= tEEhERENEM
Graw o

Education



(] EFE F F  EHE F &

S




connectED.mcgraw-hill.com
Mc =
sl Education

Copyright © 2014 by The McGraw-Hill Companies, Inc.

All rights reserved. No part of this publication may be
reproduced or distributed in any form or by any means,

or stored in a database or retrieval system, without the
prior written consent of The McGraw-Hill Companies, Inc.,
including, but not limited to, network storage or
transmission, or broadcast for distance learning.

Send all inquiries to:
McGraw-Hill Education

STEM Learning Solutions Center
8787 Orion Place

Columbus, OH 43240-4027

ISBN: 978-0-07-663766-9
MHID: 0-07-663766-2

Printed in the United States of America.

45678QVS 1716

STEM

McGraw-Hill is committed to providing
instructional materials in Science, Technology,
Engineering, and Mathematics (STEM) that
give all students a solid foundation, one that
prepares them for college and careers in the
21st century.



~—mJohn S. Phillips = \

is a high school chemistry and physics teacher at Spring Street International School in Friday Harbor,
Washington. He has taught chemistry at the high school and college levels for almost thirty years.

Dr. Phillips has coordinated and led programs and workshops for teachers from kindergarten

through college that encourage and support creative science teaching. He earned a BA in chemistry

at Western Maryland College and a PhD in chemistry from Purdue University. He is a member of the
American Chemical Society, National Science Teachers Association, and Sigma Xi. 3

—mVictor S. Strozak - N

is a science educator with 45 years teaching and administrative experience at both the high school
and college levels. He holds a BS degree in chemistry from St. John's University, an MS in chemistry
from New York University, and a PhD in science education from New York University. Dr. Strozak
taught chemistry and mathematics for six years at Xaverian High School in Brooklyn, New York and
then moved on to New York City College of Technology, where he spent the next 31 years as a
Professor of Chemistry, Dean of Science and Mathematics, and director of numerous science
education projects. Dr. Strozak is currently the Senior Research Associate in Science Education at the
Center for Advanced Study in Education at the Graduate Center of the City University of New York
(CUNY). He is the Co-Pl and project manager for a university-wide NSF Graduate Teaching Fellows in
K-12 Education project in which doctoral science students will collaborate with science teachers in
New York City high schools to incorporate authentic research experiences into the high school
science curriculum.

~—m Cheryl Wistrom - .

is an associate professor of chemistry at Saint Joseph’s College in Rensselaer, Indiana where she has
been honored with both the Science Division and college faculty teaching awards. She has taught
chemistry, biology, and science education courses at the college level since 1990 and is also a

licensed pharmacist who works in a hospital pharmacy. She earned her BS degree in biochemistry at
Northern Michigan University, a BS in pharmacy at Purdue University, and her MS and PhD in
biological chemistry at the University of Michigan. She has published several research papers
involving senescence in human fibroblast cells. Dr. Wistrom is the director of the Little Einstein
Science Camp, an annual day camp for elementary students. J

~—mDinah Zike \
is an international curriculum consultant and inventor who has developed educational products and
three-dimensional, interactive graphic organizers for over 30 years. As president and founder of
Dinah-Might Adventures, L.P,, Dinah is the author of more than 100 award-winning educational
publications, including The Big Book of Science. Dinah has a BS and an MS in educational
curriculum and instruction from Texas A&M University. Dinah Zike’s Foldables are an exclusive
feature of McGraw-Hill textbooks.




Teacher Reviewers

Jon L. Allan, MS
University High School
Spokane, WA

William Allen, MEd
Stevens Point Area Senior
High School

Stevens Point, Wl

Eddie Anderson
Oak Ridge High School
Oak Ridge, TX

Lawrence Bacci
Rochester Adams High School
Rochester, Ml

Susan H. Brierley
Garfield High School
Seattle, WA

Michael Chan, PhD
Director of Science
Rochester City School District
Rochester, NY

Lauren Clare
Charlotte High School
Punta Gorda, FL

Robert A. Cooper, MEd
Pennsbury High School
Fairless Hills, PA

Sharon Doerr
Oswego High School
Oswego, NY

Jeffrey L. Engel, MEd, EdS
Madison County High School
Danielsville, GA

Richard A. Garst
Ironwood High School
Glendale, AZ

Jo Marie Hansen
Twin Falls High School
Twin Falls, ID

Cynthia Harrison, MSA
Parkway South High School
Manchester, MO

Vince Howard, MEd
Kentridge High School
Kent, WA

Stephen Hudson
Mission High School
San Francisco, CA

Israel E. lyoke
Skyline High School
Dallas, TX

Michael Krein, MS
Coordinator of Chemistry
Stamford High School
Stamford, CT

David J. Lee
Franklin D. Roosevelt High School
Dallas, TX

Sister John Ann Proach, OSF,
MA, MS

Science Curriculum Chairperson
Archdiocese of Philadelphia
Bishop McDevitt High School
Wyncote, PA

Eva M. Rambo, MAT
Bloomington South High School
Bloomington, IN

Nancy Schulman, MS
Manalapan High School
Manalapan, NJ

Durgha Shanmugan, MD
Hillcrest High School
Dallas, TX

Tim Watts, MEd

Assistant Principal

Warren County Middle School
Front Royal, VA

Jason E. Wirth
Marysville Schools
Marysville, OH



Content Consultants

Larry B. Anderson, PhD
Associate Professor

The Ohio State University
Columbus, OH

lidiko V. Boer, MA
Assistant Professor
County College of Morris
Randolph, NJ

Marcia C. Bonneau, MS
Lecturer

State University of New York
Cortland, NY

James H. Burness, PhD
Associate Professor

Penn State University

York, PA

Safety Consultant

Kenneth R. Roy, PhD

Larry Cai

Graduate Teaching Associate
The Ohio State University
Columbus, OH

Sheila Cancella, PhD
Department Chair, Science &
Engineering

Raritan Valley Community College
Somerville, NJ

James Cordray, MS
Berwyn, IL

Jeff Hoyle, PhD

Associate Professor

Nova Scotia Agricultural College
Truro, Nova Scotia

Canada

Director of Environmental Health and Safety

Glastonbury Public Schools
Glastonbury, CT

Contributing Writers

Helen Frensch, MA
Santa Barbara, CA

Nicholas Hainen, MA
Former Chemistry Teacher
Worthington High School
Worthington, OH

Zoe A. Godby Lightfoot, MS

Former Chemistry Teacher
Carbondale Community High School
Marion, IL

Mark V. Lorson, PhD
Chemistry Teacher
Jonathan Alder High School
Plain City, OH

Robert Roth, MS
Pittsburgh, PA

Teresa Anne McCowen, MS
Senior Lecturer

Butler University

Indianapolis, IN

Lorraine Rellick, PhD
Assistant Professor
Capital University
Columbus, OH

Marie C. Sherman, MS
Chemistry Teacher

Ursuline Academy

St. Louis, MO

Charles M. Wynn, PhD
Chemistry Professor

Eastern Connecticut State University
Willimantic, CT

Richard G. Smith, MAT
Chemistry Teacher

Bexley High School

Bexley, OH

Patricia West
Oakland, CA



2006 4F , WL #(H AL 9T MR B3 , 7 BR RE Rk 21 291 =
PREHE B R A EAME T (A B S AR A, B B IR T i eF8H
RIBTEL S . ik, FEARZ R b, B THERE) IZ A  h 25T -F /R E
P A FERE L S R (e RS SR (2005 4E ) — . Lt ]
LIRSS 17, ZBA TR, H WA FE R BE " A4, T 2008 42 B Ao
AR, FEPREAE AT B HERNSEZH, BT P FEAR N E S
FHIWE T .

ZERE S5 I s AL S 4 & A B SA B b2 B (L, R
T A= Zh B A BB F AT R, B 1 F B MRTESC R, R G HEE
o, FETRIEW T REBIS I AAR:, 2R B REY . PREAERAITAA R
HAEE WAL EEE F5E TRKH BN, | RIEA LA FAMNI =8 ER T
FEHE ERZENR, APEIRERE R R, e ZAL A irRE S HRE
Hes L E E BAN, R TR I R B N E B RO E RS 6.
AU ZALFBIMBI LV, 2 B2 XA S rh IR, R
R A DA RGMF AR EEE RIS,

ZARFERI T Mo LSRR " SR BT o R R R AR L R
TS AFEBR LR, RS 5" R IR e LR KL
o RESLIR R ZRHIRL IR B S A S AT LR REZ . LRI
o AR BRAE AT, N R ZROR £ SR A RT R , IXTCRE A A TR AL
FHCERAL T AT AERAE B B . E(ERER AR, R LR RIE SR T 4
A RAFAIRHA B 4E

55— AR R, A2 SR PR A, AT LUGE 3B A SR E
K i T LAY, Ao E R NSO T E R BTk, A A
J7 R AT T LA B b TAEE "I E R T O ; Bk
P27 iR E B AL 5 A A RO S U TAERE RIb 7 B WA R
W HE RSB ; e 5 ME T 4R SA R r—&
P R A SEOR " ST T E R B P A B B R ; R S
B OhiEE R TR S A SR B/NECER - IR IR & AR Z S A



e, A SibiRE T RS A Z Ml Bk,

BITB A T IR IR B FIXAS , 2 — 2 A T k22 ThEE,
KREBM 5 F 48 B —-FHRPmM T “r&¥T 17, W E s
ENAE I BT RN A 72 2] HAR” o LA a8 U ) 5 i R A A% 0 ) A
[FES, XS B AT T R HELT LR & BB R 454 , WA T o 4 b (A B
FHEEOR A2 R B A SRR

YERAFRREE , B RBUI T HIMEFEH 1Y BT, X B AME#
FRBMABIRAN T . EBFERS  RRER HBE A& LR U5 E
FAOINFIF SR F TR AR K A A, DU E A IR R . B
A XA R AR BE AR E R AT, A A DA R S B S TR

WA AR AR IS R 2 A 2 DR AR 5 2R 10 AR B -2 S 0 E A 3R
k. 5% —MBIEA TN e TR, Fg BROCE BREE B
R ZEM T KR B It S A R E LR NEERE. F
A HAR AT AR . S SR TT RBIRN A R A
WP A I R EWAH RAR IR A, i A R

FA 0 BRI A 3 A Rkt R S SCRR [l tH RME TT B A Hh A B S5 3
WL B0 R R iR AR BT T KR AR, S5 JUm B o 4= R 2%
PR TN A4 A8 S AR, 7E st — I AT 2 R i

KRR TTRE A RSERET , EREMRERENEN . RITBRUAE
A Ao s A R, AT LU St A\ SR S 8P I 256, 38 AT LAA% 33 AR Rl 1 7
B—EE 2 EpEE N P s R, STk

FAHH
20184E7 H



L XFIMRA—TTHFE

MR BRI ovoonsovssvsssnsssnnsonsansionssanvnssss 48
TERARERFIE

(L A=gl:ubiA

LemagEs

kERES5EFEREN

FRFRENTE

LRERE A

AR




WI1HE 2. ETFUER—IRIZE e 2

BRI AT o oresnevsvesssssvmanusnrans ssnasssscmasssin o 3
WMIAE BUEIFE roveovnomeennm s sosis s s b s s v e v 4
WSEEES 1 1 RPEREEIRAGRRIE oo 10

FETAES EERBRR TR 12
ICHHCRE ok 2R B ZR PO - ooeeeerem e 17
WL 12 FHRERWEEE 18
ARSI 1.1 WIERSBAHYTILR vvoeeerrrrmranrressmmnmmminiininisonnin 21

EAREIE1.2 ,%ﬂ(g‘]g&ijz‘;fﬁ ......................................... 22

¢1 IIEBR 1.3 HIE BB covvamsvons nanansinons voss sass niien sams s s kuasainn os 25
N RIERHEGIL < wsmsiens st ssiicarsaismasisasnsanicinns 26

BERIETR A A AR ~orcoomomesoon vomtasas conosuonvit s s st ik 28

SRS RIAFIATARBEIE oo 29
2P DRHIMETRFNTEAL  evvevemmemmmmmmmmimen 32
{EBBIUE 1.3 TETREFRLY -+ cvvsvomnsres vmmnsuivs sons cuwssssava idus suss suss i o 36

HAREI 1.5 AR e 38
B2E MEERBEFHERR oo 48

BELE BEIBHZA oot s 49
1Y BEFFETFEA oo 50
{LBBIRRE AIESFAETRER oo ovvnrome voes hoes puon savyrugonsiuniss snmnauss ssasiva es 54
BEA S8 REYEER ion potieeasieinizhashdiin iy 56

ke 52 FBAETHER - ocevvererrer e e 58

g1 % P RENEE R Tt e T T 61
WM2E BT orereverrooiosesoratimanmmaiimnmininsansas oo s snoses 67
JE $B JE o+ »sirvsn oevsasanisangonparorasapahit dea A 71




W3IW FTREABERSIL -oooerererermmmnns 82

RIFIIR FET S HFEL - roorevrrmeraermran e st nsann s sntnbs 83
WIE TEBIHARBIERRE oo cremmeermorrmessbasissss siad i b 84
PEERIEUE 3.1 FEIUMESR - covmvemmoeemmermmeemmmmrninsiisniitinaaes 87
gz?" ﬁ?%%ﬁﬁg@{iﬁﬁ ................................................... 93
— A BAGRHYTEE socvvansossvvessns srszrrnssesssne srvon ns 95
HRTW B2 FIMTTRREMEAITIE -ooooreeeeoeeeen %
B TTEEEHIFE ovvorermmnoreramnmmmmsssmnavmen voss wwasssan soss v oo 98
feEyiE R BTN vvormeermreo smsnnenisassnrinaase 106

¥ = % jg ['-ﬁ ................................................... ‘|08
¥4i wé%mﬁzm .............................. 116
BELI MEFEAEBUHIIEIR - -ooooeereemmmrmmmmmeeneeneaenans 117
WIY A BEBREME - r orevevr s snivsnsee s s s 118
BEARICIR A1 £k 4 G -oooerereeresadie 120
BW2E TTEUMTHRALRE - ovevvverermrrmmmees e 128
ML 42 BIAUAWEITEE - ooeeeemremmmmmmmmneeeeeeanns 133
{EEMIE FLEEAITETRS IR - oo vmerrmmernereeesos e 134
PN LTI ooncinespunmpaen she vamarsis s e s s on s pres 140

IEEETER A EEARBEES  covensranesarntrereeaneresn s irasranerers 144




WEE LOMMRER e 150

B HFE AESYFIBEY o, 151
BTV BETIEE o cemsvioirnrseivaviiehybetads Sasanssves vasamess 152
e e o R den oK 158

MY LB o 168

HAREIS 5.2 BLELEEAEE e 169
WETE EFUEYEREHYMLEH e, 170
feF SR RE B RS MNBEI SRR - eoererreermeerinn 174

$6E HERMSHEARR oo 186

B SLES MEE— USRI R - vvrrrerrrr e 187
WIY AR +orvrnvevns vrmonisssivesitsasnanms s AR ERRay ot et Uo 188
B 5B [ oo sssnosioransesvnsiansansanhssn senannnnnsnnas 192
BEURICHE 6.1 BLEMETAL - -=o:-omrvannnsasocers snas sony usnnsussasano e 194
BE JE BB ou-comvmrevsanestyosnmuny shnsvaashatanintavasaaaes 195
W2H A RITRIIET --vreonrborssonmnrnsaryansan sshosheomasstnesesssmnseot 200
ESE R ATESAS vondunn et vilseaiomeheumaks 4n nas caradnh 201
BRRELIE 6.2 —MYBEFIBHRRET --oveeeerevrmommreerennnsennines 203
WEETLBE  FRIRAUBETRAY, - vvvvvvmrrmnnrmnmmsmmtanaennanaanaasanasanass senasns 204
MIW R ITATIERE --roe oo oreireonsassvsnnstasosiomsahnnsxomnbers tooans 208
RETIER PR ER cocormmiimadiionieeinvrasee o boe 210
L BVECTCR T e R R e 214
ERIRLIRG6.3 ST STUBIBTENIRE - vveerovessnssanssumansannenes HE

"‘S—,,r'.—".'-ﬁ sedressiaeisrnnsannn
s * il - A = - 1




W7H BEFRBIMTE - oovrerrernnnnens 226

FH TS NPEREETHIRL - vvvvreeerormrrrmeesmsrnneranssinsirensines 227
WA BRI s 5. 1 T, F A NV PR S R SRR 228
RRE -BR— R FYESRIEEE oo 230

BARICRE T BN =vmeswowskmmssnain comsyansa s soa s 1ans inss 539
WS 2B R TFINET oovveeeermermrmrenssnniernesnnians 234

kE A BEUIE E MR v vovsvor eommone s oy smvn v s vt v s 236
W2Y TEAHARFETLER oo 241

BEARSEIR 7.2 JEFHHEGETF covvvvrrerreeeeeemnsinninnninnsieesaaanns 244

BRIl o515 oo 246
$8E xEHEMNAEARME - 254

IR T I I v ot som i s s B s i ms s s 255
B I 450005 P #3345 6P i skt s v s b s s 256

HREI 8.1 T LBMBBERE oo 260
WETR ML RORRE LB THBOERELL oo 266
BOERRTESHET s 270
T L R R ——— 278
SB2Y B ILEE oo 280

L{ER1E AT A ETCIE -ooreerrmevrmrermrenmsen e e 282

HIREYE8.2 TEEEEFATHAIBITEL - oo 283

Er 5 A BE B S oo i 286



ABH TG SHFNBEHIIR G vvvrveeermrrmmmremmrree e 299

WY ERIEGGILSRER «vvevovsoorsionn stosvssnns sans sonasavs sos samasons os 300
R SR IREFITHERE oo 305
DARIEIEOA AL EHT omeses anws svasmonsnus s cwss woss s su o soms s va 310
M2 SFHITEIRGIBME «oovroesnmmmmmminiamimmmmiiee e s 313
ARETAEH T~ 316
B oS0 T e 318
PEARSEIR 0.0 HEBATFAET oo 323
fF SR A 324
1{:—;;3@ ﬁ%qﬂﬁﬂ)ﬁﬁl&@,?\' ................................................ 326

BI10H YEMBHZIBIR --vvvverrmeneeeeeens 336

RIFPIIE DB SR crrrernersnsomrsbenvsnmnansasshbbasoliessatsasssass 337
W1  WEEIDTREEITE ---nrrenrerosaooasstanss coednson oxsillhen seomus s 338
BEARIEIS 10.1 P BUGEER <o oeeeereeerernrnnsrn e e et 341
TR -- - oowor srmoinniiin nisin s dbau st ad e padepe s 344
WM2Y SEESUFEARASHITL, ororeerrrrreresers s n s 346
£ i o - AERTHR cooorvmnen it e e s s 3517
LT3N PR ERAMMBL . coos iy teser s sty dasienmav SoA Seud st 352

BRARICIS 10.2 SSAYIEEL -+oereenrrnmnnnrernaessanns crsess yoregatat 355




B12FE LS EF - 402

T R SRR Y 403
BB IR R )50 € DL GRS 404
BRI 121 ARSI  vvveeervrvrmneeesorrnnseesainiiaaenns 408
TP BB SREERD oo vvrrvrmererneennnenns 411
T N I PN R P 413
B ool e 417
RIS 122 THERRIMIGEIE v vvvvvnrennrrmsnnmmnninrinnnsnnnns 418
T S R S 427

e AR BSOS EE e s 424




BI13F JKFMEIE --oovvvevenrrmnerernneennns 434

FBIFIE  FBIBEGTBRR v vomswrm s wosmmwms smas wn wnsawarsin s sms owi wims i o 435

IR BHTFEGIK oovvsvmmens o mmenmmon vnon mmasnenms s sons vomn v ssis st st s o 436
BEURSEES 13,1 SRIEBK F] -vvvrevremsromsremmmensemsienesaeeeeeceaeaaasns 443

A 27 | A AN FE e i e 447

) WETAEH JRACADTR B cvcvvrevnntsmmisnonsunscunnvasssinssssivasivines 448
4 ﬁz"ﬁ SASBB LT -veeevveeeveeeneeesias e ene s e, 451
BEE 132 T ARTIE I - +oon rows s4n cve v vorse v nsns v s s 452

HE I?/Ej /EI)IJ ............................................. 455

= T O 456

Bl 5 F| 5 esressimsomanes s non atran e o rewn s s v en smeane 466

EE: awrg it R L T L —— 468

e SR BB OBD oo e 470

$14FE ﬁxﬁ*ﬂpH .............................. 478

R  H SRR oo vwns v voonin s vaes o snsthins sst s ssomsmssssss 479
WIE B FN B o oo comn s cmncscnincnn et sEes s sons s HEERES oo e 480
BRIRICIE 14,1 PBAGSTED -« -vev weotvrmrnnes iven cuan sandtBas ons ixousivass 482

e A FFABRBRTAETE  coorevnreeerrenser e e erane 485
WS i 12 IR Tos PR UUORRURPTO 487
WETIEE  AWALREGFUIT  coerernnernrmmanerrnerernierer e eenans 490
rSue PRI L v i s sl o b i e R e 495
2R INGRIATRE T NIEL S i viis s R s s e b e 497

%45{@:5&142 PLEE oo s chs B 10




BISE BRRRIRBL ----ooooooreeeeeererainenens 514

AR SRS £2 M R oo e 515
BN BEGHTRFIRE covoeerrrrremeeonsmeneeesoinnss e enesae e 516
AR 15.1 B, BRMERE M oo 518

T (B8 B s s snas s s detea Kb Sk B S S R S 63 519
SEFIBEHBRR  cocvorernors cons voms s noms sves gomn suws sews sons 55
W2B R DFHEBHIRE I swererervesvmsmeseas sryvm s meremarya v 531
SRR 52 BRI <= +vovevvovisonsmay s vomvn vy wvusiwy usss wovs 533
otk A= FT BB eeenrmeommn i s 534
52 SO = 1t matgs et b ram sueadAind sl BATRE s 537

W16 FULEERRE --oooeeevrrrrneeeenenns 552

BRBELI MW AEWARETRY < oooerererrrrreasrrenssnannnennnns 553
AN WIS AR - voor oo sommcvossamsmsnsins ooevmins b xun s 554
PEREEIE 161 EEFUJE L - 557
B Il £ - - vl TP e o s s e s s woi o 560
BW2H EUSRE R IEGRIFY - vvvvvvrrrrrrerenesssmmniiriiriieasanans 563
BRAE RIS orvreerrerrrrereieeeieeee e 566
PRIRILBE16.2 FEREIE -+ oooreverererseoneneerieeraerseenniennnae. 568
T kG FEREAMBRAETE. oo cvunnsas v swns e swsis oms npmssais s 569
b5 o 4L 5 BRI L . oo s v siems i wass waw wtem wemesiasads s s 3 571
jgwﬂ SEEE SRR - -cc--neooen e oo r e i s v 574



