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b, Scienee 7
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¢, Grade 2 Science
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Introduction

This template is the product of an initiative led by the New Jersey Department of Education, Office of Academic
Standards, in partnership with the New Jersey Association for Supervision and Curriculum Development (NJASCID) and
the New Jersey Principals and Supervisors Association (NJPSA). The project was undertaken with the assistance of New
Jersey content area supervisors, curriculum coordinators, and teachers during spring-summer 2009. The goal of the
project was to design exemplar unit plans and accompanying lesson plans alipned with the New Jersey Student Learning
Standards that may be used by districts as models for the development of local curricula.

The Unit Overview Template, which follows, is a tool that can help districts define one unit plan of several that comprise
a specific course in the curriculum for any content area. It is designed, once completed, to summarize the content and
objectives for the unit, outline lessons and asscssments that support the unit, and provide links to documents that
facilitate delivery of the unit, such as student materials, background information, resources, and performance rubrics. To
see how the units fit together in the design of a course, sce the Curriculum Design Template included at the end of this
document.

Seven content area Unit Overviews were created as part of the project to serve as exemplar unit plans that are aligned
with the New Jersey Student Learning Standards and that assist in achieving the goal of engaging students, fostering
achicvement, and cultivating 21s century global skills. The units stress the integration of 21s century themes and skills,
global perspectives, technology, and cross-curricular connections.

We encourage districts to use the exemplars in conjunction with the curriculum development tools and templates that
emanated from this project as models for teaching and learning based on the New Jersey Student Learning Standards.
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What AP’ Stands For

Thousands of Advanced Placement teachers have contributed to the principles
articulated here. These principles are not new; they are, rather, a reminder of how AP
already works in classrooms nationwide, The following principles are designed to ensure
that teachers’ expertise is respected, required coursa contant is understood, and that
students are academically challenged and free to make up thelr own minds.,

1. AP stands for clarity and transparency, Teachers and students deserve clear
expectations. The Advanced Placement Program makes public its course
frameworks and sample assessments. Confusion about what is permitted in the
classroom disrupts teachers and students as they navigate demanding work.

2. AP is an unflinching encounter with evidence. AP courses enable students to
develop as indepondent thinkers and to draw their own conclusions. Evidence and
the scientific method are the starting place for conversations in AP courses.

3. AF opposes censorship. AP is animated by a deep respect for the inleliectual
freedom of teachers and students alike. If a school bans required topics from their
AP coursas, the AP Program remaoves the AP designation from that course and
its inclusion in the AP Course Ledger provided 1o colleges and universities. For
example, the concepts of evolution are at the heart of college biology, and a course
that neglects such concepts does not pass muster as AP Biology.

4, AP opposes indoctrination. AP students are expected to analyze different
perspactives from their own, and no points on an AP Exam are awarded for
agreement with any specific viewpoint, AP students are not required to feel
certain ways about themselves or the course content. AF courses instead develop
students’ abilities to assess the credibility of sources, draw conclusions, and make
up thair own minds,

As the AP English Literature course description states: “AP students are not
expected or asked to subscribe to any one specific set of cultural or political values,
but are expected to have the maturity to analyze perspectives differont from their
own and to guestion the meaning, purpose, or effect of such content within the
literary work as a whole.”

h. AP courses foster an open-minded approach to the histories and cultures of
different peoples. The study of different nationalities, cultures, religions, races, and
ethnicitics is cssential within a varicty of academic disciplines. AP courses ground
such studies in primary sources so that students can evaluate experiences and
evidence for themsehves.

B. Every AP student who engages with cvidence is listened to and respected.
Students are encouraged to evaluate argumeants but not one another, AP
classrooms respect diversily In backgrounds, experiences, and viewpoints, The
perspectives and contributions of the full range of AP students are sought and
considered. Respectful debate of ideas is cultivated and protected; personal
allacks have no place in AR

7. AP iz a choice for parents and students. Parents and students freely choose to
enroll in AP courses. Course descriptions are available online for parents and
students to inform their choice. Parents do not define which college-level topics
are suitable within AP courses; AP course and exam materials are crafted by
committees of professors and other expert educators in each field, AP courses and
exams are then further valldated by the American Council on Education and studies
that confirm the use of AP scores for college credits by thousands of colleges and
universities nationwide,

The AP Program encourages educators to review these principles with parents and
students so they know what to expect in an AP course. Advanced Placement is always
a choice, and it should be aninformed one. AP teachers should be given the confidence
and clarity that once parents have enrolled their child in an AP course, they have agreed
to a classroom experience that embodies these principles.

€ 2024 Tha Advanced Placement Program, AP, AP Central, and the acorn logo are reglstered rademarks
of the College Board, All other products and services may be trademarks of their respective cwners. Visit
Caollega Board on the weh: collegeboard.org.
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About AP

The Advanced Placement® Program (4P?] enables
willing and academically prepared students to pursue
college-level studies—with the opportunity to earn
college credit, advanced placement, or both—while
still in high school. Through AP courses in 39 subjects,
each culminating in a challenging exam, students learn
to think critically, construct solid arguments, and see
many sides of an issue—skills that prepare them for
college and beyond. Taking AP courses demonstrates
to college admission officers that students have sought
the most challenging curriculum available to them,

and research indicates that students who scorea 3

or higher on an AP Exam typically experience greater
academic success in college and are more likely to
oarn a college degree than non-AP students. Each

AP teacher's syllabus is evaluated and approved by
faculty from some of the nation’s leading colleges and
universities, and AP Exams are developed and scored
by college faculty and experienced AP teachers. Most
four-year colleges and universities in the United States
grant credit, advanced placement, or both an the
basis of successful AP Exam scores—more than 3,300
institutions worldwide annually receive AP scores.

AP Course Development

In an ongoing effort to maintain alignment with best
practices in college-level learning, AP courses and
exams emphasize challenging, research-based
curricula aligned with higher education expectations.

Individual teachers are responsible for designing their
own curriculum for AP courses, selecting appropriate
college-level readings, assignments, and resources.
This course and exam description presents the content
and skills that are the focus of the corresponding
college course and that appear on the AP Exam. It also
organizes the content and skills into a series of units
that represent a sequence found in widely adopted
college textbooks and that many AP teachers have
told us they follow in order to focus their instruction.
The intention of this publication is to respect teachers’
time and expertise by providing a roadmap that they
can modify and adapt to their local priorities and
preferances. Maoreover, by organizing the AP course
content and skills into units, the AP Program is able

to provide teachers and students with free formative

AP Chamistry Course and Exam Descriplion

assessments—Progress Checks—that teachers
can assign throughout the year to measure student
progress as they acquire content knowledge and
develop skills.

Enrolling Students: Access,
Opportunity, and Readiness

The AP Program welcomes all students willing to
challenge themselves with college-level coursewark and
career preparation. We strongly encourage educators
to invite students into AP classes, including students
from ethnic, racial, sociceconomic, geographic, or
other groups not broadly participating in a school's AP
program. We believe that readiness for AP is attainable,
and that educators can expand readiness by opening
access to Pre-AP course work. We commit to support
educators and communities in their efforts to make AP
courses widely available, advancing students in their
plans for college and careers.

Offering AP Courses:
The AP Course Audit

The AP Program unequivocally suppaorts the principle
that each school implements its own curriculum

that will enable students to develop the content
understandings and skills described in the course
framewaork.

While the unit sequence represented in this publication
is optional, the AP Pragram does have a short list of
curricular and resource reqguirements that must be
fulfilled before a school can label a course "Advanced
Placement” or "AP" Schools wishing to offer AP
courses must participate in the AP Course Audit, a
process through which AP teachers’ course materials
are reviewed by college faculty. The AP Course Audit
was created to provide teachers and administrators
with clear guidelines on curricular and resource
requirements for AP courses and to help colleges and
universities validate courses marked "AP" on students’
transcripts. This process ensures that AP teachers’
courses meet or exceed the curricular and resource
expectations that college and secondary school faculty
have established for college-level courses.

(05 T I |
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The AP Course Audit form is submitted by the AP teacher
and the school principal {or designated administrator) to
confirm awareness and understanding of the curricular
and resource reguirements. A syllabus or course outline,
detailing how course requirements are met, is submitted
by the AP teacher for review by college faculty.

Please visil the AP Course Audit website for maore
information to support the preparation and submission
of materials for the AP Course Audit,

How the AP Program
Is Developed

The scope of content for an AP course and exam is
derived from an analysis of hundreds of syllabi and
course offerings of colleges and universities. Using
this research and data, a committee of college faculty
and experl AP teachers waork within the scope of

the corresponding college course to articulate what
students should know and be able to do upon the
completion of the AP course. The resulting course
framework is the heart of this course and exam
description and serves as a blueprint of the content and
skills that can appear on an AP Exam.

The AP Test Development Committees are responsible
for developing each AP Exam, ensuring the exam
questions are aligned to the course framework. The AP
Exam development process is a multivear endeavor; all
AP Exams undergo extensive review, revision, piloting,
and analysis to ensure that questions are accurate, fair,
and valid, and that there is an appropriate spread of
difficulty across the questions.

Committee members are selected to represent a variety
of perspectives and institutions (public and private,
small and large schools and colleges), and a range of
gender, racialfethnic, and regional groups, A list of each
subject's current AP Test Development Committes
members is available on AP Central”®.

Throughout AP course and exam development, College
Board gathers feedback from various stakeholders

in both secondary schools and higher educatian
institutions. This feedback is carefully considered to
ensure that AP courses and exams are able to provide
students with a college-level learning expericnce and
the oppartunity to demonstrate their qualifications for
advanced placement or college credit.

How AP Exams Are Scored

The exam scoring process, like the course and exam
development process, relies on the expertise of

both AP teachers and college faculty. While
multiple-choice questions are scored by machine, the
free-response guestions and through-course

AP Chemistry Course and Exam Description

performance assessments, as applicable, are scored by
thousands of college faculty and expert AP teachers.
Most are scored at the annual AP Reading, while a small
portion is scored online. All AP Readers are thoroughly
trained, and their work is monitored throughout the
Reading for fairness and consistency. In each subject,

a highly respected college faculty member serves

as Chief Faculty Consultant and, with the help of AP
Readers in leadership positions, maintains the accuracy
of the scoring standards. Scores on the free-response
questions and performance assessments are weighted
and combined with the results of the computer-scored
multiple-choice questions, and this raw score is
converted into a composite AP score on a 1-5 scale.

AP Exams are not norm-referenced or graded on a
curve, Instead, they are criterion-referenced, which
means that every student who meets the criteria for

an AP score of 2, 3, 4, or 5 will receive that score, no
matter how many students that is. The criteria for the
number of points students must earn on the AP Exam
to receive scores of 3, 4, or 5—the scores that research
consistently validates for credit and placement
purpases—include:

* The number of points successful college students
earn when their professors administer AP Exam
questions to them.

* Performance that researchers have found to be
predictive of an AP student succeeding when placed
into a subsequent higher-level college course.

= The number of points college facully indicate, after
reviewing each AP question, that they expectis
necessary to achieve each AP grade level.

Using and Interpreting AP Scores

The extensive work done by college faculty and

AP teachers in the development of the course and
exam and throughout the scoring process ensures

that AP Exam scores accurately represent students’
achievement in the equivalent college course. Frequent
and regular research studies establish the validity of AP
scores as follows:

Credit College Grade
AP Score Recommendation Equivalent
5 Extramely weall qualified A
4 Well qualified A—.B+.B
3 Qualified B-C+C
2 Possibly qualified nfa
1 Mo recommendation nfa
vl | 2
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While colleges and universities are responsible for
setting their own credit and placement policies, most
private colleges and universities award credit and/

or advanced placement for AP scores of 3 or higher.
Additionally, most states in the US, have adopted
statewide credit policies that ensure college credit for

scores of 3 or higher at public colleges and universities,

To confirm a specific college's AP credit/placement
policy, use the search engine available on the AP Credit
Policy Search page.

BECOMING AN AP READER

Each June, thousands of AP teachers and college
faculty members from around the world gather for
seven days in multiple locations to evaluate and score
the free-response sections of the AP Exams. Ninety-
eight percent of surveyed educators who took partin
the AP Reading say it was a positive experience.

There are many reasons to consider becoming an AP
Reader, including opportunities to:

= Bring positive changes to the classroom:
Surveys show that the vast majority of returning
AP Readers—both high school and college
educators—make improvements to the way they

AP Chemistry Course and Exam Description

teach or score because of their experience at the
AP Reading.

= Gain in-depth understanding of AP Exam and
AP scoring standards: AP Readers gain exposure
to the qguality and depth of the responses from
the entire pool of AP Exam takers, and thus are
better able to assess their students' work in the
classroom,

= Receive compensation: AP Readers are
compensated far thelr work during the Reading.
Expenses, lodging, and meals are covered for
Readers who travel,

= Score from home: AP Readers have onling
distributed scoring oppaortunities for certain
subjects. Check the AP Reader site for detalls,

= Earn Continuing Education Units (CEUs): AP
Readers earn professional development hours and
CEUs that can be applied to PD requirements by
states, districts, and schools.

How to Apply
Visit the Become an AP Reader site for eligibility
requirements and to start the application process.

Vi |l =
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AP Resources
and Supports

By completing a simple class selection process at the start of the school year, teachers and
students receive access to a robust set of classroom resources.

AP Classroom

AP Classroom is a dedicated online platform designed to support teachers and students
throughout their AP experience. The platform provides a varietly of powerful resources and
tools to provide yearlong support to teachers and students, offering opportunities to give and
get meaninaful feedback on student progress.

UNIT GUIDES

Appearing in this publication and on AP Classroom, these planning guides outline all required
course content and skills, organized into commonly taught units. Each Unit Guide suggests

a sequence and pacing of content, scaffolds skillinstruction across units, organizes content
into topics, and provides tips on taking the AP Exam.

PROGRESS CHECKS

Formative AP questions for every unit provide feedback to students on the areas where they
need to focus. Available online, Progress Checks measure knowledge and skills through
multiple-choice questions with rationales to explain correct and incorrect answers, and free-
response questions with scoring information. Because the Progress Checks are formative,

the results of these assessments cannot be used to evaluate teacher effectiveness or assign
letter grades to students, and any such misuses are grounds for losing school authorization to
offer AP courses.*

REPORTS

Reports provides teachers with a one-stop shop for student results on all assignment types,
including Progress Checks, Teachers can view class trends and see where students struggle
with content and skills that will be assessed on the AP Exam. Students can view their own
progress over time to improve their performance before the AP Exam.

QUESTION BANK

The Question Bank is a searchable library of all AP questions that teachers use to build
custom practice for their students. Teachers can create and assign assessments with
formative topic guestions or guestions from practice or released AP Exams.,

Class Section Setup and Enrollment

= Teachers and students sign in to or create thelr College Board accounts.

= Teachers confirm that they have added the course they teach to their AP Course Audit
account and have had it approved by their school's administrator.

= Teachers or AP coordinators, depending on who the schoaol has decided is responsible,
set up class sections so students can access AP resources and have exams ordered on
their behalf.

= Students join class sections with a join code provided by their teacher or AP coordinator,
= Students will be asked for additional information upon joining their first class section.

* To report misuses, please call, B77-274-6474 (Internationak 212-632-1781),

AP Chemistry Course and Exam Description vl | 4
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Instructional
Model

Integrating AP resources throughout the course can help students develop skills and
conceptual understandings. The instructional model outlined below shows possible ways to
incorporate AP resources into the classroorm.

Plan
Teachers may consider the following approaches as they plan their instruction befare
teaching each unit.
= Review the overview at the start of each Unit Guide to identify essential questions,
conceptual understandings, and skills for each unit.

* Lse the Unit at a Glance table to identify related topics that build toward a common
understanding, and then plan appropriate pacing for students.

* |dentify useful strategies in the Instructional Approaches section to help teach the
concepts and skills.

Teach

When teaching, supporting resources could be used to build students’ conceptual
understanding and their mastery of skills.

= lse the topic pages in the Unit Guides to identify the required content.

= |ntegrate the content with a skill, considering any appropriate scaffolding.

= Employ any of the instructional strategies previously identified.

* Lise the available resources, including AP Dally, on the topic pages to bring a variety of
assels into the classroom.

Assess

Teachers can measure student understanding of the content and skills covered in the unit and
provide actionable feedback to students.
= Asvyou teach each topic, use AP Classroom to assign student Topic Questions as a way
to continuously check student understanding and provide just in time feedback.
= At the end of each unit, use AP Classroom to assign students Progress Checks, as
homework or an in-class task.
= Provide question-level feedback to students through answer rationales; provide unit- and
skill-level formative feedback using Reparts.

= Create additional practice opportunities using the Question Bank and assign them
through AP Classroom.

AP Chamistry Coursa and Exam Description Vi1 | B
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About the AP
Chemistry Course

The AP Chemistry course provides students with a college-level foundation to support future
advanced coursework in chemistry. Students cultivate their understanding of chemistry
through inguiry-based investigations, as they explore content such as:

= Atomic Structure and Properties

* Compound Structure and Properties

= Properties of Substances and Mixlures

= Chemical Reactions

= Kinetics

= Thermochemistry

« Equilibrium

* Acids and Bases

* Thermodynamics and Electrochemistry

College Course Equivalent

AP Chemistry is equivalent to a college-level general chemistry course.

Prerequisites

Students should have successfully completed an intraductory high school chemistry course
and Algebra Il, or an equivalent course.

Laboratory Requirement

This course requires that 25 percent of instructional time be spent in hands-on laboratory
wark, with an emphasis on inguiry-based investigations that provide students with
opportunities to demonstrate the foundational chemistry principles and apply the science
practices. This includes a minimum of 16 hands-on labs (at least six of which are inguiry-
based.

Inquiry-based laboratory experiences support the AP Chemistry course and AP Course Audit
curricular requirements by providing opportunities for students to engage in the science
practlices as they design plans for experiments, make predictions, collect and analyze data,
apply mathematical routines, develop explanations, and communicate about their work.

Colleges may reguire students to present their laboratory materials from AP science courses
before granting college credit for laboratory work, so students should be encouraged to retain
their laboratory notebooks, reports, and other materials,

AP Chemistry Course and Exam Dascription vi | &
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AP CHEMISTRY

Course
Framework







Introduction

The AP Chemistry course outlined in this framework reflects what chemistry
teachers, prafessors, and researchers have agreed is the main goal of ¢
college-level general chemistry course: to help students develop o robust
conceptual understanding of chemical principles that can be applied to
future coursework and phenomena. The course is designed to enable
students to view chemical phenomena through a variety of conceptual
lenses, and at various levels: macroscopic, microscopic, sub-microscopic,
and symbolic. Throughout the course, students leam fo apply a variety of
science practices, such as describing, interpreting, and analyzing models;
designing experiments and analyzing data; creating representations of data
and chemical systems; using mathematical routines to solve problems; and
providing evidence and reaseoning to justify a scientific claim.

To develop this robust understanding of the chermical
wortd, the AP Chemistry course defines concepts,
sctenee practices, and understandings required by
repiesertative colfeges and unlversitins for granting
college credit and placement. Sludanls will practice
reasoning skifls by using chemical modets to analyie,
explain, and predicl phenomona, and by supporting
claims with scientific evidence from data, models,
and theories. Students will develop inguiry and
reasoning skilis by designing and condurcting inguiry-
based labaratory investiogations to answer stientific

AF Dhginistry Course and Exam Description

nuestiong through observations, data coflaction,
data analysis and interprelation, troubleshooting and
proceduratrelinement, and error analysis.

This dackrment s nal 8 complote curdculom,
Teachers create their own focal curriculsm by
slacting, for each concept, contant that enables
students to explare the course learning objectives
andd meeats state ar lbeal reguiscmonts, The resuttis a
codrse that prepares stedents for colleges credit and
plagomont.

Course Framewark Y1 | 8



Course Framework
Components

Overview

This course framework provides a clear and detailed description of the course
requirements necessary for student success. The framework specifies what
students must know, be able to do, and understand to qualify for college credit
andlfar placement.

The course framework includes
two essential components:

o SCIENCE PRACTICES

The science practices are central to the study and practice of chemistry.
Students should develop and apply the described practices on a regular
basis over the span of the course,

a COURSE CONTENT

The course content is organized into commonly taught units of study
that provide a suggested sequence for the course and detail required
content and conceptual understandings that colleges and universities
typically expect students ta be proficient in to qualify for college credit
andfor placement.

AP Chemistry Course and Exam Description Course Framework V.1 | 10
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AP CHEMISTRY

cience
Practices

The table that follows presents the science practices that students should
develop during the AP Chemistry course. These practices form the basis of many
tasks on the AP Chemistry Exam,

The Unit Guides that follow embed and spiral these practices throughout the
course, providing teachers with one way to integrate the practices into the course
content with sufficient repetition to prepare students to apply those science
practices on the AP Chemistry exam.

Maore detailed information about teaching the science practices can be found in
the Instructional Approaches section of this publication.

AP Chemistry Course and Exam Description Course Framework V1 | 11
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§ s, AP CHEMISTRY
Practice 1

Models and Representations El

Describe models and representations, including
across scales.

= SKILLS

Science Practices

Practice 2

Question and Method 3

Determine scientific questions
and methods.

Practice 3

Representing Data
and Phenomena E1

Create representations or models of chemical
phenomena,

1 Describe the components of and
quantitative information from models
and representations that illustrate
particulata-level properties only,

EE Describe the components of and
guantitative information from models
and representations that illustrate

both particulate-level and macroscopic-
level proparties.

EX ldentify a testable scientific
guestion based on an observation,
data, or a modal.

EX] Formulate a hypothesis or predict
the results of an experiment.

EX4 Identify experimental procedures
that are aligned to a sclentific question
[whiich may include a sketch of a

lab setup).

EXd Make observations or collect
data from represantations of
labaratory setups or results, while
attending to precision where
appropriate.

EX3 Identify or describe potential
sources of experimental error,

EX3 Explain how modifications
to an experimental procedure will
alter results.

EEN Represent chemical phenomena
using appropriate graphing techniques,
including correct scale and units,

EX Represent chemical substances or
phenomena with appropriate diagrams
or models {e.g., electron configuration).

Efd Represent visually the relationship
between the structures and interactions
across multiple levels or scales (e.q.,
particulate o macroscopic).

AP Chemistry Course and Exam Description

Course Framework V1 | 12
Returmn to Table of Contents



AP CHEMISTRY

&

Practice 4
Model Analysis /4

Analyze and interpret models and representations on
asingle scale or across multiple scales.

= SKILLS

Science Practices (contw)

Practice 5

Mathematical Routines IR
Solve problems using mathematical relationships.

Practice 6

Argumentation i

Develop an explanation or
scientific argumenl.

ARl Predict andfor explain chemical
properties or phenomena (e.g.. of atoms
or molecules) using given chemical
theories, models, and representations.

48 Explain whether a model is
consistent with chemical theories,

4% Explain the connection between
particulate-level and macroscopic
properties of a substance using models
and reprasantations,

am Explain the degree to which a
model or representation describes the
connection between particulate-level
properties and macroscopic properties.

ELY ldentify quantities needed to solve
a problem from given information (e.g..
text, mathematical expressions, graphs,
or tables).

E3 Identify an appropriate theory,
definition, or mathematical relationship
to solve a problam,

B3 Explain the relationship between
variables within an equation when one
variable changes,

A Identify information presented
graphically to solve a problem.

B3 Determing a balanced chemical
equation for a given chemical
phenomeanan,

EEd Calculate, estimate, or predict

an unknown quantity from known
quantities by selecting and following
alogical computational pathway and
altending to preclsion (e.g. performing
dimensional analysis and attending to
slgnificant figures),

[ Make a scientific claim.,

[F2] Support a claim with evidence from
experimental data.

3 Support a claim with evidence

from representations or models at the
particulate level, such as the structure of
atoms andfor molecules.

[T Provide reasoning to justify a claim
using chemical principles or laws, or
using mathematical justification.

23 Provide reasoning to justify a claim
using connections between particulate
and macroscopic scales or levels,

5 Explain the connection betwecn
experimental results and chemical
concepts, processes, or theories.

[ Explain how potential sources
of experimental error may affect the
experimental resulls.

Course Framework V1 | 13
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AP CHEMISTRY

Course
Content

The AP Chemistry course framework provides a clear and detailed description of
the course requirements necessary for student success. The framework specifies
what students must know, be able to do, and understand with a focus on core
principles, theories, and processes of chemistry that prepare them for advanced
chemistry coursework.

UNITS

The course content is organized into commaonly taught units. The units have
been arranged in a logical sequence frequently found in many college courses

and textbooks.

The nine units in AP Chemistry, and their weighting on the multiple-choice
section of the AP Exam, are listed on the following page.

Pacing recommendations at the unit level and on the Course at a Glance provide
suggestions for how to teach the required course content and administer the
Progress Checks. The suggested class periods are based on a schedule in
which the class meets five days a week for 45 minutes each day. While these
recommendations have been made to aid planning, teachers should adjust the
pacing based on the needs of their students, alternate schedules (e.g.. block
scheduling), or their school's academic calendar.

AP Chamistry Course and Exam Description Course Framework V1 | 15
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Units of Instruction Exam Weighting
Unit 1: Afomic Structure and Properties 7-9%
Unit 2: Compound Structure and Properties 7-9% _
Unit 3: Properties of Substances and Mixtures 18-22%
Unit 4: Chemical Reactions 7-9%
Unit 5: Kinetics 7-9%

E‘lil‘. 6: Thermochemistry 7-9%
Unit 7: Equi}:'brium 7-9%
Unit 8: Acids and Bases 1 1;1 5% -
Unit 9: Thermodynamics and Electrochemistry 7-9%

TOPICS

Each unit is broken down into teachable segments
called topics. The topic pages (starting on p. 30)
contain the required content for each topic.

Learning Objectives and Science
Practices

In AP Chemistry, every exam question will be aligned
to a learning ohjective and a skill, The learning
objectives represent the content domain, while the
skill articulates the science practice required to
successfully complete the task. The six categories of
science practices are described as discrele practices;
they are, in fact, interrelated and should be applied
throughout the course. For a given learning objective,
teachers are encouraged to ask the following
questions about a phenomenon to help students apply
the science practices:

* How could the concepts be described verbally?

= What experiment could a student design, or what
data would students analyzs?

AP Chemistry Course and Exam Description

* How could students create or interprat graphs and
other visual representations?

* How could students explain the phenomenan using
theories or models?

= What quantitative problems could students solve?

= How could the course content be used as evidence
to justify or support a claim about the behavior of
a system, chemical phenomena, or outcome of an
experiment?

Equations

Relevant equations are included in the Topic pages
within this course framework and are labeled as
"EQN:". All of the equations in this course framework
appear on the equation sheet provided to students
while taking the AP Chemistry Exam. Additionally,
variables used within this course framework follow

the definitions given on the equation sheet. For a
complete list of the equations available to students on
the AP Chemistry Exam, please see the AP Chemistry
Egualtions and Constants in Appendix 2,

Course Framework V.1
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Course at
a Glance

Plan

The Course at a Glance provides
a useful visual organization of
the AP Chemistry curricular
components, including:

= Sequence of units, along
with approximate weighting
and suggested pacing.
Please note, pacing is based
on 45-minute class periads,
meeting five days each week
for a full academic year.

= Progression of topics within
each unit.

= Spiraling of the science
practices across units.

Teach

SCIEMCE PRACTICES
Science proclices spirl throwghoi! the course.

Atomic
”."I” Structure and
Properties

~9-10 &2, | 7-9% i,

UNIT Compound
2 Structure and
Properties

~12-13 2. 7-9% &5,

EN vodels and & Model Analysis

Representations

d IR Mathemaltical

BN ovestionand Roatines

Method

I Argumentation

I Representing Data

and Phenomena

Required Course
Content

Each topic contains required
Learning Objective and Essential
Knowledge Statements

that form the basis of the
assessment on the AP Exam.

Assess

Assign the Progress Checks—
either as homewaork or in
class—for each unit. Each
Progress Check conlains
formative multiple-choice and
free-response questions. The
feedback from the Progress
Checks shows students the
areas where they need to focus.

1.1 Moles and Molar Mass

1.2 Mass Spectra of
Elements

1,4 Elemental Composition
of Pure Substances

1.4 Composition of
Mixtures

1.6 Atomic Structure and
Electron Configuration

1.6 Photoelectron
Spectroscopy

1.7 F‘eriuaic Trends

=

__ 1.8 Valence Electrons and
o [onic Compounds
Progress Check 1

Multiple-choice: ~20 questions
Frea-response: 2 questions

= Short

= Shorl

2.1 Types of Chemical
Bonds

2.2 -Inl.mmcrlecular Force
and Potential Energy

_ 2.3 Structure of Ionic
. 4 Solids

2.4 Structure of Metals and
Alloys

2.6 Lewis Diagrams

2.6 Resonance and
Formal Charge

27 VSEPR and
Hybridization

Progress Check 2

Multiple-cholee: ~15 guestions
Free-response: 1 quastion
= Long

continued an next paga
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oy | EToperties of
3 Substances and
Mixtures

~14-15 5., | 18-22% 5,

unit  Chemical
4 Reactions

~14-15 22| 7-9% w5,

UNIT

5 Kinetics

~13-14 25, | 7-9% o,

: 3.1 Intermolecular and
4 Interparticle Forces

4 3.2 Properties of Solids

3.3 Solids, Liquids, and
Gases

[ 3.4 Ideal Gas Law

3,6 Kinetic Molecular
o Theory

4.8 Deviation from
Ideal Gas Law
H 3.7 Solutions and Mixtures
3.8 Representations of
Solutions
2.9 Separation of Solutions
and Mixtures

4 2.0 Solubility

| 3.11 Spectroscopy and
4 the Electromagnetic
Spectrum

H 3.12 Properties of Photons

n- 3.13 Beer-Lambert Law

Progress Check 3

Multiple-cholce: ~30 questions
Free-response: 2 questions

= Short

= Short

4.1 Introduction for
Reactions
H 4.2 Net lonic Equations

4.3 Representations of
Reactions

4.4 Physical and
Chemical Changes

.

4,5 Stoichiometry

I

4.8 Introduction to
Titration

4.7 Types of Chemical
Reactions

4.8 Introduction to
Acid-Base Reactions

. 4.9 Oxidation-Reduction
(Redox) Reactions

i

Progress Chechk 4
Multiple-cholce: ~20 questions
Frea-rasponse: 1 question

= Long

n 5.1 Heaction Rates

53 Concentration Changes
Over Time
' 5.4 Elementary Reactions

. 5.5 Collision Model

. 6.6 Reacﬁ;n Energy Profile

67 Introduction to Reaction
Mechanisms

68 Reaction Mechanism
and Rate Law

5.9 Pre-Equilibrium
Approximation

510 Multistep Reaction
Energy Profile

= 511 Catalysis

Progress Check 5

Multiple-cholce: ~25 questlons
Free-response: 2 questions

= Short

[ Lmlg

continued on next page
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i I.IEI' ThEI'm ] » I

~10-11 &2, | 7-9% i,

“-"7“ ~ Equilibrium

~13-15 fi | 7-9% i,

UNIT

8 Acids and Bases

~14-16 22| 11-15% 85,

6.1 Endnthennic_a.nd
Exothermic Processes

n 6.2 Energy Diagrams
64 Heat Transfer and
Thermal Equilibrium
6.4 Heat Capacity and
Calorimetry

8.6 Energy of Phase
Changes

F ] &6 Introduction to Enthalpy
P of Reaction
=a

. 6.7 Bond Enthalples

n 6.8 Enthalpy of Formation

H 6.9 Hess's Law

Progress Check 6
Multiple-cholee: ~20 questions
Freas-response: 2 quastions

» Short

= Short

7.1 Introduction to
Equilibrium

|
|

i—m e aal

7.2 Direction of Reversible
: s Reactions
I

7.2 Reaction Quotient and
Equilibrium Constant

7.4 Calculating the
Equilibrium Constant

7.8 Properties of the
Equilibrium Constant

7.7 Caleulating Equilibrium
Concentrations

7.6 Magnitude of the
Equilibrium Constant
7.8 Representations of
Equilibrium
7.8 Introduction to Le
Chatelier's Principle

-

7.10 Reaction Quotient and
L.e Chatelier's Principle

7.11 Introduction to
Solubility Equilibria

7.12 Common-lon Effect

Progress Check 7

Multiple-choice: ~30 quastions
Free-response: 2 questions

= Short

= Long

8.1 Introduction to Acids
and Bases
- 82 pH and pOH of Strong
Aclds and Bases

8.3 Weak Acid and Base
Equilibria

' 5 Acid-Base Titrations

8.6 Molecular Structure of
Arids and Bases
= 87 pH and pK,
l"u Properties of Buffers
8.9 Henderson-Hasselbalch
Equation
ﬂ_ 8.10 Buffer Capacity
' a.11 pH and Solubility

Progress Check 8

Multiple-cholce: ~30 questions
Frea-responsa: 1 question
= Long

continued on next page
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unry  Thermodynamics

) and

~10-13 5. | 7-9% 5,

H 9.1 Introduction to Entropy

8,2 Absolute Entropy and
Entropy Change

8.4 Gibbs Free Energy and_

Thermodynamic
Favorahility

9.4 Thermodynamic and
Kinetic Control

9.5 Free Energy and
Equilibrium

3 9.6 Free Energy of
; «% Dissolution

9.7 Coupled Reactions

9.8 Galvanic (Voltaic) and
Electrolytic Cells

.9 Cell Potentlal and Free

Energy

8,90 Cell Potentlal
Under Nonstandard
Conditions

8.11 Electrolysis and
Faraday's Law

Progress Check 9

Multiple-cholce: ~30 questlons
Free-response: 2 questions

= Short

s Long

V1 | 20
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Unit
Guid

Introduction

Designed with input from the community of AP Chemistry educators, the
Unit Guides offer teachers helpful guidance in building students’ skills
and content knowledge. The suggested sequence was identified through
a thorough analysis of the syllabi of highly effective AP teachers and the
arganization of typical college textbooks.

This unit structure respects new AP teachers’ time by providing one
possible sequence they can adopt or modify rather than having to build
fram scratch. An additional benefit is that these units enable the AP
Program to provide interested teachers with formative assessments—
the Progress Chechks—that they can assign their students at the end of
each unit to gauge progress toward success on the AP Exam. However,
experienced AP teachers who are satisfied with their current course
organization and exam resulls should feel no pressure to adopt these
units, which comprise an optional sequence for this course.

AP Chemistry Course and Exam Description Coursa Framework V1 | 21
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Using the Unit Guides

UNIT OPENERS

@ [ P [ T yp— Developing Understanding provides an overview that
contextualizes and situates the key content of the unit within
Atomic Structure

the scope of the course.
and Properties

|__—— The essentlal questlions are thought-provoking questions that
motivate students and inspire inguiry.

Building the Science Practices describes specific skills within
the practices that are appropriate to focus on in that unit.
Certain skills have been noted to indicate areas of emphasis for

that unit.
S el A r———— Preparing for the AP Exam provides helpful tips and common
e A il AP R student misunderstandings identified from prior exam data.
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B
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| __— The Unit at a Glance table shows the topics and suggested

:@] Alcmir Simecture and Praperliss skills.

UNIT AT A GLANCE < | —The suggested skill for each topic .shuws ane way to i_mk
/ the content in that topic Lo a specific AP Chemistry skill. The
e Reririn individual skills have been thoughtfully chosen in a way that
T e e allows teachers to scaffold the practices throughout the
e course, The questions on the Progress Checks are based on
Sl ] i - R NS Sy SR i e it g ; .
P —_ this pairing. However, AP Exam questions can pair the content
a4 N ety E v By b i 0
et e it with any of the skills.
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Using the Unit Guides

Abomic Structare and Properties @

SAMPLE INSTRUCTIONAL ACTIVITIES
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AP Chemistry Course and Exam Description

The Sample Instructional Activities page includes optional
activities that can help tie together the content and skill of a
particular topic.

TOPIC PAGES
Asabr Btructuse and Properties ‘T =
TOPIG 1.2 S
Mass Spectra w1 —— Thesuggested skill offers a possible skill to pair with the topic.
of Elements e

/ Where possible, available resources are provided that might

help teachers address a particular topic.

—— Learning objectives define what a student neeads to be able

to do with content knowledge in order to progress toward the
enduring understandings.

R ] " Essential knowledge statements define the required content

knowledge associated with each learning objective assessed on
the AP Exam.

~—Exclusion statements define content or specific details about
content that will not be assessed on the AP Chemistry Exam.
However, such content may be provided as background or
additional information for the concepts and science practices
being assessed.

Course Framework V.1 | 23
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AP CHEMISTRY

UNIT 1

Atomic
Structure and
Properties

0,
AFI 7=9%
AP EXAMWEIGHTING

o ~9-10

CLASS PERIODS
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Remember to go to AP Classroom
to assign students the online
Progress Check for this unit,

Whether assigned as homework or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills.

Progress Check 1

Multiple-choice: ~20 questions
Free-response: 2 questions
= Short

= Short

AP Chamistry Course and Exam Description
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ESSENTIAL
QUESTIONS

How can the samea
element be used in
nuclear fuel rods and
fake diamonds?

How can large quantities
of objects be counted
by weighing?

If atoms are too small

to be observed directhy,
how do we know how
they're structured?

Why does the periedic
table have tha shape
that it does?

L)

UNIT

1 T=9% ,pexamweicHTiNG

"'9-1 0 CLASS PERIODS

Atomic Structure
and Properties

Developing Understanding

This first unit sets the foundation for the course by examining the atomic theory of matter,
the fundamental premise of chemistry. Although atoms represent the foundational level

of chemistry, observations of chemical properties are made on collections of atoms.
Macroscoplc systems involve such large numbers of particles that they require the units of
moles to translate between this and the particulate scale. The organization of the periodic
table reflects the periodicity of element properties as a function of atomic number, The
electronic structure of an atom can be described by an electron configuration that provides
a method for describing the distribution of electrons in an atom or ion. In subseguent units,
students will apply their understanding of atomic structure to models and representations
of chemical phenomena to explain changes and interactions of chemical substances,

Building the
Science Practices
Y Y G G el Y ETI P

In Unit 1, students will practice identifying
companents of commonly used models
and representations to illustrate chemical
phenomena. They will construct models
and representations and explain whether
they are consistent with chemical theories.
Students will also practice translating
between data and various representations
{eg., photoelectron spectroscopy data
and electron configurations). Students
should then be able to use representations
{e.g., PES graphs, electron configurations,
periodic table, drawings) to explain atomic
structure, which is the foundation for all
subsequent units.

Many of the most useful concepts in
chemistry relate to patterns in the behavior
of chemical systems, such as periodic trends
in atomic and molecular properties. In this
unit and all subsequent units, students
should learn to analyze data presented
graphically to identify patterns and
relationships. Once a pattern is identified,

AP Chemistry Course and Exam Description

students should be able to examing evidence
lo determine if it supports the pattern or
hypothesis pertaining to a testable question.

Preparing for the AP Exam

On the AP Exam, students must be able

to justify claims with evidence, This starts
when students can identify the evidence
needed to solve a problem or support a claim
and then connect that evidence to known
chemical theories. However, many students
consistently demonstrate difficulty with

this skill. For example, while students can
memaorize periodic trends, they struggle to
explain the electrostatic interactions within
an atom that produces period trends as

well as exceptions to these trends. Further,
students often have difficulty connecting
periodic trends to the shell model, Coulomb's
law, and elements of quantum theory.

To combat these challenges, teachers

can ensure that students have a strong
foundation in identifying mathematical
relationships or patterns from graphical or
tabular information and that they can explain
how those patterns are consistent with
chemical theories and models.

Course Framework V1 | 27
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UNIT )

1

UNIT AT A GLANCE

Atomic Structure and Properties

Topic Suggested Skill
1.1 Moles and Molar Mass I |dentify an appropriate theary, definition, or mathematical relationship to solve
a problem.
1.2 Mass Specira of Elements X1 Identify information presented graphically Lo solve a problem,
1.3 Elemental Composition of EXN ldentify a testable scientific question based on an cbservation, data, or a
Pure Substances model.
1.4 Composition of Mixtures XN Identify quantities needed to solve a problem from given information (e.g., text,

mathematical expressions, araphs, or tables).

1.5 Atomic Structure and EFN Describe the components of and quantitative information from models and
Electron Configuration representations that illustrate particulate-level properties only.

1.6 Photoelectron &8 Explain whether a model is consistent with chemical theories.
Spectroscopy

1.7 Periodic Trends & Predict andfor explaln chemical properties or phenomena (e.g., of atoms or

maolacules) using given chemical theories, models, and representations.

1.8 Valence Electrons and #& Explain the connection between parficulate-level and macroscopic properties
Ionic Compounds of a substance using models and representations,

m Go to AP Classroom to assign the Progress Check for Unit 1.
Review the results in class to identify and address any student misunderstandings.

AP Chemistry Course and Exam Description Course Framework V.1 | 28
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Atomic Structure and Propertie_s 1

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered o provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activities or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topies in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for more examples of activities and strategies.

Activity Topic

Sample Activity

Think-Pair-Share

Ask students to individually rank three samples in order of increasing number of
particles, increasing mass, and increasing mole amounts (Sample A: 1.0 male of
carbon, Sample B: 18 grams of carbon monoxide, Sample C: 3.0 % 10 molecules of
water). Then have them compare and defend their choices with a partner.

Simulations

Conduct a simulation of a mass spectrometer, using a strong magnet and steel ball
bearings of various massoes, to show students how mass can be usod to separate
particles based on their ability to be manipulated in an electromaanetic field. Present
samples of mass spectra for students to analyze and have them calculate the average
atomic mass of an element. Discuss how mass spectrometry could be used to identify
the presence of an element within a mixture and the isotopic abundance within an
element. Forensic sciance applications and other modern uses of the technology can
be discussed to give relevant context to the concepts.

Think-Pair-Share

Hawve students design an experiment to determine the percent composition of a
mixture of sodium carbonate {inert) and sodium bicarbonate. After carrying oul the
aexpearimant, provide them with a mock student repaort to analyze and critique, Then
hawve them get into pairs and reflect on their particular approach and come up with
additional approaches to this problem.

Explore Representations

Translate PES dala into an electron confliguration andfor predict a PES spectrum
based on an element’s electron configuration or location in the periodic table. Have
students compare their predictions to the actual electron configuration and discuss
discrepancies.

1 1.1
2 1.2
3 1.3
4 1.4

1.5
5 1.6

Process Oriented Guided Inquiry Learning (POGIL)

Given ionization energy data from various elements, guide students through a series
of guestions to help them rationalize the relationship of the charge of the ion to its
position on the periodic table, its electronic structure, and reactivity,

AP Chemistry Course and Exam Description

UNIT
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UNIT v
1 Atomic Structure and Properties

SUGGESTED SKILL TOPIC 1.1

2 Mathematical

Routines
m Moles and
Identify an aFFmpriatﬂ
e | NMoOlar Mass
to solve a problem.

B

AVAILABLE RESOURCES Required Course Content
= AP Chemistry Lab

Manual > Investigation
3: What Makes Hard
Water Hard?

» Classroom Resource » LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

Guided Inquiry [1.1.A 1A

Activities for the i iy ! * - .

Chissriin Lessonl Calculate quantities of a One cannot count particles directly while
substance or its relative performing laboratory work. Thus, there must
number of particles using be a connection between the masses of
dimensional analysis and the substances reacting and the actual number of
mole concept. particles undergoing chemical changes.

1442

Avogadro's number (W W= 6.022 % 10 molY)
provides the connection between the number
of moles in a pure sample of a substance and
the number of constituent particles (or formula
units) of that substance.

REICE]

Expressing the mass of an individual atom

or molecule in atomic mass units {amu) is
useful because the average mass in amu of
one particle {astom or molecule) or formula
unit of a substance will always be numerically
equal to the molar mass of that substance

in grams. Thus, there is a quantitative
connection between the mass of a substance
and the number of particles that the
substance conlains,

EQM: st =m/M

AP Chemistry Course and Exam Description Course Framework V1 | 30
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Atomic Structure and Properties

( UNIT

1

TOPIC 1.2

Mass Spectra
of Elements

Required Course Content

LEARNING OBJECTIVE
LEXY

Explain the quantitative
relationship between the

mass spectrum of an element >
and the masses of the
element's isotopes.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

(1244

The mass spectrum of a sample containing a
single element can be used to determine the
identity of the isotopes of that elerment and the
relative abundance of each isotope in nature.

12.a2

The average atomic mass of an element can
be estimated from the weighted average of

the isotopic masses using the mass of each
isotope and its relative abundance.

Exclusion Statement: Interpreting mass
apecira of samples containing mulliple
elements or peaks arising from species other
than singly charged monatomic fons will not
be asseszed on the AP Exam.

SUGGESTED SKILL

$4 Mathematical
Routines

Identify information
presented graphically to
sobhve a problem.

=

AVAILABLE RESOURCES
= Classroom Resource >
Exploring Atomic
Structure Using
Phaotoelectron
Spectroscopy (FES)
Data

Course Framework V1 | 31
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UNIT
1 Atomic Structure and Properties

SUGGESTED SKILL TOPIC 1 .3

8 Question and
Method

o Elemental

Identify a testable scientific

wmemees | Composition of

@ Pure Substances

AVAILABLE RESOURCES Required Course Content
= AP Chemistry

Lab Manual >
Investigation 3: What
Makes Hard Water

Hard? LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE
= The Exam > 2023 Chief 13.A 13.84]

Reader Report 3 e
Explain the quantitative Some pure substances are composed of
relationship between the individual molecules, while others consist
elemental composition by > of atoms or ions held together in fixed
mass and the empirical proportions as described by a formula unit.
formula of a pure substance. 1543

According to the law of definite proportions,
the ratio of the masses of the constituent
elements in any pure sample of that compound
is always the same.

1.3.A.4

The chemical formula that lists the lowest
whole number ratio of atoms of the elements in
a compound is the empirical formula.

AP Chemistry Course and Exam Description Course Framework V.1 | 32
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:ﬂxtumic Structure and Properties

UNIT

TOPIC 1.4

Composition
of Mixtures

Required Course Content

LEARNING OBJECTIVE
[1.4.4]

Explain the quantitative
relationship between the
elemental compaosition by >
mass and the composition of
substances in a mixture.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

[1.4.84]

Pure substances contain atoms, molecules,
or formula units of a single type. Mixtures
contain atoms, moleculas, or formula units of
twio or more lypes, whose relative proportions
can vary.

1442

Elemental analysis can be used to determine
the relative numbers of atoms in a substance
and to determine its purity.

1 |

SUGGESTED SKILL

% Mathematical
Routines

Identify quantities neadad
to sohve a problem from
given information (e.g.. text,
mathematical expressions,
graphs, or tables).

Course Framework V1 | 33
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SUGGESTED SKILL

8% Models and
Representations

Descripe the componants
of and quantitative
information from models
and representations that
illustrate parliculate-level
propearties anly,

Atomic Structure and Properties

TOPIC 1.5
Atomic Structure and
Electron Configuration

LEARNING OBJECTIVE

| 1,64/

Represent the ground-state
electron configuration of an
atom of an element or its ions
using the Aufbau principle.

AP Chemistry Course and Exam Description

Required Course Content

ESSENTIAL KNOWLEDGE

1.5.A,1)

The atom is composed of negatively charged
electrons and a positively charged nucleus that
is made of protons and neutrons.

[1.5.A.2

Coulomb’s law is used Lo calculate the force
between two charged particles.

EQN: F 9.9

oo
cokemivc rt_r

1543

In atoms and ions, the electrons can be
thought of as being in “shells (energy levels)"
and "subshells (sublevels),” as described by
the ground-state electron configuration. Inner
electrons are called core electrons, and outer
electrons are called valence electrons. The
electron configuration is explained by guantum
mechanics, as delineated in the Aufbau principle
and exemplified in the periodic table of the
elements.

Exclusion Statement: The assignment of

guantum numbers to electrons in subshells of
an atom will not be assessed on the AF Exam,

continied on next page

Course Framework V1 | 34
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Atomic Structure and Properties

LEARNING OBJECTIVE

1.5.4 >
Represent the ground-state
electron configuration of an
atom of an element or its ions
using the Aufbau principle.

AP Chemistry Course and Exam Descriplion

ESSENTIAL KNOWLEDGE

[1.5.4.4

The relative energy required to remove an
electron from different subshells of an atom ar
ion or from the same subshell in different atoms
or ions (ionization energy) can be estimated
through a qualitative application of Coulomb’s
law. This energy is related to the distance from
the nucleus and the effective (shield) charge of
the nucleus.

Course Framework M1 | 35
Return to Table of Contents

B



- UNIT

1

SUGGESTED SKILL
8 Model Analysis

4.8

Explzain whether a model is
consistent with chemical
theories,

B

Atomic Structure and Properties

AVAILABLE RESOURGES

* Classroom Resource >
Exploring Atomic
Structure Using
Photoelectron
Spectroscopy
(PES) Data

* The Exam > 2021 Chiaf
Reader Report

TOPIC 1.6

Photoelectron
Spectroscopy

Required Course Content

LEARNING OBJECTIVE

[16.8

Explain the relationship
between the photoslectron
spectrum of an atom or

ion and:

i. The ground-state electron
configuration of the
specles.

ii. The interactions
between the electrons
and the nucleus.

AP Chemistry Course and Exam Description

ESSENTIALKNOWLEDGE

1.6.4.1

The energies of the electrons in a given

shell can be measured experimentally with
photoelectron spectroscopy (PES). The
position of each peak in the PES spectrum is
related to the energy reguired to remove an
electron from the corresponding subshell,
and the relative height of each peak is (ideally)
prapaortional to the number of electrons in that
subshell.

Course Framework V.1
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Atomic Structu;e and Pm__perties

TOPIC 1.7

Periodic Trends

Required Course Content

LEARNING OBJECTIVE

1.7.A]

Explain the relationship
batween trends in atomic
properties of elements and >
electronic structure
and periodicity.

AP Chamistry Course and Exam Description

ESSENTIALKNOWLEDGE

1.7.A4]

The organization of the perodic table is based on
patterns of recurring properties of the elements,
which are explained by patterns of ground-state
electron configurations and the presence of
completely or partially filled shells {and subshelis)
of electrons in atoms.

Exclugion Statement: Wriling the electron
configuration of elements that are exceptions fo
the aufbou principle will not be assessed on the
AP Exam,

[ra.az|

Trends in atomic properties within the periodic
table (periodicity} can be predicted by the
position of the element on the periodic table
and qualitatively understood using Coulomb’s
law, the shell model, and the concepts of
shielding and effective nuclear charge. These
properties include:

i. lonization energy

ii. Atomic and ionic radil

iii. Electron affinity

iv. Electronegativity.

1.7.A3|

The periodicity (in 1.7.A.2) is useful to predict/

estimate values of properties in the absence
of data.

SUGGESTED SKILL
$8 Model Analysis

4.A

Predict andfor explain
chemical properties or
phenomena (e.g., of atoms
or molecules) using given
chemical theories, models,
and representations.

B

AVAILABLE RESOURCES
= Tha Exam > 2021 Chief
Reader Report

Course Framework V.1 | 37
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UNIT

1

Atomic Structure and Properties

SUGGESTED SKILL
% Model Analysis

4.C

Explain tha connection
between particulate-
level and macroscopic
properties of a substance
using models and
representations.

B

TOPIC 1.8

Valence Electrons and
Ionic Compounds

AVAILABLE RESOURCES
* Classroom Resource >
Ahernative Approaches
to Teachlng Traditional
Topics

Required Course Content

LEARNING OBJECTIVE
[1.8.4]

Explain the relationship
between trends in the

reactivity of elements
and periodicity.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

1.8.A.1
The likelihood that two elements will form

a chemical bond is determined by the
interactions between the valence electrons
and nuclei of elements.

1,8.A,2

Elements in the same column of the periodic
table tend to form analogous compounds.
18.4.3

Typical charges of atoms in ionic compounds
are governed by the number of valence

electrons and predicted by their location on the
periodic table.

Course Framework V.1 | 38
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AP CHEMISTRY

UNIT 2

Compound
Structure and
Properties

0,
AP‘l 7=9%
AP EXAM WEIGHTING

- ~12-13

CLASS PERIODS




Remember to go to AP Classroom
to assign students the online
Progress Check for this unit.

Whether assigned as homework or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills.

Progress Check 2

Multiple-choice: ~15 questions
Free-response: 1 question
= Long

AP Chemistry Course and Exam Description

Course Framework M1 | 40
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UNIT

""1 2"'1 3 CLASS PERIODS

ESSENTIAL

QUESTIONS

= How are molecular
compounds arranged?

= Why are some bonds
easier to break than
othars?

* Inwhatways doesa
diagram drawn on paper
accurately reflect the
structure of a molecule?
Inwhat ways doas it not
accurataly reflect the
structure?

&

p Se g

2 T=9% spexamweicHTinG

Compound Structure
and Properties

Developing Understanding

In Unit 2, students apply their knowledge of atomic structure at the particulate level and
cannect it to the macroscopic properties of a substance. Both the chemical and physical
properties of materials can be explained by the structure and arrangement of atoms, ions,
aor molecules and the forces between them. These forces, called chemical bonds, are
distinct from typical intermolecular interactions. Electronegativity can be used to make
predictions about the type of bonding present between two atoms. In subsequent units,
students will use the periodic table and the atomic properties to predict the type of bonding

present between two atoms based on position,

Building the

Science Practices

ERNER] & [

In this unit, students will lzarn how to
interpret simple graphical representations

of changes in potential energy as two atoms
approach each other lo explain optimal bond
length as well as why bonds may ar may

not occur. Students should also practice
constructing representations and models for
chemical phenomena (e.q., onic and metallic
solids) and using representations to make
claims or predictions. For example, students
can use VSEPR theory to draw Lewis
structures of molecules and predict their
three-dimensional geometry and polarity.

Instead of simply connecting chemical
theories to phenomena accurring at the
atornic level, it is important to provide
explanations across scales. For example,
leachers can ask students to explain the
cannection between electronegativity and
ionization energy with the type of bond
formed and the macroscopic properties
of a particular substance. Students should
also work with several chemical concepts
(Coulomb's law, formal charge, and resonance)
to evaluate the accuracy of a modelin

AP Chemistry Course and Exam Description

representing both the particulate-level
structure and macroscopic observations. In
future units, students will use the practice of
constructing and understanding molecular
representations to make predictions and
claims about interparticle interactions,
intermolecular forces, and their connections
to macroscopic observations.

Preparing for the AP Exam

On the AP Exam, students must be able

to construct Lewis structures and make
predictions or claims based on them.
However, students often struggle to pradict
the correct molecular shape or bond angle
basad on VSEFPR and the use of formal
charge. Mistakes include: using the incorrect
number of valence electrons, violating

the octet rule, or confusing molecular
geometry with bond angles. Teachers can
provide students with multiple apportunities
to practice drawing Lewis electron-dot
diagrams, including resonance structures.
Sludents should also practice predicting and
describing molecular shapes, bond angles,
and polarities from Lewis structures, and
calculating and connecting formal charges in
Lewis structures to the predicted structure
of a molecule.

Course Framework V1 | 41
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Compound Structure and Properties

UNIT AT A GLANCE

Topic Suggested Skill

21 Types of Chemical Bonds XN Make a scientific claim,

2,2 Intramolecular Force and EXN Reprasent chemical phenomena using appropriate graphing technigues,
Potential Energy including correct scale and units,

2.3 Structure of lonic Solids 48 Explain the connection between particulate-level and macroscopic properties

of a substance using models and representations.

2.4 Structure of Metals ‘46 Explain the connection between particulate-level and macroscopic properties
and Alloys of a substance using models and representations.
2.5 Lewis Diagrams EXA Represent chemical substances or phenomena with appropriate diagrams or

models (eq., electron configuration).

2.6 Resonance and I3 Support a claim with evidence from representations or models at the
Formal Charge particulate level, such as the structure of atoms andfor molecules,
2.7 VSEPR and Hybridization 3 Support a claim with evidence from representations or models at the

particulate level, such as the structure of atoms and/for molecules.

&) Go to AP Classroom to assign the Progress Check for Unit 2,
Review the results in class to identify and address any student misunderstandings.

AF Chemistry Course and Exam Description Course Framework V.1 | 42
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Compound Structure and Properties

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered to provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activities or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topics in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for more examples of activities and strategies.

( UNIT

After a review of the graph of potential energy versus internuclear distance ina
hydrogen molecule, have students pair up and doscribe what they believe the graph

Demaonstrate a model of lonle bonding. Put opaque adhesive tape on top of disk
magnets to make "+" and "~ signs. Be sure to affix the tape on opposite sides for
the differing charges (so that opposite ions have opposite magnetic polarity when
arranged on a flat surface). Arrange the lons in an alternating array on the overhead
projector to show the structure of an ionic crystal. Engage students in a discussion
about malleabllity/brittleness, and ask why distorting an ionic crystal causes
shattering. This also introduces Coulombic forces in a visual and memarabla way.
Then have students predict and identify the bonding in binary compounds using

Have students use various sized/icolored paper plates to illustrate a particular type of

alloy {interstitial and/for substitutional). Then have them engage in a gallery walk around

the room to listen to others explain the connection between the structlure of the

Construct varlous VSEPR shapes using balloons to show the three-dimensional

Activity Topic Sample Activity
1 22 Think-Pair-Share
would look like for various other molecules.
2 2.3 Explore Reprasentations
periodic trends.
3 2.4 Manipulatives
different alloys and the properties of each.
4 25 Simulations
26
2.7

arrangement of atoms in various bonding arrangements. Then use a PhET simulation
to help students see the effects of lone pairs and bonding pairs on molecular shape,
Students can wark on this individually after being shown how to use the interface, or
it can be projected and examined as a class. Have students work with the simulation
to addiremove bonds and addfremove lone pairs to determine the most likely three-
dimensional shape and bond angles in a molecula,

AP Chemistry Course and Exam Description

Coursa Framework V.1

| 43
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UNIT )

2

Compound Structure and Properties

SUGGESTED SKILL
% Argumentation

6.

Make a scientific claim.

B

AVAILABLE RESOURCES

= Classroom Resourcea =
Guided Inguiry
Activities for the
Classroom: Lesson 3

= AP Chemistry
Lab Manual =
Investigation 6: What's
In That Bottle?

TOPIC 2.1

Types of

Chemical Bonds

Required Course Content

LEARNING OB.JECTIVE
[2.1.8

Explain the relationship
between the type of bonding
and the properties of Lthe
elements participating in

the bond.

AP Chemistry Course and Exam Deseriplion

ESSENTIAL KNOWLEDGE

[21.A4

Electronegativity values for the representative
elements increase going from left to right
across a period and decrease going down

a group. These trends can be understood
qualitatively through the electronic structure of
the atoms, the shell model, and Coulomb's law.

2.1.A.2

Valence electrons shared between atoms

of similar electronegativity constitute a
nonpolar covalent bond. For example, bonds
between carbon and hydrogen are effectively
nonpaolar even though carbon is slightly more
electronegative than hydrogen.

|2.1.8.3
Valence electrans shared between atoms of

unequal electronegativity constitute a polar
covalent bond.

i. The atom with a higher electranegativity will
develop a partial negative charge relative to
the other atom in the bond.

il. In single bonds, greater differences in
electronegativity lead to greater bond dipoles.

iii. All polar bonds have some ionic characler,
and the difference between lonic and
covalent bonding is not distinct but rather
a continuum,

continued on next page
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Compound Structure and Properties

— ] UNIT

e

LEARNING OBJECTIVE g

2.1.A

Explain the relationship
between the type of bonding
and the properties of the
elements participating in

the bond.

AF Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE
2144

The difference in electronegativity is not the
only factor in determining if a bond should

be designated as ionic or covalent. Generally,
bonds between a metal and nonmetal are
ionic, and bonds between two nonmetals are
covalent. Examination of the properties of a
compound is the best way to characterize the
type of bonding.

[2:1.8.5]

In a metallic solid, the valence electrons
from the metal atoms are considered to be
delocalized and not associated with any
individual atom.

Course Framework V1 | 45
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Compound Structure and Properties

SUGGESTED SKILL

% Representing Data
and Phenomena

Represent chemical
phenomena using
appropriate graphing
techniques, including
correct scale and units.

E

TOPIC 2.2

Intramolecular Force
and Potential Energy

AVAILABLE RESOURCES

= AP Chemistry
Lab Manual =
Investigation 5: Sticky
Question: How Do You
Separate Molecules
That Are Attracted to
One Another?
Classroom Resource =
Ending Misconceptions
About the Energy of
Chemical Bonds
The Exam > 2023 Chief
Reader Report

Required Course Content

LEARNING OBJECTIVE

[2.2.4

Represent the relationship
between polential energy
and distance hetween
atoms, based on factors that
influence the interaction
strength.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

22,41

A graph of potential energy versus the distance
between atoms (internuclear distance) is

a useful representation for describing the
interactions between atoms. Such graphs
illustrate both the equilibrivm bond length

({the separation between atoms al which the
potential energy is lowest) and the bond eneray
{the energy required to separate the atoms).

2.2.A.2

In a covalent bond, the bond length is
influenced by both the size of the atom's core
and the bond order (i.e., single, double, triple).
Bonds with a higher order are shorter and have
larger bond energies.

l22.A3
Coulomb's law can be used to understand the
strength of interactions between cations

and anions.

i. Because the interaction strength is
propartional to the charge on each ion, larger
charges lead to stronger interactions.

ii. Because the interaction strength Increases
as the distance between the centers of the
ions {nuclei) decreases, smaller ions lead to
stronger interactions.

Course Framework V1 | 46
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Compound Structure and Properties

TOPIC 2.3
Structure of
Ionic Solids

Required Course Content

LEARNING OB.JECTIVE ESSENTIAL KNOWLEDGE

[2.3.4] FENR]

Represent an ionic solid with The cations and anions in an ionic crystal are
a particulate model thatis > arranged in a systematic, periodic 3-D array
cansistent with Coulomb's that maximizes the attractive forces among
law and the properties of the cations and anions while minimizing the
canstituent ions. repulsive forces.

Exclusion Statement: Knowledge of specific
crystal structures is nol essential to an
understanding of the leaming objective and will
not be azsezsed on the AF Exam.

AP Chemistry Course and Exam Description

SUGGESTED SKILL
9% Model Analysis

4.C

Explain the connection
hetweaean particulate-level
and macroscopic properties
of a substance using models
and reprasentations.

=

AVAILABLE RESOURCES

» The Exam > 2017 Chief
Reader Report

Course Framework V.1 | 47
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Compound Structure and Properties

< — TOPIC 2.4
I‘;;:Ial'nthewnneclinn StruCture of M etal S

batween particulate-level

and macroscopic properties
of a substance using models and Alloys

and representations.

B

AVAILABLE RESOURCES 3
i Required Course Content

Reader Repart

LEARNING OBJECTIVE ESSENTIALKNOWLEDGE

244 24484/

Represent a metallic Metallic bonding can be represented as an
solid and/or alloy using a > array of positive metal ions surrounded by
model to show essential delocalized valence electrons (ie., a "sea
characteristics of the of electrons”).

structure and interactions YR

resent in the substance. =
P Interstitial alloys form between atoms of

significantly different radil, where the smaller
atoms fill the interstitial spaces between the
larger atoms (e.g., with steel in which carbon

occupies the interstices in Iron).

‘24.A.3

Substitutional alloys form between atoms

of comparable radius, where one atom
substitutes for the other in the |attice. (e.g.. in
certain brass alloys, other elements, usually
zine, substitute for copper)

AP Chemistry Course and Exam Description Course Framework V.1 | 48
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Compound Structure and Properties

UNIT

TOPIC 2.5
Lewis Diagrams

Required Course Content

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

25.4] 2.5.0.1]
Represent a molecule with a Lewis diagrams can be constructed according
Lewis diagram. to an established set of principles.

AP Chamistry Course and Exam Description

2

SUGGESTED SKILL

% Representing Data
and Phenomena

Represent chemical
substances or phenomena
with appropriate diagrams
or models (eq., electron
configuration).

B

AVAILABLE RESOURCES
= Classroom Resource =
Gulded Ingquiry Activities
for the Classroom:
Lesson 3
= The Exam > 2018 Chief
Reader Report

Course Framework V.1 | 48
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UNIT )

Compound Structure and Properties

2

SUGGESTED SKILL
2@ Argumentation

5.C

Support aclaim

with evidence from
reprezentations or models
at the particulate level, such
as the structure of atoms
and/or molecules.

E

AVAILABLE RESOURCES
= Classroom Resource =
Guided Inquiry Activities
for the Classroom:
Lesson 3

TOPIC 2.6

Resonance and
Formal Charge

Required Course Content

LEARNING OBJECTIVE
|2.6.4

Represent a molecule with a
Lewis diagram that accounts
for resonance between
equivalent structures or that
uses formal charge to select
between nonequivalent
structures,

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

2.6.A.1

In cases where more than ene equivalent Lewis
structure can be construcled, resonance
must be included as a refinement to the Lewis
structure. In many such cases, this refinemeant
is needed to provide qualitatively accurate
predictions of molecular structure

and propartias.

12.6.A.2|

The octet rule and formal charge can be used
as criteria for determining which of several
possible valid Lewis diagrams provides the

best model for predicting molecular structure
and properties.

28A3

As with any model, there are limitations to
the use of the Lewis structure model,
particularly in cases with an odd number of
valence electrons.

Course Framework V1 | 50
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Compound Structure and Properties

TOPIC 2.7

VSEPR and
Hybridization

Required Course Content

LEARNING OBJECTIVE

[2.7.4]

Based on the relationship

between Lewis diagrams, >

VSEPR theory, bond orders,

and bond polarities:

i. Explain structural
properties of molecules.

ii. Explain electron properties
of molecules.

AP Chamistry Course and Exam Description

ESSENTIAL KNOWLEDGE

[z7.8]

VSEPR theory uses the Coulombic repulsion
between electrons as a basis for predicting
the arrangement of electron pairs around a
central atormn,

[27.a2]

Both Lewis diagrams and VSEPR theory must
be used for predicting electronic and structural
properties of many covalently bonded
molecules and polyatomic ions, including

the following:

i. Molecular geometry (linear, trigonal planar,
tetrahedral, trigonal pyramidal, bent, trigonal
bipyramidal, seesaw, T-shaped, octahedral,
square pyramidal, square planar)

ii. Bond angles

iii. Relative bond energies based on bond order

iv. Relative bond lengths (multiple bonds,
effects of atomic radius)

v. Presence of a dipole moment

vi. Hybridization of valence arbitals for atoms
within a molecule or polyatomic ion

2.7.A3)

The terms “hybridization” and "hybrid atomic

orbital" are used to describe the arrangement

of electrons around a central atom. When the

central atom is sp hybridized, its ideal bond

angles are 180° for sp” hybridized atoms the

bond angles are 120°% and for sp? hybridized

atoms the bond angles are 109.5%.

continued on next page

SUGGESTED SKILL
% Argumentation

6./

Support a claimwith evidence
from representations or
models at the particulate
lewel, such as the structure
of atoms andfor molecules.

=

AVAILABLE RESOURCES
« Classroom Resource >
Guided Inquiry Activities
for the Classroom:
Lesson 3

Course Framework V1 | 51
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UNIT

2 Compound Structure and Properties

L.T.4

AP Chemistry Course and Exam Description

LEARNING OBJECTIVE

Basaed on the relationship

between Lewis diagrams,

WSEPR theory, bond orders,

and bond polarities;

i. Explain structural
properties of molecules,

ii. Explain electron properties
of molecules,

B

ESSENTIALKNOWLEDGE

Exclusion Statement; An undersionding of the
derivation and depiction of hybrid orbitals will not
be pzsessed on the AP Exam. The course includes
the distinction between sigma and pl bonding, the
use of VSEPR to explain the shapes of molecules,
and the sp, 517, and sp? nomenclalure.

Exciusion Statement; Hybridization involving
o arbitals will not be asseszed on the AP Exam.
When an afom has more than four pairs of
electrons surrounding the central alom, students
are only responsible for the shape of the resulting
madecile

27.84

Bond formation is associated with overlap
between atomic orbitals. In multiple bonds, such
overlap leads to the formation of both sigma
and pi bonds, The overlap is stronger in sigma
than pi bonds, which is reflected in sigma bonds
having greater bond energy than pi bonds. The
presence of a pi bond also prevents the rotation
of the bond and leads to geometric isomers.

Exclusion Statement: Molecular orbital theory is
recommended as a way to provide deeper ingight
info bonding. However, the AP Exam will neither
explicitly assess molecular orbital diograms,
filling af molecular orbilals, nor the distinction
between bonding, nonbonding, and antibonding
arbitals.
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AP CHEMISTRY

UNIT 3

Properties of
Substances
and Mixtures

18-22"%
AP EXAM WEIGHTING

o] ~14-15




Remember to go to AP Classroom
to assign students the online
Progress Check for this unit.

Whether assigned as homework or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills.

Progress Check 3

Multiple-choice: ~30 questions
Free-response: 2 questions
= Short

= Short

AP Chemistry Course and Exam Description
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UNIT

ESSENTIAL
QUESTIONS

* Howdointeractions
between particles
influence the properties
of pure substances and
mixtures?

Why does the smell of
perfume only last fora
short time?

Why can you swim in
water, but you can't walk
through awali?

How does the spacing
and motion of particles
relate to a substance’s
state of matter and the
properties of gases?

How can you determine
the structura and
cancentration of a
chemicalspeciesina
mixture?

e

g <o 4

3 18=22" ,r examweisrmine ‘ ~14=15 cLassrerions

Properties of
Substances and

Mixtures

Developing Understanding

Transformations of matter can be observed in ways that are generally categorized as eithera
chemical or physical change. The shapes of the particles involved and the space hetween them
are key factors in determining the nature of physical changes. The properties of solids, liquids,
and gases reflect the relative orderliness of the arrangement of particles in those states, their
relative freedom of mation, and the nature and strength of the interactions between them. There
is a relationship between the macroscopic properties of solids, liquids, and gases, as well as the
structure of the constituent particles of those materials on the molecular and atomic scale. In
subsequent units, students will explore chemical transformations of matter.

Building the
Science Practices
(26 [20] 26| ac L BT sc s+

This unit requires students to draw upaon
claims made in Unit 2 about molecular
geometry and polarity to support claims
about intermolecular forces betweaen
molecules. Further, students will practice
illustrating such claims by constructing
particle representations of pure solids,
liquids, gases, and solutions.

This unit also requires students to build
proficiency with mathematical reasoning
skills, essential for success in the remainder
of the course. Students should be able to
explain relationships between variables

in an equation (e.g.. the ideal gas law) and
then estimate the approximate value of one
variable within an equation when the value
af another variable changes. Students will
practice these skills when choosing and
implementing experimantal procedures,
making observations, and/or collecting data
to address a question. Students can then
determine the aceuracy and precision of
the data as well as manipulate it with known
mathematical equations to support their
claims (e.g. concentration of a substance,
praperties of substances in a mixture).

AP Chemistry Course and Exam Description

Preparing for
the AP Exam

On the AP Exam (in both the multiple-choice
and the free-response section), students are
required to compare the physical properties
of substances and relate them to the
attractive forces between particles. Students
often struggle with questions that require
them to determine the forces of attraction
that are present between molecules.
Mareover, it can be challenging for them to
determine which forces are most important
in explaining the differences in physical
properties, such as melting points, boiling
points, and vapor pressures of molecules in
the solid andfor liquid state.

Students also confuse the terms
intramolecular and intermaolecular forces,
Another commaon mistake students

make is to simplify their explanations

about governing intermolecular forces

in a substance by using terms such as
“strang” and "weak.” Teachers can ensure
that students can identify an actual
intermolecular force and explain its strength
in relation to other forces at play.

Course Framework V1 | 55
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Properties of Substances and Mixtures

UNIT AT A GLANCE

Topic Suggested Skill
3.1 Intermolecular and 4B Explain the degree to which a model or representation describes the
Interparticle Forces connection betwaen particulate-level properties and macroscopic properties.

3.2 Properties of Solids

4€ Explain the connection between particulate-leval and macroscoplc properties
of a substance using models and representations.

3.3 Solids, Liquids, and Gases

EfA Represent visually the relationship between the structures and interactions
across multiple levels or scales (e.g. particulata to macroscopic).

3.4 Ideal Gas Law

E= Explain the relationship between variables within an equation when one varizble
changes.

4.5 Kinetic Molecular Theory

#4A Predict andfor explain chemical properties or phenomena (e.g., of atoms or
maolecules) using given chemical theories, models, and representations.

3.6 Deviation from
Ideal Gas Law

I Provide reasoning to justify a claim using connections between particulate and
macroscopic scales or levels.

3.7 Solutions and Mixtures

EEA Calculate, estimate, or predict an unknown quantity from known guantities by
selecting and following a logical computational pathway and attending to precision
(e.g.. performing dimensional analysis and attending to significant figures).

3.8 Representations of
Solutions

EfA Represent visually the relatlonship between the structures and interactions
across multiple levels or scales (e.g. particulate to macroscopic),

3.9 Separation of Solutions
and Mixtures

EX |dentify experimental procedures that are aligned to the question {which may
include a sketch of a lab setup).

3.10 Solubility

4m Explain the degree to which a model or representation describas the
connection between particulate-level properties and macroscopic properties.

3.11 Spectroscopy and the
Electromagnetic Spectrum

&K Predict andfor explain chemical properties or phenomeana (e.g., of atoms ar
maolacules) using given chemical theories, models, and representations,

3.12 Properties of Photons

EXdl Calculate, estimate, or predict an unknown quantity from known quantities by
selecting and following a logical computational pathway and attending Lo precision
(e.g., performing dimensional analysis and attending Lo significant figures).

3.13 Beer-Lambert Law

EX3A Identily or describe potential sources of experimental arror,

(&%) Go to AP Classroom to assign the Progress Check for Unit 3.
Review the results in class to identify and address any student misunderstandings.

AP Chemistry Course and Exam Description
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Properties of Substances and Mixtures 3

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered to provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activities or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topics in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for more examples of activities and strategies.

Activity

Topic

Sample Activity

=— UNIT

3.1

Demo with Q&A

Fill a long glass tube halfway with water and then layer ethanol over the top and

fill the tube, leaving ane inch at the top. Hava a student mark the liquid level with a
permanent marker and invert the tbe (with thumb pressed firmly over the top) several
times. A noticeable volume decrease occurs, and students should hypothesize why.
Introduce a model showing the interparticle spacing between athanol malecules and
water molecules. The model takes into account the spacing between molecules and
why volume is not a conserved guantity (unlike mass). Review hydrogen bonding as a

relevant interparticle force for this demonstration.

3.3

Explore Representations

Have students create particle representations for samples of solid, liquid, and
gaseous H,0. Each diagram should contaln 10 molecules, and students should show
how the placement and motion of the particles varies in each phase.

3.7
38

3.9

Explore Representations

Begin by telling students that hexane does not mix with water, but ethanol does. Then
havea them create a particulate representation of each of the mixtures (which illustrate
the interactions between the molecules that allow/disallow the solubility).

Post-Lab Discusslion

After investigating three different dyes using chromatography, have students
determine which of the three dyes is the most polar based on macroscopic
observations and an understanding of the Interactions between the dyes and the
solvent, or between the dyes and the papar. Then have them discuss their answers
{based on evidence) and evaluate the strengths of each other's claims using both the
evidence and understanding of intermolecular forces.

3.13

Predict and Confirm

Have students use a Sep-Pak C18 Cartridge (Flinn Scientific AP8917) to separate Grape
Kool-Aid into its component red and blue dyes. Then have them compare the separated dyes
lo reference solutions of common food dyes using a spectrophotometer and measure the
percent transmittance at 25 nm intervals across the range of 400 nim=750 nm.

AP Chemistry Course and Exam Description
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UNIT

3

Properties of Substances and Mixtures

SUGGESTED SKILL
2@ Model Analysiz

4,D

Explain the degree Lo which
a modal or representation
describes the connection
between particulate-

level properties and
macroscopic propertias.

8

AVAILABLE RESOURCES
= Classroom Resourcea =
Guided Inguiry
Activities for the
Classroom: Lesson 3

* The Exam > 2017 Chiaf
Reader Report

TOPIC 3.1

Intermolecular and
Interparticle Forces

Required Course Content

LEARNING OBJECTIVE
la.1.8)

Explain the relationship
between the chemical
structures of molecules and
the relative strength of their
intermolecular forces when:

i. The molecules are of the
same chemical species.

il. The molecules are of two
different chemical species.

AP Chemistry Course and Exam Descriplion

ESSENTIAL KNOWLEDGE

3144

London dispersion forces are a result of the
Coulombie interactions between temporary,
fluctuating dipoles. London dispersion forces
are often the strongest net intermalecular
force between large molecules.

i. Dispersion forces increase with increasing
contact area between molecules and with
increasing polarizability of the molecules.

ii. The: palarizability of a molecule increases
with an increasing number of electrons in the
molecule and the size of the electron cloud.
Itis enhanced by the presence of pi bonding.

iii. The term "London dispersion forces” should
not be used synonymously with the term
“wan der Waals forces.”

2.1.A2
The dipole moment of a polar molecule

leads to additional interactions with other
chemical species.

i. Dipole-induced dipole interactions are
present between a polar and nonpolar
molecule. These forces are always attractive,
The strength of these forces increases with
the magnitude of the dipole of the polar
molecule and with the polarizability of the
nonpolar molecule,

continued on next page
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Properties of Substances and Mixtures

( UNIT

LEARNING OBJECTIVE

3.1L.A

Explain the relationship

between the chemical

structures of molecules and

the relative strength of their

intermolecular forces when;

I. The molecules are of the
same chemical species.

ii. The molecules are of two
different chemical species.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

ii. Dipole-dipole interactions are present
between polar molecules. The interaction
strength depends on the magnitudes of
the dipoles and thelr relative orientation,
Interactions between polar molecules
are typically greater than those between
nonpolar molecules of comparable size
because these interactions act in addition to
London dispersion forces.

iii. lon-dipole forces of attraction are present
between ions and polar molecules.
These tend to be stronger than dipole-
dipole forces.

The relative strength and orientation
dependence of dipole-dipole and ion-dipole
forces can be understood qualitatively by
considering the sign of the partial charges
responsible for the molecular dipole moment,
and how these partial charges interact with an
ion ar with an adjacent dipale.

aad

Hydrogen bonding is a strong type of
intermolecular interaction that exists when
hydrogen atoms covalently bonded to the
highly electronegative atoms (N, O, and F)

are attracted to the negative end of a dipole
formed by the electronegative atom (N, O,

and F} in a different molecule, or a dilferent part
of the same molecule.

(3148

In large biomolecules, noncovalent interactions
may occur between different molecules

or between different regions of the same

large biomolecule.

Course Framework V1 | 59
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UNIT

3

Properties of Substances and Mixtures

SUGGESTED SKILL
$8 Model Analysis

4.C

Explain the connection
between particulata-
level and macroscopic
properties of a substance
using models and
representations.

Bl

AVAILABLE RESOURCES
= AP Chemistry
Lab Manual =
Investigation 6: What's
in That Bottle?

TOPIC 3.2

Properties

of Solids

Required Course Content

LEARNING OBJECTIVE

|a.2.A

Explain the relationship
among the macroscopic
properties of a substance,
the particulate-level structure
of the substance, and the
interactions between these
particles.

AP Chemistry Course and Exam Dascriplion

ESSENTIAL KNOWLEDGE

320

Many properties of liguids and solids are
determined by the strengths and types of
intermolecular forces present. Because
intermolecular interactions are overcome
completely when a substance vaporizes, the
vapor pressure and boiling point are directly
related to the strength of those interactions,
Melting points also tend to correlate with
interaction strength, but because the
interactions are only rearranged, in melting, the
relations can be more subtle.

3.2.0.2]

Particulate-level representations, showing
multiple interacting chemical species, arc a
useful means to communicate or understand
how intermaolecular interactions help to
establish macroscopic properties.

3243
Due to strong interactions between ions,
ionic solids tend to have low vapor pressures,
high melting points, and high boiling points.
They tend to be brittle due to the repulsion

of like charges caused when one layer slides
across another layer. They conduct electricity
anly when the ions are mobile, as when the
ionic solid is melted (ie. in a molten state) or
dissolved in water or another solvent,

continued on next page
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Properties of Substances and Mixtures

LEARNING OBJECTIVE

3.2.A >

Explain the relationship
among the macroscopic
praoperties of a substance,
the particulate-level structure
of the substance, and the
interactions between these
particles,

AP Chemistry Course and Exam Description

( UNIT

ESSENTIAL KNOWLEDGE

la2.n4|

In covalent network solids, the atoms are
covalently bonded together into a three-
dimensional network (e.q., diamond) or layers
of two-dimensional networks (e.g., graphite).
These are only formed from nonmetals and
metalloids: elemental (e.g., diamond, graphite}
or hinary compounds (e.g., silicon dioxide and
silicon carbide). Due to the strong covalent
interactions, covalent salids have high meilting
points. Three-dimensional network solids are
also rigid and hard, because the covalent bond
angles are fixed. However, graphite is soft
because adjacent layers can slide past each
other relatively easily.

|3.2.4.5]

Molecular solids are composed of distinet,
individual units of covalently-bonded
molecules attracted to each other through
relatively weak intermolecular forces. Molecular
solids generally have a low melting point
because of the relatively weak intermolecular
forces present between the molecules. They
do not conduct electricity because their
valence electrons are tightly held within the
covalent bonds and the lone pairs of each
constituent molecule. Molecular solids are
sometimes composed of very large molecules
or polymers.

EEXY

Metallic solids are good conductors of
electricity and heat, due to the presence of
free valence electrons. They also tend to be
malleable and ductile, due to the ease with
which the metal cores can rearrange their
structure. In an interstitial alloy, Interstitial
atoms tend to make the lattice more rigid,
decreasing malleability and ductility. Alloys
typically retain a sea of mobile electrons and so
remain conducting.

In large biomolecules or polymers, noncovalent
interactions may occur between different
maolecules or between different regions of the
same large biomolecule. The functionality and
properties of such molecules depend strongly
on the shape of the molecule, which is largely
dictated by noncovalent interactions.
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T UNIT )

3

Properties of Substances and Mixtures

SUGGESTED SKILL

% Representing Data
and Phenomena

Represent visually the
relationship between the
structures and interactions
across multiple levels or
scales (eg., particulate to
MACTOSCopic).

B

AVAILABLE RESOURCES
= The Exam > 2017 Chief
Reader Report

TOPIC 3.3
Solids, Liquids,
and Gases

Required Course Content

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

EENY EEVRT

Represent the differences Solids can be crystalline, where the particles
between solid, liquid, and gas are arranged in a regular three-dimensional
phases using a particulate- > structure, or they can be amorphous, where
level model, the particles do not have a regular, arderly
arrangement. In both cases, the motion of the
individual particles is limited, and the particles
do not undergo overall translation with respect
to each other. The structure of the solid is
influenced by interparticle interactions and the
ability of the particles to pack together.

(2.3.a2

The constituent particles in liquids are in

close contact with each other, and they

are continually moving and colliding. The
arrangement and movement of particles are
influenced by the nature and strength of the
forces (e.g., polarity, hydrogen bonding, and
temperature) between the particles.

|33.a3

The solid and liquid phases for a particular
substance typically have similar molar volume
because, in both phases, the constituent
particles are In close contact at all times.
33.44

In the gas phase, the particles are in constant
maotion. Their frequencies of collision and the
average spacing between them are dependent
on temperature, pressure, and volume. Because
of this constant motion, and minimal effects of
forces between particles, a gas has neither a
definite volume nor a definite shape.

Exclusion Statement: Understanding/
interpreting phase diagrams will not be agzessed
on the AP Exam.

AP Chemistry Course and Exam Description Course Framework V1 | 62
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Properties of Substances and Mixtures

TOPIC 3.4

UNIT

3

Ideal Gas Law

Required Course Content

LEARNING OBJECTIVE
344

Explain the relationship
between the macroscopic
properties of a sample of gas >
or mixture of gases using the
ideal gas law.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

[a4.8.1]

The macroscopic properties of ideal gases are
related through the ideal gas law:

EQN: PV = uRT.

[3.4.82

In a sample containing a mixture of ideal gases,
the pressure exerted by each component (the
partial pressure) is independent of the other
components. Therefore, the partial pressure of
a gas within the mixture is proportional to its
mole fraction (X), and the total pressure of the
sample is the sum of the partial pressures.

EQN:P, =P  xX,,

where X, = moles A/total moles;

EOM:P =P AP AP & .

3443

Graphical representations of the relationships

between P, V, T, and # are useful to describe
gas behavior.

SUGGESTED SKILL

8 Mathematical
Routines

Explain the relationship
between variables withinan
equation when one variable
changes.

B

AVAILABLE RESOURCES
= Tha Exam > 2017 Chiaf
Reader Report
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UNIT )

3

SUGGESTED SKILL
$3 Model Analysis

4.A

Predict andfor explain
chemical properties or
phenomena (e.g., of atoms
or molecules) using given
chemical theories, models,
and representations.

TOPIC 3.5
Kinetic Molecular
Theory

Properties of Substances and Mixtures

LEARNING OB.JECTIVE

la.6.A
Explain the relationship
between the molion
of particles and the
macroscopic properties of
aases with:

I. The kinetic molecular

theory (KMT).
ii. & particulate model.

iii. A graphical representation.

AP Chemistry Course and Exam Description

Required Course Content

ESSENTIALKNOWLEDGE

351
The kinetic molecular theory (KMT) relates

the macroscopic properties of gases to
motions of the particles in the gas. The
Maxwell-Boltzmann distribution describes the
distribution of the kinetic energies of particles
at a given temperature.

|8.5.4.2

All the particles in a sample of matter are in
continuous, random motion. The average
kinetic energy of a particle is related to its
average velocity by the equation;

EQN: KE =% m".

3643

The Kelvin temperature of a sample of matter
is proportional to the average kinetic energy of
the particles in the sample.

B.5.A4|

The Maxwell-Boltzmann distribution provides
a graphical representation of the energies/
velocities of particles at a given temperature,

Course Framework V1 | 64
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Properties of Substances and Mixtures

TOPIC 3.6

Deviation from
Ideal Gas Law

Required Course Content

LEARNING OBJECTIVE

(3.6.A

Explain the relationship
amaong non-ideal behaviors

of gases, interparticle forces, >
and/or volumes.

AP Chemistry Course and Exam Deascription

ESSENTIAL KNOWLEDGE

BT

The ideal gas law does not explain the actual
behavior of real gases. Deviations from the
ideal gas law may result from interparticle
attractions amonyg gas malecules, particularly
at conditions that are close to those resulting in
condensation. Deviations may also arise from
particle volumes, particularly at extremely

high pressures.

SUGGESTED SKILL
2@ Argumentation

(6.E

Provide reasoning to justify
a claim using connections
between particulate

and macroscopic scales

or levels.

Bl

AVAILABLE RESOURCES
= The Exam > 2013 Chief
Reader Report
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SUGGESTED SKILL

4 Mathematical
Routines

Calculate, estimate, or
predict an unknown
guantity from known
fuantities by selecting

and following a logical
computational pathway and
attending to precision (e.g.,
performing dimensional
analysis and attending to
significant figuras),

B

AVAILABLE RESOURCES
* AP Chemislry Lab

Manual = investigation
T: Using the Principle
That Each Substance
Has Unique Propertias
to Purify a Mixture: An
Experiment in Applying
Gresn Chemistry in
Purification

Properties of Substances and Mixtures

TOPIC 3.7
Solutions and
Mixtures

Required Course Content

a7.8.2

EQMN: M=n_, /L

AP Chemistry Course and Exam Description

solwte” " solution

Coursa Framework V1

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

la.7.4 |3.7.81

Calculate the number of Solutions, also sometimes called

solute particles, volume, or homogeneous mixtures, can be solids, liquids,
malarity of solutions. > or gases. In a solution, the macroscopic

properties do not vary throughout the sample.
In a heterogeneous mixture, the macroscopic
properties depend on location in the mixture.

Solution composition can be expressedina
variety of ways; molarity is the most common
method used in the laboratary.

| 66
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Properties of Substances and Mixtures

TOPIC 3.8

Representations
of Solutions

Required Course Content

LEARNING OBJECTIVE

324

Using particulate models for

mixtures: >

i. Represent interactions
between components.

il. Represent concentrations
of components.

AP Chamistry Course and Exam Description

ESSENTIAL KNOWLEDGE

3.8..1)

Particulate representations of solutions
communicate the structure and properties

of solutions, by lllustration of the relative
concentrations of the components in the
solution andfor drawings that show interactions
among the componeants.

Exclusion Statement: Colligative properties will
not be assessed on the AP Exam.

Exelusion Statement: Calculations of molality,
percent by mass, and percent by volume for
solutions will not be azgessed on the AP Exam.

SUGGESTED SKILL

% Representing Data
and Phenomena

Represent visually the
relationship between the
structures and interactions
across multiple levels or
scales (e.g., particulate to
macroscopich

8

AVAILABLE RESOURCES
* The Exam = 2021 Chief
Reader Report

Course Framework V1 | 67
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UNIT

3

Properties of Substances and Mixtures

SUGGESTED SKILL

$3 Question and
Method

Identify experimeantal
proceduras that are
aligned to the question
[which may include a
sketch of a lab setup).

=

TOPIC 3.9

Separation of
Solutions and Mixtures

AVAILABLE RESOURCES
* AP Chemistry

Lab Manual =
Investigation 5: Sticky
Question: How Do You
Separate Maolecules
That Ara Attracted to
One Another?

Required Course Content

LEARNING OBJECTIVE
38.A

Explain the results of a
separation experiment

based on intermolecular
interactions.

AP Chemistry Course and Exam Descriplion

ESSENTIAL KNOWLEDGE

(38,401

The components of a liguid solution cannot
be separated by filtration. They can, however,
be separated using processes that take

advantage of differences in the intermolecular
interactions of the components.

I. Chromatography (paper, thin-layer, and
column) separates chemical species by
taking advantage of the differential strength
of intermolecular interactions between and
among the components of the solution
(the mobile phase) and with the surface
companents of the stationary phase. The
resulting chromatogram can be used to infer
the relative polarities of components ina
mixture,

i. Distillation separates chemical species by
taking advantage of the differential strength
of intermolecular interactions between and
among the components and the effects
these interactions have on the vapor
pressures of the components in the mixture.

Course Framework V1 | &8
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Properties of Substances and Mixtures

5 UNIT

3/

TOPIC 3.10

Solubility

Required Course Content

LEARNING OBJECTIVE
3104

Explain the relationship
between the solubility of ionic

and malecular compounds >
inaqueous and nonagueous
solvents, and the
intermolecular interactions
between particles.

AP Chemlstry Course and Exam Description

ESSENTIAL KNOWLEDGE

(310,41

Substances with similar intermolecular
interactions tend to be miscible or soluble in
one another,

SUGGESTED SKILL
&% Model Analysis

4.D

Explain the degree to which
a model or representation
describes the connection
between particulate-

leveal properties and
macroscopic properlies,
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UNIT
) Properties of Substances and Mixtures

—\ 3
SUGGESTED SKILL TOPIC 3.11

2 Model Analysis

e | OpeCtroscopy and

chemical properties or

s | the Electromagnetic

chemical thaories, models,

a;pmmnmﬂms- SpeCtrum

AVAILABLE RESOURCES Required Course Content
= AP Chemistry

Lab Manual =
Investigation 1: What
Is the Relationship

Between the LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE
Concentration of
a Solutlon and the [211.A 31141
Amount of Transmitted Explain the relationship Differences in absorption or emission of
Light Through the between a region of the photons in different spectral regions are
Solution? electromagnetic spectrum > related to the different types of molecular
and the types of molecular motion or electronic transition:
or electronic transitions i. Microwave radiation is associated with
associated with that region. transitions in molecular rotational levels.

ii. Infrared radiation is associated with
transitions in molecular vibrational levels,

iii. Ultraviolet/visible radiation is associated with

| transitions in electronic energy levels.

AP Chemistry Course and Exam Description Course Framework V1 | 70
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Properties of S:ubstances and Mixtures

( UNIT -

TOPIC 3.12

Properties of Photons

Required Course Content

LEARNING OBJECTIVE
[a.12.a]

Explain the properties of

an absorbed or emitted

photon in relationship to an >
glectronic transition in an
atom ar molecule,

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

[3.12.8]

When a photan is absorbed {or emitted) by an
atom or molecule, the energy of the speciesis
increased (or decreased) by an amount equal
to the energy of the photan.

34242

The wavelength of the electromagnetic wave is

related to its frequency and the speed of light
by the equation:

EQN: c= Aw.

The energy of a photon is related to the
frequency of the electromagnetic wave
through Planck’s equation:

EQN: E=hv.

3

SUGGESTED SKILL

% Mathematical
Routines

Calculate, estimate, or
predict an unknown
guantity from Known
guantities by selecting

and following a logical
computational pathway and
alttending to precision (e.q.,
performing dimensional
analysis and attending to
significant figures).
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Properties of Substances and Mixtures

SUGGESTED SKILL TOPIC 3.13

#& Question and
Method

o Beer-Lambert Law

ldentify or describe
polential sources of
expearimeantal error.

B

AVAILABLE RESOURGES 3
g R Required Course Content

Reader Report

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

EXEYY 313.A9

Explain the amount The Beer-Lambert law relates the absorption of
of light absorbed by a light by a solution to three variables according
solution of molecules or > to the equation:

ions in relationship to the st 4
concentration, path length, EQN: A = ebe.
and molar absorptivity. The molar absorptivity, £, describes how
intensely a chemical species absorbs light
of a specific wavelength. The path length, b,
and concentration, ¢, are proportional to the
number of light-absorbing particles in the light
path.

3.13.4.2/

In most experiments the path length and
wavelength of light are held constant, In

such cases, the absorbance is proportional
only to the concentration of absorbing
molecules or ions. The spectrophotometer is
typically set to the wavelength of maximum
absorbance (optimum wavelength) for the
species being analyzed to ensure the maximum
sensitivity of measurement.

AP Chemistry Courze and Exam Description Course Framework V1 | 72
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AP CHEMISTRY

UNIT 4

Chemical
Reactions

AP'l 7-9%
AP EXAM WEIGHTING

lg, ~14=-15

CLASS PERIODS

AP Chemistry Course and Exam Description Course Framewar kvl | 73
Return to Table of Contents



Remember to go to AP Classroom
to assign students the online
Progress Check for this unit.

Whether assigned as homework or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills.

Progress Check 4

Multiple-choice: ~20 questions
Free-response: 1 question
= Long

AP Chemistry Course and Exam Description
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ESSENTIAL

QUESTIONS

= What makes fireworks
explode?

Inwhat ways cana
chemical change
be described and
documented?

How can you predict
that a chemical reaction
will generate enough
product?

>

UNIT

7-9% AP EXAMWEIGHTING

"'1 4-1 5 CLASS PERIODS

4

Chemical Reactions

Developing Understanding

This unit explores chemical transformations of matter by building on the physical
transformations studied in Unit 3. Chemical changes involve the making and breaking of
chemical bonds. Many properties of a chemical system can be understood using the concepts
af varying strengths of chemical bonds and weaker intermolecular interactions. When chemical
changes occur, the new substances formed have properties that are distinguishable from

the initial substance or substances. Chemical reactions are the primary means by which
transformations in matter occur. Chemical equations are a representation of the rearrangement
of atoms that occur during a chemical reaction. In subsequent units, students will explore rates

at which chemical changes occur.,

Building the
Science Practices
(10 |25 | sc]se] es)

In Unit 3, students constructed particulate-
level representations of compounds and
molecules and explained the forces that
come into play when particles interact. In
Unit 4, students will describe and construct
equations of chemical systems and lcarm to
balance those equations. Students shaould
be able to identify and effectively represent
types of reactions (e.g.. acid-base, redox,
precipitation) and then use that knowledoe
to make hypotheses or predictions about
the outcome of a reaction. Additionally,
students should be able to support their
claims about the identity and amount of
product yield through avidence gained with
both experimentation and the principles of
stoichiometry. Further, students should be
able to determine the output of a reaction
when the number of moles of reactants
change or are in limitedfexcess supply. This
practice of effectively representing balanced
chemical equations and using stoichiometry
to calculate outcomes of such reactions is
critical to student success in the remainder
of the course.

AP Chamistry Course and Exam Description

Preparing for
the AP Exam

On the AP Exam, students must be able

Lo demonstrate proficiency in writing and
balancing chemical equations (molecular,
complete, net ionic) and calculating
quantities in multiple contexts using

maore than just 1:1 stoichiometric ratios.
Students often struggle with gquestions that
require them to justify their identification
of a particular type of reaction using an
equation. They also encounter difficulty
with determining the limiting reactant
using stoichiometry. For example, with
stoichiometric calculations, students often
make the mistake of comparing mass

to mass instead of mole to mole when
determining the limiting reactant. Teacher
can ensure that students practice writing
balanced equations (for net lonic and
molecular) and that they develop a strong
understanding of the mole concept and gain
proficiency with dimensional analysis. This
will help them correctly caleulate reguired
quantities using stoichiometric ratios.

Course Framework V1 | 75
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UNIT

4

Chemical Reactions

UNIT AT A GLANCE

Topic

Suggested Skill

4,1 Introduction for Reactions

EXH Formulate a hypothesis or predict the results of an experiment.

4.2 Net Ionic Equations

EEl Determine a balanced chemical equation for a given chemical phenomena,

4.3 Representations of Reactions

EXd Represent chemical substances or phenomena with appropriate diagrams or

models {e.g. electron configuration).

4.4 Physical and Chemical
Changes

Support a claim with evidence from experimental data.

4.5 Stoichiometry

EXal Explain the relationship batween variables within an equation when one
variable changeas,

4.6 Introduction to Titration

EXN Represent chemical phenomena using appropriate graphing techniques,
including correct scale and units,

4,7 Types of Chemical Reactions

EEA Describe the components of and quantitative information from models
and representations that illustrate both particulate-level and macroscopic-level
properties.

4.8 Introduction to Acid-Base
Reactions

EER Describe the components of and quantitative information from models
and representations that illustrate both particulate-level and macroscopic-level
properties.

4.9 Oxidation-Reduction (Redox)
Reactions

E3 Determine a balanced chemical equation for a given chemical phenomena.

(ar]

Go to AP Classroom to assign the Progress Check for Unit 4.
Review the results in class to identify and address any student misunderstandings.

AP Chemistry Course and Exam Description

Course Framework V.1

| 76

Return to Table of Contents



Chemical Reactions

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered to provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activities or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topics in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for more examples of activities and strategies.

Activity  Topic

Sample Activity

Explore Representations
Have students wark through an anline simulation of particulate-level representations
of various single-displacemant reactions. Then have them translate these particle-

level views into net ionic equations.

Have students view a simulated reaction pertaining to a limiting reagent problem. Each
iteration of the simulation provides students with different unknown concentrations of
the reactants from which students calculate the amount of product that is dissolved.
Then have them check their answers upon completion of the simulation.

Ask students Lo connect four different particulate representations with a strong
acid-strong base titration curve between HCI + NaOH. The representations depict
the acid before base has been added, the hall equivalence point of the titration, the
equivalence point of the titration, and some point beyond the equivalence point
{excess base). Have students defend their choices with a partner.

After a review of differant types of chemical reactions (acid-base, redox,
precipitation), give students a series of 10 reactions (both the equation and a short
demao of the reaction taking place). Have them identify what type of reaction is taking
place and justify that claim with evidence. Then have them pair up and evaluate the
strength of cach other's claims.

1 4,2
4.3
2 4.6 Simulatlons
3 4.6 Think-Pair-Share
4 4.7 Critique Reasoning
5 49 Simulations

AP Chemistry Course and Exam Descriplion

After viewing a simulation on metalimetal ion reactions, provide students with several
1 molar solutions and a piece of aluminum and ask them to select a solution that
would react to coat the Al. Students wha select incorrect solutions should go hack
and revisit the simulation.

Course Framework W1
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E— UNIT )

4

Chemical Reactions

SUGGESTED SHILL

4 Question and
Method
28]

Formulate a hypothesis or
predict the resulls of an
experiment.

B

TOPIC 4.1
Introduction
for Reactions

AVAILABLE RESOURCES
* Classroom Resource >
Guided Inquiry
Activities far the
Classroom: Lesson 1

Required Course Content

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

[41.4] 4.1.A.1/

Identify evidence of chemical A physical change occurs when a substance
and physical changes in undergoes a change in properties but not a
matter. change in composition. Changes in the phase

of a substance (solid, liquid, gas) or formation/
separation of mixtures of substances are
common physical changes.

‘4.1.8.2|

A chemical change occurs when substances
are transformed into new substancaes, typically
with different compaositions. Production of
heat or light, formation of a gas. formation

of a precipitate, and/for color change provide
possible evidence that a chemical change

has ocecurred,

AP Chemistry Course and Exam Description Course Framework V1 | 78
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Chemical Reactions

TOPIC 4.2
Net Ionic
Equations

Required Course Content

LEARNING OBJECTIVE

LEYY

Represent changes in matter

with a balanced chemical or

net ionic equation: >

i. Far physical changes.

ii. For given information
about the identity of the
reactants and/for product.

iii. For ions in a given
chemical reaction.

AP Chamistry Course and Exam Description

ESSENTIAL KNOWLEDGE
424
All physical and chemical processes can

be represented symbolically by balanced
equations.

[42.a.2]

Chemical equations represent chemical
changes. These changes are the result

of a rearrangement of atoms into new
combinations; thus, any representation of a
chemical change must contain equal numbers
of atoms of every element before and after the
change occurred. Equations thus demonstrate
that mass and charge are conserved in
chemical reactions.

la2.0.3]

Balanced molecular, complete ionic, and nat
ionic equations are differing symbolic forms
used to represent a chemical reaction. The
form uzed to represent the reaction depends
on the context in which it is to be used.

SUGGESTED SKILL

23\, Mathematical
Routines

Determine a balanced
chemical equation for a

given chemical phenomena,

B

AVAILABLE RESOURCES
= AP Chemistry

Lat Manual >
Invastigation 8: How
Can Wa Determine the
Actual Percentage of
H202 In a Drugstore
Bottle of Hydrogen
Peroxide?

= The Exam > 2023 Chief
Reader Report

Course Framework V1 | 79
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Chemical Reactions

SUGGESTED SKILL

% Representing Dalo
and Phenomena

Represent chemical
subslances or phenomena
with appropriate diagrams
or modals (eq., electron
configuration},

B

TOPIC 4.3
Representations
of Reactions

AVAILABLE RESOURCES
» Classroom Resource >
Guided Inquiry
Activitles for the
Classroom: Lesson 1

= Tha Exam > 2022 Chief
Reader Report

AP Chemistry Course and Exam Descriptian

Required Course Content

LEARNING OBJECTIVE

Represent a given chemical
reaction or physical
process with a consistent
particulate model,

ESSENTIAL KNOWLEDGE

Balanced chemical equations in their various
forms can be translated into symbolic
particulate representations.

Course Framework V.1 | BO
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I(-',‘hemical Reactions

UNIT

4

TOPIC 4.4

Physical and
Chemical Changes

Required Course Content

LEARNING OBJECTIVE

a4

Explain the relationship
between macroscopic
characteristics and bond >
interactions for:

i. Chemical processes.
ii. Physical processes.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

44n1]

Processes that involve the breaking andfor
formation of chemical bonds are typically
classified as chemical processes. Processes
that involve only changes in intermolecular
interactions, such as phase changes, are
typleally classified as physical processes.

|a.4.0.2]

Sometimes physical processes involve the
breaking of chemical bonds. For example,
plausible arguments could be made for
the dissolution of a salt in water, as either
a physical or chemical process, involves
breaking of ionic bands, and the formation
of ion-dipole interactions between ions
and solvent,

SUGGESTED SKILL
% Argumentation

58]

Support aclalm
wilh evidence from
experimental data,

=

AVAILABLE RESOURCES
= AP Chemistry

Lab Manual =
Investigation 9:
Can the Individual
Components of Quick
Ache Rellef Be Usad
to Resolva Consumer
Complaint?

Course Framework V.1 | 81
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UNIT = =
4 f Chemical Reactions

SUGGESTED SKILL TOPIC 4.5

% Mathematical
Routines

7 Stoichiometry

Explain the relationship
betweon variables within
an equation when one
variable changes.

B

AVAILABLE RESOURCES Required Course Content
= AP Chemistry

Lab Manual >
Investigation 7: Using
the Principle That
Each Substance Has LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

Unigue Properties to

Purify a Mixture: An a.5.A '4'5"“"!
Experiment In Applying Explain changes in the Because atoms must be conserved during a
Green Chemistry to amounts of reactants and chemical process, it is possible to calculate
Purification products based on the > produet amounts by using known reactant
balanced reaction equation amounts, or to calculate reactant amounts
for a chemical process, given known product amounts.
4542

Coefficients of balanced chemical

equations contain information regarding the
proportionality of the amounts of substances
involved in the reaction. These values can be
used in chemical calculations involving the
maole concept.

46.A3

Stoichiometric calculations can be combined
with the ideal gas law and calculations involving
maolarity to quantitatively study gases

and solutions.

AP Chemistry Course and Exam Description Course Framework V1 | 82
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Chemical Reactions

UNIT

TOPIC 4.6

Introduction to Titration

LEARNING OBJECTIVE

[a.6.4]
Identify the equivalence

point in a titration based on

the amounts of the titrant
and analyte, assuming
the titration reaction goes
to completion.

AP Chemistry Course and Exam Description

Required Course Content

ESSENTIAL KNOWLEDGE

8.0

Titrations may be used to determine the
amount of an analyte in solution. The titrant has
a known concentration of a species that reacts
specifically and quantitatively with the analyte.
The equivalence paint of the titration occurs
when the analyte is totally consumed by the
reacting species in the titrant. The equivalence
pointis often indicated by a change ina
property {such as color) that occurs when the
equivalence point is reached. This observable
event is called the endpoint of the titration.

SUGGESTED SKILL

% Representing Data
and Phenomena

Represent chemical
phenomena using
appropriate graphing
technigues, including
correct scale and units,

=

AVAILABLE RESOURCES
= AP Chamistry
Lab Manual >
Investigation 4: How
Much Acid Is in Fruit
Julce and Soft Drinks?

= The Exam > 2018 Chief
Reader Report

Course Framework V1 | 83
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UNIT

(4

Chemical Reactions |

SUGGESTED SKILL

% Models and
Representations

Describe the components
of and gquantitative
information from models
and reprezentations that
illustrate both parliculate-
level and macroscoplc-level
properties.

TOPIC 4.7

Types of Chemical

Reactions

Required Course Content

LEARNING OBJECTIVE

|a7.8

Identify a reaction as acid-
base, oxidation-reduction, or
precipitation.

AP Chemistry Course and Exam Description

)

ESSENTIAL KNOWLEDGE

4.7.8.1

Acid-base reactions involve transfer of one
or more protons (H* ions) between chemical
species.

47.A2

Oxidation-reduction {redox) reactions invalve
transfer of one or more electrons between
chemical species, as indicated by changes in
oxidation numbers of the invalved species.
Combustion is an important subclass of
oxidation-reduction reactions, in which a
species reacts with oxygen gas. In the case of
hydrocarbons, carbon dioxide and water are
praducts of complete combustion.

4.7.A.3

In a redox reaction, electrons are transferred
from the species that is oxidized to the species
that is reduced.

Exclusion Statement: The meaning of the ferms
“reducing ngent" and “oxidizing agent” will not
be azsessed on the AF Exam.

a7na
Oxidation numbers may be assigned to each of
the atoms in the reactants and products; this is
often an effective way to identify the oxidized
and reduced species in a redox reaction.

continued on next page

Course Framework V.1 | A4
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Chemical Reactions

UNIT

LEARNING OBJECTIVE

4.7.A
Identify a reaction as acid-
base, oxidation-reduction, or >
precipitation.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

4.7.A.8

Precipitation reactions frequently involve
mixing ions in aqueous solution to produce an

insoluble or sparingly soluble ionic compound.

All sodium, potassium, ammonium, and nitrate
salts are soluble in water.

Exclusion Statement: Rote memorization of
“solubility rules™ other than those implied in
4,7 4.5 will not be agzseszed on the AP Exam.

Course Framework M1 | 85
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UNIT

4

SUGGESTED SKILL

% Models and
Representations

Describe the components
of and quanlilative
information from modsals
and representations that
illustrate both particulate-
level and macroscopic-leve|
properties.

B

AVAILABLE RESOURGES
= Classroom Resource =
Guided Inguiry
Activities for the
Classroom: Lesson 2

Cherﬁical Reactions

TOPIC 4.8

Introduction to
Acid-Base Reactions

Required Course Content

LEARNING OBJECTIVE

lag.a

Identify species as Brensted-
Lowry acids, bases, andfor
conjugate acid-base pairs,
based on proton-transfer
involving those species.

AP Chemlistry Course and Exam Description

b A

ESSENTIALKNOWLEDGE

4881

By definition, a Brensted-Lowry acid is a
proton donor and a Bransted-Lowry baseisa
proton acceptor.

48,42

Only in aqueous solutions, water plays an
important role in many acid-base reactions,
as its molecular structure allows it to accept
protons from and donate protons to
dissolved species.

48.0.3

When an acid or base ionizes in water, the
conjugate acid-base pairs can be Identified and
their relative strengths compared.

Exclusion Statement: Lewis acid-base concepts
will not be asseszed on the AP Exam. The
emphasis in AP Chemistry is on reactions in
agueous saltlion,

Course Framowork V1
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_Chemical Reactions

TOPIC 4.9
Oxidation-Reduction
(Redox) Reactions

Required Course Content

LEARNING OB.JECTIVE ESSENTIAL KNOWLEDGE

[a0.4] [4.9.A1]

Represent a balanced redox Balanced chemical equations for redox
reaction equation using reactions can be constructed from
half-reactions. half-reactions.

AP Chemistry Course and Exam Description

SUGGESTED SKILL

&% Mathematical
Routines

Determing a balanced
chemical equation for a

given chamical phenomena.

Course Framework V.1 | 87
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AP Chemistry Course and Exam Description

AP CHEMISTRY

UNIT 5

Kinetics

=

7-9%

AP EXAM WEIGHTING

2

~13-14

CLASS PERIODS

Course Framework V.1 | 89
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Remember to go to AP Classroom
to assign students the online
Progress Check for this unit.

Whether assigned as homework or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills.

Progress Check 5

Multiple-choice: ~25 questions
Free-response: 2 questions

= Short

= Long

AP Chemistry Course and Exam Description
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UNIT

‘ ~ 3"14 CLASS PERIODS

ESSENTIAL

QUESTIONS

= Why are come reactions
faster than other
reactions?

Why are some
medications taken every
& hours and others once
aday?

= Whyis food storedina
refrigerator, but bread
dough is kept in a warm
place to rise?

How can the spead of a
reaction ba controlled
by understanding the
collisions that occur on
the particle level?

Kinetics

¢2» Developing Understanding

5 7-9% AP EXAM WEIGHTING

Unit 4 focused on chemical changes; in Unit 5 students will develop an understanding of the
rates at which chemical changes occur and the faclors that influence the rates. Those factors
include the concentration of reactants, temperature, catalysts, and other environmental
factors. Chemical changes are represented by chemical reactions, and the rates of chemical
reactions are determined by the details of the molecular collisions. Rates of change in
chemical reactions are observable and measurable. When measuring rates of change,
students are measuring the concentration of reactant or product species as a function of
time. These chemical processes may be observed in a variety of ways and often invalve
changes in energy as well. In subsequent units, students will describe the role of energy in

changes in matter.

Building the
Science Practices

In prior units, students developed their
ability to describe symbaolic and gquantitative
information from representations (e.g.,
Lewis structures, chemical reactions)

that illustrate both the particulate

and macroscopic level of a chemical
phanomenaon, In Unit 5, students will build
an these explanations and representations
by constructing and describing rate laws
consistent with experimental evidence.

To that end, students will collect data

by spectrophotometry and choose an
appropriate mathematical routine to
determine how concentration varies with
time during the course of a reaction. In
addition, students will examine proposed
reaction mechanisms to determing if there
is a match between observed experimental
data and constructed rate law expressions.
Students will learn to identify any
intermediates or catalysts that are included
in the reaction mechanism, as well as the
rate-determining step, and be able to justify

AP Chemistry Course and Exam Description

their claims. To do so, students must learn
to construct and analyze energy profiles
for chemical reactions and identify how
such profiles may change with the addition
of a catalyst.

Preparing for
the AP Exam

On the AP Exam, students must be able to
navigate between experimental data (tabular
or graphed), a given or constructed rate

law, and a proposed mechanism. Students
generally struggle with reading a graph of
reactant concentration versus time and
drawing appropriate conclusions (i.e., order
and rate constant] from the graphed data.
Specifically, students confuse the units of
the graphs with the units represented in the
chemical equation. Teachers can ensure
that students have multiple opportunities

to graph concentration versus time or
concentration versus rate data (using
appropriate increments and units for the
axes). Once students learn how to graph this
data, teachers can help them analyze the
graphs to determine the order of a reaction.

Course Framework V1 | 91
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UNIT

5 Kinetics

UNIT AT A GLANCE

Topic

Suggested Skill

5.1 Reaction Rates

23 Provide reasoning to justify a claim using connections between particulate
and macroscopic scales or levels,

6.2 Introduction to Rate Law

= Explain the relationship betweon variables within an equation when one
variable changes.

5.3 Concentration Changes
Over Time

EEA Identify an appropriate theory, definition,
or mathematical relationship to solve a problem.

5.4 Elementary Reactions

Efd Determine a balanced chemical equation for a given chemical phenomena.

5.5 Collision Model

T3 Provide reasoning to justify a claim using connections between particulate
and macroscopic scales or levels,

5.6 Reaction Energy Profile

EXd Represent chemical substances or phenomena with appropriate diagrams or
models [e.g., electron configuration),

5,7 Introduction to Reaction
Mechanisms

EEd Describe the components of and quantilalive information from models
and representations that illustrate both particulate-level and macroscopic-level
properties.,

5.8 Reaction Mechanism and
Rate Law

N Identify an apprapriate theory, definition, or mathematical relationship to
solve a problem.

5.9 Pre-Equilibrium
Approximation

X Identify an appropriate theory, definition, or mathematical relationship ta
solve a problem.

6.10 Multistep Reaction Energy

Profile

EXJ Represent chemical substances or phenomena with appropriate diagrams or
models (e.g., electron configuration).

5.11 Catalysis

X3 Provide reasoning to justify a claim using connections between particulate
and macroscopic scales or laveals,

7 G0 to AP Classroom to assign the Progress Check for Unit 5.
~  Review the resulls in class to identify and address any student misunderstandings.

AP Chemistry Course and Exam Description
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Kinetics

. . UNIT

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered to provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activities or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topics in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for maore examples of activities and strategies.

Activity Topic

Sample Activity

1 5.1

Post-Lab Discussion

As an introduction to kinetics, have students form small groups to design an
experiment to establish a relationship between the rate and a specific reaction
parameter of Alka-Seltzer tablets in water, Have them select varying temperature,
concentration, mass, or surface area and decide which data to collect. Groups use
whiteboards to present their data and major findings to the rest of the class.

Post-Lab Discussion

Lising a spectrophotometer, have students measure Lhe absorbance of a solution of
green food coloring after bleach has been added. Have them use Excel to prepare
different graphs of the data, such as absorbance vs. time, and 1/{absorbance) vs.
time. Students should use a linear regression analysis to determine the most linear fit,
the order of the reaction, and the effect on the value of k when the concentration of
bleach is increased. Have student groups share and compare their results.

Critique Reasoning

Using a balance and a stopwatch, have students determine the rate order of a burning
birthday candle by preparing graphs in Excel, and use a linear regression analysis to
determine the most linear fit and the value of the rate constant, k. Have students justify
why the rate of mass disappearance of the candle does not change as the candle burns
down. Then have them compare their results with other groups to see if their results ara

consistent,

5.8

Critique Reasoning

Woarking in small groups, have students evaluate the appropriateness of reaction
mechanisms for a given reaction for which the rate law is established. Have groups
share their conclusions with the rest of the class and then discuss why caertain
cholces must be eliminated and why there might be more than one possible
mechanism that is valid. Have classmates provide feedback to the groups on the
validity of their conclusions.

Manipulatives

Give students a blank mullistep reaction eneray profile with a series of labels on the
side, Have them work with a partner to correctly place the labels next to the hlanks
indicated on the profile and then sharefovaluate their diagrams with another pair of

students.

AP Chemistry Course and Exam Description Course Framework V1 | 93
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UNIT

5

Kinetics

SUGGESTED SKILL
% Argumentation

Provide reasoning to justily
a claim using connections
between particulata and
macroscopic scales

or levels.

E

TOPIC 5.1

Reaction Rates

AVAILABLE RESOURCES
= AP Chemistry
Lab Manual =
Investigation 10: How
Long Will That Marble
Statue Last?

= The Exam > 2023 Chief
Reader Report

Required Course Content

LEARNING OBJECTIVE

|6.1.4]

Explain the relationship
between the rate of a
chemical reaction and
expeorimental parameters.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

B 1A

The kinetics of a chemical reaction is defined
as the rate at which an amount of reactants is
converted to products per unit of time.

B1.A2

The rates of change of reactant and
product concentrations are determined
by the stoichiometry in the balanced
chemical equation.

'6.1,A.3

The rate of a reaction is influenced by reactant
concentrations, temperature, surface area,
catalysls, and other environmental factors.

Course Framework V1
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Kinetics

UNIT

TOPIC 5.2

Introduction to Rate Law

Required Course Content

LEARNING OBJECTIVE

[5.2.]

Represent experimental
data with a consistent rate
law expression.

AF Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

LEYE]

Experimental methods can be used to monitor
the amounts of reactants andfor products of a

reaction over time and to determine the rate of
the reaction.

The rate law expresses the rate of a reaction
as proportional to the concentration of each
reactant raised to a power.

5.2.4.3)

The power of each reactant in the rate law

is the order of the reaction with respect to
that reactant. The sum of the powers of the
reactant cancentrations in the rate law is the
overall order of the reaction.

5244

The proportionality constant in the rate law
is called the rate constant. The value of this
constant s temperature dependent and the
units reflect the overall reaction order.
5248

Comparing initial rates of a reaction is a

method to determine the order with respect to
each reactant.

5

SUGGESTED SKILL

®8 Mathematical
Routines

Explain the relationship
betwsen varlablas within
an equation when ona
variabla changes.

B

AVAILABLE RESOURCES

= AP Chemistry
Laby Manual >
Investigation 11: What
Is the Rate Law of tha
Fading of Crystal Violet
Using Beer's Law?

* The Exam > 2017 Chlaf
Reader Report

Course Framework V.1 | 95
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UNIT

5

Kinetics

SUGGESTED SKILL

2@ Mathematical
Routines

Identify an appropriate
theory, definition, or
mathematical relationship
to solve a problem.

B

AVAILABLE RESOURCES
* AP Chamistry
Lab Manusal >
Investigation 11: What
Is the Rata Law of the
Fading of Crystal Violet
Using Beer's Law?

* The Exam > 2022 Chief
Reader Report

TOPIC 5.3

Concentration
Changes Over Time

Required Course Content

LEARNING OBJECTIVE

|5.3.4

Identify the rate law
expression of a chemical
reaction using data that show
how the concentrations of
reaction species change
over time.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

5.3.a.1)

The arder of a reaction can be inferred from a
graph of concentration of reactant versus time,
|5.3.8.2

If a reaction is first order with respectto a
reactant being monitored, a plot of the natural
log {In) of the reactant concentration as a
function of time will be linear.

533

If a reaction is second order with respect

to a reactant being monitored, a plot of the
reciprocal of the concentration of that reactant
versus time will be linear.

5.3.A.4]

The slopes of the concentration versus

time data for zeroth, first, and second order

reactions can be used to determine the rate
constant for the reaction.

Zeroth order:
EQN: [A], - [A], =—kt

First order:
EQN: In[A], — In[A], =kt

Second order:
EQN: I/[A] - l![r’s]°=kr

continued on next page
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ﬁnetics

LEARNING OBJECTIVE g

6.3.A
Identify the rate law
expression of a chemical
reaction using data that show
how the concentrations of
reaction species change
over time.

AP Chamlstry Course and Exam Description

ESSENTIAL KNOWLEDGE
538

Half-life is a critical parameter for first order
reactions because the half-life is constant and
related to the rate constant for the reaction by
the equation:

EQN: t,,, = 0.693/k.
5.3.A.8]

Radioactive decay processes provide an
important illustration of first order kinetics.

Course Framework V1 | 97
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Kinetics

SUGGESTED SKILL
% Mathematioal Toplc 5:4
Routines

o Elementary Reactions

Determing a balanced
chemical equation for a
given chemical phenomena.

Required Course Content

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

XN B4R

Represent an elementary The rate law of an elementary reaction can be
reaction as a rate inferred from the stoichiometry of the particles
law expression using participating in a collision,

stoichiometry. E4.A.2

Elermentary reactions invaolving the
simultaneous collision of three or more
particles are rare.

AP Chemistry Course and Exam Descriplion Course Framework V1 | 98
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Kinetics

TOPIC 5.5

UNIT Y —

Collision Model

Required Course Content

LEARNING OBJECTIVE
s5a

Explain the relationship
between the rate of an

elementary reaction and >
the frequency, energy,
and orientation of
particle collisions,

AP Chamistry Coursa and Exam Description

ESSENTIAL KNOWLEDGE

[s.5.4.1]

For an elementary reaction to successfully
produce products, reactants must successfully
collide to initiate bond-breaking and bond-
making events.

55.A2

In most reactions, only a small fraction of

the collisions leads to a reaction. Successful
collisions have both sufficient energy to
overcome the activation energy requirements
and orientations that allow the bonds to
rearrange in the required manner.

55.A3

The Maxwell-Boltzmann distribution curve
describes the distribution of particle energies;
this distribution can be used to gain a
qualitative estimate of the fraction of collisions
with sufficlent energy to lead to a reaction, and
also how that fraction depends on temperature.

SUGQGESTED SKILL
% Argumentation

(6.

Provide reasoning to justify
a claim using connections
betweaan particulate and
macroscopic scales

ar levals.

Course Framework V1 | 99
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Kinetics

SUGGESTED SKILL TOPIC 5.6

23: Representing Data
and Phenomena

& Reaction Energy Profile

Reprasent chemical
substances or phenomena
with appropriate diagrams
or models {(e.g., electron
configuration).

B

AVAILABLE RESOURCES :
iR Required Course Content

Reader Raport

LEARNING OBJECTIVE ESSENTIALKNOWLEDGE

[s.6. 5641

Represent the activation Elementary reactions typically involve the
energy and overall enargy breaking of some bonds and the forming of
change in an elementary > new ones.

reaction using a reaction 5642

ener rofile,
avp The reaction coordinate is the axis along

which the complex set of motions involved

in rearranging reactants to form products can
be plotted.

6.6.A3

The energy profile gives the enargy along the
reaction coordinate, which typically proceeds
from reactants, through a transition stale, to
products. The energy difference between

the reactants and the transition state is the
aclivation energy for the forward reaction.

|5.6.A.4]

The rate of an elementary reaction is
temperature dependent because the
proportion of particle collisions that are
energetic enough to reach the transition

state varies with temperature. The Arrhenius
equation relates the temperature dependence
of the rate of an elementary reaction to

the activation energy needed by molecular
callisions to reach the transition state.

Exclusion Statement; Calculations involving the
Arrheniug equation will not be asseszed on the
AP Exam.

AP Chamistry Course and Exam Description Course Framework V1 | 100
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Kinetics

UNIT

TOPIC 5.7

Introduction to
Reaction Mechanisms

Required Course Content

LEARNING OBJECTIVE
5.7.A]

Identify the components of a
reaction machanism, >

AP Chemistry Course and Exam Description

ESSENTIALKNOWLEDGE

(6784

A reaction mechanism consists of a series

of elementary reactions, or steps, that ocour
insequence, The companents may include
reactants, intermediates, products, and catalysts.

5:7.42

The elemeantary steps when combined should
align with the overall balanced equation of a
chemical reaction.

[57.A.3]

A reaction intermediate is produced by some
elementary steps and consumed by others, such

that it Is present onby while a reaction is occurring.

[s5.7.A.4

Experimental detection of a reaction
intermediate is a common way to build
evidence in support of one reaction
mechanism ovear an alternative mechanism.

Exclusion Statement: Collection of dala
pertaining to detection of a reaction intermedinte
will not be azsessed an the AP Exam.

SUGGESTED SKILL

% Models and
Representations

Describe the components
of and quantitalive
information from modeals
and representations that
illustrate both particulate-
level and macroscoplc-laval
properties,

Course Framework M1 | 101
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Kinetics

SUGGESTED SHILL

% Mathematical
Routines

Identify an appropriate
theony definition, or
mathematical relationship to
sobve a problem.

=

TOPIC 5.8

Reaction Mechanism
and Rate Law

AVAILABLE RESOURCES
* The Exam > 2022 Chief
Reader Report

Required Course Content

LEARNING OBJECTIVE
|s.B.A

Identify the rate law for a
reaction from a mechanism

in which the first step is
rate limiting.

AP Chemistry Course and Exam Description

ﬁ

ESSENTIAL KNOWLEDGE

BBAa

For reaction mechanizms inwhich each
elementary step is irreversible, or in which the
first step is rate limiting, the rate law of the
reaction is set by the molecularity of the slowest
elementary step (ie. the rate-limiting step).

Exclusion Statement: Collection of data
pertaining to delection of a reaction intermediate
il not be ossessed on the AF Exam.

Course Framework Vi1 | 102
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Kinetics

( UNIT

5

TOPIC 5.9

Pre-Equilibrium
Approximation

Required Course Content

LEARNING OBJECTIVE
|5.8.4]

Identify the rate law for a
reaction from a mechanism

in which the first step is not
rate limiting.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE
[5.8.81]
If the first elementary reaction is not rate limiting,

approximations (such as pre-equilibrium) must be
made to determine a rate law expression.

SUGGESTED SKILL

% Mathematical
Routines

Identify an appropriate
theory, definition, ar
mathematical relationship
to sohve a problem.

8

AVAILABLE RESOURCES
= The Exarn > 2018 Chief
Readear Repaort

Course Framework V1 | 103
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Kinetics

SUGGESTED SKILL
% Representing Data Top‘c 5'1 o
and Phenomena l o t R -
& Multistep Reaction
Represent chemical
substances or phenomena
weerere | Energy Profile
or models (e.g. electron
configuration).
Required Course Content
LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE
|5.10.4| 5.10,A.1
Represent the activation Knowledge of the energetics of each
energy and overall enargy elementary reaction in a mechanism allows
change in a multistep for the construction of an energy profile for a
reaction with a reaction multistep reaction.
energy profile,
AP Chemistry Course and Exam Description Course Framework V.1 | 104
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UNIT

Kinetics

TOPIC 5.11
Catalysis

Required Course Content

LEARNING OBJECTIVE | ESSENTIALKNOWLEDGE

(5:41.4] s11.A]

Explain tha relationship In order for a catalyst to increase the rate of

between the effect of a reaction, the addition of the catalyst must

a catalyst on a reaction > increase the number of effective collisions and/

and changes in the or provide a reaction path with a lower activation

reaction mechanism. energy relative to the original reaction coordinate.
61182

In a reaction mechanism containing a catalyst,
the net concentration of the catalyst is constant.
However, the catalyst will frequently be
consumed in the rate-determining step of the
reaction, only to be regenerated in a subsequent
step in the mechanism,

EA1.A3]

Some catalysts accelerate a reaction by binding to
the reactant(s). The reactants are either orented
more favorably or react with lower activation
energy. Thera is often a new reaction intermediate
inwhich the catalyst is bound to the reactant(s).
Many enzymes function in this manner.

[511.8.4

Some catalysts involve covalent bonding
between the catalyst and the reactant|s). An
example is acid-hase catalysis, inwhich a
reactant or intermediate either gains or loses
a proton. This introduces a new reaction
intermediate and new elementary reactions
invalving that intermediate.

s.11.A.8]

In surface catalysis, a reactant or intermediate
binds to, or forms a covalent bond with,
the surface. This introduces elementary

reactions involving these new bound
reaction intermediate(s).

AP Chamistry Course and Exam Description

S

SUGGESTED SKILL
% Argumentation

Provida reasoning to justify
a claim using connections
between particulate

and macroscopic

scales or levels.

B

AVAILABLE RESOURCES
s The Exam > 2021 Chief
Reader Report

Course Framework V.1 | 105
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AP Chamistry Course and Exam Description

AP CHEMISTRY

UNIT 6

Thermochemistry

o
AP EXAM WEIGHTING

B o
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Remember to go to AP Classroom
to assign students the online
Progress Check for this unit.

Whether assigned as homewaork or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills,

Progress Check 6

Multiple-choice: ~20 questions
Free-response: 2 questions
= Shaort

= Short

AP Chemistry Course and Exam Description

Course Framework V1 | 108
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( UNIT

) 7=9% spexamweichting

""1 0-1 1 CLASS PERIODS

ESSENTIAL
QUESTIONS

Why is energy released
when liquid water
becomes an ice cube?

Why does your skin
feal cold when water
evaporates off of it?

How does a thermal
energy transfer affect
temperature, states of
matter, and chamical
bonds?

How can enargy
changes be tracked and
measured when energy
can't be seen?

Why do combustion

reactions that form
carbon dioxide release

energy?

€3

B

Thermochemistry

Developing Understanding

The laws of thermodynamics describe the essential role of energy and explain and predict the
direction of changes in matter. The availability or disposition of energy plays a role in virtually
all observed chemical processes. Thermochemistry provides tools for understanding this key
role, particularly the conservation of energy, including energy transfer in the forms of heat and
work. Chemical bonding is central to chemistry. A key concept to know is that the breaking of a
chemical bond inherently requires an energy input, and because bond formation is the reverse
process, it will release enargy. In subsequent units, the application of thermodynamics will

determine the favorability of a reaction occurring.

Building the
Science Practices
sr |60 [ 5|

The ability to link atomic- and particulate-
level phenomena and models to
macroscopic phenomena is central to

the study of chemistry. In previous units,
students used representations, equations,
and reasoning to demonstrate this ability. In
Unit &, students will develop justifications for
claims made about the direction of thermal
enargy transfer of a system in relation

toits surroundings when a lemperature
change, physical change, or a chemical
reaction occurs. Students will construct
representations of energy using appropriate
diagrams with arrows showing the direction
of energy transfer between the system

and the surroundings. They will continue

to develop their explanations of chemical
phenomena by explaining how the change in
energy of a system is balanced by transfer of
energy by either heat or work into or out of
the system.

AP Chemistry Course and Exam Description

Preparing for
the AP Exam

On the AP Exam, students must be able

to translate between a balanced chemical
reaction and a calculation invalving the
energies of bands broken and bonds formed
within the reaction. In addition, students will
be required to analyze calorimetry data and
apply mathematical routines to calculate or
estimate the heat transferred and the overall
enthalpy of a reaction. In a guestion that asks
students to apply mathematical routines to
estimate or calculate the overall enthalpy
of a reaction, students often struggle to
determine the number of bonds that were
broken and made in the reaction. Teachers
can ensure that students are able to identify
the bonds broken and formed in the reaction
and use the enthalpies for such to determine
the overall enthalpy for the reaction, in
addition to their ability to represent a
chemical reaction with its associated
equation.

Course Framework V1 | 109
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- UNIT )

6

Thermochemistry

UNIT AT A GLANCE

Topic

Suggested Skill

6.1 Endothermic and
Exothermic Processes

X Provide reasoning to justify a clalm using chemical principles or laws, or using
mathematical justification.

6.2 Energy Diagrams

EEN Represent chamical phenomena using appropriate graphing techniques,
including correct scale and units.

6.3 Heat Transfer and Thermal
Equilibrium

I3 Provide reasoning to justify a claim using connections between particulate and
macroscopic scales or levels.

6.4 Heat Capacity and
Calorimetry

EX1 Make observations or collect data from representations of laboratory setups or
results, while attending to precision where appropriate,

6.5 Energy of Phase Changes

EEd Describe the components of and quantitative information from models
and representations that illustrate both particulate-level and macroscopic-level
properties.

6.6 Introduction to Enthalpy of
Reaction

EfA Calculate, estimate, or predict an unknown quantity from known quantities by
selecting and following a logical computational pathway and attending to precision
ie.g., parforming dimensional analysis and attending to significant figures).

6.7 Bond Enthalpies

A Calculate, estimate, or predict an unknown gquantity from known quantities by
selecting and following a logical computational pathway and attending to precision
{e.g., performing dimensional analysis and attending to significant figures).

6.8 Enthalpy of Formation

EE Calculate, estimate, or predict an unknown guantity from known quantities by
selecting and following a logical computational pathway and attending to precision
[e.g., performing dimensional analysis and attending to significant figuras).

6.9 Hess's Law

EXN Identify quantities needed to salve a problam from given information (e.g. text,
mathematical exprassions, graphs, or tables).

m Go to AP Classroom fo assign the Progress Check for Unit 6.
Review the results in class to identify and address any student misunderstandings.

AP Chemistry Course and Exam Description

Course Framework V1 | 110
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. UNIT

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered to provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activilies or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topics in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for more examples of activities and strategies.

Activity Topic

Sample Activity

1 6.1
6.2

Think-Pair-Share
Have student pairs generate a list of exotharmic and endothermic processes that
occur in their everyday life. Have them share their lists with other pairs to determine
if they have cormectly identified these common processes in terms of endo- or
exothermicity.

2 6.3

Demo with Q&A

After working a few practice problems in groups with the g = mcA'T equation,
demaonstrate that heating 40 g of copper pellets to 80°C and placing them inta 4( g of
20°C water does not result in 50°C as a final temperature. Have students reason why
and then record the final temperature of the copperfwatar mixture, Then have them
calculate the specific heat capacity of copper and compare it to published values, As
a class discussion, account for deviations from the expected results.

Process Orlented Guided Inguiry Learning (POGIL)

Have students wet one finger with water and keep one finger dry then wave them in

the air lo see which feels cooler. Have them respond to a series of guided guestions
about the energy transfers involved in the evaporation process. Next, two beakers are
heated side by side on a hot plate. Heating a beaker with 100 g of water on the same hot
plate alongside a beaker with 100 g of 1-propanal results in very different changes in
temperatura, Through guided inguiry, students derive the concept of specific heat, As

a class, compare whether the two liquids have been treated “fairy” and the concept of
maolar heat capacily Is established and compared to specific heat capacity.

6.8

Think-Pair-Share

Have pairs of students examine tables of average bond enthalpy and establish
patterns with regard to bond ordar, atomic radius, and bond length. Similar patterns
are examined for the standard enthalpies of formation. Have student pairs work
through several practice problems using bond energies and enthalpies of formation to
determine the enthalpy of a chemical reaction and compare their calculations.,

5 6.9

Post-Lab Discussion

Have students apply Hess's law by reacting magnesium metal and magnesium oxide
with hydrochloric acid to determine the enthalpy change of the following reaction:
Mg + 0, —» Mg0. Then have them evaluate their results and discuss sources of error,

AP Chemistry Course and Exam Description Course Framework M1 | 111
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UNIT )

Thermochemistry

SUGGESTED SKILL
% Argumentalion

Pronvicle reasoning to justify
a clalm using chemical
principles or laws, or using
mathematical justification.

TOPIC 6.1

Endothermic and
Exothermic Processes

Required Course Content

LEARNING OBJECTIVE

|B.1.A

Explain the relationship
between experimental
observations and energy
changes associated with
a chemical or physical
transformation.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

61,81

Temperature changes in a system indicate
energy changes.

161,42
Energy changes in a system can be described
as endothermic and exothermic processes

such as the heating or cooling of a substance,
phase changes. or chemical transformations.

|6.1.8.3|

When a chemical reaction occurs, the energy
of the system either decreases (exothermic
reaction), increases ([endolhermic reaction), or
remains the same. For exothermic reactions,
the eneragy lost by the reacting species
(system) is gained by the surroundings, as
heat transfer from or work done by the system.
Likewise, for endothermic reactions, the
system gains energy from the surroundings by
heat transfer to or work done on the system.

|6.1,4.4

The formation of a solution may be an
exothermic or endothermic process,
depending on the relative strengths of
intermolecularfinterparticle interactions before
and after the dissolution process,

Course Framework V1 |
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Thermochemistry

( UNIT

TOPIC 6.2
Energy Diagrams

Required Course Content

LEARNING OB.JECTIVE ESSENTIALKNOWLEDGE

62.4] CEXE]
Represent a chemical or A physical or chemical process can be
physical transformation with described with an energy diagram that shows
an enargy diagram. the endothermic or exothermic nature of

that process.

AP Chemistry Course and Exam Description

6

SUGGESTED SKILL

2@ Representing Data
and Phenomena

Represant chemical
phanomena using
appropriate graphing
techniques, including
correct scale and units,

Course Framework V1 | 113
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SUGGESTED SKILL
% Argumentation

(5]

Provide reasoning to justify
a clalm using connections
between particulate and
macrescopic scales or
leveks.

Thermochemistry

TOPIC 6.3

Heat Transfer and
Thermal Equilibrium

LEARNING OBJECTIVE
6.3.4]

Explain the relationship
between the transfer

of thermal energy and
molecular collisions.

AP Chemistry Course and Exam Description

Required Course Content

ESSENTIAL KNOWLEDGE

EAAT

The particles in a warmer body have a greater
average kinetic energy than thoseina

cooler body.

6a.a2

Collisions between particles in thermal
contact can result in the transfer of energy.
This process is called "heat transfer.” “heat
exchange,” ar "transfer of energy as heat."

6.3.A.3
Eventually, thermal equilibrium is reached as
the particles continue to collide. At thermal
equilibrium, the average kinetic energy of
both bodies is the same, and hence, their
temperatures are the same,

Course Framework V.1 | 114
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Thermochemistry

TOPIC 6.4

Heat Capacity
and Calorimetry

LEARNING OBJECTIVE

64.4|

Calculate the heat g
absorbed or released by a
system undergoing heating/
cooling based on the amount
of the substance, the heat

Required Course Content

ESSENTIAL KNOWLEDGE

a.ma]

The heating of a cool body by a warmer body is
an impartant form of energy transfer betwean
two systems. The amount of heat transferred
belween two bodies may be quantified by the
heat transfer equation;

capacity, and the change o =
in temperature. EQN:q=meAL
Calarimetry experiments are used to measure
the transfer of heat.

[6.4.8.2]

The first law of thermodynamics states

that energy is conserved in chemical and
physical processes.

6.4.A3

The transfer of a given amount of thermal
energy will not produce the same temperature
change in equal masses of matter with differing
specific heat capacities.

64444

Heating a system increases the energy of the
system, while cooling a system decreases the
energy of the system.

l64.0.5

The specific heat capacity of a substance

and the molar heat capacity are both used in
energy calculations.

continued on next page

AP Chemlistry Course and Exam Descriplion

UNIT

SUGGESTED SKILL

2 Question and
Method
2.0}

Maki cbservations

or collect data from
representations of
laboratory setups or results,
while attending to precisicn
where appropriate.

B

AVAILABLE RESOURCES
* AP Chemistry Lab
Manual > Investigation
12: The Hand Warmer
Challenge: Where
Does the Heat Come
From?

=« The Exam > 2021 Chiaf
Reader Report

Course Framework V1 | 115
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UNIT

6 Thermochemistry
LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE
6.4 6.4.A8
Calculate the heal g Chemical systems change their energy through
absorbed or released by a > three main processes: heating/cooling, phase
system undergoing heating/ transitions, and chemical reactions.

coaling based on the amount
of the substance, the heat
capacity, and the change

in temperature.

6487

In calorimetry experiments Involving
dissolution, temperature changes of the
mixture within the calorimeter can be used to
determine the direction of energy flow. If the
temperature of the mixture increases, thermal
energy is released by the dissolution process
{exothermic). If the temperature of the mixture
decreases, thermal energy is absorbed by the
dissolution process (endothermic).

AP Chemistry Course and Exam Description Course Framework V1 | 116
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Thermochemistry

( UNIT

TOPIC 6.5

Energy of Phase

Changes

Required Course Content

LEARNING OBJECTIVE

|8.5.A]

Explain changes in the heat
g absorbed or released by a
system undergoing a phase >
transition based on the
amount of the substance in
moles and the molar enthalpy
of the phase transition.

AP Chemistry Course and Exam Descriplion

ESSENTIAL KNOWLEDGE

le.5.A.

Energy must be transferred to a system to
cause a substance to melt {or boll). The energy
of the system therefore increases as the
system undergoes a solid-to-liquid (or liquid-
to-gas) phase transition. Likewise, a system

releases energy when it freezes (or condenses).

The energy of the system decreases as the
system undergoes a liquid-to-solid {or gas-
to-liquid) phase transition. The temperature of
a pure substance remains constant during a
phase change.

6:5.A.2]

The energy absorbed during a phase change
iz equal to the energy released during a
complementary phase change in the opposite
direction. For example, the molar enthalpy of
condensation of a substance is equal to the
negative of its molar enthalpy of vaporization.
Similarly, the molar enthalpy of fusion can be
used to calculate the energy absorbed when
melting a substance and the energy released
when freezing a substance.

6

SUGGESTED SKILL

% Models and
Representations

Describe the components
of and gquanfitative
infarmation from models
and representations that
illustrate both particulate-
level and macroscople-lavel
propearties,

B

AVAILABLE RESOURCES

* AP Chemistry Lab
Manual > Investigation
12: The Hand Warmer
Challenge: Where Does
the Heat Come From?

* The Exam = 2022 Chief
Reader Report

Course Framework V1 | 117
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UNIT )

6

Thermochemistry

SUGGESTED SKILL
% Model Analysis

Calculate, estimate, or
predict an unknown
quantity from known
quantities by selecting

and following a logical
computational pathway and
altending to precision (e.g.
performing dimensional
analysls and attending to
significant figures).

B

TOPIC 6.6

Introduction to
Enthalpy of Reaction

AVAILABLE RESOURCES
= AP Chemistry Lab
Manual > Investigation
12: The Hand Warmear
Challenge: Whera
Does the Heat Come
Fram?

* The Exam > 2021 Chief
Reader Report

Required Course Content

LEARNING OBJECTIVE

ls6.al

Caleulate the heat g
absorbed or released

by a system undergoing
achemical reactionin
relationship to the amount

of the reacting substance in
moles and the molar enthalpy
of reaction.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

6.6.A.1|

The enthalpy change of a reaction gives the
amount of heat energy released (for negative
values) or absorbed (for positive values) by a
chemical reaction at constant pressure.
6.6.A.2)

When the products of a reaction are at a
different temperature than their surroundings,
they exchange energy with the surroundings
to reach thermal equilibrium. Thermal energy
is transferred to the surroundings as the
reactants convert to products in an exothermic
reaction. Thermal energy is transferred fram
the surroundings as the reactants convert to
products in an endothermic reaction.

8,843

The chemical potential energy of the products
of a reaction is different from that of the
reactants because of the breaking and forming
of bonds. The energy difference results ina
change in the kinetic energy of the particles,
which manifests as a temperature change.

Exclusion Statement: The technical distinctions
between enthalpy and internal energy will not

be azsessed on the AP Exam. Most reactions
sfudied at the AP level are carvied out at constant
pressure, where the enthalpy change of the
process is equal to the heal {and by extension, the
energy) of reaction,

Course Framewaork V1 |
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Thermochemistry

TOPIC 6.7

Bond Enthalpies

Required Course Content

LEARNING OBJECTIVE
6.7.4]

Calculate the enthalpy

change of a reaction based g
on the average bond

energies of bonds broken
and formed in the reaction.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

7.8

During a chemical reaction, bonds are broken
andfor formed, and these events change the
potential energy of the system.

|6.7.8.2]

The average energy required to break all of
the bonds in the reactant molecules can be
estimated by adding up the average bond
energies of all the bonds in the reactant
molecules. Likewise, the average energy
released in forming the bonds in the product
malecules can be estimated. If the energy
released is greater than the energy required,
the reaction is exothermic. If the energy
required is greater than the energy released,
the reaction is endothermic.

UNIT

SUGGESTED SHILL

2 Mathematical
Routines

Calculate, estimate, or
predict an unknown guantity
from known guantities by
selacting and following

a logical computational
pathway and attending to
pracision {e.g. performing
dimensional analysis and
attending to significant
figurcs).

Course Framework V1 | 118
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- UNIT

6

Thermochemistry

SUGGESTED SKILL

8 Mathematical
Routines

Calculate, estimata, or
predict an unknown
fuantity from known
quantities by selecting

and fullowing a logical
compulational pathway and
attending to precision eg.,
performing dimensional
analysis and attending to
significant figuras),

TOPIC 6.8

Enthalpy of Formation

Required Course Content

LEARNING OBJECTIVE

B.8.A

Calculate the enthalpy
change for a chemical or
physical process based on
the standard enthalpies of
formation.

AP Chemistry Course and Exam Description

EQN: AFP,__, =TAl

ESSENTIAL KNOWLEDGE

Tables of standard enthalpies of formation can
be used to calculate the standard enthalpies of

ZAH®

¥ pweducts J mactants

Course Framawork V1 | 120
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Thermochemistry

( UNIT

6

TOPIC 6.9

Hess’s Law

Required Course Content

LEARNING OBJECTIVE

LEXY

Represent a chemical

or physical process as a >
sequence of steps.

Explain the relationship >
between the enthalpy of a
chemical or physical process
and the sum of the enthalpies
of the individual steps.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

|6.2.801]

Many processes can be broken down into a
series of steps. Each step in the series has its
own energy change.

6.9.8.1)

Because total energy is conserved (first law of

thermodynamics), and each individual reaction

in a sequence transfers thermal energy to or

from the surroundings, the net thermal energy

transferred in the sequence will be equal to the

sum of the thermal energy transfers in each of

the steps. These thermal energy transfers are

the result of potential energy changes among

the species in the reaction sequence; thus,

at constant pressure, the enthalpy change of

the overall process Is equal to the sum of the

enthalpy changes of the individual steps.

lsom2

The following are essential principles of Hess's

law:

i. When a reaction is reversed, the enthalpy

change stays constant in magnitude but
becomes reversed in mathematical sign.

ii. When a reaction is multiplied by a factor
¢, the enthalpy change is multiplied by the
same factor c.

iii. When two (or more) reactions are added
to obtain an overall reaction, the individual
enthalpy changes of each reaction are
added to obtain the net enthalpy change of
the overall reaction.

Exclusion Statement: The concept of state
Surclions will not be asgessed on the AP Exam.

SUGGESTED SKILL

2@ Mathematical
Routines

Identify quantities needed
to sohe a prablem from
given information (eg., text,
mathematical expressions,
graphs, or tables).

=

AVAILABLE RESOURCES
* The Exam > 2023 Chief
Reader Report

Course Framework V1 | 121

Return to Table of Contents

T T T N S A A

e S S

e T S T

\



THIS PAGE [5 INTENTIONALLY LEFT BLANK.



AP CHEMISTRY

UNIT 7
Equilibrium

AP‘l 7=9%
AP EXAMWEIGHTING

|9_, ~13-15

CLASS PERIODS

Course Framework V1 | 123

AP Chemistry Course and Exam Description
Return ta Table of Contents



Remember to go to AP Classroom
to assign students the online
Progress Check for this unit.

Whether assigned as homework or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills.

Progress Check 7

Multiple-choice: ~30 questions
Free-response: 2 questions
= Short

= Long

AP Chemistry Course and Exam Description

Course Framework Vi1 | 124
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ESSENTIAL
QUESTIONS

How are the rates of
forward and reversa
reactions related to

the direction that a
reversible reaction
proceads?

How can the
composition of a
mixture at equilibrium be
predicted?

How can an equilibrium
system be manipulatad
to maximize product
yiald?

Why do paramedics
administer pure oxygen
to people with carbon
monoxide polsoning?
What factors influence
tha degree to which a
salt will dissolve?

UNIT

7 7-9% AP EXAM WEIGHTING

Equilibrium

¢2> Developing Understanding

Chemical equilibrium is a dynamic state in which opposing processes oceur at the same rate.
In this unit, students leam that any bond or intermolecular altraction that can be formed can be
biroken. These two processes are in a dynamic competition, sensitive to initial conditions and
external perturbations. A change in conditions, such as addition of a chemical species, change
in temperature, or change in volume, can cause the rate of the forward and reverse reactions

to fall out of balance. Le Chatelier's principle provides a means to reason qualitatively about

the direction of the shift in an equilibrium system resulting from various possible stresses.

The expression for the equilibrivm constant, K, s a mathematical expression that describes

the equilibrium state associated with a chemical change. An analogous expression for the
reaction quotient, (), describes a chemical reaction at any point, enabling a comparison to the
equilibrium state. The dissolution of a solid in a solvent can also be understood by applying the
principles of chemical equilibrium because it is a reversible reaction. The relationships between
salt solubility, pH, and free energy will be encountered in subsequent units. Subsequent units will
also explore equilibrium constants that arise from acid-base chemistry.

Building the
Science Practices
20] 25 [3.42.c ECY a0 ] 65}

Building on practices from earlier units
where students translated between
representations of chemical systems, they
will now construct equilibrium expressions
from reaction equations. Students should
also illustrate the dynamic nature of the
chemical reaction through particulate-

level representations, portraying both the
forward and reverse rates of the reaction
equations. They will construct and describe
graphs that represent a chemical system

in equilibrium and connect them to their
particulate-level representations and
equilibrium expressions. In conjunction with
their constructed equilibrium expressions,
students will practice using experimental
data to calculate the reaction quotient ()
and equilibrium constant (K for a reaction.
Using Le Chatelier's principle, they will also
support claims made about the dominant
direction of a reaction once stresses like
changes in concentration, pressure, volume,
or temperature are introduced.

AP Chemistry Course and Exam Description

Preparing for
the AP Exam

On the AP Exam, students must be able to
connect what is happening at the molecular
level to a model for a system at equilibrium.
For example, when students are asked to
connect the value of the equilibrium constant
{K} from the equilibrium expression to the
dominant direction of the reaction, they
struggle to connect the value of a large

K to a reaction proceeding essentially to
completion. This lack of connection leads
students to use ineffective mathematical
routines and then incorrectly calculate the
concentration of the product in solution.

To help students avoid this type of
misunderstanding, teachers can ensure that
students connect the value of the equilibrium
constant to the experimental data or
observations provided. Additionally, teachers
can help students visualize the effects of a
large or small equilibrium constant on the
concentrations of all species in equilibrium.

Course Framework V1 | 125
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UNIT )

(7

Equilibrium

UNIT AT A GLANCE

Topic

Suggested Skill

7.1 Introduction to Equilibrium

X0 Provide reasoning to justify a claim using chemical principles or laws, or using
mathematical justification,

7.2 Direction of Reversible
Reactions

4D Explain the degree to which a model or representation describes the
connection
between particulate-level properties and macroscopic properties,

7.3 Reaction Quotient and
Equilibrium Constant

EXN Represent chemical phenomena using appropriate graphing technigques,
including correct scale and units.

7.4 Calculating the
Equilibrium Constant

EE Explain the relationship between variables within an equation when one variable
changes,

7.5 Magnitude of the
Equilibrium Constant

EZ0 Provide reasoning to justify a claim using chemical principles or laws, or using
mathematical justification.

7.6 Properties of the
Equilibrium Constant

EEN Identify quantities needed to solve a problem from given information (e.q., text,
mathematical expressions, graphs, or tables).

7.7 Calculating Equilibrium
Concentrations

EXN Represent chemical phenomena using appropriate graphing technigues,
including correct scale and unils.

7.8 Representations of
Equilibrium

EI3 Represent visually the relationship between the structures and interactions
across multiple levels or scales e.q., particulate to macroscopic).

7.9 Introduction to Le
Chatelier's Principle

EX3 Explain the connection between experimental results and chemical concepts,
processes, or theories,

7.10 Reaction Quotient and
Le Chatelier's Principle

XA Calculate, estimate, or predict an unknown quantity from known quantities by
selecting and following a logical computational pathway and attending to precision
(e.g.. performing dimensional analysis and attending to significant figures).

7.11 Introduction to Solubility

Equilibria

X Identify an appropriate theory, definition, or mathematical relationship to solve
a problem.

7.12 Common-lon Effect

EXd Explain how modifications to an experimental procedure will alter results.

(&%) Go to AP Classroom to assign the Progress Check for Unit 7,
Review the results in class to identify and address any student misunderstandings.

AP Chemistry Course and Exam Description

Course Framework V1 | 126
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Equilibrium

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered to provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activities or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topics in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for more examples of activities and strategies.

Activity Tapic Sample Activity

1 7.3 Manipulatives
Give groups of students containers that hold objects representing particles in
an equilibrium mix (beads work well here), Each bead represents a moleculzina
reversible synthesis reaction. The law of mass action is introduced, and students are
asked to calculate K. Each group should get the same value for K, even though the
number of particles in each container is different. Each group of students then gets
a new container thal represents a mixture not at equilibrium, and they calculate the
ratio using the law of mass action. The concept of () is introduced and then students
determine if and how they could get the ratio of reactants and products to be equal to
K by attaching or detaching beads.

2 7.4 Identify Subtasks
7.5 Given a gaseous equilibrium process, have students construct the expression that
can ultimately be used to calculate the KP.

3 7.9 Demo with Q&A
710 Prepare a solution of cobalt () chloride in dry ethanol, Demonstrate various methods to
shift the equilibrium position: adding water, heating. cooling, layering with dry acetone,
adding sitver nitrate to precipitate chloride ions from solution, and measuring tha
temperature change of the solution as concentrated hydrochloric acid is added. As a
class, have students analyze what each change does to the predominant species in the
equilibrium mixture and then generalize patterns for Le Chatelier's principle,

4 7.1 Post-Lab Discussion
After examining the K _tables for patterns (including ion chargs, ionic radius,
polyatomic vs. monoatomic lons, ete.), have students investigate the K 5 of lead (I}
iodide. One drop of 0.1 M potassium iodide is added to 250 mL of 0.01 M lead ()
nitrate. A precipitate forms but then dissolves as it dissipates through the solution.
Based on K _, have students calculate whether the precipitate should have formed
and connect this calculation with what was initially observed. Have them determine
how many milliliters of the 0.1 M Kl solution would need to be added for a lasting
precipitate to be formed. Then have them share their calculated values and agree as
a class which is the best answoer,

AF Chemistry Course and Exam Dascription Course Framework M1 | 127
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UNIT )

7

Equilibrium

SUGGESTED SKILL
% Argumentafion

Provide reasoning to
justify a claim using
chemical principles
or laws, or using

mathematical justification.

TOPIC 7.1
Introduction to
Equilibrium

Required Course Content

LEARNING OBJECTIVE ESSENTIALKNOWLEDGE

|74 7141/

Explain the relationship Many observable processes are reversible.
between the ocourrence Examples include evaporation and

of a reversible chemical or >’ condensation of water, absorption and
physical process, and the desorption of a gas, or dissolution and
establishment of equilibrium, precipitation of a salt, Some important

to experimental observations, reversible chemical processes include the

transfer of protons in acid-base reactions and
the transfer of electrons in redox reactions.

[7.1.A.2]

When equilibrium is reached, no observable
changes occur In the system. Reactants and
products are simultaneousty present, and
the concentrations or partial pressures of all
species remain constant,

71.A.3
The equilibrium state is dynamic. The
forward and reverse processes continue
to occur at equal rates, resulting in no net
observable change.

7.1.A.4)

Graphs of concentration, partial pressure, or
rate of reaction versus time for simple chemical
reactions can be used to understand the
establishment of chemical equilibrium.

AP Chemistry Course and Exam Description Course Framework V1 | 128
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Equilibrium

TOPIC 7.2

Direction of

Reversible

Reactions

Required Course Content

LEARNING OBJECTIVE
[7.2.a]

Explain the relationship
between the direction in
which a reversible reaction
proceeds and the relative
rates of the forward and
reverse reactions.

AP Chamistry Course and Exam Description

ESSENTIAL KNOWLEDGE

[1.2.84]

If the: rate of the forward reaction is greater
than the reverse reaction, then there is a net
conversion of reactants to products. If the
rate of the reverse reaction is greater than
that of the forward reaction, then there is a
net conversion of products to reactants. An
equilibrium state is reached when these rates
are equal.

UNIT

7

SUGGESTED SKILL
88 Model Analysis

4.0

Explain the degree to which
amodel or representation
drscribes the connection
between particulate-

level properties and
macroscopic properties.

Course Framework V1 | 129
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= UNIT ]

7

Equilibrium

SUGGESTED SKILL

% Representing Data
and Phenomena

Represent chemical
phenomena using
appropriate graphing
technigues, including
correcl scale and units.

B

AVAILABLE RESOURCES
= The Exam > 2019 Chief
Reader Report

TOPIC 7.3

Reaction Quotient and
Equilibrium Constant

Required Course Content

LEARNING OBJECTIVE

1TAA

Represent the reaction
quotient () or Q“, fora
reversible reaction, and the
corresponding equilibrium
expressions K =Q_or

Kr = QP.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

|T.3.8.1

The reaction quotient Q describes the relative
concentrations of reaction species at any lime.
For gas phase reactions, the reaction guotient
may instead be written in terms of partial
pressures as ) . The reaction guotient tends

toward the equilibrium constant such that at
equilibrium K =Q_and KP = QP. As examples,
far the reaction

aA+bBe22cC+dD

the law of mass action indicates that the
equilibrium expression for (K, Q ) is

_[cI oy
[AF[BT
and that for {KP. QP] 15

(BY(BY
EEN:KF‘ :W

EQN: K,

Exclusion Statement: Conversion hefiveen K,
and Ky will not be asseszed on the AP Exam.
Students should be aware of the conceptual
differences and pay altention to whether K or Kr
is used in an exam guestion.

continuad on next pagea
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-Equ_ilihrium

( UNIT

7.3.A
Represent the reaction
quotient Q_or Qp' for a
reversible reaction, and the
corfesponding equilibrium
Expressions Kr b {'jl_ ar

K=Q.

F i

LEARNING OBJECTIVE g

AP Chemlstry Course and Exam Description

ESSENTIAL KNOWLEDGE

Exclusion Statement: Equilibrium calculations
on systems where a dissolped species iz in
equilibrium with that species in the gos phase will
not be azsessed on the AP Exam.

The reaction quotient does not include
substances whose concentrations (or partial
pressures) are independent of the amount,
such as for solids and pure liquids.

Course Framework V.1 | 131
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Equilibrium

SUGGESTED SKILL
28 Mathematical Toplc 7'4
Roulines c l l - h

= alculating the

Explain the relationship ewm e -

betwaen variables within

e | Equilibrium Constant

variable changes.

AVAILABLE RESOURCES :

T Required Course Content
Reader Report

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE
T4 74,81
Calculate K _or K based on Equilibrium constants can be determined
experimental observations of from experimental measureaments of the
concenlrations or pressures concentrations or partial pressures of the
at equilibrium. reactants and products at equilibrium,

AP Chamistry Course and Exam Descriplion Course Framework V1 | 132
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Equilibrium

TOPIC 7.5

Magnitude of the
Equilibrium Constant

Required Course Content

LEARNING OB.JECTIVE ESSENTIAL KNOWLEDGE

[7.5.] [1.5.81

Explain the relationship Some equilibrium reactions have very large K
between very large or very values and proceed essentially to completion.
small values of K and the Others have very small K values and barely
relative concentrations proceed at all.

of chemical species

at equilibrium.

AP Chemistry Course and Exam Description

SUGGESTED SKILL
SE‘; Argumentation

6.0

Provide reasoning Lo justify
a claim using chemical
principles or laws, or using
mathematical justification.

Course Framework V.1 | 133
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SUGGESTED SKILL

&8 Mathematical
Routines

Identify guantitios needed
to solve a problem from

given information (e.g., text,

mathematical expressions,
graphs, or tables),

Equilibrium

TOPIC 7.6

Properties of
the Equilibrium

Constant

Required Course Content

LEARNING OBJECTIVE
7.6

Represent a multistep
process with an overall
equilibrium expression,

using the constituent

K expressions for each
individual reaction.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

7.6.A.1/

When a reaction is reversed, K is inverted.
7602

When the stoichiometric coefficients of a
reaction are multiplied by a factor ¢, Kis raised
to the power ¢.

[76.A.3

When reactions are added together, the K of
the resulting overall reaction is the product of
the K's for the reactions that were summed.

7.6.0.4)

Since the exprassions for K and Q have
identical mathematical forms, all valid algebraic
manipulations of K also apply to Q.

Course Framework V1|
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Equilibrium

TOPIC 7.7

Calculating Equilibrium
Concentrations

Required Course Content

LEARNING OB.JECTIVE
7.7

Identify the concentrations or
partial pressures of chemical
species at equilibrium based >
on the initial conditions and
the equilibrium constant.

AP Chemistry Course and Exam Description

ESSENTIALKNOWLEDGE

7.4

The concentrations or partial pressures of
species at equilibrium can be predicled given
the balanced reaction, initial concentrations,
and the appropriate K.

7.2.A.2|

When Q < K, the reaction will proceed with a
net consumption of reactants and generation
of products. When () = K, the reaction will
proceed with a net consumption of products
and generation of reactants. When Q =K,

the system is at dynamic equilibrium; both
forward and reverse reactions proceed at the
same rate, and the proportion of reactants and
products remains constant.

SUGGESTED SKILL

23; Representing Data
and Phenomena

Reprasent chemical
phenomena using
appropriata graphing
technigues, including
correct scale and units.

Bl

AVAILABLE RESOURCES
* The Exam > 2018 Chiaf
Reader Report

Course Framewaork V1 | 135
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UNIT )

7

Equilibrium

SUGGESTED SKILL

2&\ Representing Daita
and Phenomena

Represent visually the
relationship between the
structures and interactions
across multiple levels or
scales (rg., particulate

to macroscapic).

TOPIC 7.8
Representations
of Equilibrium

Required Course Content

LEARNING OBJECTIVE

|7.8.4
Represent a system
undergoing a reversible
reaction with a
particulate model.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

Particulate representations can be used to
describe the relative numbers of reactant
and product particles present prior to

and at equilibrium, and the value of the
equilibrium constant.

Course Framework V1 | 136
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Eq_uilibrium

TOPIC 7.9

Introduction to Le

Chatelier’s

Principle

Required Course Content

LEARNING OBJECTIVE

7.9.]

Identify the response of a
systern at equilibrium to an
external stress, using Le >
Chatelier's principle.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

[7.9.8]

Le Chatelier's principle can be used to predict
the response of a system to stresses such

as addition or removal of a chemical species,
change in temperature, change in volume/
pressure of a gas-phase system, or dilution of a
reaction system.

7.9.A2|

Le Chatelier's principle can be used to

predict the effect that a stress will have an
experimentally measurable properties such as
pH, temperature, and color of a solution.

SUGGESTED SKILL
2@ Argumentation

Explain the connection
between experimeantal
results and chemlcal
concepls, processas,
or theories.

8

AVAILABLE RESOURCES
= AP Chemistry Lab
Manual > Investigation
13: Can Wa Make the
Colors of the Rainbow?
An Application of Le
Chatellar's Principle

Course Framework V1 | 137
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UNIT —_—
7 ) Equilibrium
SUGGESTED SKILL
92 Mathematical Toplc 7.10
Routines R t - - t d
= eaction Quotient an
i VIR TR .ol .
Le Chatelier’s Principle
quantities by selecting
and following a logical
computational pathway and
attending to precision (e.g.
performing dimeansional
analysis and attending to
significant figures), 3
Required Course Content
LEARNING OBJECTIVE ESSENTIALKNOWLEDGE
w‘?;:;?;"'a l:EtSu!l_l::Es [7.10.4/ 7.10.A.1|
Manua‘i: fn:r:mga"ﬂn Explain the relationships A disturbance to a system at equilibrium
13: Can We Make the between (., K, and the causes () to differ from K, thereby taking
Colors of the Rainbow? direction in which a reversible > the system out of equilibrium. The system
An Application of La reaction will procead ta responds by bringing (@ back into agreement
PP ging
Chatelier's Principla reach equilibrium. with K, thereby estahlishing a new
* The Exam > 2022 Chief equilibrium state.
Reader Report 74 M_._._l
Some stresses, such as changes in
concentration, cause a change in {J only.
A change in temperature causes a change in K.
In either case, the concentrations or partial
pressures of species redistribute to bring ()
and K back into equality.
AP Chemistry Courze and Exam Description Course Framework V1 | 138
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Equilibrium

TOPIC 7.11

UNIT

7

Introduction to
Solubility Equilibria

Required Course Content

LEARNING OBJECTIVE

71,4

Calculate the solubility of a
salt based on the value of K -

for the salt. >

AP Chamlstry Course and Exam Description

ESSENTIAL KNOWLEDGE
2.41.44)
The dissolution of a salt is a reversible process

whose extent can be described by K e the
solubility-product constant.

711.A:2]

The salubility of a substance can be calculated
from the K _for the dissolution process. This
relationship can also be used to predict the
relative solubility of different substances.

[7.11.8.3]

The solubility rules (see 4.7.A.5) can be
quantitatively related to K _, in which K
values >1 correspond to soluble salts.

1.11.!_.4'

The molar solubility of one or more speciesina
saturated solution can be used to calculate the
K? of a substance.

SUGGESTED SKILL

% Mathematical
Routines

Identify an appropriate
theory, definition, or
mathematical relationship
to sohve a problem.

Course Framework V1 | 139
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- UNIT

7

SUGGESTED SKILL

% Question and
Method
2F)

Explain how modifications
to an experimental
procedure will alter results.

Equilibrium

TOPIC 7.12

Common-Ion Effect

Required Course Content

LEARNING OBJECTIVE
[7.42.4)

Identify the solubility of

a salt, and/or the value

of K _for the salt, based

on the concentration of a
common ion already present
in solution.

AP Chemistry Course and Exam Description

ESSENTIALKNOWLEDGE

FAFNRY

The solubility of a salt is reduced when it is
dissolved into a solution that already contains
one of the ions present in the salt. The impact
of this "common-ion effect” on solubility can be
understood gualitatively using Le Chatelier's
principle or calculated from the K for the
dissolution process. *

Course Framework V1 | 140
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AP® Chemistry Coursa and Exam Description

AP CHEMISTRY

UNIT 8

Acids and
Bases

11-15%
AP EXAM WEIGHTING

Ig/ ~14-16

CLASS PERIODS

Course Framework V1 | 141
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Remember to go to AP Classroom
to assign students the anline
Progress Check for this unit.

Whether assigned as homework or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills.

Progress Check 8

Multiple-choice: ~30 questions
Free-response: 1 question
= Long

AP Chemistry Course and Exam Description

Course Framework V1 | 142
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( UNIT

8 1 1 _1 5% AP EXAMWEIGHTING

"'_14_-1 6 CLASS PERIODS

ESSENTIAL
QUESTIONS

Howis pH related to
the concentration and
strangth of an acid, a
base, or a mixture of
them?

How does acid or base
strength relate to the
concentralions of
reactants and products
when a system reaches
equilibrium?

Why are some acids
stronger than others?

How does your body
maintain pH balance?

Acids and Bases

€2 Developing Understanding

This unit builds on the content about chemical equilibrivm studied in Unit 7. Chemical
equilibrium plays an impartant role in acid-base chemistry and solubility. The proton-exchange
reactions of acid-base chemistry are reversible reactions that reach equilibrium quickly,

and much of acid-base chemistry can be understood by applying the principles of chemical
equilibrium. Most acid-base reactions have either large or small values of K, which means
qualitative conclusions regarding equilibrium state can often be drawn without extensive
carmputations. In the final unit, the equilibrium constant is related to temperature and the
difference in Gibbs free energy between the reactants and products.

Building the
Science Practices

zo]se]sclsolsrleclanlea)

In Unit 8, students will apply the explanations
and calculations they learned in Unit 7 to the
acid-base equilibrium system. Students will
collect titration data and develop titration
curves to represent a variety of acid-base
systems. They will analyze these titration
curves to describe the similarities and
differences between a strong acid-strong
base and a weak acid-strong base or weak
base-strong acid titration, identify the
equivalence points and the half-equivalence
points, and identify the buffering regions of
the curves. Students will use the information
presented graphically in the titration

curves to complete calculations to find the
equilibriurn constant for the reactions (K

or K ), determine the concentration of an
unknown, and support claims about how

a particular buffer system may work when
an acid or base Iz introduced, From these
calculations and what is known about the
chemical system, students will then develop
explanations for how potential sources of
error may have affected experimental results
and associated calculations.

AP Chemistry Course and Exam Description

Preparing for
the AP Exam

On the AP Exam, students must be

able to use experimental data to make
caleulations and support claims, Students
often encounter difficulty with questions
that require them to use titration curves to
identify the equivalence and half-equivalence
points or to complete calculations or
estimations of either the concentration

or pH of an unknown at a particular point
on the curve. They also struggle to justify
the selection of an appropriate indicator
far the end point of the titration. In these
situations, students can face challenges
with unit conversion, or they can confuse
half-equivalence, equivalence, and endpoint.
Students may also struggle to understand
what is represented in different types of
titration curves. Teachers can provide
students with multiple oppartunities

to describe why titration curves have
characteristic shapes for certain acid-
base equilibrium systems. Teachers can
also provide opportunities to choose

and implement mathematical routines to
manipulate and interpret titration data and
connect that interpretation to chemistry
concepts. The half-equivalence pointis a
helpful reference point to visualize ratios
of acidiconjugate base, particularly whean
combined with particulate representations.
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UNIT )

8

Acids and Bases

UNIT AT A GLANCE

Topic

Suggested Skill

8.1 Introduction to Acids
and Bases

EXA |dentify an appropriate theory, definition, or mathematical relationship to solve
a problam,

8.2 pH and pOH of Strong
Acids and Bases

EX3 |dentify an appropriate theory, definition, or mathematical relationship to sobhve
a problem.

8.3 Weak Acid and
Base Equilibria

EXd Explain the relationship between variables within an eguation when one variable
changes.

8.4 Acid-Base Reactions
and Buffers

EA Calculate, estimate, or predict an unknown quantity from known quantities by
selecting and following a logical computational pathway and attending to precision
{e.g., performing dimensional analysis and allending to significant figures).

8.5 Acid-Baze Titrations

EX:3 Identify information presented graphically to solve a problem.

8.6 Molecular Structure of
Acids and Bases

I3 Suppart a claim with evidence from representations or models at the
particulate level, such as the structure of atoms and/or molecules.

8.7 pH and pK_

EXN Make observations or collect data from representations of laboratory setups or
results, while attending to precision where appropriate.

8.8 Properties of Buffers

1 Provide reasoning to justify a claim using chemical principles or laws, ar using
mathematical justification.

8.9 Henderson-Hasselbalch
Equation

EEA Calculate, estimate, or pradict an unknown quantity from known guantities by
selecting and following a logleal computational pathway and attending to precision
(e.g., performing dimensional analysis and attending to significant figuras),

8.10 Buffer Capacity

EIA Explain how potential sources of experimental error may affect the
experimental results.

8.11 pH and Solubility

EX0 Make observation or collect data from representations of laboratory setups or
results, while attending to precision whera appropriate.

Go to AP Classroom to assign the Progress Check for Unit 8.
* Review the resulfs in class to idenlify and address any student misunderstandings.

AP Chemlistry Course and Exam Description -
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Acids and Bases

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered to provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activities or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topics in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for more examples of activities and strategies.

Activity

Topic

Sample Activity

- ( UNIT

1

8.2
83

Post-Lab Discussion
Rainbow Acid Indicator (Flinn Scientific Item U0012) Is added to 0.007 A solutions of
HCI, H,50,, and HC_H,0.. Have students reason out why the pH values are not the same,
and introduce the concept of K. Then have them calculate the pH of each solution to
explain their earlier ohservations. Percent ionization is discussed and how ICE charts
reflect the percent ionization is explainad,

8.5

Post-Lab Discussion

After collecting data on a weak acid/strong base titration, have students create a
titration curve (pH as a function of the volume of base added). Then have them identify
relative points on the graph based on group discussion (e.g., equivalence point).

8.8

Demo with Q&A

Add an Alka-Seltzer tablet to 200 mL of water and pour the resulting solution into
three small beakers. Add deionized water to three more beakers. Add universal
indicator to all six beakers and then add strong acids and strong bases to each
beaker to demonstrate buffering ability and buffer capacity, Have students develop
particulate-level drawings to illustrate what is happening in the beakers in the context

of “buffering ability”

849
8.10

Simulations
Using a ChemCollective virtual lab, ask students to develop a buffer that will have a

particular pH after an amount of strong acid is added.

AP Chemistry Course and Exam Description

Course Framework V1
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UNIT

8

Acids and Bases

SUGGESTED SKILL

% Mathematical
Routines

Identify an appropriate
theory, definition, or
mathematical relationship
to solve a problem.

B

AVAILABLE RESOURCES
= The Exam > 2017 Chief
Reader Report

TOPIC 8.1

Introduction to
Acids and Bases

Required Course Content

LEARNING OB.JECTIVE
|8.1.4

Calculate the values of pH
and pOH, based on K_and
the concentration of all
species present in a neutral
solution of water.

AP Chemistry Course and Exam Descriplion

ESSENTIAL KNOWLEDGE

8181
The concentrations of hydronium ion and
hydroxide ion are often reported as pH and
pOH, respectively.

EQN: pH =—log[H O]

EQN: pOH = —log[OH]
The terms “hydrogen ion” and “hydronium ion” and
the symbols H*(ag) and H '(aq) are often used
interchangeably for the aqueous ion of hydrogen.
Hydronium ion and HJD*{aq] are preferred, but
H*(aq) is also accepted on the AP Exam.

8.1.A.2
Water autoionizes with an equilibrium constant K,

EQN: K = [H,0°][OH | = L.0x 10 " a1 25°C

B1.A3

In pure water, pH = pOH is called a neutral
solution. At 25°C, pK, =14.0 and thus
pH=pOH=7.0.

EQN: pK_= 14 =pH + pOH at 25°C

8.1.8.4|

The value of K_is temperature dependent,
so the pH of pure, neutral water will deviate
from 7.0 at temperatures other than 25°C.

Course Framework V.1 |
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Acids anq Bases

TOPIC 8.2

pH and pOH of Strong
Acids and Bases

Required Course Content

LEARNING OBJECTIVE

8.2.A
Calculate pH and pOH
based on concentrations of

all species In a solution of a >
strong acid or a strong base.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

8.2.A.1
Molecules of a strong acid (e.g. HCI,

HRBr, HI, HCIO, H SO, and TINO ) will
completely ionize in aqueous solution to
produce hydronium ions and the conjugate
base of the acid, As such, the cancentration
of H,0%in a strong acid solution is equal to
the initial concentration of the strong acid,
and thus the pH of the strong acid solution is
easlly calculated.

8.2.A.2
When dissolved in solution, strong bases (e.g.,
group | and Il hydroxides) completely dissociate
to produce hydroxide ions. As such, the
concentration of OH™ in a strong base solution
is equal to the initial concentration of a group |
hydroxide and double the initial concentration
of a group Il hydroxide, and thus the pOH

{and pH) of the strong base solution is easily
calculated.

SUGGESTED SKILL

®3 Mathematical
Routines

[dentify an appropriate
theory, definition, or
miathematical relationship
to solve a problem.

Course Framework V1 | 147
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Acids and Bases

SUGGESTED SKILL Toplc 8.3

% Mathematical

m Weak Acid and

Explaln the relationship

; o L3 L3 [ ]
e | Base Equilibria

variable changes.

Required Course Content

LEARNING OB.JECTIVE ESSENTIAL KNOWLEDGE

8.3.A B.3.4.1
Explain the relationship Weak acids react with water to produce

among pH, pOH, and hydronium fons. However, anly a small
concentrations of all species > percentage of molecules of a weak acid will

in a solution of a monoprotic ionize in this way. Thus, the concentration of
weak acid or weak base. H. (" is much less than the initial concentration

uf’the molecular acid, and the vast majority of
| the acid molecules remain un-ionized.

B3.A.2

A solution of a weak acid involves equilibrium
between an un-ionized acid and its conjugate
base. The equilibrium constant for this reaction
is K, often reported as pK . The pH of a weak
acid solution can be determined from the initial
acid concentration and the pK .

_[H,0"][AT]

EQN: K, =

[HA]
EQN: pK =-log K
8.3.A3

Weak bases react with water to produce
hydroxide ions in solution. However, ordinarily
justa small percentage of the molecules of
aweak base in solution will ionize in this way.
Thus, the concentration of OH" in the solution
does not equal the initial concentration of

the: base, and the vast majority of the base
maoleculas remain un-ionized.

cortinued on next page
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Acids and Bases

LEARNING OBJECTIVE

B.3.A

Explain the relationship
among pH, pOH, and
concentrations of all species
in a solution of a monoprotic
weak acid or weak base.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

'83.A4

A solution of a weak base involves equilibrium
betweaen an un-ionized base and its conjugate
acid. The eguilibrium constant for this reaction
is K, often reported as pK,. The pH of a weak
base solution can be determined from the initial
base concentration and the pK,.

R

EQN: pK, =-log K,

8.3.A.5

The percent ionization of a weak acid (or base)
can be calculated fromits pK_(pK,) and the
initial concentration of the acid (base). The
percent ionization can also be calculated from
the initial concentration of the acid (base) and
the equilibrium concentration of any of the
species in the equilibrium expression.

‘8.3.A6

For any conjugate acid-base pair, the acid
ionization constant and base ionization
constant are related by K ;

EQN:K =K X K,

EQN: pK, = pK, +pK,

UNIT
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UNIT

SUGGESTED SKILL

8 Mathematical
Routines

5.F

Caloulate, estimate, or
predict an unknown
quantity fram known
quantities by selacting
and following a logical
computational pathway and
attending to precision (e.g.,
performing dimensional
anahysis and attending to
significant figures).

E

AVAILABLE RESOURCES
= The Exam > 2023 Chief
Reader Raport

Acids and Bases

TOPIC 8.4

Acid-Base Reactions
and Buffers

LEARNING OBJECTIVE

8.4.4

Explain the relationship
among the concentrations
of major specles in a mixture
of weak and strong acids
and bases.

AP Chemlstry Course and Exam Description

Required Course Content

ESSENTIAL KNOWLEDGE

a.4.A1

When a strong acid and a strong base are
mixed, they react quantitatively in a reaction
represented by the equation:

H'(aq) + OH (ag) — H,0(]).

The pH of the resulting solution may be
determinad from the concentration of
excess reagent.

8.4.A.2

When a weak acid and a strong base are
mixed, they react quantitatively in a reaction
represented by the equation:

HA(aq) + OH{(aq) £ A-(aq) H,O(]).

If the weal acid is in excess, then a buffer
solution is formed, and the pH can be
determined from the Henderson-Hasselbalch
{(H-H) eguation (see 8.9.A.1). If the strong base
is In excess, then the pH can be determined
from the moles of excess hydroxide ion and the
total volume of solution. If they are equimaolar,
then the (slightly basic) pH can be determined
from the equilibrium represented by the
equation:

A(aq) + H,O(l) =2 HA(aq) + OH (aq).

caomntinued on next page
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Ecids and Bases

UNIT

B.AA
Explain the relationship
among the concentrations
of major species ina mixture
of weak and strong acids
and bases.

LEARNING OBJECTIVE g

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

84,83

When a weak base and a strong acid are mixed,
they will react quantitatively in a reaction
represented by the equation:

B(aq) + H,0'(aq) ¢ 11B*(aq) + H,0()).

If the weak basze Is In excess, then a buffer
solution is formed, and the pH can be
determined from the H-H equation. If the
strong acid is in excess, then the pH can

be determined from the moles of excess
hydronium ion and the total velume of solution.
If they are equimolar, then the (slightly acidic)
pl1 can be determined from the equilibrium
represented by the equation:

HB!(aq) + H,O(I) 2 B(ag) + H,0%(aq).

8444

When a weak acid and a weak base are mixed,
they will react to an equilibrium state whose
reaction may be represented by the equation:

HA(aq) + Blag) = A-(aq) + HB*(aqg).

Course Framewark V1 | 151
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= UNIT ]

Acids and Bases

SUGGESTED SKILL
83 Mathematical

Routines
[dentify infarmation
presented graphically to
sohve a problem.

B

AVAILABLE RESOURCES

= AP Chemistry Lab
Manual = Investigation
14: How Do the
Structure and the
Initial Cancentration
of an Acld and a Base
Influence tha pH of
the Resultant Solution
During a Titration?

= The Exam > 2022 Chiaf
Reader Report

TOPIC 8.5

Acid-Base Titrations

Required Course Content

LEARNING OBJECTIVE

8,6.A

Explain results from the
titration of a mono- or
polyprotic acid or base
solution, in relation to the
properties of the solution and
its components.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

B.6.A.1

An acid-base reaction can be carrled out under
controlled conditions In a titration. A titration
curve, plotting pH against the volume of titrant
added, is useful for summarizing resuits from

a titration.

8.5.A.2

Al the equivalence point for titrations of
monoprotic acids or bases, the number of
moles of titrant added is equal to the number
of moles of analyte originally present. This
relationship can be used to oblain the
concentration of the analyte. This is the case
for titrations of strong acids/bases and weak
acids/bases.

B5.A3

Far titrations of weak aclds/bases, it is useful to
consider the point halfway to the equivalence
point, that is, the half-equivalence point. At
this point, there are equal concentrations of
each species in the conjugate acid-base pair,
for example, for a weak acid [HA] = [A].
Because pH = pK when the conjugate acid
and base have equal concentrations, the pK
can be determined from the pH at the half-
equivalence point in a titration.

confinued on next page
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Acids and Bases

LEARNING OBJECTIVE g

BS.A
Explain results from the
titration of a mono- or
polyprotic acid or base
solution, in relation to the
properties of the solution and
its components.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

B.5.A.4

At the eguivalence point, pH is determined by
the major species in solution. Strong acid and
strong base titrations result in neutral pH at
the eguivalence point. However, in titrations of
weak acids (weak bases), the conjugate base
of the weak acid (conjugate acid of the weak
base] is present at the equivalence point and
can undergo proton-transfer reactions with
the surrounding water, producing basic (acidic)
solutions,

B8.5.A.5

Far polyprotic acids, titration curves can

be used to determine the number of acidic
protons. In doing so, the major species present
at any point along the curve can be identified,
along with the pK_ associated with each proton
in a weak polyprotic acid.

Exclusion Statement: Computation of the
concentration of each species prezent in the
titration curve for polypralic aclds will not be
assessed on the AF Exam. Such computations for
titration of monoprotic acids are within the scope
of the course (see 8.4.4.2 ond 8.4.A.3), as is
qualitative reasoning regarding what species are
present in large versus small concentrations at
any point in @ titration of a polyprotic acid,

Course Framework V1 | 153
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UNIT )

Acids and Bases

SUGGESTED SKILL
2&\ Argumentation

Support a claim

with evidence from
reprasantations or models
at the particulate lavel,
such as the structure of
atoms andfor moleculas.

TOPIC 8.6

Molecular Structure
of Acids and Bases

Required Course Content

LEARNING OBJECTIVE

BE.A
Explain the relationship
between the strength
of an acid or base and
the structure of the
molecule or lon,

AP Chemistry Courze and Exam Descriplion

ESSENTIAL KNOWLEDGE

8.6.A,1
The protons on a melecule that will participate
in acid-base reactions, and the relative
strength of these protons, can be inferred from
the molecular structure,

Strong acids (such as HCI, HBr, HI,
HCIO , H 50, and HNO ) have very
weak conjugate bases that are stabilized
by electronegativity, inductive effects,
resonance, or some combination thereof.

ii. Carboxylic acids are one common class of

weak acid.

. Strong bases (such as group | and Il
hydroxides) have very weak conjugate acids.

. Common weak bases include nitrogenous

bases such as ammonia as well as
carboxylate ions.

. Electronegative elements tend to stabilize

the conjugate base relative to the conjugate
acid, and so increase acid strength.

Course Framework V1 |
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Acidé and Bases

TOPIC 8.7

pH and pK_

UNIT

Required Course Content

LEARNING OBJECTIVE

8,7.A

Explain the relationship
between the predominant

form of a weak acid or base >
in solution at a given pH and
the pK  of the conjugate
acid or the pK; of the
conjugate base.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

BT.A.1
The protonation state of an acid or base (ie.,
the relative concentrations of HA and A7) can
be predicted by comparing the pH of a solution
to the pK, of the acid in that solution. When
solution pH < acid pK , the acid form has a
higher concentration than the base form. When
solution pH > acid pK , the base form has a
higher concentration than the acid form.

8.7.A.2

Acid-base indicators are substances that
exhibit different properties (such as color) in
their protonated versus deprotonated state,
making that property respond to the pH of
a solution.

8.7.A3

To ensure accurate results in a titration
experiment, acid-base indicators should be
selected that have a pK close to the pH at the
equivalence point.

SUGGESTED SKILL

% Question and
Method
2.0

Make observations or collect
data from representalions of
laboratory setups or resulls,
while attending to preclsion
where appropriale.

B

AVAILABLE RESOURCES

» The Exam > 2022 Chief
Reader Report
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Acids and Bases

SUGGESTED SKILL
S&\ Argumeniation

6.0

Prowide reasoning to justify
aclaim using chemical
principles or laws, or using
mathematical justification.

B

AVAILABLE RESOURCES
= AP Chemistry Lab
Manual = Investigation
15: To What Extent Do
Common Household
Products Have
Buffering Activity?

TOPIC 8.8

Properties of Buffers

Required Course Content

LEARNING OBJECTIVE

B.8.A

Explain the relationship
between the ability of a
buffer to stabilize pl1 and the
reactions that occur whan an
acid or ahase is addedtoa
buffered solution.

AP Chemistry Course and Exam Descriplion

ESSENTIAL KNOWLEDGE

A buffer solution contains a large concentration
of both members in a conjugate acid-base pair.
The conjugate acid reacts with added base

and the conjugate base reacts with added acid.
These reactions are responsible for the ability
of a buffer to stabilize pH.

Course Framework V1 | 166

Return to Table of Contents




ﬁcids and Bases

TOPIC 8.9

( UNIT Y

Henderson-
Hasselbalch Equation

Required Course Content

LEARNING OBJECTIVE

B.8A

Identify the pH of a buffer
solution based on the identity

and concentrations of the >
conjugate acid-base pair
used to create the buffer.

AP Chemistry Course and Exam Description

ESSENTIALKNOWLEDGE

B.9.4.1
The pH of the buffer is related to the pK_ of
the acid and the concentration ratio of the
conjugate acid-base pair. This relationis a
consequence of the equilibrium expression
associated with the dissociation of a weak
acid, and is described by the Henderson-
Hasselbalch equation. Adding small amounts
of acid or base to a buffered solution does not
significantly change the ratio of [A ]/[11A] and
thus does not significantly change the solution
pH. The change in pH on addition of acid or
base to a buffered solution is therefare much
less than it would have been in the absence of
the buffer.

[A7]
[HA]

Excluslon Statement: Computation of the
change in pH resulling from the addition af an
acid or a base to a buffer will not be assessed on
the AP Exam.

EQN: pH = pK, +log

Exclusion Statement: Derivation of the
Henderson-Hozselbaleh equation will not be
asgegzed on the AP Exam.

SUGGESTED SKILL

$3 Mathematical
Routines

Calculate, estimate, or
predict an unknown
quantity from known
quantities by selecting

and following a logical
computational pathway and
attending to precision (e.g.,
performing dimensional
analysis and attending to
significant figures).

E

AVAILABLE RESOURCES
= AP Chemistry Lab

Manual >
Investigation 9:
Can the Individual
Components of Quick
Ache Relief Be Used
to Resolve Consumer
Complalnts?
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UNIT -
8 Acids and Bases

SUGGESTED SKILL TOPIC 8.10

% Argumentation

e | Buffer Capacity

sourcas of experimental
error may affect the
expermental results.

E

AVAILABLE RESOURCES -
AP Criatgl Required Course Content

Manual > Investigation
16: The Preparation
and Testing of an
Effective Buffer: LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE
How Do Components
Influence a Buffer's pH 8.10.A B8.10.A1

and Capacity? Explain the relationship Increasing the concentration of the buffer
between the buffer capacity components (while keeping the ratio of these
of a solution and the relative > concentrations constant) keeps the pH of the

concentrations of the buffer the same but increases the capacity of
conjugate acid and conjugate the buffer to neutralize added acid or base.
base c:un_'lpunants of S10.A2

the solution.

When a buffer has more conjugate acid than
base, it has a greater buffer capacity for
addition of added base than acid. When a
buffer has more conjugate base than acid, it
has a greater buffer capacity for addition of
added acid than base.

AP Chemistry Course and Exam Description Course Framework V1 | 158
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Acids and Bases

( UNIT

TOPIC 8.11

pH and Solubility

Required Course Content

LEARNING OBJECTIVE ESSENTIALKNOWLEDGE

[8.11.a] [B11.A]

Identify the qualitative effect The solubility of a salt is pH sensitive when one
of changes in pH on the of the constituent ions is a weak acid, a weak
solubility of a salt. > base, or the hydroxide ion, These effects can

be understood qualitatively using Le Chatelier's
principle,

Exclusion Statement: Computations of solubility
as a function of pH will not be assessed on the
AF Exam.

AP Chemistry Course and Exam Description

SUGGESTED SKILL

$8 Question and
Method

Make observations
or collect data from

representations of

Iaboratory setups or results,

while attending to precision
where appropriate,

B

AVAILABLE RESOURCES
= The Exam > 2022 Chilef
Reader Report
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AP CHEMISTRY

UNIT 9

Thermodynamics
and Electrochemistry

AP EXAM WEIGHTING

2 ~10-13

CLASS PERIODS
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Remember to go to AP Classroom
to assign students the online
Progress Check for this unit.

Whether assigned as homework or
completed in class, the Progress
Check provides each student with
immediate feedback related to this
unit's topics and skills.

Progress Check 9

Multiple-choice: ~30 questions
Free-response: 2 questions
= Short

= Long

AP Chemistry Course and Exam Description
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ESSENTIAL
QUESTIONS

Why do some chemical
reactions occur without
intervention, bul others
requing the input of
energy?

How can we determing
the conditions under
which a chemical or
physical transformation
i likehy to ocour?

How is electrical enargy
generated using
chemical reactions?

€

UNIT

9

) 7-9% AP EXAM WEIGHTING

~10=13 cLassrerions

Thermodynamics and
Electrochemistry

Developing Understanding

This unit allows students to connect principles and calculations across Units 1-8. The
thermodynamics of a chemical reaction is connected ta both the structural aspects of the
reaction and the macroscopic outcomes of the reaction. All changes In matter involve some
form af energy change. One key determinant of chemical transformations is the change in
potential energy that results from changes in electrostatic forces. Chemical systems undergo
three main processes that change their energy: heating/cooling, phase transitions, and
chemical reactions. Applying the laws of thermodynamics will allow students to describe the
essential role of energy and explain and predict the direction of changes in matter.

Building the
Science Practices

To achieve success in AP Chemistry and in
Unit 8 specifically, students must connect
principles and calculations across the areas
of kinetics, thermodynamics, equilibrium,
and electrochemistry to explain and support
claims about what is happening in chemical
systems. Sometimes support of such

claims comes from students being able to
estimate an approximate value of a required
characteristic of a chemical system rather

than use a routine application of an algorithm.

Students are introduced to entropy as a
factor that is necessary o explain why
some endothermic reactions oceur in spite
af the higher energy that products may
have in these changes, Students will use
particulate representations and graphical
distribution of kinetic energy to describe
the increase in entropy with increasing
temperature, In addition, students will
explore how to use Gibbs free energy for
determining the thermodynamic favarability
by considering the change in both enthalpy
and entropy. Students will use the concepts
of thermodynamics to generate more
comprehensive claims about what is
happening in a galvanic or electrolytic cell.

AP Chemistry Course amnd Exam Description

Preparing for the AP Exam

On the AP Exam, students must be able to
provide an appropriate explanation of the
connection between entropy, enthalpy, and
Gibbs free encrgy and the thermodynamic
favorability of a chemical reaction. Students
often struggle with questions that reguire
them to reason about whether enthalpy,
entropy, or both drive a reaction. They will
state that both enthalpy and entropy drive
the reaction by using the equation for Gibbs
free energy instead of reasoning about which
might be more of a driving factor than the
ather. Further, some students fail to connect
macroscopic observational data to the
concepts of entropy and enthalpy to support
claims about which concept was driving the
reaction. Teachers can ensure that students
understand that the first step in making
thermodynamic favorability predictions is

to define and interrelate enthalpy, entropy,
and Gibbs free energy in relation to driving
chemical or physical processes, Students
should be shown how the concepts of
kinetics, equilibrium, and thermodynamics
are connected in order to explain why
thermodynamically favorable reactions might
produce small concentrations of product and
why unfavorable reactions can produce large
coneentrations of product.

Course Framework M1 | 163
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UNIT )

9

Thermodynamics and Electrochemistry

UNIT AT A GLANCE

Topic

Suggested Skill

9.1 Introduction to Entropy

T3 Support a claim with evidence from representations or models at the particulate
leval, such as tha structura of atoms andfor molecules.

9.2 Absolute Entropy and
Entropy Change

EEA Calculate, estimate, or pradict an unknown guantity from known quantities by
selecting and following a logical computational pathway and attending to precision (..
perfarming dimensional analysis and attending to significant figures).

9.3 Gibbs Free Energy
and Thermodynamic
Favorability

X3 Provide reasoning to justify a claim using connections between particulate and
macroscopic scales or levels.

9.4 Thermodynamic and
Kinetic Control

3 Provide reasoning to Justify a clalm using connections between particulate and
macroscopic scales or levels.

8,5 Free Energy and
Equilibrium

3 Provide reasoning to Justify a clalm using chemical principles or laws, or using
mathematical justification.

9.6 Free Energy of
Dissolution

4D Explain the degree to which a model or representation describes the connection
between particulate-level properties and macroscopic properties.

8,7 Coupled Reactions

4D Explain the degree to which a model or representation describes the connection
between parliculale-level properlies and macroscopic properties.

9.8 Galvanic (Voltaic) and
Electrolytic Cells

EXA Explain how modifications to an experimental procedure will alter results.

9.9 Cell Potential and Free
Energy

EXA Calculate, estimate, or predict an unknown quantity from known gquantities by
selecting and following a logical computational pathway and attending to precision (e.g.,
performing dimensional analysis and attending to significant figures).

9,10 Cell Potential
Under Nonstandard
Conditions

L Provide reasoning Lo Justify a clalm using chemlcal principles or laws, or using
mathematical justification.

9,11 Electrolysis and
Faraday's Law

EE:R Identify an appropriate theory, definition, or mathematical relationship to solve a
problem,

(Go to AP Classroom to assign the Progress Check for Unit 9.
*  Review the results in class to identify and addrezs any student misunderstandings.

AP Chemistry Course and Exam Description
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Thermodynamics and Electrochemistry

SAMPLE INSTRUCTIONAL ACTIVITIES

The sample activities on this page are optional and are offered to provide possible ways to
incorporate various instructional approaches into the classroom. Teachers do not need to use
these activities or instructional approaches and are free to alter or edit them. The examples
below were developed in partnership with teachers from the AP community to share ways
that they approach teaching some of the topics in this unit. Please refer to the Instructional
Approaches section beginning on p. 187 for more examples of activities and strategies,

Activity Topic Sample Activity

1 9.3 Think-Pair-Share
Given a problem pertaining to thermodynamic favorability, have students think
through how enthalpy andfor entropy is driving the thermodynamic favorability of the
reaction. Have them pair up and explain their reasoning for whether or not the reaction
iz thermodynamically favorable and what is driving that favorability. After the pairs
have discussed their responses, have them share with other pairs to get feedback on
their rationale.

2 9.8 Demo with Q&A
Construct a simple battery by submearging two electrodes (Mg and Cu) into orange
Julee and attaching It to the battery compartment of a quartz clock. Instruct students
to ask as many questions as they can while the clock is running. Allow the clock to run
for as long as possible and then examine the magnesium anode after a day to see if
it corrodes away. As a class, examine the table of standard reduction potentials and
discuss where the electrons are coming from and going to in order to power the clock.

3 8.11 Critique Reasoning
Have students mass a new penny with an analytical balance, They attach the penny to
the negative electrode, which is attached to a 9-volt battery. A zinc strip is attached
to the positive electrode. The penny is submerged for 10 minutes ina 1.0 MNaOH
solution with zinc dust and the zinc electrode. Students dry the penny and mass it
again. Using Faraday’s laws, have them calculate the current that must have been
delivered to plate the zinc onto the penny. Then have student pairs share and paar
review each other's reasoning.

AP Chemistry Course and Exam Description Course Framework V1 | 165
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UNIT

9

SUGGESTED SKILL
% Argumentation

(6.

Suppaort a claim

with evidence from
representalions or models
at the particulate level, such
as tho structura of atoms
andfor molecules.

=]

AVAILABLE RESOURCES
* Classroom
Resource = Units in
Thermochamical
Calculations

* The Exam > 2018 Chief
Reader Report

Thermodynamics and Electrochemistry

TOPIC 9.1
Introduction
to Entropy

LEARNING OBJECTIVE
la.1.4

Identify the sign and

relative magnitude of

the entropy change
associated with chemical

or physical processes.

AP Chemistry Course and Exam Descriplion

Required Course Content

ESSENTIAL KNOWLEDGE

AN

Entropy increases when matler becomes more
dispersed. For example, the phase change
from solid to liquid or from liguid to gas results
in a dispersal of matter as the individual
particles become freer to move and generally
occupy a larger volume. Similarly, for a gas, the
entropy increases when there Is an increase
involume {at constant temperature), and the
gas molecules are able to move within a larger
space. For reactions involving gas-phase
reactants or products, the entropy generally
increases when the total number of moles of
gas-phase products is greater than the total
number of moles of gas-phase reactants.
81,82

Entropy increases when eneray is dispersed.
According to kinetic molecular theory (KMT),
the distribution of kinetic energy among

the particles of a gas broadens as the
temperature increases. As a result, the entropy
of the system increases with an increase

in temperature,

Course Framework V.1 | 166
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?he_rmndynamics and Electrochemistry

( UNIT

TOPIC 9.2
Absolute Entropy and
Entropy Change

Required Course Content

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

0.2 LEY R

Calculate the standard The entropy change for a process can be
entropy change for a calculated from the absolute entropies of
chemical or physical process the species involved before and after the
based on the absolute ProcCess OCCurs.

entrapies (standard molar

entrapies) of the species EQN: ﬂ5:ﬁ,,-,,_.,=r~5“m e~ i

involved in the process,

AP Chemistry Course and Exam Description

9

SUGGESTED SKILL

&8 Mathematical
Routines

Calculate, estimate, or
predict an unknown
quantity from known
quantities by selecting
and following a logical
computational pathway
and attending to
precision (e.q.. performing
dimensional analysis and
attending to significant
figuras).

8

AVAILABLE RESOURCES
= Clagsroom
Resource > Units in
Thaermochamical
Calculations
= The Exam > 2013 Chief
Reader Report

Course Framework V.1 | 167
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— | UNIT )

9

Thermodynamics and Electrochemistry

SUGGESTED SKILL
% Argumentfation

3

Provide reasoning to justify
a claim using connections
between particulate

and macroscopic

srales or levels.

B

AVAILABLE RESOURCES
= The Exam = 2017 Chief
Reader Report

# The Exam > 2019 Chief
Reader Report

TOPIC 9.3

Gibbs Free Energy
and Thermodynamic
Favorability

Required Course Content

LEARNING OBJECTIVE
8.3.A

Explain whether a physical

or chemical process is
thermodynamically

favored based on an
evaluation of AG®,

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

9.4.A1

The Gibbs free energy change for a chemical
process inwhich all the reactants and
products are present in a standard state

(as pure substances, as solutions of 1.0 M
concentration, or as gases al a pressure of
1.0 atm (or 1.0 bar)) is given the symbaol AG".

'9.3.A.2

The standard Gibbs free energy change for a
chemical or physical process is a measure of
thermodynamic favorability. Historically, the
term "spontaneous” has been used to describe
processes for which AG" < 0. The phrase
“thermodynamically favored® is preferred
instead so that common misunderstandings
(equating "spontanecus” with “suddenly”

or "without cause”) can be avoided. When
AG® < 0 for the process, it is said to be
thermodynamically favored.

8.3.A.3
The standard Gibbs free energy change for
a physical ar chemical process may also
be determined from the standard Gibbs
free energy of formation of the reactants
and products.

EQN: AG"

wtaly Bl rrcrcfants

- 4] I o
MG)‘ prochucts MGJ

conlinged on next page
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Thermodynamics and Eleetroéhemistry_

UNIT

LEARNING OBJECTIVE |
9.3.A

Explain whether a physical
or chemical process is
thermodynamically
favored based on an
evaluation of A,

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE
l9.3.A4]

In some cases, it is necessary to consider both
enthalpy and entropy to determine if a process

will be thermodynamically favored. The freezing

of water and the dissolution of sodium nitrate
are examples of such phenomena,

9.3.48
Knowing the values of AII® and AS® for a

process at a given temperature allows AG® to
be calculated directly.

EQN: AG®=AH" - T AS®
[9.3.4.8

In general, the temperature conditions for a
process to be thermodynamically favored
{AG® < 0} can be predicted from the signs of
AH™ and AS® as shown in the table below:

AH® | AS® | Symbols AG® <,
favored at:
=<0 | =0 = alT
=0 | <0 = no T
=0 | =0 p - high T
<0 | <0 << low T

In cases where A" <0 and AS® =0, no
calculation of AG® is necessary to determine
that the process is thermodynamically
favored [AG® < 0). In cases where AH® =0
and AS® < 0, no calculation of AG® is
necessary to determine that the processis
thermodynamically unfavored (AG® = 0).

Course Framework V1 | 169
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UNIT

9

Thermodynamics and Electrochemistry

SUGGESTED SKILL
% Argumentation

SE

Provide reasoning to justify
a claim using connections
between particulate

and macroscopic

scales or levels,

TOPIC 9.4

Thermodynamic and
Kinetic Control

Required Course Content

LEARNING OBJECTIVE
|9.4.n

Explain, in terms of kinetics,
why a thermodynamically

favored reaction might not
occur at a measurable rate.

AP Chemistry Course and Exam Dascription

ESSENTIAL KNOWLEDGE
(9.4.8.1
Many processes that are thermodynamically

favored do not ocour to any measurable extent,
or they occur at extremely slow rates.

RN

Processes that are thermodynamically favored,
but do not proceed at a measurable rate, are
under "kinetic contral.” High activation energy
is a common reason for a process to be under
kinetic control. The fact that a process does
not proceed at a noticeable rate does not mean
that the chemical system is at equilibrium. If

a process is known to be thermodynamically
favored, and yet does not oceur at a
measurable rate, it is reasonable to conclude
that the process is under kinetic control.

Course Framework V.1 |
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Thermodynamics and Electrochemistry

( UNIT

9

TOPIC 9.5

Free Energy and
Equilibrium

Required Course Content

LEARNING OBJECTIVE
9.5

Explain whether a processis
thermodynamically favored

using the refationships
between K, AG®, and T.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

[9.5.1]

The phrase "thermodynamically favored®
{AG < 0) means that the products are
favored at equilibrium (K > 1) under standard
conditions.

9.6.A.2]

The equilibrium constant is related to free
energy by the equations

EQN: K= 37T
and
EQN:AG*=-RTIn K,

l9.5.A.3]

Connections between K and AG® can be made

qualitatively through estimation, When AG® is

near zero, the equilibrivm constant will be close
to 1. When AG® Is much larger or much smaller
than RT, tha value of K deviates strongly from 1.

l8.5.A.4]

Processes with AG® < ) favor products
{i.e.. K > 1) and those with AG® =0 favor
reactants (e, K< 1).

SUGGESTED SKILL
% Argumentation

Provide reasoning Lo justify
a claim using chemical
principles or laws, or using
mathemalical justification,

Course Framework V1 | 171
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UNIT
9 Thermodynamics and Electrochemistry

SUGGESTED SKILL TOPIC 9.6

4 Model Analysis

mememone | ETCE@ ENErgy of

amuodel or representation

describes the connection — -

botween particule- 1SSolution
level propearties and
macroscopic properties,

Required Course Content

LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE

964 [9.6.8.1]

Explain the relationship The free energy change (AG®) for dissolution
between the solubility of a substance reflects a number of factors:

of a salt and changes > the breaking of the intermolecular interactions
in the enthalpy and that hold the solid together, the reorganization
entropy that occur in the of the solvent around the dissolved species,
dissolution process. and the interaction of the dissolved species

with the solvent. It is possible to estimate the
sign and relative magnitude of the enthalpic
and entropic contributions to each of these
factors. However, making predictions for the
total change in free energy of dissolution can
be challenging due to the cancellations amang
the free energies associated with the three
factors cited.

AP Chemistry Course and Exam Description Course Framework V1 | 172
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Thermodynamics and Electrochemistry

TOPIC 9.7

Coupled Reactions

Required Course Content

LEARNING OBJECTIVE
87

Explain the relationship
between external sources >
of energy or coupled
reactions and their ability
to drive thermodynamically
unfavarable processes.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE
[g.7.4.1]
An external source of energy can be used

to make a thermodynamically unfavorable
process occur. Examples include:;

i. Electrical energy to drive an electrolytic cell
or charge a battery.

ii. Light to drive the overall conversion of carbon
dioxide to glucose in phetosynthesis.

l9.7.A2]

A desired product can be formed by coupling

a thermodynamically unfavorable reaction

that produces that product to a favorable

reaction (e.g. the conversion of ATP to

ADPinbiological systems). In the coupled

system, the individual reactions share one

ar more commaon intermediates. The sum of

the individual reactions produces an overall

reaction that achieves the desired outcome and

has AG® <.

SUGGESTED SKILL
% Model Analysizs

4,0

Explain the degree to which
amodeal or representation
describes the connection
between particulate-

leval properties and
macroscopic properties.

Course Framework V1 | 173
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Thermodynamics and Electrochemistry

SUGGESTED SKILL

8 Question and
Method

Explain how modifications
Lo an experimental

procedure will alter results.

TOPIC 9.8

Galvanic (Voltaic) and
Electrolytic Cells

Required Course Content

LEARNING OBJECTIVE

lga.a

Explain the relationship
between the physical
components of an
electrochemical cell and the
overall operational principles
of the cell.

AP Chemistry Course and Exam Descriplion

ESSENTIAL KNOWLEDGE

9.8.A.1

Each component of an electrochemical cell
(electrodes, solutions in the half-cells, salt
bridae, voltage/current measuring device) plays
a specific role in the overall functioning of the
cell. The operational characteristics of the cell
[galvanic vs. electrolytic, direction of electron flow,
reactions cceurring in each half-cell, change in
electrode mass, evolution of a gas at an electrode,
ion flow through the salt bridge) can be described
at both the macroscopic and particulate levels.
8842

Galvanic, sometimes called voltaic, cells invalve
a thermodynamically favored reaction, whereas
electrolytic cells involve a thermodynamically
unfavored reaction. Visual representations

of galvanic and electrolytic cells are tools of
analysis to identify where half-reactions occur
and inwhat direction current flows.

9.8.A.3

For all electrochemical cells, oxidation
occurs at the anode and reduction occurs
at the cathode.

Exclusion Statement: Labeling an electrode as
positive or negafive will not be assessed on the
AF Exam.
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TOPIC 9.9

Cell Potential and
Free Energy

Required Course Content

LEARNING OB.JECTIVE

LEXY

Explain whether an
electrochemical cellis F
thermadynamically favored,

based on its standard cell
patential and the constituent
half-reactions within the cell.

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

98,41

Electrochemistry encompasses the

study of redox reactions that occur within
electrochemical cells. The reactions are

either thermodynamically favored (resulting

in a positive voltage) or thermodynamically
unfavored (resulting in a negative voltage and
requiring an externally applied potential for the
reaction to proceed).

The standard cell potential of electrochemical
cells can be calculated by identifying the
oxidation and reduction half-reactions and their
respective standard reduction potentials.

80,43

AG* (standard Gibbs free energy change)

is proportional to the negative of the cell
potential for the redox reaction from which

it is constructed. Thus, a cell with a positive

E? involves a thermodynamically favored
reaction, and a cell with a negative E” involves a
thermodynamically unfavored reaction.

EQN: AG°=—nFE"

UNIT

9

SUGGESTED SKILL

% Mathematical
Routines

Calculate, estimate, or
predict an unknown quantity
from known quantities by
salecting and following

a logical computational
pathway and attending to
pracision (e.q., parforming
dimensional analysis and
attending to significant

figures).

=

AVAILABLE RESBOURCES
* Tha Exam > 2018 Chiaf
Reader Report
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UNIT

SUGGESTED SKILL
% Argumentation

Provide reasoning to justify
a claim using chemical
principles or laws, or using
mathematical justification.

=

AVAILABLE RESOURCES
* The Exam > 2022 Chief
Reader Report

Thermodynamics and Electrochemistry

TOPIC 9.10

Cell Potential Under
Nonstandard Conditions

LEARNING OBJECTIVE

[8.10.a]

Explain the relationship
between deviations fram
standard cell conditions and
changes in the cell potential.

AP Chemistry Course and Exam Description

Required Course Content

ESSENTIAL KNOWLEDGE

lg.10.8.1]

In a real system under nonstandard conditions,
the cell potential will vary depending on the
concentrations of the active species. The cell
potential is a driving force toward equilibriurm;
the farther the reaction is from equilibrium, the
greater the magnitude of the cell potential.

8.10.A,2|

Equilibrium arguments such as Le Chatelier's
principle do not apply to electrochemical
systems, because the systems are not in
equilibrium.

8.10.A.3|

The standard cell potential E” corresponds to
the standard conditions of ()= 1. As the system
approaches equilibrium, the magnitude {ie.,
absolute value) of the cell potential decreases,
reaching zero at equilibrium {when ()= K].
Deviations from standard conditions that take
the cell further from equilibrium than Q= 1 will
increase the magnitude of the cell potential
relative to K Deviations from standard
conditions that take the cell closer to equilibrium
than @ = 1 will decrease the magnitude of the
cell potential relative to E”. In concentration
cells, the direction of spontaneous electron flow
can be determined by considering the direction
needed to reach equilibrium,

continued on next page
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Thermodynamics and Electrochemistry

8.10.A

Explain the relationship
between deviations from
standard cell conditions and
changes in the cell potential.

LEARNING OBJECTIVE B

AP Chemistry Course and Exam Description

ESSENTIAL KNOWLEDGE

[a.10.A.4

Algorithmic calculations using the Mernst
equation are insufficient to demanstrate an
understanding of electrochemical cells under
nanstandard conditions. However, students
should qualitatively understand the effects

of concentration on cell potential and use
conceptual reasoning, including the gualitative
use of the Nernst equation;

EQN: E=E°— (RT/nAIn Q
to solve problems.
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Thermodynamics and Electrochemistry

SUGGESTED SKILL
Routines El t l o
58 €Clrolysis and
Identify an appropriate ’
theory, definition, or
mathematical relationship Fa raday S Law
to solve a problem.
Required Course Content
LEARNING OBJECTIVE ESSENTIAL KNOWLEDGE
8.11.A| 81181
Calculate the amount of Faraday's laws can be used to determine the
charge flow based on ? stoichiometry of the redox reaction occurring
changes in the amounts of in an electrochemical cell with respect to the
reactants and products in an following:
electrochemical cell. i. Mumber of electrons transferred
ii. Mass of material deposited on or removed
from an electrode (as in electroplating)
iil. Current
iv. Time elapsed
v. Charge of ionic species
EQN: I=g/t
AP Chemistry Course and Exam Descriplion Course Framework V1 | 178

Return to Table of Contents



Laboratory
Investigations







Lab Experiments

Student-directed, inquiry-based lab experience
suppaorts the AP Chemistry course and the AP Course
Audit curricular requirements. It provides opportunities
for students to design experiments, collect data, apply
mathematical routines and methods, and refine testable
explanations and predictions. Teachers are expected to
devote a minimum of 25 percent of instructional time to
lab investigations and to conduct at least 16 hands-on
lab investigations to support the learning objectives

in the course framework. Additionally, teachers are
expected to provide guided inquiry-based labs for at
least 6 of the 16 lab investigations,

MNote: Virtual labs do not count towards the 25 percent
of instructional time spent conducting hands-on labs.

Lab Manuals

The AP Program publishes AP Chemistry Guided-
Inquiry Experiments: Applying the Science Practices
to support the guided inguiry lab requirement for the
course. This lab manual isn't required, but the teacher
manual is free and available online. Publishers of
chemistry textbooks also typically offer an associated
lab manual. Science classroom supply companies may
also offer them. Teachers should consider the course
audit requirements, student needs, and cost before
purchasing or requiring students to purchase.

Lab Notebooks and Student
Workbooks

Many publishers and science classroom material
distributors offer affordable lab notebooks and student
workbooks with associated practice problems and
solutions. Students can use any type of notebook to
fulfill the lab notebook requirement, even an anling
document, Teachers should consider their own needs
and those of their students when deciding what type
of lab notebook to use. The ACS Style Guide, available
from the American Chemical Society, is another
important resource for the lab notebook (acs.org).

Lab Materials

AP Chemistry is a college-level course, but the
equipment and chemicals needed for the labs are
comparable to those required for a high school-level

AP Chamistry Course and Exam Description

chemistry course. A list of commonly used instruments,
lab bench equipment, and chemicals for AP Chemistry
can be found in the appendix of the AP Chemistry
Guided-Inquiry Experiments: Applying the Science
Practices lab manual. A supportive school and district
will help provide an adequate learning environment in
which to conduct lab investigations, Most lab manuals
provide a list of malterials and equipment needed for
each lab investigation. Before purchasing, teachers
should consult their lab manual and calculate how
much of a particular substance may be needed for the
number of students they have.

Itis important that the AP Chemistry lab program be
adapted to local conditions and funding even while it
aims to offer students a well-rounded experience with
experimental chemistry. Adequate lab facilities should
be provided so that cach student has a work space
where equipment and materlals can be: left overnight
if necessary. Students will need access to basic lab

" equipment and glassware (e.g.. beakers, Bunsen

burners, and balances) in addition to some specialized
equipment, such as spectrophotometers and pH
meters, to complete the recommended labs. None of
the recommended labs requires the use of probes or
computer sensors for data collection, which are more
axpensive tools, though they can be used if available,
It's recommended thal teachers have a computer and
projector to show computer-based animations and
simulations for many of the prelab activities for lab
investigations. However, a paper-based alternative

can easily be provided if the equipment is unavailable.
Students may use computers or graphing caleulators to
analyze data and present their findings, but they do not
need to do so.

There are avenues that teachers can explore asa
means of getting access to more expensive equipment,
such as computers, spectrophotometers, high-guality
analytical balances, and probes. Equipment like
spectrophotometers can often be rented for short
periods of time from instrument suppliers. Chemical
companies often have equipment that classrooms can
barrow; company repraesentatives should have this
information. Alternatively, local colleges or universities
may allow high school students to complete alab asa
field trip on their campus, or they may allow teachers
to borrow their equipment. They may even donate

Laboratory Investigations V1 | 181
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their old equipment. Some schools have partnerships
with local businesses that can help with lab equipment
and materials. There are many grant programs that
leachers can apply to for funds to purchase equipment
and supplies, including Hach grants from the American
Chemical Society. Teachers can also utilize online
donation sites such as Donors Choose and Adopt-A-
Classroom.

Lab Time

To qualify for accreditation by the American Chemical
Society, college chemistry departments typically
schedule a weekly lab period of three hours. It is
critical that lab work is an important part of an AP
Chemistry course so that it is comparable to a college
general chemistry course. Data shows that increased
lab time is correlated with higher AP scores. Flexible or
modular scheduling must be implemented in order to
meet the time requirements.

Recommended Experiments

The AP Chamistry Exam directly assesses the learning
objectives of the course framework, which means the
inclusion of appropriate experiments aligned with those
learning abjectives is important for student success.
Teachers should select experiments that provide
students with the broadest lab experience possible,

The following is a list of recommended labs that
includes the associated technigues that students will
practice in that particular lab. Upon completion of
the lab program, students should be able to describe
how to collect data, reduce data to form conclusions,
and identify and discuss ralevant sources of error.
Students should report recorded data and quantitative
conclusions drawn from the data with appropriate
precision {i.e., significant figures). Students should
also develop an understanding of how changes in the
design of the experiments would impact the validity
and accuracy of their results. Many guestions on the
AP Exam are written in an experimental context, so
these skills will prove invaluable for both concept
comprehension and exam performance.

Use the absorption of light to determine the identity
andfor concentration of an analyte in solution. This
includes understanding how the guantities in Beer's law
relate to the experimental setup, selecting a wavelength
that will generate unambiguous data regarding the
chemical species of interest, and using standard
solutions to generate a calibration curve or measure the
malar absorptivity.

AP Chemistry Course and Exam Description

Use differences In Intermolecular forces to separate
a mixture into its components or to determine the
identity of components of a mixture, This includes
using chromatography to separate and quantitatively
identify the various components of a mixture.

Deatermine the formula of a compound by measuring
the stoichiometry of the reaction of that compound
with known reagents. This includes understanding
how the product will be collected and massed (e.g.
collection of evolved gas or filtering and washing of a
solid) and how the data collected allows determination
of the reaction stoichiometry.

Use gravimetric analysis to determine the amount

of an analyte in a mixture. This includes selecting a
reagent that will selectively precipitate the chemical
species of interest and understanding how the

solubility of the precipitate influences the experimental
uncertainty and how to collect and mass the precipitate.

Use titration to determine the concentration of an
analyte in a solution. This includes understanding

how precise volumes of reactants can be effectively
dispensed, knowing how to evaluate when the end point
of the titration is reached from various means (e.g.,
change in color or conductivity), and understanding
how to utilize reaction stoichiometry to determine
analyte concentrations,

Determine the rate law of a chemical reaction. This
includes selecting an appropriate measure of reaction
rate or concentration (e.g. pressure, mass, color) and
determining the rate law from either the time trace of
concentration versus time or the dependence of initial
rate oninitial concentrations.

Use calorimetry to determine the change In enthalpy
of a process, Experiments may be limited to constant
pressure and include heatingfcooling, phase transition,
dissolution of a solid, and chemical reactions. Students
should understand how to identify the subsystems
invalved in the heat exchange, how to use the measured
temperature changes o determine the amount of heat
exchanged, and how to determine the enthalpy of

the process,

Build electrochemical cells to determine the
characteristics of an electrochemical reaction,
This includes preparation of a cell corresponding
to the reaction of interest, measuring voltages
and other quantities to characterize a voltaic cell,
and utilizing external power sources to perform an
electrolysis experiment.
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Explore the impact of disturbances on an equilibrium
system, This includes determining factors that impact
the position of equilibrium and measuring how these
disturbances impact the position of equilibrium.

Use titration to characterize an acld or base solution.
In addition to the aspects discussed above regarding
titrations, this includes using the data to determine
concentration, pK, or pK,, of a monoprotic or polyprotic
acid or base,

Propare a buffar solution. This includes selecting
appropriate buffer components and determining the

AP Chemistry Course and Exam Description

concentrations needed to meet the target pH and
buffer capacity, selecting the reagents needed to
prepare the solution, and characterizing the resulting
solutions to confirm that it meets the targets.

Note: Many of these labs can be broken down into two
or more labs to meet the 16 labs requirement and to
satisfy the 25 percent instructional time required. This
is not an exhaustive list. Teachers should feel free to
build in additional lab work that helps students develop
strong procedural, safety, and instrumentation skills.
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How to Set Up a Lab Program

Getting Students Started

Itis possible to modify any traditional lab in order to

make it a structured, guided, or cpen inquiry experiment.
Designing and implementing inquiny-based labs that
support student learning can be challenging. Teachers
may want to consider collaborating with other teachers,
attending workshops about inquiry-based labs (eg.
POGIL, SWH, or other chemistry education conferences
orworkshops) or consulting resources related to inguiry
in the: lab in order to become more skilled in implementing
ingquiry in their classrooms and labs,

For teachers who currently do verification lab activities,
a first step toward including more inguiry in their
curriculum is to do structured-inguiry lab activities.

For example, teachers can have students work in
groups investigating a variable (mass, concentration,
temperatura) over a range. Students can then observe
what effect it has on a factor, data, make a graph, and
ultimately infer an answer based on the graph of the
pooled data.

To modify a cookbook lab, teachers can think

the question: What characteristics make this lab
‘cookbook” rather than inquiry? Other good questions
include: At what inquiry level is the lab currently?
Toward what inquiry level should this lab move? Even
small changes to the lab can provide students with
mare of an inquiry experience. Three examples of how
teachers can modify common cookbook experiments
follow. Mote that these are not detailed prescriptions
for complete experiments but suggestions for how to
think about inquiry modifications. For more detailed
guided inquiry labs, see AP Chemistry Guided-Inquiry
Experiments: Applying the Science Practices.

1. Molar volume of a gas. A traditional version of
this lab asks students to determine the maolar
volume of a gas by combining hydrochloric acid
with magnesium. Students are given a set amount
of magnesium and a set procedure. A possible
guided inguiry question could be: How does the
mass of magnesium ribbon used affect the mofar
volume of a gas? In a guided inquiry version, all
students use a different amount of magnesium
to do the reaction; they can do several trials with

AP Chemistry Course and Exam Description

different amounts. Students then put their end
results and calculated data on the board and
analyze the data.

2. Qualitative analysis of lons In solution. Ina
typical version of this lab, students are given a
series of known solutions and a set procedure
for identifying various lons, After observing
the reactions of the known solutions, students
repeat the same procedure with an unknown
solution. In a possible inquiry-based version
of this lab, give students a set of test reagents
and a series of known solutions and ask them to
design procedures to distinguish between three
or four ions. Different student groups will work
with differant known ions. Mext, students share
their data and the procedures they designed in a
class discussion. They then use their combined
data and work together to design a procedure
to identify the ions in an unknown solution
containing several ions.

3. Electrochemistry—galvanic cells. Traditionally,
students are given a set procedure Lo construct
anumber of galvanic cells from various metals
and solutions and measure the cell potential of
each one. An inguiry-based way to conduct this
lab entails student groups investigating different
factors that affect cell potential, such as electrode
identity or concentration of reactant solutions.
Each group studies only one factor and then
groups come together to share data and discuss
patterns. Students would then be challenged to
apply their learning to create the battery with the
greatest cell potential.

Observations and Data

Manipulation

Students must practice making careful observations
and accurately recording what they observe. Too
frequently students confuse what they see with what
they think they are supposed to see. They should

be encouraged to be accurate reporters, even when
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their findings seem to conflict with what they are led
to expect by the textbook or lab procedure. Proper
interpretation of observations is also important.
Students should be able to find evidence of chemical
change [color change, precipitate formation,
temperature change, gas evolution, etc) and its
absence (in the identification of spectator ions, for
example). Students should know how to make and
interpret quantitative measurements correctly.

This includes knowing which piece of apparatus is
appropriate for making the measurement.

Communication and Group
Collaboration

Lab work is an excellent means through which students
can develop and practice communication skills.
Success in subsequent work in the field of chermistry
depends heavily on an ability to communicate chemical
observations, ideas, and conclusions. Working in a truly
collaborative manner to plan and execute experiments
will help students learm oral communication skills and
practice teamwork. Students should be encouraged to
take individual responsibility for the success or failure of
the collaboration.

Lab Safety

A successful AP Chemistry lab program will instill

in each student a lifelong “safety sense™ that will
ensure their safe transition into more advanced work
in college or university labs or into the industrial
workplace environment. It is important that certain
concerns regarding lab safety be addressed in every
chemistry course.

= Al facilities should conform to federal, state, and
local laws and guidelines pertaining to the safety of
students and teachers.

= Teachers with a limited background in chemistry
should receive additional safety training specific to
chemistry labs before teaching AP Chemistry.

= Lab experiments and demonstrations should not
be carried out if they could expose students to
unnecessary risks or hazards.

= Students should be fully informed of potential lab
hazards relating to chemicals and apparatuses
before performing specific experiments.

= Storage and disposal of hazardous chemicals must
be done in accordance with local regulations and
policies. Teachers and students should know what
these regulations are.

AP Chamistry Course and Exam Description

Basic lab safety instruction should be an integral
part of each lab experience. Topics that should be
covered include:

= Simple first aid for cuts and thermal and
chemical burns

= Use of safety goggles, eye washes, body showers,
fire hlankets, and fire extinguishers

= Safe handling of glassware, hot plates, burners and
other heating devices, and electrical equipment

* Proper interpretation of Material Safety Data Sheets
(MSDS) and hazard warning labels

= Proper use and reuse practices {including proper
labeling of interim containers) for reagent bottles

Material and Equipment Use

Students must learn the skills necessary to use the
following ordinary equipment: beakers, flasks, test
tubes, crucibles, evaporating dishes, watch glasses,
burners, plastic and glass tubing, stoppers, valves, spot
plates, funnels, reagent bottles, wash bottles, droppers,
and measuring equipment.

The list of measuring equipment includes: balances
(single pan, double pan, triple beam), thermaometers (°C),
barometers, graduated cylinders, burets, valumetric
pipets, graduated pipets, volumetric flasks, ammeters,
voltmeters, pH meters, and spectrophotometers. A
more comprehensive list of laboratory equipment can
be found in Appendix C of AP Chemistry Guided-
Inquiry Experiments: Applying the Science Practices.

Processes and Procedures
Students should be familiar with the following general
types of chemical lab work:

= Synthesis of compounds (solid and gas)

= Separations (precipitation and filtration, dehydration,
centrifugation, distillation, chromatography)

= Titration using indicators and meters
= Spectrophotometry/colorimetry
= Gravimetric analysis
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Microscale Experiments

One important change in chemistry lab instruction in
recant years has been the introduction of microscale
experiments. Teachers can determine whether
microscale experiments are appropriate for their
students and classroom/lab space, Here are some
benefits to considen:

= Decreased cost of chemicals acquisition
and disposal

* Reduced storage space requirements and
safer storage

AP Chemistry Course and Exam Descriplion

Less need for elaborate lab facilities in schools
Greater care needed by students to obtain and
observe resulls

Shorter experiment times as well as easier and
faster cleanup

Ahbility to carry out some experiments that were
once restricted to demonstration because of their
hazards in macroscale

Laboratory Investigations V1 | 186
Return to Table of Contents



Instructional
Approaches







Selecting and Using
Course Materials

In addition to using a college-level textbook that

will cover the required course content, students are
required to perform lab investigations for 25 percent
of instructional time (with a mix of both teacher-
directed and guided inquiry investigations). Students
are also required to keep a lab notebook to document
all of their lab work, Further, it is common practice

for students to work several practice problems that
may or may not be provided in their textbook. See the
Laboratory Investigation section starting on page 179
far more details on lab materials.

Teachers who are beginning or adapting lab
programs can also find helpful resources online at AP
Central and the AP Chemistry Teacher Community.
The resource section of the AP Chemistry Teacher
Community offers reviews of textbooks, articles,
websites, and other teaching resources. Teachers
can also request advice or opinions regarding all
issues relating to AP Chemistry, including the labs,

AP Chemlstry Course and Exam Description

Textbooks

The AP Chemistry course requires the use of a
college-level textbook. It is unlikely that a high
school-level textbook will cover the content and skills
of the course in the depth necessary to succeed
an the AP Exam. It Is important to select a textbook
that covers the content of the AP Chemistry course
as detailed in the course framework. Additionally,

a textbook that focuses on skill instruction will

help provide students opportunities to practice
canstructing particulate representations of matter,
solving single- and multi-step problems, and
explaining chemical phenomena.

AP Central provides an example textbook list to help
determine whether a text is considered appropriate

in meeting the AP Chemistry Course Audit resource
requirement. Teachers can also select lexthooks locally,
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Guided Inquiry in

AP Chemistry

Inguiry-based instruction is encouraged in both the
chemistry classroom and the lab. However, the guided
inquiry model of instruction differs substantially from
the traditional model of lab and/or classroom learning.
Instead of seeking confirmation of concepts, iInguiry-
based labs and classroom activities allow students, with
guidance, to observe phenomena, explore ideas, and
find patterns. This allows students to answer guestions
they have developed themselves.

Here are some essential features of guided inguiry
instruction in both the classroom and the lab.

AP Chemistry Course and Exam Description

Learner selects among questions and poses new
questions.

Learner is directed to collect certain data.
Learner is given data and asked to analyze it
Learner is given the data and told how to analyze it.

Learner is guided in the process of formulating
explanations from evidence,

Learner is directed toward areas and sources of
scientific knowledge.

Learner is coached in the development of
communication,
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Instructional Strategies

The AP Chemistry course framework outlines the concepts and skills students need to master to be successful
on the AP Exam. In order to address those concepts and skills effectively, it helps to incorporate a variety of
instructional approaches into daily lessons and activities. The following table presents strategies that can help
students apply their understanding of course concepts.

Strategy

Definition

Purpose

Example

Critique
Reasoning

Through collaborative
discussion, students
respond to the arguments
of others and guestion

the use of a mathematical
routine, assumptions, and/
or conjectures to improve
understanding, justify, and
communicate conclusions,

Helps students learn from
each other as they make
connections between
mathematical routines

and learn Lo verbalize their
understanding and support
their arguments with
reasoning and data that
makes sense to peers.

Give students the series

of steps (equations) for a
chemical reaction, the rate
law for such, and a list of
suggestod mechanisms and
have student groups think
about which mechanism is
consistent with the rate law
and series of steps. Have
them discuss their predictions
about what the proposed
mechanism for the reaction
should be. Then have groups
share their proposal and
reasoning for other groups
to evaluate and provide
feedback.

Demos with Q&A

Students make a prediction
based on prior knowledge
ar misconceptions,

Then the teacher
introduces or reinforces

a chemical concept via

a demonstration, by
which students address
Lheir understanding or
misconceptions through
ohsarvations or clarifying
questions.

Engages students by
quickly gaining their
attention and stimulating
their curiosity about

what is happeaning

with the phenomena

being demonstrated

and addresses their
misconceptions or builds
upan their prior knowledge.

Students think boiling

liquids will be hot. First put

a sample of liguid butane

in a sealed container. Then
have students cause bolling
to occur by touching the
outside of the container; the
container develops frost on
the outside as boiling accurs.
Have students address their
initial misconceptions through
group discussion.

AP Chemistry Course and Exam Description
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Strategy Definition

Purpose

Example

Explore Students create, interpret,
Repmsen mtians andfor analyze pictures,
tables, graphs, lists,
equations, models, and/
or verbal expressions
tointerpret text or
data. Students observe
information or create visual
representations to find

Helps students organize
infarmation using multiple
ways lo present data and
answer a question or
show a problem’s solution.
Builds comprehension and
facilitates discussion by
reprasenting information
in visual form. Helps to

Students are told the boiling
point of CC, is higher than
GH,Cl,. Have them crealte
one representation of the
interactions of at least

two CCI, molecules and a
second representation of
the interactions of at least
two CH,CI, molecules at

a trend. identify patterns that the boiling point. Have
may be used to make students use their particulate
predictions. representations to explain
why one boiling point is higher
than the other.
Idenﬁﬁp Fe Students break a problem Helps students organize After providing students
Subtask into smaller pieces whose the pieces of a complex with a particular chemical

outcomes lead to a solution.

prablem and reach a
complete solution.

reaction (and associated
concentrations of all species),
ask them to determine

the concentration of all
species once the reaction

is in equilibrium. Teachers

can employ an ICE (initial
concentration, change in
concentration, and equilibrium
concentralion) chart to help
students work through the
subtasks of this complicated
problem.

Manipulatives Students use objects to
examine relationships

between the objecls and
information given.

Provides a visual
representation of data that
supports comprahension of
information in a problem.

Have students use molecule
building kits to construct
Lewis structures. Then have
them uze these structures
and VSEPR theory to predict
the maolecular geometry and
overall polarity of molecules,

Post-Lab Students discuss the
Discussion understanding of a concept
to lead o a consensus
on its meaning. Studants
discuss the extension of
the laboratory protocol to
other chemical systems,

Helps clarify
misconceptions and
deapen understanding of
content. Allows students
to troubleshoot errars
and focus on solutions
that may arise when they
do the same procedures
themselves,

After performing a titration to
determine the concentration
of an unknown, have students
present their answers and
compare with the “known”
answer. Then hava tham
evaluate each other's answers
and calculations to determine
what (if any) errors led to a
discrepancy between the
experimental value and the
known value.

AP Chemistry Course and Exam Description

continued on next page
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Strategy Definition Purpose Example

Predict & Confirm Students make conjectures Stimulates thinking by Given a particular molecular
about what results will making, checking, and structure and using their
devaolop in an activity and correcting predictions understanding of kinetic
confirm or modify the based on evidence from the  molecular theory and
conjectures based on outcome. intermolecular forces, have
outcomes, students make predictions

about chemical species (...
bolling point, macroscopic
observations when pressure
changes. interactions with
ather chemical species).

Process Oriented  Students workin small Helps students develop After students review a data

Guided Inqu fr}? (self-managed] teams to maslery of content through  set regarding periodic trends,

Learning collaboratively engage in the construction of their give them a serifas “f, guided

f.FD GIL) small activities (including own understanding and guestions to rationalize
data seots and a series through the development the data in the context of
of guiding questions) of reasoning skills as they atomic structure, Then have
that follow the learning discuss their thought them apply the model they
cycle of exploration to processes with others. developed with extended
build understanding of a questions or additional data.
concept and then apply that
knowledge or processina
new context.

Simulations Students interact with Helps students visualize, Have students view a simulated
chemically realistic interact with, and reaction (pertaining to a
simulations and can either manipulate variables [imiting reagent problem).
enter or alter parameters associated with difficult Each iteration of the simulation
by which the simulationwill  chemistry concepts and pravides students with different
reveal the consequences or  phenomena as well as unknown concentrations of the
changes therein. particulate representations  reaclants from which students

of matter. calculate the amount of
product that is generated, Have
themn check thelr answers upon
completion of the simulation.

Think-Pair-Share Considering and thinking Helps students to construct  Given a problem pertaining to

about a topic or question
and then writing what has
been learned; pairing with
a peer or a small aroup to
share ideas; sharing ideas
and discussion with a
larger group.

meaning about a topic or
question; to test thinking
in relation to the ideas

of others; to prepare

for a discussion with a
larger group.

thermodynamic favorability,
hawve students think through
how enthalpy andfor entropy
drives the thermodynamic
favarahility of the reaction.
Then have students pair up
and explain their reasoning for
whather or not the reaction is
thermodynamically favorable
and what is driving that
favorability. After they have
discussed their responses,
have them share with other
pairs to get feedback on their
rationale.

AP Chemistry Course and Exam Description
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Developing the Science
Practices

Throughout the course, students will develop sclence practices that are fundamental to the discipling of chemistry.
Students will benefit from multiple opportunities to develop these practices in a scaffolded manner.

The tables that follow provide sample activities and instructional strategies for incorporating the individual
skills into the course.

Science Practice 1: Describe models and representations, including

across scales

The ability to use models and "pictures” to explainfrepresent what is happening at the particulate level is
fundamental to understanding chemistry. Before being able to explain or represent what is happening at the
particulate level, students must be able to identify the components of and describe what is happening ina
model, rapresentation, or graph of a chemical system or phenomenon.

Science Practice 1: Models and Representations

Instructional
Skill Questions/Tasks Sample Activities Strategies
1.A] Identify the bond angle Give students a 3-D molecular  Manipulatives
Dezcribe the from a Lewis dot structure.  structure then ask them to
describe several bond angles
components of and .
quantitative information Fa sl ctan and bond lengths within the
from models and configuration, identify molacule,
moae 5 an the number of valence
{Epmsenmtrorfs that eleclrons.
illustrate particulate-
level properties anly.
1.8/ Given a Lewis dot Give students structures ona Demos with Q&A
Describe the structure, identify the sheet of paper and ask them
components of and intermalecular force to describe the evaporation
quantitative fnﬁmﬁﬂﬁnn thatis congruent with a rate of each malecule in
from models and macroscopic observation,  comparison with each other.
e Swipe the substances onalab
:ﬁp! il bs h table to help students ohsarve
at itustr H‘EE ?‘f 5 which evaporates faster and
particula fe: eler an then ask them Lo describe why.
macrascaopic-level
praperties.
AP Chemistry Course and Exam Dascription Instructional Approaches V1 | 194
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Science Practice 2: Determine scientific questions and methods

Using guided inguiry instruction, students can construct andfor discover knowledge with an

understanding of how scientists study the natural world. Inquiry teaching expands beyond lab
investigations and field experiments to include classroom experiences, such as scientific model
development and revision and peer-to-peer critique of explanations. Student activities that support
the: learning of science concepts through scientific inquiry in AP classrooms may include;

= Reading about known scientific theories and ideas
= Generating scientifically orlented questions
= Making predictions or posing preliminary hypotheses

= Planning investigations
* Making observations

= Using tools to gather and analyze data

= Constructing explanations

= Creating, critiquing, and revising models
= Engaging in scientific argumentation

* Reviewing known theories and concepts in light of empirical data
* Communicating the results of an experiment

Science Practice 2: Question and Method

Instructional
Skill Questions/Tasks Sample Activities Strategies
m After reviewing a student's Have students cbserve Demos with Q&A
Iden ﬁﬁ, a testable method of investigation and  substances generating

scientific question based
on an observation, data,
or a model,

assoclated macroscaopic
observations, identify the
question the student Is
seeking to answer,

different-colored flames. Then
hawve them develop a question
that could generate data to
explain this phenomenon.

2.8]

Formulate a hypothesis
or predict the results of
an experiment.

Predict the formula of ionic
compounds based on the
position of the elements in
the periodic table.

Give students ionization energy
data from various elements

and have them rationalize the
relationship of the charge of the
ion to its position on the periodic
table and its electronic structure.

POGIL

2.C]

Identify experimental
procedures that are
aligned to a scientific
guestion {which may
include a sketch of a
lab setup).

What experimental
procedure would separate a
precipitate after mixing two
solutions?

2.0

Make obzervations

or collect data from
representations of
laboratory setups or
results, while attending
to precision where
appropriate.

Collect absorbances

of a solution at varying
concentrations to create
a calibration curve of
the salution,

Given that a precipitate is a
solid trapped in a solution, have
students identify the procedure
of filtration to separate the
precipitate from the solution.

Using a series of concentration
of solutions, have students
observe the color and relate
that color to the absorbance.

Explora
Representations

Predict and Gonfirm

AP Chemistry Course and Exam Description
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Science Practice 2: Question and Method (cont'd)

Instructional

Skill Questions/Tasks Sample Activities Strategies
2.E] Predict a slower rate dus to Hava studants implement Post-Lab
jdenfgﬁ; or describe a lower concentration. a gravimetric analysls lab Discussion
potential sources Df to determine the amount of
experimental error. iron in a sample, Have tham

discuss the effect a wel sample

would have on the calculated

parcentage of iron,
2.F] Students have beengivena  Give students data where a Post-Lah
Explain how table of data and results and  catalyst has been added to a Discussion
modifications to an asked to explain why one chemical system and ask them
experimental procedure result is different than the to explain what would happen to

will alter results,

other based on change in
procedure,

the rate of reaction,

Science Practice 3: Create representations or models of chemical

phenomena

After being able to identify components in a model or representation and describe what is happening,
students should be able to construct such representations, models, or graphs to represent chemical
systems, phenomena, and interactions at the particulate level,

Science Practice 3: Representing Data and Phenomena

Instructional
Skill Questions/Tasks Sample Activities Strategies
(3.4 Student creates a titration After collecting data onaweak  Post-Lab Discussion
Represent chemical curva basaed on pH as acid/strong base titration, have
phenomena using a function of volume of students create a titration
appropriate graphing titrant added. curve [pH as a function of the
technigues, including w_arume 4f bose acided). Then
correct scale and units. e Sacti ey e
points on the graph based
on group discussion (4.,
equivalence point).
E Students are given the Have students use pieces of  Manipulative
Represent chemical density of two diffarent circular paper to represent
substances or substances and asked lo molecules then move them
phenomena with create a representation closer together to represent
appropriate diagrams of the spacing betwean higher density substances.
ool fE g., electron particles of each of the
e substances.
configuration).
continued on next page
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Science Practice 3: Representing Data and Phenomena (cont’d)

Instructional
Skill Questions/Tasks Sample Activities Strategies
[3.C] Students are provided with Students are told that hexane  Explore

Represent visually the
relationship between
the structures and
interactions across
multiple levels or scales
(e.qg., particulate to
macroscapic).

two substances that mix
together and are asked to
rationalize the macroscopic
observations by drawing a
particulate representation of
the interacting molecules.

does not mix with water
but ethanol does, Have
them create a particulate
representation of each of

the mixtures (illustrating the

interactions between the

molecules that allowidisallow

the solubility).

Representations

Science Practice 4: Analyze and interpret models and representations
on a single scale or across multiple scales

After learning the skill of constructing models, representations, or graphs for chemical systems or phenomena,
students should be able to analyze and interpret such models for the purpose of explaining what is happening
at the particulate level. Students should also be able to evaluate the accuracy or correctness of the model or
representation inillustrating or demonstrating what is happening within a chemical systerm or phenomenaon.

Science Practit:«_e 4: Model Analysis

Instructional

Skill Questions/Tasks Sample Activities Strategies
4.7 Explain why the lonization Give students a table of POGIL

Predict and/or explain energy of fluorine is greater  lonization energies of

chemical properties or than that of oxygen. various elements and have

phenomena (e ag. of them explain the trends of

aloms or mofe;:ﬂ::'esj values in terms of atomic

p : B tructure,

using given chemical MR

theories, models, and

representations.

4B Students are asked to Give students a sample Think-Pair-Share

Explain whether a
model is consistent with
chemical theories.

4.C
Explain the connection
between parliculate-
level and macroscopic
properties of a
substance using models
and representations.

draw a Lewls dot diagram
that iz consistent with
experimental data,

of a gas and tell them that
the pressure of the gas is
lower than expected, Have
them explain the deviation
from predicted ideal gas
behavior,

Students are told that an
ionic substance dissolved
in water is able to conduct
clectricity. Students must
identify the particulate
representation that
explains the experimental
observation.

AP Chemistry Course and Exam Description

Give students a buffer
solution represented as
a reversible reaction and
ask them to explain how
the pH will change after
adding water.

Critique Reasoning

Instructional Approaches V1
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Science Practice 4: Model Analysis (cont'd)

Instructional
Skill Questions/Tasks Sample Activities Strategies
4D Students are given a Give students data about POGIL

Explain the degree
to which a model
or represenfation

describes the connection

between particulate-
level properties and
macroscopic properties.

particulate representation
of a weak acid and asked

to explain whather the
rapresentation matches the
observed pH.

an experimental rate law
and ask them to determine
(through guided questions)
which mechanism is
consistent with that rate law.

Science Practice 5: Solve problems using mathematical relationships

Mathematical reasoning skills are essential for success in chemistry. Students should be able to cite reasons for
using a particular mathematical routine. Students should also be able to use mathematics to solve problems that

describe the physical world,

Science Practice 5: Mathematical Routines

Instructional
Skill Questions/Tasks Sample Activities Strategies
5.4 What data needs to be Ask students to determine Think-Pair-Share
Identify quantities collected to determina the the molar heat of an icnic
needed to solve a empirical formula of anionic  solid dissolved in water,

problem from given
information (e.g.,

text, mathematical
expressions, graphs, or
tables).

5.8

Identify an apprapriate
theory, definition,

or mathematical
relationship to solpe a
problem.

compound?

Have them identify what
measurements must be
taken to complcte the task.
Than have students work
with one another to discuss
responses and report their
findings.

A student has boan given
the reaction of a weak acid
dissociating in water. The
student identifies which of
the equilibrium expressions
is used lo calculate the K of
the chemical phenomena,

Given a gaseous equilibrium
process, ask students to
identify the expression that
can be ultimately be used to
calculate the HP.

5.C|
Explain the relationship
between variables

within an equation when

one pariable changes.

A gas with a given pressure
and volume has a new
volume applied. The student
is asked to describe what
the new pressure would be.

Identify a Subtask

Place a balloon inta
avacuum pump. Ask
students to predicl what
will happen as the airis
removad, Remove the air
and ask students to explain
the relationship between
pressura and volume,

AP Chemistry Course and Exam Description
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Science Practice 5: Mathematical Routines (cont'd)

Instructional
Skill Questions/Tasks Sample Activities Strategies
5.0 Astudent is given a Give students a calibration Explore

Identify information
presented graphically to
solve a problem.

titration curve and asked to
determine the volume that
can be used to calculate the
concentration of the titrant.

curve of varying
concentrations of a GoCl,
solution. Knowing the
absorbance of an unknown
concentration of a solution
of CoCl,, have them
interpolate the solution's
concentration.

Representations

/|

Determine a balanced
chemical equation
for a given chemical
phenomena,

Transform a molecular

equation into a net ionic
equation for a particular
chemical phenomenon,

Give students a description
of the reaction between
silver nitrate and sodium
chloride then ask them to
write the net ionic equation
for this precipitation
reaction.

Explare
Representations

m

Caleulate, estimate, or
predict an unknown
quantity from known
quantifies by selecting
and following a

logical computational
pathway and attending
to precision {e.q.,
performing dimensional
analysis and attending
fo significant figures).

Calculate the amount of
product made when you mix
a particular amount of X and
a particular amount of .,

Provide students with the
masses of two reactants
{and the associated
chemical equation for the
subzeguent reaction), Have
them use dimensional
analysis and stoichiometry
to calculate the maximum
yield of the product.

Identify a Subtask

Science Practice 6: Develop an explanation or scientific argument

The ability to formulate a coherent argument, that is, to make a claim that is clearly articulated and
suppaorted by experimental evidence, is at the core of the scientific method. These arguments arise from
the iterative processes of experimentation, observation, and interpretation. Claims {conclusions) made
by scientists are ultimately shared with the broader community for peer review and further validation.
Consequonthy, students need to practice:

= Articulating a claim

* Providing qualitative andfor quantitative evidence to support their claim
= Justifying the inclusion or exclusion of particular pieces of evidence in supporting their claim
= Connacting qualitative andfor quantitative evidence to chemical theories and models to justify thair lina

of reasoning

AP Chemistry Course and Exam Description
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Sclence Practice 6: Argumentation

Instructional
Skill Questions/Tasks Sample Activities Strategies
/| The tamperature of the Show students a demo on = Demowith G&A

Make a scientific claim.

equilibrium mixture is
increased to 425 K. Will
the value of K increase,
decrease, or remain

the same? Justify yvour
prediction.

the change in volume of
agas based on change in
pressure, have students ask
guestions and come up with
a mathematical relationship
betweean pressure and
volume of a gas. Then

ask them to make a claim
{prediction] about what will
happen to the volume of a
gas based on a particular
change in pressure, Have
students critique each
other's claims bazed on the
mathematical relationship

* Critigue Reasoning

/|

Support a claim
with evidence from
experimental data,

A chemist successfully
separates a mixture of

CCl, (g} and HCl{g) by cooling
the mixture to 70°C. At

this temperature, the CCI,
condenses and HClremains
in the gaseous state, Using
this experimental data, what
can be inferred about the
intermolecular forces in
CCL{h and HCI?

determined during the Q&A.

After investigating three * Post-Lab
differant dyas using Discussion
chromatography. have = Explore
students determine which Reprasentations

of the three dyes is the

mast polar based on
macroscopic observations
and understanding of the
interactions between the
dyes and the solvent, or
between the dyes and the
papear, Then have them
discuss their answers [based
on evidence) and evaluate
the strengths of each
ather's claims using bath the
evidence and understanding
of intermalecular forces.

= Critigue Reasoning

6.C]

Support a claim

with evidence from
representations or
models af the particulate
level, such as the
structure of atoms and/
or molecules.

Students have been given a
list of different substances
and their corresponding
baoiling points. Students
must make a claim

about the connection
between the substances’
baoiling points and their
intermolecular forces.

Students are told the boiling
point of CCl, is higher than
CH,Cl,. Have them create
one representation of the
interactions of at least

two CCl, molecules and a
second representation of
the interactions of at least
two CH,CI, at the bailing
point, Have them use their
particulate representations
to explain why one boiling
point is higher than the other,

Explore
Representations

AP Chemistry Course and Exam Description

continued on nexi page
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Science Practice 6: Argumentation (cont'd)

Instructional
Skill Questions/Tasks Sample Activities Strategies
5.0 Students must determine Give students the percent Critigue Reasoning

Provide reasoning

to justify a claim
uging chemical
principles or laws, or
using mathematical

how the percent ionization
of a weak acid is altered by
the addition of water,

ionization of HF ata
particular concentration and
volume, Ask them whether
the percent ionization is
altered once the volume

of the solution is doubled

justification. after the addition of water.
Have students justify their
response qualitatively or
quantitatively.
5,E | Students must explain in Have students observe a Simulations
Provide reasoning to terms of KMT why the rate simulation of a chemical
justify a claim using of a reaction increases as reaction and measure
sonncrticns bitigecn afunction of concentration  the rate of formation of
parﬁcufute and andfor temperature, product as a function
: I of concentration andfor
:HG‘E;‘OSCG_DI‘C sCaics or temperature.
cuels,
6. | Given a particular system Have students will view = Simulation

Explain the connection
hetween experimental
results and chemical
concepts, processes, or
theories.

at equilibrium, use Le
Chdatelier's principle to
explain the direction of
shift an the system (toward
reactants or toward
products) as aresult of a
particular stress.

5.G

Explain how potential
sources of experimental
error may affect the
experimental results.

In a particular trial for a
titration experiment to
determine the concentration
of an acid, a student added
mare NaOH (ag) than was
needed to reach the end
point. Would this errar
increase, decrease, or have
no effect on the calculated
acid concentration?

AP Chemistry Course and Exam Description

an online simulation of

a chemical system in
equilibrivm and ask them
to explain what direction
Lhe reaction will shift prior
to simulating a series of
stresses.

* Predict & Confirm

After performing a
gravimetric analysis
experiment to determing the
mass percent of - in a tablet
containing Kl and an inert,
water soluble substance,
have students compare
calculated values of the
mass percent of I in the
tablat and identify sources
of experimental error that
may account for their varied
results.

= Post-Lab
Discussion

= Think-Pair-Share

Instructional Approaches V1
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Exam Overview

The AP Chemistry Exam assesses student application of the science
practices and understanding of the learning objectives outlined in the
course framework. The exam is 3 hours and 15 minutes long and includes
60 multiple-choice questions and 7 free-response questions. A scientific or
graphing calculator is recommended for use on both sections of the exam.
Students are provided with the periodic table and a formula sheet that lists
specific and relevant formulas for use on the exam (see Appendixes). The
details of the exam, including exam weighting and timing, can be found
below:

Number of Exam
Section Question Type Questions Weighting Timing

I Multiple-choice questions 60 50% 90 minutes

I Free-response questions 50% 105 minutes
Long questions 3
{10 points each)
Short questions i
{4 points each)

AP Chemistry Coursa and Exam Description Exam Information V1 | 205

Return to Table of Contents



The AP Exam assesses the nine units of the course with the following exam weighting on the multiple-choice
section:

Units of Instruction Exam Weighting

Unit 1: Atomic .Simcture and Properties 7-9%

Unit 2: Compound Structure and Properties 7-9%

Unit 3: Properties of Substances and Mixtures 18-22%

Unit 4: Chemical Reactions - 7-9%

Unit 5: Kinetics 7-9%
_l.lnit 6: Thermochemistry 7-9%

Unit 7: Principles of Equilibrium 7-9%

Unit 8: Acids and Bases 11-15%

Unit 9: Thermodynamics and Electrochemistry 7-9% ik
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How Student Learning Is
Assessed on the AP Exam

Section I: Multiple-Choice
Science Practices 1, 2, 4, 5, and 6 are all assessed in the multiple-cholee section with the following
exam weighting (Science Practice 3 is not assessad in the multiple-choice section):

Science Practice Exam Weighting
Practice 1: Models and Representations 8-12%
Practice 2: Question and Method 8-12%
Practice 4: Model Analysis 23-30%
Practice 5: Mathemaﬁc-al Routines 35-42%
Practice 6: Argumentation 8-12%

Section II: Free-Response
All six science practices are assessed in the free-response section with the following exam weighting:

Science Practice Exam Weighting
Practice 1: Models and Representations 2-4%
Practice 2: Question and Method 10-16%
Practice 3: Representing Data and Phenomena 8-16%
Practice 4: Model Analysis 5-9%
Practice 5: Mathematical Routines 43-53%
Practice 6: Argumentation 15-24%
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Task Verbs Used
in Free-Response
Questions

The following task verbs are commonly used in the free-response guestions:

Calculate: Perform mathematical steps to arrive at a final answer, including
algebraic expressions, properly substituted numbers, and correct labeling of
units and significant figures.

Describe: Provide the relevant characteristics of a specified topic.

Determine: Make a decision or arrive at a conclusion after reasoning,
observation, or applying mathematical routines (calculations).

Estimate: Roughly calculate numerical quantities, values (greater than, egual
Lo, less than), or signs (negative, positive) of quantities based on experimental
evidence or provided data.

Explain: Provide information about how or why a relationship, process,
pattern, position, situation, or outcome occurs, using evidence andfor
reasoning to support or qualify a claim. Explain “how” typically requires
analyzing the relationship, process, pattern, position, situation, or outcome;
whereas, explain "why" typically requires analysis of motivations or reasons
for the relationship, process, pattern, position, situation, or outcome. Alsa
phrased as "give one reason.”

Identify/Indicate/Circle: Indicate or provide information about a specified
topic in wards or by circling given infarmation. Also phrased as "What is?"
or “Which?" ar other interrogatory words.

Justify: Provide evidence to support, qualify, or defend a claim andfor provide
reascning to explain how that evidence supports or gualifies the claim.

Make a claim: Make an assertion that is based on evidence or knowledge.

Predict/Make a prediction: Predict the causes or effects of a change in, or
disruption to, one or more compaonents in a relationship, pattern, process,
ar system.

Represent/Draw/Write an Equation/Complete a Diagram: Use appropriate
graphs, symbols, words, andfor models to describe phenomena,
characteristics, and/for relationships.
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Sample Exam
Questions

The sample exam questions that follow illustrate the relationship between the course
framework and AP Chemistry Exam and serve as examples of the types of questions
that appear on the exam. After the sample guestions is a table that shows which skill,
learning objective(s), and unit each question relates to. The table also provides the
answaers to the multiple-choice questions.

Section I: Multiple-Choice

The following are examples of the kinds of multiple-choice questions found on the exam.

152252 2pf 35 3p¢

1.  Which of the following species has the electron configuration shown above?

(A) O

{B) Ne
(C) K
(D) C1¢
H—C=C—I1
| 1
Im 11

2. A Lewis diagram for the molecule C_H_ is shown above. In the actual C.H,
molecule, the H-C-H bond angles are closest to

{A) 90°
(B) 109.5°
(C) 120°
(D) 180°
Chromalography Paper
* Solvent
Front
\ .“\'"'H.H Final
£y ™ Position
of Dye
Original
Position ——»e
of Dye
1
Solvent
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3

Based on the results of the paper chromatography experiment shown above,

which of the following can be concluded aboul the dye?

(A) It has a small molar mass.

(B) It has weak intermuolecular forces.

(C) It has a weaker attraction for the stationary phase than il has for the

mahile phase,

(D) It has a stronger attraction for the stalionary phase than it has for the

maobile phase.

P % 8
&
@8 o»

o R
c 6oz

The reactants represented above are placed in a vessel and a reaction ocours,

Which of the following best represents the contents of the vessel after the

reaction has proceeded as completely as possible?

(A)

(C)

AP Chemistry Course and Exam Description

(B)

(1)

A
&b

P ¢

f’ﬁ
o W°
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Inilial burel reading | 2.17 mL

Final buret reading | 22.17 mL

5. Anantacid tablet containing Mg(OH),(s) (molar mass 58.3 g/mol) is titrated
with a 0.100 M solution of HNO (aq). The end point is determined by using
an indicator. Based on the data in the table above, what was the mass of the

Mg(OH]),{s) in the antacid tablet?
(A) 00583 ¢

(B) 0.583 g

(C) 583 g

(D) 583¢

HCl{ag) + CaCO (s) — CaCl (aq) + CO,(g) + H,O(])

The reaction between HCl{aq) and CaCO (s) is represented by the equation above.
Two separale trials were carried out using CaCO,(5) samples of the same mass, but
one sample was a single piece of CaCQ (s), and one sample was composed of small
pieces of CaCO (s). The loss of mass of CaCO,(s) as a function of time for both trials

is shown in the graph below.

A

Loss of Mass
of CaCO4(s) (g)

L
r
Time (s)

6. Which of the curves, X or Y, represents the reaction with small pieces of

CaCO,(s), and why?

(A) Curve X, because it shows that the reaction proceeded at a uniform rate.

(B) Curve X, because it takes a shorter time for the reaction to go to completion
due to the larger surface area of CaCoO,(s).

{C) Curve Y, because it shows that the reaction proceeded at a nonuniform rate.

(D) Curve Y, because it takes a shorter time for the reaction to go to completion
due to the larger surface area of CaCO (s).
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Material Initial Temperature Mass Specific Heat

Cup of Spoon of Spoon (*C) of Spoon (g) Capacity (1/{g - =C))
A Aluminum 20 10.0 0.80
B Ceramic 20 10,0 .80
o _St'cui 20 200 0.45
Sihvar I 20 40.0 o 0.23

7. Four identical 50 mL cups of coftee, originally at 95°C, were stirred with four
different spoons, as listed in the table above. In which cup will the temperature
of the coffee be highest at thermal equilibrium? (Assume that the heat lost to the
surroundings is negligible.)

(A) Cup A
(B) CupB
(C) CupC
(D) Cup D

Ap'(ag) + 2 NI, (ag) =2 [Ag(NH ) ] (ag) K=1x 107

8. Equal volumes of 0.1 M AgNO (ag) and 0.4 M NH _(aq) are mixed and
allowed to reach the equilibrium represented above. Which of the following
correctly lists the equilibrium concentrations of the Ag'*(ag), NH (ag), and
[Ag(NH,) ]*(aq) in order from least to greatest?

(A) [Ag], <[NH,)_ <[[Ag(NH),,
(B) [NH,]_ <|Ag'], <[[Ag(NH,),]'],
(©) [Ag(NH,), 1, <[Ag], < INH,],
(D) [Ag'],, < [[AgNH)J'], < [NH],

N(g+3H,(g) =22 NH (g

A 2.0 L reaction vessel containg an equilibrium mixture of the system represented
above. The partial pressures of the components of the mixture at equilibrium are
listed in the table below.

PN P Prm,

2 2

0.30 atm 0.50 atm 0.20 atm

9. Which ol the lollowing is the hest estimate of the total pressure of the system
when the volume of the container is reduced to 1.0 L at a constant temperature?

(A) P__=100atm
(B) 1L.00atm <P, <200atm
(C) P_,=2.00atm

(D) P =2.00am
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Beaker X Beaker Y

) ey, )
50 mL HyO 100 mL 1.0 M NaCl

10. Beaker X contains 50 mL of distilled water and beaker Y contains 100 mL
of 1.0 M NaCl. Solid AgCl is added to each of the beakers. After thoroughly
stirring the contents of the beakers, some solid AgCl remains at the bottom of
cach beaker, as shown above, Which of the following is true?

{A) [Ag®] is zero in both beakers,

(B) [Ag®] is the same, but not zero, in both beakers,
(C) [Ag'] is greater in beaker X.

(1) [Ag*] is greater in beaker Y.

11. The value of K_for water at 0°C is 1 X 107", What is the pOH of water at 0°C?

(A) 65

(B) 7.0

(C) 7.5

(D) 8.0
Half-Reaction E{V)
Aptlagq)+e - » Ag(s) 0.80

Cr*(ag) + 3 e —» Cr(s) —0.41

12. Based on the standard reduction potentials in the table above, what is the value
of E* for a standard galvanic cell made with Ag/Ag' and Cr/Cr®' hall-cells?

(A) 039V
(B) 121V
(C) 199V
(D) 281V

Questions 13-15 refer to the information below.
A 0.50 g sample of Mg(s) was placed in a solution of HCl(ag), where it reacted
completely.
13, Which of the following equations best represents the reacting species in the
reaction described above?
(A) Mg(s) +2 H*(aq) — Mg*(aq) + H (g)
(B) Mg(s) + HCl(aq) — MgCl (aq) + H,(g)
(C) Mg(s) +2 HCl(ag) — MgCl(s) + 2 H(aq)
(D) Mg(s) +2 HCl(aq) — Mg (ag) + Cl (g) + H (g)
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14.

15

[n another experiment, a small piece of Mg(s) is weighed, then placed in a flask

containing excess 1 M HCl{aq). The student wants to determine the number of

muales of gas produced. Which of the following is the hest way lo conduct the

experiment for accurate data collection?

(A) Conductling the experiment at different temperatures to see which generates
the most gas

(B) Completing the entire reaction in a large Frlenmeyer flask of known
volume to measure the volume of the gas collected

(C) Collecting the gas in a eundiometer tube and measuring the volume of the
gas collected

(D) Conducting the reaction in a graduated cylinder and measuring the volume
of the gas collected

In a third experiment, 0.10 g samples of Mg(s) are placed in excess HCl{ag) of
various concentrations: 0.050 M, 0.10 M, 0.25 M, and 0.50 M. The reactions

are run in successive order from 0L050 M to 0.50 M, and the time required

for each reaction to go to completion is recorded. As the concentration of HCl(ag)
increases from 0,050 M Lo 0.50 M, which of the following is the expected result?

{A) The reaction time increases, and the rate of the reaction decreases.
(B) 'The reaction time decreases, and the rate of the reaction increases.
{C) Both the reaction time and the rate of the reaclion increase.

(D) Both the reaction time and the rate of the reaction decrease.

Section II: Free-Response

The following are examples of the kinds of free-response questions found on the
exam. Nole thal on the actual AP Exam, there will be three long free-response

questions and four short free-response questions.

—

h

of Electrons

Eelative Number

LA

T T T
1000 100 10 1 .1

Binding Energy (M]/mol)

—

The complete photoelectron spectrum of an unknown element is given above,

(a) Draw an X above the peak that corresponds Lo the orbilal with eleclrons
that are, on average, closest to the nucleus. Justify your answer in terms of
Coulomb'’s law.

{b) Based on the spectrum, write the complete electron configuration of
the element,

{c) On the graph, draw the peak(s) corresponding to the valence electrons of
the element that has one more proton in its nucleus than the unknown
element has.

AP Chemistry Course and Exam Description
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2. The following questions relate to sulfur and some of its compounds.

(a) Write the balanced equation for the combustion of S (s} to form SO, (g).

(b) Calculate the volume of O (g), measured at 1.00 atm and 298 K, that is
required to completely combust a 500.0 g sample of pure S (s).

(c) A student claims that the combustion of S is an oxidation-reduction
reaclion. Justily the claim by identifying the oxidation numbers of sulfur
and oxygen both before and after the reaction.

{d) Inthe box below, draw a Lewis electron-dot diagram for one valid

resonance slruclure of S( “'r

(e} Based on the diagram you drew in part (d), what is the approximate
oxygen-sulfur-oxygen bond angle in 50,7

502 can be oxidized to form S(}J according Lo the following equation.
250,(g)+0,(g) »2350,(g) AH"=-198kJ/mol

(f) Is the value of AS® for the reaction represenled above posilive or negative?
Justify your answer.

250,(g)+ O,g) =250,
(g) Is the magnitude of AH® for the reaction to form SO, (/), represented above,
greater than, less than, or equal to the magnitude of AH® for the reaction to
form SO (g)? Justify your answer.

(h) Based on the information above, how does the thermodynamic favorability
of the reaclion change as the lemperature of the reaction system is

decreased? Justify your answer.
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Answer Key and Question Alignment
to Course Framework

Multiple-Cholce

Question Answer Skill Learning Objective  Essential Knowledge
1 c LA 1.5.A 1.5.A.3
2 c 6.C 2.7.A 2.7.A.2
3 c 2.D 3.9.A 3.9.A.1
4 C 5.C 45.A 4.5.A.1
5 A 5.F 4.6.A 4.6.A.1
6 D 6.F 5.1.A 5.1.A.3
7 B 5.F 6.4.A 6.4.A.1
8 D 5.F 7.7.A 7.7.A.1
9 B 5.F 7.9.A  79.A1
10 c 5.F 7.12.A 7.12.A1
11 c 5.F 8.1.A 8.1.A.4
12 B 5.F 9,9.A 9,9.A.2
13 A ' 5.E 42.A 4.2.A.3
14 c ac 3.4.A 3.4.A.1
15 B 2.B 5.2.A 5.2.A.1

Free-Response

Question Question Type Skill Learning Objective
1 Short 3.A,3.B,6.D 1.6.4
2 Long 1.A,3.B,4.C, 2.5.A,2.7.A, 4.2.A,
5.C,5.E,5.F, 6.D 4.5.4A,4.7.A,6.9.B,

9.1.A,9.3.A

The scoring information for the questions within this course and exam description, along with further
exam resources, can be found on the AP Chemistry Exam Page on AP Central.
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L AP CHEMISTRY
& Scoring Guidelines

Question 1: Short-Answer

>

Relative Number

of Electrons

| 1

1000 100 1] 1 0.1
Binding Energy (M]/mol)

1. The complete photoelectron spectrum of an unknown element is given above.

{a) Draw an X above the peak that corresponds to the orbital with electrons that are, on average, closest to the nucleus.
Justify your answer in terms of Coulomb’s law.

(b) Based on the spectrum, wrile the complete electron configuration of the element.

(c) On the graph, draw the peak(s) corresponding to the valence clectrons of the element that has one more proton in
its nucleus than the unknown element has.
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Scoring Guidelines for Question 1: Short-Answer 4 points

Learning Objectives: [1.e.a]

{a) Drawan X ahove the peak that corresponds to the orbital with electrons that are, on average, closest to 1 point
the nucleuws. Justify yvour answer in terms of Coulomb’s law, D
A REXY
L)
2
g 8
2B
£y
£
-
2%
il L (| ﬂ |
1 I ! L

100 10 1 0.l
Binding Energy (M]/mal)

=t
=
=
=

See the student's drawing.

One point for the X located abave the leftmost peak at 100 MJfmol) in the spectrum with the Justification
that the electrons closest to the nucleus have the greatest binding energy because the strength of
attraction between the charges (electron and nucleus) is greatest when the distance between them (r is

the least.
(b) Based onthe spectrum, write the complete electron configuration of the element. 1 point
One paint for the correct configuration. Ea
152 252 2p° 357 [15.a]
{c)  Onthe graph, draw the peak(s) corresponding to the valence electrons of the element that has one mare 1 point
proton in its nuclaus than the unknown element has. m
See the student's drawing. [16.4]

One point if the peak is located just to the left of the rightmost peak in the spectrum.

One point if the height of the peak is twice the height of the rightmost peak in the spectrum, 1 point

[1.6.4]

Total for part (c) 2 points

Total for gquestion 1 4 points
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Question 2: Long-Answer

2. 'The following questions relate to sulfur and some of its compounds.
{a} Write the balanced equation for the combustion of 54(s) to form 50,(g).
(b) Calculate the volume of Oy(g), measured at 1.00 atm and 298 K, thal is required to completely combust a 500.0 g
sample of pure 54(s).
(c) A student claims thal the combustion of 5; is an oxidation-reduction reaction. Justify the claim by identifying the
oxidation numbers of sullur and oxygen both before and afler the reaction,

{(d) Inthe box below, draw a Lewis electron-dot diagram for one valid resonance structure of SO,.

(e) Based on the diagram you drew in part (d), what is the approximate oxygen-sulfur-oxygen bond angle in 50,7

50; can be oxidized to form 50; according to the following equation.
250,(g) +0,(g) = 250,4(g) AH®=-198 kJ/mol,,

(f} Is the value of AS® for the reaction represented above posilive or negative? Justify your answer,

250,(g) +0,(g) — 2504(])
(g) Is the magnitude of AH® for the reaction to form S0;(1), represented above, greater than, less than, or equal to the
magnitude of AH® for the reaction to form SO,(g)? Justify your answer.

(h) Based on the information above, how does the thermodynamic favorability of the reaction change as the
temperalure of the reaction system is decreased? Justily your answer,
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Scoring Guidelines for Question 2: Long-Answer 10 points

Learning Objectives: [254] [27.a] [424] [454] [47.4] [698] [s.0.a] [s.3.a]

{a)  Write the balanced equation for the combustion of Sg(s] to form S04(g). 1 point
One point for the balanced equation. m
Sgls) + B 0,(g) » BS0,lg) [42.a]
(B Calculate the volume of O,(g), measured at 1.00 atm and 228 K, that is required 1 point
to completely combust a 500.0 g sample of pure Sgis). m
One point for calculating the moles of Oy |4-l-ﬂF

Tmol 5, ” 8mol O,

500.0g 5, = = 15.60mol O,
2565 g EB 1 mDIEE_
One point for calculating the volume of Oy, 1 point
v ORT _{(15.60 moll{0.08206L-atm-mol-K"N298 K] _ ... | (4]
P 1.00 atm
Total for part (b) 2 points
(e} Astudent claims that the combustion of Sgis) is an oxidation-reduction reaction. Justify the claim by 1 point
identifying the oxidalion numbers of sulfur and oxygen both before and after the reaction. m
One point for all four correct oxidation numbers, [4.7.a]

Oxidation numbers befare the reaction: S=0,0=0

Oxidation numbers after the reaction: S=+4,0=-2

{d) Inthe box below, draw a complete Lewls electron-dot diagram for one valid resonance structure of S04(g). 1 point
Any one of the three following diagrams is acceptabla. 3.8
; [2.5.a]

NG Sy T 0PN

One point for the correct number of electrons,

One point for a valid Lewis diagram. 1 point

[25.a]

Total for part (d) 2 points

{e) Based onthe diagram you drew in part (d), what is the approximate oxygen-sulfur-oxygen bond 1 point
angle in 50,7 1.4
One point for an angle that is consistenl with the student's Lewis struclure: 120° |22.4
{fl  50;canbe oxidized to form SO0; according to the following equation. 1 point
2 50:(0) + Oqlgl — 2 S04(g) AH*=-198 kJimol., ac
Is the value of AS® for the reaction represented above positive or negative? Justify your answer. [!ﬂ-ﬂi

One point for indicating negative with a valid explanation that mentions the smaller number of moles of
gas in the products.

«  MNegative because the reactants are three moles of gas but the products are only two moles of gas.
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() 2 S0;(g) + Ozlg) -2 5041} 1 point

Is the magnitude of AH® for the reaction to form S04 (f), represented above, greater than, less than, or ; ‘“
egqual to the magnitude of AH* for the reaction o form S0; (g)7 Justify your answar. [s.0.8]
One point for indicating greater magnitude with a valid justification:.
« Greater, because the enthalpy of 504 (1) is lower than the enthalpy of 503 (g) {by an amount equal to the

enthalpy of vaparization of 504 (1), which makes the difference between the enthalpy of the reactants

and the enthalpy of the products a larger amount.

{h}  Based on the information above, how does the thermodynamic favorability of the reaction change as the 1 point

temperature of the reaction system is decreased? Justify your answer, m
One point for indicating an increased thermodynamic favorability along with a valid justification. YTy

» AG, = A, — TAS, . Assuming that both AH, and AS,,, are constant, as the value of T is dacraasad,
the smaller in value the term (TAS,,) becomes, making the term (AH,—TAS,,) more negalive. Thus
NG becomes more negative, increasing the thermodynamic favorability of the reaction.

Total for question 2 10 points
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AP®* CHEMISTRY EQUATIONS AND CONSTANTS, EFFECTIVE 2025

UNIT SYMBOLS UNIT CONVERSIONS METRIC PREFIXES
gram, g ! Factor Prefix Symbol
lhertz=15s"
E!]ﬂlﬂ, maol 10° giga G
liter, L
meter, m 1 alm = 760 mm Hg = 760 torr 108 mega M
sceond, 8 E il L
10 ilo
hertz, Hz K=°C+ 273.15
atmosphere, atm 1072 centi c
millimeter of mercury, —mm Hg I joule
m Ivolt= ——— -3 illi
degree Celsius, °C 1 coulomb 10 daman =
kelvin, K ;
— Fliiiie 1 coulomb 16:° micro L
JOE,; ] = 1 second
wvolt, v 1™ nano n
coulomb, C 12 i
ampere, A 2 pies 4
ATOMIC STRUCTURE = cnergy
E = jw v = frequency
_r A = wavelength
F = force
&l =
“coulombic = . 7 Chﬂrgﬁ

¥ = scparalion
Planck's constant, h = 6.626 x 107" T
Speed of light, ¢ = 2.998 x 10° m 5™
Avogadro's number = 6.022 x 10* mol '

GASES, LIQUIDS, AND SOLUTTONS

Enh _ BV
L 5L
PV = nRT

Py = F o X X,,where X, =

A W o i O o S
i
n=
=2
I'f
KE = é—mv2
M = ”mm_f_a-’ N
senleitfon
A=gbc

P = pressure

V = volumc

T = temperature
number of molcs

1

X = mole fraction
moles A M = mass
total molcs M = molar mass
I = density
KT = kinclic cnergy
v = velocity
M = molarity

A = absorbance
£ = molar absorptivity
b = path length
¢ = concentration
Gas constant, R = 8.314 J mol™ K™
= 0.08206 L atm mol™! K™
STP = 273.15 K and 1.0 atm

Ideal gas at STP = 22.4 L mol™

AP Chemistry Course and Exam Descriplion
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KINETICS

k = rale constanl

[ﬁ]; "'[A][; = —kt :
{ = time
nf A, =ty =K t) = alClif
1 1 ’
[Al, [A,
, 069
Yk
EQUILIBRIUM
T d
K, = M, wherea A+b0B = ¢ C+d D Equilibrivm Constants
[AT[B] ;
_ : K_  (molar concentrations)
K = EPE}& A (gas pressures)
P o b
(FA) (%) K, (waler)
K, =[H,0"[OH ]=1.0x 107" at25°C K, (acid)
pK,, = 14 = pIl + pOH at 25°C K, (base)
pH = —log[H 30‘ 1s pOH = —log[OH ]
_ 1,07 (A7 _ [oH~][HB']
¢ [HA] * [B)
pK, =-logK _, pK, =—log K,
Kw = Kﬂ X K&, pKW = pKa + pr
[A7]
pH = pK_ +log—-=
[HA]
THERMODYNAMICS/FELECTROCIHIEMISTRY = hgat
q = meAT 7 _
M = Mass

ﬂ"r_‘r:‘:':s"m:'!r'rm = EMI} products _2 MI_} reaclanls
&S:mﬁ\an = ZS;FWﬁM'II _2 S:mrmr:!s
ﬁG:‘_m-.rju:r — Z'&G} praducts _'Z ﬂ{;} vEacianis

AG® = AIT® — TAS®

=—RTnkK
= —nFE*
=5
f
- RT
F‘-m’f = Lo — _~an

i

¢ = specific heat capacily
T = temperature
5§ = standard enlropy
IT° = standard enthalpy
G° = standard Gibbs fce cnergy
R = gas constant
K = cquilibrivm constant
# = number of moles of electrons
E® = slandard potential
I = current (amperes)
g = charge (coulombs)
t = limg (secconds)
() = reaction quotient
Faraday's constant, F = 96,485 coulombs/ 1 mol &
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SPRINGFIELD PUBLIC SCHOOLS

ENGAGING STURENTS » FOSTERING ACHIEVEMENT » CULTIVATING 210 CENTURY
GLOBAL SKiLLS

tEP AND 504 ACCOMMODATIONS AND MODIFICATIONS FOR EARLY
CHILDHOOD AND ELEMENTARY SCHOOL STUDENTS:

Larpe print textbooks

Texthooks {or al-home use

Additional time for assipnments

Review of directions

LIse of minentanics

fLieve student restaie inforsnation

Concrele examplcs

Adaplive writing ulensils

Support auditory presentalions with visoals

Use of a study carrel

Assisiance in maintaining wichutiered space

Weekly home-schoat communication locis (nolebook, datly log. phone ealls or email
FHESSaLes)

Space for movement or breaks

Study sheels and leacher outlines

Exira visual and verkal cues and prompls

hiath sheets with highliphted instriclions

Graph paper fo assist in organizing or fining pp math problems
{Jse of compulers and calouhiors

Books on tape

COraphic organizers

{uiel corner oF roont 1o cabm down and relax when anxious
Perelerential seating

Aleration of the classroom arrangement

Reducizon of distractjons

Aanswers to be dictaed

liands-on aclivilies

Use of nuinipukatives

Mo ponatly For speliing errors or stoppy handwriting
Fotlow & rowtinefschedule

Adternate quict and active lime

Teach time managenient skalls

Hest breaks

Verbal and visual cues regarding direclions and siaying on kask
Agendi book and checklists

Adjusted nssignment timelines

Visual daily scheduie




SPRINGFIELD PuBLIC SCHOOLS

ENGAGING STUDENTS » FOSTERING ACHIEVEMENT = CULTIVATING 215 CENTURY
GLOBAL SKIHLS

Varied reinflorcement procedures
immediate feedback
Wark-in-progress check
Personatized examples

TESTING AND ASSESSMENT ACCOMMODATIONS AND
MODIFICATIONS:

Anrswers o be dictated

Frequeni sasi breaks

Additonal tirne

Oral testing

Untimed tests

Choice o test formal {multiple-choiee. essay. true-lalse)
Alternale ways to eviluate {projects or oral presentations instead of written (es(s)
Accept short answers

Open-book {es1s

Read test and direclions ta sident

Provide study ouilive prior to lesis

Highlight key directions

Test in aliermative site

Lise of ealculator

xtra eredii option

Preview test procedures

Simplified wst wording: rephrased lest questions and’or dircctions

GENERAL ACCOMMODATIONS AND MODIFICATIONS:

Use of alternative books or malerials on the topic being studied
Cotnputerized spell-check supporl

Ward bark of choices for answers o test guestions

Proviston of cafculalor and/or number {ine for math wsis
Reworded questions in simpler languagpe

Projects inslead ol writlen reporis

Highlighting important words or phrases in reading assignments
Modilied worklond or length ol assipnimentsitests

Modified time densands

Modilied prades based an [EP

BEHAVIOR ACCOMMODATIONS MODIFICATIONS:



ENGAGING STUDENTS = FOSTERING ACHIEVEMENT » CULTIVATING 21s: CENTURY
BLOBAL SKLLS

Hreaks between tasks

Cue expected behavior

Craily fecdback 10 student

Have conlingency plans

Use de-escalating stratepies

Lisc positive reinforcemenl

ise proximity/tetch contral

Use peer supports and mentoring
Model expected behavior by adulls
Have parent siga homework
{lave parent sigit behavior charl
Set and posi class rules

Chart progress and maintsin dola



SPRINGFIELD PUBLIC SCHOOLS

ENGAGING STUDENTS » FQSTERING ACHIEVEMENT = CULTIVATING 215 CENTLURY
GLODAL SKILLS

IEP AND 504 ACCOMODATIONS AND MODIFICATIONS FOR MIDDLE
AND HiGH SCHOOL STUDENTS:

Large print texlbooks

Textbooks for at-home use

Additional time for assignments

A tocker with adapted lock

Review of directions

Revigw sessions

Use of mnemonics

Have siudent restate information

Provision of notes or cullines

Concrete examples

Adaplive wriling utensils

Support auditory presentations with visuals

Weekiy or bi-weekly home-school communication

space far movement or breaks

Study sheels and leacher outlines

Extra visual and verbal cues and prompls

tab and math sheets with highlighted Insbuctions

{raph paper fo assist in organizing o fining up math problems
Use of lape recorder for lectures

Use of Interactive notebook

Use of a scribe

Use of compuiers and calcuators

Books on lape

Graphic organizers

Quiet corner or reont {0 caim down and relax when anxious
Preferential seating

Alteratlon of the classroom arrangement

Reduction of distractions

Answers to be dictated

Hands-on activities

Ability to type all assignments

Foltow a routinefschedule

Teach time management and crganizational skills

Rest breaks

Verbat and visual cues regarding directions and staying on task
Agenda book and checklists

Baily check-in with case manager or special education teacher
Adiusted assignment limelines

Visual daity schedule



SPRINGFIELD PuUBLIC SCHDOLS

ENGAGING STUDENTS ¢ FOSTERING ACHIEVEMENT » CUETIVATING 210 CENTURY
GLOBAL SKILLS

Varied reinforcement procedures
Immediate {esdback
Work-in-progress check
Personzlized examples

TESTING AND ASSESSMENT ACCOMMODATIONS AND
MOBIFICATIONS:

Answers to be dictated
Freguent rest breaks

Additionat lime

Oral testing

Choice of test format {muitiple-choice, essay, true-false)

Alternate ways ta evaluate {projecis or oral presentations instead of writien tests)
Accept short answers

Open-baok or open-nolte {ests

Read test and directions o studenl

Provide study guides prior to tests

Highlight key directions

Test in alternative site

Use of catculator

Extra credit option

Pace leng-term projecls

Preview lest proceduras

Simplified fest wording; repivased est questions and/or directlons

GENERAL ACCOMMODATIONS AND MODIFICATIONS:

Allow outiining, instead of wriling for an essay of major project
Use of alternative books or mafterials on the lopic being studied
Compulerized spell-check support

Word bank of cholces for answers lo test guestions

Provision of calculator for math lests

Film or video supplements in place of reading lext

Reworded questions in simpler language

Frojects instead of wrillen reporis

Highlighting important words or phrases in reading assignments
Modified workload or fength of assignmentsfiests

Modified time demands



SPRINGFIELD PUBLIC SCHOOLS

ENGAGING STUDENTS = FOSTERING ACHIEVEMENT » CULTIVATING 21a CENTURY
GLOBAL 5KILLS

Pass/no pass option
Modified grades hased on |EP

BEHAVIOR ACCOMMOBATIONS FOR STUDENTS:

Breaks between tasks

Cue expected behavior

Daily feedback to student

Have contingency plans

Use de-escalaling slrategies

Use positive reinforcement

Use proximily/touch conirol

Use peer supports and mentoring
Modst expected behavior by adulis
Have parent sign homewark

Set and post class rules

Charl progress and mainiain data



SPRINGFIELE PUBLIC SCHOOLS

ENGAGING STUDENTS » FGSTERING ACHIEVEMENT = CULTIVATING 217 CENTURY
GLOBAL SKILES

Accommuodations and Modifications for ESL Students

Give tests oraily

Give instructions/directions in writing and oraily

Assign a peer tutor, same language or Engiish speaking

Aliow use of hilingual/transiation dictionary

Provide summaries of text or study guides of particular chapters
Allow errors in speaking

Adlow errors in writing

Accept writing in first l[anguage

Highlight key vocabuiary

Reduce amount of work required

Assess comprehension through demonstration or other alternative means
(gestures, drawings)

Rephrase gquestions, directions, and explanations

Reduce muitiple choices on assessments

Provide study guides and/ or outiines

Shorten reading assignments

Allow extended time for test/project completion

Use of audio books

Use of graphic crganizers

Use reduced text, so that print is not dense

Use visuals/piciures throughout lesson/unitfassignemt

Adapt homework to reflect language praficiencyfhome support
Adapt homework to reflect home support

Provide hands-on activities and explanations

Allow extended time to answer questions, and permit drawing, as an
explanation

Use of translation dictionaries to focate words in the native language
Use anecdotal records and portfolio of work as forms of assessment
Use siory reteilings to assess comprehension
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What Does the Gified and Talented Experience Look Like?
Springfield Public Schools

Mission Statement

The Gifted and Talented Program of the Springfield Public Schools aims to provide a
meaningful and rigorous education that instills the value of lifelong learning and
empowers all studenis to reach their full potential and become self-fuifilied creative
leaders in accordance with the comprehensive standards of our state. We accomplish
this by offering challenging, real-world experiences in a student-centered snvironment,

We recognize that students come from diverse socioeconomic, cuitural, and ethnic
backgrotnds, and the mission of the gifted and talented program is to provide
oppoitunities for students to explore their intellectual, creative, and artistic gifts and
taients within the classrcom and with beyond-the-classroom experiences. It is
essential to provide diverse, appropriate, and ongoing learning experiences and
environments that incorporate students' acadernic, psychological, and social needs.
Our responsibility is to provide students with educational alternatives that teach,
challenge, and expand their knowladge, while simultaneously stressing the
development of independent and self-directed iearners who continuously generate
questions, analyze, synthesize, and evaluate information and ideas.

Mew Jersey Administrative Code 6A:8-3.1 defines students who are gifted and talented
as those students who possess or dermonstrate high levels of ability in one or more
content areas when compared fo their chronological peers in the focal district and who
require modification of their educational program if they are to achieve in accordance
with their capabilities.



Goals:

To support our mission, we have established the following goals to guide our work:

= To infuse info the general education program a broad range of activities for
high-lavel learning that will challenge all students to perform at advanced levels,
and provide extended opporiunities, resources, and support in particular areas
where student interest or talent is demonstraied.

= To provide a continuum of gifted education services that will sirengthen the total
school program, offer enriching and challenging iearning opportunities for al
students, and provide specialized |earning experiences

= To promote achievement of students' best potentials and increased ability.

Through a praductive and collaborative relationship among the building principals,
classioom teachers, and the Gifted and Talented teachsr, our schools can create
pragramming that will enhance the learning experience for every student and serve the
unique and specialized needs of students currently demonstrating gifted behaviors.

Elements of the Schoolwide Enrichment Model, W.LN (What | Need), differantiated
mstruction, advanced classes, or individual programs inte a student's regular
instriction program are infegral to this overarching framework for gifted education in

the Springfield Schood District.

AReference Board Policy and Regtiation 2464 — Giffed and Talented Pupifs (M}

Early Childhood Center
Edward L Walton

Schoolwide Virttial Enrichment

All first and second grade students have access to the ited and Talented Viriual
Ciassroom, This virtual classicom is a space for students to complete various
challenges and anvichment opportunities at their own pace. Sluderis can receive
feedback and additional adaptable resources to meet their individual learning needs.
The virtual classroom design expands accessibiity to enrichment resources and aflows
studenis o choose learning activities according to their unique interests and abilities.
The purpose of the activities is to encourage problem-solving, develop critical thinking




skills, and expand curlosity and imagination. Activities are aligned to the New Jersey
Student Learning Standards.

ift gnted Teacher as ]
The Gifted and Talented teacher serves as a resource o all teachers within Edward V.
Walton School. Teachers seeking resources for their high-abikity learners will receive
additional support from the Gifted and Talented teacher in various ways. This support
rnay include additional uniis of study, challenging resources, and student projects,

Elementary Schools

James Caldwell
Thelma L. Sandmeier

The goal is to engage small groups of students in intensive learning experiences
through standards-based, rigorous, and relevant units of study that supplement, not
supplant, the grade-fevel curriculum and support students’ unigue tearning needs.

Cnrichment Experience Grade 3

- Beginning in third grade, the G&T teacher will cycie throtigh all classrooms to work on
problem-solving and enrichment tasks with students. Driven by assessment data,
acadernic performance, student interest, and teacher observation, smail groups of
students will meet with the G&T teacher during W.LN. (What | Need) periods throughout
the week that the teacher is assigned to their classroom teacher. Groupings will be
flexible and monitored to best meet each student’s needs throughout the school year,
Activities will inciude brain teasers, puzzies, strategic thinking, problem-solving, and
STEM chaillenges.

Targeied Gifted and Talented Programing Grades 4-5
Stidents ray become identified as Gifted and Talented in fourth grade. Students that

are identified may recelve support from the G&T Teacher for up to five periods (200
minutas) a waek during W.LN. (What | Need) periods. identified students will meet to
explore grade-ievel content while incorporating depth and complexity in a
student-centerad, problem-based environment. The Gifted and Talented Program aims
to provide students with various advanced and challenging learning experiences
across content areas to promote independent thinking skills, refine critical thinking and
communication skiils, cultivate joy in learning, and expand student interests through
problem-solving. The instruction that students receive incorporates 21st Century Skills
and advanced content that is challenging, hands-on, and relevant to the real world.



Srraregfes and Practices that Support Gifted and Talented Students
Adjusted Pace of Lessons
fnquiry-Based instruction
Higher-Order Thinking Activities
Interest-Based Content
Real World Problem Sclving/Problam Based Learning
Independent Siudy/Passion Projects
Units of Study with Like-Minded Peers

Schoohwide Virtval Enrichmenrt

All JCS and TLS students have access 1o grade level-specific Gifted and Talented
Virtuat Glassrooms. These virtual classrooms are a space for students to complete
varicus challenges and enrichment opportunities at their own pace. Students are able
to receive feadback and additional opportunities based on their needs. The virtuai
ciassrooms have expanded the accessibility of enrichment resources directly to the
students and allows for students to choose opportunities according to their interests
and abilities. The purpose of the activities is to encourage problem solving, develop
critical thinking skills, and expand curiosity and imagination in conjunction with the
Mew Jersey Student Leaming Standards.

Gifted and Talented Teacher as s Resource

In addition to classroom support, the Gifted and Talented teacher aiso serves as a
resource o ail teachers in the building. Teachers that are seeking resources for their
high ability learners will receive additional support from the Gifted and Talented teacher
in various ways. This may include additionat units of study, challenging resowrces,
student projects, and meeting with the G&T teacher as neaded.

Additional Eniichment Oppoirtuniti
Across all grade fevels 3-5, as recommended by the classroom teacher, students

exhibiting a need for additional enrichment may have the opportunity to meet with the
G&T teacher as the schedule allows. Groupings will be flexible and monitored to best
meet the students’ needs throughout the school year. Activitias will include, brain
teasers, puzzles, strategic thinking activities, problem-solving challenges, and STEM
challenges. Students engage in an extended process of asking guestions, using
resourcas, and developing answers that lead to thinking about what and how they are
learning. Students are held accountable for how they work and use their time by
demonstrating thelr learning through products or presentations.

Students self-select to participate in individuaf and/or group projects based on interest
and commitment. The classroom teacher and/or the enrichment teacher will help guide
and monitor student expioration of chosen topics, facilitating their learning with
resources and feathing of neaded =kilis,



Secondary Schools
Florence M. Gaudineer Middle School
Jonathan Dayton High School

Grades 6-12: Access to specific content programs with higher levels of academic
chalienges (i.e. Pre-Algebra, Accelerated Communication Arts, and Advanced
Pilacement Classes)

Duat Credit Courses provide students the opporiunity to obtain high schoof credit, and
college credit, simulianecusly through partnerships with several institutions.

Froject Lead the Way (PLTW)} students become builders of technology by engaging in
reat world activities. Students are empowerad as design thinkers collaborating on real
world projects.

Gifted and Talented ldentification Criteria

The Springfield Schools Gifted and Talented Program recognizes that studenis require
differentiated learning experiences beyond the core curriculuim being taught hecause
of their advanced abilities in one or more content areas. These students may also have
cther cognitive qualities such as curiosity, creativity, motivation, leadership, and
passion that reguire modifications to their academic experience,

hMultiple Measures of Elioibility

Kindergarten through grade twelve identification process for gifted and talented
students includes multiple measwres. Mudliple measures may include but are not
limited to: achievement test scores; grades; student performance or products;
intelligence tesling; parent, student, and/or teacher recommendation; and other
appropriate measures. The identification methodology is developmentally appropriate,
non-discriminatory, and related to the programs and services offered by the Springfield
School District. The identification procedures are reviewed annually,

According fo N.JLA.C. BA:B-3.1, alf public school districts must have a board-approved
gifted and talented identification process and provide services for identified students
enralled in the grades of that schoof district.  The reguiafions require that identification
and services be made available to students in grades K-12.

When students are recommended for the Gifted and Talented Program there are
rrudtiple measures that are considered to determine if services are necessary and
appropriate. The assessments used are as follows:



DRA2 | gval

Cognitive Abifities Test (CogAT)
Classroom Performance/Student Porffofios

iReady Diagnostic Scores
Gifted Indicators Checklist
Start Strong/NJSLA Assessment Data

The N.JA.C. requires that sfudents be compared to thelr chronofogical peers in the
focal school gistnct. The New Jarsay Department of Education has not established
state-level criteria for identifying students who are gifted, such as mandated fests or
assessments, grade point averages, or IQ scores. Local school districts must use
multiple measures fo identify studenis.

Procedires

DBas3aH505e4898846db3ibBeTde? V8D

Gifted and Talented Program ldentification Madrix
Minimmum Score Required for Consideration: 4 Points

1 Paint

2 Poinds

3 Points

Cogat Assessment
Cwverall Stanine Score of 87

Cogat Assessment
Chverall Stanine Score of an 8

Cogat Assessiment
Overatt Staning Score of 2 9

iReady Math Assessenent
Just Hejow Currerd Grade
Leved

iReady Math Assessment
On Grade Level

iReady Math Assessment
¥ Year 4 Above Current

Fevel

iReady ELA
On Grade Leve!

[Ready ELA
= Year Above Current Level

iReady ELA
One Full Grade Level +
Above Current Leve]

NJISEA Math
Appioacling Expectations

MASLA hMath
Met Expectations

MNJSLA Math
Exceed Expeciations

MUSLA ELA
Approaching Expectations

NJSLA ELA
Met Expectations

MNASLA ELA
Exceed Expactalions

HOPE Teacher Rating Scale
Haw Score; 11 - 29

HOPE Teacher Rating Scale
Haw Score: 30 - 49

HOPE Teacher Rating Scale
Raw Score: 50-66




Team reetings present the opportunity to review data and assess the educational
needs of all students. Teacher provides examples of student work exhibiting above and
beyond grade level expectations, creativity, leadership, critical and abstract thinking.
Programs for gifted and talented students will be perindically evaluated for their
continuing efficacy and adjusted accordingly. The parent of any student identified as
gifted or talented shall be consulted regarding any program designed to address the
studant's particuiar needs.

Resource Links

hitps Mriversideinsighls comfcognitive_abililies test

htips:fwwaw curricllumassociaies comfprograrmsii-ready-fearning
hitps:weenw i govfeducation/agsessmentiiesources!

defines a gifted and talented student as a "student who possesses or demonstrates a
high tevel of ability in one or more content areas when compared to their chronological
peers in the school district and who require modifications of their educational program
if they are to achieve in accordance with their capabilities. ™

Faice-exceptional {2E) students: A twice-exceptional (2E) student is defined as “a
student who is both gified and a student with a disability. These students may also be
referred {0 as having duai exceptionalities or as being gifted with {earning disabiities
{GT/LDY. This also applies to students who are gifted with ABRE or gifted with autism”
{Mew Jersey Association for Gifted Children, www.nage. org).

instructional adaptation: An adjustment or modification to instruction enabling a
student who is gifted and talented fo participate in, bensfit from, and demonstrate
knowledge and application of the New Jersey Student Learning Standards in one or
mora content areas at the instructional tevel of the student, not just the student's grade
level.

identifying gifted and talented students: The focus of identificaticn is to provide
programming and services in which students' specific learning needs and potential are
appropriately addressed and met. In every New Jersey school disirict, there are
students who require modifications to the general education curriculum if they are to
achieve in accordance with their abilities. By identifying a student's general intellectual
ability, creativity, of speciHic academic area aptitudes, we are acknowledging that they
need programming and services outside of the general education/grade {evel
curriculuim (0 advancs their learning.
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Supplemental Resources/Programming for Gifted Students

Edward V. Wallon

PETS Program — Primary Education Thinking Skills

Group Soluttons/Group Solutions 2 — Cooperative Logic Activities
l.olipop Logic

Beginning Thinking Sikills

AIMS Education Programming

James Caldwel and Thelma L. Sandmeier

Math/ELA

STEM

Project M3: Mentoring Mathernatical Minds

Junior Great Books

AMS Education Programming

Borenson Hands on Equations

BizWorld

Perplexors

Advanced Math Explorations grade 3-5

Chalienging Units for Gifted Learners (ELA and Math}
Creative Curriculum Extenders

Ditferentiated Lessons & Projects

Chaflenge Math Grades 4+

Differentiating Instruction with Menus {All Content Areas)
Jacob’s Ladder

Genius Hour/Passion Project

Spatial Reasoning

Logic Puzzles, Brain Gamas, Analogies

Engineering is Eiementary
Engineer Throughott the Year
£B3 Design Squad
DefinedSTEM

Project Lead the Way (PLTW)



Enrchment Events
Experience for all students to be enriched through events related o the curricutar or

axtracurricular activities. Examples include after school clubs, PTA-sponsored events,
leadership opportunities, visual and performing arts, and community service
opporiunities.




