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INTRODUCTION TO CHEMISTRY 1STANDARDS

Science is a way of understanding the physical universe using observation and experimentation to exp:
natural phenomena. Science also refers to an organized body of knowledge that includes core ideas to
disciplines and common themes thatige the disciplines. This docume8tuth Carolina Academic Standards
and Performance Indicators for Sciencepo nt ai ns t he academic standards
kindergarten through grade twelve.

ACADEMIC STANDARDS

In accordance ith the South Carolina Education Accountability Act of 1998 (S.C. Code Ann.18390),the
purpose of academic standards is to provide the basis for the development of local curricula and statew
assessmen€onsensually developed academic standaedsribe for each grade and high school core area the
specific areas of student learning that are considered the most important for proficiency in the discipline at
particular level.

Operating procedures for the review and revision of all South Carolina academic standards were join
developed by staff at the State Department of Education (SCDE) and the Education Oversight Commit
(EOC). According to these procedures, a field revidvthe first draft of the revised South Carolina science
standards was conducted from March through May 2013. Feedback from that review and input from the SC
and EOC review panels was considered and used to develop these standards.

The academic standis in this document are not sequenced for instruction and do not prescribe classroo
activities; materials; or instructional strategies, approaches, or practicesSale Carolina Academic
Standards and Performance Indicators for Sciesa®t a curriculum.
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THE PROFILE OF THE SOUTH CAROLINA GRADUATE

The 2014 South Carolina Academic Standards and Performance Indicators for Ssigymart theProfile of

the South Carolina GraduateThe Profile of the South Carolina Graduaktesbeen adopted and approved by
the South Carolina Association of School Administra(@SASA), the South Carolina Chamber of Commerce,
the South Carolin€ouncil on Competitiveness, tlglucation Oversight Committ¢dEOC), the State Board of
Education (SBE), and the South Carolina Department of Education (SCDE) in an effort to identify the
knowledge, skills, and characteristics a high school graduate should possess in order to be prepared for suc
as they enter college or pursue a carébe profile isintended to guide all that is done in support of colege
and careereadiness.

Profile of the South Carolina Graduate

World Class Knowledge

+ Rigorous standards in language arts and math for career and college
readiness

+ Multiple languages, science, technology, engineering, mathematics
(STEM), arts and social sciences

World Class Skills Life and Career Characteristics
+ Creativity and innovation * Integrity

« Critical thinking and problem solving Self-direction

+ Collaboration and teamwork Global perspective

« Communication, information, media  + Perseverance
and technology Work ethic
* Knowing how to learn Interpersonal skills

Approved by SCASA Superintendent’ s Roundtable and SC Chamber of Commerce.

TIATTVE OF SouTH Canousa Counce On
SC AN IN CO‘N‘[)tI’] IIVLNLSS

bocnorrow won 't walt for cus studests
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SCIENCE STANDARDS TIM ELINE

Thistimeline is used to illustrate the timeline for the standards revisions process, student assessment

administration, provision of professional learning and the review and adoption of instructional materials. This
timeline may be usedith the science acadérrstandards, science and engineering support document, and

grade/content support documents to assist local districts, schools and teachers as they construebatmatlards

science curriculum, allowing them to add or expand topics they feel are imorthttt organize content to fit
their studentsd needs and match avail abl nstru

The timeline in this documentdoes not offer a sequencéor instruction and do not prescribe classroom
activities; materials; or instructional strategi@gproaches, or practices. TBeience Standards Timeling not
a curriculum.

e i

. SOUTH CAROLINA

| Science Standards Timeline
:STATE DEPARTMENT
_ "OF EDUCATION 2017
) 2014 2015 2016 Full Implementation
SCPASS & EOCEP  of 2014 Standards
2013 Conduct Continue with w/Field Test Items
2012 Revise 2nd Field SCPASS; EOCEP \
Standards Review with w/Field Test Items II".
Timeline submitted Based on Online N \
to SBE for Feedback Survey AN -.
standards update 1

rangares. \

\

Overview of 2014

AN

2018

Review by
SCDE &
EOC Panels

Plan Standards\
Revision & Field

Review Process \
PL

Leaders: Summer 2014

\ Standards to
\Instructional

20%°

PL to Support
Implementation of
2014 Standards

N\ Conduct 1%t Field -
\ \ Revise '\\_ Review with \ ::clzt::ptt?:n of
\ Standards \ Online .
- \ Based on \ Survey Standards the H.8.5
Select writing \ Feedback from \ Receive SBE 1st standard, all
& review panel IPaneI members Reading standards
members \ \ Approval & are approved by
SCPASS &  Submitted to ~ SBE&FEOC
Panel review of current EOCEP ASA
Standards Assessments  subcommittee
Continue
Standards Revision Process Assessment Professional Learning
5/2015 Dr. Deanna S. Taylor , Office of Standards and Learning
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CROSSCUTTING CONCEPTS

Seven common threads or themes are present@dFAramework for K12 Science Educatio(2012). These
concepts connect knowledge across the science disciplines (biology, chemistry, physics, earth and sf
science) and have value to both scientists and engineers because they identify universal properties and proc
found in all disciplins. These crosscutting concepts are:

Patterns

Cause and Effect: Mechanism and Explanation
Scale, Proportion, and Quantity

Systems and System Models

Energy and Matter: Flows, Cycles, and Conservation
Structure and Function

Stability and Change

NouokrwnhE

These conepts should not to be taught in isolation but reinforced in the context of instruction within the cor
science content for each grade level or course.

SCIENCE AND ENGINEERING PRACTICES

In addition to the academic standards, each grade level or higbl schuwse explicitly identifies Gence and
Engineering Practicestandardswith indicators that are differentiated across grade levels and core areas. Th
term Apracticeo is used instead of t he t eskillnandfi s k
knowledge simultaneously, not in isolation. These eight science and engineering practices are:

Ask questions and define problems

Develop and use models

Plan and conduct investigations

Analyze and interpret data

Use mathematical armbmputational thinking
Construct explanations and design solutions
Engage in scientific argument from evidence
Obtain, evaluate, and communicate information

ONOGORWNE

Students should engage in scientific and engineering practices as a means to learn about the specific tc
identified for their grade levels and courses. It is critical that educators understand that the Science :
Engineering Practices aret to be taight in isolation. There shouldotb e a di sti nct Al n
beginning of each school year. Rather, the practices need to be empithyedhe contentor each grade level

or course.

Additionally, an important component of all scientistslane ngi neer sdé wor k i s comm
by informal and formal speaking and listening, and formal reading and writing. Speaking, listening, reading a
writing is important not only for the purpose of sharing results, but because duringptiesges of reading,

speaking, listening and writing, scientists and engineers continue to construct their own knowledge a
understanding of meaning and i mplications of 't he
results and what those@rnections reveal about the underlying principles is an important part of the scientific
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discovery process. Therefore, students should similarly be reading, writing, speaking and listening through
the scientific processes in which they engage.

For addiional information regarding the development, use and assessmen6iithAcademic Standards and
Performance Indicators for Scienpiease see the official document that is posted on the SCDE science web
page-- http://tinyurl.com/2014SCScience.

DECIPHERING THE STANDARDS

KINDERGARTEN
LIFE SCIENCE: EXPLORING ORGANISMS AND THE ENVIRONMENT

Standard K.L.2: The student will demonstrate an understanding of organisms found in the
environment and how these organisms depend on the environment to meet those needs.

K.L.2A, Conceptual Understanding: The environment consists of many types of organisms
including plants, animals, and fungi. Organisms depend on the land, water, and air to live and
grow. Plants need water and light to make their own food. Fungi and animals cannot make their
own food and get energy from other sources. Animals (including humans) use different body
parts to obtain food and other resources needed to grow and survive. Organisms live in areas
where their needs for air, water, nutrients, and shelter are met.

Performance Indicators: Students who demonstrate this understanding can:

K.L.2A.1 Obtain information to answer questions about different organisms found in the
environment (such as plants, animals, or fungi).

K.L.2A.2 Conductstructured investigations to determine what plants need to live and grow
(including water and light).

Figure 1. Example from the Kindergarten Standards

The code assigned to each performance indicator within the standards is designed to provide information abc
the content of the indicator. For example, khie.2A.1 indicator decodes as the followiAg

1 K: The first part of each indicator denotes the grade or subject.The example indicator is from
Kindergarten. The key for grade levels are as folbws

K: Kindergarten 7: Seventh Grade

1: First Grade 8: Eighth Grade

2: Second Grade H.B: High School Biology 1

3: Third Grade H.C: High School Chemistry 1
4: Fourth Grade H.P: High School Physics 1

5: Fifth Grade H.E: High School Earth Science

6: Sixth Grade
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1 L: After the grade or subject, the content area is denoted by an uppercase letteéfhe L in the

example indicator means that the content covers Life Science. The key for content areas are as
followsd

E: Earth Science

EC: Ecology

L: Life Science

P: Physical Science

S: Science and Engineering Practices

2: The number following the content area denotes the specific academic standaidd.the example,
the 2 in the indicator means that it is within the second academic standard with the Kindergarten scien
content.

A: After the specific content standard, the conceptual understanding is denoted by an uppercase
letter. The conceptual understanding is a statement of the core idea for which students should
demonstrate understanding. There may be more than one conceparatamding per academic

standard. The A in the example means that this is the first conceptual understanding for the standard.
Additionally, the conceptual understandings are novel t@@d South Carolina Academic Standards

and Performance Indicatorsf Science

1. The last part of the code denotes the number of the specific performance indicator.
Performance indicators are statements of what students can do to demonstrate knowledge of the
conceptual understanding. The example discussed isshpdiformance indicator within the
conceptual understanding.

(COREAREASOFCHEMISTRY 1

The six core areas of the Chemistrgtandards include

=A =4 =4 -4 -4 4

Atomic Structure and Nuclear Processes
Bonding and Chemical Formulas

States of Matter

Solutions, Acids, anBases

Chemical Reactions

Thermochemistry and Chemical Kinetics
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CHEMISTRY 1
SCIENCE AND ENGINEERING PRACTICES

NOTE: Scientific investigations should always be done in the context of content knowledge expected in tf
course. The standard describes tstmdents should learn and demonstrate knowledge of the content outlined ir

the other standards.

Standard H.C.1: The student will use the science and engineering practices, including the processes and sk
of scientific inquiry, to develop understandirgfsscience content.

H.C.1A. Conceptual Understanding: The practices of science and engineering support the development of
science concepts, develop the habits of mind that are necessary for scientific thinking, and allow student:
engage in science imays that are similar to those used by scientists and engineers.

Performance Indicators: Students who demonstrate this understanding can:

H.C.1A.1

H.C.1A.2

H.C.1A.3

H.C.1A.4

H.C.1A.5

H.C.1A.6

H.C.1A.7

Ask questions to (1) generate hypotheses for scientific investigations, (2) refine models
explanations, or designs, or (3) extend the results of investigations or challenge scientific argumel
or claims.

Develop, use, and refine models to) (Anderstand or represent phenomena, processes, and
relationships, (2) test devices or solutions, or (3) communicate ideas to others.

Plan andconduct controlled scientific investigations to answer questions, test hypotheses, anc
develop explaations: (1) formulate scientific questions and testable hypotheses based on credib
scientific information, (2) identify materials, procedures, and variables, (3) use appropriats
laboratory equipment, technology, and techniques to collect qualitativguantitative data, and (4)
record and represent data in an appropriate form. Use appropriate safety procedures.

Analyze and interpret data from informational texts and data collected from investigations using
range of methods (such as taltala, graphing, or statistical analysis) to (1) reveal patterns and

construct meaning, (2) support or refute hypotheses, explanations, claims, or designs, or (3) evalu
the strength of conclusions.

Use mathematical and computational thinkingl) use and manipulate appropriate metric units, (2)
express relationships between variables for models and investigations, and (3) udevgtade
appropriate statistics to analyze data.

Construct explanations of phenomena using (1) prin@rysecondary scientific evidence and
models, (2) conclusions from scientific investigations, (3) predictions based on observations ar
measurements, or (4) data communicated in graphs, tables, or diagrams.

Construct and analyze scientifarguments to support claims, explanations, or designs using
evidence and valid reasoning from observations, data, or informational texts.
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SCIENCE AND ENGINEERING PRACTICES (CONTINUED)

H.C.1A.8 Obtain and evaluate scientific information to (1) answelestions, (2) explain or describe
phenomena, (3) develop models, (4) evaluate hypotheses, explanations, claims, or designs or
identify and/or fill gaps in knowledge. Communicate using the conventions and expectations c
scientific writing or oral premntations by (1) evaluating gradepropriate primary or secondary
scientific literature, or (2) reporting the results of student experimental investigations.

H.C.1B. Conceptual Understanding:Technology is any modification to the natural world createdlfdl the
wants and needs of humans. The engineering design process involves a series of iterative steps used to s
problem and often leads to the development of a new or improved technology.

Performance Indicators: Students who demonstrate thisderstanding can:

H.C.1B.1 Construct devices or design solutions using scientific knowledge to solve specific problems
needs: (1) ask questions to identify problems or needs, (2) ask questions about the criteria &
constraints of the device or stibns, (3) generate and communicate ideas for possible devices or
solutions, (4) build and test devices or solutions, (5) determine if the devices or solutions solved tl
problem and refine the design if needed, and (6) communicate the results.

ATOMIC STRUCTURE AND NUCLEAR PROCESSES
Standard H.C.2: The student will demonstrate an understanding of atomic structure and nuclear processes.

H.C.2A. Conceptual Understanding:The existence of atoms can be used to explain the structure and behavic
of matter.Each atom consists of a charged nucleus, consisting of protons and neutrons, surrounded by electr
The interactions of these electrons between and within atoms are the primary factors that determine
chemical properties of matter. In a neutral atbmriumber of protons is the same as the number of electrons.

Performance Indicators: Students who demonstrate this understanding can:

H.C.2A.1 Obtain and communicate information to describe and compare subatomic particles with regard
mass, locationcharge, electrical attractions and repulsions, and impact on the properties of an aton

H.C.2A.2 Use the Bohr and quantum mechanical models of atomic structure to exemplify how electrons a
distributed in atoms.

H.C.2A.3 Analyze and interpret absorh and emission spectra to support explanations that electrons have
discrete energy levels.

H.C.2B. Conceptual Understanding:In nuclear fusion, lighter nuclei combine to form more stable heavier
nuclei and in nuclear fission heavier nuclei are spliiotn lighter nuclei. The energies in fission and fusion
reactions exceed the energies in usual chemical reactions.
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ATOMIC STRUCTURE AND NUCLEAR PROCESSES(CONTINUED)
Performance Indicators: Students who demonstrate this understanding can:

H.C.2B.1 Obtain and communicate information to compare alpha, beta, and gamma radiation in terms of ma
charge, penetrating power, and their practical applications (including medical benefits and associalt
risks).

H.C.2B.2 Develop models to exemplify radioaatidecay and use the models to explain the concept of half
life and its use in determining the age of materials (such as radiocarbon dating or the use
radioisotopes to date rocks).

H.C.2B.3 Obtain and communicate information to compare and contragtardgdsion and nuclear fusion and
to explain why the ability to produce low energy nuclear reactions would be a scientific
breakthrough.

H.C.2B.4 Use mathematical and computational thinking to explain the relationship between mass and enel
in nuclear eactions (E=nm).

BONDING AND CHEMICAL FORMULAS

Standard H.C.3: The student will demonstrate an understanding of the structures and classification of chemic
compounds.

H.C.3A. Conceptual Understanding:Elements are made up of only one kind of atonthWhcreasing atomic
number, a predictable pattern for the addition of electrons exists. This pattern is the basis for the arrangemer
el ements in the periodic tabl e. The chemical pr o
configuration. Elements can react to form chemical compounds/molecules that have unique properti
determined by the kinds of atoms combined to make up the compound/molecule. Essentially, the ways in wh
electrons are involved in bonds determines whether ionicovalent bonds are formed. Compounds have
characteristic shapes that are determined by the type and number of bonds formed.

Performance Indicators. Students who demonstrate this understanding can:

H.C.3A.1 Construct explanations for the formation of molecular compounds via sharing of electrons and f
the formation of ionic compounds via transfer of electrons.

H.C.3A.2 Use the periodic table to write and interpret the formulas and names of cheoncpbunds
(including binary ionic compounds, binary covalent compounds, and stcdight alkanes up to six
carbons).

H.C.3A.3 Analyze and interpret data to predict the type of bonding (ionic or covalent) and the shape of simg
compounds by using the Wwes dot structures and oxidation numbers.

H.C.3A.4 Plan andconductcontrolled scientific investigations to generate data on the properties of substance
and analyze the data to infer the types of bonds (including ionic, polar covalent, and nonpol
covdent) in simple compounds.
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BONDING AND CHEMICAL FORMULAS (CONTINUED)

H.C.3A.5 Develop and use models (such as Lewis dot structures, structural formulas;amdisiiitk models)
of simple hydrocarbons to exemplify structural isomerism.

H.C.3A.6 Constuct explanation®f how the basic structure of common natural and synthetic polyisers
relatedto their bulk properties.

H.C.3A.7 Analyze and interpret data to determine the empirical formula of a compound and the perce
composition of a compound.

STATES OF MATTER

Standard H.C.4: The student will demonstrate an understanding of the structure and behavior of the differe
states of matter.

H.C.4A. Conceptual Understanding:Matter can exist as a solid, liquid, or gas, and in very-biggrgystates,

as plasma. In general terms, for a given chemical, the particles making up the solid are at a lower energy ¢
than the liquid phase, which is at a lower energy state than the gaseous phase. The changes from one st:
matter into another arenergy dependent. The behaviors of gases are dependent on the fagiessafe,
volume, and temperature.

Performance Indicators: Students who demonstrate this understanding can:

H.C.4A.1 Develop and use models to explain the arrangement and movehtleatparticles in solids, liquids,
gasesand plasma as well as the relative strengths of their intermolecular forces.

H.C.4A.2 Analyze and interpret heating curve graphs to explain that changes from one state of matter
another are energy dependent.

H.C.4A.3 Conduct controlled scientific investigations and use models to explain the behaviors of gase
(including the proportional relationships among pressure, volume, and temperature).

SOLUTIONS, ACIDS, AND BASES

Standard H.C.5: The student will dmonstrate an understanding of the nature and properties of various type:
of chemical solutions.

H.C.5A. Conceptual Understanding:Solutions can exist in any of three physical states: gas, liquid, or solid.
Solution concentrations can be expressed byifspeg the relative amounts of solute and solvent. The nature of
the solute, the solvent, the temperature, and the pressure can affect solubility. Solutes can affect such sol
properties as freezing point, boiling point, and vapor pressure. Acids,, [zagksalts have characteristic
properties. Several definitions of acids and bases are used in chemistry.

Performance Indicators: Students who demonstrate this understanding can:
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H.C.5A.1 Obtain and communicate information to describe how a substancelissolve in water by
dissociation, dispersion, or ionization and how intermolecular forces affect solvation.

SOLUTIONS, ACIDS, AND BASES(CONTINUED)

H.C.5A.2 Analyze and interpret data to explain the effects of temperature and pressuresotultiigy of
solutes in a given amount of solvent.

H.C.5A.3 Use mathematical representations to analyze the concentrations of unknown solutions in terms
molarity and percent by mass.

H.C.5A.4 Analyze and interpret data to describe the propertiesids, bases, and salts.

CHEMICAL REACTIONS

Standard H.C.6: The student will demonstrate an understanding of the types, the causes, and the effects
chemical reactions.

H.C.6A. Conceptual Understanding:A chemical reaction occurs when elements andémnpounds interact,
resulting in a rearrangement of the atoms of these elements and/or compounds to produce substances
unique properties. Mass is conserved in chemical reactions. Reactions tend to proceed in a direction that fa
lower energies. Gdmical reactions can be categorized using knowledge about the reactants to predict produc
Chemical reactions are quantifiable. When stress is applied to a chemical system that is in equilibrium,
system will shift in a direction that reduces thag st

Performance Indicators: Students who demonstrate this understanding can:

H.C.6A.1 Develop and use modets predict the products of chemical reactions (1) based upon movements o
ions; (2) based upon movements of protons; and (3) based upon nésemelectrons.

HCB6A2Use Le ChoOotelierdéds principle to predict s h
concentration, pressure, and temperature.

H.C.6A.3 Plan andconductcontrolled scientific investigations to produce mathematicalemce that mass is
conserved in chemical reactions.

H.C.6A.4 Use mathematical and computational thinking to predict the amounts of reactants required al
products produced in specific chemical reactions.

THERMOCHEMISTRY AND CHEMICAL KINETICS

Standard H.C.7: The student will demonstrate an understanding of the conservation of energy and enere
transfer.

H.C.7A. Conceptual Understanding:The first law of thermodynamics states that the amount of energy in the
universe is constant. An energy diagram is used to represent changes in the energy of the reactants and pro
in a chemical reaction. Enthalpy refers to the heat content thatsisnpri@ an atom, ion, or compound. While
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some chemical reactions occur spontaneously, other reactions may require that activation energy be lowere
order for the reaction to occur.

THERMOCHEMISTRY AND CHEMICAL KINETICS (CONTINUED)
Performance Indicatars: Students who demonstrate this understanding can:

H.C.7A.1 Analyze and interpret data from energy diagrams and investigations to support claims that tt
amount of energy released or absorbed during a chemical reaction depends on changes in total &
energy.

H.C.7A.2 Use mathematical and computational thinking to write thermochemical equations and draw ener
diagrams for the combustion of common hydrocarbon fuels and carbohydrates, given mol:
enthalpies of combustion.

H.C.7A.3 Plan andconductcontolled scientific investigations to determine the effects of temperature, surface
area, stirring, concentration of reactants, and the presence of various catalysts on the rate of chem
reactions.

H.C.7A.4 Develop and use models to explain tiedationdips between collision frequency, the energy of
collisions, the orientation of moleculexctivation energyand the rates of chemical reactions.
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CHEMISTRY 1 CROSSWALK
FOR THE 2005S0UTH CAROLINA SCIENCE ACADEMIC STANDARDS
AND THE 2014S0OUTH CAROLINA ACADEMIC STANDARDS AND
PERFORMANCE |INDICATORS FOR SCIENCE
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INTRODUCTION

This documentCrosswalks for the 2005 South Carolina Science Academic Standards and the 2014 South Carolina Academic
Standards andPerformance Indicators for Scienateont ai ns a compari son of the academic s
in kindergarten through grade twelve.

How ToO USE THE CROSSWALKS

This document may be used with the science academic standards, anecgineering support document, and grade/content

support documents to assist local districts, schools and teachers as they construct-$@asedustsence curriculum, allowing them

to add or expand topics they feel are important and to organizencontet o f it t heir studentsd needs a
materials. 2005 and 2014 performance indicators that share similar content knowledge and skills that students shordtedemonst

meet the grade level or high school course standardsdeavepaired. These pairings have been organized into tables and are

sequenced by the 2014 academic standards. The 2005 content indicators that do not match 2014 content have beengpldced at the

of each table. Additionally, since the conceptual urtdadings are novel to ttf#14 South Carolina Academic Standards and

Performance Indicators for Scientieese portions of the crosswalk to not correlate t@@@% South Carolina Science Academic
StandardsConceptual understandings are statements afdtesideas for which students should demonstrate an understanding. Some
grade level topics include more than one conceptual understanding with each building upon the intent of the standard.

The academic standards in this document are not sequencedriatios and do not prescribe classroom activities; materials; or
instructional strategies, approaches, or practicesCrbgswalks for the 2005 South Carolina Science Academic Standards and the
2014 South Carolina Academic Standards and Performancealiodscfor Sciencas not a curriculum.
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CHEMISTRY 1 CROSSWALK DOCUMENT

(* The 2005 content indicators that do not match 2014 content have been placed at the end of ¢ach table.
(**2005 indicators appropriate to a particular course for additional content and depth)

2005 2014 Comments
C-1: The student will demonstrate an H.C.1: The student will use the science
understanding of how scientific inquiry | and engineering practices, including the
and technological desigmcluding processes and skills of scientific inquiry,
mathematical analysis, can be used develop undatandings of science conter
appropriately to pose questions, seek
answers, and develop solutions.

Conceptual Understanding
H.C.1A.: The practices of science and
engineering support the development of
science concepts, develop the habits of
mind that are necessary for scientific
thinking, and allow students to engage ir
science in ways that are similar to those
used by scientists and engineers.

Performance Indicators
H.C.1A.1 Ask questions to (1) generate
hypotheses for scientific investigations,
refine models, explanations, or designs,
(3) extend the resultsf investigations or
challenge scientific arguments or claims
H.C.1A.2 Develop, use, and refine mode| This is anew expectation in these
to (1) understand or represent phenome| standards.
processes, and relationships, (2) test
devices or solutions, or (3) communicate
ideas to others.
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C-1.2Use appropriate laboratory
apparatuses, technology, and technique!
safely and accurately when conducting &
scientific investigation.

C-1.3Use scientific instruments to recorc
measurement data in appropriatetric
units that reflect the precision and accur;
of each particular instrument.

C-1.4Design a scientific investigation
with appropriate methods of control to te
a hypothesis (including independent and
dependent variables), and evaluate the
designsof sample investigations.

C-1.50rganize and interpret the data fro
a controlled scientific investigation by
using (including calculations in scientific
notation, formulas, and dimensional
analysis), graphs, tables, models, diagra
and/or technology.

C-1.8Use appropriate safety procedures

when conducting investigations.

H.C.1A.3 Plan and conduct controlled
scientific investigations to answer
guestions, test hypotheses, and develop
explanations: (1) formulate scientific
guestions and testable hypothebased or
credible scientific information, (2) identify
materials, procedures, and variables, (3
use appropriate laboratory equipment,
technology, and techniques to collect
gualitative and quantitative data, and (4)
record and represent data in an appee
form. Use appropriate safety procedures
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C-1.50rganize and interpret the data fro
a controlled scientific investigation by
using (including calculations in scientific
notation, formulas, and dimensional
analysis), graphs, tables, models, diagga
and/or technology.

C-1.6 Evaluate the results of a scientific
investigation in terms of whether they
verify or refute the hypothesis and what
the possible sources of error are.

H.C.1A.4 Analyze and interpret data fron|
informational texts and datllected from
investigations using a range of methods
(such as tabulation, graphing, or statistiG
analysis) to (1) reveal patterns and
construct meaning, (2) support or refute
hypotheses, explanations, claims, or
designs, or (3) evaluate the strength of
conclusions.

Note that A.4 is a much richer set of
expectations tha@-1.6, and could be don
in many instructional contexts, not just fq
lab investigations.

C-1.1Apply established rules for
significant digits, both in reading scientifi
instruments |ad in calculating derived
guantities from measurement.

C-1.50rganize and interpret the data fro
a controlled scientific investigation by
using (including calculations in scientific
notation, formulas, and dimensional
analysis), graphs, tables, modelsgilams,
and/or technology.

H.C.1A.5 Use mathematical and
computational thinking to (1) use and
manipulate appropriate metric units, (2)
express relationships between variables
models and investigations, and (3) use
gradelevel appropriate statistice tinalyze
data.

H.C.1A.6 Construct explanations of
phenomena using (1) primary or second
scientific evidence and models, (2)
conclusions from scientific investigations
(3) predictions based on observations ar
measurements, or (4) data communicate

in graphs, tables, or diagrams.

Students constructing their own
explanations, like models in A.2. is one ¢
the hallmarks of these new standards.
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C-1.4 Design a scientific investigation
with appropriate methods of control to te
a hypothesis (including independent and
dependent variables), and evaluate the
designs of sample investigations.

H.C.1A.7 Construct and analyze scientifi
arguments to suppoctaims, explanations
or designs using evidence and valid
reasoning from observations, data, or
informational texts

Once again, compared @1.4, A.7 is
intended to be taught in many different
contexts. One of the ideas here is that
handson investigations and activities are
great, but in the
explain the concepts they are not
instructionally appropriate.

H.C.1A.8 Obtain and evaluate scientific
information to (1) answer questions, (2)
explain or describe phenomena, (3)
develop models, (4) evaluate hypothese
explanations, claims, or designs or (5)
identify and/or fill gaps in knowledge.
Communicate using the conventions ang
expectations of scientific writing or oral
presentations by (1) evaluating grade
appropriate prary or secondary scientifi
literature, or (2) reporting the results of
student experimental investigations.

Conceptual Understanding

H.C.1B. Conceptual Understanding:
Technology is any modification to the
natural world created to fulfill the wants
and needs of humans. The engineering
design process involves a series of itera
steps used to solve a problem and often
leads to the development of a new or

improved technology.
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Performance Indicators

C-1.7 Evaluate a technological design or
product on the basis of designated criter

H.C.1B.1Construct devices or design
solutions using scientific knowledge to
solve specific problems or needs: (1) ask
guestions to identify problems or needs,
(2) ask questiamabout the criteria and
constraints of the device or solutions, (3
generate and communicate ideas for
possible devices or solutions, (4) build a
test devices or solutions, (5) determine il
the devices or solutions solved the probl
and refine the degn if needed, and (6)

communicate the results.

Standard H.C.20 Atomic Structure and Nuclear Processes

2005

2014

Comments

C-2: Students will demonstrate an
understanding of atomic structure and
nuclear processes.

H.C.2: The student will demonstrate an
understanding of atomic structure and
nuclear processes.

Conceptual Understanding

H.C.2A: The existence of atoms can be
used to explain the structure and behavi
of matter. Each atom consists of a charg
nucleus, consisting of protons and
neutronssurrounded by electrons. The
interactions of these electrons between ¢
within atoms are the primary factors that
determine the chemical properties of
matter. In a neutral atom the number of
protons is the same as the number of

electrons.
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Performance Indicators

C-2.2Summarize atomic properties
(including electron configuration,
ionization energy, electron affinity, atomi
size, and ionic size).

H.C.2A.1 Obtain and communicate
information to describe and compare
subatomic particles with regard to mass,
location, charge, electrical attractions an
repulsions, and impact on the properties
an atom.

H.C.2A.2 Use the Bohr and quantum
mechanical models @tomic structure to
exemplify how electrons are distributed i
atoms.

C-2.1lllustrate electron configurations by
using orbital notation for representative
elements.

H.C.2A.3 Analyze and interpret absorptic
and emission spectra to support
explanationghat electrons have discrete
energy levels.

The 2014 standard emphasizes energy
levels and not necessarily electron
configurations.

Conceptual Understanding

H.C.2B: In nuclear fusion, lighter nuclei
combine to form more stable heavier
nuclei and imuclear fission heavier nucle
are split to form lighter nuclei. The
energies in fission and fusion reactions
exceed the energies in usual chemical
reactions.

Performance Indicators

C-2.5Compare alpha, beta, and gamma
radiation in terms of mass, charge
penetrating power, and the release of thi
particles from the nucleus

H.C.2B.1Obtain and communicate
information to compare alpha, beta, and
gamma radiation in terms of mass, charg
penetrating power, and their practical
applications (including medical benefits

and associated risks).
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C-2.6 Explain the concept of halife, its
use in determining the age of materials,
and its significance to nuclear waste
disposal.

C-2.7%* Apply the predictable rate of
nuclear decay (halife) to determine the
age of materials.

C-2.8* Analyze a decay series chart to
determine the products sficcessive
nuclear reactions and write nuclear
equations for disintegration of specified
nuclides.

H.C.2B.2Develop models to exemplify
radioactive decay and use the models tg
explain the concept of halife and its use
in determining the age of matesdksuch
as radiocarbon dating or the use of
radioisotopes to date rocks).

C-2.4Compare the nuclear reactions of
fission and fusion to chemical reactions
(including the parts of the atom involved
and the relative amounts of energy
released).

H.C.2B.3Obtain and communicate
information to compare and contrast
nuclear fission and nuclear fusion and tg
explain why the ability to produce low
energy nuclear reactions would be a
scientific breakthrough.

C-2.9"* Use the equation E = mdo
determine the amau of energy released
during nuclear reactions.

H.C.2B.4Use mathematical and

computational thinking to explain the
relationship between mass and energy ii
nuclear reactions (E=mc2).

*C-23Summari ze the
size, ionic size, and reactivity).

periodic
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Standard H.C.33 Bonding and Chemical Formulas

2005

2014

Comments

C-3: The student will demonstrate an
understanding of the structures and
classifications of chemical compounds.

H.C.3: The student will demonstrate an
understanding of the structures and
classification of chemical compounds.

Conceptual Understanding

H.C.3A: Elements are made up of only
one kind of atom. With increasiragjomic
number, a predictable pattern for the
addition of electrons exists. This pattern
the basis for the arrangement of elemen
in the periodic table. The chemical
properties of an element are determined
an el ementdos elect
Elemens can react to form chemical
compounds/molecules that have unique
properties determined by the kinds of
atoms combined to make up the
compound/molecule. Essentially, the wa
in which electrons are involved in bonds
determines whether ionic or covalent
bords are formed. Compounds have
characteristic shapes that are determine
by the type and number of bonds formeg

Performance Indicators

C-3.2Interpret the names and formulas f
ionic and covalent compounds.

C-3.3Explain how the types of
intermolecuédr forces present in a
compound affect the physical properties
compounds (including polarity and

molecular shape).

H.C.3A.1 Construct explanations for the
formation of molecular compounds via
sharing of electrons and for the formatiol
of ionic compoundsia transfer of
electrons.
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H.C.3A.2 Use the periodic table to write
and interpret the formulas and names of
chemical compounds (including binary
ionic compounds, binary covalent
compounds, and straigbhain alkanes up
to six carbons).

C-3.1Predict the type of bonding (ionic ©
covalent) and the shape of simple
compounds by using Lewis dot structure
and oxidation numbers.

H.C.3A.3 Analyze and interpret data to
predict the type of bonding (ionic or
covalent) and the shape of simple
compounddy using the Lewis dot
structures and oxidation numbers.

H.C.3A.4 Plan and conduct controlled
scientific investigations to generate data
the properties of substances and analyz¢
the data to infer the types of bonds
(including ionic, polar covalengnd
nonpolar covalent) in simple compounds

C-3.4Explain the unique bonding
characteristics of carbon that have resul
in the formation of a large variety of
organic structures.

C-3.5lllustrate the structural formulas an
names of simple hydrocarbs (including
alkanes and their isomers and benzene
rngs).

H.C.3A.5 Develop and use models (such
as Lewis dot structures, structural
formulas, or batandstick models) of
simple hydrocarbons to exemplify
structural isomerism.

C-3.6"* Identify the basc structure of
common polymers (including proteins,
nucleic acids, plastics, and starches).

H.C.3A.6 Construct explanations of how
the basic structure of common natural ar
synthetic polymers is related to their bulk
properties.
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H.C.3A.7 Analyze and interpret data to
determine the empirical formula of a
compound and the percent composition
a compound.

C-3.7** Classify organic compounds in terms of their functional group.

C-3.8** Explain the effect of electronegativity and ionizatemergy on the type of bonding in a molecule.
C-3.9** Classify polymerization reactions as addition or condensation.

C-3.10** Classify organic reactions as addition, elimination, or condensation.

Standard H.C.49 States of Matter

2005 2014 Comments
C-5: The student will demonstrate an H.C.4: The student will demonstrate an
understanding of the structure and understanding of the structure and

behavior of the different phases of matte behavior of the different states of matter

Conceptual Understandirg
H.C.4A: Matter can exist as a solid, liqui
or gas, and in very higbnergy states, as
plasma. In general terms, for a given
chemical, the particles making up the so
are at a lower energy state than the liqui
phase, which is at a lower energy stttan
the gaseous phase. The changes from o
state of matter into another are energy
dependent. The behaviors of gases are
dependent on the factors of pressure,
volume, and temperature.

Performance Indicators

C-5.1Explain the effects of the H.C.4A.1 Develop and use models to
intermolecular forces on the different explain the arrangement and movement
phases of matter. the particles in solids, liquids, gasesd

plasma as well as the relative strengths
their intermolecular forces.
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C-5.41llustrate and interpret heating and
cooling curves (including how boiling anc
melting points can be identified and how
boiling points vary with changes in
pressure).

H.C.4A.2 Analyze and interpret heating
curve graphs to exgin that changes from
one state of matter to another are energy
dependent.

C-5.2Explain the behaviors of gas; the
relationship among pressure, volume, ar|
temperature; and the significance of the
Kelvin (absolute temperature) scale, usif
the kinetiemolecular theory as a model.

C-5.3Apply the gas laws to problems

concerning changes in pressure, volume
temperature (inclu
Boyl eds | aw, and t

C-5.7¢* Apply the ideal gas law (pV =
nRT) to solve problems.

H.C.4A.3 Conduct controlled scientific
investigations and use models to explain
the behaviors of gases (including the
proportional relationships among pressu
volume, and temperature).

C-5.6 **Use density to determine the mass, volume, or number of particles of a gas in a chemical reaction.

C-5.8** Analyze a product for purity by following the appropriate assay procedures.

C-5.9** Analyze a chemical process to account for the weightl@Eagents and solvents by following the appropriate material
balance procedures.

Click HEREto return to the Table of Contents
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Standard H.C.50 Solids, Acids, and Bases

2005

2014

Comments

C-6: The student will demonstrate an
understanding of the nature and properti
of various types of chemal solutions.

H.C.5: The student will demonstrate an
understanding of the nature and properti
of various types of chemical solutions.

Conceptual Understanding

H.C.5A: Solutions can exist in any of
three physical states: gas, liquid, or solid
Solution concentrations can be expresse
by specifying the relative amounts of
solute and solvent. The nature of the
solute, the solvent, the temperature, and
the pressure can affect solubility. Solute
can affect such solvent properties as
freezing pointpoiling point, and vapor
pressure. Acids, bases, and salts have
characteristic properties. Several
definitions of acids and bases are used i
chemistry.

Performance Indicators

C-6.1Summarize the process by which
solutes dissolve in solvents, the dynam
equilibrium that occurs in saturated
solutions, and the effects of varying
pressure and temperature on solubility.

C-6.2 Compare solubility of various
substances in different solvents (includin
polar and nonpolar solvents and organic

and inorganic sudiances).

H.C.5A.1 Obtain and communicate
information to describe how a substance
can dissolve in water by dissociation,
dispersion, or ionization and how
intermolecular forces affect solvation.
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C-6.1Summarize the process by which
solutes dissolve in solvents, the dynamic
equilibrium that occurs in saturated
solutions, and the effects of varying
pressure and temperature on solubility
C-6.10** Interpret solubility curves to
determine saturation at difent
temperatures.

H.C.5A.2 Analyze and interpret data to
explain the effects of temperature and
pressure on the solubility of solutes in a
given amount of solvent.

C-6.4 Carry out calculations to find the
concentration of solutions in terms of
molarity and percent weight (mass).

H.C.5A.3 Use mathematical
representations to analyze the
concentrations of unknown solutions in
terms of molarity and percent by mass.

C-6.5Summarize the properties of salts,
acids, and bases.

H.C.5A.4 Analyze and interpret data to
describe the properties of acids, bases, {

salts.

*C-6.3 lllustrate the colligative properties of solutions (including freezing point depression and boiling point elevatieir and t
practical uses).

*C-6.6 Distinguish btween strong and weak common acids and bases.

*C-6.7 Represent common acids and bases by their names and formulas.

C-6.8** Use the hydronium or hydroxide ion concentration to determine the pH and pOH of aqueous solutions.

C-6.9** Explain how the use d titration can determine the concentration of acid and base solutions

C-6.11** Use a variety of procedures for separating mixtures (including distillation, crystallization filtration, paper ofgraptat,
and centrifuge).

C-6.12** Use solubility rulesd write net ionic equations for precipitation reactions in aqueous solution.

C-6.13** Use the calculated molality of a solution to calculate the freezing point depression and the boiling point efevation o
solution.

C-6.14** Represent neutralizationaetions and reactions between common acids and metals by using chemical equations.
C-6.15** Analyze the composition of a chemical sample by using gas chromatography.

Click HEREto return to the Table of Contents
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2005

Standard H.C.60 Chemical Reactions
2014

Comments

C-4: The student wildemonstrate an
understanding of the types, the causes, |
the effects of chemical reactions.

H.C.6: The student will demonstrate an
understanding of the types, the causes,
the effects of chemical reactions.

Conceptual Understanding

H.C.6A: A chemtal reaction occurs whe
elements and/or compounds interact,
resulting in a rearrangement of the atom
of these elements and/or compounds to
produce substances with unique propert
Mass is conserved in chemical reactions
Reactions tend to proceed imliaection
that favors lower energies. Chemical
reactions can be categorized using
knowledge about the reactants to predic
products. Chemical reactions are
guantifiable. When stress is applied to a
chemical system that is in equilibrium, th
system will sfift in a direction that reduce
that stress.

Performance Indicators

C-4.7 Summarize the oxidation and
reduction processes (including oxidizing
and reducing agents).

H.C.6A.1 Develop and use models to
predict the products of chemical reaction
(1) based upon movements of ions; (2)
based upon movements of protons; and
based upon movements of electrons.

C-4.9** Summarize the concept of
chemical equilibrium and Le Chatelgess
principle.

HC6A2Use Le ChOt el i
predict shifts in chemical equilibria
resulting from changes in concentration,

pressure, and temperature.
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C-4.4 Apply the concept of moles to
determine the number of particles of a
substance in a chemical reaction, the
percent composition of a representative
compound, the mass proportions, and th
mole-mass relationships.

C-4.5Predict the percent yield, the masds
excess, and the limiting reagent in
chemical reactions.

H.C.6A.3 Plan and conduct controlled
scientific investigations to produce
mathematical evidence that mass is
conserved in chemical reactions.

C-4.1 Analyze and balance equations for
simple synhesis, decomposition, single
replacement, double replacement, and
combustion reactions.

C-4.2Predict the products of acluthse

neutralization and combustion reactions.

H.C.6A.4 Use mathematical and
computational thinking to predict the
amounts of reactds required and product
produced in specific chemical reactions.

C-4.8* lllustrate the uses of electrochemistry (including electrolytic cells, voltaic cells, and the production of metalseftiym or

electrolysis).

Standard H.C.70 Thermochemistry and Chemical Kinetics
2014

2005

Comments

C-4: The student will demonstrate an
understanding of the types, the causes, |
the effects of chemical reactions.

C-5: The student will demonstrate an
understanding of the structure and
behavior of the different @ses of matter.

H.C.7: The student will demonstrate an
understanding of the conservation of
energy and energy transfer.
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Conceptual Understanding

H.C.7A.: The first law of thermodynamic;
states that the amount of energy in the
universe is constant. Aenergy diagram is
used to represent changes in the energy
the reactants and products in a chemica
reaction. Enthalpy refers to the heat
content that is present in an atom, ion, o
compound. While some chemical reactiqg
occur spontaneously, other réans may
require that activation energy be lowereq
in order for the reaction to occur.

Performance Indicators

C-4.3Analyze the energy changes H.C.7A.1 Analyze and interpret data fron
(endothermic or exothermic) associated | energy diagrams and investigations to
with chemical reactions. support claims that the amount of energy

released or absorbed during a chemical
reaction depends on changes in total bo
energy.

C-5.5* Analyze the energy changes H.C.7A.2 Usemathematical and
involved incalorimetry by using the law g computational thinking to write
conservation of energy as it applies to | thermochemical equations and draw
temperature, heat, and phase changes | energy diagrams for the combustion of
(including the use of the formulas q = common hydrocarbon fuels and

mc T [t emper at ur e |carbohydrates, given molar enthalpies o
and g = mLf [phase change] to solve combustion.

calorimetry problems)

C-4.6 Explain the role of activation energ H.C.7A.3 Plan and conduct controlled
and he effects of temperature, particle | scientific investigations to determine the
size, stirring, concentration, and catalyst| effects of temperature, surface area,

in reaction rates. stirring, concentration of reactan&gd the
presence of various catalysts on the rate
chemical reactions.
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C-4.10" Explain the role of collision H.C.7A.4 Develop and use models to
frequency, the energy of collisions, and t explain the relaonships between collisior

orientation of molecules in reaction rateg frequency, the energy of collisions, the
orientation of molecules, activation energ

and the rates of chemical reactions.
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INTRODUCTION

Local districts, schools and teachers may use this document to construct sthadacbscience curriculum,
all owing them to add or expand topics they feel
and match available instructidnmaterials. The support document includes essential knowledge, extendec
knowledge, connections to previous and future knowledge, and assessment recommendations.

(FORMATOFTHE CONTENTSUPPORTGUIDE

The format of this document is designed to be strattjunniformed for each of the academic standards and
performance indicators-or each, you will find the following sections

1 Standard
o This section provides the standard being explicated.
T Conceptual Understanding
o This section provides the overatderstanding that the student should possess as related to the
standardAdditionally, the conceptual understandings are novel t@@id South Carolina
Academic Standards and Performance Indicators for Science
1 Performance Indicator
o This sectiorprovides a specific set of content with an associated science and engineering
practice for which the student must demonstrate mastery.
1 Assessment Guidance
o This section provides guidelines for educators and assessors to check for student mastery of
contentutilizing interrelated science and engineering practices.
T Previous and Future Knowledge
o This section provides a list of academic content along with the associated academic standard tl
students will have received in prior or will experience in futueglgrevels. Please note that the
kindergarten curriculum support document does not contain previous knowledge. Additionally,
although the high school support document may not contain future knowledge, this section may
list overlapping concepts from othagh school science content areas.
1 Essential Knowledge
o This section illustrates the knowledge of the content contained in the performance iridrcator
which it is fundamental for students to demonstrate mastery.
1 Extended Knowledge
o Thissectionprovide educators with topics that wil/l
learned with the explicated performance indicator.
1 Science and Engineering Practices
o This section lists the specific science and engineering practice that is paired withtém ico
the performance indicator. Educators should reference the chapter on this specific science ant
engineering practice in tH&cience and Engineering Practices Support Guide.
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CHEMISTRY 1 CONTENT SUPPORT GUDE

Standard
H.C.2: The student will demonstrate an understanding of atomic structure and nuclear processes.

Conceptual Understanding

H.C.2A: The existence of atoms can be used to explain the structure and behavior of matter. Each atom cons
of a charged nucleuspnsisting of protons and neutrons, surrounded by electrons. The interactions of these
electrons between and within atoms are the primary factors that determine the chemical properties of matter.
a neutral atom the number of protons is the same asithlear of electrons.

Performancelndicator
H.C.2A.1 Obtain and communicate information to describe and compare subatomic particles with regard to
mass, location, charge, electrical attractions and repulsions, and impact on the properties of an atom.

Assessment Guidance

The objective of this indicator is tibtain and communicate informatiém describe and compare subatomic
particles with regard to mass, location, charge, electrical attractions and repulsions, and impact on the propel
of an atomTherefore, the primary focus of assessment should be for students to obtain and evaluate scientifi
information to (1) answer questions, (2) explain or describe phenomena, (3) develop models of atom, (4)
evaluate hypotheses, explanations, claims, or desig(b) identify and/or fill gap in knowledge. Communicate
using the conventions and expectations of scientific writing or oral presentations by (1) evaluating grade
appropriate primary or secondary scientific literature, or (2) reporting the resuitslentsexperimental
investigations regarding what factors impact the properties of atom. This could include but is not limited to
students using computer simulaticargl virtual labs that describé®e mpact of subatomic particles on

properties likeElectron configuration, lonization energy, Electron Affinity, Relative size of atoms. Students
communicate the cause and effect relationships that affect properties using presentations, discussions, digita
publications, and digital media.

In addition toobtain information and communicate informati@tudents should be asked to ask questions; plan
and carry out investigations; analyze and interpret data; use mathematics and computational thinking; engag
argument from evidence; construct explanatioles:elop and use models; and construct devices or define
solutions.

PreviousKnowledge
7.P.2A.2 (Organization of the Periodic Table)
Essential Knowledge
1 Atomsarecomprised of three subatomic particles. The massof proton and neutron are smilar, yet much
larger thanthat of the electron. The protons and neutrons comprisethe nucleus. The electronsare
located within anelectron cloud outside of the nucleus. Refer to chartfor charges.
1 Atomshave apositively charged nucleus (made from protons and neutrons) surrounced by negative
electrons. The atom is mostly enmpty space.
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1 Atomic number givesidentity to atom, massis determined mostly by number of protons and neutrons,
and chemical properties aredetermined by val ence electrons.

Subatomic Symbol | Mass (g) Atomic mass | Atomic | Location
particle (amu) Charge

Proton P 1.673 x 164 | 1.0073 +1 Nucleus
Neutron n° 1.675 x 164 | 1.0078 0 Nucleus
Electron e 9.109 x 16® | 0.005485 -1 Electron cloud

1 Understand the foll owing atomic characteristics and properties (in terms of atomic structure) and
understand what vari ablesinfluence the magnitude of the characteristics or propertiesfor agiven
element.

1 Electron configuration
1 lonization energy
1 Electron Affinity
1 Rdativeszeof atoms
1 lonicsize
Scienceand Engineering Practices
S.1.A8
Standard

H.C.2 The student will demonstrate an understanding of atomic structure and nuclear processes.

Conceptual Understanding

H.C.2A The existence of atoms can be used to explain the structure and behavatteof Each atom consists

of a charged nucleus, consisting of protons and neutrons, surrounded by electrons. The interactions of these
electrons between and within atoms are the primary factors that determine the chemical properties of matter.
a neutrbhatom the number of protons is the same as the number of electrons.

Performance I ndicator
H.C.2A.2 Use the Bohr and quantum mechanical models of atomic structure to exemplify how electrons are
distributed in atoms.

Assessment Guidance

The objective of this indicator is tibtain and communicate informatiém describe and compare subatomic
particles with regard to mass, location, charge, electrical attractions and repulsions, and impact on the propel
of an atom. Therefore, the prinydfocus of assessment should be for students to obtain and evaluate scientific
information to (1) answer questions, (2) explain or describe phenomena, (3) develop models of atom, (4)
evaluate hypotheses, explanations, claims, or designs or (5) idemwtify &t gap in knowledge. Communicate
using the conventions and expectations of scientific writing or oral presentations by (1) evaluating grade
appropriate primary or secondary scientific literature, or (2) reporting the results of student experimental
investigations regarding what factors impact the properties of atom. This could include but is not limited to
students using computer simulaticarsl virtual labs that describtse impact of subatomic particles on

properties likeElectron configuration, lonization energy, Electron Affinity, Relative size of atoms Students
communicate the cause and effect relationships that affect properties using presentations, discussions, digita
publications, and digital media.
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In addition toobtain informatiorand communicate informatipstudents should be askedagk questions; plan

and carry out investigations; analyze and interpret data; use mathematics and computational thinking; engag
in argument from evidence; construct explanations; develop and usggrauticonstruct devices or define
solutions

PreviousKnowledge
7.P.2A.1 (Atomic Models)

Esential Knowledge

1 TheBohr modd of the atom canbe utili zed to explain the arrangement of electrons within the
hydrogen atom. The Bohr model is naot sufficient in regardto explaining al eectron arrangements.

1 The quantum mechanical model canbe utili zed to describe the arrangement and location of electrons.
Electron configuration canbe utili zed to identify the approximate location of electrons.

1 Understanarbital types, orbital designation, number of orbitalswithin anenergy level, two electrons
can occupy an orbital.

1 Utilize standard notation, orbital notation, and eleciloont st ruct ures wusing Hu
principle and Pauli dés exclusion principle.

1 Be able tadraw Lewis dot notation for representative element

Extended Knowledge

Students can draw Lewis dot notation for representative elements and construct electron configuration notation
and orbital notation for representative elements. The noble gas convention and qguantum numbers instruction c:
also prepare students for moovanced coursework.

Science and Engineering Practices
S.1.A2

Standard
H.C.2 The student will demonstrate an understanding of atomic structure and nuclear processes.

Conceptual Understanding

H.C.2A: The existence of atoms can be used to explaisttheture and behavior of matter. Each atom consists
of a charged nucleus, consisting of protons and neutrons, surrounded by electrons. The interactions of these
electrons between and within atoms are the primary factors that determine the chemicatpipadtter. In

a neutral atom the number of protons is the same as the number of electrons.

Performance Indicator
H.C.2A.3 Analyze and interpret absorption and emission spectra to support explanations that electrons hax
discrete energy levels.

Assessment Guidance

The objective of this indicator is emalyze and interpretbsorption and emission spectra to support
explanations that electrons have discrete energy levels. Therefore, the primary focus of assessment should &
for students t@nalyzeand interpret data from informational texts and data collected from investigations using
a range of methods (such as tabulation, graphing, or statistical analysis) to (1) reveal patterns and construct
meaning, (2) support or refute hypotheses, explansticaims, or designs, or (3) evaluate the strength of
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conclusiongegarding how absorption and emission of energy can cause movement of electrons between ene
levels. This could include but is not limited to students organizing data collectedriraralytic procedure

(flame test) to detect the presence of certain elements, primeiglions, based on each
element'characteristi@mission spectrum

In addition toanalyze and interpret datatudents should be askedagk questions; plan and carout
investigations; use mathematics and computational thinking; engage in argument from evidence; construct
explanations; develop and use models; obtain, evaluate, and communicate inforenadiconstruct devices

or define solutions.

PreviousKnowledge
7.P.2A.1 (Atomic Models)
8.P.3A.2 (Basic Properties of Waves)
Esential Knowledge
1 When electronsabsorb energy, theymove to higher energy levels; energy is released when they move
to lower energy levels.
1 Electronsmove between energy levels.
1 A phaon of light will be emitted when el ectrons release gained energy.
1 Transitionsbetween the sane energy levels dways produce the same frequency emisson. The
frequency isthe causeof visible color.
Andemeant s@mission spectra canbe utili zed to identify the elemaent.
Emission spectra are produced by thin gases in which the atoms do not experience many collisions
because of low density. The emission lines (bright area) correspond to photons of discrete energies that
are emitted when in excited states.
1 Absorption spectrum occurs when light passes through a cold dilute gases and atom in the gas absorb at
specific frequencie§.he spectrum with these missing frequencies is callebaorption spectrum

= =

Extended Knowledge

Plankés constant (E=hv), (E=mc?), and utiliz ation of (c=f )ao determine wavelength and frequency.
Continuousspectrashould be discussed.

Science and Engineering Practices

S.1.AA4

Standard
H.C.2 The student will demonstrate an understanding of atomic structure and nuclear processes.

Conceptual Understanding

H.C.2B: In nuclear fusion, lighter nuclei combine to form more stable heavier nuclei and in nuclear fission heavi
nuclei are split to form lighter nuclei. The energies in fission and fusion reactions exceed the energies in usua
chemical reactions

Performance Indicator
H.C.2B.1 Obtain and communicate information to compare alpha, beta, and gamma radiation in terms of ma:
charge, penetrating power, and their practical applications (including medical benefits and asssl@ated
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Assessment Guidance

The objective of this indicator is tbtain and communicate informatiém compare alpha, beta, and gamma
radiation in terms of mass, charge, penetrating power, and their practical applications (including medical
benefits ad associated risks).Therefore, the primary focus of assessment should be for students to obtain ant
evaluate scientific information to (1) answer questions, (2) explain or describe phenomena, (3) develop mode
(4) evaluate hypotheses, explanations, caion designs or (5) identify and/or fill gap in knowledge.
Communicate using the conventions and expectations of scientific writing or oral presentations by (1)
evaluating grad@ppropriate primary or secondary scientific literature, or (2) reportingehgts of student
experimental investigations regarding the factors like mass, charge, penetrating power that affect the practice
applications. This could include but is not limited to students using computer simulations and virtual labs that
describelte medical benefits and associated rifksdiations.Students communicate the cause and effect
relationships that affect practical applications using presentations, discussions, digital publications, and digits
media.

In addition toobtain informatimn and communicate informatipstudents should be askedagk questions; plan

and carry out investigations; analyze and interpret data; use mathematics and computational thinking; engag
in argument from evidence; construct explanations; develop and agelgrandconstruct devices or define
solutions

Previousand Future Knowledge

7.P.2A.1(Atomic Models)

H.P.3G (Atomic Structure; Fission and Fusion; Radioactive Decay; Applications of Radioactive Decay)
H.E.4A (Dating methods to estimate geologic timetdgpic ratios)

Essential Knowledge

Type.of . Effect of release of
radiation Nature of the || Nuclear || Penetrating power, ang articles from the
emitted radiation Symbol what will block it P
nucleus
& symbol
a heliumnucleus Reduces the atomic
L of 2 protons ang Low penetration
4 mass number by 4
2 neutrons, He stopped by a few cm of .
- 2 . : Reduces the atomic
mass = 4, air or thin sheet of pape aumber by 2
Alpha charge = +2 y
high kinetic , Is the result of neutrol
Moderate penetration, o
energyelectrons,| {j decay and will increas
_ most stopped by a few, :
mass = 1/1850 [ . the atomic number by
1 mm of metals like :
of alpha, . aluminum 1 but will not change
Beta charge =1 the mass number
very high Very highly penetrating,| Is electromagnetic
'Y frequency most stopped by a thick| radiation released fror
electromagnetig 0 T layer of steel or concretq] an excited nucleus.
radiation, 0 but even a few cm of | The atomic number
Gamma mass = 0, dense lead doesn't stop|| and mass number dc
charge =0 of it! not change.

Chart Source: 2005 Science Standards Support Document
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1 Practical applications should include
o0 Medical benefits and associated risks of procedures iilag xradiotherapy, radiation therapy,
CAT scan, etc.
o Realworld application of items like smoke detectors (Americium)

Science and Engineering Practices
S.1.A8

Standard
H.C.2 The student wildemonstrate an understanding of atomic structure and nuclear processes.

Conceptual Understanding

H.C.2B: In nuclear fusion, lighter nuclei combine to form more stable heavier nuclei and in nuclear fission heavi
nuclei are split to form lighter nucleih€& energies in fission and fusion reactions exceed the energies in usual
chemical reactions

Performance Indicator

H.C.2B.2 Develop models to exemplify radioactive decay and use the models to explain the concegifef half
and its use in determining the age of materials (such as radiocarbon dating or the use of radioisotopes to dat:
rocks).

Assessment Guidance

The objectiveof this indicator is for students tievelop model® exemplify radioactive decay and use the

models to explain the concept of hidé and its use in determining the age of materials (such as radiocarbon
dating or the use of radioisotopes to date rptkerefore, the primary focus of assessment should be for
students to develop and use mode(4) understand or represent phenomena, processes, and relationships, (2)
test devices or solutions, or (3) communicate ideas to othargleystand and explaihe concept of haliife

and use it to determine age. This could include but not limited to students designing and manipulating
simulations using computer software to illustrate radioactive decay and communicate the relationship betwee
half-life and theage of materials. Students may also use mathematical formulae to illustrate and evatuate hall
life.

In addition todevelop and use modetgudents should be askedatk questions; plan and carry out
investigations; analyze and interpret data; msathematics and computational thinking; engage in argument
from evidence; construct explanations; obtain, evaluate, and communicate infornaaimonstruct devices

or define solutions

Previousand Future Knowledge

7.P.2A.1(Atomic Models)

H.P.3G(Radioactive Decay; Applications of Radioactive Decay)
H.E.4A (Dating methods to estimate geologic time; Isotopic ratios)

Essential Knowledge
1 Radioactive decay is the spontaneous breakdown of an atomic nucleus resulting in the release of enel
and mattefrom the nucleus.
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T Half-l i fe is the time required for half-léifant he e
isotope of the element Carbon. It has a-hidfof 5,730 years. An initial sample of 100g would have
only 50 g remaining aftehis time.

1 Carbonl4 is an example of how radioactive decay can be used to estimate the age ebearlman
materials.

Extended Knowledge
Students canalsocal cul ate the half-li fe of anisotope aswell asthe massof anisotope remaining after agiven
number of half-lives.

Science and Engineering Practices
S.1A.2

Standard
H.C.2 The student will demonstrate an understanding of atomic structure and nuclear processes.

Conceptual Understanding

H.C.2B: In nuclear fusion, lighter nuclei combine to farmare stable heavier nuclei and in nuclear fission heavier
nuclei are split to form lighter nuclei. The energies in fission and fusion reactions exceed the energies in usual
chemical reactions

Performance Indicator
H.C.2B.3 Obtain and communicate information to compare and contrast nuclear fission and nuclear fusion an
to explain why the ability to produce low energy nuclear reactions would be a scientific breakthrough.

Assessment Guidance

The objective of this indicatos itoobtain and communicate informatiém compare and contrast nuclear

fission and nuclear fusion and to explain why the ability to produce low energy nuclear reactions would be a
scientific breakthrough. Therefore, the primary focus of assessment slediaidstudents to obtain and

evaluate scientific information to (1) answer questions, (2) explain or describe phenomena, (3) develop mode
(4) evaluate hypotheses, explanations, claims, or designs or (5) identify and/or fill gap in knowledge.
Communicag using the conventions and expectations of scientific writing or oral presentations by (1)
evaluating grad@ppropriate primary or secondary scientific literature, or (2) reporting the results of student
research regarding nuclear fission and fusion Tbigd include but is not limited to students using computer
simulations and virtual labs that compare nuclear fission and fusion. Students communicate the cause and etf
relationships to explain why the ability to produce low energy nuclear reactiohs bea scientific

breakthrough using presentations, discussions, digital publications, and digital media.

In addition toobtain information and communicate informati@tudents should be asked to ask questions; plan
and carry out investigations; anadyand interpret data; use mathematics and computational thinking; engage ir
argument from evidence; construct explanations; develop and use models; and construct devices or define
solutions.

Future Knowledge
H.P.3G (Radioactive Decay; Applications of Radctive Decay)
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Essential Understanding
1 Understand the processesoftclear fission
o Nuclear fission occurs when a heavy nucleus, such as-#85Wucleus, splits into two or more
parts, and a large amount of energy is releasduke penetration of afge nucleus (such as235)
by a neutron is one way to initiate a fission reacti®ihen an atom with a large nucleus undergoes
fission, atoms that have smaller nuclei resuitthe process smaller particles such as neutrons may
be ejected from the Bfiing nucleus. If one or more ejected neutron strikes anothe&33 nucleus,
another fission reaction may occurhe continuation of this process is called a chain reaction. There
must be a certain critical mass of fissionable material in close ptgXmnia chain reaction to
occur.
o Understand that fission is the type of nuclear reaction that occurs in nuclear power plants and othe
nuclear applications (weapons, submarines,.etc.)
o Understand that the mass of the products of a fission reactios ih#&sthe mass of the
reactants. This lost mass (m) is converted into energy (EDe equation E = ndshows the
relationship of this Al ost masso to the ener
nuclear reaction involves far more eggthan the amount of energy involved in a chemical reaction.
(It is not essential for students to use this equation.)
1 Understand the processesotlear fusion
o Nuclear fusion occurs when light nuclei (such as hydrogen) fuse, or combine, to form a larger singl
nucleus (such as helium).
o Infusion reactions the mass of the products i
is converted to energy
o Fusion is the type of nuclear reaction that occurs on the sun (and other stars)
o Forcing small nuclei to fuse requires huge amounts of energy; however, when fusion reactions occ
on the sun, more energy is released than the amount of energy requidlttefghe reaction.
o Using fusion for human applications is still in the developmental stage.
1 Because the extreme temperatures required for nuclear fusion make these processes impractical for use,
ability to do so at low energy levels would be groumedking in the scientific community.

Science and Engineering Practices
S.1.A8

Standard
H.C.2 The student will demonstrate an understanding of atomic structure and nuclear processes.

Conceptual Understanding

H.C.2B: In nuclear fusion, lighter nucleombine to form more stable heavier nuclei and in nuclear fission heavier
nuclei are split to form lighter nuclei. The energies in fission and fusion reactions exceed the energies in usual
chemical reactions

Performance Indicator
H.C.2B.4 Use mathematical and computational thinking to explain the relationship between mass and energ
in nuclear reactions (E=rfic

Assessment Guidance
The objective of this indicator is tese mathematical and computational thinkiagexplain therelationship
between mass and energy in nuclear reactions (B=merefore the focus of assessment should be for
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students ta@onstruct, use and manipulate appropriate metric units, (2) express relationships between variable:
for models and investigationand (3) use gradievel appropriate statistics to analyze daba(1) identify the
massconverted into energy, and (2) describe correlation between mass and energy of a nuclear reaction. TF
could include but 1 s not andensrgidsdada fronronuctear vedcdond irbreactasn
around them, comparing them with chemical reaction and writing a mathematical formula to describe the tren
in the model.

In addition touse mathematical and computational thinkstgdents should besked taask questions; plan and
carry out investigations; analyze and interpret data; engage in argument from evidence; construct
explanations; develop and use models; obtain, evaluate and communicate inforewadioonstruct devices or
design solution

Future Knowledge
H.P.3G (Radioactive Decay; Applications of Radioactive Decay)

Essential Knowledge
1 MassEnergy equivalency is the concept that the mass of a system is associated with the energy
contained in the system.
o The equivalence of mass and e E, is reliance of the speed of liglf,and is explained by
Einsteinds famous equation E=mc
1 Students should be able to identify that mass can be converted into a surplus of energy through the
utilization of a nuclear reaction.

Science and Enginering Practices
S.1.A5

Standard
H.C.3: The student will demonstrate an understanding of the structures and classification of chemical
compounds.

Conceptual Understanding

H.C.3A: Elements are made up of only one kind of atom. With increasing atomienuargredictable pattern

for the addition of electrons exists. This pattern is the basis for the arrangement of elements in the periodic
table. The chemical properties of an el ement are
can reacto form chemical compounds/molecules that have unique properties determined by the kinds of aton
combined to make up the compound/molecule. Essentially, the ways in which electrons are involved in bond:
determines whether ionic or covalent bonds are éoknCompounds have characteristic shapes that are
determined by the type and number of bonds formed.

Performance Indicator
H.C.3A.1 Construct explanations for the formation of molecular compounds via sharing of electrons and for tt
formation of ioniccompounds via transfer of electrons.

Assessment Guidance

The objective of this indicator is tinstruct explanationfor the formation of molecular compounds via

sharing of electrons and for the formation of ionic compounds via transfer of electrons.; therefore the focus of
assessment should be for studentsotastruct explanations of phenomena using (1) primary corsgary
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scientific evidence and models, (2) conclusions from scientific investigations, (3) predictions based on
observations and measurements, or (4) data communicated in graphs, tables, or diagilastsibe the

process of ionic and covalent bondinthis could include but is not limited to students using the periodic table
to compare the types of elements used in chemical bonding through the use of models and being asked to
explain why ionic and covalent bonds are formed differently.

In addition toconstruct explanationstudents should be askedak questions; plan and carry out
investigations; engage in argument from evidence; obtain, evaluate and communicate information; develop a
use modelsandconstruct devices or design solutions.

Previous Knowledge
7.P.2A.4 (lonic and Covalent Bonding, Chemical Formulas)

Essential Knowledge
1 Bonding occurs in order to achieve chemical stability in low energy state.
1 Atoms form bonds through the sharing or transfer of electrons to achieve noble gagatofigu their
valence shells.
Valence electrons are shared between nonmetals to form molecular/covalent bonds.
Covalent bonds are common between two elements, each having one or more orbitals in the outer
energy level containing only one electron.
1 lonic bonds are formed from the transfer of electrons. Metals lose electrons to form cations (positive
ions). Nonmetals gain electrons for form anions (negative ions).

)l
)l

Science and Engineering Practices
S.1.A6

Standard
H.C.3: The student will demonstrate amderstanding of the structures and classification of chemical
compounds.

Conceptual Understanding

H.C.3A: Elements are made up of only one kind of atom. With increasing atomic number, a predictable pattel
for the addition of electrons exists. Tipattern is the basis for the arrangement of elements in the periodic
table. The chemical properties of an el ement are
can react to form chemical compounds/molecules that have unique propedresmd by the kinds of atoms
combined to make up the compound/molecule. Essentially, the ways in which electrons are involved in bonds
determines whether ionic or covalent bonds are formed. Compounds have characteristic shapes that are
determined by theype and number of bonds formed.

Performance Indicator
H.C.3A.2 Use the periodic table to write and interpret the formulas and names of chemical compounds
(including binary ionic compounds, binary covalent compounds, and stidigit alkanes up to six iiens).

Assessment Guidance

The objective of this indicator is to use the periodic table to writerderpretthe formulas and names of
chemical compounds (including binary ionic compounds, binary covalent compounds, and-staight

alkanes up to sigarbons).Therefore, the primary focus of assessment should be for studemntlyze and

47 I Click HEREto return to the Table of Contents



interpret data from informational texts and data collected from investigations using a range of methods (such
tabulation, graphing, or statistical analysis) to) (Eveal patterns and construct meaning, (2) support or refute
hypotheses, explanations, claims, or designs, or (3) evaluate the strength of conttusigteschemical

formulas and names correctly. This could include but is not limited to student&orgatata from the

periodic table to correctly identify the type of compound by bond type and creating a set of rules for naming a
writing formulas based on the pattern in names and formulas.

In addition toanalyze and interpret datatudents shoulde asked task questions; plan and carry out
investigations; use mathematics and computational thinking; engage in argument from evidence; construct
explanations; develop and use models; obtain, evaluate, and communicate inforenadiconstruct devices

or define solutions.

Essential Knowledge
1 Identify substances as molecular or ionic compounds by type of elements in the compound.
o lonic compounds contain metals and nonmetals, molecular compounds contain nonmetals.
1 Binary lonic compounds
o0 Binary ioniccompounds consist of metals and nonmetals. Binary ionic compounds composed of
main group elements (groups 1,218) are named with metal element first, then nonmetal with
the ending ide. Example: MgClis named magnesium chloride.
o The chemical formula fapnic compounds is the lowest ratio of ions that create a neutral
compound. This means that the total charges of the cations and anions must be equal.
o Different methods can be used to
1 Binary molecular compounds
o0 Greek prefixes are used to write cherhitames. The subscript identifies the number atoms of
that element in the compoundexample:H20, dihydrogen monoxide.
o To write the names of binary molecular compounds, the subscript identifies the prefix used in tt
name. Moneis generally not used fdhe first element of in a binary compound.
1 Single Chain Alkanes
o Single chain alkanes are named based on the number of carbons in the chain.

Extended Knowledge

Students sbuld name and write formulas for binary and ternary acids as well ac@mijgounds containing
polyatomic ions. More advanced course preparation could include the use of roman numeral stock system fc
both naming compounds and formula writing and name straight chain alkenes and alkynes.

Science and Engineering Practices
S.1.A4

Standard
H.C.3: The student will demonstrate an understanding of the structures and classification of chemical

compounds.

Conceptual Understanding

H.C.3A: Elements are made up of only one kind of atom. With increasing atomic number, a predic&tinle patt
for the addition of electrons exists. This pattern is the basis for the arrangement of elements in the periodic
table. The chemical properties of an el ement are
can react to form chemical comynds/molecules that have unique properties determined by the kinds of atoms
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combined to make up the compound/molecule. Essentially, the ways in which electrons are involved in bonds
determines whether ionic or covalent bonds are formed. Compounds heagtefistic shapes that are
determined by the type and number of bonds formed.

Performance Indicator
H.C.3A.3 Analyze and interpret data to predict the type of bonding (ionic or covalent) and the shape of simple
compounds by using the Lewis dot structuaed oxidation numbers.

Assessment Guidance

The objective of this indicator is tmalyze and interpret data predict the type of bonding (ionic or covalent)
and the shape of simple compounds by using the Lewis dot structures and oxidation numtefose T trer

primary focus of assessment should be for studerssatyze and interpret data from informational texts and
data collected from investigations using a range of methods (such as tabulation, graphing, or statistical
analysis) to (1) reveal pattes and construct meaning, (2) support or refute hypotheses, explanations, claims,
or designs, or (3) evaluate the strength of conclusioms i denti fy a compoundds t
shape. This could include but is not limited to students ysnigdic tables, ball and stick models, and

computer simulations to construct explanations of shapes associated with VSEPR theory.

In addition toanalyze and interpret datatudents should be asked to ask questions; plan and carry out
investigationsuse mathematics and computational thinking; engage in argument from evidence; construct
explanations; develop and use models; obtain, evaluate, and communicate information; and construct device
define solutions

PreviousKnowledge
7.P.2A.4 (lonic ancCovalent Bonding, Chemical Formulas)

Essential Knowledge
Molecular compounds:
91 The structure of molecules is the result of nonmetals sharing electrons in order to form stable outer
energylevel configuration (covalent bonds).
1 Understand howingle, double, and triple bonds are formed.
o Understand how tordw correct Lewis structures, including the presesfagnbonding electron
pairs,multiple bondspolyatomic ions..
A The fisdo and fipd orbitals in t buepossible er e
bonding sites (except for the elements which achieve He structure)
1 Molecular geometries are limited to linear, bent (angular), trigonal planar, trigonal pyramidal, and
tetrahedral.
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