AP Chemistry

DUMMIES

by Peter Mikulecky, Michelle Rose Gilman,
and Kate Brutlag

WILEY

Wiley Publishing, Inc.






AP Chemistry

FOR

DUMMIEDS







AP Chemistry

DUMMIES

by Peter Mikulecky, Michelle Rose Gilman,
and Kate Brutlag

WILEY

Wiley Publishing, Inc.



AP Chemistry For Dummies®
Published by

Wiley Publishing, Inc.

111 River St.

Hoboken, NJ 07030-5774

www.wiley.com
Copyright © 2009 by Wiley Publishing, Inc., Indianapolis, Indiana
Published simultaneously in Canada

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, scanning, or otherwise, except as permitted under Sections 107 or 108 of
the 1976 United States Copyright Act, without either the prior written permission of the Publisher, or authorization through
payment of the appropriate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, 978-
750-8400, fax 978-646-8600. Requests to the Publisher for permission should be addressed to the Legal Department, Wiley
Publishing, Inc., 10475 Crosspoint Blvd., Indianapolis, IN 46256, 317-572-3447, fax 317-572-4355, or online at

http://www.wiley.com/go/permissions.

Trademarks: Wiley, the Wiley Publishing logo, For Dummies, the Dummies Man logo, A Reference for the Rest of Us!, The
Dummies Way, Dummies Daily, The Fun and Easy Way, Dummies.com and related trade dress are trademarks or registered
trademarks of John Wiley & Sons, Inc. and/or its affiliates in the United States and other countries, and may not be used
without written permission. All other trademarks are the property of their respective owners. Wiley Publishing, Inc., is not
associated with any product or vendor mentioned in this book.

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: THE PUBLISHER AND THE AUTHOR MAKE NO REPRESENTATIONS
OR WARRANTIES WITH RESPECT TO THE ACCURACY OR COMPLETENESS OF THE CONTENTS OF THIS WORK AND
SPECIFICALLY DISCLAIM ALL WARRANTIES, INCLUDING WITHOUT LIMITATION WARRANTIES OF FITNESS FOR A PAR-
TICULAR PURPOSE. NO WARRANTY MAY BE CREATED OR EXTENDED BY SALES OR PROMOTIONAL MATERIALS. THE
ADVICE AND STRATEGIES CONTAINED HEREIN MAY NOT BE SUITABLE FOR EVERY SITUATION. THIS WORK IS SOLD
WITH THE UNDERSTANDING THAT THE PUBLISHER IS NOT ENGAGED IN RENDERING LEGAL, ACCOUNTING, OR
OTHER PROFESSIONAL SERVICES. IF PROFESSIONAL ASSISTANCE IS REQUIRED, THE SERVICES OF A COMPETENT
PROFESSIONAL PERSON SHOULD BE SOUGHT. NEITHER THE PUBLISHER NOR THE AUTHOR SHALL BE LIABLE FOR
DAMAGES ARISING HEREFROM. THE FACT THAT AN ORGANIZATION OR WEBSITE IS REFERRED TO IN THIS WORK AS
A CITATION AND/OR A POTENTIAL SOURCE OF FURTHER INFORMATION DOES NOT MEAN THAT THE AUTHOR OR
THE PUBLISHER ENDORSES THE INFORMATION THE ORGANIZATION OR WEBSITE MAY PROVIDE OR RECOMMEN-
DATIONS IT MAY MAKE. FURTHER, READERS SHOULD BE AWARE THAT INTERNET WEBSITES LISTED IN THIS WORK
MAY HAVE CHANGED OR DISAPPEARED BETWEEN WHEN THIS WORK WAS WRITTEN AND WHEN IT IS READ.

For general information on our other products and services, please contact our Customer Care Department within the U.S.
at 800-762-2974, outside the U.S. at 317-572-3993, or fax 317-572-4002.

For technical support, please visit www.wiley.com/techsupport.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be available in
electronic books.

Library of Congress Control Number: 2008938864
ISBN: 978-0-470-38976-8

Manufactured in the United States of America
109 87654321

WILEY



About the Authors

Peter Mikulecky grew up in Milwaukee, an area of Wisconsin unique for its high human-to-
cow ratio. After a breezy four-year tour in the Army, Peter earned a bachelor of science
degree in biochemistry and molecular biology from the University of Wisconsin-Eau Claire,
and a PhD in biological chemistry from Indiana University. With science seething in his DNA,
he sought to infect others with a sense of molecular wonderment. Having taught, tutored,
and mentored in classroom and laboratory environments, Peter was happy to find a home
at Fusion Learning Center and Fusion Academy. There, he enjoys convincing students that
biology and chemistry are, in fact, fascinating journeys, not entirely designed to inflict pain
on hapless teenagers. His military training occasionally aids him in this effort. He is the
author of AP Biology For Dummies and Chemistry Workbook For Dummies.

Michelle Rose Gilman is most proud to be known as Noah’s mom. A graduate of the University
of South Florida, Michelle found her niche early, and at 19, she was working with emotionally
disturbed and learning-disabled students in hospital settings. At 21, she made the trek to
California, where she found her passion for helping teenagers become more successful in
school and life. What started as a small tutoring business in the garage of her California home
quickly expanded and grew to the point where traffic control was necessary on her residential
street.

Today, Michelle is the founder and CEO of Fusion Learning Center and Fusion Academy, a
private school and tutoring/test prep facility in Solana Beach, California, serving more than
2,000 students per year. She is the author of ACT For Dummies, Pre-Calculus For Dummies,
AP Biology For Dummies, Chemistry Workbook For Dummies, GRE For Dummies, Pre-Calculus
Workbook for Dummies, and other books on self-esteem, writing, and motivational topics.
Michelle has overseen dozens of programs over the last 20 years, focusing on helping kids
become healthy adults. She currently specializes in motivating the unmotivatable adoles-
cent, comforting their shell-shocked parents, and assisting her staff of 35 teachers.

Michelle lives by the following motto: There are people content with longing; I am not one
of them.

Kate Brutlag has been a full-fledged science dork since she picked up her first book on
dinosaurs as a child. A native of Minnesota, Kate enjoys typical regional activities such as
snow sports and cheese eating. Kate left Minnesota as a teen to study at Middlebury College
in Vermont and graduated with a double major in physics and Japanese. Seeking to unite
these two highly unrelated passions, she spent a year in Kyoto, Japan, on a Fulbright scholar-
ship researching Japanese constellation lore. Kate was quickly drawn back to the pure sci-
ences, however, and she discovered her love for education through her work at Fusion
Academy, where she currently teaches upper-level sciences and Japanese. She is the author
of Chemistry Workbook for Dummies.






Dedication

We would like to dedicate this book to our families and friends who supported us during the
writing process. Also, to all our students who motivate us to be better teachers by pushing
us to find unique and fresh ways to reach them.






Authors’ Acknowledgments

Thanks to Bill Gladstone from Waterside Productions for being an amazing agent and friend.
Thanks to Jennifer Connolly, our project editor, for her clear feedback, support, and abun-
dant patience. A special shout-out to our acquisitions editor, Stacey Kennedy, who, for rea-
sons unclear, seems to keep wanting to work with us.



Publisher’s Acknowledgments

We’re proud of this book; please send us your comments through our Dummies online registration form located at
www . dummies.com/register/.

Some of the people who helped bring this book to market include the following:

Acquisitions, Editorial, and Media Development Composition Services
Project Editor: Jennifer Connolly Project Coordinator: Katie Key
Acquisitions Editor: Stacy Kennedy Layout and Graphics: Carrie A. Cesavice,

Reuben W. Davis

Proofreaders: Melanie Hoffman, Harry Lazarek

Copy Editor: Jennifer Connolly
Technical Editor: Phil Dyer
Senior Editorial Manager: Jennifer Ehrlich Indexer: Joan K. Griffitts
Editorial Supervisor: Carmen Krikorian

Editorial Assistants: Erin Calligan Mooney, Joe Niesen,
Jennette ElNagger, and David Lutton

Cover photo: © Thinkstock Images

Cartoons: Rich Tennant (www.the5thwave.com)

Publishing and Editorial for Consumer Dummies

Diane Graves Steele, Vice President and Publisher, Consumer Dummies

Joyce Pepple, Acquisitions Director, Consumer Dummies

Kristin A. Cocks, Product Development Director, Consumer Dummies

Michael Spring, Vice President and Publisher, Travel

Kelly Regan, Editorial Director, Travel
Publishing for Technology Dummies

Andy Cummings, Vice President and Publisher, Dummies Technology/General User
Composition Services

Gerry Fahey, Vice President of Production Services

Debbie Stailey, Director of Composition Services



Contents at a Glance

JOEPOAUCTTON .....aeeeeeeeeeeeeeenaeeeeeeennaaeeeennnnsaeeesnnnsseeesnnnsseeesnnnseeeennnnns ]

Part I: Thriving Inside the Test Tube:
How to Prepare for the Exan ...............cccccceeeeaaaaanannneeneeeeeeceeceasaaaasd

Chapter 1: Knowing What You’re Up Against: The AP Chemistry Exam.........ccocevevveriirvinvienieeneennen. 7
Chapter 2: Preparing Yourself for the EXam ........cccccoviiiiiiiiiiniiiccecctetee et 15

Part 1I: Building Matter from the Ground Up:
Atoms and Bonding ....................ccccaaaaaaaacccnneneeeeeeeeceecececcccccceaaaas 2 |

Chapter 3: Looking Under the Atomic Hood: Atomic Structure...........cocevveviininneniieniienienieneeneene 23
Chapter 4: Answering Questions about Atomic StruCtUre..........cccoevveeieniinienieeeceeeee e 41
Chapter 5: Working and Playing Together: Bonding...........cccoceiiirininininnierenieeeeeeeeese e 47
Chapter 6: Answering Questions on BONAINgG...........ccccuooiiiieiiieiiieciieieeeeeesee et eaae e 59
Chapter 7: Doing Atomic Geometry: Molecular Shapes.........cccccocerviiriienienieniienieneeieeeseeeeseeseene 63
Chapter 8: Answering Questions on Molecular Shapes .........cccceciriieiieriiinieniieneeeeeee e 75
Part I11: Colliding Particles to Produce States...............cccccueeeeee.. 81
Chapter 9: Putting a Finger to the Wind: Gases..........cccoverieiiiiienienienieieeteeesesee et 83
Chapter 10: Answering QUEeStions ON GASES .........ccceeceerrierierieecieeieeieeee et et e e e sreesreeseeseesessesssesseenns 91
Chapter 11: Condensing Particles: Solids, Liquids, and Solutions...........ccccceeceevirnerniiniinsiennienieennenne 97
Chapter 12: Answering Questions on Solids, Liquids, and Solutions...........cccceeceeeveeciirvienceeneenneennen. 115

Part 1U: Transforming Matter in Reactions ..............ccccccueeeuneaen 127

Chapter 13: Reacting by the Numbers: Reactions and Stoichiometry .........c..coccooevenininiencnnennnen. 129
Chapter 14: Answering Questions on Reactions and Stoichiometry...........ccccceeeeeieciiicieccieneenneenen. 143
Chapter 15: Going Nowhere: EQUIlIDIIUML..........ccviciiieieiirececceecceeee et neas 153
Chapter 16: Answering Questions on EQUIlIDIium.........ccccceeviiriiiiiiniiniiiieecececece e 161
Chapter 17: Giving and Taking in Solution: Acids and Bases...........cccccevcererininiienienenenenereeeeenen 167
Chapter 18: Answering Questions on Acids and Bases............cccccueeeeeieniieniienieceeceee e 177
Chapter 19: Transferring Charge: Oxidation-Reduction...........cccocevvieniiniiniiniinenniniinieeieeeeneeeen 183
Chapter 20: Answering Questions on Oxidation-Reduction ..........c.ccecevvrrienieneenencieiienieseeeieeenn 197
Chapter 21: Knowing Speed from Spontaneity: Kinetics and Thermodynamics...........ccccceceeeeueenee. 207
Chapter 22: Answering Questions on Kinetics and Thermodynamics...........ccccceevevvereeerererceenennn. 223

Part U: Describing Patterns and Predicting Propetties.................233

Chapter 23: Knowing Chemistry When You See It: Descriptive Chemistry .......c.cccceevenenencncenne. 235
Chapter 24: Answering Questions on Descriptive Chemistry .......c.cccecevvevieneeneenenciesieeeeeeeseenn 243
Chapter 25: Living with Carbon: Organic Chemistry ........ccoceeieiriiiiieienineneeeeteee e 251

Chapter 26: Answering Questions on Organic ChemiStry ...........cceeeeieviieiienieieeciece e 267



Part Ul: Getting Wet and Dirty: Labs .............ccceeceeeeiaeecaveneaean 271

Chapter 27: Knowing Your Way around the Lab: Equipment and Procedures...........cccccocvevueennenneen. 273
Chapter 28: Taking the Tour: Recommended AP Experiments...........ccccceeviirvieriieniieniieniieneeneeniennn. 281
Part Vll: Measuring Vields: Practice Tests...........cccoueecereeiareceanens 299
Chapter 29: PractiCe TSt OMNE .....cc.cccuieiiiiiieieeieeteetectesee st eteeteeteesaeseeesteesbeesseesseesseessesssesssasseenseensenn 301
Chapter 30: PractiCe TSt TWO.....cciicuieciieiicieeieeteetestestee e et ete et e e aeste e seesbeessaeseesesssesnsesssanssenseensenn 323
part UIII: The part of Tens l.ll.llll.ll.ll.lllllIIIll.lllllIl.ll.lllllll.ll.lllllll349
Chapter 31: Ten Math Skills to Bring with You to the Exam ..........cccoociviiiiininninniiecceee, 351
Chapter 32: Ten Critical Types of Chemistry Problems .........c.cccocevviiriiniininnienecieciecieeeeeeeieenn 357
Chapter 33: Ten Annoying Exceptions to Chemistry Rules ...........cccceecvevienienieneececciecieeeeeeeeenen 365

JRACK .....cnneeeeeeeeeeeeeeeeeeeeeeaaeeeceeaeaaaaaaaanannnnnnssssseseeeeesessassssseeacacead O ]



Table of Contents

JHEPOAUCEION ....eeeeeeeeeeeeeeeaaeeeeeennaaeeeeennnaseeesnnnsaeessnnnsseessnnssseeennnnss ]

ADBOUL ThiS BOOK.......cceiiiiiiiiiiieieeeereeeeer ettt 1
What YOU're NOt t0 REAM.....cc.oouiiieieieiie e 1
FOOliSh ASSUIMPTIONS .....oocuiiiiiiieiieieeieeie ettt e et e et e e aesse e te e se e seebeesseesbaessessaasssansens 2
How This BOOK iS Organized...........ceevueeiiriiiiinienieecieeieeieeeeetest st eesieesaeeaessasaessnessnessees 2
Part I: Thriving Inside the Test Tube: How to Prepare for the Exam......................... 2
Part II: Building Matter from the Ground Up: Atoms and Bonding..........c..ccccccceuce.e. 2
Part IIl: Colliding Particles to Produce States..........ccoceeverviiniiniininnennieeeeeeieeeee 3
Part IV: Transforming Matter in Reactions ..........ccccceveeviriiniiniiinnnicniececeeeeeee 3
Part V: Describing Patterns and Predicting Properties...........ccccoccvvviiniiiniiennennnenn. 3
Part VI: Getting Wet and Dirty: Labs .......cccceeieiiiiiinieniiciecececteeeeeceeie e 3
Part VII: Measuring Yields: Practice Tests ........ccccceververvieriiiniiiniiniereceeieceeeeeeeeeee 3
Part VIII: Part of TENS ......coveviiiieieiieeeecerenenteteteeste ettt 4
Icons Used in This BOOK........cococuiiirinininiriccceetetcececese ettt 4
Where to GO from HETE.......c.co.oviiiiiiiiicec ettt 4

Part I: Thriving Inside the Test Tube:
How to Prepare [or the EXan............cccccceeeeeeeeaaaaaanannenneeseeeeeeeeceacaaasd

Chapter 1: Knowing What You're Up Against: The AP Chemistry Exam...........cccceuucnue 1
Seeing If You Have the Right Stuff..........cccccuiiiiriiieeeee e 7
Knowing the Breakdown — So You Don’t Have One! ..........ccccoovieviiiviinvieniienienieseeneesieeiens 8

Making your way through multiple-choice questions: Section 1...........ccccceevenennnen. 8
Taking on free-response questions: SECtion 2 ..........cccceevevviiniieniieniieneeneereeeeee e 9
Tackling the TOPICS COVETEA .......ccuoriiririieieieieeeeeeeet ettt sttt sse e e senseees 9
Understanding the AP Test QUESHIONS .......ccoeieieiiriiriirieeee e 10
Making sense of multiple ChOICE ..........c.oovieiiciiiieieecececeteee e 11
Finagling the free-response qUEStIONS ........ccceeievierieniieciecie e 12
Getting the Skinny on the SCOrINg.........cccocvviiiiiiiiii e 13

Chapter 2: Preparing Yourself for the Exam............ccoonnnninsensnsinssnsesssssssessssssssssens 15

Taking YOUr TOOLS tO the TeSt.......ccceviiieieieieieeeeeeee et sre e esnns 15
Packing what YOU NEEd..........ccooveiiiieieeceeees ettt sre e 15
Knowing what not t0 DIiNg........cccceviiiiiiiinienieteteceeeee ettt 16

Needing Special AttENTION.........cccooiiiiiiiceieeeeeeeee ettt 16

Using Long-Term Strategies for Training and Survival ..........c.ccccoevverieniecieciecieecieeieeeenne 17
Early PIANDING ... .cocvieiieieeiecteseeeeeee ettt ettt ae et s te s b e sae e s ae e be e aeeaeenaaenne s 17
Midyear PIANINING.......ccceeiiiiiiierieeieeie ettt et ste et e s e st e st e s e e seenbesssesssesssesssenes 18
Up-to-the-minute planming .........cccocceeviriiiniiniiinieieeeece et 18

Feeling Confident: It’s All in Your Head .........ccccooiiiiiiiiiiiniiniitteeceeesee e 18
Anticipating the OUECOME...........ccoooeiiiiiieeiee e e 19
Remembering: This is a test ... Thisis only atest.........cccccoovviiiiiiinniiiniiiniieenieee 19

Surviving During the Test with These Four Stress-Busters.........c.ccoovveveevirciinciencenceenennns 19
CoUNLING t0 FOUL ..eiriiiiiiieeeeeeeeee ettt s b e s be e b e ssnesane e 19
SEEEECIING c..eeeiiiiieeee e sttt ettt 19
Practicing visualiZation .........coccooiiiiiiiiiiinieteeeeec et 20

Stop, drop, and, change your mind...........c.cccceevieiieniereeceecie e sae e 20



Xi(/ AP Chemistry For Dummies

Part 1I: Building Matter from the Ground Up:
Atoms and Bonding..............cccccceceeeaiiiaiaaaaannnnaeeeeeeeeceeeceececeeeeeaaas 2 |

Chapter 3: Looking Under the Atomic Hood: Atomic Structure..........c.cocoveevercrercerenne 23
Picking Apart Atoms and the Periodic Table..........cccccooeririrciniieriierececeeeeee e 23
Getting a gander at what makes Up an atom .........ccoccecvevievereninceieee e 23
Classifying elements with mass and atomic numbers..........c..cceevveeeeveeciiesieeciennenns 25
Grouping elements within the periodic table..........cccoveeiieiiiniienieenieeeeeeeieeeee 25
Rummaging through reactivity in the periodic table..........c.cccoceerverviivinninniinienenns 27
Rounding up the atomic radius in the periodic table............ccocovviiriniinninnincinnnnns 27
Exercising Electrons: Ions and Electron Configuration...........cceccoeveeviininninninsennienieenneene 30
Knowing which elements gain or lose electrons............cccoceveveeercievenieneneneneeenne 30
Figuring out electron configuration ...........ccccoevueiieiieniecicicceceee e 30
Noting exceptions to the Aufbau filling diagram...........ccceccevvuirvrervienciinieeneeneeieeen. 32
Writing out electron configuration...........coccecieviiriiiniienienieeecce e 32
Locating electrons with quantum numMbers..........ccccovevviiriiiniiniiiniiceeeeeeeee 33
[solating INfO ON ISOLOPES ......coviiiiiiiiieeett ettt 34
Calculating the remainder of a radioiSOtOPE ........cceeveierierererieieeeeee e 34
Calculating the average mass of an element...........c..coceveveneninnceneneneneeeeeee 35
Running into RAdiOaCtiVIty .......ccccecieiiieiiieiiciecieteseeeeteeee ettt 36
AIPNA AECAY...c.viivieiieiieiecteeeetee ettt ettt ettt et be et e et e sr b e e aaesseenseentes 37

Beta A@CAY ..ceoviiiiiiiiieeteeteet ettt ettt st st be b e saeenaesate e 37
GAMINA AECAY ... .eiviriieiiriiertert ettt st st et et et e et e s atesatesatesseesseenbesnsessesssesaeenns 38
Getting Electrons EXCIted..........ccoviiiiiiieiiieieeieceeeeeee ettt et 38
EXCIEEA STALE.....eiiiieieieee ettt ettt sttt et ae bbb et eneene 38
Converting energies to wavelengths..........cccoevveiierienieniciececeeeece e 39
EMISSION SPECITA ...ccuviiiieiiiiiiiieteeece ettt ettt ste et s be st e s e e seesbe e beesaesssesnsenns 40
Chapter 4: Answering Questions about Atomic Structure............coconeeriensensessesseseans Ly
Reinforcing the Foundation for Atomic Structure ...........ccccoecveviiviiniineeienciecieneeeee, 41
Testing Your KNOWIEAZE. ........ccviiiiiiiiiieeieetetetet ettt sttt ettt saaeeae 43
ChecKing YOUT WOTK .....cooiiiiiiiiiiieieeeetetetet ettt ettt sttt et 44
Chapter 5: Working and Playing Together: Bonding...........cccooeeeenerescrercsnncescsesecnsenens 47
Bringing Atoms Together: Bonding BasiCs ..........ccecvviivieriinircinieeereseeceeeee e 47
Attracting the opposite: Ionic bonds.........ccceeeviiriririeneeeeeee e 47
Sharing electrons: Covalent boOnds ..........ccccccveeierieiienieceeceeece et 48
Keeping it solid with metals: Metallic bonding ..........ccccceecveviinieniienienieeeieeieeeene 48
Naming Names: Nomenclature, Formulas, and Percent Composition ............ccceceeeuennne 49
Knitting names to formulas: Nomenclature.............cooceeveeveriienienieenieeneeneeneeieneens 49
Naming binary COMPOUNAS.......cccccceeriirriiriienieniententeeee ettt ettt e s e e eee e s 50
Calculating percent COMPOSItION ........cceeciieiieiiiieieeeecce et 52
Eyeing Ionic BONAS........coociiiiiiiiicieeeeee ettt ettt st s e e s e be e be e aaesaeeaeenaa e 53
Considering Covalent BONAS .........c.cooieiiieiiiniinieieeseeicecetecee sttt eve et ste et 54
Sharing eleCtrons . .. OF MOt ......ccceciiriiirierierieeteeteet ettt e e e esaeeaesnee s 54
Getting to know structural formulas............ccceceeieciriecierienenecee s 55
Measuring the strength of covalent bonds ............cceceevevierenenincieceeeee e 55
Separating Charge: Polarity and Electronegativity ...........cccoeeveeeiiiienienieeneeceeceeceeieeeene 55
Getting a grip on electronegativity ..........ccccooeririniiriiiereree e 56

Digging INtO AIPOIES ......cueeueieiiiiiiiiceeeeecet ettt ettt et a s s aesbeebeeseennens 57



Table of Contents

Chapter 6: Answering Questions on Bonding ............cccoueevereoneneesessessssesnesssssssssssesssseaes 59
Brushing Up on Bonding FOrget-Me-NOtS...........ccoceeririiiiiiniienieneeeeseesie et see e 59
Testing YOUur KNOWIEAZE. ........ocviiiiiiiiieiieiectesteeet ettt ettt ettt s nessaesane e 60
ChecKing YOUT WOTK .....cooiiiiiiiiiiiiiieeetet ettt sttt ettt ettt et 61

Chapter 7: Doing Atomic Geometry: Molecular Shapes..........cccocorvreorererensercresnenennes 63
Drawing Dots and Lines with LEWIS........cccccoiiiriiniiniiiietteteeceee et 63

Drawing electron dot StIUCLUTES ..........ccciieeiiiiciiieieeeeee et 63
Constructing LEWiS StIUCTUTES ........ccceeuieieiirieieiieeeeeee ettt 64
Getting bonds straight with line structures...........ccocvevveeienienieneeececeeeeeeeeee 65
Rummaging through resonance structures ...........ccccoceevveevienieneenieenenseeeeseeeeenenn 66
Overlapping Orbitals to Form Valence Bonds..........cccceciviirieniiniienienecieeieeiesieseeeene 67
Getting a grasp on valence bond theory ........ccocevviiviniieniiniiniecee e 68
Shaping up with the VSEPR theory .......ccoceviiiiiiiiiiiiieeneietetceceeeeeeeeen 69
Polarity and [SOMETS.......ccccooiiiiiiiiiieeeteetertete ettt ettt st e saee b enee 72
POJATILY ..vveteeieeieeeeee ettt ettt ettt ettt e e te e be e b e e ra e ae e ba e baeaaenrannaans 73
ISOIMEY'S ..ttt et et ettt s be bbb e benbesbesbeemeene 74

Chapter 8: Answering Questions on Molecular Shapes..........c.coconnnensensensensensene 15

Shaping Up the High POINES .........cccooviiiiiiieiiciceeeeeeeeeeeete ettt eenns 75
Electron dot structures and Lewis StruCtures..........ccceecveeviirvienieneeneeneeneeseeiennens 75
Valence bond theOrY ..ottt st 76
VSEPR th@OTY ...ttt ettt et et e sa e e be e v s b e sesesaa e saensaennas 76
BONA dIPOLES ...ttt 76
[SOIMEY'S ...ttt ettt st st sat e sbe e bt e b b saee e 77

Testing YOUur KNOWIEAZE. ........cceiiuiiiieiieieciecteeteseese ettt ettt aeste st e e saessaesane e 77

ChecKing YOUT WOTK .....cooiiriiiiiiiieiicieeieetct ettt ettt et sae et e st e st e sasesaaenseenses 79

Part I11: Colliding Particles to Produce States ...............ccccoueeueeeee. 81

Chapter 9: Putting a Finger to the Wind: Gases ...........cccccouvevvesmrresesensessessssessssessessssesnes 83
Moving and Bouncing: Kinetic Molecular Theory of Gases..........ccccceeveecveecieeiencveneenneenne. 83

The basics of KiNEetiC thEOTY .....cc.cocuiviiiiieiiietctetecece et 84

Statistics in Kinetic theory .......cooiviiriiiiiiii e 84

Aspiring to Gassy Perfection: Ideal Gas Behavior .........ccccoccevcvviiinviiniiniininnieeeieeienene 86

27017 (SR I 1 USRSt 86

CRATIES’S LaAW ..ttt ettt sttt ettt et e sae b eneens 87

The Combined and Ideal Gas Laws ........cc.cccceviirierinininieierereseieeeeteeee e 87

Dalton’s Law of Partial Pressures..........ccocoviiinininininicnieeseneneeceteeese e 88

Graham’s Law and diffusion..........coccoceeieiieiiininininincieceeeee e 88

Getting Real: Nonideal Gas BEhavior.........cccccoviiviiiiiiniiiniiiniinicecteeceeee e 89
Chapter 10: Answering QUestions 0N GASES ............oceerermeresessssesessssessessssessessssessseases 91
Doing a QUICK REVIEW .....c..oiiiiiiiiieeeeett ettt ettt st saa e 91
Testing YoOur KNOWIEAGE..........ooeiioeiieieeeeeeeeeeeete ettt ettt e e ene 92
Checking YOUT WOTK .......cooiiiiiiiiiiceee ettt ettt st sttt ettt s enene 95
Chapter 11: Condensing Particles: Solids, Liquids, and Solutions............ccccosuruneene. 97
Restricting Motion: Kinetic Molecular Theory of Liquids and Solids ...........ccccceceverennens 97
Getting a Firm Grip on SOIdS........ccievuieiieieniiieeeceee ettt ettt et 99
Different Types of Solids and Their Properties .........cccccceeviiviirienveeninninneeeeieeene 99

Packing order in SOIAS ..........cocueviiriiiiiinienienietctee et 99

Forces at work in condensed States ..........ccoeeveeeiiiiiiiiiieiiiieecee e 100

xv



X(/i AP Chemistry For Dummies

Moving Through States with Phase Diagrams..........c.cccocevviiriiniininniniinienicnteceeeene 101
Phases and phase diagrams........c..ccocevierieniiniiniieeeeeeteteeeeee et 101
Changing phase and temperature along heating curves.............coceeevvvnenenneenennee. 103

Dissolving with Distinction: Solubility and Types of Solutions...........cccccceeevervierveeneennen. 104
Forces in SOIVAtION .......c.oocuiiiiiiiniic et 104
To dissolve or not to dissolve: SOIUDIlItY .......ccccooiereivieriiiniiiiiecieeeeeceee 106
Heat effects on SOIUDILItY......ccccooiiiiiiiiiiiiite s 106
Pressure effects on gas solubility..........cccociiiiiieiiiiecie e 106
Measuring solute CONCENtration .........c.cccoeciiiiieeriiieeecieeee et 107

Dissolving with Perfection: Ideal Solutions and Colligative Properties.......................... 108
Understanding ideal SOIUtIONS.........cocvvviirieniiiniinieeeece et 109
Using molality to predict colligative properties...........cccveirvierieneenieneeneesieseene 109

Dissolving with Reality: Nonideal SOIUtiONS ..........cccceeviirvieriieniiiniiiiececeeeeeseeseeen 113

Chapter 12: Answering Questions on Solids, Liquids, and Solutions....................... 115

Getting a Grip on What Not t0 FOIget........cooiiiiiiiiiniiiiiietcteecee et 115
KINEtIC th@OTY ettt 115
SOIA SLALES ...ttt sttt 116
Condensed SEALES ........coiiiiiiiriieeeet ettt 116
Phase diagramiS........cccoceeiiiieiieniieieeieeieeteseee ettt ettt be st e e sbesaseseneseeen 116
SOIULIONS ...ttt b ettt et s s nee 117
Reporting the concentration of a solute ..........cccceovevieeiiniiiniinineeeeen 118

Testing Your KNOWIEAZE..........couviiiiieieeee ettt ettt et e 118

Checking YOUT WOTK ......ooiiiiiiiiie ettt ettt ettt 122

Part 1U: Transforming Matter in Reactions.............ccccceeeeecuneaann. 127

Chapter 13: Reacting by the Numbers: Reactions and Stoichiometry....................... 129
Stoichiometry Lingo: How to Decipher Chemical Reactions .........cccccccceevervienvieneencnnnen. 130
Building and Breaking: Synthesis and Decomposition Reactions ...........ccccecevcereeeenennee. 131

74 01 o LT3 - U SRS 131
DECOMPOSITION....cctiiiieiieiiieieeeeeee ettt te e ste st e e b e st e sea e baesbeesaeessasnsannns 131
Swapping Spots: Displacement Reactions ..........ccccocveviervierciiniiiniienienececeeeeeeeeese e 132
Single replaCemENt .........cccuivieriiniiriiiieeeee ettt sae e 132
Double replacement ...........cccveiiiieeiiiieeceee et as 132
Burning Up: Combustion ReaCtiONS..........cocveiiiiieiiieiicieceeeeeeete e 133
Getting Sour: Acid-Base Reactions..........ccooeviririnieieieieeeeee e 133
Getting Charged: Oxidation-Reduction Reactions ...........c.ccoccuevvevievieeiieniienienieseeseeiens 134
The Stoichiometry Underground: MOIEs............ccccoeviiriirrierieniiinieneeneeeeie e see e 134
Counting your particles: The Mole ........ccccoceeviiniininiieniiinicntceecce e 134
Assigning mass and volume to your particles...........coceverviiniieniieniienieniienenseniens 135
Giving credit where it’s due: Percent composition...........ccccceevveeeecieecieecieeieeneennen, 136
Checking out empirical formulas ..........cccoeririiiiineneniee e 136
Differentiating between empirical formulas and molecular formulas................... 137
Keeping the See-Saw Straight: Balancing Reaction Equations ..........ccccecevvvinvienienennenns 138
How t0 US€ COETICIENTS ....c..eoviiiiieiiiiiie e 138
CONVETSIONS ...cuviiiiiiiiiiienitentesitest et sttt s e st e bt e sbe et e s tesate st essaeseenbeebesnsesasesnees 139
Getting rid of mere spectators: Net ionic equations.............ccecveeveeeieecieecieeeesneennen. 141
Running Out Early: Limiting Reagents...........ccocivirieiiiiinineieeeeeeee e 141

Having Something to Show for Yourself: Percent Yield...........cccoooeevierieninnieneeneesieenenns 142



Table of Contents

Chapter 14: Answering Questions on Reactions and Stoichiometry........................ 143
Making Sure You React to Questions with the Right Answers........ccccccecvvvviniiineenencnenn. 143
Knowing reactions when you see them.........ccccoovvviieviniiiniiiniiinieececeeeeeeeeee 143

Dealing with the numbers that flow from stoichiometry...........cccccocvrrirvieniennnnne. 144

Testing YOUr KNOWIEAZE. ........ccueeiieiieiieieceecteteeete ettt eve v v e aaesaesaaere s 145
MUILIPIE ChOICE ...ttt sttt s 146

FIEE IESPOMNSE......icuiieeieeeieiieeieetete ettt ettt te et e e be e tesstessaesseaseesseessaensaessesnsennns 148

ChecKing YOUT WOTK ......ooiiiiiiiiieiiiiiciectestee ettt ettt ste et beesbe et e ssaessaesseenseessasnsenns 149
Chapter 15: Going Nowhere: Equilibrium..........c.oeeneeeeeeeeees 153
Shifting Matter: An Overview of Chemical Equilibrium ...........ccccoovvevieiinvinnininieneeen, 153
Predicting Shifts with Le Chatelier’s Principle........c.cccovivviiniiiniiniiniiiicieeeeieeeeeen 154
Measuring Equilibrium: the Equilibrium Constant...........cccocevirviiriieniieniiinieniineeseniene 156
Understanding the Equilibrium Constant, Keq.....ocooveeverierenininieieieeeeeecene 156

Using Keq tO SOIVE PrODIEIMIS.....couviiiiiiiiiiiieiteiteeeeeeeest et 158
Specializing Equilibrium: Constants for Different Reaction Types..........cccccceevveevenueennen. 159
Chapter 16: Answering Questions on Equilibrium............coonnennnnensenseesenenne 161
Leveling Out the Facts on EQuUilibrium............cccooieiiiiiiiiiinieeieeeeeeece e 161
Defining eqUIlIDIIUIN ......ociiiiiiieicccceeee e e 161

Predicting the Shifting .........cccoceeviiiiniinee e 162

Special CONSTANES......cccviiiiiiciie e r e e er e e e e b e e aaaeeareeas 163

Testing Your KNOWIEAZE.........coouiiieiieeeeeeeee ettt ettt e 163
MUILIPIE ChOICE ...ttt sttt s 163

FIEE IESPOMNSE. ..ottt ettt ettt et esteebe e teestessaesseeseessaesseessaesseensennns 165

ChecKing YOUT WOTK .....c.ccveiiiiieieieieeeeeteetete ettt ettt a b e b e vesveeseeseennaneas 165
Chapter 17: Giving and Taking in Solution: Acids and Bases ..........c.ccccocovrnrrrerercnne. 167
Thinking Acidly: Three Different Ways to Define Acid-Base Behavior..............cc.cc......... 167
Method 1: Arrhenius sticks to the DasiCS.......cccovirvieriierciiniiiniececeeceeen 168

Method 2: Brgnsted-Lowry tackles bases without a hydroxide ion...................... 168

Method 3: Lewis relies on electron pairs .........cccccceeeveeiieenieeciieseeeeeeeee e 169
Describing Acid-Base Equilibria with Constants............ccccoceririnininnieneeeeeeeeene 170
Measuring Acidity and Basicity With PH........ccccooieiiiriiiiiiececeeeceeeeeeeeee e 171
Taking It One Proton at a Time: Titration .........ccccceeceeciieieriieniiereeeeeee e 172
Neutralizing eqUIVALIENTS........ccceeviiiiiiiirieeietee ettt ae e e 173

Titrating with eqUIVAIENTS .....cc.eoviiiiiiiii e 173

Keeping Steady: BUFETS .........ccoooieieriiiiceeeee e 175
Chapter 18: Answering Questions on Acids and Bases............ccccoceevrrererrerescsesesnnnn. 177
Soaking Up the Main POINES ........c.ccoiiiiieiiciiceeceeecte ettt e v e e a e sa v s 177
Knowing and measuring acids and Dases .........ccccoceevuervieriinieniinennineneeeeeeee 177

Reacting acids and DaSEs ..........cceeciieiiiiieieeieieeeeee e 178

Practice QUESTIONS ........ooiiiieiieee ettt ettt e e e et e e et e e teeetae e aaeeeaaeeeseas 179
MUILIPIE ChOICE .....eiiieeeieeeeeeeee ettt ettt et st sb e s aaesee s 179

FIEE TESPOMSE. ..ot ettt e et e ta e e tee e ebe e tbeessbeessbeasssaesaseaan 180

Answers with EXplanations...........ccccoeiiiiiiiiiiccicceeceees et 180
Chapter 19: Transferring Charge: Oxidation-Reduction ............cccoeevrreeeerrercrerennne. 183
Using Oxidation Numbers to Recognize Redox Reactions...........ccccccoeeeveeveeveneeceenneennen. 183
Respecting the Hyphen: Oxidation-Reduction Half-Reactions...........c.ccccceeenrnincncnnne 185
Balancing under acidic cONditions..........ccccoeveiieiieniiececiecie et 185

Balancing under basic CONditions..........ccecueeieiieiieniieieciececesteeee e 186

xVii



X(/iii AP Chemistry For Dummies

Keeping Current: Electrochemical Cells.........c..coocieviiiiiiiiniiiniiiniinieteeceeeeieeieseeeene 187
Navigating VOItaiC CelIS........coviriririiieieeeeee e 188
Flowing through electrolytic CellS........ccooiriiriiiiiiieiecieciecteeee e 190
Calculating EMF and standard cell potentials .........c.ccccceevienienieniesencieeieeieceeen 191

Using Concentration and Standard Cell Potentials to Predict Results .........ccccccceuee... 192
Predicting Spontaneity with standard cell potentials ...........ccocceverviirviiniienciinennnen. 193
Tying electricity to chemistry: The Faraday constant ...........cccccoeceeviiniinennennenne. 194
Bringing it all together with the Nernst equation .........cc.ccocevviiiniiniiniinienieennen. 194

Chapter 20: Answering Questions on Oxidation-Reduction...........cccecorrererererrnenee. 197

Remembering the Rules of Engagement ...........cccccoceriiiiiniiniieniinineeeneeeeseeeeeseeiene 197
Following the flow of charge in redoX..........ccceceeiiiiiinenininneeee e 197
Balancing redox reaction equations .........c..cocceeeieiienienininenieeeeeeceee e 198

Testing Your KNOWIEd@e.........c.oooueiiiririiiiiiieieienceteeteeset ettt 199

ChecKing YOUT WOTK ......ooiiiiiiiiiiiiiinientestestet ettt ettt ettt et saaesaaesbaenseens 203

Chapter 21: Knowing Speed from Spontaneity: Kinetics and Thermodynamics.......207

Getting There Rapidly or Slowly: Kinetics and Reaction Rates...........ccccoviiniinennennens 207

Measuring and Calculating with Rates ...........ccceviiviiiiiiiiiiniiiniceeeteeeeeene 209

Changing Rates: Factors That Alter Kinetics........ccoeeuiivieeiecienieecceeieeee e, 211
Seeing rate changes in terms of COIliSIONS .........ccceeievieciieciicieceeeeee e 211
Relating rate to activation €Nergy ........cccocevieriiiienieecieciecie e 212
Using Rates to Determine MechaniSms..........ccccoeveriereriieniieniienieneeneeneeseesie e 213

Getting There at All: Thermodynamics and State Functions ...........ccccoecvvviiniiinienennenne 214

Adding Up the Energies: Free Energy, Enthalpy, and Entropy.........cceccoeceevinnenniencnnnnnnne. 215

Measuring Heat: Thermochemistry and Calorimetry .........ccccoccveveeveecieecieeieceeeeeseenens 217
Seeing heat within the bigger energy picture..........ccccoceveeirieiiiininineeeeee, 217
Using heat capacity in CaloOrimetry .......cccocceeviiiiiiienieniciececeeetese e 219

Dealing with Heat by Using HESS’S LaW.......cccevieviiiiiiiiiiieciecieciceeeeie e 220

Chapter 22: Answering Questions on Kinetics and Thermodynamics..................... 223

Picking through the Important POInts..........cccocveviiiiriiiiiiniiccececeseeeeeee e 223
Important points abouUt Tates ..........ccccviiiiiiciiecieeeee e e 223
Important points about thermodynamics..........cocceeeeverieriiinieniienienieneeeeeeeee 225

Testing YOUur KNOWIEAEE.........ccoooieriiriiriiiieieeeee ettt st 226
MUIIPIE CROICE ...ttt ettt e ae e be e be e baesbeesaessaesseas 226

Answers with EXplanations...........cooieiiiiiiiiiiiriecccecseeeee et et 229

Part U: Describing Patterns and Predicting Propetties .................233

Chapter 23: Knowing Chemistry When You See It: Descriptive Chemistry.............. 235
Using Your Senses: Qualitative Aspects of Common Reaction Types.........cccceceeeveenenne. 235
Precipitation reactions ...........ccooieciiiiiieiieeceee ettt s 235
Gas-releasing rEACHIONS. ......c.ccvierieeriieiieieetectere ettt e et steebe e beebessaessneseeas 237
Metals and metal hydride reactions ..........ccccocceeviereriieniieniienieeeeee e 237
CombUSHION FEACIONS......coiuiiiiiiirieiieeteteeee ettt sttt saeeseeeseees 237
OXIiAe TEACTIONS. ... .iiuiiiiiiiiieeeeeeeee ettt ettt et ettt e b st e satesaaesaees 238
Colored COMPOUNAS........ocueriirieriieieeieteiere ettt ste st ettt e sessesseese e e ensensenees 238
ACIAS ANA DASES .....eveeeieeiecieceeeeeeeee ettt sttt et e e et e e be et e s rae e e e reetaentaens 238
Surveying the Table: Predicting Properties and Reactivity.........c.ccceeeevieciieciinvienveeneennen. 239
Reading trends across the table ..........ccocoviiiiiiiinieiieneeceeecee e 239

Finding patterns in cOlumns and TOWS .........ccccuevirrieriieriienienieneereeie et seeseeseees 241



Table of Contents

Chapter 24: Answering Questions on Descriptive Chemistry .........ccoccocoveevercrencnnee. 243
Keeping the Important Stuff Straight..........cccoovievieiiniiiieeeeee e 243
Precipitation reactions .........coccooeiiiiiiiiiienienecce et 243
Patterns of common reaction tyPEeS.......ccoceviiriiiienieiienienieetesteeee e 244
Periodic trends and group Properties .........ccccoceeeciieeciieeciieecieecee e esee e 244
Testing YOUur KNOWIEAZE. .......cocueiiiiiiiiiiiiitete ettt sttt s 245
ChecKing YOUT WOTK ......ccviiiiiiieiiciecieciest ettt te et te st este e beebeebe s b e ssaessaessaesseesasnsanns 249
Chapter 25: Living with Carbon: Organic Chemistry ............cccoevenmereresnnsessesssscsesssnens 251
Naming Names: Nomenclature and Properties of Hydrocarbons..........c.ccccceeveevenennen. 251
Starting with straight-chain alkanes — linear hydrocarbons............c.cccccveeveneee. 252
Going out on a limb: Making branched alkanes by substitution..........c..c.cccccc.c..... 253
Getting unsaturated: Alkenes and alkKynNes..........cccceevevierereneeeeenieriesese e 255
Rounding ’em Up: Circling Carbons with Cyclics and Aromatics ...........cc.cceune.... 256
Decorating Skeletons: Organic Functional Groups ...........cccceeeeererinierieneneneneeeeeeenes 257
Alcohols: Hosting a hydroXide...........ccceevueeieiienienieieeciecie et sre e ens 258
Ethers: Invaded DY OXYZEN .......cccocuieuieieieieiicieceeeeeeteete ettt ns 259
Carboxylic acids: R-=COOH brings up the rear .........cccecevveenienennencienieniereeneeenn 259
Esters: Creating two carbon Chains ........cccooceeviiniiniieneniinccccceeeeee e 260
Aldehydes: Holding tight t0 ONe OXYZeN .....cccovviiriiiiiiiieniiiieeienteeeeee e 260
Ketones: Lone oxygen sneaks up the chain........c.ccccocovveiiiiiiniiiiciieee e 261
Halocarbons: Hello, halogen! ............cccooiieieriiiieniicicciecece et 261
Amines: Hobnobbing with nitrogen ...........ccccovviirieiienieiicieeeeeeeeee e 262
Rearranging Carbons: [SOMETiSIM.......c.cccuiiiiriinieniiiieeieeieeteet et ese et sae e e saeeseees 262
Picking sides with geometriC ISOMEYS ..........ccccievirriiriieriiiniinierteeeeee e 263
Changing Names: Some Common Organic Reactions ............cccevevvieriienieneenennennennenns 265
Chapter 26: Answering Questions on Organic Chemistry..........ccccocoveeevrerercrercsnnsennns 267
Making the Main POINtS STICK ........ccocvuiiieiieiicieceeeee ettt eve e ens 267
Important organic COMPOUNAS........coceriiriiriiriiiriieieeeeteete ettt 267
ISOIMEY'S .ttt ettt sttt et et e et e b et e st et e e nee 268
Testing YOUr KNOWIEAZE. .......ccceiiiiiieiieieeiecteeeeete ettt sae et te st sae e e saaenee s 269
Answers with EXplanations...........cceciiiiriiiiiiniinieececccicceee ettt 269

Part Ul: Getting Wet and Dirty: Labs..............cccccueeeeeeaceecaeneaceaeac 271

Chapter 27: Knowing Your Way around the Lab: Equipment and Procedures......... 273
Gearing Up: An Overview of Common Lab Equipment ............cccccceevievienienienieneecieeienns 273
FOIIOWING PrOtOCOL......ccuiieieiieieeeeeeeeeee ettt sttt et et e et e ae s e e saaenbe s 276

Measuring mass, volume, and densSity .........cccccevervieriieniieniienieneeneeie et eeeseeseeeees 276
Determining melting POINt .......ccccociiiiriiiniienieeeee et 276
Determining boiling point and doing distillation ...........c.ccccceeveiieriienciencieeeee. 277
Dealing with solids in precipitation and filtration ...........ccccocevveivinniniinnenncnneenne. 278
Positive spin: centrifugation ............ccccoevueeieriinienieeeece e 278
Thinning out with dilutions ...........ccceciiiiriiriiee e 278
DIVING Off ettt sttt et a e st sas 278
Making pH measurements...........cccerciiriinieniiieisieniestestest 