NEXT GENERATION
Sc I EN CE *Unless otherwise specified, “descriptions” referenced in the evidence statements

could include but are not limited to written, oral, pictorial, and kinesthetic descriptions.

For States, By States

HS-PS1-2

Students who demonstrate understanding can:

HS-PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction
based on the outermost electron states of atoms, trends in the periodic table, and
knowledge of the patterns of chemical properties. [Clarification Statement: Examples of
chemical reactions could include the reaction of sodium and chlorine, of carbon and oxygen,
or of carbon and hydrogen.] [Assessment Boundary: Assessment is limited to chemical
reactions involving main group elements and combustion reactions.]

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

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts

Constructing Explanations and PS1.A: Structure and Properties of Patterns

Designing Solutions Matter e Different patterns may be
Constructing explanations and designing | e  The periodic table orders observed at each of the scales
solutions in 9-12 builds on K-8 elements horizontally by the at which a system is studied and
experiences and progresses to number of protons in the atom’s can provide evidence for
explanations and designs that are nucleus and places those with causality in explanations of
supported by multiple and independent similar chemical properties in phenomena.

student-generated sources of evidence columns. The repeating patterns

consistent with scientific ideas, of this table reflect patterns of

principles, and theories. outer electron states.

e  Construct and revise an explanation PS1.B: Chemical Reactions
based on valid and reliable evidence | e  The fact that atoms are

obtained from a variety of sources conserved, together with
(including students’ own knowledge of the chemical
investigations, models, theories, properties of the elements
simulations, and peer review) and involved, can be used to

the assumption that theories and describe and predict chemical
laws that describe the natural world reactions.

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

Observable features of the student performance by the end of the course:

1 | Articulating the explanation of phenomena

a | Students construct an explanation of the outcome of the given reaction, including:

i. The idea that the total number of atoms of each element in the reactant and products is
the same;

i.  The numbers and types of bonds (i.e., ionic, covalent) that each atom forms, as
determined by the outermost (valence) electron states and the electronegativity;

iii. The outermost (valence) electron state of the atoms that make up both the reactants and
the products of the reaction is based on their position in the periodic table; and

iv. A discussion of how the patterns of attraction allow the prediction of the type of reaction
that occurs (e.g., formation of ionic compounds, combustion of hydrocarbons).

2 | Evidence

a | Students identify and describe* the evidence to construct the explanation, including:

i. Identification of the products and reactants, including their chemical formulas and the
arrangement of their outermost (valence) electrons;

ii. Identification that the number and types of atoms are the same both before and after a
reaction;

iii. Identification of the numbers and types of bonds (i.e., ionic, covalent) in both the
reactants and the products;

iv. The patterns of reactivity (e.g., the high reactivity of alkali metals) at the macroscopic
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level as determined by using the periodic table; and

V. The outermost (valence) electron configuration and the relative electronegativity of the
atoms that make up both the reactants and the products of the reaction based on their
position in the periodic table.

3 | Reasoning

Students describe* their reasoning that connects the evidence, along with the assumption that
theories and laws that describe their natural world operate today as they did in the past and will
continue to do so in the future, to construct an explanation for how the patterns of outermost
electrons and the electronegativity of elements can be used to predict the number and types of
bonds each element forms.

In the explanation, students describe* the causal relationship between the observable
macroscopic patterns of reactivity of elements in the periodic table and the patterns of outermost
electrons for each atom and its relative electronegativity.

4 | Revising the explanation

Given new evidence or context, students construct a revised or expanded explanation about the
outcome of a chemical reaction and justify the revision.
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