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Unit Summary

The periodic table evolved over time as scientists discovered more useful ways to compare and organize the
elements (history of the periodic table up through Mosely). Elements are organized into different blocks
(SPDF), in the periodic table, according to their electron configuration. Trends in the periodic table include
metallic character (metals, metalloids, and nonmetals), atomic and ionic radius, electronegativity, and
1onization energy.

Enduring Understandings

The Periodic Table is a patterned system of organized groups of related elements.
Manipulation and graphing data help to recognize and identify patterns.

Understanding of regularities and patterns in the periodic table allows for predictions of interactions among
the elements.

Essential Questions

How can the Periodic Table be used to explain and predict the properties of elements?

How and why was the periodic table developed and what is the basis of the arrangement of the elements?

Student Learning Objectives (PE, SEP, DCI, CCC) & Aligned Standards

Performance Expecations

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 elements.



Assessment does not include quantitative understanding of ionization energy beyond relative trends. ]

HS-PS2-6.Communicate scientific and technical information about why the molecular-level structure is
important in the functioning of designed materials.* [Clarification Statement: Emphasis is on the attractive and
repulsive forces that determine the functioning of the material. Examples could include why electrically
conductive materials are often made of metal, flexible but durable materials are made up of long chained
molecules, and pharmaceuticals are designed to interact with specific receptors.] [Assessment Boundary:
Assessment is limited to provided molecular structures of specific designed materials.]

Science and Engineering Practices

Practice 1 Asking Questions and Defining Problems

Asking questions and defining problems in 9—12 builds on K-8 experiences and progresses to formulating,
refining, and evaluating empirically testable questions and design problems using models and simulations.

Ask questions

o that arise from careful observation of phenomena, or unexpected results, to clarify and/or seek
additional information.

o that arise from examining models or a theory, to clarify and/or seek additional information and
relationships.

o to determine relationships, including quantitative relationships, between independent and
dependent variables.

o to clarify and refine a model, an explanation, or an engineering problem.

Practice 2 Developing and Using Models

Modeling in 9—12 builds on K-8 experiences 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.

e Develop, revise, and/or use a model based on evidence to illustrate and/or predict the relationships
between systems or between components of a system.

¢ Develop and/or use a model (including mathematical and computational) to generate data to support
explanations, predict phenomena, analyze systems, and/or solve problems

Practice 6 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.

e Make a quantitative and/or qualitative claim regarding the relationship between dependent and
independent variables.



Practice 7 Engaging in Argument from Evidence

Engaging in argument from evidence in 9—12 builds on K-8 experiences and progresses to using appropriate
and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the
natural and designed world(s). Arguments may also come from current scientific or historical episodes in
science.

¢ Evaluate the claims, evidence, and/or reasoning behind currently accepted explanations or solutions to
determine the merits of arguments.

Cross Cutting Concepts

Patterns.

Observed patterns of forms and events guide organization and classification, and they prompt questions about
relationships and the factors that influence them.

Systems and system models.

Defining the system under study—specifying its boundaries and making explicit a model of that system—
provides tools for understanding and testing ideas that are applicable throughout science and engineering.

Structure and function.

The way in which an object or living thing is shaped and its substructure determine many of its properties and
functions.

Stability and change.

For natural and built systems alike, conditions of stability and determinants of rates of change or evolution of a
system are critical elements of study.

CRP.K-12.CRP1 Act as a responsible and contributing citizen and employee.

CRP.K-12.CRP1.1 Career-ready individuals understand the obligations and responsibilities of being a
member of a community, and they demonstrate this understanding every day through
their interactions with others. They are conscientious of the impacts of their decisions on
others and the environment around them. They think about the near-term and long-term
consequences of their actions and seek to act in ways that contribute to the betterment of
their teams, families, community and workplace. They are reliable and consistent in going
beyond the minimum expectation and in participating in activities that serve the greater

good.
CRP.K-12.CRP2 Apply appropriate academic and technical skills.
CRP.K-12.CRP2.1 Career-ready individuals readily access and use the knowledge and skills acquired through

experience and education to be more productive. They make connections between
abstract concepts with real-world applications, and they make correct insights about when



it is appropriate to apply the use of an academic skill in a workplace situation.
CRP.K-12.CRP11 Use technology to enhance productivity.

CRP.K-12.CRP11.1 Career-ready individuals find and maximize the productive value of existing and new
technology to accomplish workplace tasks and solve workplace problems. They are flexible
and adaptive in acquiring new technology. They are proficient with ubiquitous technology
applications. They understand the inherent risks-personal and organizational-of
technology applications, and they take actions to prevent or mitigate these risks.

PFL.9.1.12.A.3 Analyze the relationship between various careers and personal earning goals.
CAEP.9.2.12.C.1 Review career goals and determine steps necessary for attainment.
Concepts & Skills

Write the electron configuration of elements.

Explain how atomic radii, ionization energy, and electronegativities vary within a group and within a period
on the PT.

Predict the charge of an ion given its position on the periodic table and its electron configuration.
Explain why chemists use the periodic table.

Explain how elements are organized in a periodic table.

Compare early and modern periodic tables.

Identify three broad classes of elements.

Describe the information in a periodic table.

Classify elements based on electron configuration.

Distinguish representative elements and transition metals.

Describe trends among the elements from atomic size.

Resources

stmPath to Periodic Table: This investigation provides students with the opportunity to make sense of how and
why the periodic table is organized the way that it is. Students will re-create the thought process that Dmitri
Mendeleev and Julius Lothar Meyer went through to devise their early periodic tables.

stPeriodic Table Trends: This is a virtual investigation of the periodic trends.



http://www.chemheritage.org/discover/online-resources/chemistry-in-history/activities/path-to-the-periodic-table.aspx
http://www.mhhe.com/biosci/genbio/virtual_labs/periodic_table/main.html

Assessments

Assessments will be aligned to the Performance Expectations and will include a variety of assessment types
such as labs, writing prompts, and projects.

Performance Expecations

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 elements.
Assessment does not include quantitative understanding of ionization energy beyond relative trends. ]

HS-PS2-6.Communicate scientific and technical information about why the molecular-level structure is
important in the functioning of designed materials.* [Clarification Statement: Emphasis is on the attractive and
repulsive forces that determine the functioning of the material. Examples could include why electrically
conductive materials are often made of metal, flexible but durable materials are made up of long chained
molecules, and pharmaceuticals are designed to interact with specific receptors.] [4ssessment Boundary:
Assessment is limited to provided molecular structures of specific designed materials.]

Connecting with English Language Arts Literacy and Mathematics

Connections to English Language Arts/Literacy-

e Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in
presentations showing that the release or absorption of energy from a chemical reaction system
depends upon the changes in total bond energy to enhance understanding of findings, reasoning, and
evidence and to add interest.

¢ Cite specific textual evidence to support the concept that changing the temperature or concentration of
the reacting particles affects the rate at which a reaction occurs.

e Develop an explanation about the effects of changing the temperature or concentration of the reacting
particles on the rate at which a reaction occurs by selecting the most significant and relevant facts,
extended definitions, concrete details, quotations, or other information and examples.

e Construct short as well as more sustained research projects to answer how to increase amounts of
products at equilibrium in a chemical system. Synthesize multiple sources on the subject,
demonstrating understanding of the subject under investigation.

Connections to Mathematics-

e Represent an explanation that atoms, and therefore mass, are conserved during a chemical reaction
symbolically and manipulate the representing symbols. Make sense of quantities and relationships
about the conservation of atoms and mass during chemical reactions symbolically and manipulate the



representing symbols.

e Use units as a way to understand the conservation of atoms and mass during chemical reactions;
choose and interpret units consistently in formulas representing proportional relationships between
masses of atoms in the reactants and products and the translation of these relationships to the
macroscopic scale using the mole as the conversion from the atomic to the macroscopic scale; choose
and interpret the scale and origin in graphs and data displays representing the conservation of atoms
and mass in chemical reactions.

e Define appropriate quantities for the purpose of descriptive modeling of the proportional relationships
between masses of atoms in the reactants and products and the translation of these relationships to the
macroscopic scale using the mole as the conversion from the atomic to the macroscopic scale.

¢ Choose a level of accuracy appropriate to limitations on measurement when reporting quantities
representing proportional relationships between masses of atoms in the reactants and products and the
translation of these relationships to the macroscopic scale using the mole as the conversion from the
atomic to the macroscopic scale.

¢ Use a mathematical model to explain how the release or absorption of energy from a chemical reaction
system depends upon the changes in total bond energy, and map their relationships using tools.
Analyze those relationships mathematically to draw conclusions, reflecting on the results and
improving the model if it has not served its purpose.

e Represent an explanation about the effects of changing the temperature or concentration of the reacting
particles on the rate at which a reaction occurs symbolically and manipulate the representing symbols.
Make sense of quantities and relationships about the effects of changing the temperature or
concentration of the reacting particles on the rate at which a reaction occurs symbolically and
manipulate the representing symbols.

e Use units as a way to understand an explanation about the effects of changing the temperature or
concentration of the reacting particles on the rate at which a reaction occurs. Choose and interpret units
consistently in formulas representing the effects of changing the temperature or concentration of the
reacting particles on the rate at which a reaction occurs. Choose and interpret the scale and the origin in
graphs and data displays representing the effects of changing the temperature or concentration of the
reacting particles on the rate at which a reaction occurs.

e Choose a level of accuracy appropriate to limitations on measurement when reporting quantities
representing the effects of changing the temperature or concentration of the reacting particles on the
rate at which a reaction occurs.

¢ Use a mathematical model to explain how to increase amounts of products at equilibrium in a chemical
system. Identify important quantities in the cycling of matter and flow of energy among organisms in
an ecosystem, and map their relationships using tools. Analyze those relationships mathematically to
draw conclusions, reflecting on the results and improving the model if it has not served its purpose.

Modifications

Teacher Note: Teachers identify the modifications that they will use in the unit. The unneeded modifications
can then be deleted from the list.

e Restructure lesson using UDL principals (http://www.cast.org/our-work/about-
udLhtml#.VXmoXcfD UA)

¢ Structure lessons around questions that are authentic, relate to students’ interests, social/family
background and knowledge of their community.



¢ Provide students with multiple choices for how they can represent their understandings (e.g.
multisensory techniques-auditory/visual aids; pictures, illustrations, graphs, charts, data tables,
multimedia, modeling).

¢ Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations
via digital tool such as SKYPE, experts from the community helping with a project, journal articles,
and biographies). *« Provide multiple grouping opportunities for students to share their ideas and to
encourage work among various backgrounds and cultures (e.g. multiple representation and multimodal
experiences).

e Engage students with a variety of Science and Engineering practices to provide students with multiple
entry points and multiple ways to demonstrate their understandings. * Use project-based science
learning to connect science with observable phenomena.

e Structure the learning around explaining or solving a social or community-based issue.

¢ Provide ELL students with multiple literacy strategies.

e Collaborate with after-school programs or clubs to extend learning opportunities.

Research on Student Learning

Middle- and high-school student thinking about chemical change tends to be dominated by the obvious
features of the change. For example, some students think that when something is burned in a closed container,
it will weigh more because they see the smoke that was produced. Further, many students do not view
chemical changes as interactions. They do not understand that substances can be formed by the recombination
of atoms in the original substances. Rather, they see chemical change as the result of a separate change in the
original substance, or changes, each one separate, in several original substances. For example, some students
see the smoke formed when wood burns as having been driven out of the wood by the flame (NSDL, 2015).

Prior Learning

By the end of Grade 8, students know that:

Physical science-

e Substances are made from different types of atoms, which combine with one another in various ways.
Atoms form molecules that range in size from two to thousands of atoms.

e Each pure substance has characteristic physical and chemical properties (for any bulk quantity under
given conditions) that can be used to identify it. Gases and liquids are made of molecules or inert
atoms that are moving about relative to each other.

¢ In a liquid, the molecules are constantly in contact with others; in a gas, they are widely spaced except
when they happen to collide. In a solid, atoms are closely spaced and may vibrate in position but do not
change relative locations. Solids may be formed from molecules, or they may be extended structures
with repeating subunits (e.g., crystals).

e The changes of state that occur with variations in temperature or pressure can be described and



predicted using models of matter. Substances react chemically in characteristic ways. In a chemical
process, the atoms that make up the original substances are regrouped into different molecules, and
these new substances have different properties from those of the reactants. The total number of each
type of atom is conserved, and thus the mass does not change. Some chemical reactions release energy;
others store energy.

¢ Electric and magnetic (electromagnetic) forces can be attractive or repulsive, and their sizes depend on
the magnitudes of the charges, currents, or magnetic strengths involved and on the distances between
the interacting objects. Gravitational forces are always attractive. There is a gravitational force between
any two masses, but it is very small except when one or both of the objects have large mass—e.g.,
Earth and the sun.

e Forces that act at a distance (electric, magnetic, and gravitational) can be explained by fields that
extend through space and can be mapped by their effect on a test object (a charged object or a ball,
respectively). * Motion energy is properly called kinetic energys; it is proportional to the mass of the
moving object and grows with the square of its speed.

¢ A system of objects may also contain stored (potential) energy, depending on their relative positions.

e Temperature is a measure of the average kinetic energy of particles of matter. The relationship between
the temperature and the total energy of a system depends on the types, states, and amounts of matter
present.

e When the motion energy of an object changes, there is inevitably some other change in energy at the
same time.

e The amount of energy transfer needed to change the temperature of a matter sample by a given amount
depends on the nature of the matter, the size of the sample, and the environment.

e Energy is spontaneously transferred out of hotter regions or objects and into colder ones.

e Forces that act at a distance (electric, magnetic, and gravitational) can be explained by fields that
extend through space and can be mapped by their effect on a test object (a charged object or a ball,
respectively).

e Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object and
grows with the square of its speed.

¢ A system of objects may also contain stored (potential) energy, depending on their relative positions.
Temperature is a measure of the average kinetic energy of particles of matter. The relationship between
the temperature and the total energy of a system depends on the types, states, and amounts of matter
present.

e When the motion energy of an object changes, there is inevitably some other change in energy at the
same time.

e The amount of energy transfer needed to change the temperature of a matter sample by a given amount
depends on the nature of the matter, the size of the sample, and the environment.

e Energy is spontaneously transferred out of hotter regions or objects and into colder ones.

Life science-

¢ Plants, algae (including phytoplankton), and many microorganisms use energy from light to make
sugars (food) from carbon dioxide from the atmosphere and water, through the process of
photosynthesis, which also releases oxygen. These sugars can be used immediately or stored for
growth or later use.

e Within individual organisms, food moves through a series of chemical reactions in which it is broken
down and rearranged to form new molecules to support growth or to release energy.

e Food webs are models that demonstrate how matter and energy are transferred among producers,
consumers, and decomposers as the three groups interact within an ecosystem. Transfers of matter into
and out of the physical environment occur at every level. Decomposers recycle nutrients from dead
plant or animal matter back to the soil in terrestrial environments or to the water in aquatic
environments. The atoms that make up the organisms in an ecosystem are cycled repeatedly between



the living and nonliving parts of the ecosystem.
Earth and space sciences-

e All Earth processes are the result of energy flowing and matter cycling within and among the planet’s
systems. This energy is derived from the sun and Earth’s hot interior. The energy that flows and matter
that cycles produce chemical and physical changes in Earth’s materials and living organisms.

e The planet’s systems interact over scales that range from microscopic to global in size, and they
operate over fractions of a second to billions of years. These interactions have shaped Earth’s history
and will determine its future.

Connections to Other Courses

Physical Science

Energy is a quantitative property of a system that depends on the motion and interactions of matter and
radiation within that system. That there is a single quantity called energy is due to the fact that a system’s total
energy is conserved, even as, within the system, energy is continually transferred from one object to another
and between its various possible forms. ¢ At the macroscopic scale, energy manifests itself in multiple ways,
such as in motion, sound, light, and thermal energy. ¢ These relationships are better understood at the
microscopic scale, at which all of the different manifestations of energy can be modeled as a combination of
energy associated with the motion of particles and energy associated with the configuration (relative position)
of the particles. In some cases, the relative position of energy can be thought of as stored in fields (which
mediate interactions between particles). This last concept includes radiation, a phenomenon in which energy
stored in fields moves across space. * Conservation of energy means that the total change of energy in any
system is always equal to the total energy transferred into or out of the system. ¢ Energy cannot be created or
destroyed, but it can be transported from one place to another and transferred between systems. ¢
Mathematical expressions, which quantify how the stored energy in a system depends on its configuration
(e.g., relative positions of charged particles, compression of a spring) and how kinetic energy depends on mass
and speed, allow the concept of conservation of energy to be used to predict and describe system behavior.
The availability of energy limits what can occur in any system. « Uncontrolled systems always evolve toward
more stable states—that is, toward more uniform energy distribution (e.g., water flows downhill, objects hotter
than their surrounding environment cool down). * Although energy cannot be destroyed, it can be converted to
less useful forms—for example, to thermal energy in the surrounding environment.

Life Science

The process of photosynthesis converts light energy to stored chemical energy by converting carbon dioxide
plus water into sugars plus released oxygen. ¢ The sugar molecules thus formed contain carbon, hydrogen, and
oxygen: Their hydrocarbon backbones are used to make amino acids and other carbon-based molecules that
can be assembled into larger molecules (such as proteins or DNA), used for example to form new cells. * As
matter and energy flow through different organizational levels of living systems, chemical elements are
recombined in different ways to form different products. As a result of these chemical reactions, energy is
transferred from one system of interacting molecules to another. Cellular respiration is a chemical process in
which the bonds of food molecules and oxygen molecules are broken and new compounds are formed that can
transport energy to muscles. Cellular respiration also releases the energy needed to maintain body temperature
despite ongoing energy transfer to the surrounding environment. * Photosynthesis and cellular respiration



(including anaerobic processes) provide most of the energy for life processes. ¢ Plants or algae form the lowest
level of the food web. At each link upward in a food web, only a small fraction of the matter consumed at the
lower level is transferred upward to produce growth and release energy in cellular respiration at the higher
level. Given this inefficiency, there are generally fewer organisms at higher levels of a food web. Some matter
reacts to release energy for life functions, some matter is stored in newly made structures, and much is
discarded. The chemical elements that make up the molecules of organisms pass through food webs and into
and out of the atmosphere and soil, and they are combined and recombined in different ways. At each link in
an ecosystem, matter and energy are conserved. * Photosynthesis and cellular respiration are important
components of the carbon cycle, in which carbon is exchanged among the biosphere, atmosphere, oceans, and
geosphere through chemical, physical, geological, and biological processes.

Connections to NJSLS ELA & MATH

ELA/Literacy

RST.9- Translate quantitative or technical information expressed in words in a text into visual form (e.g.,

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

RST.11- Cite specific textual evidence to support analysis of science and technical texts, attending to

121 important distinctions the author makes and to any gaps or inconsistencies in the account. (HS-

PS1-3),(HS-PS1-5)
WHST.9- Write informative/explanatory texts, including the narration of historical events, scientific

12.2 procedures/ experiments, or technical processes. (HS-PS1-2),(HS-PS1-5)
WHST.9- Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a
12.5 new approach, focusing on addressing what is most significant for a specific purpose and

audience. (HS-PS1-2)

WHST.9- Conduct short as well as more sustained research projects to answer a question (including a

12.7 self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate;
synthesize multiple sources on the subject, demonstrating understanding of the subject under
investigation. (HS-PS1-3),(HS-PS1-6)

WHST.11- Gather relevant information from multiple authoritative print and digital sources, using advanced

12.8 searches effectively; assess the strengths and limitations of each source in terms of the specific
task, purpose, and audience; integrate information into the text selectively to maintain the flow of
ideas, avoiding plagiarism and overreliance on any one source and following a standard format
for citation. (HS-PS1-3)

WHST.9- Draw evidence from informational texts to support analysis, reflection, and research. (HS-PS1-3)

12.9

SL.11- Make strategic use of digital media (e.qg., textual, graphical, audio, visual, and interactive

12.5 elements) in presentations to enhance understanding of findings, reasoning, and evidence and
to add interest. (HS-PS1-4)

Mathematics -

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

MP.4 Model with mathematics. (HS-PS1-4),(HS-PS1-8)

HSN- Use units as a way to understand problems and to guide the solution of multi-step problems;

Q.A.1 choose and interpret units consistently in formulas; choose and interpret the scale and the origin
in graphs and data displays. (HS-PS1-2),(HS-PS1-3),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7),(HS-
PS1-8)

HSN- Define appropriate quantities for the purpose of descriptive modeling. (HS-PS1-4),(HS-PS1-

Q.A.2 7),(HS-PS1-8)

HSN- Choose a level of accuracy appropriate to limitations on measurement when reporting

Q.A.3 quantities. (HS-PS1-2),(HS-PS1-3),(HS-PS1-4),(HS-PS1-5),(HS-PS1-7),(HS-PS1-8)
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