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New Jersey Student Learning Standards

Practice 1. Asking questions (for science) and defining problems (for engineering)

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

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

Practice 3. Planning and carrying out investigations

Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include
investigations that provide evidence for and test conceptual, mathematical, physical, and empirical models.

Plan and conduct an investigation individually and collaboratively to produce data to serve as the basis for evidence,
and in the design: decide on types, how much, and accuracy of data needed to produce reliable measurements and
consider limitations on the precision of the data (e.g., number of trials, cost, risk, time), and refine the design
accordingly.

Select appropriate tools to collect, record, analyze, and evaluate data.

Manipulate variables and collect data about a complex model of a proposed process or system to identify failure points
or improve performance relative to criteria for success or other variables.

Practice 5. Using mathematics and computational thinking

Mathematical and computational thinking in 9-12 builds on K-8 experiences and progresses to using algebraic
thinking and analysis, a range of linear and nonlinear functions including trigonometric functions, exponentials
and logarithms, and computational tools for statistical analysis to analyze, represent, and model data. Simple
computational simulations are created and used based on mathematical models of basic assumptions.

Use mathematical, computational, and/or algorithmic representations of phenomena or design solutions to describe
and/or support claims and/or explanations.

Apply techniques of algebra and functions to represent and solve scientific and engineering problems.

SCI.HS-PS1 Matter and Its Interactions

SCI.HS-PS1-5 Apply scientific principles and evidence to provide an explanation about the effects of
changing the temperature or concentration of the reacting particles on the rate at which a
reaction occurs.

SCI.HS-PS1-6 Refine the design of a chemical system by specifying a change in conditions that would
produce increased amounts of products at equilibrium.



SCI.HS-PS1-7

Use mathematical representations to support the claim that atoms, and therefore mass,
are conserved during a chemical reaction.

Integration of Career Readiness, Life Literacies and Key Skills

CRP.K-12.CRP1
CRP.K-12.CRP2
CRP.K-12.CRP3
CRP.K-12.CRP4
CRP.K-12.CRP5
CRP.K-12.CRP6
CRP.K-12.CRP7
CRP.K-12.CRP8
CRP.K-12.CRP9
CRP.K-12.CRP10
CRP.K-12.CRP11
CRP.K-12.CRP12

Act as a responsible and contributing citizen and employee.

Apply appropriate academic and technical skills.

Attend to personal health and financial well-being.

Communicate clearly and effectively and with reason.

Consider the environmental, social and economic impacts of decisions.
Demonstrate creativity and innovation.

Employ valid and reliable research strategies.

Utilize critical thinking to make sense of problems and persevere in solving them.
Model integrity, ethical leadership and effective management.

Plan education and career paths aligned to personal goals.

Use technology to enhance productivity.

Work productively in teams while using cultural global competence.

Technology / Integration of Computer Science and Design Thinking

TECH.8.1.12

TECH.8.1.12.A

TECH.8.1.12.A.4

Educational Technology: All students will use digital tools to access, manage, evaluate, and
synthesize information in order to solve problems individually and collaborate and to
create and communicate knowledge.

Technology Operations and Concepts: Students demonstrate a sound understanding of
technology concepts, systems and operations.

Construct a spreadsheet workbook with multiple worksheets, rename tabs to reflect the
data on the worksheet, and use mathematical or logical functions, charts and data from all
worksheets to convey the results.

Interdisciplinary Connections: NJSLS for ELA, Social Studies, Science and/or Math

Section

LA.K-12.NJSLSA.R

LA.K-12.NJSLSA.R1

LA.RL.11-12.1

LA.K-12.NJSLSA.R2

LA.K-12.NJSLSA.R3

Reading
Key Ideas and Details

Read closely to determine what the text says explicitly and to make logical inferences and
relevant connections from it; cite specific textual evidence when writing or speaking to
support conclusions drawn from the text.

Cite strong and thorough textual evidence and make relevant connections to support
analysis of what the text says explicitly as well as inferences drawn from the text, including
determining where the text leaves matters uncertain.

Determine central ideas or themes of a text and analyze their development; summarize
the key supporting details and ideas.

Analyze how and why individuals, events, and ideas develop and interact over the course



LA.K-12.NJSLSA.R10

LA.RI.11-12
LA.K-12.NJSLSA.W

LA.RI.11-12.2

LA.K-12.NJSLSA.W1

LA.RI.11-12.3

LA.RI.11-12.10a

LA.RI.11-12.10b

LAW.11-12.1

LAW.11-12.1.A

LAW.11-12.1.C

LAW.11-12.1.D

of a text.
Range of Reading and Level of Text Complexity

Read and comprehend complex literary and informational texts independently and
proficiently with scaffolding as needed.

Reading Informational Text
Writing
Text Types and Purposes

Determine two or more central ideas of a text, and analyze their development and how
they interact to provide a complex analysis; provide an objective summary of the text.

Write arguments to support claims in an analysis of substantive topics or texts, using valid
reasoning and relevant and sufficient evidence.

Analyze a complex set of ideas or sequence of events and explain how specific individuals,
ideas, or events interact and develop over the course of the text.

By the end of grade 11, read and comprehend literary nonfiction at grade level text-
complexity or above with scaffolding as needed.

By the end of grade 12, read and comprehend literary nonfiction at grade level text-
complexity or above.

Write arguments to support claims in an analysis of substantive topics or texts, using valid
reasoning and relevant and sufficient evidence.

Introduce precise, knowledgeable claim(s), establish the significance of the claim(s),
distinguish the claim(s) from alternate or opposing claims, and create an organization that
logically sequences claim(s), counterclaims, reasons, and evidence.

Use transitions (e.g., words, phrases, clauses) to link the major sections of the text, create
cohesion, and clarify the relationships between claim(s) and reasons, between reasons
and evidence, and between claim(s) and counterclaims.

Establish and maintain a style and tone appropriate to the audience and purpose (e.g.,
formal and objective for academic writing) while attending to the norms and conventions
of the discipline in which they are writing.

Integration of Diversity, Equity and Inclusion; Climate Change; Informational and Media

LiteracyNew Section

see Crosswalks

21st Century Life and Careers

CRP.K-12.CRP2.1

CRP.K-12.CRP4.1

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.

Career-ready individuals communicate thoughts, ideas, and action plans with clarity,
whether using written, verbal, and/or visual methods. They communicate in the workplace
with clarity and purpose to make maximum use of their own and others’ time. They are
excellent writers; they master conventions, word choice, and organization, and use



effective tone and presentation skills to articulate ideas. They are skilled at interacting
with others; they are active listeners and speak clearly and with purpose. Career-ready
individuals think about the audience for their communication and prepare accordingly to
ensure the desired outcome.

CRP.K-12.CRP6.1 Career-ready individuals regularly think of ideas that solve problems in new and different
ways, and they contribute those ideas in a useful and productive manner to improve their
organization. They can consider unconventional ideas and suggestions as solutions to
issues, tasks or problems, and they discern which ideas and suggestions will add greatest
value. They seek new methods, practices, and ideas from a variety of sources and seek to
apply those ideas to their own workplace. They take action on their ideas and understand
how to bring innovation to an organization.

Stage I: Desired Results

Transfer/Overview/Rationale

Transfer / Overview / Rationale

Unit Rationale
The purpose of this unit...

... is to relate the amount of energy transferring in a reaction to the progress of a reaction. Students should be able to
examine the relationship between entropy, enthalpy and Gibbs free energy to determine the spontaneity of a reaction
and its energy profile.

Meaning

Essential Questions

Essential Questions

How does thermodynamics describe the essential role of energy and explain and predict the direction of changes in
matter?

How do chemists determine the spontaneity of a chemical reaction?



How does energy flow in a chemical reaction?

Enduring Understanding/Indicators of Understanding

Enduring Understanding/Indicators of Understanding

Students will understand that:

1) Two systems with different temperatures that are in thermal contact will exchange energy. The quantity of thermal
energy transferred from one system to another is called heat.

2) Energy is neither created nor destroyed, but only transformed from one form to another.

3) Breaking bonds requires energy, and making bonds releases energy.

4) Electrostatic forces exist between molecules as well as between atoms or ions, and breaking the resultant
intermolecular interactions requires energy.

5) Chemical or physical processes are driven by a decrease in enthalpy or an increase in entropy, or both.

Acquisition (Student Learning Objectives)

Knowledge

Knowledge
Students will know...



1) ... temperature is a measure of the average kinetic energy of atoms and molecules.

2) ...the process of kinetic energy transfer at the particulate scale is referred to in this course as heat transfer, and the
spontaneous direction of the transfer is always from a hot to a cold body.

3) ...energy is transferred between systems either through heat transfer or through one system doing work on the other
system.

4) ...when two systems are in contact with each other and are otherwise isolated, the energy that comes out of one
system is equal to the energy that goes into the other system. the combined energy of the two systems remains fixed.
energy transfer can occur through either heat exchange or work.

5) ...chemical systems undergo three main processes that change their energy: heating/cooling, phase transitions, and
chemical reactions.

6) ...calorimetry is an experimental technique that is used to measure the change in energy of a chemical system.

7) ... the net energy change during a reaction is the sum of the energy required to break the bonds in the reactant
molecules and the energy released in forming the bonds of the product molecules. the net change in energy may be
positive for endothermic reactions where energy is required, or negative for exothermic reactions where energy is
released.

8) ...net changes in energy for a chemical reaction can be endothermic or exothermic. [EK 3.C.2]

9) ... entropy is a measure of the dispersal of matter and energy. [EK 5.E.1]

10) ... some physical or chemical processes involve both a decrease in the internal energy of the components (AH° < 0)
under consideration and an increase in the entropy of those components (AS° > 0). these processes are necessarily
“thermodynamically favored” (AG° < 0). [EK 5.E.2]

11) ... if a chemical or physical process is not driven by both entropy and enthalpy changes, then the Gibbs free energy
change can be used to determine whether the process is thermodynamically favored. [EK 5.E.3]

12) ... external sources of energy can be used to drive change in cases where the Gibbs free energy change is positive.



[EK 5.E.4]

13) ... how to use conservation of energy to relate the magnitudes of the energy changes occurring in two or more
interacting systems, including identification of the systems, the type (heat versus work), or the direction of energy flow.

14) ... how to use conservation of energy to relate the magnitudes of the energy changes when two nonreacting
substances are mixed or brought into contact with one another.

15) ... how to identify the noncovalent interactions within and between large molecules, and/or connect the shape and
function of the large molecule to the presence and magnitude of these interactions.

16) ... how to predict whether or not a physical or chemical process is thermodynamically favored by determination of
(either quantitatively or qualitatively) the signs of both AH® and AS®, and calculation or estimation of AG® when needed.

17) ... how to determine whether a chemical or physical process is thermodynamically favorable by calculating the
change in standard Gibbs free energy.

18) ... how the application of external energy sources or the coupling of favorable with unfavorable reactions can be
used to cause processes that are not thermodynamically favorable to become favorable.

19) ... how to use LeChatelier’s principle to make qualitative predictions for systems in which coupled reactions that
share a common intermediate drive formation of a product.

20) ... how quantitative predictions for systems involving coupled reactions that share a common intermediate, based on
the equilibrium constant for the combined reaction.

21) ... how to explain why a thermodynamically favored chemical reaction may not produce large amounts of product
(based on consideration of both initial conditions and kinetic effects), or why a thermodynamically unfavored chemical
reaction can produce large amounts of product for certain sets of initial conditions.

Skills

Skills
Student will be skilled at ...



1) ... generating explanations or making predictions about the transfer of thermal energy between systems based on this
transfer being due to a kinetic energy transfer between systems arising from molecular collisions. [LO 5.3]

2) ... using calculations or estimations to relate energy changes associated with heating/cooling a substance to the heat
capacity, relate energy changes associated with a phase transition to the enthalpy of fusion/ vaporization, relate energy
changes associated with a chemical reaction to the enthalpy of the reaction, and relate energy changes to PAV work.

3) ... designing and/or interpreting the results of an experiment in which calorimetry is used to determine the change in
enthalpy of a chemical process (heating/cooling, phase transition, or chemical reaction) at constant pressure.

4) ... making claims and/or predictions regarding relative magnitudes of the forces acting within collections of interacting
molecules based on the distribution of electrons within the molecules and the types of intermolecular forces through
which the molecules interact.

5) ... supporting the claim about whether a process is a chemical or physical change (or may be classified as both)
based on whether the process involves changes in intramolecular versus intermolecular interactions.

6) ... using representations and models to predict the sign and relative magnitude of the entropy change associated with
chemical or physical processes.

7) ... relating temperature to the motions of particles, either via particulate representations, such as drawings of particles
with arrows indicating velocities, and/or via representations of average kinetic energy and distribution of kinetic energies
of the particles, such as plots of the Maxwell- Boltzmann distribution.

8) ... drawing qualitative and quantitative connections between the reaction enthalpy and the energies involved in the
breaking and formation of chemical bonds.

9)... interpreting observations regarding macroscopic energy changes associated with a reaction or process to generate
a relevant symbolic and/or graphical representation of the energy changes. [LO 3.11]

10) ... creating or use graphical representations in order to connect the dependence of potential energy to the distance
between atoms and factors, such as bond order (for covalent interactions) and polarity (for intermolecular interactions),
which influence the interaction strength. [LO 5.1]

11) ... predicting whether or not a physical or chemical process is thermodynamically favored by determination of (either
quantitatively or qualitatively) the signs of both AH® and AS®, and calculation or estimation of AG° when needed. [LO
5.13]



Stage 3: Learning Plan

Resource and Mentor Texts

Resources and Mentor Texts

Walsh's YouTube Channel

https://www.youtube.com/channel/lUCNxaVQOaYbnBjpf3fZ9k33Q?view as=subscriber

Print Texts

Chemistry by Kotz and Treichel

Princeton Reveiw

Digital Resources

Chemistry, The Central Science by Brady and Holum

Old AP Exams

Albert.io


https://www.youtube.com/channel/UCNxaVQOaYbnBjpf3fZ9k33Q?view_as=subscriber

Formative Assessment Strategies

Formative Assessment Strategies

POGIL activity

Pyramid of understanding

Questions during lecture

Sample AP questions

Homework problems

Learning Activities/Unit of Study

Learning Activities/Unit of Study

Do nows

Students will be delivered all notes through flipped learning best practices

WSQs

At home assessments

Video watching



Self Assessments

During class, students will work through practice problems

Students will engage in peer learning

When appropriate, Albert.io will be used in class.

Students will work through old AP problems that apply to this unit

Modifications and/or Accommodations

Suggested Modifications (ELL, Sp. Ed, Glfted, At-risk of Failure)

English Language Learners

Native language support: The teacher provides auditory or written content to students in their native
language.

Adjusted Speech: The teacher changes speech patterns to increase student comprehension. This
could include facing the students, paraphrasing, clearly indicating the most important ideas, and
speaking more slowly.

Visuals: The teacher uses graphics, pictures, visuals, and manipulatives. This helps ELL students
better understand and comprehend the subjects at hand.

Front-Loading Vocabulary: The teacher front loads vocabulary. This means providing students with
a list of important vocabulary words they will need to know for a book, lesson, etc. prior to the lesson
being taught. Including pictures to go with the vocabulary words is also very beneficial for the
students.

Special Education Students

Chunking: The teacher presents information in a way that makes it easy for students to understand
and remember. Chunking is based on the presumption that our working memory is easily
overloaded by excessive detail. The best way to deliver information is to organize it into meaningful
units. Because students with special needs get overloaded easily, chunking is an effective strategy
to use with them.



Checking for Understanding: It is important to constantly check for understanding, especially for
students who have accommodations. Teachers want to make sure students understand the
concepts being covered in a way that makes sense to them.

Extra time: The teacher provides students with special needs extra time to complete work or answer
questions. It is important to give students enough time to process their thoughts.

Oral Reading: The teacher will read work orally to students. Class work such as tests and literature
circles may need to be read aloud to the student.

Timers: The teacher will use timers as an instructional tool. The use of timers is beneficial for
students who have trouble completing tasks. Timers can be helpful so the student is aware of how
much time they have to complete an assignment.

Students with 504 Plans

Chunking: The teacher presents information in a way that makes it easy for students to understand
and remember. Chunking is based on the presumption that our working memory is easily
overloaded by excessive detail. The best way to deliver information is to organize it into meaningful
units. Because students with special needs get overloaded easily, chunking is an effective strategy
to use with them.

Checking for Understanding: It is important to constantly check for understanding, especially for
students who have accommodations. Teachers want to make sure students understand the
concepts being covered in a way that makes sense to them.

Extra time: The teacher provides students with special needs extra time to complete work or answer
questions. It is important to give students enough time to process their thoughts.

Gifted & Talented Strategies

Extensions/Enrichments: Teachers will provide gifted and talented students with
extension/enrichment projects. Students will be challenged to further their understanding, to apply
acquired knowledge, and/or to produce something in reference to acquired knowledge.

Modify/Change Activities: Teachers will monitor and modify activities to accommodate those
students who need to be challenged further. Additional reading, problem-solving, writing, or project
work is necessary for those students who are ready to move on at a rate more accelerated than their
peers. In this way, G & T students are provided the same opportunity for support as special needs
students.

Students at Risk of School Failure

Directions or Instructions: Make sure directions and/or instructions are given in limited numbers.



Give directions/instructions verbally and in simple written format. Ask students to repeat the
instructions or directions to ensure understanding occurs. Check back with the student to ensure
he/she hasn't forgotten.

Peer Support: Peers can help build confidence in other students by assisting in peer learning. Many
teachers use the 'ask 3 before me' approach. This is fine, however, a student at risk may have to
have a specific student or two to ask. Set this up for the student so he/she knows who to ask for
clarification before going to you.

Alternate or Modified Assignments: Always ask yourself, "How can | modify this assignment to
ensure the students at risk are able to complete it?" Sometimes you'll simplify the task, reduce the
length of the assignment or allow for a different mode of delivery. For instance, many students may
hand something in, the at-risk student may jot notes and give you the information verbally. Or, it just
may be that you will need to assign an alternate assignment.

Increase One to One Time: When other students are working, always touch base with your students
at risk and find out if they're on track or needing some additional support. A few minutes here and
there will go a long way to intervene as the need presents itself.

Contracts: It helps to have a working contract between you and your students at risk. This helps
prioritize the tasks that need to be done and ensure completion happens. Each day write down what
needs to be completed, as the tasks are done, provide a checkmark or happy face. The goal of
using contracts is to eventually have the student come to you for completion sign-offs.

Hands On: As much as possible, think in concrete terms and provide hands-on tasks. This means a
child doing math may require a calculator or counters. The child may need to tape record
comprehension activities instead of writing them. A child may have to listen to a story being read
instead of reading it him/herself.

Tests/Assessments: Tests can be done orally if need be. Break tests down in smaller increments by
having a portion of the test in the morning, another portion after lunch and the final part the next
day.

Seating: Seat students near a helping peer or with quick access to the teacher. Those with hearing
or sight issues need to be close to the instruction which often means near the front.



