Foundations of Chemistry
Applying POGIL Principles

Fourth Edition

David M. Hanson
Stony Brook University - SUNY



Foundations of Chemistry

FounDATIONS OF CHEMISTRY
Applying POGIL Principles
Fourth Edition

by David M. Hanson
Department of Chemistry
Stony Brook University - SUNY
Stony Brook, NY 11794-3400
David.Hanson@StonyBrook.edu

Copyright © 2010

Pacific Crest

906 Lacey Avenue, Suite 206
Lisle, IL 60532
630-737-1067
www.pcrest.com

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means
(electronic, mechanical, photocopying, recording, or otherwise) without the prior written permission of the author and
copyright holder.

ISBN: 978-1-60263-504-3

Acknowledgments

» Dan Apple, founder and president of Pacific Crest, is acknowledged as the motivating force
and inspiration behind process-oriented education. His insights on activity design, classroom
facilitation, and changing pedagogy are much appreciated.

»  This work could not have been sustained without the encouragement of my wife, Colleen, and
my colleague, Troy Wolfskill. Both provided inspiration, constant encouragement and help, and
insights from their experience in teaching. Colleen was especially pivotal in convincing me that
learning teams work and that it’s process not content that should be the focus of education.

* The activities contributed by Joseph Lauher, Frank Fowler, Andisheh Abedini, Gulnar Rawji,
and Susan Otis, as well as the suggestions of Troy Wolfskill and Linda Padwa, significantly
enhanced these materials.

*  The quality of the Fourth Edition benefited significantly from the work of editors, proofreaders,
and those who produced the corresponding Instructor’s Edition that contains answers, solutions,
and some annotations. Denna Hintze-Yates and Renee Cole led the way in editing and
proofreading; David Moss and Kathleen Cornely did a superb job in producing the Instructor’s
Edition supported by the work of John Goodwin, Max Guido, and Vanessa Copin.

* Support from the National Science Foundation made it possible to develop, test, and revise
activities for general and physical chemistry; share them with others; help others move from
lecturing to more student-centered teaching strategies; and work toward enhancing process-
oriented guided-inquiry activities with computer and web technology. The following grants
supported this and related projects: DUE-9752570, DUE-9950612, DUE-0127650, DUE-
0127291, DUE-0231120, and DUE-0341485.



TABLE OF CONTENTS

F o] (g To 1Y (Yo [ =Y o =T | € ii
JLE= 1) (53 07 0] o] (=] o | SRRSO iii
To the Instructor and Student ... %
L IR =S 0T [T o | SRR Vi
Chapter 1: Nature of Chemistry
Activity 01-1  Units 0f MEASUIEMENT .........eeiiiiiiiii e 1
ACIVILY 01-2  UNItS ANAIYSIS ... nnnnana 7
Activity 01-3  Significant Figures in Data .................uuuuiiuiiiiiiiiiiiiiiiiiiiiiiiieeveeeveeeveeeeeseeeeeeeeeeeeeees 11
Chapter 2: Atoms and Elements
Activity 02-1  Atoms, ISOtOPES, aNd [ONS........uuuiiiiiiiiiiiiiiiiiiiiiiii i eeeeeeeeeeeeeeeees 15
Activity 02-2 Mass Spectrometry and Masses of AIOMS ..........uvvvviiiiiiiiiiiieiiieeeeeeeeee e 21
Activity 02-3  The Periodic Table of the Elements............coooiiiiiiiiiieeee 26
Chapter 3: Molecules and Compounds
Activity 03-1  Molecular Representations...............uuiiiiiiiiiiiieces e 30
Activity 03-2  Nomenclature: Naming COMPOUNGS ........ccooiiiiimiiiiiiiaeiiiiiiee e 34
Activity 03-3  Mole and MOIAr IM@SsS ..........uuuuuuuriuiiiiiiiiiiiiiiiiserieeiaeeaaeseesssaessesessssrssssssseseeereereeeeee. 39
Activity 03-4  Determination of Molecular FOrmulas ...............uuvvviiiiiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeee 45
Chapter 4: Chemical Reactions
Activity 04-1  Balanced Chemical Reaction EQUAtioNS ...............evvveiiiiiiiiiiiiiieeiieeeeeeeeeeeeeeeeeee 53
Activity 04-2 Dissociation and Precipitation Reactions ............ccccooooiiiiiiiiiie 58
Activity 04-3  Introduction to Acid — Base Reactions............cccuuuiiiiiiiiiiiiiiiieeee e 62
Activity 04-4  Electron Transfer REACONS ............uuviviiiiiiiiiiiiiiiiiiiiieiiisseseeveeeeeevveeeveeeeeeeeeeeeeeeees 66
Chapter 5: Stoichiometry of Chemical Reactions
Activity 05-1  Limiting Reactants.........ooouiiiiiii e 72
Activity 05-2  Solution Concentration and Dilution ..............evvevviiiiiieiiiiiiieeeeeeeeeeeeeeeeeee e 77
Activity 05-3  Solving Solution Stoichiometry Problems................uvvviiiiiieiieiiiiiiiieeieeeeeeeeeeeeeeee 81
Chapter 6: Energy and Chemical Reactions
Activity 06-1  Thermochemistry and Calorimetry .............evviviiiiiiiiiiiiiiiiiiieeeeeeeeeeeee e 87
Activity 06-2 Internal Energy and Enthalpy ... 92
Activity 06-3 Hess’s Law: Enthalpy is a State FunCtion .............cccoooiii e 98
Chapter 7: Electron Configurations and the Periodic Table
Activity 07-1  Electromagnetic Radiation ................ooiiiiiiiiii e 103
Activity 07-2  Atomic Spectroscopy and Energy Levels.............oooeeiiiiiiiiiiieeeen 107
Activity 07-3  The Description of Electrons in AIOMS ...........uuviiiiiiiiiiiiiiiiis 113
Activity 07-4  Multi-electron Atoms, the Aufbau Principle, and the Periodic Table .................. 119
Activity 07-5  Periodic Trends in Atomic Properties ... 127
Chapter 8: Covalent Bonding
Activity 08-1  The Chemical BONd.............uuii e 140
Activity 08-2  Lewis Model of Electronic StruCture ... 143
Activity 08-3  Valence Bond Model for Covalent BONdS...............uuvvueiiiiiiiiiiiiiiiiiiiiiiieiieininnnnnns 155
Activity 08-4  Molecular Orbital TREOTY ........uuuuiiii e 158
Chapter 9: Molecular Structures
Activity 09-1  Valence Shell Electron Pair Repulsion Model ..............ccccvvviviiiiiniiiiiiiiiiiiiiiiiinn, 165
Activity 09-2  Electronegativity and Bond Polarity...........ccooeviiiiiiiiiiice e 174
Activity 09-3  Hybridization of Atomic Orbitals ..............ccoooiiiien 178



Foundations of Chemistry

Chapter 10: Phases of Matter

Activity 10-1  Interactions between Atoms and MOIeCUIES ...............uuuuuiiiniiiiiiiiiiiiiiiiiiiiiiiiiians 183

Activity 10-2  Intermolecular Interactions: Water and Organic Molecules.............ccccvvvvvvivnnnn. 191

Activity 10-3  Phase Changes in Pure SubsStances...........ccooouviiiiiee i 197

Activity 10-4  Unit Cells of Crystalline Solids .............uuiiiiiiiiii e 202
Chapter 11: Properties of Gases

Activity 11-1  The Ideal Gas LAW ........occuuiiiiiiiiee et e e e ea e s 208

Activity 11-2  Kinetic Molecular Theory of Gases ..........ccooiiiiiiiiiiiiiiiiie e 213

ACtiVity 11-3  Partial PreSSUIE ... ..ot e e e e e 219
Chapter 12: Properties of Solutions

ACHVILY 12-1  SOIUTIONS. ... e e e e e e e as 223

Activity 12-2  Colligative Properties ... 228
Chapter 13: Chemical Kinetics

Activity 13-1  Rates of Chemical Reactions ...............uuiiiiiiiiiiiii e 234

Activity 13-2  Reaction MeChaniSMS ........coov oo 243

Activity 13-3  Activation Energy and Catalysis............cooivieiiiiiiiiiiiiiee e 250
Chapter 14: Thermodynamics

Activity 14-1  Spontaneous Change and ENtrOpY ...........euueeiuiiiiiiiiiiiiiiiiiiiiiieivvvevinaaanes 258

Activity 14-2  Entropy of the Universe and Free Energy ........ccccceeveeeeiiiiiiiiiiieee e 263
Chapter 15: Chemical Equilibrium

Activity 15-1  Dynamic Equilibrium and Le Chatelier’s Principle............cccccvvviviiiiiiiiiiiiiiiiiinns 268

Activity 15-2  The Reaction Quotient & Equilibrium Constant..............cccccoiiiiiie 273

Activity 15-3  Free Energy and Chemical EQUilibrium ... 276

Activity 15-4  Solving Equilibrium Problems: The RICE Table Methodology..............ccevvvvveee. 281
Chapter 16: Acids and Bases

Activity 16-1  The pH Scale and Water Autoionization...............cccoeeeeiiiiiiiiiieeeen 287

Activity 16-2  Relative Strengths Of ACIAS .........uuiiiiiii s 292

Activity 16-3  Weak Acid — Base EQUIlIDFIa ... 300
Chapter 17: Buffers, Titrations, and Solubility Equilibria

Activity 17-1  BUfer SOIULIONS ... annnanes 308

Activity 17-2  AcCid — Base Titrations. ..... ... e 312

Activity 17-3  Solubility and the Solubility Product ... 319
Chapter 18: Electrochemistry

ACtiVity 18-1  VOIGIC CeIIS ... ..t e e e e e eaeees 325

Activity 18-2  EIleCtrolytiC CelIS ......ooiiiiiiieiiiie e 333
Chapter 19: Transition Metals and Coordination Compounds

Activity 19-1  Coordination Compounds: An INtroduction.............ccceeeeviiiiiiiiiiie e, 337

Activity 19-2  Coordination Compounds: Magnetism & COlor...........cooviiiiiiiiiiiiiiiiiiiieeeeeen 343
Chapter 20: Organic Molecules

Activity 20-1  FUNCLONAI GrOUPS ....coeeiiiiiieieeee ettt e e e e e e e e eeaeeas 352

Activity 20-2  Polymer ChemiStry .......ooieiiiiiieii e 357
Chapter 21: Biological Molecules

Activity 21-1  Amino AcCids and Proteins ....... ... 363
Chapter 22: Nuclear Chemistry

Activity 22-1  Nuclear Chemistry: Binding ENErgy ........ccccccuuuuuimiiiiiiiiiiiiiiiiiiiiiivinvensvanainnns 370

Activity 22-2  RadiO@CHIVILY ... e 376

Activity 22-3  Rates of Radioactive DECaAY ...........cccuuiiiiiiiiiiiiiieee e 380



To THE INSTRUCTOR AND STUDENT

Process-oriented guided-inquiry learning (POGIL) is both a philosophy of teaching
and learning and a strategy for teaching and learning. It is a philosophy because it
encompasses specific ideas about the nature of the learning process and the expected
outcomes. It is a strategy because it provides a specific structure for teaching that is
consistent with the way people learn, and it leads to the desired outcomes.

The goal of POGIL is to engage students in the learning process, and to help them
master the material through conceptual understanding, rather than by memorizing and
pattern matching, while developing essential learning skills. Important skill areas for
success in chemistry courses, college, and careers are information processing, critical
and analytical thinking, problem solving, oral and written communication, teamwork,
and metacognition (reflection on learning, self-assessment, self-management, and self-
regulation).

To support this goal, POGIL activities utilize a learning cycle design of exploration and
concept formation followed by application.

Each activity begins with an Orientation that sets the stage for learning. The importance
oftheactivity is described ina Why? statement. Learning Objectives and Success Criteria
are identified along with prerequisite activities. The learning objectives describe what
the student is expected to learn. The success criteria specify the measurable outcomes
of the activity, i.e., what the learner should be able to do at the end. It is quick and easy
to make up examination questions simply by looking at the success criteria for each
activity.

Students then explore a Model in response to Key Questions. The model is any
representation of what is to be learned. Key questions unlock the information present
in the model and reveal its significance. They guide the learner to discover the relevant
concepts and to develop an understanding of them. Information is provided at the
beginning and throughout an activity, but only when a need-to-know has been created.

The new knowledge is then applied in simple Exercises that build confidence, and then
to higher-level applications, called Problems, that require synthesis of ideas, transfer to
new contexts, and problem-solving skills.

While individual students can complete an activity, the activities are most effective
when used by students working in learning teams with the instructor acting as a coach,
guide, or facilitator.

Many resources are available to help instructors teach in this new student-centered
environment. They can be found at the Pacific Crest and POGIL web sites (www.
pcrest.com, www.pogil.org). Both Pacific Crest and the NSF-supported POGIL Project
sponsor workshops for faculty to introduce them to process-oriented guided-inquiry
learning, assist them in developing facilitation skills, and guide them to materials for
use in their courses.
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To THE STUDENT

Changes in society, technology, and the world economy are occurring at increasingly
faster rates. As a college graduate, you will need to be a quick learner, critical thinker,
and problem solver to succeed. You will need to be computer literate and skillful in
communication, teamwork, management, and assessment. This book is intended for use
in courses where faculty are responding to these demands through changes in teaching
style and curricula that will actively engage you in learning and help you develop these
essential skills.

This book is not like textbooks that you have used before. It does not provide you
with information to read, memorize, and repeat during exams. Rather, it provides some
representation, or model, of what is to be learned. Key questions guide your exploration
of the model, unlock the information present, and reveal its significance. The key
questions help you discover the relevant concepts and develop an understanding of
them.

Exercises then give you practice at applying these concepts in straightforward
situations. They build your confidence in using your new knowledge to solve problems
and answer questions. A few problems are included and your instructor will assign
others. Problems are not as straightforward as the exercises; they often require the use
of two or more concepts and the application of your knowledge in new contexts.

The goal is to help you learn how to process information, analyze situations by asking
yourself key questions, construct your understanding of chemistry, and develop the
problem solving skills that you need to be successful in this course, in college, and in
your career.

You will learn the most and have the most fun if you work on these activities with other
students. Discussions among members of your learning team will produce different
perspectives regarding the concepts and their use in solving problems. They will
identify and correct misconceptions and strengthen and deepen your understanding of
chemistry. Use your textbook to resolve disagreements, to find answers to questions
that arise, and to see examples of problem solutions. It is through your understanding of
the concepts and how to use them that you will be able to answer examination questions
and solve real-world problems successfully. When you are working in a learning team,
you should have two learning objectives: to understand the material and to ensure that
every other member of the team understands the material. Explaining ideas and helping
others learn are among the best ways for you to deepen your own understanding and
knowledge and to gain the insight needed to do well on examinations and apply your
knowledge and skills successfully in the real world.

We have found that this approach works for most students. They do better on exams,
understand more about chemistry, recognize that they have become stronger learners,
and have had more fun along the way.



