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,<=G 7CBH9BH K5G 5779GG=6@9 5G C: 979A69F 5B8 =H K5G 8CKB@B8BB8M4ASBIBM
<HHD @5F8617?9H €B;5B 9::CFH HC DF9G9FJ9 H<9 5J5=@56=@=HM C: H<=G 6CC?
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Chapter 5

Introduction to Chemical Reactions
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Opening Essay

@H<CI;< M95GH <5G 699B 1G98 :CF H<CIG5B8G C: M95FG =HG HFI9 B5HIF9 <5G 699B ?BCKB CB@M :CF H<
79BHIF=9G 095GHG 5F9 G=B;@9 79@@98 :IB;= 6CIH  GD97=9G 5F9 F97C;B=N98 6IH H<9 ACGH 7CAACB
Saccharomyces cerevidae=7< =G 1G98 =B 6F958 A5?=B; 'H<9F GD97=9G 5F9 1G98 :CF H<9 :9FA9BH5H=CB C: 5
69J9F5;9G +CA9 GD97=9G 75B 751G9 =B:97H=CBG =B <IA5BG

095GHG @=J9 DF=A5F=@M CB GI;5FG GI7<bG";,@I/06GP97CBJ9FH ;@17CG9 =BHC 75F6CB 8=CiB8&9 '
9H<5BC@!' ' =B 5 7<9A=75@ HF5BG:CFA5H=CB H<5H =G FODF9G9BH98 5G :C@@CKG

F958 A5?=B; 89D9B8G CB H<9 DFC8I7H=CB C: 75F6CB 8=CL=89 ,<9 ;5G K<=7<=G DFC8I798 =B H=BM DC7?
8Cl;< 57HG 5G 5 @95J9B=B; 5;9BH =H 9LD5B8G 8IF=B; 657=B; 5B8 A579G H<9 6F958 F=G9 $95J9B98 6F958 :
@=;<H9F 5B8 95G=9F HC 95H 5B8 7<9K H<5B IB@95J9B98 6F958 ,<9 CH<9F A5>CF IG9 C: M95GH :9FA9BHE
CB H<9 DFC8I7H=CB C: 9H<5BC@ K<=7<F9GI@HG :FCA H<9 G5A9 7<9A=75@ HF5BG:CFA5H=CB +CA9 5@
GI7< 5G 7<5AD5;B9 75B 5@GC 69 75F6CB5H98 IG=B; H<9 75F6CB 8=CL=89 DFC81798 6M H<9 M95GH

095GH =G 5ACB; H<9 G=AD@9GH @=:9 :CFAG CB 5FH< M9H =H =G 56GC@IH9@M B979GG5FM :CF 5H @9~
=B8IGHF=9G /=H<CIH M95GH HC HIFB 8Cl;< =BHC 6F958 5B8 >|=79 =BHC K=B9 H<9G9 :CC8G 5B8 :CC8 =B8I
BCH 9L.=GH HC85M

The bread-making industry
depends on a chemical reaction
performed by yeast.
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<9A=75@ 7<5B;9 =G 5 79BHF5@ 7CB79DH =B 7<9A=GHFM ,<9 ;C5@ C: 7<9A=GH
<CK 5B8 K<M 5 GI6GH5B79 7<5B;9G =B H<9 DF9G9B79 C: 5BCH<9F GI6GH5B79 Ci
=HG9@: 9751G9 H<9F9 5F9 H9BG C: A=@@=CBG C: ?BCKB GI6GH5B79G H<9F9
BIAG9F C: DCGG=6@9 7<9A=75@ F957H=CBG "B H<=G 7<5DH9F K9 K=@ @ :=B8
H<9G9 F957H=CBG 75B 69 7@5GG=:=98 =BHC 5 GA5@ @ BIAG9F C: 75H9;CF=9G
79FH5=B G<5F98 7<5F57HIF=GH=7G
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5.1 The Law of Conservation of Matter

;9BOF5@ GH5H9A9BH H<5H

ILD@5=BG 5 @5F;9 BIAGIF C:

C6G9FJ5H=CBG

"B 5BM ;=J9B GMGH9A H<5H
7@CG98 HC H<9 HF5BG:9F C
=B 5B8 CIH H<9 5ACIBH C:
A5HHIF =B H<9 GMGH9A GH
7CBGH5BH

LEARNING OBJECTIVES

CFF97H@M 89:=B9 5 @5K 5G =H D9FH5=BG HC G7=9B79
+H5H9 H<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F

"B G7=9B79aw =G 5 ;9B9F5@ GH5H9A9BH H<5H 9LD@5=BG 5 @5F;9 BIAG9F C:
C6G9FJ5H=CBG 9:CF9 69=B; 5779DH98 5 @5K AIGH 69 J9F=:=98 A5BM H=A9G IE
7CB8=H=CBG $5KG 5F9 H<9F9:CF9 7CBG=89F98 H<9 <=;<9GH :CFA C: G7=9BH=:
5B8 5F9 ;9BI9F5@ @M H<Cl;<H HC 69 =BJ=C@56@9 +7=9BH=:=7 @5KG :CFA H<9
?BCK@98;9

'B9 G7=9BH=:=7 @5K H<5H DFCJ=89G H<9 :CIB85H=CB :CF IB89FGH5B8=B; =B 7<
H<9aw of conservation of matter "H GH5H9G H<5H =B 5BM ;=J9B GMGH9A H<5H -
HC H<9 HF5BG:9F C: ASHH9F =B 5B8 CIH H<9 5ACIBH C: ASHH9F =B H<9 GMGH(
7CBGH5BH 7CB7=G9 K5M C: 9LDF9GG=B; H<=G @5K =G HC G5M H<5H H<9 5AC(
5 GMGH9%kotserved

/<5H 8C9G H<=G A95B :CF 7<9A=GHFM "B 5BM 7<9A=75@ 7<5B;9 CB9 CF ACF9-
GI6GH5B79G 7<5B;9 =BHC 5 8=::9F9BH GI6GH5B79 CF GI6GH5B79G CH< H<9 =B
:=B5@ GI6GH5B79G 5F9 7CADCG98 C: 5SHCAG 6975IG9 5@ @ A5HHIF =G 7CADC(
77CF8=B; HC H<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F A5HH9F =G B9=H<9F 7F95
89GHFCM98 GC K9 AIGH <5J9 H<9 G5A9 BIAG9F 5B8 HMD9 C: 5SHCAG 5:H9F H<9
7<5B;9 5G K9F9 DF9G9BH 69:CF9 H<9 7<9A=75@ 7<5B;9

9:CF9 @CC?=B; 5H 9LD@=7=H 9L5AD@9G C: H<9 @5K C: 7CBG9FJ5H=CB C: A5F
9L5A=B9 H<9 A9H<C8 7<9A=GHG IG9 HC FODF9G9BH 7<9A=75@ 7<5B;9G

CONCEPT REVIEW EXERCISES

/<5H =G H<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F

ICK 8C9G H<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F 5DD@M HC 7<9A=GHFM

=G
- ASHHOF

bMG
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ANSWERS

,<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F GH5H9G H<5H =B 5BM ;=J9B GMGH9/
HC H<9 HF5BG:9F C: ASHH9F H<9 5ACIBH C: ASHH9F =B H<9 GMGH9A GH5N

,<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F G5MG H<5H =B 7<9A=75@ F957H=CB
A5GG C: H<9 DFC8I7HG AIGH 9EI5@ H<9 HCH5@ A5GG C: H<9 F957H5BHG

KEY TAKEAWAY

P ,<9 5ACIBH C: ASHH9F =B 5 7@CG98 GMGH9A =G 7CBG9FJ98

EXERCISES

LDF9GG H<9 @5K C: 7CBG9FJ5H=CB C: A5SHH9F =B MCIF CKB KCF8G

LD@5=B K<M H<9 7CB79DH C: 7CBG9FJ5H=CB C: ASHH9F =G 7CBG=89F98 ¢
@5K

ANSWER

%5HHOF ASM BCH 69 7F95H98 CF 89GHFCM98

,<9 $5K C: CBG9FJ5H=CB C: %5HH9F
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5.2 Chemical Equations

LEARNING OBJECTIVES

9:=B9chemical reaction
-G9 5 65@5B798 7<9A=75@ 9EI5H=CB HC FODF9G9BH 5 7<9A=75@ F957H-

/SHI9F ! ' =G 7CADCG98 C: <M8FC;9B 5B8 CLM;9B +IDDCG9 K9 =A5;=B9 5 DFC79

K<=7< K9 H5?9 GCA9 9@9A9BH5@ <MB8HR8BR@9A9BH5@ CLM;9%B8 @9H
H<9A F957H HC A5?9 K5H9F ,<9 GH5H9A9BH

hydrogen and oxygen react to make water

=G CB9 K5M HC FODF9G9BH H<5H DFC79GG K<hémidal rea@as 5=;IF9

,<9 CFA5H=CB C: /SHIFG<CKG 5 F5H<9F 8F5A5H=7 9L5AD@9 C: H<=G J9FM
FO957H=CB

Figure 5.1

FODF9G9BH5H=CB C: 5 7<9A=75@
7<5B;9
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B 566F9J=5H98 K5M C: IG=B;
GMAG6C@G HC FODF9G9BH 5
7T<9A=75@ 7<5B;9

GI6GH5B79 CB H<9 @9:H G5
H<9 5FFCK =B 5 7<9A=75@
9EISH=CB

GI6GH5B79 CB H<9 F=,<H G
H<9 5FFCK =B 5 7<9A=75@
9EISH=CB

<9A=75@ EI5SH=CBG

s2

Hydrogen and oxygen combine to form water. Here, the hydrogen gas in 8 Bépgetiburgacts with
oxygen in the air to make water.

Source: Photo courtesy of the UShtigz/commons.wikimedia.org/wiki/File:Hindenburg_burning.jpg

,C G=AD@=:M H<9 KF=H=B; C: F957TH=CBG K9 IG9 :CFAI@5G =BGH958 C: B5A9G
89G7F=69 5 F957H=CB /9 75B 5@GC IG9 GMA6C@G HC FODFO9G9BH CH<9F KCF¢
FO957H=CB D@IG G=;B 7CBB97HG H<9 =B=H=5@ GI6GH5B79G 5B8 :=B5@ GI6G
ACF9 H<5B CB9 5B85B5FFCK FIDFI9G9BHG H<9 7<9A=75@ 7<5B;9

,<=G GH5H9A9BH =G CB9 9L5A8h@%iCalz=quation 5B 566F9J=5H98 K5M C:

IG=B; GMA6C@G HC FODF9G9BH 5 7<9A=75@ 7<5B;9 ,<9 GI6GH5B79G CB H<9 @
5FFCK 5F9 75@¢@ééints 5B8 H<9 GI6GH5B79G CB H<9 F=;<H G=89 C: H<9 5FFCK
75@@98ducts "H =G BCH IB7TCAACB HC =B7@189 5 D<5G9 @569@ K=H< 957<
:CFAI@5R G :.CFGC@=8 :CF @=EI=8 ; :CF;5G 5B8 5E :CF 5 GI6GH5B79 8=G
K5H9F 5@GC ?BCKBdfué&@us solutioh K9 =B7@1898 D<5G9 @569@G :CF H<9
FO57H5BHG 5B8 DFC8I7THG I1B89F BCFAS@ 9BJ=FCBA9BH5@ 7CB8=H=CBG H<9
KCI@8 69 5G :C@@CKG

Note

<9A=75@ 9EISH=CBG 75B 5@GC 69 1G98 HC 89G7F=69 D<MG=75@ 7<5B;9G /9
9L5AD@9G C: H<=G GCCB

,<=G 9EI5H=CB =G GH=@ @ BCH 7CALI@&:toref &3li3% the law of conservation of
matter CIBH H<9 BIA69F C: 5HCAG C: 957< 9@9A9BH CB 957< G=89 C: H<9 5FFCK
H<9 FO57H5BH G=89 H<9F9 5F9 HKC ! 5SHCAG 5B8 HKC ' 5HCAG CB H<9 DFCS8I7F
H<9F9 5F9 HKC ! 5HCAG 5B8 CB@M CB9 CLM;9B 5HCA ,<9 9EI5H=CB =G BCH 65¢
751G9 H<9 BIAG9F C: CLM;9B 5HCAG CB 957< G=89 =G BCHIH39 G5A9
5@5B798R09G CF &C

=89 C:


http://commons.wikimedia.org/wiki/File:Hindenburg_burning.jpg

<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

BIA69F H<5H ;=J9G H<9
BIAGIF C: AC@971@9G C: 5
GI6GH5B79 =B 5 65@5B798
7<9A=75@ 9EI5H=CB

<9A=75@ EI5SH=CBG

Figure 5.23alancedNYes or No?

By counting the atoms of each element, we can see that the reaction is not balanced as written.

,C A5?9 H<=G 7<9A=75@ 9EI5H=CB 7CB:CFA HC H<9 @5K C: 7CBG9FJ5H=CB C: /
AIGH F9J=G9 H<9 5ACIBHG C: H<9 FO57H5BHG 5B8 H<9 DFC8I7HG 5G B979GG5F
G5A9 BIAGI9F C: 5SHCAG C: 5,;=J9B 9@9A9BH CB 957< G=89 975IG9 9J9FM GI6GH
5 7<5F57HI9F=GH=7 7<9A=75@ :CFAI@5 K9 75BBCH 7<5B;9 H<9 7<9A=75@ :CFAI
=B8=J=8I5@ GI6GH5B79G CF 9L5AD@9 K9 75BBCH 7<5B;9 H<9 :CFAI@5 :CF 9@
CLM;9B HC ' ICK9J9F K9 75B 5GGIA9 H<5H 8=::9F9BH BIAG9FG C: FO57H5BH AC(
CF DFCS8I7H AC@971@9G A5M 69 =BJC@J98 CF =BGH5B79 D9F<5DG HKC K5HS
5F9 DFC8I798 BCH >IGH CB9

,<9 DF9798=B; H<9 :CFAI@5 :CF K5HI9F =Gctisfi@®8 5 "H =AD@=9G H<5H HKC
K5HOF AC@971@9G 5F9 :CFA98 ,<9F9 5F9 BCK HKC CLM;9B 5HCAG CB 957< G=8
9EISH=CB

Note

,<=G DC=BH =G GC =ADCFH5BH H<5H K9 G<Cl@ 843109 3<589 ¢:19
:CFAI@5 C: 5 7<9A=75@ GI6GH5B79 HC 65@5B79 5 7<9A=75@u=93@9=CB 0CI
H<9 DFCD9F 7<9A=75@ :CFAI@5 C: H<9 GI6GH5B79

-B:CFHIBSH9@M 6M =BG9FH=B; H<9 7C9::=7=9BH =B :FCBH C: H<9 :CFAI@5 :CF
<5J9 5@GC 7<5B;98 H<9 BIAG9F C: <M8FC;9B 5HCAG CB H<9 DFC8I7H G=89 5G K
FOGI@H K9 BC @CB;9F <5J9 H<9 G5A9 BIAG9F C: <M8FC;9B 5SHCAG CB 957< G=8
75B 69 95G=@M :=L.98 <CK9J9F 6M DIHH=B; 5 7C9::=7=9BH C: =B :FCBH C: H<9.
<M8FC;9B F957H5BH
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&CK K9 <539 :CIF <M8FC;9B 5SHCAG 5B8 HKC CLM;9B 5HCAG CB 957< G=89 C: H<!
9EI5SH=CB ,<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F =G G5H=G:=98 6975IG9 K9 BCK
G5A9 BIAGIF C: 5SHCAG C: 957< 9@9A9BH =B H<9 F957H5BHG 5B8 =B H<9 DFC8I7
H<5H H<9 FO57H+4@akrced =]F9 5@5B798R09G CF &C ,<9 8=5HCA=7

CLM;9B <5G 5 7C9::=7=9BH C: K<=7<HMD=75@@M =G BCH KF=HH9B 6IH 5GGl/
7<9A=75@ 9EI5SH=CBG

Figure 5.33alancedNYes or No?

By counting the atoms of each element, we can see that the reaction is now balanced.

(FCD9F 7<9A=75@ 9EI5H=CBG G<CI@8 69 65@5B798 /F=H=B; 65@5B798 F957H-=
7<9A=GHUG K5M C: 57?BCK@98;=B; H<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F

DFCD9FHM C: 5 7<9A=75@
9EI5H=CB K<9B H<9F9 5F9 H¢9
G5A9 BIABIF C: SHCAG C: 957<
9@9A9IBH =B H<9 FO57H5BHG 5B8
DFC8I7THG

<9A=75@ EI5SH=CBG
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EXAMPLE 1

"G 957< 7<9A=75@ 9EI5SH=CB 65@5B798

&G ' ; & 'G
! . Ll . 1 . I 1

& S5E #@5E ;@G #& 5E

+C@IH=CB

M 7CIBH=B; K9 :=B8 HKC GC8=IA 5HCAG 5B8 HKC CLM;9B SHCAG =B H<9
F957H5BHG 5B8 :CIF GC8=IA 5HCAG 5B8 HKC CLM;9B 5SHCAG =B H<9 DFC¢
,<=G 9EI5H=CB =G BCH 65@5B798

,<9 F957H5BHG <5J9 CB9 75F6CB 5HCA :CIF <M8FC;9B 5SHCAG 5B8 :CIF
CLM;9B SHCAG ,<9 DFCB8I7HG <5J9 CB9 75F6CB 5HCA :CIF <M8FC;9B
S5HCAG 5B8 :CIF CLM;9B 5HCAG ,<=G 9EI5H=CB =G 65@5B798

,<9 F957H5BHG <5J9 CB9 G=@J9F 5HCA CB9 B=HFC;9B 5HCA H<F99 CLM
5HCAG HKC DCH5GG=IA 5HCAG 5B8 HKC 7<@CF=B9 5HCAG ,<9 DFC8I7l
CB9 G=@J9F 5HCA CB9 7<@CF=B9 5HCA CB9 DCH5GG=IA 5HCA CB9 B=
SHCA 5B8 H<F99 CLM;9B 5SHCAG 975IG9 H<9F9 5F9 8=::9F9BH BIAG69FG C
7<@CF=B9 5B8 DCH5GG=IA 5SHCAG H<=G 9EI5H=CB =G BCH 65@5B798

SKILL-BUILDING EXERCISE

"G 957< 7<9A=75@ 9EISH=CB 65@5B798

%; &' G $=G %G $=& G

ICK 8C9G CB9 65@5B79 5 7<9A=75@ 9EI5H=CB GH5FH=B; K=H< H<9 7CFF97H :C
H<9 FO57H5BHG 5B8 DFC8I7THG 5G=75@@M 5 657? 5B8 :CFH< 5DDFC57< =G 58
7CIBH=B; H<9 BIAG9F C: 5HCAG C: CB9 9@9A9BH CB CB9 G=89 7<97?=B; H<9 BI/
5HCAG C: H<5H 9@9A9BH CB H<9 CH<9F G=89 5B8 7<5B;=B; 5 7C9::=7=9BH =: B¢
,<9B 7<977? 5BCH<9F 9@9A9BH ;C=B; 6577 5B8 :CFH< :FCA CB9 G=89 C: H<9 9EI5
5BCH<9F IBH=@ 957< 9@9A9BH <5G H<9 G5A9 BIAG9F C: 5HCAG CB 6CH< G=89!
5FFCK "B A5BM 75G9G =H 8C9G BCH A5HH9F K<=7< 9@9A9BH =G 65@5B798 :=|

<9A=75@ EI5SH=CBG
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<9A=75@ EI5SH=CBG

=G 65@5B798 @5GH 5G @CB; 5G 5@ @ 9@9A9BHG <5J9 H<9 G5A9 BIAGIF C: 5H
C: H<9 9EI5SH=CB

CF 9L5AD@9 HC 65@5B79 H<9 9EISH=CB
' @ @ '@

K9 A=;<H 7<CCG9 HC 7CIBH H<9 75F6CB 5HCAG :=FGH :=B8=B; H<5H 6CH< G=8¢
65@5B798 K=H< CB9 75F6CB 5HCA ,<9 F957H5BH G=89 <5G :CIF <M8FC;9B 5HC/
DFC8I7H G=89 AIGH 5@GC <5J9 :CIF <M8FC;9B 5HCAG /9 :=L H<=G 6M DIHH=B; ¢
C:H<9'!' @

! @ @ 41 @

&CK 957< G=89 <5G :CIF <M8FC;9B 5HCAG ,<9 DFC8I7H G=89 <5G 5 HCH5@ C: 9:
7<@CF=B9 5HCAG :CIF :FCA HsB8 @IF :FCA H<9 :CIF AC@971@9G C: ' @ GCK9

B998 9=;<H 7<@CF=B9 5HCAG 5G F957H5BHG 975IG9 9@9A9BH5@ 7<@CF=B9:
AC@971@9 K9 B998 :CIF 7<@CF=B9 AC@97I1@9G HC ;9H 5 HCH5@ C: 9=;<H 7<@
588 5BCH<9F =B :FCBH C: HR@5®@®i5BH

| 4@ @ '@

&CK K9 7<97? 957< G=89 <5G CB9 75F6CB SHCA :CIF <M8FC;9B 5SHCAG 5B8 9=;s
7<@CF=B9 5HCAG ,<9 7<9A=75@ 9EI5H=CB =G 65@5B798

CONCEPT REVIEW EXERCISES

/<5H 5F9 H<9 D5FHG C: 5 7<9A=75@ 9EI5SH=CB
LD@5=B K<M 7<9A=75@ 9EISH=CBG B998 HC 69 65@5B798

ANSWERS

F957H5BHG 5B8 DFC8I7THG

<9A=75@ 9EI5SH=CBG B998 HC 69 65@5B798 HC G5H=G:M H<9 @5K C: 7CBC
A5HHOF
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KEY TAKEAWAYS

P <9A=75@ F957H=CBG 5F9 FODFO9G9BH98 6M 7<9A=75@ 9EISH=CBG H<5H
FO957H5BHG 5B8 DFC8I7THG

P (FCD9F 7<9A=75@ 9EISH=CBG 5F9 65@5B798 H<9 G5A9 BIAG9F C: 957<
9@9A9BHUG 5HCAG 5DD95FG CB 957< G=89 C: H<9 9EI5H=CB

<9A=75@ EI5SH=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

<9A=75@ EI5SH=CBG

EXERCISES

/[F=H9 5 7<9A=75@ 9EI5H=CB HC 9LDF9GG H<9 :57H H<5H <M8FC;9B ;5G 5B8
=C8=B9 F957H HC A5?9 ;5G9CIG <M8FC;9B =C8=89 %579 GIF9 H<9 9EISH=CI
H<9 @5K C: 7CBG9FJ5H=CB C: ASHH9F

IF=H9 5 7<9A=75@ 9EI5SH=CB HC 9LDF9GG H<9 :57H H<5H GC8=IA A9H5@ 5E
;5G F957H HC A5?9 GC@=8 GC8=IA 7<@CF=89 %579 GIF9 H<9 9EI5SH=CB G5
@5K C: 7CBG9FJ5H=CB C: ASHH9F

/F=H9 5B 9EI5H=CB 9LDF9GG=B; H<9 :57H H<5H <M8FC;9B ;5G 5B8 :@ICF=B¢
HC A5?9 ;5G9CIG <M8FC;9B :@ICF=89 %579 GIF9 H<9 9EI5SH=CB G5H=G:=9G
7CBGY9FJ5H=CB C: ASHH9F

/F=H9 5B 9EI5H=CB 9LDF9GG=B; H<9 :57H H<5H GC@=8 DCH5GG=IA 5B8 : @!
F957H HC A5?9 GC@=8 DCH5GG=IA :@ICF=89 %579 GIF9 H<9 9EI5H=CB G5l
@5K C: 7CBG9FJ5H=CB C: ASHH9F

%9F7IFM F957HG K=H< CLM;9B HC A5?9 A9F7IFM " CL=89 /F=H9 5 65@5B7"
7<9A=75@ 9EI5SH=CB H<5H GIAA5F=N9G H<=G F957H=CB

"7TH5B9 ! F957HG K=H< CLM;9B HC A5?9 75F6CB 8=CL=89 5B8 K5H9F /F:
65@5B798 7<9A=75@ 9EI5SH=CB H<5H GIAAS5F=N9G H<=G F957H=CB

(FCDM@ 5@7C4C@® F957HG K=H< CLM;9B HC A5?9 75F6CB 8=CL=89 5B8
K5H9F /F=H9 5 65@5B798 7<9A=75@ 9EI5H=CB H<5H GIAA5F=N9G H<=G F9!

+l@:IF=7 57=8 F957HG K=H< =FCB A9H5@ HC A5?9 =FCB """ GI@:5H9 5B8 <N\
/F=H9 5 65@5B798 7<9A=75@ 9EI5SH=CB H<5H GIAA5F=N9G H<=G F957H=CB

5@5B79 957< 9EISH=CB

5 @ # #@ %;
6 P ' I
7 && &5 & ,<=G =G H<9 F957H=CB IG98 HC =B:@5H9 5=F65;G =B 75F

5@5B79 957< 9EISH=CB

5 & & & '
6 =F | ' = I F
7 1 & & ' | ' <=GF957H=CB FODF9GIBHG H<9

897CADCG=H=CB C: B=HFC;@M79F=B9
5@5B79 957< 9EISH=CB

5 && ' & ! '
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<9A=75@ EI5SH=CBG

6 $= & $= &
7 1@ | 1@

5@5B79 957< 9EISH=CB

5 &' ! (& (!
6 &! @ & '@
7 & + | + &5+

<FCA=IA"" CL=89 F957HG K=H< 75F6CB HO9HF57<@CF=89 HC A5?9 7<FCA-=-
7<@CF=89 5B8 D<CG;9B9 '/&rH9 H<9 65@5B798 7<9A=75@ 9EISH=CB :CF H
FO957H=CB

,<9 F957H=CB H<5H C77IFG K<9B 5B @7?5 +9@HN9F H56@9H =G 8FCDD98 =
K5HI9F <5G GC8=IA 6=75F6CB5H9 FO957H=B; K=H< 7=HF=7 SHBA5?9

75F6CB 8=CL=89 K5H9F 5B8 GC8=IA 7=HF3H9 &3F=H9 H<9 65@5B798
7<9A=75@ 9EI5SH=CB :CF H<=G F957H=CB

/<9B GC8=IA <M8FC;9B 75F6CB5H9 =G 1G98 HC 9LH=B;I=G< 5 ?=H7<9B :=F9 -
897CADCG9G =BHC GC8=IA 75F6CB5H9 K5H9F 5B8 75F6CB 8=CL=89 /F=H9
65@5B798 7<9A=75@ 9EISH=CB :CF H<=G F957H=CB

@9A9BH5@ 6FCA=B9 ;5G 75B 69 ;9B9F5H98 6M F957H=B; GC8=IA 6FCA=89 k
9@9A9BH5@ 7<@CF=B9 ,<9 CH<9F DFC8I7H =G GC8=IA 7<@CF=89 /F=H9 5
7<9A=75@ 9EI5SH=CB :CF H<=G F957H=CB
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ANSWERS
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5.3 Quantitative Relationships Based on Chemical Equations

LEARNING OBJECTIVE

S@71@5H9 H<9 5ACIBH C: CB9 GI6GH5B79 H<5H K=@@ F957H K=H< CF 6
DFC8I1798 :FCA 5 ;=J9B 5ACIBH C: 5BCH<9F GI6GH5B79

65@5B798 7<9A=75@ 9EI5SH=CB BCH CB@M 89G7F=69G GCA9 C: H<9 7<9A=75(
GI6GH5B79GR6M G<CK=B; IG K<5H GI6GH5B79G F957H K=H< K<5H CH<9F GI6G}
A5?9 K<5H DFC8I7THGR6IH 5@GC G<CKG BIAYF=75@ FI@5H=CBG<=DG 69HK99I
5B8 H<9 DFC8I7THG ,<9 GHI8M C: H<9G9 BIA9F=75@ FO@5H=CBG<=DG =G 75@(
stoichiometry ,<9 GHC=7<=CA9HFM C: 7<9A=75@ 9EI5H=CBG F9JC@J9G 5FCIB¢
7C9::=7=9BHG =B H<9 65@5B798 7<9A=75@ 9EI5H=CB 6975IG9 H<9G9 7C9::=7=9
H<9 AC@971@5F F5H=C =B K<=7< F957H5BHG F957H 5B8 DFC8I7HG 5F9 A589

Note

,<9 KCF8stoichiometrgG DFCBCIB798 SGHCK 9< ?9M '% 9H HF99 T "H =G C: A=L¢
F99? 5B8 B;@=G< CF=;=BG A95B=B; FCl;<@M SA95GIF9 C: 5B 9@9A9BH T

,<9 GHI8M C: H<9 BIA9F=75@
FO@5H=CBG<=DG 69HK99B H<9
FO957H5BHG 5B8 H<9 DFC8I7HG =B 5
65@5B798 7<9A=75@ 9EI5SH=CB
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Looking Closer: Stoichiometry in Cooking

$9H IG 7CBG=89F 5 GHC=7<=CA9HFM 5B5@C;M :FCA H<9 ?=H7<9B F97=D9 H
8CNI9B 6=G7I=HG B998G 7IDG C::@CIF 9;; H56@9GDCCBG C: G<CFH9B=B;
HI95GDCCB C: G5@H H95GDCCB C: 657=B; GC85 5B8 7ID C: A=@? ": K9 K9F
KF=H9 H<=G 5G 5 7<9A=75@ 9EI5H=CB K9 KCI@8 KF=H9

7:@CIF 9;; H6GD G<CFH9B=B; HGD G5@H HGD 65?=B;GC85 7 A=@
6=G71=HG

-B@=?9 HFI9 7<9A=75@ F957H=CBG H<=G CB9<5G5@@ 7C9::=7=9BHG KF=
ILD@=7=H@MRD5FH@M 6975IG9 C: H<9 A5BM 8=::9F9BH IB=HG <9F9 ,<=G 9t
IG FSH=CG C: <CK Al7< C: K<5H F957H5BHG 5F9 B99898 HC A5?9 <CK Al7< C: K
DFC8I7H ,KC 7IDG C: :@CIF K<9B 7CA6=B98 K=H< H<9 DFCD9F 5ACIBHG C: H<
CH<9F =B;F98=9BHG K=@@ M=9@8 6=G7I=HG 'B9 H95GDCCB C: 65?=B; GCt¢
7CA6=B98 K=H< H<9 F=;<H 5ACIBHG C: H<9 CH<9F =B;F98=9BHG K=@@ A5?9
6=G71=HG 'B9 9;; AIGH 69 7CA6=B98 K=H< 7ID C: A=@? HC M=9@8 H<9 DFC8I"
:CC8 'H<9F F9@5H=CBG<=DG 75B 5@GC 69 9LDF9GG98

/9 75B 1G9 H<9 F5H=CG K9 89F=J9 :FCA H<9 9EI5H=CB :CF DF98=7H=J9 DIFDCC
=BGH5B79 =: K9 <5J9 7IDG C: :@CIF <CK A5BM 6=G7I=HG 75B K9 A5?9 =: K9 <
9BCI;< C: H<9 CH<9F =B;F98=9BHG "H G<CI@8 69 5DD5F9BH H<5H K9 75B A5?
8CI6@9 F97=D9 C: 6=G7I=HG

IH <CK KCI@8 K9 :=B8 H<=G 5BGK9F :CFA5@@M H<5H =G A5H<9A5H=75@@
G9H ID 5 7CBJ9FG=CB :57THCF Al7< @=7?948D848—=B <9A=GHFM %5HH9F

5B8 %95GIF9A9BHI75I1G9 7IDG C: :@CIF A5?9 6=G7I=HG K9 75B G9H ID 5B
9EI=J5@9B7M F5H=C

CJTDVJUT
DBIPVS

/9 H<9B 75B IG9 H<=G F5H=C =B 5 :CFA5@ 7CBJ9FG=CB C: :@CIF HC 6=G7I=HC

MMVJUC}FJTDVJUT

_DaTPVS

)I5SBH=H5H=J9 *9@5H=CBG<=DG 5G98 CB <9A=75@ EI5SH=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

+=A=@5F@M 6M 7CBGHFI7H=B; G=A=@5F F5H=CG K9 75B 89H9FA=B9 <CK A!
K9 75B A5?9 :FCA 5BM 5ACIBH C: =B;F98=9BH

/<9B MCI 5F9 8CI6@=B; CF <5@J=B; 5 F97=D9 MCI 5F9 8C=B; 5 HMD9 C:
GHC=7<=CA9HFM DD@M=B; H<9G9 =895G HC 7<9A=75@ F957H=CBG G<CI@:
8=:=7I@H =: MCI IG9 F97=D9G K<9B MCI 7CC?

A recipe shows how much of each
ingredient is needed for the
proper reaction to take place.

© Thinkstock

CBG=89F H<9 :C@@CK=B; 65@5B798 7<9A=75@ 9EI5SH=CB

,<9 7C9::=7=9BHG CB H<9 7<9A=75@ :CFAI@5G ;=J9 H<9 F5H=CG =B K<=7< H<9 |
7CA6=B9 5B8 H<9 DFCB8I7HG :CFA ,<IG K9 75B A5?9 H<9 :C@@CK=B; GH5H9A9B
7CBGHFI7H H<9 :C@@CK=B; F5H=CG

Inverse

Statement from the Balanced Chemical Reaction Ratio Ratio

HKC | AC@971@9G F957H K=H<AE®971@9G $0) $—O)

)I5SBH=H5H=J9 *9@5H=CBG<=DG 5G98 CB <9A=75@ EI5SH=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

. . . Inverse
Statement from the Balanced Chemical Reaction Ratio

Ratio
. $) $0
HKC | AC@971@9G F957H HC A5?9 .QCF@Q?I@EGW )
0 ) 0

:=J9' AC@971@9G F957H HC AS5?9AB@I971@9G | —— —o

) 0
ICIF ' AC@971@9G 5F9 A589 5H H<9 G5A9 H=A9 5@ IIKC $0

I "AC@971@9G $0 ) O

'H<9F FO@5H=CBG<=DG 5F9 DCGG=6@9 =B :57H 8=:9F9BH 7CBJ9FG=CB :57}
7CBGHFI7H98 :FCA H<=G 65@5B798 7<9A=75@ 9EISH=CB "B 957< F5H=C H<9 IE
5GGIA98 HC 69 AC@971@9G 6975IG9 H<5H =G <CK K9 5F9 =BH9FDF9H=B; H<9 7<
9EISH=CB

BM C: H<9G9 :F57H=CBG 75B 69 1G98 5G 5 7CBJ9FG=CB :57HCF HC FO@5H9 5B !
GI6GH5B79 HC 5B 5ACIBH C: 5BCH<9F GI6GH5B79 CF 9L5AD@9 GIDDCG9 K9 K!
?BCK <CK A5BM ' AC@971@9G 5F9 :CFA98 K<9B AC@97I®@95FGF957H98

G IGI5@ K=H< 5 7CBJ9FG=CB DFC6@9A K9 GH5FH K=H< H<9 5ACIBH K9 5F9
;=J9BR ! R5B8 AI@H=D@M =H 6M 5 7CBJ9FG=CB :57HCF H<5H 75B79@G CIH

IB=H 5B8 =BHFC8I79G H<9 IB=H K9 5F9 7CBJ9FH=B; HCR=B H&G 75G9 '
7CBJ9FG=CB :57H&££))=GK<=7< =G 7CADCG98 C: H9FAG H<5H 7CA9 8=F97H@M :F
65@5B798 7<9A=75@ 9EI5SH=CB ,<IG K9 <5J9

$0
$) m—$)

<9AC@971@9G C: 75B79@ 5B8 K9 5F9 @9:H K=H< AC@97|®I¥PH=D'@M=B;
H<FCl;< K9 :9H

-

<IG AC@971@9G C: 5F9 :CFA98

,<=G 5DD@=75H=CB C: GHC=7<=CA9HFM =G 9LHF9A9@M DCK9F:I@ =B =HG DF'
@CB; 5G K9 69;=B K=H< 5 65@5B798 7<9A=75@ 9EI5H=CB /=H<CIH 5 65@5B798
9EISH=CB H<9 DF98=7H=CBG A589 6M G=AD@9 GHC=7<=CA9HF=7 75@71@5H=
=B7CFF97H

)I5SBH=H5H=J9 *9@5H=CBG<=DG 5G98 CB <9A=75@ EI5SH=CBG
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EXAMPLE 2

+H5FH K=H< H<=G 65@5B798 7<9A=75@ 9EI5SH=CB
#%B' '@ 9@ 9@ wB@ ! ' H#@

.9F=:M H<5H H<9 9EI5H=CB =G =B8998 65@5B798
=J9 F5H=CG H<5H ;=39 H<9 FO@5H=CBG<=D 69HK99B ! @ 5B8 9 @

+C@IH=CB

57<G=89 <56G #5HCA5B8 %B5HCA <9 AC@971@9GC:! @ M=9@8 !
S5HCAG 5B8 H<9 AC@971@96@AC M=9@8 !5HCAG GC H<9!5HCAG
5F9 65@5B798 ,<9 9 5HCAG 5F9 65@5B798 5G K9 7CIBH 9 5HCAG :FCA
9 @ F957H5BHG 5B8 D@C8I7THG G :CF @ CB H<9 F957H5BH G=89
H<9F95F9 @ 5HCAG :FCA! @ 5B8 @ 5HCAG :FCA H:CGFAY@D

IB=HG :CF5HCH5@ C: @ 5HCAG 'B H<9 DFC8I7H G=89 H<9F95F9 @
5HCAG :FCAH<9 9@FAI@5 IB=HG :FCA H<9 %BKaI@5 IB=H

5B8 :FCAH<9# @ :CFAI@5 IB=H ,<=G =G5HCH5@ C: @ 5HCAG =B H<
DFC8I7THG GC H<9 @ 5HCAG 5F9 65@5B798 @@ H<9 9@9A9BHG 5F9 65
H<9 9BH=F9 7<9A=75@ 9EI5H=CB =G 65@5B798

9751G9 H<9 65@5B798 7<9A=75@ 9EI5SH=CB HO@@G IG H<5H ! @ AC@9"
F957H HC A5?9 9 @FAI@5 IB=HG K9 <5J9 H<9 :C@@CK=B; F5H=CG

" F$M
—.)%\"M B O')Ehsﬁw ,<9F9 5F9 5 HCH5@ C: DCGG=6@9 F5H=CG 5B MC

:=B8 H<9 CH<9F F9@5H=CBG<=DG

SKILL-BUILDING EXERCISE

+H5FH K=H< H<=G 65@5B798 7<9A=75@ 9EI5H=CB
.00 $) %) ) 0i .00 )0%$) $) 0)

.9F=:M H<5H H<9 9EI5H=CB =G 65@5B798

=J9 F5H=CG H<5H ;=J9 H<9 FO@5H=CBG<=D 695B®9B #%B' HCH5@

C: F9@5H=CBG<=DG 75B 69 7CBGHFI7H98 :FCA H<=G 7<9A=75@ 9EI5H=CI
:=B8 H<9 CH<9F

)I5SBH=H5H=J9 *9@5H=CBG<=DG 5G98 CB <9A=75@ EI5SH=CBG
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CONCEPT REVIEW EXERCISES

LD@5=B <CK GHC=7<=CA9HF=7 F5H=CG 5F9 7CBGHFI7H98 :FCA 5 7<9A=75

/<M =G =H B979GG5FM :CF 5 7<9A=75@ 9EI5SH=CB HC 69 65@5B798 69:CF9 =
IG98 HC 7CBGHFI7H 7CBJ9FG=CB :57HCFG

ANSWERS

+HC=7<=CA9HF=7 F5H=CG 5F9 A589 IG=B; H<9 7C9::=7=9BHG C: H<9 GI6GH?
65@5B798 7<9A=75@ 9EI5SH=CB

65@5B798 7<9A=75@ 9EISH=CB =G B979GG5FM GC CB9 75B 7CBGHFI7H H:
GHC=7<=CA9HF=7 F5H=CG

KEY TAKEAWAY

P 65@5B798 7<9A=75@ 9EI5SH=CB ;=J9G H<9 F5H=CG =B K<=7< AC@971@9
GI6GH5B79G F957H 5B8 5F9 DFC8I1798 =B 5 7<9A=75@ F957H=CB

)I5SBH=H5H=J9 *9@5H=CBG<=DG 5G98 CB <9A=75@ EI5SH=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

EXERCISES

5@5B79 H<=G 9EI5H=CB 5B8 KF=H9 9J9FM GHC=7<=CA9HF=7 F5H=C MCI 7!

& & & I

5@5B79 H<=G 9EI5H=CB 5B8 KF=H9 9J9FM GHC=7<=CA9HF=7 F5H=C MCI 7*
& I &l

5@5B79 H<=G 9EI5SH=CB 5B8 KF=H9 9J9FM GHC=7<=CA9HF=7 F5H=C MCI 7*
9 9

5@5B79 H<=G 9EI5H=CB 5B8 KF=H9 9J9FM GHC=7<=CA9HF=7 F5H=C MCI 7*
9" 9!

5@5B79 H<=G 9EI5H=CB 5B8 89H9FA=B9 <CK A5BM AC @SFBaCEAO8 =:
AC@971@9G C: 5F9 F957H98

5@5B79 H<=G 9EI5H=CB 5B8 89H9FA=B9 <CK A5BM AC@971@%FC: ;
DFC81798 =: AC@971@9G C: &5F9 F957H98

& ' S5E & SE &5& SE ;' G
CDD9F A9H5@ F957HG K=H< B=HF=7 57=8 577CF8=B; HC H<=G 9EI5H=CB
G & 5 & 5 &'; ! '

5 .9F=:M H<5H H<=G 9EI5H=CB =G 65@5B798

6 ICKAS5BM |5HCAG K=@@ F957H=: AC@971@9G C: 5EISRIG !&
F957H98

C@8 A9H5@ F957HG K=H< 5 7CA6=B5H=CB C: B=HF=7 57=8 5B8 <M8FC7<@

577CF8=B; HC H<=G 9EISH=CB

IG 1& 5E !@5E 'l@ 5B & ; !

5 .9F=:M H<5H H<=G 9EI5H=CB =G 65@5B798

6 ICKASBM | 5HCAG F957H K=H< AC@97I@9G C: 5EI9CIG &'

+1@:IF 75B 69 :CFA98 6M F957H=B; GI@:IF 8=CL=89 K=H< <M8FC;9B GI@:=89

H9ADIF5HIF9G 577CF8=B; HC H<=G 9EI5H=CB

SRR S g

5 .9F=:M H<5H H<=G 9EI5H=CB =G 65@5B798
6 ICKAS5BM +5HCAG K=@@ 69 :CFA98 :FCA 6M F957H=B; AC@971@9G
I+

&=HF=7 57=8 =G A589 6M F957H=B; B=HFC;9B 8=CL=89 K=H< K5H9F

)I5SBH=H5H=J9 *9@5H=CBG<=DG 5G98 CB <9A=75@ EI5SH=CBG
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& ;v 1& 5E &';
5 .9F=:M H<5H H<=G 9EI5H=CB =G 65@5B798

6 !ICKA5BMAC@97I@9G C: & K=@@ 69 :CFA98 6M F957H=B; AC@971@
&I

ANSWERS

& & & ' ! ' H<O GHC=7<=CA9HF=7 FSHE/éﬁ%OFQ %

L0 5B8 H<9=F F97=DFC75@G

) 0
'F 'FO

9 9 H<9 GHC=7<=CA9HF=7 F5HE§2—)5F9.—F

'FO $ $ IE _ _

s0- —F 80 —$o DB8H<9=FF97=DFC75@G

Lo ' I ' AC@971@9G

5 "H=G 65@5B798
6 5HCAG
5 "H=G 65@5B798
6  5HCAG

)I5SBH=H5H=J9 *9@5H=CBG<=DG 5G98 CB <9A=75@ EI5SH=CBG
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5.4 Some Types of Chemical Reactions

LEARNING OBJECTIVE

@5GG=:M 5 ;=J9B 7<9A=75@ F957H=CB =BHC 5 J5F=9HM C: HMD9G

@H<CI;< H<9F9 5F9 IBHC@8 A=@@=CBG C: DCGG=6@9 7<9A=75@ F957H=CBG
7@5GG=:=98 =BHC 5 GA5@@ BIAG9F C: ;9BIF5@ F957H=CB HMD9G @5GG=:M-
HKC DIFDCGY9G =H <9@DG IG HC F97C;B=N9 G=A=@5F=H=9G 5ACB; H<9A 5B8:
DF98=7H H<9 DFC8I7HG C: 79FH5=B F957H=CBG D5FH=7I@5F F957H=CB A5M :
H<5B CB9 C: H<9 75H9;CF=9G H<5H K9 K=@@ 89:=B9 =B H<=G 6CC?

combination (composition) reaction =G5 7<9A=75@ F957H=CB H<5H A5?9G 5 G
GI6GH5B79 :FCA HKC CF ACF9 F957H5BHG ,<9F9 A5M 69 ACF9 H<5B CB9 AC@9
DFC8I7H =B H<9 65@5B798 7<9A=75@ 9EI5H=CB 6IH H<9F9 =G CB@M CB9 GI6G
DFC8I798

CF 9L5AD@9 H<9 9EI5SH=CB

=G 5 7CA6=B5H=CB F957H=CB H<5H DFCBIZ8GHG 7CBGH=HI9BH 9@9A9BHGR 9
5B8' CA6=B5H=CB F957H=CBG 8C BCH <5J9 HC 7CA6=B9 9@9A9BHG <CK9J9I
7<9A=75@ 9EISH=CB

9 + 9

G<CKG 5 7CA6=B5H=CB F957H=CB =B KZEAGBIG K=H< H<F99 AC@971@9G C.: A
HC A5?9 9+

7<9A=75@ F957H=CB H<5H A5?79G
5 G=B;@9 GI6GH5B79 :FCA HKC CF

ACF9 F957H5BHG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

EXAMPLE 3

[<=7< 9EI5SH=CBG 5F9 7CA6=B5H=CB F957H=CBG

CG @; C@ G
@ ;'@ ;
&! s & L

+C@IH=CB

,<=G =G 5 7CA6=B5H=CB F957H=CB

,<=G =G 5 7CA6=B5H=CB F957H=CB ,<9 7CADGIB&/'5@@98 D<CG;9B9
5B8 =B H<9 D5GH K5G IG98 5G 5 ;5GG=B; 5;9BH =B 7<9A=75@ K5F:5F9
,<=G =G BCH 5 7CA6=B5H=CB F957H=CB

SKILL-BUILDING EXERCISE

/<=7< 9EI5H=CBG 5F9 7CA6=B5H=CB F957H=CBG
(G @; (@ ;
+' Lo +'

&'1G '@; &S @G ! '

decomposition reaction =G H<9 FO9J9FG9 C: 5 7CA6=B5H=CB F957H=CB "B 5
897CADCG=H=CB F957H=CB 5 G=B;@9 GI6GH5B79 =G 7CBJ9FH98 =BHC HKC CF
,<9F9 A5M 69 ACF9 H<5B CB9 AC@971@9 C: H<9 F957H5BH 6IH H<9F9 =G CB@M
GI6GH5B79 =B=H=5@ @M CF 9L5AD@9 H<9 9EI5H=CB

&' G & " G ;b

=G 5 897CADCG=H=CB F957H=CB H<5H C77IFG¥33B[B65G98 HC <95H BCH<9F
9L5AD@9 =G H<9 897CADCG=H=CB C: # @'
#@' G #@G '

7<9A=75@ F957H=CB =B K<7< 5
o o are 6 s b3 F957H=CB K5G CB79 7TCAACB@M 1G98 HC ;9B9F5HI GAS@@ 5ACIBHG C: C

=BHC HKC CF ACF9 DFCS8I7THG 7<9A=GHFM @56

+CA9 ,MD9G C: <9A=75@ *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

Note

,<9 897CADCG=H=CB F957H=CB C:=&5H<9 F957H=CB H<5H C77IFG K<9B 657=B
GC85 =G DCIF98 CB 5 GAS5@@ ?=H7<9B :=F9 ,<9 =BHI9BBEB85'H<5H H<9 !
DFC81798 6M H<9 897CADCG=H=CB K=@@ GACH<9F H<9 :@5A9G

combustion reaction C77IFG K<9B 5 GI6GH5B79 7CA6=B9G K=H< AC@97I@5F
CLM;9B HC A5?9 CLM;9B 7CBH5=B=B; 7CADCIB8G C: CH<9F 9@9A9BHG =B H<9 F
‘B9 9LS5AD@9 =G H<9 6IFB=B; C: 579HM@SHEDHCF7<9G

'LM;9B =B =HG 9@9A9BH5@ :CFA =G 5 7FI7=5@ F957H5BH =B 7CA6IGH=CB F95
=G 5@GC DF9G9BH =B H<9 DFCS8I7THG

Note

BI9F;M =B H<9 :CFA C: <95H =G IGI5@@M ;=J9B C:: 5G 5 DFC8I7H =B 5 7CA6IGH
F957H=CB 5G K9@ @

7<9A=75@ F957H=CB
577CAD5B=98 6M H<9
DFC8I7TH=CB C: @=;<H5B8 C
<95H HMD=75@@M 5 J=;CFCIG
F957H=CB 6975I1G9 C:
7CA6=B5H=CB K=H< CLM;9B

+CA9 ,MD9G C: <9A=75@ *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

EXAMPLE 4

"89BH=:M 957< HMD9 C: F957H=CB

#G +G ' ; # + G
&! F' G & ; F ' G !
! . 1] . ' . ! 1

+C@IH=CB

%l@H=D@9 F957H5BHG 5F9 7CA6=B=B; HC A5?9 5 G=B;@9 DFC8I7H GC |
F957H=CB =G 5 7CA6=B5H=CB F957H=CB

G=B;@9 GI6GH5B79 F957HG HC A5?9 G9J9F5@ DFC8I7HG GC K9 <5J9 5
897CADCG=H=CB F957H=CB
'LM;9B F957HG K=H< 5 7CADCIB8 HC A5?9 75F6CB 8=CL=89 5B CL=89 C:
75F6CB 5B8 K5HI9F 5B CL=89 C: <M8FC;9B ,<=G =G 5 7CA6IGH=CB F957}

SKILL-BUILDING EXERCISE

"89BH=:M 957< HMD9 C: F957H=CB

CONCEPT REVIEW EXERCISES

/<5H =G H<9 8=::9F9B79 69HK99B 5 7CA6=B5H=CB F957H=CB 5B8 5 7CAG6IGH
F957H=CB

=J9 H<9 8=GH=B;|=G<=B; 7<5F57H9F=GH=7 G C: 5 897CADCG=H=CB F957H:
ICK 8C K9 F97C;B=N9 5 7CA6IGH=CB F957H=CB

+CA9 ,MD9G C: <9A=75@ *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

ANSWERS

7CA6=B5H=CB F957H=CB DFC8I79G 5 79FH5=B GI6GH5B79 5 7CAG6IGH=CB
5 J=;CFCIG F957H=CB IGI5@@M 5 7CA6=B5H=CB K=H< CLM;9B H<5H =G 57
6M H<9 DFC8I7H=CB C: @=;<H 5B8 CF <95H

"B 5 897CADCG=H=CB F957H=CB 5 G=B;@9 GI6GH5B79 F957HG HC A5?9 Al
GI6GH5B79G 5G DFC8I7THG

7CABIGH=CB F957H=CB =G HMD=75@ @M 5 J=;CFCIG F957H=CB 577CADS5E
5B8 CF <95H IGI5@@M 6975IG9 C: F957H=CB K=H< CLM;9B

KEY TAKEAWAY

P ,<9F9 5F9 G9J9F5@ F97C;B=N56@9 HMD9G C: 7<9A=75@ F957H=CBG
7CA6=B5H=CB 897CADCG=H=CB 5B8 7CA6IGH=CB F957H=CBG 5F9 9L5A

+CA9 ,MD9G C: <9A=75@ *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

EXERCISES

"89BH=:M 957< HMD9 C: F957H=CB

5 ol ' ' r
6 &5!'" &5 P
7 ! !

"89BH=:M 957< HMD9 C: F957H=CB
5 (' ot (
6 9 + 9+'
7 5' G ' ;. 5'G
"89BH=:M 957< HMD9 C: F957H=CB
5 & & G & ;o ]
6 I Vv NG
[ I ! FI' F
"89BH=:M 957< HMD9 C: F957H=CB

5 =G ' ; = G
6 | + B5E I ' o+
7

ANSWERS

5 7CA6IGH=CB
897CADCG=H=CB
7 T7CA6=B5H=CB

(o]

5 897CADCG=H=CB
7CA6IGH=CB CF 7CA6=B5H=CB
7 7CA6=B5H=CB

(o]

+CA9 ,MD9G C: <9A=75@ *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

5.5 Oxidation-Reduction (Redox) Reactions

,<9 @CGG C: 9@97HFCBG 6N
SHCA

,<9;5=B C: 9@97HFCBG 6M 5
SHCA

7<9A=75@ F957H=CB =B K<

9@97HFCBG 5F9 HF5BG:9FF
CB9 5HCA HC 5BCH<9F @G
75@@98 5 F98CL F957H=CB

LEARNING OBJECTIVE
"89BH=:M 5 7<9A=75@ F957H=CB 5G 5B CL=85H=CB F9817H=CB F957H=CB
/<9B N=B7 A9H5@ =G GI6A9F;98 =BHC 5 EI5SBH=HM C:

SEI9CIG ! @ H<9 :C@@CK=B; FO57TH=CBIEB7IFG Figure 5.47inc Metal plus
1=B7 %9H5@ D@IG IMBFC7<@CF=7 7=8 Hydrochloric Acid

1BG !'@5E ! ; 1B@ 5E

,<=G =G CB9 9L5AD@9 C: K<5H =G GCA9H=ADGIE5@ @98 5
replacement reactié®75IG9 1B FOD@579G ! =B
7CA6=B5H=CB K=H< @

9751G9 GCA9 C: H<9 GI6GH5B79G =B H<=G F957H=CB 5F9
5EI9CIG K9 75B G9D5F5H9 H<9A =BHC =CBG

It is fairly obvious that zinc
metal reacts with aqueous

1BG ! 56 @%E ! ; 1B 5B @"%E  nhydrochioric acid! The bubbles

are hydrogen gas.

.=9K98 H<=G K56M H<9 B9H F957H=CB G99AG HC 69 5 7<5F;9

HF5BG:9F 69HK99B N=B7 5B8 <M8FC;9B 5HCAG ,<§1ﬂ90<_—’«‘(§’_®@ courtesy of

BOH 7<5B:9 9LDIF=9B798 6M H<9 7<@CF=89 =CB ‘gegygginterest,.
hitp://commons.wikimedia.org/

9@97HFCBG 5F9 69=B; HF5BG:9FF98 :FCA H<9 N=I?Lﬁ%HCKG HC

H<9 <M8FC;9B 5SHCAG K<=7< |@H=A5H9@M A579 FifeZ@ &AbfiBO with HCI.IPG

C: 8=5HCA=7 <M8FC;9B 7<5B;=B; H<9 7<5F;9G CB 6CH<

9@9A9BHG

,C IB89FGH5B8 9@97HFCB HF5BG:9F F957H=CBG @=?9 H<9 CB9 69HK99B N=B7

<M8FC;9B =CBG 7<9A=GHG G9D5F5H9 H<9A =BHC HKC D5FHG CB9 D5FH :C7IG

158: 9@97HFCBG 5B8 CB9 D5FH :C7IG9G CB H<9 ;5=B C: 9@97HFCBG ,<9 @CGG |
75@ @3%&lation ,<9 ;5=B C: 9@97HFCBG =Geth@i@®8 975/G9 5BM @CGG C:

B 9@97HFCBG 6M CB9 GI6GH5B79 AIGH 69 577CAD5B=98 6M 5 ;5=B =B 9@97HFCB
GCA9H<=B; 9@G9 CL=85H=CB 5B8 F98I7H=CB 5@K5MG C77IF HC;9H<9F G GI7:

7gFSBG:9F F957H=CBG 5F9 5@xidafib@reriftion reactions CF G=ADeddx

pgreagtions ,<9 5HCA H<5H @CG9G 9@ It RIG 588 H<9 SHCA H<5H ;5=BG

C 9@97HFCB&luGed @GC 69751G9 K9 75B H<=B? C: H<9 GD97=9G 69=B; CL=8=N9



http://commons.wikimedia.org/wiki/File:Zn_reaction_with_HCl.JPG
http://commons.wikimedia.org/wiki/File:Zn_reaction_with_HCl.JPG
http://commons.wikimedia.org/wiki/File:Zn_reaction_with_HCl.JPG

<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

GD97=9G H<5H 751G9G

F98I7H=CB K<=7<=G =HG9@: *

CL=8=N98

GD97=9G H<5H 751G9G CL=
K<=7< =G =HG9@: F98I798

7<9A=75@ F957H=CB H<5H
CB@M CL=85H=CB CF F98I7H

751G=B; H<9 F98I7H=CB H<9 GD97=9G 69=B; CL=8=N98edacib@a@as H<9
5B8 H<9 GD97=9G 69=B; F981798 =G 75@dnaf-hgent

Note

975I1G9 65HHIF=9G 5F9 1G98 5G GCIF79G C: 9@97HF=7=HM H<5H =G C: 9@97
65HH9F=9G 5F9 65G98 CB F98CL FO957H=CBG

@H<Cl;< H<9 HKC F957H=CBG C77IF HC;9H<9F =H 75B 69 <9@D:1@ HC KF=H9 I
5B8 F98I7H=CB F957H=CBG G9DSriHe@uticns "B <5@: F957H=CBG K9 =B7@18
CB@M H<9 F957H5BH 69=B; CL=8=N98 CF F981798 H<9 7CFF9GDCB8=B; DFC8I7}
5BM CH<9F GD97=9G B99898 HC 65@5B79 H<9 <5@: F957H=CB 5B8 H<9 9@97HI
HF5BG:9FF98 @97HFCBG H<5H 5F9 @CGH 5F9 KF=HH9B 5G DFC8I7THG 9@97H
:5=B98 5F9 KF=HH9B 5G F957H5BHG CF 9L5AD@9 =B CIF 95F@=9F 9EI5H=CB I
K=H<CIH H<9 7<@CF=89 =CBG

1BG ! 5 1B 5E ! ;

N=B7 5SHCAG 5F9 CL=8=N98 HO 4B@: F957H=CB :CF H<9 CL=85H=CB F957H=CB
CA=HH=B; D<5G9 @569@G =G 5G :C@@CKG

1B 1B 9W

,<=G <5@: F957H=CB =G 65@5B798 =B HOFAG C: H<9 BIAG69F C: N=B7 5HCAG 5B
G<CKG H<9 HKC 9@97HFCBG H<5H 5F9 B99898 5G DFC8I7HG HC 577CIBH :CF H
@CG=B; HKC B9;5H=J9 7<5F;9G HC 697CA95 =CB /=H<<5@: F957H=CBG H<OF
ACF9 =H9A HC 65@5B79 H<9 CJI9F5@@ 7<5F;9 CB 957< G=89 C: H<9 F957H=CB

957< G=89 C: H<=G F957H=CB MCI K=@@ BCH9 H<5H 6CH< G=89G <5J9 5 N9FC

IMBFC:;9B =G F981798 =B H<9 F957H=CB ,<9 65@5B798 F98I7H=CB <5@: F957H=C
CO@CKG

1 gW

25 SF9 HKC <MB8FC;9B SHCAG CB 957< G=89 5B8 H<9 HKC 9@97HFCBG KF=H

FO57H5BHG G9FJ9 HC BOIHF5@=N9 H<9 7<5F;9 CB H<9 F957H5BH <M8FC;9B =(
H<9 CIOF5@@ 7<5F;9 CB 6CH< G=89G =G N9FC

G<CKG
1=CB

'L=85H=CB *9817H=CB *98CL *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

,<9 CIF5@@ F957H=CB =G G=AD@M H<9 7CA6=B5H=CB C: H<9 HKC <5@: F957
G<CKB 6M 588=B; H<9A HC;9H<9F

975IG9 K9 <5J9 HKC 9@97HFCBG CB 957< G=89 C: H<9 9EI5H=CB H<9M 75B 69
,<=G =G H<9 ?9M 7F=H9F=CB :CF 5 65@5B798 F98CL F957H=CB H<9 9@97HFCB
9L57H@M ": K9 7<97? H<9 7<5F;9 CB 6CH< G=89G C: H<9 9EI5H=CB K9 G99 H<9\
G5A9R "B F95@=HM H<=G DCG=H=J9 7<5F;9 =G 65@5B798 6M H<9 B9;5H=J9 7
7<@CF=89 =CBG K<=7<5F9 BCH =B7@1898 =B H<=G F957H=CB 6975IG9 7<@CF:
D5FH=7=D5H9 =B H<9 7<5F;9 HF5BG:9F

*98CL F957H=CBG 5F9 C:H9B 65@5B798 6M 65@5B7=B; 957< =B8=J=8I5@ <5@: F
H<9B 7CA6=B=B; H<9 HKC 65@5B798 <5@: F957H=CBG +CA9H=A9G 5 <5@: F957
<5J95@@ C: =HG 7C9::=7=9BHG AI@H=D@=98 6M GCA9 =BH9;9F :CF 5@ @ H<9
,<9 :C@@CK=B; 9L5AD@9 89ACBGHF5H9G H<=G DFC79GG

'L=85H=CB *9817H=CB *98CL *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

EXAMPLE 5

/F=H9 5B8 65@5B79 H<9 F98CL F957H=CB H<5H <5G G=@J9F =CBG 5B8 5@IA
A9H5@ 5G F957H5BHG 5B8 G=@J9F A9H5@ 5B8 5@IA=BIA =CBG 5G DFC8I7H

+C@IH=CB

/9 GH5FH 6M IG=B; GMA6C@G C: H<9 9@9A9BHG 5B8 =CBG HC FODF9G9BH I
F957H=CB

@ ; @

,<9 9EI5H=CB @CC?G 65@5B798 5G =H =G KF=HH9B ICK9J9F K<9B K9 7CAD!
CIIF5@@ 7<5F;9G CB 957< G=89 C: H<9 9EI5H=CB K9 :=B85 7<5F;9C: CBH
@9:H6IH 5 7<5F;9 C: CB H<9 F=;<H ,<=G 9EI5H=CB =G BCH DFCD9F@M 65@
,C 65@5B79 =H @9H IG KF=H9 H<9 HKC <5@: F957H=CBG +=@J9F =CBG 5F9
=H H5?9G CB9 9@97HFCB HC H6B;9 ;

9W.

@IA=BIA =G CL=8=N98 @CG=B; H<F99 9@97HFCBG HC 7<5B;9 :FCA @ HC

@ @ 9%

,C 7CA6=B9 H<9G9 HKC <5@: F957H=CBG 5B8 75B79@ CIH 5@ @ H<9 9@97HF
B998 HC AI@H=D@M H<9 G=@J9F F98I7H=CB F957H=CB 6M

&CK H<9 9EI5SH=CB =G 65@5B798 BCH CB@M =B H9FAG C: 9@9A9BHG 61H 5¢
HI9FAG C: 7<5F;9

SKILL-BUILDING EXERCISE

/F=H9 5B8 65@5B79 H<9 F98CL F957H=CB H<5H <5G 75@7=IA =CBG 5B8 DC}
A9H5@ 5G F957H5BHG 5B8 75@7=IA A9H5@ 5B8 DCH5GG=IA =CBG 5G DFCt¢

'L=85H=CB *9817H=CB *98CL *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

Note

(CH5GG=IA <5G 699B 1G98 5G 5 F98I7=B; 5;9BH HC C6H5=B J5F=CIG A9H5@G =
9@9A9BH5@ :CFA

'L=85H=CB *9817H=CB *98CL *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

To Your Health: Redox Reactions and Pacemaker
Batteries

@@ 65HH9F=9G IG9 F98CL F957H=CBG HC GIDD@M 9@97HF=7=HM 6975IG9 ¢
65G=75@@M 5 GHF95A C: 9@97HFCBG 69=B; HF5BG:9FF98 :FCA CB9 GI6GH5E
5BCH<9F (579A5?9FGRGIF;=75@@M =AD@5BH98 89J=79G :CF F9;|@5H=B; 5L
<95FH695HRS5F9 DCK9F98 6M H=BM 65HH9F=9G GC H<9 DFCD9F CD9F5H=CB
D579A5?9F 89D9B8G CB 5 F98CL F957H=CB

(579A5?9FG 1G98 HC 69 DCK9F98 6M &= 58 65HHI9F=9G =B K<=7< B=7?9@ 5B8
758A=IA <9B79 H<9 B5A9 C: H<9 65HHI9FM F957H K=H< K5H9F 577CF8=B; HC I
F98CL F957H=CB

8G &"G ! "8 G &1 G

,<9 758A=IA =G CL=8=N98 K<=@9 H<9 B=7?9@ 5HCAG =B &="I 5F9 F981798 L7
:CF H<9 K5H9F 5@ @ H<9 GI6GH5B79G =B H<=G F957H=CB 5F9 GC@=8G 5@¢(
65HH9F=9G HC 69 F97<5F;98 <IB8F98G C: H=A9G 69:CF9 H<9M GHCD CD9F5H=
-B:CFHIB5H9@M &= 58 65HHI9F=9G 5F9 :5=F@M <95JM 65HHI9F=9G HC 69 75FF
=B 5 D579A5?9F ,C85M H<9 @=;<H9F @=H<=IA =C8=B9 65HHI9FM =G 1G98 =BG
=C8=B9 =G 8=GGC@J98 =B 5 GC@=8 DC@MA9F GIDDCFH 5B8 H<9 CJ9F5@@
5G :C@@CKG

$=G "G $="G

$=H<=IA =G CL=8=N98 5B8 =C8=B9 =G F98I798 @H<CI;< H<9 @=H<=|A =C8=B¢
75BBCH 69 F97<5F;98 CB9 C: =HG 58J5BH5;9G =G H<5H =H @5GHG ID HC M9
D9FGCB K=H< 5 D579A5?9F 8C9G BCH <5J9 HC KCFFM 56CIH D9F=C8=7 F97<5
56CIH CB79 D9F 897589 5 D9FGCB F9EI=F9G A=BCF GIF;9FM HC FOD@579 H<9
D579A5?9F 65HHI9FM IB=H $=H<=IA =C8=B9 65HHI9F=9G 5F9 5@GC IG98 HC D(
75@7I@5HCFG 5B8 K5H7<9G

'L=85H=CB *9817H=CB *98CL *957H=CBG



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

A small button battery like this is
used to power a watch,
pacemaker, or calculator.

© Thinkstock

'L=85H=CB 5B8 F98I7H=CB 75B 5@GC 69 89:=B98 =B HIFAG C: 7<5B;9G =B 7CAD(

,<9 CF=;=B5@ A95B=B; C: CL=85H=CB K5G S588=B; CLM;9B T GC K<9B CLM;9B =(

HC 5 AC@971@9 H<9 AC@97I@9 =G 69=B; CL=8=N98 ,<9 F9J9FG9 =G HFI9 :CF F

AC@971@9 @CG9G CLM;9B 5HCAG H<9 AC@971@9 =G 69=B; F981798 CF 9L5AL

579H5@89<M89 " AC@971@9 H5?9G CB 5B CLM;9B 5HCA HC 697CA9 579H=7 57-
"

,<IG 579H5@89<M89 =G 69=B; CL=8=N98

+=A=@5F@M CL=85H=CB 5B8 F98I7H=CB 75B 69 89:=B98 =B H9FAG C: H<9 ;5=B
<M8FC;9B 5HCAG ": 5 AC@971@9 588G <M8FC;9B 5SHCAG =H =G 69=B; F98I798 "
AC@971@9 @CG9G <M8FC;9B 5HCAG H<9 AC@971@9 =G 69=B; CL=8=N98 CF 9
7CBJI9FG=CB C: 579H5@89<M89 =BHC 9H<3BEIgBRC;9B SHCAG 5F9 58898 HC
579H5@89<M89 GC H<9 579H5@89<M89 =G 69=B; F981798

'L=85H=CB *9817H=CB *98CL *957H=CBG
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EXAMPLE 6

"B 957< 7CBJ9FG=CB =B8=75H9 K<9H<9F CL=85H=CB CF F98I7H=CB =G C77If

& &l
Lo L
NN

+C@IH=CB

IM8FC;9B =G 69=B; 58898 HC H<9 CF=;=B5@ F957H5BH AC@971@9 GC F9¢
=G C77IFF=B;

IM8FC;9B =G 69=B; FOACJ98 :FCA H<9 CF=;=B5@ F957H5BH AC@971@9 G!
CL=85H=CB =G C77IFF=B,;

'LM;9B =G 69=B; 58898 HC H<9 CF=;=B5@ F957H5BH AC@971@9 GC CL=8E
C77IFF=B;

SKILL-BUILDING EXERCISE

"B 957< 7CBJ9FG=CB =B8=75H9 K<9H<9F CL=85H=CB CF F98I7H=CB =G C77IF

CONCEPT REVIEW EXERCISES

=J9 HKC 8=::9F9BH 89:=B=H=CBG :CF CL=85H=CB 5B8 F98I7H=CB
=J9 5B 9L5AD@9 C: 957< 89:=B=H=CB C: CL=85H=CB 5B8 F98I7H=CB

'L=85H=CB *9817H=CB *98CL *957H=CBG
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ANSWERS

'L=85H=CB =G H<9 @CGG C: 9@97HFCBG CF H<9 588=H=CB C: CLM;9B F98I
;5=B C: 9@97HFCBG CF H<9 588=H=CB C: <M8FC;9B

1B 1B o WeL=8sH=CB! | I F98I7H=CB 5BGKIFG K=@@ J5F!

KEY TAKEAWAYS

P <9A=75@ F957H=CBG =B K<=7< 9@97HFCBG 5F9 HF5BG:9FF98 5F9 75@(
CL=85H=CB F98I7H=CB CF F98CL F957H=CBG

P 'L=85H=CB =G H<9 @CGG C: 9@97HFCBG

P *98I7H=CB =G H<9 ;5=B C: 9@97HFCBG

P 'L=85H=CB 5B8 F98I7H=CB 5@K5MG C77IF HC;9H<9F 9J9B H<CI;< H<9M 7t
KF=HH9B 5G G9D5F5H9 7<9A=75@ 9EISH=CBG

'L=85H=CB *9817H=CB *98CL *957H=CBG
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EXERCISES

[<=7< F957H=CBG 5F9 F98CL F957H=CBG CF H<CG9 H<5H 5F9 FO98CL F957F
=89BH=:M H<9 CL=8=N=B; 5B8 F9817=B; 5;9BHG

5 &'l 1@ ! "&5 @

6 % @@ @ % @

7 1 | | '

8 #@ & @ #H&'

[<=7< F957H=CBG 5F9 F98CL F957H=CBG CF H<CG9 H<5H 5F9 F98CL F957F
=89BH=:M H<9 CL=8=N=B; 5B8 F98I7=B; 5;9BHG

5 I & | &' & ! '
6 ! ' ' P

7 &5!" &5 ' et

8 # | ' #11

5@5B79 957< F98CL F957H=CB 6M KF=H=B; 5DDFCDF=5H9 <5@: F957H=CB!
7CA6=B=B; H<9A HC 75B79@ H<9 9@97HFCBG

5 5G ! 5 5 SE !

6 VY6E F F Ye " G

5@5B79 957< F98CL F957H=CB 6M KF=H=B; 5DDFCDF=5H9 <5@: F957H=CB:!
7CA6=B=B; H<9A HC 75B79@ H<9 9@97HFCBG

5 9G +B 5E 9 5E +B 5E
6 6G (6 5E (6 5E !=BH 6CH< <5@: F957H=CBG K=@@ GH5FH K=
G5A9 F957H5BH

'L=85H=CB *9817H=CB *98CL *957H=CBG
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ANSWERS

5 BC
6 M9G CL=8=N=B: 5:9BH R®8F=B: 5:9BH %:
7 M9G CL=8=N=B:5:9BH F98I7=B; 5:9BH |
8 BC
5 5 5 oW

g Wy

CA6=B98 5 | 5 !

6 F oW g W
||W|| 9W

cA6=B9g F "W g W

'L=85H=CB *9817H=CB *98CL *957H=CBG
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5.6 Redox Reactions in Organic Chemistry and Biochemistry

LEARNING OBJECTIVE

"89BH=:M CL=85H=CB F98I7H=CB FO957H=CBG K=H< CF;5B=7 7CADCIB8G

'L=85H=CB F98I7H=CB F957H=CBG 5F9 C: 79BHF5@ =ADCFH5B79 =B CF;5B=7 7<
6=C7<9A=GHFM ,<9 6IFB=B; C: :I19@G H<5H DFCJ=89G H<9 9B9F;M HC A5=BH5=E
7=J=@=N5H=CB 5B8 H<9 A9H56C@=GA C: :CC8G H<5H :IFB=G< H<9 9B9F;M H<5I
6CH< =BJC@J9 F98CL F957H=CBG

@@ 7CAB6IGH=CB F957H=CBG 5F9 5@GC F98CL F957H=CBG
HMD=75@ 7CABIGH=CB F957H=CB =G H<9 6IFB=B; Gx A%BBY .11 of
H<9 DF=B7=D5@ 7CADCB9BH C: B5H{FEQ :5€D Natural Gas

IFB=B; C: &5HIF5@ 5G

"Brespiration  H<9 6=C7<9A=75@ DFC79GG 6M K<=7< H<9
CLM;9B K9 =B<5@9 =B 5=F CL=8=N9G :CC8GHI::G HC 75F6CB
8=CL=89 5B8 K5H9F F98CL F957H=CBG DFCJ=89 9B9F;M HC
@=J=B; 79@@G HMD=75@ FO9GD=F5HCFM F957H=CB =G H<9
CL=85H=CB C: ;@I17CG9' H<9 G=AD@9 GI;5F K9
9B7CIBH9F98 =B H<9 7<5DH9F CD9B=B; 9GG5M H<5H A5?9G

ID H<9 8=9H C: M95GH

F;5B=7 7<OA=GHG 1G9 5 J5F=9HM C: F98CL F957H=CBG CF .
IL5AD@9 DCH5GG=IA 8=7<FCABH9 #G 5 7CAACB g 9

only a combustion reaction but
CL=8=N=B: 5:9BH H<5H 75B 69 IG98 HC CL=8=N9 5@FCxE€@QGeaction. Similar
GMA6C@=N98 6M H<9 ;9BOF5@ :CFAI@5 *'! ,<9 DFEagjPpp include the burning of
C: H<9 F957H=CB 89D9BEG CB H<9 @C75H=CB C: HZgI"® 27 coal. These are aiso

oX reactions.

IB7TH=CB5@ ;FCID =B H<9 5@7C<C@ AC@971@9 H<9 FO@5H=J9

DFCDCFH=CBG C: 5@7C<C@ 5B8 H<9 8=7<FCA5H%=T iﬁks?o%l?
F957H=CB 7CB8=H=CBG GI7< 5G HO9AD9F5HIF9 ": H<9'l

,<9 6=C7<9A=75@ DFC79GG M _ _
K<=7< H<9 CLM:9B K9 =B<5@9 ;FCID =G 5HH57<98 HC 5 H9FA=B5@ 75F6CB 5HCA 5B8 H<9

CL=8=N9G :CC8GHI::G HC 75F6BEC8I7H =G 8=GH=@ @98 C:: 5G =H :CFAG H<9 DFC8I7H =G 5B
8=CL=89 5B8 K5H9F 5@89<M89 K<=7< <5G 5 HIEAHRBE@ group ' 5B8
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6=C7<9A=75@ DFC79GG HY
H5?9G D@579 =B H<9 56G9B
CLM;9B

GI6GH5B79 =B :CC8G H<5H
5G 5 F9817=B; 5;9BH

C <9A=75@ *957H=CBG

=G C:H9B KF=HH9B 5G *I' 'B9 9L5AD@9 =G H<9 F957H=CB IG98 6M H<9 F95H<5(
89H97H 9H<M@ 5@ 7C4C@ 5 DIFGCBUG 6F95H<

": H<9 DFC8I7H 579H5@89<M89=6G BCH F9ACJ98 5G =H :CFAG =H =G :IFH<9F
CL=8=N98 HC 579H=7 5748 "B H<=G 75G9 H<9 CJ9F5@@ F957H=CB =G 5G :C@C(C

U = ! "I F Pt

"B H<=G F957H=CB H<9 7<FCA=IA 5HCA =G F98I1798'¥fGA FF 5B8 H<9
9H<5BC@ =G CL=8=N98 HC 579H=7 57=8

/<9B H<9'l ;FCID C: H<9 5@7C<C@ =G 6CB898 HC 5B =BH9F=CF 75F6CB 5HCA H
CL=85H=CB C: 5B 5@7C<C@ K=@@ DFC8I79 5 ?9HCB9 ,<9 :CFAI@5G C: ?9HCB!
KF=HH9B 5G * = 5B8 H<9 75F6CBQCLM;9B 6CB8 =G 5 8CI6@9 6CB8 ,<9 G=AD@
?9HCB9 =G 89F=J98 :FCA DFCD5BU® ! "H =G H<9 7CAACB GC@J9BH 579H(
2! '3 K<=7< =G 1G98 =B J5FB=G<9G @57EI9FG FI669F 79A9BH 5B8 B5=@ D(
FOACJOF 79HCB9 75B 69 :CFA98 6M H<9 :C@@CK=B; F98CL FO957H=CB

Lo FroWo ! ' F Lo

G K9 <5J9 >IGH G99B 5@89<M89G 5B8 ?9HCBIG 75B 69 :CFA98 6M H<9 CL=85H:
5@7C<C@G CBJIFGI@M 5@89<M89G 5B8 ?9HCBIG 75B 69 F98I798 HC 5@7Cs
C: H<9 75F6CBM@ ;FCID =G =ADCFH5BH =B @=J=B; CF;5B=GA&a€foBIiccAD@?9 -
metabolism =B K<=7< 6=C7<9A=75@ DFC79GG9G H5?9 D@579 =B H<9 56G9B7¢
DMFIJ=757=8 !'"l =G F98I798 HC @57H=7 57=8 I'l"!l =B H<9 AIG7T@9G

(MFIJ=7 57=8 =G 6CH< 5 75F6CLM@=7 57=8 5B8 5 ?9HCB9 CB@M H<9 ?9HCB9 ;F
FO81798 ,<96l=@8ID C: @57H=7 57=8 8IF=B; J=;CFCIG 9L9F7=G9 =G FOGDCBG=t¢
D5FH :CF H<9 :5H=;19 H<5H K9 9LD9F=9B79

"B :CC8 7<9A=GHFM H<9 GI6GH5B79GAROXKBH® 5F9 FI8I7=B: 5:9BHG
G7CF6=757=8 J=H5A=B ' =G H<Cl:<H HC FOH5F8 DCHIBH=5@ @M 85A5:=B;
PHEL=85H=CB C: @=J=B; 79@@G "B H<9 DFC79GG =H =G CL=8=N98 HC 89<M8FC!
/9C: + "B H<9 GHCA57< 5G7CF6=7 57=8 F98I179G H<9 B=H¥HBB-CE = CL=89

o
57HG

*98CL *957H=CBG =B 'F;5

B=7 <9A=GHFM 5B8 =C7<9A=GHFM
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[ T S A LU NN L

"1 H<=G F957H=CB 8=8 BCH C77IF B=HF=H9 =CBG :FCA :CC8G KCI@8 CL=8=N9 F
<9AC;@C6=B 89GHFCM=B; =HG 56=@=HM HC 75FFM CLM;9B

,C7CD<9FC@ J=H5A=B =G 5@GC 5B 5BH=CL=85BH "B H<9 6C8M J=H5A=B =(

57H 6M G75J9B;=B; <5FA:I@ 6M DFC8I7HG C: AQH56C@=GA GI7<5G H<9 <=;<@N\

AC@971@5F :F5;A9BHG 75@ @98 :F99 F58=75@G "B :CC8G J=H5A=B 57HG HC|

‘FCA 69=B; CL=8=N98 5B8 H<IG 697CA=B; F5B7=8 .=H5A=B =G 5@GC 5 ;CC8 5B}
=1F9  =HFIG FI=HG

=B5@@M 5B8 C: ;FO5H9GH =ADCFH5B79 ;F99B D@5BHG 75FFM
CIH H<9 F98CL F957H=CB H<5H A5?9G DCGG=6@9 @ﬁg%ii@@ms
@=:9 CB 5FH< ,<9M 8C H<=G H<FCI;< 5 DFC79GG 75@ @98
photosynthesis =B K<=7< 75F6CB 8=CL=89 5B8 K5H9F

5F9 7CBJO9FH98 HC ;@17CG9 ,<9 GMBH<9G=G C:

;@17CG9 FOEI=F9G 5 J5F=9HM C: DFCH9=BG 75@ @98 9BNMA9G
5B8 5 ;F99B D=;A9BH 75@ @98 7<@CFCD<M@ @ H<5H 7CBJI9FHG
GIB@=;<H =BHC 7<9A=75@ 98BR%:M $=:9 CB
BFH< <9 CJIF5@ @ 7<5B;9 H<5H C77IFG =G 5G :C@@CKG
Citrus fruits, such as oranges,
L [ [ ' lemons, and limes, are good

sources of vitamin C, which is an
antioxidant.

© Thinkstock

,<9 DFC79GG 6M K<=7< D@5BHG
IG9 GC@5F 9B9F;M HC 7CBJ9FH
75F6CB 8=CL=89 5B8 K5H9F HC
;@I7CG9

*98CL *957H=CBG =B 'F;5B=7 <9A=GHFM 5B8 =C7<9A=GHFM



<5DH9F "BHFC8I7H=CB HC <9A=75@ *957H=CBG

Figure 5.7Life on Earth

Photosynthesis is the fundamental process by which plants use sunlight to convert carbon dioxide and water |
glucose and oxygen. Then plants make more complex carbohydrates. It is the ultimate source of all food on E
and it is a redox reaction.

© Thinkstock

"B H<=G F957H=CB 75F6CB 8=CL=89 =G F981798 HC ;@17CG9 5B8 K5H9F =G CL=
CLM;9B ;5G 'H<9F F957H=CBG 7CBJ9FH H<9 ;@17CG9 HC ACF9 7CAD@9L 75F6C
D@5BH DFCH9=BG 5B8 C=@G

CONCEPT REVIEW EXERCISE

=J9 GCA9 6=C7<9A=75@ 9L5AD@9G C: CL=85H=CB 5B8 F98I7H=CB F957H=(

*98CL *957H=CBG =B 'F;5B=7 <9A=GHFM 5B8 =C7<9A=GHFM
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ANSWER

D<CHCGMBH<9G=G 5B8 5BH=CL=85BHG =B :CC8G 5BGK9FG K=@@ J5FM

KEY TAKEAWAY

P *98CL F957H=CBG 5F9 7CAACB =B CF;5B=7 5B8 6=C@C;=75@ 7<9A=GHFN
=B7@18=B; H<9 7CA6IGH=CB C: CF;5B=7 7<9A=75@G F9GD=F5H=CB 5B8
D<CHCGMBH<9G=G

EXERCISES

HMD=75@ FOGD=F5HCFM F957H=CB 8=G7IGG98 =B H<9 HI9LH =G H<9 CL=¢
! 1

re ' ' P
"G H<=G 5 F98CL F957H=CB ": GC K<5H 5F9 H<9 CL=8=N=B; 5B8 F98I7=B; 5;¢
,<9 A5>CF B9H F957H=CB =B D<CHCGMBH<9G=G =G 5G :C@@CKG

L) ! 1 ! L) )
"G H<=G 5 F98CL F957H=CB ": GC K<5H 5F9 H<9 CL=8=N=B; 5B8 F98I7=B; 5;¢

/<5H KCI@8 69 H<9 |I@H=A5H9 CF;5B=7 DFC8I7H E: !l KO9F9 HC F957H
K=H< 5 GC@IH=CBFC: #

/<5H KCI@8 69 H<9 |I@H=A5H9 CF;5B=7 DFC8I7H £: !l KOF9 HC F957H
K=H< 5 GC@IH=CBC: #

/<5H KCI@8 69 H<9 :=B5@ CF;5B=7 DFC8ITH #!! ! K9F9 HC F957H
K=H< 5 GC@IH=CBFC: #

/<5H KCI@8 69 H<9 A5>CF CF;5B=7 DFCS8I7H =:I'!'| ! K9F9 HC
F957H K=H< 5 GC@IH=CB'C: #

/<5H 5@7C<C@ =G DFC8I798 =B H<9 F98I7H=CB C: 5738HCB9 2 !

/<BH 5@7C<C@ =G DFC8I798 =B H<9 F98I7H=CB C: DFCD5B5@ !

*98CL *957H=CBG =B 'F;5B=7 <9A=GHFM 5B8 =C7<9A=GHFM
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ANSWERS

M9G CL=8=N=B; 5;9BIH9817=B; 5;9BH ! '

Por K<9F9 H<9 75F6CB =G 8CI6@9 6CB898 HC H<9 CLM;9B

Pl CF =GCDFCDM@ 5@7C<C@

*98CL *957H=CBG =B 'F;5B=7 <9A=GHFM 5B8 =C7<9A=GHFM
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5.7 End-of-Chapter Material

Chapter Summary

To ensure that you understand the material in this chapter, you should review the meanings of the following bold tern
the following summary and ask yourself how they relate to the topics in the chapter.

+7=9BH=laws 5F9 ;9B9F5@ GH5H9A9BHG H<5H 5DD@M HC 5 K=89 J5F=9HM C: 7=F7IAGH5B79G 'B9 =ADCFF
7<9A=GHFM =@att<d conservation of matter K<=7< GH5H9G H<5H =B 5BM 7@CG98 GMGH9A H<9 5ACIBH C:.
GH5MG 7CBGH5BH

Chemical equations 5F9 1G98 HC FODF9G#BHical reactions Reactants 7<5B;9 7<9A=75@ @ NpraBHEs
,<9 @5K C: 7CBG9FJ5H=CB C: A5SHH9F F9EI=F9G H<5H 5 DFCD9F 7<9halzhcedETodffiCiered 5F9 1G98
HC G<CK H<9 F9@5H=J9 BIA69FG C: F957H5BH 5B8 DFC8I7H AC@971@9G

"Bstoichiometry EISBH=H=9G C: F957H5BHG 5B8 CF DFC8I7HG 75B 69 FO@5H98 HC 957< CH<9F IG=B; H<9 6
7<9A=75@ 9EI5SH=CB ,<9 7C9::=7=9BHG =B 5 65@5B798 7<9A=75@ F957H=CB 5F9 1G98 HC 89J=G9 H<9 DFC
FO@5H9 H<9 BIAGIF C: AC@971@9G C: CB9 GI6GH5B79 HC H<9 BIAGIF C: AC@971@9G C: 5BCH<9F GI6GHS5

<9A=75@ F957H=CBG 75B 69 7@5GG=£E6tbMdtibiD&actions 5@GC 75@@pdsition reactions A5?79
5 GI6GH5B79 :FCA CH<9F Gl6GB8&Ba@d@Bosition reactions 6F95? CB9 GI6GH5B79 8CKB =BHC AI@H=D@9
GI6GH5B7@embustion reactions 7CA6=B9 AC@971@5F CLM;9B K=H< H<9 5HCAG C: 5BCH<9F F957H5BH

Oxidation reactions 5F9 F957H=CBG =B K<=7< 5B 5SHCA @ CG9GRI0qmo H=tBons 5F9 F957H=CBG =B

K<=7< 5B 5HCA ;5=BG 5B 9@97HFCB ,<9G9 HKC DFC79GG9G 5@K5MG C77IF HC;9H<9F GC H<9M 5F9 7C@
5CGoxidation-reduction CFedox reactions ,<9 GD97=9G 69=B; CL=8=N98 =H 7k@@®g ldgént K<=@9 H<9
GD97=9G 69=B; F981798 =xitigbhg agent @HIFB5H9 89:=B=H=CBG C: CL=85H=CB 5B8 F98I7H=CB :C7IG CB
CF @CGG C: CLM;9B 5HCAG CF H<9 @CGG CF ;5=B C: <M8FC;9B 5HCAG *98CL F957H=CBG 5F9 95G=@M ¢
F957H=CB =G :=FGH G9D5F&{I8adbs K<=7<5F9 =B8=J=8I5@ @M 65@5B798

'L=85H=CB F98I7H=CB F957H=CBG 5F9 7CAACB =B CF;5B=7 5B8 6=C@Respi@idr9A<EBFU79GG 6M

K<=7< K9 =B<5@9 5B8 A9H56C@=N9 CLM;9B =G 5 G9F=9G C: F98CL F957H=CBG "B H<9 56G9B79 C: CLM;9l
GH=@@ C77IF =B 5 DFC7a64&th@ @edbolism Antioxidants GI7<5G 5G7CF6=7 57=8 5@GC D@5M 5 D5FH =I
<IA5B 8=9H 57H=B; 5G F9817=B; 5;9BHG =B J5F=CIG 6=C7<9A=7B@69%itheSIBGI<9 DFC79GG 6M K<=7<
D@5BHG 7CBJ9FH K5H9F 5B8 75F6CB 8=CL=89 HC ;@17CG9 =G 5@GC 65G98 CB F98CL F957H=CBG
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B8 C: <5DH9F %5HIF=5@

ADDITIONAL EXERCISES

"GCC7H5B9! =G 1G98 5G 5 GH5B85F8 :CF 7CAD5F=B; ;5GC@=B9 D9F:CFA
/IF=H9 5 65@5B798 7<9A=75@ 9EI5H=CB :CF H<9 7CA6IGH=CB C: =GCC7H5B!

I9DH5B9 ! @=?9 =GCC7H5B9 G99 LI9F7=G9 =G 5@GC 1G98 5G 5 GH5|

89H9FA=B=B; ;5GC@=B9 DI9F:CFA5B79 /F=H9 5 65@5B798 7<9A=75@ 9EI5H:-
7CAGBIGH=CB C: <9DH5B9

/<5H =G H<9 8=::9F9B79 69HK99B 5 7CA6=B5H=CB F957H=CB 5B8 5 F98CL F9
FO5@@ 7CA6=B5H=CB F957H=CBG 5@GC F98CL F957H=CBG F95@@ F9¢
7CA6=B5H=CB F957H=CBG

F9 7CA6IGH=CB F957H=CBG 5@K5MG F98CL F957H=CBG 5G K9@@ LD@5

:F=9B8 5F;19G H<5H H<9 9EI5SH=CB
9 &5 9 &5

=G 65@5B798 6975IG9 957< G=89 <5G CB9 =FCB 5HCA 5B8 CB9 GC8=IA 5HC;
K<M MCIF :F=9B8 =G =B7CFF97H

+CA9 5BH57=8G 7CBH5=B 5@IA=BIA <M8FCL=80 Z&l>'7CADCIB8 F957HG
K=H< 9L79GG <M8FC7<@CF=757=8 ! @ =B H<9 GHCA57< HC BOIHF5@=N9
DFCB8I7HG C: H<=G F957H=CB 5F9 K5H9F 5B8 5@IA=BIA 7<@CF=89 K<5H =C
65@5B798 7<9A=75@ 9EI5SH=CB :CF H<=G F957H=CB

+1@:IF=7 57=8 =G A589 =B 5 H<F99 GH9D DFC79GG H<9 7CA6IGH=CB C: 9
Gl@:IF HC DFC8I79 Gl@:IF 8=CL=89 H<9 7CBH=BI98 F957H=CB C: GI@:IF &
K=H< CLM;9B HC DFC8I79 GI@:IF HF=CL=89 5B8 H<9 F957H=CB C: GI@:IF
K=H< K5H9F HC A5?9 GI@:IF=7 57=8 /[F=H9 65@5B798 7<9A=75@ 9EISH=CBC
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ANSWERS

B8 C: <5DH9F %5HIF=5@

7CA6=B5H=CB F957H=CB A5?9G 5 BOK GI6GH5B79 :FCA ACF9 H<5B CB9 F9
F98CL F957H=CB F95FF5B;9G 9@97HFCBG &CH 5@ @ 7CA6=B5H=CB F957H
F957H=CBG 5B8 BCH 5@ @ F98CL F957H=CBG 5F9 7CA6=B5H=CB F957H=CI

OCIF :F=9B8 =G =B7CFF97H 69751G9 H<9 BIA69F C: 9@97HFCBG HF5BG:9FF-
65@5B798
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