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Equity and Access Policy Statement

The College Board strongly encourages educators to make equitable access a
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prepared students the opportunity to participate in AP. We encourage the
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Preface

Preface

AP® curriculum modules are exemplary instructional units composed of one or
more lessons, all of which are focused on a particular curricular topic; each lesson
is composed of one or more instructional activities. Topics for curriculum modules
are identified because they address one or both of the following needs:

e aweaker area of student performance as evidenced by AP Exam subscores
e curricular topics that present specificinstructional or learning challenges

The components in a curriculum module should embody and describe orillustrate
the plan/teach/assess/reflect/adjust paradigm:

1. Planthe lesson based on educational standards or objectives and considering
typical student misconceptions about the topic or deficits in prior knowledge.

2. Teach the lesson, which requires active teacher and student engagementin
the instructional activities.

3. Assessthe lesson, using a method of formative assessment.

4. Reflect on the effect of the lesson on the desired student knowledge, skills, or
abilities.

5. Adjustthe lesson as necessary to better address the desired student
knowledge, skills, or abilities.

Curriculum modules will provide AP teachers with the following tools to
effectively engage students in the selected topic:

e enrichment of content knowledge regarding the topic;

* pedagogical content knowledge that corresponds to the topic;

e identification of prerequisite knowledge or skills for the topic;

* explicit connections to AP learning objectives (found in the AP curriculum
framework or the course description);

* cohesive example lessons, including instructional activities, student
worksheets or handouts, and/or formative assessments;

e guidance to address student misconceptions about the topic; and

e examples of student work and reflections on their performance.

The lessons in each module are intended to serve as instructional models,
providing a framework that AP teachers can then apply to their own instructional
planning.

Note on Web resources

All links to online resources were verified before publication. In cases where links
are no longer working, we suggest that you try to find the resource by doing a
key-word Web search.

— The College Board






Introduction

Introduction

Marian DeWane, co-editor
University of California-Irvine
Irvine, Calif.

Tom Greenbowe, co-editor
Towa State University
Ames, Iowa

In the 2013-2014 academic year, AP Chemistry will begin placing emphasis on
guided-inquiry teaching and learning. The College Board provides definitions of
different types of inquiry in “Inquiry Instruction in the AP Science Classroom:

An Approach to Teaching and Learning” (http://media.collegeboard.com/
digitalServices/pdf/ap/AP-Inquiry-Statement_Final_4-21-11.pdf). This

curriculum module will introduce the concepts of guided inquiry, and its lessons
will focus on some ways to use guided inquiry in the classroom. Mike Abraham

and John Gelder have written a brief introduction to guided-inquiry theory; this
background knowledge is essential to understanding guided-inquiry lessons

and can be used to help you construct your own lessons grounded in inquiry. In '
Lesson 1, Renée Cole illustrates how to include a learning cycle in an instructional :
activity on representing chemical equations to help students understand :
concepts in stoichiometry; such a learning cycle is a vital component of guided
inquiry. Lesson 2, written by Marian DeWane and Tom Greenbowe, utilizes the
foundations of guided inquiry to structure a lesson using a computer simulation

on acid-base neutralization reactions. The last lesson, by Laura Trout, addresses
Valence Shell Electron Pair Repulsion (VSEPR) theory and takes you through a
step-by-step approach to creating instructional activities that include guided
inquiry.

Connections to the AP Chemistry Curriculum

To address the curriculum requirement of incorporating the science practices (SP), :
this curriculum module illustrates a variety of ways to implement the practices :
through guided inquiry. These include using models and representations (SP1),
using mathematics (SP2), questioning (SP3), planning and collecting data (SP4),
analyzing data (SP5), supporting claims with evidence (SP6), and including cross-
curricular connections (SP7).

Connections to the AP Chemistry Exam

All questions on the AP Chemistry Exam will be directly tied to the course learning :
objectives and science practices. There is an emphasis on analyzing data, showing
conceptual understanding of the learning objectives, and problem-solving skills.
The lessons in this curriculum module will help students analyze data and develop

a conceptual understanding of stoichiometry, acid-base neutralization reactions,
and the Valence Shell Electron Pair Repulsion (VSEPR) model.


http://media.collegeboard.com/digitalServices/pdf/ap/AP-Inquiry-Statement_Final_4-21-11.pdf
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L Instructional Time and Strategies

Within each lesson, a guided-inquiry activity transitions students to a deeper

. understanding of the essential questions. These activities include step-by-step

© instructions for you to follow. Although the lessons are on separate topics, itis
suggested that they be carried outin the sequence provided. Some supplemental
© instruction may be necessary, depending on the needs of a particular class.

* Lesson 1: Representing Chemical Equations and Stoichiometry
This lesson should be implemented at the beginning of the
stoichiometry unit when balancing equations are introduced. Requires
one 55-minute class period.

* Lesson 2: Acid-Base Neutralization Reactions
This lesson should be implemented at the beginning of the solution
stoichiometry and acid-base neutralization unit. Requires one
55-minute class period.

* Lesson 3: Valence Shell Electron Pair Repulsion (VSEPR) Model
This lesson should be performed at the beginning of a unit pertaining
to molecular shapes. Activity 1 requires about 20 minutes; Activity 2
requires about 50 minutes.



Guided Inquiry and the Learning-Cycle Approach

Guided Inquiry and
the Learning-Cycle Approach

Michael Abraham
The University of Oklahoma
Norman, Okla.

John Gelder
Oklahoma State University
Stillwater, Okla.

What Is Inquiry Instruction?

The AP Chemistry curriculum requires you to incorporate inquiry into your
instruction based on the science practices. To make this transition to inquiry,

you will need an understanding of expectations for this type of instruction.
Inquiryinstruction is associated with several science practices, including the

use of data to derive concepts, the use of questions to guide student learning,

the involvement of students in instructional decisions, and emphasis on the use

of evidence in inventing concepts. These characteristics of inquiry teaching have
ramifications for how one interacts with students and the role of the instructional
componentsin a curriculum unit. :

Inquiryis only one strategy of instruction. It is designed primarily to help
students develop an understanding of concepts and of scientific processes by
invention and application. Concepts are theories or principles used to explain
phenomena. Processes include interpreting data, using evidence in drawing
conclusions, experimenting, and modeling (Livermore 1964). Students find it
easier to remember factual information if facts are associated with a concept or
principle.

Table 1 divides learning into different categories and lists the approaches
research has shown to be effective with each category.
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[ | | . Table 1: Effective Instructional Tactics
Category of Definition Example Instructional
Learning Tactic
Concepts Generalization, Conservation of Inquiry
Principle, or Theory | Mass Questioning
Processes Method Separation Practice
and Control of
Variables
Skills (Laboratory, | Ability Using a Balance Informing or
Mathematical) Curve Fitting Demonstrating
Facts Observation Cu®(aq) is Blue Observing
Definition Ag is Silver Informedin
Context
Attitudes Beliefs or Feelings | Chemistry Is Fun Example
Curiosity About
How Nature Works

What Is the Learning Cycle?

A helpful way of characterizing instructional strategies used to teach concepts
. is to divide instructional activities into phases: identification of the concept,

. demonstration of the concept, and application of the concept. Inquiry-oriented

: strategies can be contrasted with other instructional strategies (including

© traditional approaches such as confirmational “cookbook” labs) by considering
 the following:

* the ways these phases are used in aninstructional unit

e the sequence of their application

* the use of questions as a central instructional tactic

* therole experimental data (quantitative and qualitative) and other
forms of information play in introducing conceptual ideas

e the emphasis on scientific processes

e studentinvolvementin the decision process

The learning cycle is an example of an inquiry-oriented instructional strategy

. used to help students develop concepts. It can also be used to guide the
construction or organization of units of instruction. First, students are exposed

. to data demonstrating the concept: the Exploration Phase. From that data the
concepts may be derived, thus identified: the Invention Phase. Students may

: then apply the concept to other phenomena: the Application Phase. In contrast to
: many traditional instructional approaches, which simply tell students what they
need to know, this inquiry-oriented approach is based upon interpreting student-
. collected data that can be used as evidence to make claims. Classroom discussions
. are focused on using data to generate or invent concepts, rather than informing

: students of the concepts. Textual materials are used to apply, reinforce, review,

: and extend concepts rather than introduce them. This approach encourages more
active learning by students.




Table 2: Characteristics of the Learning-Cycle Approach

Guided Inquiry and the Learning-Cycle Approach

Phases of | Goal Activities Questions Data
Instruction
Explore Explore relations | Laboratory, What did you | Gathering
and patternsin | Demonstrations, | do? What did | Data and
data Simulations, you observe? | Information
Video
Invent Develop and Lecture/ What does it | Explaining
Concept understand Discussion mean? Data and
concepts with Information
teachers/peers
Apply Apply, reinforce, | Readings, Using what | Using
Concept review, extend, | Problem Sets, you know, Data and
and understand | Application answer the | Information,
concepts Questions, following... | Provide
Verification Labs Evidence
Evaluate Assess Examinations,
understanding | Quizzes

There are several characteristics that, when used in combination, establish the
learning-cycle approach as a distinctinstructional strategy. The Exploration
Phase provides information, identified by the learning activity and used

inductively by students during the Invention Phase. The key to this instructional
approach is that the learner derives the concept from his or her observations of
the behavior of a chemical system. In the Application Phase, learners use the
invented concept to verify and modify theirideas through the deductive process.
The learning-cycle approach takes into account both inquiry and exposition. It
requires the learner to use both inductive and deductive logical processes.

Anotherimportant characteristic of an inquiry instructional approach is the

central role played by questions. Although many teachers question their

students, the types and depth of questions in inquiry are different. Questions
directed to students during or right after an exploration activity mightinclude:
“What did you do?” and “What did you observe?” These questions are usefulin a
class discussion when you encourage students to reply using details along with
in-depth explanations. The “What did you do?” question serves to orient students
to the topic of the discussion. The “What did you observe?” question establishes
consensus concerning what happened, allowing students to resolve differences

and encouraging a focus on the data used to invent the target concept. During

the concept Invention Phase, the question asked is “What does it mean?” This
question allows students to discover a concept or have a conceptinvented for

them by you. Finally, during the Application Phase, students can answer questions
requiring the concept as prerequisite knowledge. :
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. How to Construct a Lesson Incorporating a Learning Cycle

The steps are identifiable in the lessons provided. After identifying each, it will be
. easier to embark on trying this approach with your own materials.

: 1. Identify the concept/principle/law you are trying to teach (it is the target of

the activity). This should be a big idea, not a skill or fact.

: 2. Write a concept statement. This can be in the form of a learning objective, or

: a learning objective can be the source of the conceptin the first place as long

: asitis at the concept level.

: 3. Write a problem statement/question. This should be a descriptive statement

: or question, the answer for which is the concept. Be careful to not give the
concept away. These statements can be used to introduce the activity to

: students.

. 4. Identify the data or observations that can be used to explore the concept.

: Write activities that will require students to collect appropriate data and/or

: make the observations that would lead to the concept.

. 5. Write questions or activities that will lead students to interpret the data or to

draw a conclusion that will lead to the invention of the target concept.

. 6. Write questions or activities that will lead students to use or apply the

' conceptin a new setting.



Lesson 1: Representing Chemical
Equations and Stoichiometry

Renée Cole
University of Iowa
Towa City, Towa :

Essential Questions

* How do you represent what occurs in a chemical reaction?

e What determines how much product can be produced in a chemical
reaction? For example, given the balanced chemical equation
2A + B — 3P:if six atoms of “A” react with two atoms of “B,” how many
atoms of “P” can be made?

Lesson Summary

Stoichiometry is a fundamental concept in understanding the quantitative

aspects of chemical reactions, butitis also a topic that both teachers and

students sometimes find tedious and difficult. Stoichiometry deals with
quantitative relationships between reactants, products, and a balanced chemical
equation. A common approach to teaching stoichiometry is to simply teach a

series of algorithms for doing calculations; while this approach may result in :
students being able to do calculations, it often results in student misconceptions. :
The lack of conceptual understanding of stoichiometryis also problematicwhen
students work with acid-base titrations, gas laws, and equilibrium concepts.
Students need a solid understanding of stoichiometry when working numerical :
problems involving amounts of reactants and products, symbolic representations,
and particulate drawings. Using physical objects such as models, nuts and bolts,
LEGO® pieces, or other manipulatives is an additional strategy to help students
better understand what a chemical equation represents. This leads to a better
understanding of stoichiometry.
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- B Connections to the AP Chemistry Curriculum Framework

* Essential knowledge 1.A.3: Atoms and molecules interact with one
another on the atomic level. Balanced chemical equations give the
number of particles that react and the number of particles produced.
Because of this, expressing the amount of a substance in terms of the
number of particles, or moles of particles, is essential to understanding
chemical processes.

e Essential knowledge 1.E.1: Physical and chemical processes can be
depicted symbolically; when this is done, the illustration must conserve
all atoms of all types.

a. Various types of representations can be used to show that matteris
conserved during chemical and physical processes.

1. Symbolic representations
2. Particulate drawings

* Essential knowledge 1.E.2: Conservation of atoms makes it possible
to compute the masses of substances involved in physical and
chemical processes. Chemical processes result in the formation of new
substances, and the amount of these depends on the number and the
types and masses of elements in the reactants, as well as the efficiency
of the transformation.

a. The coefficients in a balanced chemical equation represent the
relative numbers of particles that are consumed and created when the
process occurs.

* Enduring understanding 3.A: Chemical changes are represented by
a balanced chemical equation that identifies the ratios with which
reactants react and products form.

* Essential knowledge 3.A.1: A chemical change may be represented by a
molecular, ionic, or netionic equation.

a. Chemical equations represent chemical changes and therefore must
contain equal numbers of atoms of every element on each side to be
“balanced.”

b. The balanced chemical equation for a reaction is capable of
representing chemistry at any level, and thus itis important that it
can be translated into a symbolic depiction at the particulate level,
where much of the reasoning of chemistry occurs.

Student Learning Outcomes
As a result of this lesson, students should be able to:
e connect the number of particles, moles, mass, and volume of substances
to one another, both qualitatively and quantitatively [LO 1.4, see SP 7.1].

* translate among macroscopic observations of change, chemical
equations, and particle views [LO 3.1, see SP 1.5, 7.1].



Lesson 1: Representing Chemical Equations and Stoichiometry
Student Prerequisite Knowledge
This activity will be most effective if students are familiar with:

e particulate representations of matter
e the Law of Conservation of Matter
* the use of formulas to represent molecules and compounds

If students need reinforcement in these areas, have them practice drawing
reactants and counting the number of each type of atom in the compounds and
molecules present; then have students draw the products, count the number of
each type of atom in the reactants, and compare it to the types and numbers of
atomsin the product.
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Common Student Misconceptions

There have been many research studies focused on identifying student
misconceptions and their difficulty understanding concepts related to
stoichiometry. Some of these include:

e Equating the mole ratio of molecules with the mass ratio of molecules in
a reaction (Schmidt 1990)

* Understanding the role of the coefficientin a chemical-reaction
equation and frequently including it in determining the molar mass of a
substance (BouJaoude and Barakat 2000)

* (Conserving atoms but not conserving molecules in a chemical reaction
(Mitchell and Gunstone 1984)

* Understanding the concept of “limiting reagent” when one of the
substances is added in excess (Huddle and Pillay 1996)

* Understanding the mole concept (Lazonby et al. 1982)

Many of these difficulties can be addressed using a guided-inquiry approach

to teach stoichiometry concepts. Through the use of robust models and
appropriately scaffolded questions, students will directly address these common
conceptual challenges. Additionally, having students reflect on the appropriate
relationships, rather than simply memorizing an algorithmic approach to arrive
at a numerical answer, improves their conceptual understanding of both the
qualitative and quantitative aspects of chemical reactions.

Teacher Learning Outcomes

Through this lesson, you should improve your skills in effectively implementing
guided-inquiry activities. You should be able to create a plan for using guided
inquiry in your course and identify strategies to facilitate particular activities
in the classroom. In addition, the included student activity will help you guide
students through exploring, developing, and applying concepts related to
stoichiometry.
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- B Teacher Prerequisite Knowledge

: You must have a solid understanding of stoichiometry, including the Law of
Conservation of Mass, balancing chemical equations, calculations of moles given

. the mass of a substance and the chemical formula, mole ratios, and molecular

© weight. You should be able to use simple shapes to represent atoms and molecules
in particle-view diagrams and conserve atoms when doing initial and final particle
: views of a chemical reaction. You should be able to translate among “macroscopic
observations of change,” chemical equations (symbolic representations), and

. particle-view representations. You need to be aware of common student
misconceptions and common mathematical setup and calculation mistakes with

: stoichiometry.

Materials or Resources Needed

* Handout 1
* LEGOs, chemistry model kits, or toothpicks and gummy bears (optional)
* Small (2" x 3") whiteboards, one for each group (optional)

Activity: Facilitating Guided Inquiry in the
' Classroom: Chemical-Reaction Equations

Facilitating guided-inquiry activities and laboratories effectively has two

: basic phases. The first phase focuses on overall classroom structure and

: implementation; the second phase focuses on implementing activities in the
classroom. Both phases are critical for guided-inquiry activities to achieve the
. desired learning outcomes for the class.

Phase One: Getting Ready for Guided-Inquiry Learning

The first step in planning to use guided inquiry in your class is to ask yourself a
: series of questions:

* How often will I use guided-inquiry activities and laboratories? The key
to successfully engaging students in guided inquiry is to make sure
itis a reqular part of instruction. Guided-inquiry activities can be
incorporated daily, weekly, or at the beginning of every major topic.

* How will I structure the learning teams? Guided-inquiry activities
generally work most effectively if students are assigned to learning
teams consisting of three to five students. This structure provides
students with an opportunity to engage in collaborative discourse,
which has been suggested as one way to support students’ conceptual
understanding of science (Asterhan and Schwarz 2007; Osborne 2010;
Zohar and Nemet 2002).
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* How will I assess group work? Deciding how to assess the product of :
collective activity is more challenging than assessing individual student
work. However, if groups are to function as a team and develop
appropriate skills, there has to be some accountability for the team
outcomes. Some options for assessment include collecting one
completed activity per group; having groups complete a “recorder’s
report,” where the group is responsible for recording answers to key
concept questions and reflections on process skills; or having group
members take turns assessing the group process. In addition, the High
School Process Oriented Guided-Inquiry Learning (POGIL) Initiative
(http://www.pogil.org/high-school/hspi) has developed materials to
help students assess and improve their personal effectiveness in
interacting in groups. Group quizzes are another mechanism for building
group interdependence and fostering discussion of concepts. They can
be particularly effective if students gain immediate feedback about the
correctness of their answers (Epstein et al. 2002; Yelkur 2005).
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Useful website

Phase Two: Activity Implementation

Step 1. Draw an atom-level view on the board, using a triangle to represent a
nitrogen atom and a circle to represent an oxygen atom. Provide students with

this key. Next, draw two connected circles and two triangles connected to three
circles. Ask students what compound the diagram represents. The connected

circles represent an oxygen molecule, 0,, and the triangle and circles represent
nitrogen oxide (or dinitrogen trioxide), N,0.. Having students convert the

pictures to molecular formulas helps them translate between particulate and
symbolic representations. Ask students to use the aforementioned pictures to
represent the following reaction: nitrogen gas reacts with oxygen gas to form
dinitrogen trioxide gas. Have them focus on the changes that occur as they move
through the sequence of pictures. Emphasize that chemical-reaction equations
represent chemical changes occuring as a result of interactions—they do not just
describe the contents of a container. The structure of having students develop

the origin of the coefficients in the chemical-reaction equations should also help
address the difficulties students sometimes have in understanding the role of the
coefficientin a chemical-reaction equation. If needed for differentiation, you may
go through this step again using physical models (e.g. LEGOs) this time. :

Step 2. In order to orient students to the purpose of the activity in Handout 1,
provide some context for understanding why knowing what balanced chemical
equations represent is important. Introduce this activity by demonstrating a
chemical reaction (e.g., a video clip of a small piece of magnesium ribbon oriron
burning in air and then in a container of oxygen gas), and discuss the importance
of being able to communicate what happens during chemical reactions. After the
demonstration, provide each student with a copy of Handout 1 and direct them to
form small groups. In each group, assign the role of facilitator, spokesperson,
quality control, and process analyst. If necessary, provide students with
laminated role cards (http://www.pogil.org/uploads/media_items/pogil-role-
cards-high-school.original.pdf) to help them take responsibility for their
assigned components of teamwork. Students should take about six minutes to

Handout 1

Useful website


http://www.pogil.org/uploads/media_items/pogil-role-cards-high-school.original.pdf
http://www.pogil.org/high-school/hspi

[ AP Chemistry Curriculum Module

complete questions 1-4, and the groups’ answers to questions 1, 2a, 4a, and 4b
. should be written on their whiteboards or reported out verbally during a group
. discussion.

: Questions 1-4 prompt students to demonstrate their prerequisite knowledge.
Write the instructions on the board or project them to provide a reference for the
: task. It may be helpful to students if you post the time by which they should be
prepared to report out. While students are working, walk around the classroom

. listening to the discussions and answering questions. Do not provide the answers
© to the guided-inquiry questions. Interactions with students should help them

. process the information and draw conclusions, rather than presenting them

. with information and then providing answers. The nature and quality of teacher
interventions has a significant impact on student learning in a collaborative-

. learning environment (Chiu 2004).

. Step 3. There are many strategies for managing the pace at which students
complete an activity. You can use multiple-choice questions along with a polling
. strategy (e.g., student response systems, colored index cards, holding one to five
. fingers in front of their chest, etc.) to check for understanding; have students

: report out using whiteboards; or have groups report out verbally. If most of the

: groups need a little more time, have the facilitators indicate by show of fingers
how many more minutes their group needs to finish the questions. It is important
: to let students know when they are expected to get to particular pointsin the
activity and help them progress efficiently through it.

Step 4. When using inquiry-based instruction, it is critical that closure is

: provided at the end of the activity so that students have a chance to reflect

on what they have learned. When students are actively engaged in working

: through concepts, itis sometimes difficult for them to recognize that they

have learned the material; it is much easier to distinguish when you have been

: “taught” something when the material is presented to you. For this reason, if

: students leave an inquiry class without closure, they may focus on what they

. do not understand and their frustration in learning new material, rather than

. focusing on what they have accomplished. At the end of class, close with a very
brief discussion of the essential knowledge and understandings addressed

: in the activity. If you will not finish the activity before the end of class, you

: should identify a stopping point and discuss the knowledge and understandings
developed to that point. You can either assign the remaining questions as

. homework and have the groups briefly compare their answers to those questions
during the following class period or have the groups complete the activity during
: the next class period.

Formative Assessment

© After students have completed questions 1-4 of Handout 1, inspect their
responses. If there are disagreements in answers, this provides an excellent

: opportunity for students to critique responses and develop critical-thinking
skills. Have the groups present their rationales and let students discuss which
. is the better response. You may have to guide this discussion to help students
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consider the appropriate factors. If all the groups have correct answers, ask the
spokespersons from randomly selected groups to provide the rationale for their
answers; also solicit answers for questions 2b and 3. Be careful not to always
have the groups with either the correct or wrong answer go first in presenting
their rationale. Students need to understand this process is not evaluative;
rather, itis an opportunity to address misconceptions or improper procedures

as well as to identify common mistakes. Sometimes two answers may be

correct but qualitatively differentin their articulation of a concept or depth of
understanding. This provides an opportunity to discuss scientific communication
and argumentation and why one response is more complete than another.
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Repeat the above procedure, having students work on questions 5-10. The whole-
class discussion for these questions may also involve a short presentation on
representing chemical-reaction equations and how to determine reactants and
products, depending on student responses to the questions. After they report

their responses, have students move on to questions 11-15. It is important for _
them to have correct answers to these questions before they move on to questions :
16-18. Resist the temptation to correct students as they are working. Having
students compare answers amongst themselves and describe the process that they :
used to determine the answers is a richer learning opportunity, and it promotes
student proficiency in the science practice of justifying claims with evidence as

well as selecting and justifying an appropriate mathematical routine. Finally,

have students complete questions 16-18 and report their responses.

Reflection on Formative Assessment

Each reporting session will provide you with the opportunity to reflect on the
formative assessment. If students have correct responses and are engaged

in scientifically appropriate discourse, move on to the next set of questions.
However, if there is evidence students have not developed the concepts, this
should prompt a mini-lecture or teacher-student discourse following an elicit-
respond-elaborate pattern. For example, in question 9, if students have reactants
that are “left over” included in the products column, help them develop a better
understanding of reactants and products by using real-life analogies, such as
making sandwiches, or by using physical models.






Lesson 2: Acid-Base Neutralization
Reactions

Thomas J. Greenbowe
Towa State University :
Ames, Towa

Marian L. DeWane :
University of California-Irvine
Irvine, Calif. :

Essential Questions

* How do the balanced chemical equation, the volume of acid used,
and the volume and concentration of base required to reach the _
equivalence point and to neutralize the acid affect the calculation of the
concentration of the acid? '
* How does the particle drawing of an acid and a base affect the particle
drawing of the resultant solution?

Lesson Summary

Strong acids react with strong bases to produce a salt and water. For example,
when an aqueous solution of hydrochloric acid reacts with an aqueous solution
of sodium hydroxide in a 1-to-1 ratio of moles, the resultant solution differs
from the original reactants. Given a known amount and concentration of acid, a
known amount and concentration of base will neutralize the acid. The primary
concept for students to understand is neutralization means the point where

the initial number of moles of hydronium ions (H,0%) from the acid equals the
number of moles of hydroxide ion (OH") added from the base. This is called the
equivalence point. The balanced chemical equation provides information about
the ratio of moles of acid to moles of base. Acid-base titration problems present
opportunities to have students make connections between three levels of
representation: macroscopic (acid-base titrations in the lab), symbolic (balanced
chemical equations), and the particulate nature of matter (particulate drawings).

To differentiate instruction, some students might gain a better understanding by
using a graphing approach, others may benefit from using molecular model kits
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. and doing additional picture diagrams, while still others may benefit by solving
additional end-of-chapter problems from the textbook. Students can increase

. their understanding of acid-base reactions by doing titrations with different

© acids and bases in the chemistry laboratory either before or after this activity. All
students benefit by experiencing a variety of methods.

Connections to the AP Chemistry Curriculum Framework

: In bigidea 1 of the curriculum framework, students are expected to design and
interpret data from an experiment to determine the concentration of an analyte.
. In order to accomplish this, they need to have mastered background knowledge
from these other sections of the curriculum framework:

e Essential knowledge 1.A.3: Atoms and molecules interact with one

another on the atomic level. Balanced chemical equations give the
number of particles that react and the number of particles produced.
Because of this, expressing the amount of a substance in terms of the
number of particles, or moles of particles, is essential to understanding
chemical processes.

Essential knowledge 1.E.1: Physical and chemical processes can be
depicted symbolically; when this is done, theillustration must conserve
all atoms of all types.

Essential knowledge 1.E.2: Conservation of atoms makes it possible

to compute the masses of substances involved in physical and

chemical processes. Chemical processes result in the formation of new
substances, and the amount of these depends on the number and the
types and masses of elements in the reactants, as well as the efficiency
of the transformation.

Enduring understanding 3.A: Chemical changes are represented by

a balanced chemical equation that identifies the ratios with which
reactants react and products form.

Student Learning Outcomes

As a result of this lesson, students should be able to:

* design and/orinterpret data from an experiment that uses titration to

determine the concentration of an analyte in a solution [LO 1.20, see
SP4.2,5.1, 6.4].

express the Law of Conservation of Mass quantitatively and qualitatively
using symbolic representations and particulate drawings [LO 1.17, see
SP 1.5].

* identify a given solution as containing a mixture of strong acids and/

or bases and calculate or estimate the pH (and concentrations of all
chemical species) in the resulting solution [LO 6.15, see SP 2.2, 2.3, 6.4].
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* relate quantities (measured mass of substances, volumes of solutions, or :
volumes and pressures of gases) to identify stoichiometric relationships
for a reaction, including situations involving limiting reactants and
situations in which the reaction has not gone to completion [LO 3.4, see
SP2.2,5.1, 6.4].

 apply conservation of atoms to the rearrangement of atoms in various
processes [LO 1.18, see SP 1.4].

* translate among macroscopic observations of change, chemical
equations, and particle views [LO 3.1, see SP 1.5, 7.1].
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Student Prerequisite Knowledge

This activity will be most effective if students are familiar with:

* using stoichiometry (balancing chemical equations, calculating moles,
and identifying limiting reagents)

* calculating molarity of solutions

* classifying acids and bases, naming common inorganic acids and
identify strong and weak acids and bases

* acid-base titrations and acid-base indicators

. . X Useful website
Students who need a refresher on how acids and bases react may benefit by doing

a short online simulation where they can add indicators, identify acids and bases,
and see how acids and bases react (see http://www.wisc-online.com/Objects/
ViewObject.aspx?ID=GCH6204).

Common Student Misconceptions

e Thinking a neutral solution is formed when any acid reacts with a base.

* Thinking thatincreasing the number of hydrogen atoms within a
molecule increases the acidity of the compound.

* Assuming it takes less base to neutralize a weak acid than is required
to neutralize a strong acid, given the two acids have the same initial
concentration.

The first misconception can be addressed by having students do simple titrations
involving different acids and then measure the pH at neutralization; this should

be followed by a discussion about the hydrolysis reaction of the salt formed. The
other misconceptions can be addressed by testing the pH of weak and strong acids
and bases while comparing the number of hydrogen atoms presentin a Lewis
structure and the amount needed to neutralize the acid, again followed by a
discussion. On Handout 2, Activity 1 provides a way to help students gain a
conceptual understanding of neutralization reactions of acids and bases.

Handout 2

Teacher Learning Outcomes

Through this lesson, you will improve your skills in effectively implementing
guided-inquiry activities. You should be able to create a plan for using guided
inquiry when presenting the topic of acid-base neutralization reactions and


http://www.wisc-online.com/Objects/ViewObject.aspx?ID=GCH6204
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Handout 2

: identify strategies to facilitate particular activities in the classroom. The
included student activity will help you guide students through exploring,
. developing, and applying stoichiometry concepts related to acid-base

. neutralization reactions.

Teacher Prerequisite Knowledge

. You must have a solid understanding of the main topics in stoichiometry, acid-

: base reactions, acid-base titrations, the role of acid-base indicators, Lewis

. diagrams of acids and bases, simple acids including carboxylic acids, simple bases
. including ammonia, acid-base equilibria systems, salts, and acid-base reaction
particulate drawings commonly presented in a college-level general chemistry

© textbook.

Materials or Resources Needed

* Handout 2

* Computers and Internet access to the acid-base titration computer
simulation (or the computer simulation, which can be downloaded prior
to class)

* Calculator and graph paper

Activity: Acid-Base Reactions

Step 1. Have students write the Law of Conservation of Matter, and then ask
. them the following:

» If matteris neither created nor destroyed during a chemical reaction,
what can you say about the atoms involved in a chemical reaction?

e How can you determine when all of the acid reacts with the base, at the
atom level, given the following chemical reaction:
HCLO, (aq) + NaOH(ag) — NaClO,(aq) + H,0(()?

* Draw a diagram representing a small portion of the initial system with
10 HCLO, (ag) units: How many NaOH(ag) units would be needed to react
with all of the acid? Explain what you did and what it indicates.

. Step 2. Distribute Handout 2, and direct students to complete Activities 1

- and 2. Students will need to work in pairs to complete the computer simulation,

. which will provide them with a variety of acids and bases, as well as a variety of
amounts and concentrations of the acids and bases, to conduct a series of

. titrations. You may assign students a specific acid and base to titrate so that at

. least four acids and four bases are titrated; this allows the class to investigate at
. least four different concentrations of acids and bases. Students should be able to
work through Activities 1 and 2 in about 20 minutes.

Step 3. Direct students to complete Activity 3. This activity will require
. students to think about mole ratios in acid-base reactions, as well as developing
. particulate representations of such reactions.
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Step 4. Direct students to complete Activities 4 and 5. Students will need to
transfer the content and skills learned in the prior activities to new data and new
lab situations.

Formative Assessment

As students are working on Activity 2 with their partners, move around the room
and check for student understanding of acid-base stoichiometry. When students
have finished the tasks, they should record their data on the board. Every pair
should enter data, including type of acid, initial concentration of acid, volume

of acid, moles of H,0* ions, concentration of base, volume of base required,

and moles of OH"ions added. Students should create aligned graphs and draw
diagrams at the atom level using the collected data on the board. Students should
be able to see patternsin the data. If the paired students are not understanding

the concept and not finding the correct calculations and graphs, ask guiding
questions to help them focus on the stoichiometry and the target concept (e.g.,
the number of initial moles of hydronium ions should equal the number of moles of :
hydroxide ions added to neutralize the acid). :
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Reflection on Formative Assessment

Ask yourself, “Are students’ calculations, graphs, and picture diagrams consistent
with the gathered data?” If some students struggle with understanding the main
idea of acid-base titrations on the handout or show calculations and graphs
inconsistent with the data, you may need to do another lesson with them on
balancing chemical equations, basic stoichiometry, and molarity calculations.






Lesson 3: Valence Shell Electron Pair
Repulsion (VSEPR) Model

Laura Trout
Lancaster Country Day School :
Lancaster, Pa. :

Essential Questions

e What factors determine the three-dimensional shape of molecules?
* How does the shape of a molecule, along with intermolecular forces,
affect its macroscopic properties?

Lesson Summary

The VSEPR (Valence Shell Electron Pair Repulsion) model is a key topicin
understanding physical properties of substances. Without an understanding

of the factors governing molecular shapes, electronegativity, and chemical
bonding, students cannot consistently predict the polarity of a substance,

which is necessary for determining the types of intermolecular bonds present.
Students need to understand the VSEPR modelin order to facilitate the predicting
or comparing of melting points, boiling points, phases, solubilities, and vapor
pressures of substances.

In atypical lesson on the VSEPR model, students are told they can identify the
shape of the molecule based on a Lewis diagram, and the idea that repulsion

occurs between electron domains (bonds or lone pairs) is explained. The teacher
may go into more detail by saying the bonds and lone pairs try to get as far from
each other as possible in three-dimensional space; therefore, the bond angles are
maximized. At this pointin the lesson, there is often reference to shape names

such as on Handout 4, with references to the number of bonds and number of lone :
pairs in the molecule, perhaps even with the shapes organized into “families” that
have the same total number of electron domains around the central atom. The
teacher may or may not have models of each shape, and he or she would probably
work through a few examples for students before sending them off to work on _
exercises, a worksheet, or possibly to build some of their own molecular models to :
determine the molecular shape. :

Handout 4
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. Inaguided-inquiry class, however, we hope students use their understanding
. of electron repulsion to discover the basic shapes around a central atomina

molecule. To construct a lesson in this manner, it is useful to use a backward

design model. This requires you to think about how to approach developing a

molecular shape and bond-angle exercise. What questions do you ask yourself

as you work through the problem? What skills or content knowledge is necessary
. for you to answer those questions? Finally, of those skills or content-knowledge

pieces, which should be prerequisites for this lesson? In other words, where do

you start? For example, suppose you were asked to find the molecular shape for
. sulfur dioxide (S0,). The following graphic organizer shows how a teacher might
think through that problem to plan a lesson backward.

Figure 1: Analysis of an assessment question for backward design of a lesson

Assessment Question:

Find the molecular shape for
a molecule of sulfur dioxide.

15" question you ask 2" question you ask yourself: Third question you ask yourself:
yourself:

How many electron domains What family of shapes does this
What does the Lewis are around the central atom molecule fall into, and how do the
diagram look like for that in this molecule? lone pairs modify the shape?

molecule?

mhat content or skills ah

needed to answer that
question?

e determine the number of
valence electrons on
each atom

® octet rule

¢ localized electron
bonding model

¢ lone pairs

¢ double bonds

N /

ﬁ\lhat content or skills arex What content or skills are

needed to answer that
question?

¢ each bond on the central
atom is an electron domain
regardless of order (i.e., a
double bond is still “a”
bond, therefore it only
counts as one electron
domain)

e each lone pair on the
central atom is an electron

domain /

needed to answer that
question?

e electrons in bonds or lone pairs
repel each other

¢ basic shapes for 2, 3,4, 5 and 6
electron domains are based on
maximizing the bond angle
between electron domains

¢ lone pairs still repel, but there
is no nucleus attached to give
the molecule substance, so a

piece of the basic shape is
Qissing /

. Asyou look at the analysis of the assessment question in Figure 1, note that
it starts with the idea that electrons repel each other and assumes students
: can draw Lewis diagrams. All of the other bullets in the lower boxes must be
constructed in the minds of students. In a guided-inquiry activity, students

may explore the arrangement of 2, 3, 4, 5, or 6 electron domains to reach

maximum distance. They may look at examples of molecules and Lewis diagrams
: to determine the definition of “electron domain.” They may examine molecular

models and Lewis diagrams to discover the “families” of molecular shapes and the
modified shapes that occur when lone pairs replace bonds.
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Connections to the AP Chemistry Curriculum Framework

Essential knowledge 2.C.4: The localized electron bonding model describes and
predicts molecular geometry using Lewis diagrams and the VSEPR model.

Student Learning Outcomes

As a result of this lesson, students should be able to draw a Lewis diagram of a
molecule (orion) and use this diagram to:
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e predict, along with VSEPR, the geometry of molecules [LO 2.21,
see SP 1.4].

e draw a three-dimensional representation of a molecule using straight
lines, hash marks, and wedges to indicate bonds in the plane of the
paper, bonds going into the paper, and bonds coming out of the paper.

Student Prerequisite Knowledge
Before engaging in this lesson, students should be able to:

 statethat electrons will repel each other because of Coulombic forces.
e draw the Lewis diagram of a molecule with 2, 3, 4, 5, or 6 atoms around a :
central atom. '

For students who do not have this prerequisite knowledge, review the behavior of
charge particles and Coulomb’s Force law, the electron configurations of atoms,
how to draw Lewis diagrams for atoms, and the rules for drawing Lewis diagrams
for simple molecules.

Useful website
Those students needing to refresh their knowledge of how like-charge particles
repel may benefit from doing a PhET online activity on Coulomb’s Force law (see
http://phet.colorado.edu/). Useful website
Students needing to refresh their knowledge on Lewis diagrams may benefit from
doing the activity found at http://www.ausetute.com.au/lewisstr.html.

Common Student Misconceptions

Many times students identify the incorrect molecular shape because they simply
count the number of bonds present and forget that there may be lone pairs on the
central atom affecting the shape. This often results in the misidentified molecular
shapes of SO, and H,0. Without drawing the Lewis diagrams, students may miss

the lone pairs and identify these as linear species. When first learning about

the VSEPR model, students will often ignore the lone pairs, or they might count

a double bond as two bonds. If they are using a table such as the one shown on
Handout 4, they will categorize the shape inaccurately if they have not correctly
counted the number of lone pairs or bonds. The idea of electron domains will help
to avoid this misconception. All groups of electrons repel, whether they are a lone


http://www.ausetute.com.au/lewisstr.html
http://phet.colorado.edu
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Useful website

: pair or four electrons in a double bond; each group of electrons acts as a domain.

. To help students understand this concept, ask them to define “domain” as it is

: used in everyday language. (Itis an area of influence, a region where something

. or things reside.) This may help them understand the number of electrons involved
. isirrelevant; itis just the groupings and their distribution that matter. Finally,

. students will often count lone pairs on the outermost atoms, in addition to those

: on the central atom, to determine the shape of the molecule. Activity 1 will help

. them visualize the central atom as the key to molecular shape.

Teacher Learning Outcomes

. During this lesson, you willimprove your skill as a facilitator by using questions

© to guide students to the discovery of the VSEPR model with minimal direct

. instruction. To do this, you must trust the process of inquiry, allow students to

. make mistakes along the way, and pose questions to make students confront their
misconceptions and address them. For example, if a group is showing a four-bond
. structure with 90-degree angles, say to students, “This structure is very two-

. dimensional. Is there a way that you can take advantage of the third dimension to
. increase those bond angles?”

Teacher Prerequisite Knowledge

. Molecular shapes are determined by maximizing the attractive forces and

© minimizing the repulsive forces between atoms of a molecule, thus minimizing the
. potential energy. The electrons around a central atom in a molecule are attracted

© to the nuclei of the central and surrounding atoms but repelled by each other.

© Thus the molecule naturally finds a shape that brings the valence electron pairs as
: close to the nuclei as possible, while keeping them as far away as possible from

. other valence electrons. This model of molecular shape is called the Valence Shell

: Electron Pair Repulsion (VSEPR) model. The valence electron pairs around a

. central atom can be lone pairs or bonded pairs (or groups in the case of bonds of

: higher order). Each group or pair of electrons can be considered an electron

. domain. It is this number of electron domains around a central atom that dictates

© the shape of the molecule. For a review of VSEPR, see http://intro.chem.okstate.

. edu/1314f97/chapter9/vsepr.html.

© Handout 4 shows the shapes predicted by the VSEPR model for various numbers of
. electron domains around a central atom. A three-dimensional representation of

. amolecule can be drawn using straight lines, hash marks, and wedges to indicate
. bonds in the plane of the paper, bonds going into the paper, and bonds coming

© out of the paper. The “families” or groups of shapes in the table are determined

. by the total number of electron domains (the sum of bonds and lone pairs; for

. example, methane can be classified as an AX E ). Itis important to note that a

. double bond does not represent two electron domains but only one because all

: of the electrons are in approximately the same region of space and therefore act

. as one domain. Molecules that have lone pairs on the central atom have similar

: bond angles to those with the same total number of electron domains; however,

. they are given a different name. This is because the lone pair electron domain(s)

. still repels the bonded electron domains, but it does not have an accompanying


http://intro.chem.okstate.edu/1314f97/chapter9/vsepr.html
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nucleus on the outer end of the domain. You could think of lone electron pairs
as a difficult-to-detect branch because there is nothing with substantial mass
at the end of it. The shape of a molecule is determined by two factors: first, the
electronic repulsion of the electrons in bonds or lone electron pairs around a
central atom; and second, the location of atoms around a central atom is a key
part because the location of the nuclei of an atom can be detected.

Materials or Resources Needed
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* Handouts 3and 4

* String or elastic VSEPR sets with 2, 3, 4, 5, and 6 bonds (one for every
three to five students): use approximately 50-cm-long pieces of string
or elastic to represent bonds in a molecule; tie the pieces together at '
one end in one big knot (this intersection point will represent the center
atomin a molecule) :

* Four similarly sized balloons

* Molecular model sets (one for every group); if models are not available,
toothpicks and different-color gum drops may be used to represent
bonds and atoms

* Protractors

Activity 1: String Molecules

Step 1. Draw a Lewis diagram for methane (CH,) on the board. Lewis diagrams
generally are not used to show bond angles. The Lewis diagram of methane

is drawn with 90° H-C-H bond angles. Ask students, “What angle does this
diagram suggest between the C-H bonds of this molecule?” Students will answer
90°. Explain that a Lewis diagram for a molecule gives chemists a good idea of
the connectivity of atoms and types and number of bonds, but just by being a
flat, two-dimensional diagram, it cannot accurately represent the shape of a
molecule because molecules exist in three-dimensional space. Ask, “What factors
determine the three-dimensional shape of a simple molecule?”

Step 2. Lead a discussion about the attractive and repulsive forces involved in
the molecule. The key in this portion of the lesson is to highlight the repulsion
between sets of electrons. If students have not had a solid introduction to
Coulombic forces, this would be a good opportunity to address the idea of
attractive and repulsive forces decreasing as the distance between the charges
increases.

Step 3. The following balloon activity is meant to provide an additional or
optional opportunity for students who are struggling with visualizing the

3D tetrahedral arrangement on their own. Using four balloons tied together,
demonstrate how the balloons occupy space and “repel” each otherin a manner
such that they are all equal distance from one another. The knot in the middle
represents carbon, the central atom, and each balloon represents the electron
density, a chemical bond, between carbon and hydrogen in a methane molecule.
Students should see a tetrahedral arrangement of the balloons around carbon.
Show them the “string molecules” with various numbers of strings attached. Tell
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: students, “You are going to use strings, but think of each string representing a
balloon.” Explain that the knot holding the strings together represents a central

. atom and the strings represent electron pairs coming off the central atom. Have

© students form small groups in various parts of the room (they will need space to
move in order to experiment with different “bond” arrangements with their string
: sets). Be creative, but keep safety in mind as some students will need to be higher
. and some students need to be lower in order to achieve a three-dimensional

. shape; having a step stool or sturdy wooden box for one student to stand on may
help facilitate the process. Direct the groups to each take a set, and hold the

: ends of the string to demonstrate what shape the molecule would need to have

© to maximize the distance between electron pairs in three dimensions. The groups
should record their final shape by sketching the arrangement in their notes oron a
. group-reporting sheet.

© This activity addresses multiple learning styles. Kinesthetic learners will benefit
. from the activity and movement in the room. Visual learners will be able to draw
. detailed sketches of the shapes. Auditory learners will have an opportunity to
engage in conversation with group members as they work to find the best three-
. dimensional shape of the molecules.

: Asyou circulate about the room, ensure that each group “discovers” each of

the five shapes using the string molecules. Some groups may be stuckina

. two-dimensional mindset—prompt them to utilize all three dimensions. This is
interesting to do even with the trigonal planar molecule. Students will often grab
© the center atom and pullit up to make a pyramid shape. If they do, you can discuss
: whether that provides an advantage: Do the bond angles increase or decrease
when they do that? What force moves that atom out of the plane? As you circulate,
: ask the groups about symmetry and/or bond angles within the molecule: “Are the
bond angles less than 90°, or are they greater than 90°?”

Step 4. Collect the string molecule sets from the groups. Provide students

© (either on the board or with a handout) the names of each shape: linear, trigonal
planar, tetrahedral, trigonal bipyramidal, and octahedral. Have them match each
. of their string-molecule shapes to one of the names. Students should be able to
explain how each shape is described by the name. Ask the groups to describe how
. they matched the shape name to a drawing. Answers:

e [inear: The three atoms form a line.

e trigonal planar: The three outer atoms form a triangle; the molecule is
flat or “in a plane.”

e tetrahedral: The four outer atoms form a solid figure with four sides.

* trigonal bipyramidal: The five outer atoms form a three-sided pyramid on
the top and a three-sided pyramid on the bottom.

* octahedral: The six outer atoms form a solid figure with eight sides.

Step 5. Students draw Lewis structures for five molecules, one to correspond

© with each shape. Students then work with a molecular model kit and build the
molecules drawn in the Lewis structures. Students should predict the bond angles
: from the models and then measure the angle between bonds in each of their
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string shapes. It may help to hold up molecular models of the different shapes or
have students recreate their string molecule for each shape. Students should use
a protractor to measure the angles between three “atoms.” Refer them back to the
Lewis diagram of methane and ask, “Does a two-dimensional square shape ora 3D
tetrahedral shape provide more space between the chemical bonds (the electron
density)?”

Formative Assessment

*€ NOSSI1

-
<
w
m
0
-~

4
=
o
Q.
(1)
—

uois)nday Jred
uo0133313 119YS ddudjeAp

As students are working on their string molecules, move around the room and
check for student understanding by asking questions. If student groups are
developing the correct shapes, ask them to justify why the shape is correct. If
they are not getting the correct shapes, ask them guiding questions that focus on
the repulsion of the electron pairs. Possible sample questions include “How many
bonded pairs of electrons and lone pairs are around the central atom?” and “When
all the electron pairs repulse each other, what is the maximum distance they will
be from one another?”

Reflection on Formative Assessment

At the conclusion of this activity, students should have a good understanding

of the origin of the names of all five basic molecular shapes. If students are not
able to identify the names of the shapes, use classroom models to demonstrate
each shape and state the name of the shape for the class. If necessary, review the
terminology of geometric shapes. For example, octahedral molecular geometry
describes the shape of compounds wherein six atoms or groups of atoms are
symmetrically arranged around a central atom, defining the vertices of an
octahedron. An octahedron has eight faces. The prefix octa means “eight.”

Activity 2: Molecular Models Handout 3

Step 1. Form small groups of students, and give the groups a molecular model
kit and a copy of Handout 3. Have students draw Lewis diagrams for the molecules
on the handout and then build each molecule, making sure to represent all of the
atoms with the correct color code listed in the kit and to use the correct number
of bonds. Monitor this process to make sure the Lewis structures are correct and
the molecular models are properly constructed. When checking the groups’
models, if the colors and numbers of bonds used are incorrect, first ask students
what their model represents, and then suggest it be redone to be the correct
model.

Step 2. Student groups sort the molecular models into categories based on
shape and/or the Lewis diagram. They should be prepared to justify the name
of their categories with a list of specific characteristics that would qualify a
molecule to belong to the chosen category.

Step 3. Encourage students to move around the room and view the work the
other groups have done in categorizing the molecules. One member of each group
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Handout 4

: should stay with their models and categories in order to explain their work to

. visiting groups. Circulate and listen to students’ explanations. They should use

. either similar bond angles or similar numbers of electron domains as justification

. for their categories. At this point, some groups may not have the molecules sorted
: correctly, butin the next step, they will have a chance to make corrections.

Step 4. After two or three minutes of sharing, direct the groups to reconvene

. and revise their categories based on what they saw in the other groups. This

. should result in students organizing the shapes into five categories, based on

: the five shapes developed in Activity 1. Even molecules with lone pairs on the

. center atom should be in the proper category. Check on each group to make sure

: students have the molecules sorted correctly at this point. It may be helpful to

. ask students if invisible pairs should be included and why or why not. If necessary,
. point out that a lone pair is “invisible” on the molecular model, butitis stilla

. pair of electrons repelling like a bond. This will help students realize the Lewis

: diagrams are an important resource in determining molecular shape.

. Step 5. Introduce the concept of electron domain, and explain to students that

: the categories they constructed are based on the number of electron domains

. around a central atom. Prompt the groups to discuss what constitutes an electron
. domain: Does a lone pair of electrons count as a domain? What evidence from
their molecular model categories and/or Lewis diagrams do they have to support
: that? Does a double bond count as one electron domain or two? Do lone pairs

- on surrounding atoms count as electron domains? Have students write a one-

: sentence definition of “electron domain” and report out to the class. Guide the

- class to a single definition.

Step 6. Distribute Handout 4 to provide students the molecular shape names,
: diagrams, and a description of electron domains and bond angles. This
. information can also be found by accessing the following URLs:

* http://en.wikipedia.org/wiki/Molecular_geometry

* http://www.google.com/search?q=vsepr+shapes&hl=en&client=safari&
rls=en&prmd=imvns&tbm=isch&tbo=u&source=univ&sa=X&ei=WgF-UP7
AJpPm9gTEvYDYCg&ved=0CCAQsAQ&biw=1112&bih=700

Step 7. Students should name the shape corresponding to each molecular model
: they builtin their groups. They should identify the molecular shape names on

. their handout. As groups work, circulate around the room to informally check

. answers. If students have a molecule incorrectly identified, use guiding questions
. focusing on bond angles and/or the number of electron domains in order to steer

: themin the right direction. A guiding question might involve asking how many

. bonds are present and how many lone pairs are present on an individual molecule.

. Step 8. Direct students to look at the bond angles in molecules containing
- lone pairs and to compare them to molecules with the same number of electron
. domains that are all bonds. Within their groups, students should discuss the
trend in bond angles and propose an explanation. This is a complex concept,
© but students may say something about the lone pairs repelling more or pushing


http://www.google.com/search?q=vsepr+shapes&hl=en&client=safari&rls=en&prmd=imvns&tbm=isch&tbo=u&source=univ&sa=X&ei=WgF-UP7AJpPm9gTEvYDYCg&ved=0CCAQsAQ&biw=1112&bih=700
http://en.wikipedia.org/wiki/Molecular_geometry

Lesson 3: Valence Shell Electron Pair Repulsion (VSEPR) Model

harder on the bonded pairs. Conduct a classroom discussion on the responses and
how the lack of a positive nucleus on the other end of the lone pair causes those
electrons to have a larger orbital cloud, which then affects the other electron
domains to a greater extent.

Formative Assessment

At the completion of Activity 2, provide students with some practice in
identifying the shapes and bond angles of given molecules. This could be done
with small whiteboards, a chalkboard, large pieces of paper, etc., in pairs or
individually. Ask students to justify their shape choice by the number of electron
domains. Listen to students” answers and explanations and provide appropriate
feedback such as, “Yes, correct,” “Good explanation,” or “Your analysis of the
molecule is missing a key piece of information; please go back and re-count the
number of electron domains.”
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Reflection on Formative Assessment

If students are not able to consistently identify the shape of a molecule correctly,
try to identify where they are having difficulty. In some cases, the challenge is
drawing the Lewis diagram itself. If that is the case, review the steps for drawing
proper diagrams. If students are forgetting to count lone pairs as electron
domains, remind them of the string molecules activity they did where all electron
pairs were repelling each other. To reinforce what has been learned or to reteach
the concepts for those that need it, interactive websites such as the PhET
simulation “Molecule Shapes” may be a useful tool. The PhET computer simulation
should be accompanied by a paper-and-pencil tutorial developed to help students
use the simulation in a manner consistent with guided inquiry.






Summative Assessment

Summative Assessment

This summative assessment addresses Science Practice 1 using representations
and models, Science Practice 2 using mathematics appropriately, and Learning
Objectives 1.4, 1.17, 1.18, 2.21, and 3.4.

14.8 g of gas phase propanoic acid (C,H,COOH) is mixed with 14.8 g of gas phase
propylamine (C,H NH,).

a) Write a balanced chemical equation for this reaction.
b) Which reactant serves as the limiting reactant?

c) Calculate the number of grams of the reactant that remains un-
reacted.

d) Draw Lewis diagrams for propanoic acid and propylamine.

e) Use VSEPR theory to draw a three-dimensional diagram of propanoic
acid and a three-dimensional diagram of propylamine.

f) Determine the bond angles and the geometry of the atoms attached
to the carbonyl carbon in propanoic acid.

g) Use VSEPR theory to determine the bond angles and the geometry of
the atoms attached to the nitrogen atom in propylamine. :

h) Given the following particle-level diagram of the number of molecules :
of propanoic acid and propylamine just prior to the reaction, :
determine what the diagram will look like at the end of the reaction.
Consider the circle to be a closed system.

o}
\)j\ Initial HAN Final
OH SN

propanoic acid propylamine
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[ . Scoring Guideline (worth 20 total points)

a. 1 pointforeach productand 1 point for the correctly balanced equation
' (3 points total)

b. 2 points for work and 1 point for the answer with units (3 points total)

c. 2 pointsforworkand 1 point for the answer with units (calculation will be
based on the answer to b; if the wrong limiting reactant is chosen, then the
answer to c must be consistent) (3 points total)

d. 1 pointforeach Lewis diagram (2 points total)
e. 1 pointforeach diagram (2 points total)

f. 1 point for the correct geometry and 1 point for the bond angle
(2 points total)

g. 1 pointforthe correct geometry and 1 point for the bond angle
' (2 points total)

h. 1 pointfor the correct drawing of the product, 1 point for the correct number
: (3) of the product, 1 point for the correct number of unreacted propylamine
(3 points total)



Summative Assessment

Answers:

a. C,H,COOH(g)+C,H NH,(g) — C,H,NH,*, C,H,COO"(s)

b. 14.8 g propylamine x (Imol/59.1 g) = 0.250 mol propylamine
14.8 g propanoic acid x (1 mol/74.08 g) = 0.200 mol propanoic acid
The balanced chemical equation indicates a 1:1 ratio of propanoic acid
reacting with of propylamine. Therefore, propylamine is present in excess.
0.200 mol of propylamine reacts with 0.200 mol of propanoic acid, leaving
0.050 mol of propylamine unreacted. Propanoic acid serves as the limiting
reactant.

c. 0.050 mole of propylamine x (59.1 g/1 mol) = 2.96 g propylamine remains

un-reacted
d H H o} H H H
b o
H_c—c_—_c H H_Cc—Cc—nN¢
R W L
H H O H H H
e H > H H
Ly I
T A\c \\\\Cb N HW\Y A >c \\\\z\ AN\
H LXe) .\ H A %
H () H H
propanoicacid n-propylamine

f. C-C-0and 0-C-0 120°, trigonal planar

g. C-N-Hand H-N-H 107°, pyramidal

h. Three molecules of propanoic acid react with three molecules of propylamine.
Two molecules of propylamine remain un-reacted. Three “units” of C,H,C00",
C,H,NH,*form.



http:mol/74.08
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Handout 1

Handout 1

Understanding the Meaning of a Balanced Chemical Equation

Information A:

We often use a variety of representations for chemical reactions. One is to use drawings or “cartoons” to
represent what is happening at a molecular and atomic level.

Picture 1 Picture 2 Picture 3 Picture 4

© P Oo'b.- 'boo.o o%
e 0087508 e
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O =Bratoms

1. What are the names of the substances represented in Picture 1?

2. a. Whatarethe formulas for the substances represented in Picture 1?

b. How did you decide on what the formulas should be?

w

What changes do you notice when you compare Pictures 1 and 2?

4. a. Whatformula would you use to identify the new substance formed in Picture 2?

b. What name would you use for this substance?

Information B:
It would be awkward and time consuming to represent all chemical reactions with drawings. What we need
is a way to notate a chemical reaction in a concise manner, which also conveys the information we need to

understand about the process that happened.

5. What materials are present before any reaction happens (Picture 1)?

© 2013 The College Board.
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6. What materials are present after the reaction begins (Picture 2)?

7. New materials that are formed from reactants are called products. What product(s) forms during this
reaction?

8. What materials are presentin Pictures 3 and 4?

9. Identify the reactants and products presentin Pictures 1, 2, 3, and 4 using the table below.

Reactants Products

Picture 1
Picture 2
Picture 3
Picture 4

10. In describing chemical reactions, scientists are interested in the changes that take place during the
chemical reaction. Use formulas and symbols to describe the reaction represented by the pictures. An
arrow is used to indicate the change from reactants to products. (Write a chemical-reaction equation.
In this step, just focus on the identities of the substances.)

Information C:

In addition to identifying the substances involved in a chemical reaction, a chemical equation should also
indicate the relative amounts of substances involved. We know from the Law of Conservation of Matter that
the number of atoms and electrons, etc., has to be the same at the beginning and end of the reaction. Look
again at the pictures representing the reaction.

11. How many of each reactant molecule are present at the beginning of the reaction (Picture 1)?
12. How many of each reactant and product molecule are present in Picture 2?
13. Identify the differences in the amounts of each species in Pictures 1 and 2.

a. How many reactant molecules were used up?

© 2013 The College Board.
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b. How many product molecules were formed?

c. Write a chemical-reaction equation indicating the change that happened from Picture 1 to Picture
2. Your equation should indicate how many of each reactant was consumed and how many of each
product was produced in going from Picture 1 to Picture 2.

14. How many molecules of each reactant and product are presentin Picture 3?
15. Identify the differences in the amounts of each species in Pictures 2 and 3.
a. How many additional reactant molecules were used up?
b. How many additional product molecules were formed?

c. Write a chemical-reaction equation that indicates the change that happened from Picture 2 to
Picture 3. Your equation should indicate how many of each reactant was consumed and how many
of each product was produced in going from Picture 2 to Picture 3.

16. Compare the equation you wrote for question 13 and the equation you wrote for question 15. How are
they similar? How are they different?

17. The ratio of reactant and product molecules is what is importantin a chemical-reaction equation.
By convention, most chemical-reaction equations are written in terms of the lowest whole number
coefficients. Write the “conventional” chemical-reaction equation for the reaction represented in the
drawings.

© 2013 The College Board.
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18. Look at all three chemical-reaction equations that you wrote.
a. Whatis true about the number of hydrogen atoms on each side of the reaction arrow?
b. Whatis true about the number of bromine atoms on each side of the reaction arrow?

c. Asagroup, write a statement using the Law of Conservation of Mass to explain why a chemical-
reaction equation must contain equal numbers of atoms on each side to be “balanced.”

© 2013 The College Board.
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Handout 1 Answer Key

Information A:

1. hydrogen and bromine

2a. H,and Br,

2b. It should be something related to the symbols and the numbers of particles attached to each other.
3. Some of the H, and Br, molecules have gone away, and a new substance has formed.

4a. HBr

4b. hydrogen bromide

Information B:

5. H, and Br,

6. H,Br, and HBr

7. HBr

8. H, Br, and HBr

9. Reactants Products
Picture 1 H,+Br, None
Picture 2 H, +Br, HBr
Picture 3 H, +Br, HBr
Picture 4 H, +Br, HBr

10. H2 + Br2 — HBr

Information C:

11. 4H,,4Br,

12. 2H,,2Br,,4 HBr

13a.2H, 2 Br,

13b. 4 HBr

13c. 2H,+2Br,— 4 HBr

14. 1H,,1Br,,6 HBr

15a. 1H, ,1Br,

15b. 2 HBr

15c. 1H,+ 1 Br, — 2 HBr (Ones (1) before the molecules are optional.)

16. They have the same components and the same ratios, but the absolute numbers are different.

17. H,+Br,— 2 HBr (Ones (1) before the molecules are optional.)

18a. The same number of hydrogen atoms is present on each side of the reaction arrow (either two or four
depending on the equation).

18b. The same number of hydrogen atoms is present on each side of the reaction arrow (either two or four
depending on the equation).

18c. The Law of Conservation of Mass says matter cannot be created or destroyed, only change forms. In
a chemical reaction, the way the atoms are connected can change, but the overall number of atoms
must stay the same.

© 2013 The College Board.
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Acid-Base Neutralization Reactions

Beginning Question: When an acid-base neutralization reaction occurs, what factors are importantin
determining the initial amount or concentration of the acid or base?

Goal: A computer simulation is used to explore what variables play an important part in determining the
initial concentration or the volume of an acid or base involved in an acid-base neutralization reaction.

Model 1: Hydrochloric acid reacts with aqueous sodium hydroxide
HCl(ag) + NaOH(aq) — NaCl(aq) + H,0(()

In general, an acid reacts with a base to form a salt and water. Given a base solution with an unknown
concentration, we can neutralize this base solution by adding a known amount and volume of acid. An
indicator will change color and let us know when the acid has neutralized the base. In an acid-base
titration, we are not concerned about the amounts of products formed (although that can be determined);
we are focused on the initial volumes and concentrations of the acid and base as they determine the
amounts, which will be needed.

A balanced chemical equation provides quantitative information about how acids and bases react to form
product(s). Atoms are neither created nor destroyed during a chemical reaction. The number and kind of
each elementin the reactant and product sides of a balanced chemical equation must be identical.

Model 2: A representation of solutions of an acid, a base, and water (a neutral) at the atom level

Acid Solution g % Base Solution

Neutral Solution

E} ])D=H30+ /\ =cCI % —og @ =Na* =H,0

Activity 1: It is useful to know how much of reactant A is required to react with reactant B. The following
diagram represents an atom-level view of a small portion of an acid, HCl(ag), and a base, NaOH(aq). If
we want to neutralize the entire base present, how much acid mustinitially be present? (Note: Use H* to
represent H,0*.)

* Complete the diagram by placing the appropriate number and kind of atoms in Circle A,
representing the acid solution, and Circle P, representing the resultant solution when the acid
and base solutions react. In this diagram, we are omitting the water molecules in the acid and
base solutions. However, do notignore any new water molecules produced in Circle P.

© 2013 The College Board.
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Acid Solution Resultant Solution

Circle A
Circle P

L] =H*

e Atthe point when an acid neutralizes a base, what can you say about the initial number of
hydrogen ions and initial hydroxide ions relative to the resultant solution?

Activity 2: Using a computer simulation, design a series of experiments to identify and investigate
variables and relationships associated with a strong acid-strong base titration. At least three acids and
three bases should be included in the investigation. Two of the acids should be diprotic acids and two
bases should be M(OH), type bases. Determine a question you and your partner want to answer about acid-
base reactions. Ensure that your question involves the use of different acids and bases, as well as different
amounts and concentrations of each in the investigation. Make a data table for each specific acid-base
titration reaction. You should do at least three titrations using different initial concentrations. Share your
data with the rest of the class by putting them on the board orin a class data sheet.

Perform the Simulation for Your Investigation:

Steps 1-8 will help you complete the simulation found at the following URL: http://group.chem.iastate.
edu/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html

1. Open the simulation. It provides a simple way to explore what occurs when acids react with bases.

2. Become familiar with how the simulation works by following the onscreen directions. Complete Steps 1
through 4. Select HCl as your acid and NaOH as your base.

3. Write a balanced molecular chemical equation for the reaction of hydrochloric acid with agueous
sodium hydroxide.

4. Fillthe buret with acid. Automatically, the Erlenmeyer flask will fill with base. The computer
simulation will assign a molarity and volume to the base. This simulation does not allow you to alter
the provided molarity and volume. The goalis to determine the molarity of the acid.

5. Select bromothymol blue as the indicator. When titrating with bromothymol blue indicator, the color
blue indicates alkaline, the color yellow indicates acidic, and the color green indicates neutral.

6. Record theinitial volume and concentration of the base, sodium hydroxide. Calculate the moles of
sodium hydroxide present.

7. Click on the slider bar that adds acid to the flask. Carefully move the slider bar and add acid from the
buret to the flask until the indicator changes to a green color. Most likely, you will exceed the end
point.

8. Do not “reset” the titration (the “Reset” button will clear all parameters). Instead, click on the
“Concordant Values” button; this maintains your current concentrations of base and acid and enables
you to quickly do another titration. Use the slider bar to get close to the volume, and then use the
“drops” button to add drops. The remaining steps will help you calculate the values you need.

9. When you have reached the end point of the titration, record the volume of acid that was required to
react with all of the base present. At this point, how do you know the base has been neutralized by the
added acid?

© 2013 The College Board.
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10.

11.

12.

13.

14.

15.

16.

Use your calculated value of the number of moles of sodium hydroxide present from Step 6 and the
balanced chemical equation from Step 3 to calculate the number of moles of hydrochloric acid added.
You have already calculated the number of moles of sodium hydroxide present. Calculate the number of
moles of hydrochloric acid added at neutralization.

Calculate the molarity of the acid and enter the value in the box in the simulation. The computer
simulation willindicate if your answer is correct or incorrect. If your value is incorrect, you will need
to click on the “Concordant Values” button. Re-run the experiment or check your calculations and then
enter a new value for the molarity of the acid. Your teacher will help you construct a table of your data
and a table for the class data.

When you are sure you have good data and correct calculations, share your data on the board.

Using all the class data, make a data table on your paper to report the number of moles of hydroxide
ions initially present. Also report the class data of the number of moles of hydrogen ions or hydronium
ions added at neutralization. Include these values in your data table.

Use the class data to make a graph. For example, plot the moles of sodium hydroxide presentinitially
on the y-axis and moles of hydrochloric acid added to reach neutralization on the x-axis.

What patterns do you observe? What is the relationship between the initial number of moles of
hydroxide ions present and the number of moles of hydrogen ions added when the base has been
neutralized? What is the role of the balanced chemical equation in an acid-base titration?

Summarize how to calculate the molarity of the acid.

Organize Your Data:

* For example, if you investigate how an unknown concentration of sulfuric acid interacts with
barium hydroxide, you might create the following data table:

Moles Ba(OH), Moles OH- Moles H,0* Moles H,SO, M H,SO,

* For each type of acid-base reaction investigated, write a balanced chemical equation.
* You will need to determine the molarity of the solution in the buret for each investigation.

Data Analysis:

e Which two parameters yield a straight-line graph when plotted?

e Whatis the slope of the line?

* How is the slope of the line related to the balanced chemical equation?

e What factors are important when using an acid-base titration to determine the initial
concentration of an acid or base that is not known?

Activity 3: Choose two of your acid-base titrations. Draw a picture diagram for each titration. In

Circle A, use small circles, squares, and triangles to represent a small area of the acid solution. Assume
complete ionization of the acid. The number and kinds of atoms and ions should be relative to your initial
concentration of the acid.

© 2013 The College Board.



Handout 2

You can assume the small volumeis 1.0 x 10-?* L. Do the same for the base solution in Circle B. Circle Pis
what the resultant solution looks like when the acid and base solutions are combined in one flask.

Acid Solut@ Base Sol@Rcsultam SoluuonQ
Circle A Circle B Circle P
Activity 4: The following circles in the diagram represent an atom-level view of a small portion of a
sulfuric acid solution, a sodium hydroxide NaOH(ag) solution, and the resultant solution after the base
has neutralized all of the acid. Complete the diagram by placing the appropriate number and kind of atoms
in Circle A, representing the acid solution, and Circle B, representing the base solution. In the diagrams of

the acid and base solution, water molecules are omitted. However, new water molecules produced by the
reaction of the acid and base are shown in the resultant solution circle.

Acid Solution Base Solution Resultant Solution
Circle A
Circle B Circle P

= ])EI H10* |:>_so4 O = w oy ® =Na* £ =m0

Activity 5: A 12.00 mL sample of a sulfuric acid solution used as battery acid (density = 1.245 g/mL)
is diluted to 100.0 mL with water. A 10.00 mL sample of the diluted acid required 38.60 mL of 0.250 M
NaOH(ag) for titration to the equivalence point.

e Whatis the molarity of the original sulfuric acid solution?
 What is the mass percentage of the sulfuric acid? If 0.250 M Ba(OH),(aq) was used instead of

NaOH(ag), what volume of Ba(OH),(aq) would titrate the acid to the equivalence point? (Note:
Use H* to represent H,0%.)

© 2013 The College Board.
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Organize Your Data:
Sample calculations

In experiment 1, 20.0 mL of an unknown concentration of H,S0, (ag) solution is completely neutralized
with 40.0 mL of 1.00 M Ba(OH),(aq). In experiment 2, 40.0 mL of an unknown concentration of H,SO, (aq)
solution is completely neutralized with 40.0 mL of 1.00 M Ba(OH),(aq). The balanced chemical equation is:

H,S0,(ag) + Ba(0H),(aq) — BaCl,(aq) + 2H,0(()

The concentration of the sulfuric acid can be calculated by determining the number of moles of hydroxide
ions needed to react with all of the hydronium ions: # moles OH = # moles H,0"

Moles Ba(OH), | Moles OH- Moles H,0* Moles H,SO, M H,SO,
Experiment1 | 0.0400 mol 0.0800 mol 0.0800 mol 0.0400 mol 2.00M
Experiment2 | 0.0400 mol 0.0800 mol 0.0800 mol 0.0400 mol 1.00M

For Expt 1: M= # moles H,SO, / # L = 0.0400 mol/0.0200 L = 2.00 M
For Expt 2: M=# moles H,SO, / # L =0.0400 mol/0.0400 L=1.00 M
Activity 5:

# mol OH =0.03860 L x 0.250 mol/L =0.00965 mol OH-

When all of the acid is neutralized, # mol OH = # mol H,0*

Therefore, 0.00965 mol OH = 0.00965 mol H,0%; this was the amount of H,0* presentin 10.00 mL.
Therefore, there are 0.0965 mol H,0* present in 100.0 mL.

The concentration of the diluted sulfuric acid:
1mole H,SO,
2 mol H*

The concentration of the diluted sulfuric acid 0.04825 mOLE H,50, _ 0.4825 M
0.100

0.0965 mol H* =0.04825 mole H,S0,

The volume of the original sulfuric acid solution is 12.00 mL.
The concentration of the original sulfuric acid can be calculated using: M.V, = M.V,

M, (0.01200L) = (0.4825 M)(0.100 L)

M= (0.4825M)(0.0100L) =4.02 M
0.01200L
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Handout 3
Molecule Building

1. Draw Lewis diagrams for each of the molecules listed below.

2. Use molecular modeling kits to build the molecules. Make sure your model is consistent with the
number and types of bonds in the Lewis diagram.

3. Afterall models are constructed, sketch the 3D shape of the molecule and sort the molecules into
categories based on shape and Lewis diagram. You must have at least two and no more than six
categories. A category may be represented by only one molecule.

4. Be prepared to justify your categories with a list of characteristics that the molecules in each category
have. Shape names will be added to the table later.

Molecule Lewis Diagram 3D Sketch Shape Name
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Molecular Geometry
Number of Bonds On | Number of Lone Pairs | Bond Angles
Shape Central Atom on Central Atom
Linear o0—e o 2 0 180°
Trigonal Planar O/i\b 3 0 120°
Bent O/.\O 2 1 <120°
Tetrahedral O/%Q 4 0 109.47°
Pyramidal o/t° 3 1 <109.47°
Bent °/.\> 2 2 <109.47°
Trigonal 5 0 90 & 120°
Bipyramidal
See Saw O—& 4 1 <90 &<120°
T-Shaped o—i 3 2 <90 & <120°
Linear o090 2 3 180°
Octahedral X 6 0 90°
Square o
Pyramid * > ! <90
Square Planar X 4 2 90°
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