Chariho Regional School District - Science Curriculum
September, 2016

ADVANCED CHEMISTRY CURRICULUM

Unit 1: Mathematical Representation 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
e Convert measurements into scientific notation.

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

e 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

o Mathematics and computational tools are central to science and engineering.

o Mathematics enables the numerical representation of variables, the symbolic representation of
relationships between physical entities, and the prediction of outcomes.

o Mathematics provides powerful models for describing and predicting such phenomena as atomic
structure, and quantum mechanics.

Crosscutting Concepts

e Scale, proportion, and quantity.

e In considering phenomena, it is critical to recognize what is relevant at different measures of size,
time, and energy.

e Recognize how changes in scale, proportion, or quantity affect a system’s structure or performance.

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




investigations?

What are some ways scientists communicate their results to peers effectively and accurately?
What are the SI based units for time, length, mass and temperature?

How does adding a prefix change a unit?

How are the derived units different for volume and density?

Why use scientific notation to express numbers?

How is dimensional analysis used for unit conversions?

How do accuracy and precision compare?

How can the accuracy of experimental data and percent error be described?

What are the rules for significant figures and how can they be used to express uncertainty in the
measured and calculated values?

Why are graphs created?

How can graphs be interpreted?

Common Core Standards

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.

Next Generation Science Standards
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HS-PS1-7

Students who demonstrate understanding can:

HS-PS1-T. Use mathematical representations to support the claim that atoms, and therefore
mass, are conserved during a chemical reaction. [Clarification Statement: Emphasis is
on using mathematica! 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
memaorization and rofe application of problem-solving technigues.] [Assessment Boundary:
Assessment does nof include complex chemical reactions.]

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

Sclence and Engineering Practices Disciplinan :

Using Mathematics and Computationa P51.B: Chemical Reactions Energy and Matter

Thinking - : ® The fact that atoms are =  The total amount of energy
Mathematical and computational thinking conserved, together with and matter in closed systems
&t the 8-12 level builds on K-8 and knowiedge of the chemical is conserved,

progresses to using algebraic thinking and properties of the elements = | ~sreemecrmcececaasiinana
analysis, @ range of linear and noniinear involved, can be used to Connections to Nature of
functions including trigonometric functions, describe and predict chemical Science
exponentials and logarithms, and reactions.

computational tools for statistical analysis Scientific Knowledge Assumes
to analyze. represent, and model data. an Order and Consistency in
Simple computaticnal simulations are Natural Systems

created and used based on mathematical . ,
models of basic assumptions. * _Smmmia?'sﬂm By Univarse
ST — i

phenomena to support claims. R

Unit 2: Atomic Structure

OVERVIEW

Summary

Atoms are the basic building blocks of matter. 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 atoms become charged and react with
one another. This unit is a foundation for the unit on Chemical Bonding.

Content to Be Learned
e FEach atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons,

surrounded by electrons.

Introduction to the periodic table and its patterns.

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.



e 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.

Practices
e Developing and using models of atomic structure.
e Planning and carrying out Investigations.
e Using mathematics and computational thinking in location of electrons in the atomic model.

Crosscutting Concepts

e Patterns.
e Stability and change.

Essential Questions
e How has our understanding of the atom evolved over time?
e How does the nature of an atom determine its properties, the way it reacts with other atoms to form
compounds, and its behavior with other chemicals?
Why was the periodic table developed?
What makes the periodic table periodic?
What are the similarities and differences of the atomic models of Democritus, Aristotle and Dalton?
How was Dalton’s theory used to explain the conservation of mass?
How is the atomic number used to determine the identity of an atom?
What is an isotope?
Why are atomic masses not whole numbers?
Given the mass number and atom number, how are the number of electrons, protons and neutrons in an
atom calculated?

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 to main group elemenis. Assessment does nol include quanfitative understanding of ionization
energy beyond relative trends.)

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

Science and Enginoering Practices Disciplinary Cors idsas
Developing and Using Models PS1.A: Structure and Properties of Matter Patterns
Modealing in 8-12 builds on K-8 and progresses (o « 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 protonz 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 elemenis horizontally phenomena.
designed worlds. by the number of protons in the atom’s nucleus
= Use a model to predict the relationships between and places those with similar chemical properties
sysi@ms or beiween compeonents of a system, in columns. The repeating patterns of this table
reflect patterns of outer electron states.

Connections to ather DCls in this grade-band:

HS.L51.C

Articulation of DCls across grade-bands:

MS5.P51.A . M5.PS1.B

Common Core State Standards Connections:

ELA iferacy -

RST.0- Tranglate guantitative or technical information expressed in words in a text inte visual form {e.g., a table or chart) and translate information expressed visually or
10.7 mathematically {e.g.. in an equation) into words. (HS5-PS51-1)




FGl BLALES, By SCares

HS-PS51-2

Students who demonstrate understanding can:

H3-PS1-2.

Construct and revise an explanation for the outcome of a simple chemical reaction

based on the cutermost electron states of atoms, trends in the periodic table, and
knowledge of the patierns of chemical properties. [Clarification Statement: Examples of
chemical reactions could include the reaction of sodium and chlorine, of carbon and oxygen,
or of carpon and hydrogen.] [Assessment Boundary: Assessment is imifed to chemical
regctions involving main group efements and combiusiion reactions: ]

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

Sclence and Engineering Practices

Constructing Explanations and
Designing Solutions

Constructing explanations and designing
solutions in 9—12 builds on K-8
expEriences and progresses to
explanations and desians that are
supported by multipie and independent
student-generated sources of evidence
consistent with scientific ideas,
principles, and thearies.

s  Construct and revise an explanation
based on valid and reliable evidence
obtained from a variety of sources
{inchuding students’ own
investigations, models, theories,
simulations, and 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 soin 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 repesating 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 chemical
reactions.

Patterns

Different patterns may be
observed at each of the scales
gt which a system is studied and
can provide evidence for
causality in explanations of
phenomena.
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HS-PS4-1

Students who demonstrate understanding can:

HS-P54-1. Use mathematical representations to support a claim regarding relationships
among the frequency, wavelength, and speed of waves traveling in various
media. [Clarification Statement: Exampies of data could include electromagnetic radiation
traveling in a vacuum and glass, sound waves traveling through air and water, and seismic
waves traveling through the Earih ] [Assessment Boundary: Assessment is imifed o
atgebraic relationships and describing fhose relafionships qualitatively.

The performance expectation above was dmhp&d using the following elements from A Framewark for H-12 Science Education:

Using Mathematics and Computational PS4.A: Wave Properties Cause and Effect

Thinking . . B = The wavelength and freguency | = Empirical evidence is
Mathematical and computational thinking at of a wave are related to one required to differentiate

the 3-12 level builds on K-8 and progresses another by the speed of travel between cause and

to using algebraic thinking and analysis; a of the wave, which depends on correlation and make claims
range of linear and nenlinear functions the type of wave and the about specific causes and
including trigonometnic functions, medium through which it is effects.

exponentials and loganthms, and passing.

computational tools for statistical analysis to
anakyze, represent and model data. Simple
computational simulations are created and
used based on mathematical models of
basic assumptions.

s  Use mathematical representations of
phenomena or design solutions o
describe andfor support ciaims andior
explanations.
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HE-FE-I-E

Students who demonstirate understanding can:

HS-PS54-3.

Evaluate the claims, avidence, and reasoning behind the idea that electromagnetic

radiation can be described sither by a wave model or a particle model, and that for
soma situations one model is more useful than the other. [Clarification Statement
Emphasiz is on how the experimental evidencs suppods the claim and how a theory is

generally modified in light of new evidence. Examples of

& phanomenon could inclweda

resonance, Interferance, diffraction, and photoelecinc efiect.] [Assessment Boundary,
Aszessment doas ol incluge wsing guanium theane)

The performance sxpactation ahove was devaloped ysing e following elemants from A Framewark for K-12 Science Education:

Sclanca and Enlnlurl n Practicas

Engaging In Argurment from Evidence
Engaging i asgument from adende in 8-
12 busds on K-8 experances and
QfOgFEssEs o USiNG ApOropdate and
‘sufficiant asdance and schentific
reasoring to defend Bnd crilicue claims
and explanations about the natural and
dEsinned mmdﬁl Argurmants nu!l.rdm
corme Trom current scentife of testories:
EDIS0IAs In SCenca,

s Evaluste the ciaims, avidence, and
-ummm&

e ments of arumentss,
Connections fo Mature of Science

Seience Models, Laws, Mechaniama,

audTMnﬂuEmhlnHﬂud

Phenomena

# A scieniilic theary i< a subatanbisted
auplaraton of some sspact of the

natural world. based on a bogy of
mr:mtl‘mtrﬂmmramaﬂﬂhr
wﬁnﬂdmumﬂwﬂmm
am&ﬁrﬂlﬂmuﬁmmﬂw :
validates each Seory befora 1| 15
anmpud.ﬂ-m:mmumam
discoverad that the theary oas not
Ascormmadata, the thesry i gararally
‘rnodified in light of thes new evidanca.

LN BEIE - CHTE

PE4A: Wave Properties

[From the 3=5 grade band endpoints)
VWaves can add or cancal one another
ag they oross, Cepencing on their
ralative phase [ e, miglve poaibon of
pedka and roughs of Be waves) but
frey emerge unatfected by each
other, [Boundany: Tha discusgicn an
this grade level 18 guaBative anby; &
&an be bases on fhe fact that two
differant sounds can pass 2 lecation n
diffenant diractions withoul geing
Fresed upe)

PS4.B: Elactromagnelic Radiatian

Elactromannallc redigtion [e.q., radio,
mecrowaves, light) can be modeled &s
a weawe of changing alectric and
magnesic fields or as particies cabad
oholors, Tha wayve model 18 tEelid lor
eplaning mary fEanires of
slectromagnatic rediation, and the
parlicle madel explaing other featuras.

Spglams and Svslem
Medals

*  Models (e.g., physkcsl,
mathamatical, and
coemputar modeis) can e
uges o smmusaba gyatems
and imteracions —
inchicing erargy, mathar
arsd information fows —
Within ans bebwean
syatems 8t diferant
goalos,




HS-PS4-4

Students who demonstrate understanding can:

HS-PS4-4,

Evaluate the validity and reliability of claims in published materials of the effects that

different frequencies of electromagnetic radiation have when absorbed by

matter. [Clarfication Statement: Emphasis is on the idea that photons associated with
different frequencies of light nave different energies, and the damaoe o living tissue from
electromagnetic radistion depends on the enengy of the radiation. Examples of published
materials could include rade books, magazines, welb resources, videos, and other passages
that mav reflect bias | [Assesement Boundsry: Assessment s imided fo guatative

descrptions.)

Tha pm‘fummmmmmn above was developed muuﬁmﬁ.rgmﬁmﬂﬁbnmm'wx-u Eignce Educatian:

: E-r.!ull:u and Englmrtng Practices

Obtaining, Evaluating, and
Communicating Information
- Obtaining, evaluating, and mnwnlmﬂng
Information in 8—12 builds on K—8 and
progresses 1o evaluating the validity and
reliability of the slams, methads, and
desians.

»  Evaluate the validity and reliabiiity of

muliiple claims that appear in scigntific.

and technical lexts or media reoorts,
verifying the dala whien possible..

PS4.8: Ehctmmaqnuil: Radiation
& When light o longes wavelenoth
atectromagnetic radiation is
absorbed in matter, it s genarally

converted into thermal enengy
[heat). Shortar wavelength
electromagnetic radiation
[ultraviolet, X-rays, gamma rays)
can lonize atoms and cause
damage o living cells.

Cause and Effect

®  Cause and affect
refationships can be
suggesied and predicted
for complex natural and
hiusrman-desgned systams
by examining what is
known about smaller scale
mechanisms within the
sysham.




HS-PS4.-5

Students who dermonstrate understanding can:

HS-PS54-5, Communicate technical information about how some tachnological devices usa the
principles of wave behavior and wave interactions with matter to transmit and captura
information and anergy.* [Clarification Stalemsant: Examples could include solar caolls
capturing Bght and convering it ko alectricity; medical imaging; and communications
lechnology.] (Assessment Boundan: Assessments are Imiled o gualitalive Infarmaticn.
Hszezsments gdo naol inslede band theone.]

Tra perormance expeciasan above was fevaloped using 1he foliowing slaments from 4 Framework for K-17 Sciance E'mm;ut_:n':

Science and Enginsering Practices Diim el plimmry Con

Dtaining, Evaluating, and Communicating | PS3.0: Energy in Chemical Cauge and Effest
Infnmuﬂm Processes *  Systems can be designes
AN COmmTCaEng #  Solar calls are humen-macs b Calse 8 desied affect.
information in =12 budds on K-8 and pavices that Bewise caplra e | -=-coocmoiicaoioaionin
prodgrasses Lo evaluating the valdity and BUN'E ensfgy and produce Connactions to Enginearing,
ralisbility of the casms, methods, snd desians. glacinical enarmy. (secondarny] Technology, amd
= Communicate fechnical Rlomation PS4 Wave Progerlies Applications of Seience
or ideas (e.q.. about phenomens » Information cen be digilized
anciior the Mﬂ mmt (B0, & pectune ghored as tha |ﬂtﬁﬂmﬂﬂ ol Scienca,
and the design and performance of values of an aray of pixels); in Engireering, and
ﬁwﬁ'ﬁfﬁﬂ mﬂm&!ﬂ this El-,-m it zan be stores Technology
' redabily in LHABr rrem
e el gty oot O i i i
migthrmatically]. & senes of weve pulses. e cycla Knawn as
*  Phoboelectric malerials amit (R&D).
elecirons when thay stecrblighl | Influence of Enginesring,
of a high-enough freguency. Technaliogy, and Science on
PS4.C: Information Technalogies Sociely and the Matural
and instrumaniaticn Werld

*  Mullipse lechnologies Basad on Mocarm s
the undarstandong of waves and ! SRR ma;}k:
el inlecactiona with maller & secinicgical Evslams,
part of evaryday axpEiances n
the mogem warld (g, medical
imaging, communications,
ecannars) and in sclonlific
research, They are essenial
hools for producng, iransmetbing,
and capturing signals and for
sforing &nd interprabng the
irlormasEon contained in tham

Unit 3: Chemical Bonding

OVERVIEW

Summary

Chemical bonding is the electrostatic interaction of charged atoms. Students will be introduced to the measures
used to determine the strength of these bonds based on the ability of 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

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

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

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.

Distinguish between a covalent bond and a coordinate covalent bond and describe how the strength of a
covalent bond is related to the dissociation energy.

Describe how oxygen atoms are bonded in ozone.

Describe the relationship between atomic and molecular orbitals.

Describe how VSEPR theory helps predict the shapes of molecules.

Identify ways in which orbital hybridization is useful in describing molecules.

Describe how electronegativity values determine the distribution of charge in a polar molecule.
Describe what happens to polar molecules when they are placed between oppositely charged metal
plates.

Describe how the magnitude of the electronegative difference determines the type of chemical bond.
Evaluate the strength of intermolecular interactions in ionic, covalent, metallic bonds.

Identify the reason why network solids have high melting points.

Practices

Demonstrate how electron dot, and lewis structures represent the electrons in chemical bonds.

Crosscutting Concepts

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

Essential Questions

How does the atomic structure affect interactions between atoms?

How does the type of chemical bond affect the physical and chemical properties of a compound?
How does the knowledge of chemical bonding allow chemists to design chemicals with specific
properties?

Why does matter organize itself?

What holds atoms together in a chemical bond?

How do positive and negative ions form?

How does ionic formation relate to electron configurations?

How do ionic bonds form?

What can you conclude about the strength of ionic bonds based on their physical properties?
What is a formula unit?

How do you write formulas for compounds composed of different ions and oxyanions?

What are the naming conventions for ionic compounds and oxyanions?

What are the characteristics of a metallic bond?

How can you compare and contrast the differences in ionic and covalent bonding?

How does the octet rule apply to atoms that form vocalent bonds?

Why do atoms form single, double and triple covalent bonds?

How are the relative strengths of covalent bonds related to their physical properties?



How do you name binary molecular compounds from its molecular formula?

How are acids and bases named?
What is USEPR bonding theory?

How can you use USEPR model to predict the shapes and bond angles of a molecule?
How is electronegativity used to determine the type of bond?
How do polar and nonpolar molecules compare and contrast?

Next Generation Science Standards

HS-PS1-1

Students who demonstrate understanding can:

HS-P51-1. 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: Exampies of properiies that could be predicted from pattems could include
reactivity of metals, types of bonds formed, numbers of bonds formed, and reactions with
oxygen.] [Assessment Boundany: Assessment is imited to main group elements.
Assessment does nat include guaniitafive undersianding of fonization energy beyond relative

trends.]

The performance &meciﬁtjon above was developed using the following elements from A Framawonk furK-?;'i_‘ Science Education:

Science and Engineering Practices

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 betwesn
systems and their components in the

natural and designed world(s).

®  |Ise a model to predict the
relationships between systems or
between components of a system.

PS1.A: Structure and Properties of
Matter

*  Fach atom has & charged

substructure consisting of a
nucleus, which is made of protons
and neutrons, surrounded by
electrons.

®  The pericdic 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,

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.
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HS-PS1-2

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 chiorine, of carbon and axygen,
or of carbon and hydrogen.] [Assessment Boundary: Assesament is limifed fo chemical
reactfions involving main group elements and combustion reactions.]

The performance expectation above was developed using the following elements from A Framewerk for K-12 Scionce Education:

Science and Enginearing Practices

Constructing Explanations and
Designing Solutions :
Constructing explanations and designing
solutions in 8=12 builds on K-8
experiences and progresses fo
explanations and designs that are
supported by multiple and independent
student-generated sources of evidence
consistent with scientific ideas,
principles, and theaories.
=  Construct and revise an explanation
based on valid and reliable evidence
obtained from a variety of sources
{including students’ own
investigations. models, theores,
simulations, and 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 perodic 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 reflact 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 chemical
reactions.

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.
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HS-PS1-3

Students who demonstrate understanding can;

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. [Clarification Statement: Emphasis is on understanding the strengths of forces
betwesn particles, not on naming specific intermolecular forces (such as dipole-dipoie).
Examples of particles could inciude ions, atoms, molecules, and networked materiais (such
as graphite). Examples of bulk properiies of substances could include the melting point and
boiling point, vapaor pressure, and surface tension.] [Assessment Boundary: Assessment
does not include Raoult’s law calculations of vapor pressire.]

The perfformance expectation above was developed using the following elements from A Framewark for K-12 Sciernce Education:

Science and Enginesring Practices

Pilanning and Carrying Out Investigations | PS1.A: Structure and Properties Patterns

L) cipiinan ¥ 0

Planning and carrying out investigations in of Matter »  Different patterns may be
8-12 builds on K-8 experiences and *  The structure and interactions observed at each of the
progresses to include investigations that of matter at the bulk scale are scales at which a system is
provide evidence for and test conceptual, determined by electrical forces studied and can provide
mathematical, physical. and empirical within and between atoms. evidence for causality in
modals. explanations of phenomena.
=  Plan and conduct an investigation
individually and coliaboratively to
produce data to serve as the basis for

evidence, and in the design: decide on
tyoes, 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
refing the design accordingly.




HS-PS1-5

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 1s on student reasoning that
focuses on the number and energy of collisions between molecules.] [Assessment
Boundary: Assessment is imited fo simple reactions in which there are only twa reactants;
evidence from temperature, concentration, and rafe dafa; and qualifative relafionships
betwaen rafe and temperaturea.]

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

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanations and designing
selutions in 9-12 builds on K-8
experiences and progresses to
explanations and designs that are
supported by multiple and independent -
student-generated scurces of evidence
consistent with scientific ideas, principles,
=  Apply scientific principles and.
gvidence to provide an explanation of
phenomena and solve design
problems, taking into account possible
unanticipated effects.

PS1.B: Chemical Reactions

[ an OrE

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.

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.
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HS-FEE-E

Students who demonstrale understanding can:

HS-PS53-2.

Devalop and use models to illustrate that enargy 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 positions of particles

(ebjects). [Clarfcation Statement; Examgles of phencmana at the mac

roscopic scale could

include the conversion of kinebc energy to thermal energy, the energy siored due to posiion
of ar abject sbove the earh, and the energy stored betwesn bwo slaclriczlly-changed plabes.
Examples of modets could include diagrams, drawings, descnglions, and compubar

simulations.i

The perfarmance sxpectaticn abowve was devaloped using Ho felowirg slemanta from & Framaicns for K-12 Science Education;

Science and Enginesring Practices

Develaping and Using Modals
Modehng in 9=12 tuilgs on K=3 and
progReses o using, ﬂnﬂ’rﬂzﬁﬂ.ﬁ'ﬂ
devaksing mnﬁul&t}ﬁm:ﬂnt&rﬂm
relationships afmong varables betwaen

EYEIETIS erw in ha

mahira and

*  Develop E:ﬂm&mcﬂ&l Baged on
avadence bo ilustrate tha:
relalionships between sysbams of
batwaan components of & systam

o | G -

PS53.A: Definitions of Energy

Enargy is & suaniiatve proparty of
A gystam that depands o the
molion and inlergslions of metlar
Bnd racsason wilhen hal sysbam.
Thal tere is & single quantty calles
enargy ie due 1o the facd that 8
system's 1olal energy is condened,
even as, within the sysiem, enengy
s conbnualy trarsfamed from one
obyact by anoiher and between Fls
various possitle forms.

Al tha macioscopic scale, anargy
mianibasis isall on mulEola ways,
sUCh as i mohon, sousd, bght. &nd
thesrnal enangy.

These relaicnshigs are Caler
wndarshood a1 e Mecrostomic
geale, af which all of the differant
manitestalions ol energy can be
modeled 85 a combinalion of
enargy associatad with the motion
of parlides and enengy assocated
wilh the cordiguration {ralative
posidion of the pariclas). In same
cases the relalive positan ensry
can ba thought of & slorad in fislds
[whech meciate inberachons
babweer pariclas). This last
concedt includes radistion, a
pnancmenan in which enary
shared in fields moves acoss
BOE0H.
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HS-PS3-5

Students who demonstrate understanding can:

HS-P53-5. 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. [Clarification Statement: Examples of models could include
drawings, diagrams, and texts, such as drawings of what happens when two charges of
opposite polarity are near each other.] [Assessment Boundary: Assessment is limifed fo
systems containing two objects.]

The performance expectation above was developed using the following elements from A Framowaork fqr.i_{-‘.r? Science Education:

ross
Developing and Using Models P53.C: Relationship Between Cause and Effect
Modeling in 9=12 builds on K=8 and Energy and Forces ® Cause and effect relationships
progresses {o using, synthesizing, and =  When two objects interacting can be suggested and
developing models to predict and show through a field change relative predicted for complex natural
relationships among variables between position, the energy stored in the and human-designed systems
systems and their components in the field is changed. by examining what is known
natural and designed world(s). about smaller scale
s Develop and Uuse a model based on mechanisms within the
evidence to illustrate the relationships system.
between systems or between
components of a systern.

Unit 4: Chemical Reactions

OVERVIEW

Summary

The entire world is based on the ebb and flow of energy from chemical reactions. 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 in preparation for stoichiometry (the mathematics of chemistry).

Content to Be Learned
Describe how to write a word equation.

Describe how to write a skeleton equation.

Describe the steps for writing a balanced chemical equation.
Describe the six general types of reactions.

Predict the products of the six general types of reactions.
Describe the information found in a net ionic equation.

Predict the information of a precipitate in a double replacement reaction.

Practices
e To use chemical reactions to predict the products of chemical experiments.



Crosscutting Concepts

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

Essential Questions
Why do the elements and compounds in chemical equations react together to form new products?

Why is it necessary to balance chemical reactions?

What factors identify the types of chemical reactions?

How are the types of chemical reactions used to predict the products of a reaction?
How are chemical reactions represented?

Why do you balance a chemical reaction and how is this accomplished?

What are the classifications of chemical reactions?

How are complete ionic and net ionic equations written for chemical reactions in aqueous solutions?

Next Generation Sc_ience Standards
HS-PS1-1

Students who demonstrate understanding can:

HS-PS51-1. Use the periodic table as a model to predict the relative properties of elements based
on the pattermns of electrons in the outermost energy level of atoms. [Clarification
Statement: Exampies of properties that could be predicted from pattems could include
reactivity of metals, types of bonds formed, numbears of bonds formed, and reactions with
oxyaen.] [Assessment Boundary: Assessment is imited fo main group elements.
Assessment does nat include guaniitafive undersfanding of fonization energy beyond relative
frends.]

The: performance &metﬂtjon above was developed using the following elements from A Framework for K-12 Science Education:

Science and Engineering Practices olina ore |d

Developing and Using Models P51.A: Structure and Properties of Patterns
Modeling in 8=12 builds on K-8 and Matter * Different patterns may be
progresses to using, synthesizing, and *  Each atom has & charged observed at each of the
developing models to predict and show substructure consisting of a scales at which a system is
relationships among variables between nucleus, which is made of protons studied and can provide
systems and their components in the and neutrons, surrounded by evidence for causality in
natural and designed world(s). electrons. explanations of phenomena.
*  Use a model to predict the *  The periodic table orders

relationships between systems or elements horizontally by the

between components of a system. number of protons in the atom's

nucleus and places those with
similar chemical properties in
columns. The repesating patterns
of this table reflect patterns of
outer electron states,




e

HS-PS1-2

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 chiorine, of carbon and oxygen,
or of carbon and hydrogen.] [Assessment Boundary: Assessment is imited fo chemical
regcfions invohing main group elements and combusiion reacticns.]

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

Science and Engineering Practices

Constructing Explanations and
Designing Solutions

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

& Construct and revise an explanation
based on valid and reliable evidence
obtained from a variety of sources
{including students’ own
investigations, models, theories,
simulations, and 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 perodic table orders
elements horizontally by the
number of protons in the atom’s
nucieus and places those with
similar chemical properties in
columns. The repeating patterns
of this table refiect patterns of
cuter 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 chemical
reactions,

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

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-dipoie).
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
baifling point, vapar pressure, and surface tension.] [Assessment Boundary. Assessment

does not include Raowlt's law calculations of vapar pressure.]

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

Sclence and Enginearing Practices

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

Disciplinary Core idaa

P51.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.




H3-P53-1

Sludents who dermonstrate understanding can:

HS-P53-1.

Creats a computational model to calculate the changa in the energy of one componant

in a system when the change in enargy of the othar component{s) and enargy flows in

and out of the system are known. [Clanfication Siatement Emphaszi
meaning of mathamaticsl expressions used in the modal ]

5 is on explaining the

[Assassmen Boundary!

Aszessmant is (miled fo hasic slgebraic axpressions o l::lmpu'a'lr:':'s o sysferms of bwo or
thred components; and o themmal energy, binefic enengy, anddor the enanpigs I grawvitalional,
magmetic, or elacinc fiafgs.]

Tha parformance aupectadon abave wes devaloped using tha F:Emmmfmm.-ﬁ Framewonk for K-1% Sciancs Education’

Sciance and Engineering Practices

Using Mathernatics and
Computational Thinkieg
Wmmmmm
ﬂﬂﬂﬂ-izhmh.ﬂtmﬂ-ﬂarﬂ
progresses b using alpabraie thinking
and aralysis; 8 range of lingar ang
nanines functions incu
irigsrorraie fnctons, expanentials snd
bogesthms; a:u:lmmﬂaﬁmalhﬂsfﬂr
statistical analyes by aneize, represant,
and mogel data. Simple compulational
simiiaions are crealed and used based
oft mathematical madels of basic
: 5 i :
s Creabe a comgutations model or
simuaton of 8 phanomenoe,
designed device, process, of sysiam.

racdi. .
PS3.A: Definitions of Enerngy

e Esargy is & cuaniitatve property of &
systam that cepends on the motion
&nd intaractions of mattar and
redighon wilhin thal sysien. That
there is & sangle cuantity calied
esargy fs ous o the faci tat a
MEIEI“'H-HH-EI'HW I8 congended,
even: 4%, within the syslem, energy s
contirially fransfemas from one
oiject o anothar and betwee s
vanous possibie forms.

P53.8: Conservaiion of Energy and
Emergy Transfer

& [Corservation of energy méans that
thi total change of enargy in any
syslam is ahwvays egual o the tatal
Enangy ransfemred inko of out of tha
gyatam.

& Enengy cannod be crasted of
cosiryed, bl ibcan MHEI@-EI-I‘I:E!I
from one pace 1o aathar and
Irarstarred balbayaan syslams.

*  Malthenaics exprassons, which
cuantify how the slored energy in a
gystam depends on ils conliguralion
[e-q., ralalise positdng of changed
parscies, comarassion of a spang)
and how Knalic enargy depanss on
mass and spesd, albow the conceod
of consarvalion of enengy 10 be used
I3 predict and gagdrinae syabam
Eetrb BV

*  Theavalabiity of enargy limits what
can DECUr fnary systam,

Syelems and Svatem Models

Models can be vsed 1o
predict the bebtawior of 8
syabam, bull Bhasa
pfediciions have limited
precision and rekabilily due
8o the assumplions and
aporoxmations inharant in

| podeis.

Connetiions o Nature af
Sedance

Scientilic Krowledge
Azgumes an Order and
Congisbancy in Matural
Syniems

Sclence gesumes he
LFEVErSS 18 a wasl angle
sy abam i wheoh basks laws
are somgistanl




HS-PS3-5

Students who demonstrate understanding can:

HS-P53-5. 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. [Clarification Statement: Examples of models could include
drawings, diagrams, and texts, such as drawings of what happens when two charges of
opposite polarity are near each other ] [Assessment Boundary: Assessmeant is limited fo
systems confaining two objects.]

The performance expectation above was developed using the fnll‘uwi.ng elements from A Framewark for K-12 Science Education;

Developing and Using Models PS3.C: Relationship Between Cause and Effect
Ml:hth]il‘lﬂ in 9=12 builds on K=8 and Eﬂﬁm and Forces - Cause and effect relationships
progresses to using, synthesizing, and *  When two objects interacting can be suggested and
developing models to predict and show through a field change relative predicted for complex natural
relationships among variables between position, the energy stored in the and human-designed systems
systemns and their components in the field is changed. by examining what is known
natural and designed world(s). about smaller scale
s [Develop and use a8 mode! basad on mechanisms within the
evidence to illustrate the relationships system.
betwaen systems or between
components of a system.

Unit 5: Stoichiometry

OVERVIEW

Summary

Stoichiometry is the study of the quantitative relationships between reactants and products in a chemical
reaction. In this unit, students will learn how to interpret the expanded mole diagram. They will use
dimensional analysis to convert moles, mass, numbers, volumes of reactants to moles, mass, numbers,
volumes of product.

Content to Be L.earned
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 Construct mole ratios from balanced chemical equations and apply these ratios in stoichiometric
calculations.

e (alculate stoichiometric quantities from balanced chemical equations using units of moles, mass,
representative particles, and volumes of gases at STP.
Identify the limiting reagent in a reaction.
Calculate theoretical yield, percent yield, amount of excess reagent that remains unreacted given
appropriate information.

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



Crosscutting Concepts

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

Essential Questions

What does a mole represent and why is it such a large number?

What is the role does law of conservation of mass play in stoichiometric equations?

Why is the actual yield less than the theoretical yield in a chemical reaction?

Why is it important to use a balanced chemical equation when solving stoichiometry problems?
How does dimensional analysis, factor label, help chemists solve stoichiometry problems?
What is the difference between limiting reactant and excess reactant?

How is stoichiometry used in industry?

What relationships can be derived from a balanced chemical reaction?

How are mole ratios written from a balanced chemical reaction?

What is the sequence of steps used in solving stoichiometry problems?

In a chemical reaction, how do you determine the limiting reagent?

How is the mass of the products calculated when more than one reactant is given?

What are the differences between theoretical and actual yields of a chemical reaction?
How do you calculate percent yield for a chemical reaction?

Next Generation Science Standards

HS-PS1-5
Students who demonstrate understanding can:

HS-PS51-5. 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 fo simple reactions in which there are only two reactanis;
gvidence from temperafure, concentration, and rafe data; and qualifative relalionships
between rafe and temperature.]

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

Constructing Explanations and P51.B: Chemical Reactions Patterns
Designing Solutions = Chemical processes, their rates, *  Different patterns may be
Constructing explanations and designing and whether or not eneray is observed at each of the
solutions in 8-12 builds on K-8 stored or released can be scales at which a system
EXDENENCES and progresses to understood in terms of the studied and can provide
explanations and designs that are collisions of molecules and the evidence for causality in
supported by multiple and independent rearangements of atoms into explanations of phenomena,
student-generated sources of evidence new molecules, with conseguent
consistent with scientific ideas, principles, changes in the sum of all bond
and theories. energies in the set of molecules
®  Apply scientific principles and that are matched by changes in

evidence to provide an explanation of kinetic enermgy.

phenomena and solve design

problems, taking into account possible

unanticipated effects.
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H35-P33-1

Students who demonstrate understanding can:

HS-P53-1.

Create a computational model to calculate the change in the energy of one component

in a system when tha changa in enargy of the other component{s} and enargy flows in
and out of the system are known, [Clarfication Statement Emphasis is on explaining tha
meaning of mathematicsl expressicns used in the model.] [Assessrment Boundary:
Aszezsment is limited fo basic slgebraic sxpressions or compidalions; fo sysfems of wo or
three components; and fo thermal anergy, dinelic enegy, andior fhe enengies in gravitational,
magnetic, ar elsolns felos ]

Thi parformancs expesiabon abow wes Desaiopad ng the folowing aipments fom: 4 Eramesark for K-12 Schanea Edipcation;

Sciance and Eng - Fractlces

Using Mathematics and
Computational Thinklng
Mathamatical and compulational enking
81 e 912 favel bubds on K—8 and
BrOFESSEs [0 LSing SIREbIEIC inking
and analyss; & renge of linesr ans
nonines’ lunclions induding :
FuncEons, exponentials and

& Create a compulationgl model or
simutaton of a prancmenoa,
depignad device, procass, of Systam.

> orw e

PS3.A: Definitions of Enargy

«  Enargy s & guantitabive property of &
ayslem that sepends o the motlon
gnd interacliors of matber and
radiation within thial Systesn. Thal
Thera -3 segle cuantily called
BnErgy I8 cus tothe fact that &
aysten's iolad enengy is congsrved,
EvEn as, within the sysiem, anengy s
contirually Transferes from one
onjact o anoiher and between is
vanmous posshlie foms.

P53.8: Conservalion of Emergy and

Energy Transfer

& - Corsersabion of energy maans thatl
the total chanpe of arergy n any
gysbam g aways eaual io the hotal
enarmy anstames irto of oul of the
sialam.

*  Enargy cannol becreated or
castroyed, but it £an b transarbad
from one Eace o anothar ard
Iranslarmed babtyeen gyslams..

*  Mathemabcs! exprassions. which
cuantty how the slored erargy na
syslem depanss on s configuration
{e.g:, relative positons of changes
partcies, comprasslon of a spring)
&nd how Kinelic enangy desands on
maas end apesd, sbow the concent
ol consanvalion ol enengy 10 be used
o predict and ceacribe sygtam
Eeshiavioe.

& The evaiabily of enargy limits what
CaM OSCUR N ANy Syatam,

Sysiems and Sysiem Models

& pModals can be vsed 10
predict B babavior of &
systam, but Base
predichons ave hrmad
presisidn and retabilily due
te the assumptions ard
aporoximabors inkarent in
rnocals:

Connections fo Nafure of
Scienca

Seigntifle Knowledge
Assumes an Order and

Consistensy in Matural

Syatlems

*  Solence Bssumes tha
universe s a wast singhe
systam i which basic laws
are corEislant




HS-P53-2

Students who demonslrate understanding can:

HE-P53-Z.

Bewalop and use models to illustrate that energy at the macroscopic scale can be

accountad for as a combination of energy associated with the maotions of particles
(ebjects) and energy associated with the relative positions of particles

[objects). [Clarficaton Stalemeant: Examples of phanocmena at the macroscopid scals could
includs the comvarsion of kinetic energy o thermal ensrgy, the energy stored due fo position

of an object sbowe the eadh, and
Examples of modeis could

simulations. |

o the enengy stored between twt eloctrically-charged plates,

rnciude diagrams, drawings, descricbons, and combpulsr

The performance sxpactation showe was devaloped using e following slemants from A Framawod: for K-12 Soience Education: .

Scisncs and Enginesring Practices

Developing and Using Models
Modedng in S=12 tuilds on K-8 &nd
progresses to using, synlhesizing. and
davelosing mosals o predict and show
ralgliorehips Bmong varables bebweaan
and their companents in tha-
mmmmm
*  Develop and uss & model bases on
mmumm
mwﬂmmﬁmﬂnm«
betwsen components of 3 Systam.

PS3.A: Definitions of Enargy

Enargy is B ouantitatvee property of
& gyslam that depards on the
motion and interactions of matier
and ragiason within that gyslam,
Thil There ts 8 single guantify callea
enangy is oue o the fact that 8
aysiem's iolal enengy is congenved,
v 85, withen e systen, anefgy
is conbnualy transfemed from e
onject o another and betweesn s
vancus possila forms.

Al tha macrcacopic séale, enandy
marifasis ilsall in muiksie ways,
such as i motion, sound, kil gnd
thesmal enengy.

These redaionshios sre baker
wndersbood Bl the mMecrosnodic
gcaka,-at which all of the differant
manifastalions of enargy can be
mocaled g5 a comBinghon of
enary associabed with the motion
of parlicles and enargy assocatad
il ik confiquratioen (ralalive
position of the pariicles). In soma
cases 1he relalive positon anserdy
can ba thought of &5 stored in fields
[whech medigha nteractons
‘batwesn partiches). Thes last
concept inchedas radiation, &
phanomeno inwhich erargy
stored in flelcs moves acnss
BOBCE.

Etrargyund Matter

®  Erergy cannct be creatsd or
cegiroped; it only mowves
Dabasoan ong pEaca and
anather place, betwean
abjects ardior Tields, o
batwaan systenis.




| HS-PS3-3

Students who demonstrate understanding can:

HS-P53-3.

Design, build, and refine a device that works within given constraints to convert one

form of energy into another form of energy.® [Clarification Statement: Emphasis = on

beoth gualitative and guantitative evaluations of devices. Examples of devices could include
Rube Goldbem devices, wind wrbines, sofar cells, solar ovens, and generators. Examples of
constraints could inciude use of renewable energy forms and efficiency.] [Assessment
Boundary: Assessment for quantitative eveluations s imited to fotal ovtowt for & grven inpot.
Assessment 1s imited to devices constructed with materials prowvided fo students.|

The perdormance expeclation above was daveloped using the folowing elements from A Franewark for K-12 Scisnce Education:

Sclonce and Englnesring Practicas

Constructing Explanations and
Designing Selutions

Constructing explanations and designing
sofutions in 512 builds on K-8
BXOENANcES and progresses 1o
explanations and designs that are
supported by multiple and independent
student-qenarated sources of evidence
nms{shmt with ssientific ideas, principles,

»  Design, mjuam andrnr rafing a
solution 10 @ complex real-world
problem based on screntific knowledae,
student-generated sources of evidence,
_prioritized criteria, and tradeoff
considerations.

PS3.A: Definitions of Energy

* Al the macroscopic scale,
energy manifests itselfl in
mutiple ways, such as in
miotion, sound. light, and
thermal enardy.

PS3.0: Energy in Chemical
Processes

&  Although energy cannot ba
‘destroyed, it can be comeerted
10 less usaful forms — for
axample, 1o thermal energy in
thie surrounding @i ronrent.

ETS1.A: Defining and Delimiting
an Engineering Problem

*  Crilera and consirainis also
nciude satisfving any
requiremants set by society,
such as laking issuas of risk

mitigation into account, and they

should be guantified o the
axtent possible and stated in
such a way that one can tedl if a
given design meets tham:

(secondary)

Energy and Mam;r

¢  Changes of energy and
matter in a system can be
described in lerms of enangy
-arsd matter flows nto, aut of,
and within thal systam,

________________________

Influence of Science,
Engineering and Technology
on Society and the Natural
World

*  Modern civilization depends
on major technological
systems. Engingers
continuausly modify these
technological systerms by
applying scientific knowledge
and anginearing design
practces lo increase benefils
while decreasing costs and
risxs,




HS-PS3-4

Students who demonstrate understanding can:

HS-P53-4.

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). [Clarification Statement: Emphasis is on
analyzing data from student investigations and using mathematical thinking to describe the
energy changes both quantitatively and conceptually. Examples of investigations could
include mixing fiquids at different initial temperatures or adding objects at different
temperatures to water.] [Assessment Boundary: Assessment is imifed to investigations based
o matenals and tools provided fo studenis.]

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

Science and Engineering Practices

Planning and Carrying Out

Investigations

Planning and carrying out investigations to

answer guestions or test sclutions to

problems in 9=12 builds on K-8

experiences and progresses to include

investigations that provide evidence for

and test conceptual, mathematical,

physical, and empirical modeis.

=  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 datz {e.g..
number of trials, cost, risk, time), and
refine the design accordingly.

P53.B: Conservation of Energy and
Energy Transfer

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

*  Uncontrelled systems always
evolve toward more stable
states—that iz, toward more
uniform energy distribution {8.0..
water flows downhill, objects
hotter than their surrounding
environment cool down).

P53.D: Energy in Chemical
Processes

®  Although enemgy cannot be
destroyed, it can be converted to
less useful forms — for example,
to thermal energy in the
surrounding envinonment.

Systermns and System Models

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




HS-PS3-5

Students who demonstrate understanding can:

HS-PS53-5. 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 fo the interaction. [Clarification Statement: Examples of models could include
drawings, diagrams, and texts, such as drawings of what happens when two charges of
opposite polarity are near each other.] [Assessment Boundary: Assessment is limifed fo
systems confaining two obfects.]

The performance expectation above was developed using the following elements from A Framewark for K-12 Science Education

Sclence and Enginearing Practices

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 world(s). :

s  Develop and use a mode! basaed on
evidence to illustrate the relationships
between systems or between
components of a system.

PS53.C: Relationship Between
Energy and Forces
s  \When two objects interacting
through a field change relative
position, the energy stored in the
field is changed.

L0 Feljadfygie
Cause and Effect

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




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.

Content to Be Learned

e Describe the assumptions of the kinetic theory as it applies to physical states and chemical reactions.

e Interpret gas pressure in terms of kinetic theory.

e Define the relationship between Kelvin temperature and average kinetic energy.

e Identify factors that determine physical properties of a liquid.

e Define evaporation in terms of kinetic energy.

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

e Evaluate the way particles are organized in solids, liquids, gases and plasmas.

e Identify the factors that determine the shape of a crystal.

e Identify the conditions necessary for sublimation.

e Describe how equilibrium conditions are represented in a phase change.

e Describe the three factors that affect gas pressure.

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

e Use Boyles, Charles, Combined Gas Law, and the Ideal Gas Law to solve problems.

e Compare and contrast real and ideal gases.

e Relate the total pressure of a mixture of gases to the partial pressure of component gases.

e Explain how the molar mass of a gas affects the rate at which the gas diffuses and effuses.
Practices

e Constructing and revising an explanation based on valid and reliable evidence.

Crosscutting Concepts

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

Essential Questions

How is the food you eat chemically recombined to create the molecules needed to sustain life?
How is the kinetic-molecular theory used to explain the behavior of gases?

Why does mass affect the rates of diffusion and effusion?

How is gas pressure measured and how is the partial pressure of a gas calculated?

What are intramolecular forces?

How do intermolecular forces compare? How do they contrast?

How do the arrangements of particles in liquids and solids differ?

What are the factors that affect viscosity?

How are the unit cell and crystal lattice related?

How can the addition and removal of energy cause a phase change?




e What is a phase diagram?

Next Generation Science Standards
HS-PS1-3

Students who demonstrate understanding can:

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. [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 jons, atoms, maolecules, and networked materials (such
as graphite). Examples of bulk properties of substances could include the melting point and
boifing point, vapor pressure, and surface tension.] [Assessment Boundary: Assessment
does not include Raoult’s law calculations of vapar pressune. ]

The performance &mﬂdﬁtjon above was developed using the following elements from A Framawonk furK-?;? Science Education:

Science and Engineering Practices m

Planning and Carrying Out Investigations PS1.A: Structure and Properties Patterns

] cipiinan O l

Planning and carrying out investigations in of Matter = Different patterns may be
9-12 builds on K-8 experiences and =  The structure and interactions observed at each of the
progresses to include investigations that of matter at the bulk scale are scales at which a system is
provide evidence for and test conceptual, determined by electrical forces studied and can provide
mathematical, nlmmi and empirical within and between atoms. evidence for causality in
models. explanations of phenomena.

=  Flan 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 imitations
on the precision of the data {s.q., :
number of trials, cost, risk, time), and
refing the design accordingly,




HS-PS1-7

Students who demonstrate understanding can:

HS-PS31-7.

Use mathematical representations to support the claim that atoms, and therefore

mass, are conserved during a chemical reaction. [Clarification Staternent: 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 ralationships to the
macroscapic 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
memarization and role application of problem-solving technigues.] [Assessment Boundary:

Assessment does nof include complex chemical reactions.]

The performance expectation above was d'B‘H'EIﬂpEd uging the following elements from A Framework for K-12 Science Education:

Sclence and Engineering Practices

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

models of basic assumptions.
*  Use mathematical representations of
phenomana to support claims.

Discipling one Id

PS51.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.

il e RTRRD T

Energy and Matter

#  The total amount of energy
and matter in closed systems
is conserved.

Connections to Mature of
Science

alpie=zlale

Scientific Knowledge Assumes

an Order and Consistency in

Natural Systems

=  Science assumes the universe
is @ vast single system in
which basic laws are
consistent.




H3-P53-1

Students who demonstrate understanding can:

HS-P53-1.

Create a computational model to calculate the change in the energy of one componant

in a system when the change in energy of the other component{s) and enargy flows in
and out of the system are known. [Clarfication Statement Emphasis is on explaining the
meaning of mathematicel exprassions used n the modeal. | [Assessmeni Boundary:
Aszezsment is imited fo basic algedraic sxpressions or compulalions; o sysfems of hwo or
thres components; and fo themnal anergy, Kinelic anergy, andiar the a-rle:.'gl'a.x n granitaticnal,
magnelic, ar eiscinc fefdz. ]

Tra parformance m@eciaton Above wes tevaloped LEing tha folowing aiements from A WMHT?MEUW

Sciance and Enpglinesring Practicas
and

at'the 5=12 laval bulds on =3 and
progresses bo using algabralc thinking
and analysis; 8 1ange of linear ang
norines functions
Irigenamatic lunclions, exponertisis and
lonasithms; and computational fools for
slalislical analysis 1o anahee, reprasant,
and mozel data. Sanple compulstional
siMuLafons are created and used hased
on mathemalical models-of basic
BESUMPHONS..
#.  Creals goomputatonst modeal or
simuiaion of & phenomanon,
designad deyvice, procass, of syslem.

PS3.A: Definitlons of Energy
=  Enargy is a guantitabive propary of &
gyslem that depends on the molion
&nd interactions of matbar and
radiation within that syslem. That
thesa is a e&ngle cuanlity called
BNErgy IS oua fo the fact thal a
_ayslem's jolal energy is consanded,
EVEN 35, within Ihe sysiem, enengy s
continually transfemmad from ong
oiyect o anothar and between fs
vafious possitle forms:
F53.8: Conservalion of Energy and
Energy Transfer
&  Conservalbion of enargy maans hat
thi botal change of arsargy m any
swElent is eiways acual o lhe total
eneryy Fansfarrad into o oul of the
gyslam.
*  Energy cannct bie craated o

desiroved, but it can be transportad
Tram ane place fo anothar and

tramsfamed bebasaen sysiams.

*  Mathemabcs! exprassions, which
auanlify how the stofed ensrgy in a
system depands on s condiguration
{eq., relalive pasibons of changed
particies, compression of a speng)
and how kKinebc enargy depands an
miass end speed. ahow the condcept
of consarvalion of anefgy 1o be Lsed
I3 predict anas cescribe eysbam
beatiavice.

*  Theavailabiity of enargy limits what
AN DCCLT i any syster.

Syslems and Sysiem Models

Noodals can be ceed 10
predics the behavicr of &
eyabam, but faaa
prediciicns have limised
precision and rekabilily due
to the assumptions and
aporoximalions inharant in
maodals:

Conpeclions fo Nafure af

Sciamod

Seientific Knowledge
Assumes an Drder and
Consistansy in Natural
Systems

Sriance sssumes the
LTRSS 18 8 YS! sngle
syabam onowhech basa isws
are consisbant
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HS-PSE-E

Students who damonstrale understanding can:

HS-P53-2. Develop and use models to illustrate that energy at the macroscopic scale can be
accountad for as a combination of energy associated with the motions of particles
{objects) and energy associated with the relative positions of particles
(objects). [Clarfication Statament: Examples of phenomena ai the macroscopic scale could
includs the comvarsion of Kinatic energy to thermal energy, the energy stored dus to position
of an object sbova the earth, and the enengy stored betwean bwo efectrically-charged plates.
Examples of modeis could include diagrams; drawings, descnotions, and computer
simulations:]

“Thie perfarmance spactation sfiove was devsopeds using the following ahemants fram & Sramawark for K-12 Soienoe Education

T e | e ———

leinn’lngam I.Ewlnlhldilﬂl FS3.A: Definitions of Enangy Energy and Matter

Modeling in 8-12 builes on K~ and s Energyis & cuantitatve property of | Energy cannot be created or
progresses to using, synthesizing. and BMLEMMMM&EM!-MW m;ﬁirm;itmwm
Wnnﬂammmaﬁw moticn &nd inbaracions of matter bebwsean ore pace and

orehips 8Mang vafiables between end ragiation wilhin that avebam. enniher placa, betwean
‘systems and Their components in the That fare is a single quaniity calles objects andior fisds, or
natural and desigred worles. energy i2 ua 1o the fact that a tatwearn zystams.
*  Develop and use s modal based on syslent's iolal ensrgy ls consenved,

avidence to ilusirate the gven 8s, wilhn the Sysiem, enermy

- nships bebwaan syslams of 18 conbnualy trarstarred from ona

oabvean components of 8 syaem. soject o anciher and between fda

vanous possinle forms.

# Althe macrescopic scale, energy
manifasts dsall b mulige ways,
such as i motion, sound, kqhl and
thermal enangy.

s These relationshios ane baler
wrderstood 2l the MRCrostogic
scale, at which all of tha different
manifastations of energy can be
mogales &5 a combination of
energy assncsatad with the mabion
of parlicias and enaryy assocatad
with the configuration {relative
position of the parlicles). In some
cases ihe ralative posibion energy
tan be thought of a5 stomad in telds.
[wihich mediate intarachons
batwean parlicles). This laat
concept includes radialion, &
phenonanon inwhich enangy
siored in fielss moves Sohoss
SOECE,




e

| HS-PS3-3

Students who demonstrate understanding can:

HS-PS3-23. Design, build, and refine a device that works within given constraints to convert one
form of energy into another form of energy.* [Clarification Statement: Emphasis is on
both gualitative and quantitative evaluations of devices. Examples of devices could include
Fube Goldberg devices, wind wrbines, solar cells. solar ovens, and genermators. Exampies of
consiraints could inciude use of renewable energy forms 2nd efficiency.] [Assessment
Boundary: Assessment for guanfitative evaluations is limited to total outout for & given input.
Aszsessment is imited to devices constructed with materials provided fo studenis.]

The performance expectation abave was developed using the foliowing elements fram A Framewark for K-12 Science Education:

Sclenca and Engineering Practices iscip : 07 Cro

Constructing Explanations and PS3.A: Definitions of Energy Energy and Malur

Designing Solutions * Al the macroscopic scale, *  Changes of enerqy and
Constructing explanations and designing onargy manifests itself in matler in a system can be
solutions in 8-12 bullds an K-8 muilipte ways, such as in describad in tarms of energy
axperiences and. pmﬂfmﬁ o moion, sound, gk, and and matter flows inlo, oul of,
explanations and designs that are thiermal energy. and within that systemn,
sugported by muiliple and independent PS3.D: Energy In Chemical = | csc-oocoocciaiioiiions
student-generated sources of evidence: Processes Conneclions to Engineering,
ﬁm hﬁm scientific ideas, principles, »  Although enesgy cannat ba Technology, and Applications
£ destrovad, it can be corvertad of Science
*  Design, evaluate, andior refine a 1o less useful forms — for
soiutlon o & compiax real-world axample, o thermal energy in Influence of Scienca,
proolem based on scientific knowledoe, thie surrounding environment. Engineering and Technology
student-generated sources of evidence, | gTS1.A: Defining and Delimiting on Society and the Natural
F.f.*ﬂﬂlllmd crilena, and tradooff an Ennineering Problam World
censiderations. *  Critera and consiraints also s  Modam civilization depends
inciude satisfying any on maijar technolonical
raquiremeants sel by sociely, systems. Engineears
such as taking =sues of risk continuously modify these
mitigation inta account, and they technalogical systems by
snould be quantified lo the appiying scientific knowledae
extent possibie and staled in and engineering design
such a way that ona can tell if a practces o incréase benefits
glven design mests them. while decreasing costs and

(secondary) risks;




HS-PS3-4

Students who demonstrate understanding can:

HS-PS53-4. 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). [Clarification Statement: Emphasis is on
analyzing data from student investigations and using mathematical thinking to describe the
energy changes both quantitatively and conceptually. Examples of investigations could
include mixing liquids at different initial temperatures or adding objects at different
temperatures to water.] [Assessment Boundary: Assessment is imitad fo investigations based
o matenals and fools provided fo students.]

The perfarmance expectation above was developed using the following elements from 4 Framework for K-12 Science Education:

Planning and Carrying Out P53.B: Conservation of Energy and Systems and System Models

Investigations e Energy Transfer *  \When investigating or
Planning and carrying out investigationst0 |« Energy cannot be created or describing a system, the
answer questions or test sclutions to destroyed, but it can be boundaries and initial
problems in 8-12 builds on K-8 transported from one place to conditions of the system
experiences and progresses to include another and transferred between need to be defined and their
investigations that provide evidence for systems, inputs and outputs analyzed

and test conceptual, mathematical,

physical, and empirical models. i mgﬂzﬁﬁﬁ :&T’:FE o deserbedusma medes
&  Planand conduct an investigation states—that is, toward more

individually and coliaboratively to uniform energy distribution (2.0..

produce data to serve as the basis for water flows downhill, ohiects

evidence, and in the design: decide on hatter than their surrounding

types, how much, and accuracy of data environment cool down).

needed to produce reliable PS3.D: Energy in Chemical

measurements and consider limitaions | Processes
on the precision of the data {e.g..
number of trials, cost, risk, ime), and |~ /uinough energy cannot be

: f destroyed, it can be converted to
refine the design accordingly. less useful forms — for example,

to thermal energy in the
surrounding environment,

Unit 7: 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 and the
meaning of their signs. These formulations are quantifiable and are essential components in determining the
spontaneity of chemical reactions.

Content to Be Learned
e Explain how energy, heat and work are related.

e C(lassify processes as either exothermic or endothermic.
e Identify the units used in heat transfer.
e Distinguish between heat and specific heat.



Describe how calorimeters are used to measure heat flow.

Construct thermochemical equations.

Solve for enthalpy changes in chemical reactions by using heats of reaction.
Classify the enthalpy change that occurs when a substance melts,

Freezes, boils, condenses, or dissolves.

Solve for the enthalpy change that occurs during the above.

State Hess’s Law of heat summation and describe how it is used in chemistry.
Solve for enthalpy changes by using Hess’s law using standard heats of formation.

Practices

Constructing and revising an explanation based on valid and reliable evidence.

Crosscutting Concepts

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

Essential Questions

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

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

How are the natural tendencies of the universe reflected in the meaning of the signs of enthalpy, entropy,
and Gibb’s free energy?

According to the natural tendencies of the universe and the laws of thermodynamics, explain why you
exist?

How is the food you eat chemically recombined to create the molecules needed to sustain life?

What is energy?

How do potential and kinetic energy differ?

How can chemical potential energy be related to the heat lost or gained in chemical reactions?

How is the amount of heat absorbed or released by a substance calculated as its temperature changes?
What do enthalpy and enthalpy change mean in terms of chemical reactions?

How are thermochemical equations for chemical reactions written?

How is energy lost or gained during changes of state?

How do you calculate the heat that is absorbed or released in a chemical reaction?

How is Hess’s law applied to calculate the enthalpy change for a reaction?

What is the difference between spontaneous and non-spontaneous processes?

How do changes in enthalpy, entropy and free energy determine the spontaneity of chemical reactions?



Next Generation Science Standards

HS-PS51-2

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 chlorine, of carbon and oxygen,
or of carbon and hydrogen.] [Assessment Boundary: Assessment is limifed to chemical
reactions involving main group elements and combusiion reactions. ]

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

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanaticns and designing
solutions in 9=12 builds on K-8
experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated sources of evidence
consistent with scientific ideas,
principles, and theories.
= Construct and revise an explanation
based on valid and reliabie evidence
obtained from a variety of sources
{including students” own
investigations, models, theories,
simulations, and 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
ki AL

PS1.A: Structure and Properties of
Matter

s  The perodic tabie orders
elements horizontally by the
nurnber of protons in the atom’s
nucleus and places those with
similar chemical properties in
columns. The repesting patterns
of this table reflect patterns of
cuter electron siates.

P51.B: Chemical Reactions

s 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.

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.
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HS-PS1-3

Students who demonstrate understanding can:

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. [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 ] [Assessmen! Boundary: Assessment

does not include Raoult’s law calculations of vapar pressure.]

The pedformance expectation above was developed using the following elements from A Framewark for K-12 Science Education:

Science and Enginearing Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations in
9-12 builds on K-8 experiences and
progresses to include investigations that
provide evidence for and test conceptual,
mathematical, physical. and empirical
models. :
=  Plan and conduct an investigation
individually and collaboratively to
produce data to serve as the basis for
evidence, and in the design: decide on
tvoes, how much, and accuracy of data
needed to produce reliable :
measurements and consider limitations
on the precision of the data (2.g.,
number of trials, cost, risk, time), and
refine the design accordingly.

Disciplinary Core id

P51.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.

gelh IRing OnNCapt

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.
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HS-PS1-4

Students who demonstrate understanding can:

HS-P51-4.

Develop a mode! 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 reactanis and products, and
representations showing energy is conserved.] [Assessment Boundary: Assessment does
not include calcwating the total band energy changes durnng a8 chemical reaction from the
bond energies of reacfants and products.]

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

Science and Engineering Practices

Developing and Using Models
Modeling in 9=12 builds on K-8 and
progresses to using, synthesizing, and
developing models to predict and show
relationships among variables betwaen

- systerns and their components in the

natural and designed worlds.

» Develop a model based on
evidence to illustrate the
relationships between systems or
between components of a systermn.

Disclplinary Core Id

PS1.A: Structure and Properties of
Matter
= A stable molecule has less energy
than the same set of atoms
separgted; one must provide at
least this energy in order to take
the molecule apart.
PS1.B: Chemical Reactions
s 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.
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HS-PS1-7

Students who demonstrate understanding can:

HS-PS1-7. Use mathematical representations to support the claim that atoms, and therefore
mass, are conserved during a chemical reaction. [Ciarification 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 relaticnships 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
memarization and rote application of problem-solving technigues.] [Assessment Boundary:
Assessment does nof include complex chemical reactions.]

The pen‘mnca ﬂxpaclanﬁ:m above was developed using the following elements from A Framework for K-12 Science Education:

Using Mathematics and Computational P51.B: Chemical Reactions Energy and Matter
Thinking - . #  The fact that atoms are = The total ameount of energy
Mathematical and computational thinking conserved, together with and matter in closed systems
at the 9-12 level builds on K-8 and knowledge of the chemical is conserved.
progresses to using algebraic thinking and properties of the glements = | ==-;ececsmccmmcnananaaas
_ analysis, a range of linear and nonlinear involved, can be used to Connections to Nature of
functions including frigonometric functions, describe and predict chemical Science
exponentials and logarthms, and ‘ reactions.
computational tools for statistical analysis Scientific Knowledge Assumes
to analyze, represent, and model data. an Order and Consistency in
e ¢ Soos st
.. : is @ vast single system in
*  Use mathematical representations of sk wiias
PRRAGIEOE 10 SUppOL B EmS. consistent.




HS-P53-1

Students who demonstrale understanding can:

HS-P&3-1.

Create a computational model to calculate the change in the energy of one componant

in a system when the change in anargy of the other component{s) and energy flows in
and out of the system are known. [Ciarfication Siatement Emphazis is on explaining the
meaning of mathematical expressions used in the model] [Assessment Boundary:
Azsessment is imiled o basic sigebraic expressions or compulalions,; fo Sysfems of fwo or
three componanly; and o thermal enangy, kinslic enangy, andfior the enamgiss fn graviational,
magnelic, ar electnc felds.]

Tha performanca expectaton abave wes tevaioped l.u-hgﬂ'-aful:-mmm from A Erameswank for K-12 Sciance Eoucanio

Sciance and Engineering Practices

Uaing Matharsalics and
Computational Thinking
Mmmwmm
al the 9—12 lavel buifds on K=8 and
MMMUﬂmwwmm
and analysis; a range of linear ang
mofingsr funchions incluing
Ipenomieits unctions, exponéniiales and |
loqerithens; and computational toals for
slatistical aralyes bo anaivee, rapresant,
and modal data.

cormnputatioral
simuiatons are crastes end usad based
ol hunﬁnaumlmﬂmam
ABELMIENONG.
+  Creals a computatons model o
simLiation ufamhme.ﬁm.
designad device, process, of system.

L I (G2 D | TR M

F33.A: Definitions of Enengy

Enargy 8@ suantitatees proparty of &
syslam that gepends on the molion
gnd inbarscticns of mattar ana
radistion wilhin thal sysien. That
thera ks a single cuandity cafled
a5 due fo the fact that a
syslenm's tolal enargy is congarsed,
BnEn 85, within the syslem, eneqgy is
cortireaty transferrad from ane
oinfach o ancther and between is
vanous pagsitle forms.

FS53.8: Conservalion of Energy and
Energy Tranafer

Corserdation of enargy masns thal
the total changse of enargy in any
gystam is ahways ecual o the Llakal
Erangy ransfemad into o out of the
systom.

Enargy cannod be craated or
dasiroyed, bl il can be transparied
Trom one place 1o enother and
transtarred belwaan sysiems,
Malhemalicgt exprassions, which
cuantify how the slored ensrmy in a
syslem depands on its configuralion
(e, ralalive positons of changeg
particies, comorassion of a Speing)
and Bo linalic enargy CESENSS On
mass and speed; abow the concegt
of consarvalion of enemy 1D be uzed
I3 predicl and Sescriba sysbam
behavior.

The evaiabity of anargy limits what
Lan OeCLr i ary systam.

Syalams and System Models

Mogdels can be used 1o
predict the behavior of &
syvstarn, buf Sase
presgictions hava Hrmitad
prescision and rekability dua
i the assumplions and
aporodimabons infarand in
cals. :

Conneclions to Nalure of

Soieree

Scientific Knowledge
Assumes an Order and

Consistancy in Matural
Syaiams

Saience essumes the

uriverss s a vas! sngle
syatam @ which baswe laws
are conaigtant




H5-PS3-2

Sludents who damonsirate undarstanding can:

H3-PS3-2,

Develop and use models to illustrate that enargy at the macroscopic scale can be

accounted for as a combination of anargy associated with the motions of particles
(objects) and energy associated with the relative positions of particies

[objects). [Clarilication Setemant: Examples of phenomana at the macroscopic scals could
include the comversion of kinstic enengy to thermal enecgy, tha an argy 51 fored due to posiion
of an object sbowa the aarth, and the enengy stored between bwo elaclfically-charged plates,
Examples of modets could include diagrams, drawings, descrichons, and compuber

cimulations.j

The pestormance sapectation above was develapad using e following sfements friom A Framawad for B-12 Science Soucain

Sciance and Enginesr

Developing and Using Models
Modeling in'9="12 bullds on K=4 and
orogresses o usng, synthesizing, and
develooing mosals o predict and show
Felationehips arcng variables betwaen
syatemss and Ihelr components in e
natural and desigrad worlts,

*  Devaiop and use & model based an
evidence to dlusiata the
ralationsreps bebwaen systams of
batween componenls of & system.

g Fractices

F pil iy Cor

PS3.A: Definitions of Energy

Energy i8-8 cuantilative groparty of
8 gygham thal deperds o ihe
rrotices and interachons of metber
and raceabon within that sysbam.
That ;ere |s a single quantity called
enargy is due lothe fact that s

‘Byslem's iolal ensrgy is congensed,

Even a5, wilhin 1he sysiemn, energy
is continually transfarred from ona
aject o anathar and between ils
varous possibla foems

Al the macroscopic scale, energy
manifesls isalf i multche waie,
BN A8 i modion, sownd, Bghl. and
thesrral erengy.

These redalionshios ara Daler
Lndershro &1 Iha resfossoiic

-gcala, at which sl of the differant

marfssislions of anergy can be
moseled & a combination of
Enargy assocabad with the mobon
of parides and enargy assoccabad
with tha confiquration (relative
positicn of the partices). In same
casas he relalive position ersrgy
can ba-thought of &8 sloned in fiekds
[which medate fberachons
betwesn paricles), This last
concept includes radiation, a
phanoTEnon in'which erary
aforad in falts moves across

BpEE.

Energy and Matter
#*  Energy canrob be created ar
sagirogad: it anly moyvas
babaaen one place and
another placa, betwesn
objects andlor fiebds, or
babwean sysbams,




HS-PS3-3

Students who demonstrate understanding can:

HS-PS3-3.

Design, build, and refine a device that works within given constraints to convert one

farm of energy into another form of energy.® [Clarification Staternent: Emphasis is on
bath qualitative and guantitative evaluations of devices. Examples of devices could inciude
Fube Goldberg devices, wind turbines, solar cells, solar ovens, and generators. Examples of
constraints could inciude use of renewable energy forms and efficiency.] [Assessment
Boundary: Assessment for guantifative evaluations is limited fo fotal cutput for & given input.
Assessment is limited fo dewvices consfrucfed with maferials provided fo students. ]

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

Science and Engineering Practices

Constructing Explanations and
Designing Solutions

Constructing explanations and designing
sclutions in 9=12 builds on K-8
experiences and progresses fo
explanations and designs that are
supported by multiple and independent
student-generated sources of evidence
consistent with scientific ideas, principies,
and theories.

&  [Design, evaluate, and/or refine a
solution to a complex real-world
problem based on scientific knowledge,
student-generated sources of evidence,
priositized criteria, and tradeoff
considerations,

BT Ao O

PS53.A: Definitions of Energy

® At the macroscopic scale,
eneray manifests itself in
multiple ways, such as in
motion, sound, light, and
thermal enargy.
P53.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.

ET51.A; Defining and Delimiting
an Engineering Problem

*  Criteria and constraints also
include satisfying any
requirements sei by society,
such as taking issues of risk
mitigation into account, and they
should be guantified to the
extent possible and stated in
such a way that one can tell if a
gnven design meets them.
{secondary)

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

mmEs s EEA TR Te TR e

Connections to Engineering,

Technology, and Applications
of Science

Influence of Science,

Engineering and Technology

on Society and the Natural

World

*  Modern civilization depends
on major technological
systems. Engineers
continuous iy modify these
technological systems by
applying scientific knowledge
and engineering design
practices to increase benefits
while decreasing costs and
nsks.




HS-PS3-4

Students who demonstrate understanding can:

HS-PS53-4. 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 thermodynamies). [Clarification Statement: Emphasis is on
analyzing data from student investigations and using mathematical thinking to describe the
energy changes both guantitatively and conceptually. Examples of investigations could
include mixing figuids at different initial temperatures or adding objects at different
temperatures to waler.] [Assessment Boundary: Assessment is limited ta investigations based
ot matenals and tools provided fo students.]

The perfarmance expectation above was developed using the following elements from A Framegwork for K-12 Science Education:

Planning and Carrying Out PS3.B: Conservation of Energy and
Investigations Energy Transfer *  \When investigating or
Planning and carrying cut investigationsto | «  Energy cannot be created or describing & system, the
answer questions or test solutions to destroyed, but it can be boundaries and initial
problems in 9-12 builds on K—E‘ transported from one place to conditions of the system
experiences and progresses to include another and transferred between need to be defined and their
investigations that provide Ewdm for systems. inputs.and outputs analyzed
~and test conceptual, mathematical, e  Uncontrolled systems always and described using models.
physical, and empirical models. evolve toward more stable
= Plan and conduct an investigation states—that is, loward more
individually and collaboratively to uniform energy distribution {e.g.,
produce data to serve as the basis for water flows downhill, objects
evidence, and in the design: decide on hotter than their surrounding
types, how much, andlamrracy of data environment cool down).
neaded fto produce reliable PS3.D: Energy in Chemical

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

*  Although energy cannot be
destroyed, it can be converted to
less useful forms — for example,
to thermal energy in the
surrounding environment.

Unit 8: Nuclear Chemistry

OVERVIEW

Summary

Nuclear chemistry is the study of the nucleus of an atom and it processes. The nucleus holds the key to
awesome power, in terms of peaceful uses (i.e. carbon dating or treating cancer) to the ultimate destructive
instrument ever conceived by mankind (i.e. fission and fusion bombs). Students will be introduced to
connections that exist between the tiny nucleus of atoms and the world we live in.

Content to Be L.earned
e Describe how an unstable nucleus releases energy.

e Describe the three main types of nuclear radiation.
e Determine the type of decay a radioisotope undergoes.
e Explain the ways nuclear transmutation occur.



e Write the nuclear reactions for the half-life of a radioactive substance.
e Describe the events in a nuclear chain reaction.
e Compare and contrast fission and fusion nuclear reactions.
e Describe how nuclear chemistry is used in peace and war.
Practices
e Constructing and revising an explanation based on valid and reliable evidence.

Crosscutting Concepts

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

Essential Questions

How are radioisotopes used in medicine?

What is the difference between conventional explosives and nuclear weapons?
How does fission reactions differ from fusion reactions?

How does the knowledge of nuclear reactions play into the world political scene?
How has the advent of the “Bomb” kept the world at peace?

How was radioactivity discovered and studied?

What is the relationship between unstable nuclei and radioactive decay?

How are alpha, beta and gamma radiation characterized in terms of mass, change speed and ionization
energy?

How are nuclear equations balanced?

How are mass and energy related?

How do nuclear fission and nuclear fusion compare and contrast?

What is the process by which nuclear reactors generate electricity?

What are several methods used to detect and measure radiation?

How is radiation used in the treatment of diseases?

What are some of the damaging effects of radiation on biological systems?



Next Generatlon Science Standards

L ALITED, DY 3

HS-FS1 -4

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 refative energies of reactants and products, and
representations showing energy is conserved.] [Assessment Boundary: Assessment does
not include calcwating the total bond energy changes during a chemical reaction from the
bond energies of reactants and products.)

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

Sclance and Engineering Practices

Developing and Using Models
Modeling in 9=12 builds on K-8 and
progresses to using, synthesizing, and
developing models to predict and show
relationships among variables between
systems and their components in the
natural and designed worlds.
= Develop a model based on
evidence to illustrate the
relationships between svmms or
between components of & system,

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.

PS1.B: Chemical Reactions

®  Chemical processes, their rates,
and whether or not energy is
stored or released can be
understood in terms of the
coilisions of molecules and the
rearrangements of atoms into new
malecules, with consequent
changes in the sum of all bond
energies in the set of molecules
that are matched by changes in
kinetic energy.

ML ULLITI R A OTFL BT

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-PS1-8

Students who demonstrate understanding can:

HS-PS51-8. 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 radicactive
decay. [Clarification Statement: Emphasis is on simple gualitative models, such as pictures
or diagrams, and on the scale of energy released in nuclear processes relative to other kinds
of transformations.] [Assessment Boundary: Assessment does not include quantitalive

calculation of energy released. Assessment is imited fo alpha, beta, and gamma radioactive
decays.]

The paifumwm B:pac:taﬁun above was developed using the following elements fli:m A FM i’an;Té Science Education:

Developing and Using Models PE1.C: Nuclear Processes Energy and Matter
‘Modeling in 8-12 builds on K-8 and ®  Nuclear processes, including ® Innuclear processes, atoms
progresses to using, synthesizing, and fusion. fission, and radioactive are not conserved, but the total
1 }mlﬂg models tﬂ.ﬂf’:ﬁdmﬂ“ﬂ m decays of unstable nuclei, involve number of protons plus
relationships among variables between release or absorption of energy. neutrons is conserved.
‘systems and their components in the The total number of neutrons plus
natural and designed worlds. protons does not change in any
*  Develop a model based on evidence nuclear process.
“to illustrate the relationships
betwaen systems or between
compeonents of a8 system.




H3-P53-1

Sludents wha darmanstrate understanding can:

HS-PS3-1.

Create a computational model to calculate the change in the energy of one componant

in a system when the change in energy of the other componenti{s} and enargy flows in
and out of the system are known. [Clarification Siatement Emphasiz is on explaining tha
tal expressions used in the model.| [Assessmant Boundary:
Aszezsment is imiled to basic EI:';IEh FEIC BEDMESEIONS or r:-urr',cn'*a'lw's fo sysfems of hwo or
thras componenis; and fo fmermal enemgy, Kinalic energy, anddor the anemgias In gravilational,
rmagriefic, ar alecinic felds ]

maning of mathematic

The p-arl'mna,ma Mammm l.tﬂm!thnfnm mﬁm A Fmﬂtﬁr}{—ﬂ’m Eaueanan:

Sciance and Engineering Practices

at the 812 level builds on K-8 ang
grofresses bo Lsng slpsbrale hinking
and aralysis, 8 range of lingar and
norEnesr lunclions induting
Ingonceralie funclons, Wpﬂj
logenthma; and computational fools for
statistical aralyss lo anaivee, reprasent,
and model data. Simple computational
Bimlkations are created and used based
on mathematical modets of pasic
® (Creabe s cofrpulatonel modelor-
m&maawm
degigned devics, procoss, urmm

PEIA: Definitions of Enengy

* Enargy is & cuantitative property of &
systen that depends on 1he mation
and intergslions of maltar and
radialion within that systen. That
there = a snale cuandity called
enargy is dua o the faci that a
system's iolal enargy s condared,
Enen as, wiihin the syslem, anengy =
cordinually transtemred from one
ohject b another and between s
VEROUE possitla forms.

PS3.8: Conservation of Energy and
Emergy Transfer.

® Corservabon of enargy maans thal
the total changs of ersrgy nany
gyglem 8 eways ecual o the lokal
enargy Fansiemes into of oul of tha
gegbam.

®  Enargy cannct be created o
castroved, Dut it can be ransportad
Trom one piaca 1o anaother and
trar=farred babseen sysiams.

*  Mathematcal exprassions. which
cuanlify how the siored ensrmyin g
syslam depands on ils cordiguration
1e.q., relalive pasibons of changea
prarticles, compression of 3 apang)
and how kKinalic enamy depends on
mess and speed. afow the concent
of congarsation of aneny 10 be used
I predict and ceacrie svsbam
ko

®  The avedabity of energy imits what
can pecur inany system.

Sysilems and System Modals

Modals can be used 1o
predict the behavior of 8
syabam. bul Twadga
predichons Mave limiad
preciEnn and redabiily diue
o the sssumplions and
aporoximalions inbarerd in
rodals.
Conneciions o Nalure of
Selence

Scientific Knowledge
Azsumes an Order and
Consistency in Matural
Sysiems

BHence gssumes tha
ureverse is a vast sngle
Eyabam i whah bashs isws
are constatanl




H3-PS3-2

Stludenis who demonstrale understanding can:

HS-PS53-2,

Develop and use models to illustrate that enargy at the macroscopic scale can be

accounted for as a combination of energy associated with the motions of particles
(ehjects) and energy associated with the relative positions of particles

(ohjects). [Clarfica

simulations. |

slion Statement; Exgmoles of phenomena at ihe macroscopic scale could
includs {he comrsion of &

imatic energy b thermal ensrgy, the enargy siored due to position
of an object sbove the earth, and the energy stored betwesn two efeclricelly-charged plates,
Examples of models couls '-:.'*udE diggrams. drawings, descnptions, and comoutar

The performanca-pepectalicn atove was dovalopaed Using e foliowing siemeands {rom A Framawsd for- K- 12 Science Egucatan:

Sciance and Enginesering Practices

Developing and Using Models
“Ddﬂﬂiglnﬂ-—iﬂ'hjllmmﬁ-ﬂ and

progresses 1o using, aynihesizing, and
dmﬁmmmmlﬂmm_

systems and thelf COmponents in he

naturel and designed worlds,

*  Deeslop and Usd B modal ases on
avdence s llusmats the
relalionshios batween systems or
babwesn componants of 8 syatem.

| HIMNAFY =0

FE3.4: Definitions of Enargy

Enargy s & cuanlitaive proparty of
& systam that dapands on tha
mohon Bnd inbaraclions of methar
&nd raceaion within 1hat sysbam.
Thal fhare is-a single quantity calles
enargy 18 fus o the fact hat a
ayslem's fotal eneryy s consansed,
even as, wilhan 1ha syslem, eneny
I8 conbnualy rarsterred from one
wiject by anothar and between is
wahoUe possiohes forms.

Al the Fracroecopic scale, energy
marnifests dsall in multsle ways,
guch ag & molion, sownd, kght, and
thesmal srengy.

These relaionships am Dalkes
Lndersions &1 the mesioscomc
gcale, at which all of the differant
marifastations of amargy can be
modaled B2 a combination of
enangy assocatad wih the molicn
ol panicles and emargy assocatad
wilth the confiquration {ralative
posilion of the particles). in some
canas e relalive posibon ensrgy
can ba thought of &5 stoned in felds
[whech mediabte nterackons
batwesn particles). Thes last
concend incledes radisfion, a
phancmanion in which erargy
stored in fields moves aooss
SREcE.

Emergy srd Mattor

L Enengy cannat be creatad or

daglrodad: il Snly movas
Dabwsan ane pace and
another placa, betwean
cinjects srdlor lields, o
Dabwaan systems.




HS-PS3-3

Students who demonstrate understanding can:

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.® [Clarification Staternent: Emphasis is an
both qualitative and quantitative evaluations of devices. Examples of devices could inciude
Rube Goldberg devices, wind turbines, solar cells, solar ovens, and generators. Examples of
constraints could include use of renewable energy forms and efficiency.] [Assessment
Boundary: Assessment for quantifative evaluations /s limifed fo total output for & given input.
Assessment iz limited fo devices consfrucfed with malferials provided to students.j

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

Science and Engineering Practices

Constructing Explanations and
Designing Solutions

Constructing 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, principies,
and theories.

&  [esign, 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.

PS53.A: Definitions of Energy

® At the macroscopic scale,
energy manifests itself in
multiple ways, such as in
maotion, sound. light. and
thermail energy.

PS53.0: 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.

ET51.A: Defining and Delimiting
an Engineering Problem

®  Criteria and constraints also
include satisfying any
requirements set by society,
such as taking issues of risk
mifigation into account, and they
should be guantified to the
extent possible and stated in
such 3 way that one can tell if &
given design meets them.
{secondary)

Energy and Matter

*  (Changes of energy and
matter in a system can be
descrbed in terms of energy
and matter flows into, out of,
and within that system.

Connections to Engineering,

Technology, and Applications
of Science

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
applyving scientific knowledge
and engineering design
practices to increase benefits
while decregsing costs and
risks.




