change in
only ane vanable at a time. Assessment does not include calculating equilibrium constants and concentrations.]

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science Education:

Sclence and Engineering Practices

Caonstructing Explanations and Designing
Solutions

Consmx:hn explanations and designing solutions in
9-12 builds on K-8 experiences and progresses o
explanations and designs that are supported by
multiple and independent student-generated sources
of evidence consistent with scientific ideas, principles,
and theories.

« Refinea snlutlun to & complex real-world
problem, based on scientific knowledge, student-
generated sources of evidence, priontized
criteria, and tradeoff considerations.

Connections to-ofher DCIs in this grada-band:
HS.PS3.B

Articutation of DCls across grade-bands:
M5.P51.B

Common Core State Standards Conneclions:
ELA/Aiferacy -

WHST.8-
12.7

P51.B: Chemical Reactions
« |n many situations, a dynamic and condition-
dependent balance between a reaction and the
reverse reaction determines the numbers of all
types of molecules present.
ETS51.C: Optimizing the Design Solution
- Criteria may need to be broken down into simpler
ones that can be approached systematically, and
decisions about the priorty of certain criteria over
others {trade-offs) may be needed. (secondary)

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

Conduct short as well as more sustained research projects (o answer a gquestion (including a self-generated guestion) or solve a problem; narmow or broaden
the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. (H5-P51-8)

10



HS-PS1-7 Matter and its Interactions

Students who demonstrate understanding can:
Use mathematical representations to support the claim that atoms, and therefore mass, are conserved during a

HS-PS1-T.

chemical reaction. [Clarification Statement: Emphasis is on using mathematical ideas to communicate the propartional
relationships between masses of atoms in the reactants and the products, and the translation of these relationships to the
macroscopic scale using the mole as the conversion from the atomic to the macroscopic scale. Emphasis is on assessing
students' use of mathematical thinking and not on memorization and rote application of problem-solving technigues ]
[Assessment Boundary: Assessment does not include complex chemical reactions.]

The performance expectation above was developed using the following elements from the NRC document A Framework for #-12 Scignce Education:

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

= Use mathematical represemations of phenomena.

to support claims.

Connections fo ather DCis in this grade-band:
HE.L51.C . HS.L52.B ; H5.P53.B
Articulation of DCIs across grade-bands:

Disciplinary Core ideas

P51.B: Chemical Reactions
= [he fact that atoms are conserved, together with
knowledge of the chemical properiies of the
elements involved, can be used to describe and
predict chemical reactions.

MS.P51.A MB.PS1.B | M5.L51.C | M5.LS2Z.B ; MS.ESS2.A

Comman Core State Standands Conneclions:
Mathematics -

MP.2
HEN-
Q.A1
HEN-
QA2
HSN-
QA3

Reason abstractly and quantitatively. (HS-PS1-T)
Use units as a way to understand problems and o guide the solution of multi-siep problems; choese and interpret units congistently in formulas; choose and
interpret the scale and the origin in graphs and data displays. (H3-P31-7)

Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-7)}

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

Connections to Nature of Science

Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
= Science assumes the universe s a vast single
system in which basic laws are consistent.

Choose a level of accuracy appropriate 1o limitations on measurement when reporting quantities. [HS-PS1{1-7)

Unit 5: Thermodynamics

OVERVIEW

Summary

Thermodynamics is the study of potential and kinetic energy transformations; especially heat during chemical
reactions. Students will be introduced to the concepts of enthalpy, entropy and Gibbs free energy. These
formulations are quantifiable and are essential components in determining the spontaneity of chemical
reactions.

Content to Be Learned

Explain how energy, heat and work are related.

Classify processes as either exothermic or endothermic.

Chemical reactions release or absorb energy as chemical bonds are broken and formed.
Explain why a catalyst is not considered a reactant or product.

Describe the forms s of energy that can come from chemical reactions.

Identify the units used in heat transfer.

Distinguish between heat and specific heat.

Describe how calorimeters are used to measure heat flow.

Construct thermochemical equations.
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e C(lassify and/or solve for the enthalpy change that occurs when a substance melts, freezes, boils,
condenses, or dissolves.

Practices
e Constructing and revise an explanation based on valid and reliable evidence.

Crosscutting Concepts

e Energy and matter flow into, out of, and within a system.

Essential Questions
e How do you determine if a chemical reaction is endothermic or exothermic?

e How do you determine if a chemical reaction will create more or less disorder?

e How are the natural tendencies of the universe reflected in the meaning of the signs of enthalpy and
entropy,?

e Why are catalysts needed for chemical reactions?

12



Next Generation Science Standards

HS-PS1-4 Matter and its Interactions

Students who demonstrate understanding can:

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. [Clarification Statement: Emphasis is on the idea that a chemical reaction is a system that
affects the energy change. Examples of models could include molecular-level drawings and diagrams of reactions, graphs
showing the relative energies of reactants and products, and representations showing energy is conserved.] [Assessment
Boundary: Assessment does not include calculating the tofal bond energy changes during a chemical reaction from the bond
energies of reacfanis and products.)

The performiance expectation above was developed using the foilowing elements from the NRC document A Framework for K-12 Sciance Eduealion:

Disciplinary Core ideas o —

Developing and Using Models PS1.A: Structure and Properties of Matter Energy and Matter
Madnﬁng in 9-12 builds on ¥-8 and progresses o « A stable molecule has iess energy than the same « Changes of energy and matter in a system can
using, synthesizing, and developing models to pcmdu:: set of atoms separated; one must provide at least be dezcribad in terms of energy and matter flows
and sl’ﬂw relationships among variables between this enargy in order to take the molecule apart. into, out of, and within that system.
5 and their components in the nawral and P51.B: Chemical Reactions
ned worlds. » Chemical processes, their rates, and whether or
« Develop a model based on awiﬂnm to ustrate not energy is stored or released can be
the relationships between systems or batween undersiood in terms of the collisions of molecules
components of a system: ard the rearrangements of atems into new

molecules, with consequent changes in the sum
of all bond energies in the set of molecules that
are matched by changes in Kingtic energy.

Connections to other DGIs in this grade-band:

H&.P83.A ; H5.P53.B ; H5.P53.D ; H5.L51.C

Articulation of DCis across grade-bands:

MS.PS1.A ; M5.P51.B ; M5.P52.B . M5.P53.D ; MS.LS1.C
Comman Core State Siandards Conneclions:

ELA/Literacy -

SL.11- Make strategic use of digital media {e.q., textual, graphical, audio, visual, and interacive elements) in presentations to erhance understanding of findings,
12.5 reasoning, and evidence and to add inlerest. (HS-PS1-4)

Mathematics -

MP.4 Model with mathematics. (HS-P571-4)

HSN= Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and

Q.AA interpret the scale and the origin in graphs and data displays. (H5-P571-4)

HSN- Define appropriate quantities for the purpose of descriptive modeling. (HS-P51-4)

QA2

HSN-= Cheoose a level of accuracy appropriate to imitations on measurement when reporting guantities. (HS-P5{-4)
QA3
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HS-PS1-2 Matter and its Interactions

Students who demonstrate understanding can:
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. [Clarification
Statement: Examples of chemical reactions could include the reaction of sodium and chlarine, of carbon and oxygen, or of
carbon and hydrogen.| [Assessment Boundary: Assessment is limited to chemical reactions invalving main graup elements and

combustion reactions.|

The performance expectation above was developed. using the foilowing elements from the NRC dociment A Framework for K-12 Science Education:

Disciplinary Coro ideas o —

Constructing Explanations and Designing

Solutions

Constructing explanations and designing solutions in

9-12 builds on K-8 experiences and progresses 0

explanations and designs that ana supportad by

multiple and independent sudent-generated sources

of evidence consistent with scientific ideas, principles,

and theories. . :

= Construct and revise an explanation based on

valid and refiable 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: o
do so in the future.

Connections to other DCIs in this grade-band:
HS.L51.C ; HS.ESS2.C

Articulation of DC/s across grade-bands:
MS.PE1.A . M5.PS1.B

Comman Core State Standards Connections:
ELAL feracy -

WHST.9-
12.2
WHST.9-
12.5 :
Mathematics -
HSMN-
QA1
HSMN-
QA3

PS1.A: Structure and Properties of Matter
« The periodic table orders elements horizonially
by the number of protons in the atom’s nucleus
and places thoze with similar chemical properties
in columns. The repeating patterns of this table
reflect patterns of outer electron states.
P51.B: Chemical Reactions
« The fact that atoms are conserved, together with
knowledge of the chemical properties of the
elemants 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 explarations of
phenomena.

Write informativelexplanatory texts, including the narration of historical evenis, scientific procedures! experiments, or technical processes. (HS-P51-2)

Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant
for a specific purpose and audience. (HS-PS51-2)

Use units as a way to understand problems and w0 guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays. (HS-P51-2)
Choose a level of accuracy appropriate 1o limitations on measurement when reporting quantities. (H3-PS51{-2)
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HS5-P53-1 Energy

Students who demonstrate understanding can:
H5-P53-1

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. [Clarification Statement:
Emphasis is on explaining the meaning of mathematical expressions used in the model.] [Assessment Boundany: Assessment s
limited to basic algebraic exprassions or compulations; to systems of fwo or three components; end to thermal energy, Kinelic
energy, and/or the energies in gravitational, magnetic, or elscinc fields.)

The performance expectation above was developed using the fallowing elements from the NRC cocument & Framewark for K-12 Swence Edvcation:

Sclence and Engineering Practices

Using Mathematics and Computational Thinking
Mathematical and compulational thinking al the 8-12
lewel buitds on K-8 and progresses to using algebraic
thinking and analysis, a range of linear and nonlinear
funichions including tigonormetre functions,
exponentials and logarithms, and compulational tools
for statistical analysis to analyze, reprasent, and
rmodel data. Simple computational simulafions are
created and used based on mathematical models of
basic assumplons.
* Create a compulabonal model or simulation of a
phenomenon, desmgred device, process, or
sysbem.

Cannections (o other DCIS in s grade-band:
H5.P51.B ; H5.LS2.B ; HS.ESS2.A
Articuiation of DCIs across grade-bands:
M3.P53.A  M5.P53.B MS.ES52.A
Commoan Core Stale Standards Conneclions:

P53.A: Definitions of Energy
= Energy is a quantilative property of a syslem that
depands on the motion and interactions of matler
and radiation within that system, That thess s a
single quantily called anergy is due la the fad
that a syslem's total energy &5 conserved, evan
a5, within the system, enargy s conticually
transferred from ome object o another and
batween 15 vasious possible forms.
P53.B: Conservation of Energy and Energy
Transfer
=  Conservalion of energy means hat the lolal
charmge of energy in any syslem is always egqual
to the total energy transfermad ino or out of 1ha
syiEtarm.
= Energy cannat be crealed or destroyed, but il can
ber transparted from one place to ancther and
transferred between systems.
= Mathemalical expressans, which quantify How
thes slored anangy in & syslem depends on its
configuration (e.g. relalve pesiticns of charged
paricles, comprassion of 2 soring) and how
kinatic anengy depends on mass and speed,
allew the concapt of conservation of enargy to be
used o predict and describe system behavior.
= The availabiity of energy Emits whal can oceur in
any Systam.

ELAA leracy -
5L.11-12.5
roasoning, and evidencs and lo add intaresl. {H5-F53-1)
Mathomalics -
Mp.2 Reason abstracily and guantitatively. {(H5-P53-1)
MP.4 Model with mathematies. [H5-PS3-1)
HEN.Q.AT
interpret the seale and he arigin in graphs and data displays. (H3-P53-1)
HSN.Q.A.Z  Define appropriate guantities for e purdose of descriplive modeling. (HS-PS3-1)
HEN.Q.AZ

Systemns and System Models
= Models can be used o predict the bahavior of a
systam, bul these predictions have imited
pracesion and refiabildy due to the assumplions
and aporoximations inherent in models.

Connections to Nature of Sclence

Scientific Knowledge Assumes an Ordar and
Consistency in Natural Systems
= . Boignce assumes he universe is a vast single
systarm in which basic laws are consistont.

Make stralegic use of digital media (e.g., tlexlual, grashical, avdio, visual, and interactive elemenls) in presentations to enhance understanding of findings,

User unils as a way to understand problems and to guide the selulion of mult-stép probiams; choose and interpret unils consistently in formulas; cheose and

Chiposa a level of accuracy appropsiate o limilations on measuremen] whan reporling guantities. (HS-PS3-1)

Unit 6: States of Matter

OVERVIEW

Summary

Matter exists in many forms. The physical properties of crystals, solids, liquids, gases and plasma and their
solutions, in conjunction with temperature and pressure, effect changes in the constitution of chemical
reactions. Students will gain an in-depth knowledge of how physical properties interact with one another in
the lab and the world at large. Students will learn about the gas laws that govern the movement of molecules
and will understand and experience the relationships between temperature, pressure and volume of a gas.
They will be able to predict how each of those variables would change when one is manipulated.

Content to Be Learned
e Describe the assumptions of the kinetic theory as it applies to physical states and chemical reactions.
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Describe particle movement in the four states of matter.

Describe particle behavior at the melting and boiling points.

Define the relationship between Kelvin temperature and average kinetic energy.
Identify factors that determine physical properties of a liquid.

Describe the equilibrium between solid, liquid, gas, and plasma.

Evaluate the way particles are organized in solids, liquids, gases and plasmas.
Explain Bernoulli’s Principle.

Identify the factors that determine the shape of a crystal.

Identify the conditions necessary for sublimation.

Describe how equilibrium conditions are represented in a phase change.
Describe the three factors that affect gas pressure.

Describe the interrelationships between temperature, pressure, and volume of a gas.

Use Boyle's’, Charles’, Combined Gas Law, and the Ideal Gas Law to solve problems.

Compare and contrast real and ideal gases.

Practices

Constructing and revise an explanation.
Developing and using models.
Using mathematics and computational thinking.

Crosscutting Concepts

Energy and Matter.
Stability and Change.
Patterns.

Essential Questions

How are force, area, and pressure related?

What are the relationships between temperature and pressure in gas laws?
How does pressure change as the velocity of a fluid increases?

How does external pressure affect the boiling point of a liquid?

How are kinetic energy and temperature related?
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Next Generation Science Standards

HS-PS1-3 Matter and its Interactions

Students who demonstrate understanding can:

HS-P51-3. 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. [Clarification Statement: Emphasis is on understanding the strengths of
forces between particles, not on naming specific intermolecular forces (such as dipole-dipole). Examples of particles could
include ions, atoms, molecules, and networked materials (such as graphite). Examples of bulk properties of substances could
include the melting point and boiling point, vapor pressure, and surface tension.| [Assessment Boundary: Assessment does not
include Raoult's law calculations of vapor pressure.]

The performance expectation above was developed using the fofllowing elemenis from the MRC documenit A Framewark for K-12 Stience Education:

Disciplinary Core ideas Grosacarting Concepts

Planning and Carrying Out Investigations P51.A: Structure and Properties of Matter Pattorns

Planning and camying out investigations in 8-12 » The siruciure and interactions of matter at the « Different paiterns may be observed at each of the
builds on K-8 experiences and progresses o include bulk scale are determined by electrical forces scales at which a system is studied ard can
investigations that provide evidance for and test within and between atoms. provide evidence for causality in explanations of
concepiual, mathematical, physical, and empirical phenomena.

models.

» Plan ard conduct an Investigation individually
and collaboratively to pmduga data 1o serve as
the basis for evidence, and in the design: decide
on types, how much, and accuracy of data
neeced 1o produce reliable measuremenis and
consider limitations on the precision of the data
{e.q., number of frials, cost, risk, time}, and refine
the design accordingly.

Connections to ofher DCIs in this grade-band:
HS.ESS2.C

Articuiation of DCIs across grade-bands:
MS.P51.A ME.P52.B

Comman Core State Standards Connections:

ELALiteracy -

RST.11- Cite specific textual eviderce to support analysis of science and technical texts, attending 1o impernant distinctions the author makes and to any gaps or

124 inconsistencies in the account. (H3-P51-3)

WHST.9- Conduct short as well a3 more sustained research projects o answer a guestion {including a self-generated question) or solve a problem; narrow or broaden

12.7 the inguiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. (HS-P51-3)

WHST.11- Gather relevant information from multiple authontative print and digital sources, using advanced searches effectively; assess the strengths and limitations of

12.8 each source in terms of the specific task, purpose. and audience; integrate information into the text selectively to maintain the flow of ideas. avoiding
plagiarism and overreliance on any one source and following a standard format for citation. (H3-P51-3)

WHST.9- Draw evidence from informational texts to support analysis, reflection, and research, (HS5-PS571-3)

12.9

Mathematics -

HSN- Use wunits as a way to understand problems and to guide the solution of multi-siep problems; choose and interpret units consistently in formulas; choose and

Q.AA imterpret the scale and the origin in graphs and data displays. (H5-PS57-3)

HSH- Choose a level of accuracy appropriate 1o limitations on measurement whan repoerting quantities. (HS-PS{1-3)

QA3
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HS-PS1-5 Matter and its Interactions

Students who demonstrate understanding can:

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. [Clarification Statement: Emphasis is on
student reasoning that focuses on the number and energy of collisions between molecules.| [Assessment Boundary:
Assessment is limited to simple reactions in which there are only fwo reaclants; evidence from temperature, concenfration, and
rate data; and qualitative relationships between rate and temperature.)

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science Education:

Constructing Explanations and Deslgning PS51.B: Chemical Reactions Patterns

Salutions « Chemical processes, their rates, and whether or = Different patterns may be observed at each of the
Consiructing explanations and designing solutions in not energy is stored or released can be scales at which a system is studied and can

8-12 builds on K-8 expenences and progresses o undersiood in terms of the collisions of melecules provide evidence for causality in explanations of
explanations and designs that are supported by and the rearrangements of atoms into new phenomena.

multiple and independent student-gencrated sources molecules, with consequent changes in the sum

of evidence consistent with scientific ideas, principles, of all bond energies in the set of molecules that

and theornes. are matched by changes in kinetic energy.

« Apply scientific principles and evidence to
provide an explanation of phenomena and solve
design problems, taking into account possible
unanticipated effects,

Caonnections to ofher DCls in this grade-band.

H5.PS3.A

Articwtation of DCls across grade-bands:

MS5.P51.A  M5.P51.B ; M5.PS2.B ; M5.P53.A; M5.P53.B
Common Core State Standands Connechions:

ELAAiferacy -
RST.11- Cite specific textual evidence to suppon analysis of science and technical texts, attending to imponant distinctions the author makes and 10 any gaps or
12.1 inconsistencies in the account. (HS-PS1-5)

WHST.0- Write informativefexplanatory texts, including the narration of historical events, scientific procedures! experiments, or technical processes. (HS-P51-5)
12.2

Mathematics -

MP.2 Reason abstractly and quantitatively. [HS-P51-5)

HSM- Use units as a way to understand probiems ard to guide the solution of multi-siep problems; choose and interpret units consistently in formulas; choose and
Q.AA interpret the scale and the origin in graphs and data displays. (H5-P51-5)

HSM- Cheose a level of accuracy appropriate to limitations on measurement when reporting quantities. (H3-P51-5)

Q.A3

Unit 8: Nuclear Chemistry

OVERVIEW

Summary

Nuclear chemistry is the study of the nucleus of an atom and its processes. Students will begin by learning
about isotopes and how they differ from atoms of an element. They will then look at specific cases of
isotopes, know as radioactive isotopes, and calculate their decay. Next, students will research the applications
of radioactivity, including carbon dating, medical applications, and others. They will compare and contrast
fission and fusion reactions, and will look at how fusion converts atoms inside the sun, which ultimately
provides energy to Earth.

Content to Be Learned
e Identify the components of isotopes.

e Interpret the average atomic mass of an element.
e Define radioactivity.
e Contrast properties of radioactive and stable nuclei.
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Explain the strong force and contrast it to the electric force.

Describe how an unstable nucleus releases energy.

Describe the three main types of nuclear radiation.

Determine the type of decay a radioisotope undergoes.

Write the nuclear reactions for the half-life of a radioactive substance.
Compare and contrast fission and fusion nuclear reactions.

Explain what happens to the number of neutrons and protons in nuclear processes.

Compare and contrast alpha, beta, and gamma radiation.

Define the half-life of a radioactive material.

Describe the process of radioactive dating.

Discuss the ways in which radioactivity can be detected.

Explain how nuclear fission can begin a chain reaction.

Discuss how nuclear fusion occurs in the sun.

Describe how radioactive tracers can be used to diagnose medical problems.
Discuss how nuclear reactions are being used to help treat cancer.

Practices

Constructing and revise an explanation.

Crosscutting Concepts

Energy and matter.

Essential Questions

How is mass number used to determine the nucleus of an isotope?

How do fission, fusion, and radioactive decay each affect the composition of the nucleus and the energy

released?
How is nuclear chemistry used to help create geologic timelines?
How are nuclear reactions and radioactivity used in medical applications?
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Next Generation Science Standards

HS-PS1-T Matter and its Interactions

Students who demonstrate understanding can:

HS-PS1-7.

The performance expectation above was developed using the following elements from the NRC document A Framework for K-12 Sgience Education:

Sclence and Engineering Practices

Using Mathematics and Computational Thinking
Mathaematical and computational thinking at the 8-12
level builds on K-8 and progresses to using algebraic
thinking and analysis; a range of inear and nonfinear
functions including frigonometric functions,
exponentials and logarithms, and computational tools
for statistical analysis to analyze. represent, and
model data. Simple computational simulations are
created and vsed based on mathematical models of
basic assumptions.-

» Use mathematical representations of phenomena.

1o support claims.

Connections to other DCIs in this grade-band:
HS.L81.C . HS.LS2.B ; H5.PS1.B
Articiiation of DCls across grade-bands:

Use mathematical representations to support the claim that atoms, and therefore mass, are conserved during a
chemical reaction. [Clarification Statement: Emphasis is on using mathematical ideas to communicate the proportional
relationships between masses of atoms in the reactants and the products, and the translation of these relationships to the
macroscopic scale using the mole as the conversion from the atomic to the macroscopic scale. Emphasis is on assessing
students' use of mathematical thinking and not on memorization and rote application of problem-solving technigues ]
[Assessment Boundary: Assessment does not include complex chemical reactions.]

Disciplinary Core Ideas

P51.B: Chemical Reactions
= The fact that atoms are conserved, together with
knowledge of the chemical properiies of the
elements involved, can be used to describe and
predict chemical reactions.

MS5.P51.A ; M5.PS51.B | M5.L51.C ; M5.LS2.B ; MS.ES52.A

Commaon Core State Standards Connections:
Mathematics -

MP.2
HEN-
Q.A1
HSN-
QA2
HEN-
QA3

Reason abstractly and quantitatively. (HS-P31-T}

Use units as a way to understand problems and o guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays. (H3-P31-7)
Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-7)

Choose a level of accuracy appropriate 1o limitations on measurement when reporing quantities. (HS-P51-7)

Crosscutting Concepts

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

Connections to Nature of Science

Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
« Science assumes the universe is a vast single
systam in which basic laws are consistent.

HS-PS51-1 Matter and its Interactions

Students who demonstrate understanding can:

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. [Clarification Statement: Examples of properties that could be predicted from patterns
could include reactivity of metals, types of bonds formed, numbers of bonds formed, and reactions with oxygen.] [Assessment
Boundary: Assessment is limited to main group elements. Assessment does nof include gquantitative understanding of fonization
energy beyond relalive frends.]

HS-PS1-1.

The performiance expectation above was developed using the foilowing elements from the NRC docement A Framework for K-12 Scisnce Educafion:

Sclence and Engineering Practices

Develeping and Using Models

Modeling in 8-12 builds on K-8 and progresses to

using, synthesizing, and developing models to predict

and show relationships among variables between

systems and their components in the natural and

designed worlds.

« Use a model 1o predict the relationships between

systems or between components of a sysiem.

Connections ta other DCis in this grade-band.
HS.L51.C

Articilation of DCIs across grade-bands:
MS.P51.A . ME.PS1.B

Comman Core State Standards Conneclions:
ELAA fteracy =

RST.9-
10.7

Disciplinary Core ideas

PS1.A: Structure and Properties of Matter

= Each atom has a charged substructure consisting
of a nucleus, which is made of protons and
reutrons, surrounded by elecirons:

= 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 cuter electron states.

Transzlate quantitative or technical information expressed in words in a wext into visual form (e.g., a table or chart) and translate information expressed visually or
mathematically (e.q., in an equation) into words. (HS-P51-1)

Crosscutting Concepts

Patterns
« Different patterns may be cbserved at each of the
scales at which a system is studied and can
provide evidence for causality in explanations of
phenomena.
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HS-PS1-8 Matter and its Interactions

Students who demonstrate understanding can:

HS-P51-8. Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy released during
the processes of fission, fusion, and radioactive decay. [Clarification Statement: Emphasis is on simple qualitative madels,
such as pictures or diagrams, and on the scale of energy released in nuclear processes relative to ather kinds of
transformations.] [Assessment Boundary: Assessment does not include quantitalive calculation of energy released. Assessment
ig limited fo aipha, beta, and gamma radioactive decays.|

The performance expeciation above was developed using the following elemenis from the NRC document A Framework for K-12 Science Education:

Disciplinary Core ideas

Daveloping and Using Models P51.C: Nuclear Processes Energy and Matter

Modeling in 9-12 bullds on Ka-a and progresses lo «  Muclear processes, including fusion, fission, and = In nuclear processes, aloms are not conserved,

usmg s?ﬂlhsslzlng and developing models to predict radioactive decays of unstable nuclel, invelve but the total number of protons plus neutrong is
show relationships among variables between release or absorption of energy. The total number conservad.

sysmms and their components in the natural and of neutrons plus pretons does not charge in any

designed worlds. : nuclear process.

» Developa model based on ewisnt:ﬁtn mus‘:tata
the relationships balweensysum cr\batwm
components of a system.

Connections to ather DCls 1'.'1 this grade-bhand.

HS.P53.A | H5.P33.B . H5.P53.C ; H5.P53.D ; H5.ES51.A | H5.ESS1.C | H5.ES53.A ; H5.ES33.C
Artictdation of DCis across grade<bands:

MS.P51.A  MS.P51.E ; M5.ES52.A

Common Core State Standards Connections:

Mathematics -
MP.4 Model with mathematfics. (HS-P57-8)
HSN- Use units as a way to understand 'p-rc_:rblems and o guide the solution of multi-step problems, choose and interpret units conzistently in formulas; choose and

QA1 imerpret the scale and the origin in graphs and data displays. (HS-PS51-8)

HSN- Define appropriate quanrtities for the purpese of descriptive modeling. (HS-P51-8)

Q.Az2

HSN- Cheose a level of accuracy appropriate to limitations on measurement when reporting guantities. (H3-P51-8)
QA3
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