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Chapter 13

Unsaturated and Aromatic Hydrocarbons

Opening Essay
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13.1 Alkenes: Structures and Names
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LEARNING OBJECTIVE

'"4@8 4?7>8A8F <IBA OBE@H?4F 4A7 JE<G8 9BE@H?4F 9BE 4?>8A8F :<I8A
Ad@8F

F J8 ABG87 <MCGS8E _ BI4?8AG BA7<A: 4A7 +<@C?8 &B?86H?4E B@CBHATF
alkenes 4E8 ;L7EBG4E5BAF J<G; 64E5BA GB 64E5BA 7BH5?8 SBA7BAY

alkynes 4E8 ;L7EB64E5BAF J<G; 64E5BA GB 64E5BA GE<C?8 5BA7F *R R*
B??86G<I8?7L G;8L 4E8 adiidtidrated hydrocarbons 5864HF8 G;8L ;418 98J8E
:L7EB:8A 4GB@F G;4A 7B8F 4A 4?7>4A8 J<G; G;8 F4@8 AH@58E B9 64E5BA 4GB@
<A7<64G87 <A G;8 9B??BJ<A: :8A8E4? 9OBE@H?4F

+B@8 ES8CE8F8AG4G<I8 4?>8A8FSG;8<E A4@8F FGEH6GHESF 4A7 C;LF<64? CE
<IBA <A4578  ):LF<647? ))EBCB8EG<8F B9 +B@8 +8?86G87 ?>8A8F

4578 );LF<64? )EBC8EG<8F B9 +B@8 +8?86G87 ?>8A8F




;4CG8E

-AFAGHEAG87 4A7

EB@4G<6 |L7TEB64ES5BAF

IUPAC Molecular Condensed Structural Melting Point | Boiling Point
Name Formula Formula (i©) (i©)
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Figure 13.Ethene and Propene

The ball-and-spring models of ethene/ethylene (a) and propene/propylene (b) show their respective shapes,
especially bond angles.
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double bond always has priority in numbering.
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EXAMPLE 1
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SKILL-BUILDING EXERCISE
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CONCEPT REVIEW EXERCISES
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| G)
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FAGHEA4GS87 ;L7TEBGAESBAF ;418 BA?L F<A:?8 5BA7F 4A7 4E8 EAG;8E HAE846(

A 47>8A8 ;4F 4 7TBH57?8 5BA7 4A 4?7>4A8 ;4F F<A:?8 5BA7F BA?L
4 FAGHEA4GS87 47>4A8

5 HAFAGHEAG87 4?7>LAS8
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P ?>8A8F 4E8 ;L7EBG4ES5BAF J<G; 4 64E5BA GB 64E5BA 7BH578 5BA7
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EXERCISES
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ANSWERS
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5

6

4 @8G;L? CBAGS8A8
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13.2 Cis-Trans Isomers (Geometric Isomers)

LEARNING OBJECTIVES

*86B:A<M8 G;4G 4?7>8A8F G;4G 64A 8K<FG 4F 6<F GE4AF <FB@S8EF
?4FF<9L <FB@S8EF 4F 6<F BE GE4AF
E4J FGEH6GHESF 9BE 6<F GE4AF <FB@S8EF :<I8A G;8<E A4@8F

F ABG87 <MCG8E (E:4A<6 :8@<FGEL ?>4A8F 4A7 !4?B:8A4G87
IL7TEB64E5BAFG;8E8 <F 9E88 EBG4G<BA 45BHG G;8 64ES5BA GB 64E5BA F<A:?8 5

R <A 4?7>4A8F "A 6BAGE4FG G;8 FGEH6GHES B9 4?>8A8F ES8DH<ESF G;4G G;8
4GB@F B9 4 7BH5?8 5BA7 4A7 G;8 GJB 4GB@F 5BA787 GB 846; 64E5BA 4AGB@ 47
F<A:?8 C?4A8 4A7 G;4G 846; 7TBH5?L 5BA787 64E5BA 4GB@ ?<8F <A G;8 68AGSE
GE<4A:?8 ,;<F C4EG B9 G;8 @B?86H?8VF FGEH6GHES <F E<:<7 EBG4G<BA 45B|
64E5BA 4GB@RotEBFF<5?8 J<G;BHG EHCGHE<A: G;8 5BA7 %BB> 4G G;8 GJB
6;?BE<A4G87 ;L7TEBGAESBAHHES  *BGAG<BA 45BHG BAT7F

Figure 13.2
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In 1,2-dichloroethane (a), free rotation about the CBC bond allows the two structures to be interconverted by
of one end relative to the other. In 1,2-dichloroethene (b), restricted rotation about the double bond means the
relative positions of substituent groups above or below the double bond are significant.

"A  7<6;?BEB8G;4A8 C4EG &BHES *BGAG<BA 45BHG BATF;8E8 <F 9E88

EBG4G<BA 45BHG G;8 R 5BA7 ,;8 GJB @B787?F F;BJA EBCE8F8AG 8K46G?L G;8
@B?86H?8 G;8LA&S&FB@S8EF 1BH 64A 7E4J FGEH6GHE4? 9BE@H?4F G;4G ?BB:
7<998E8AG 5HG <9 LBH 584E <A @<A7 G;8 CBFF<5<?<GL B9 G;<F 9E88 EBG4G<
5BA7F LBH F;BH?7 E86B:A<M8 G;4G G;8F8 GJB FGEH6GHESF ES8CESF8AG G;8 F4

"A 7<6;?BEB8G;8A8 C4EG <BE8 *BGA4G<BA 45BHG BA7BJSISE
EBFGE<6G87 EBG4G<BA 45BHG G;8 7BH578 5BA7 @84AF G;4G G;8 E8?4G<I8 CBI
FH5FG<GH8AG :EBHCF 45BI8 BE 58?7BJ G;8 7BH5?78 5BA7 586B@8 F<:A<9<64AG
GB 4 FC86<4? ><A7 B9 <FB@8E<F@ ,;8 <FB@8E <A J;<6; G;8 GJB 6;?BE<A8 ? 4(
BA G;8 FA@8 F<78 B9 G;8 @B?86H?8 <F 6i471868M&Y;8 %04G<chs @84A<A: TBA

G;<F F<78U 4A7 <F AA@87 6<F 7<6;?BEB8G;8A8 ,;:8 <FB@8E J<G; G;8 GJB ? 4(
BA BCCBF<G8 F<78F B9 G;8 @B?86t4PR8 {dome3 %4G4rans @84A<A:

T46EBFFU 4A7 <F A4@%5 7<6;?BEB8G;8A8 ,;8F8 GJB 6B@CBHAT7EIZES

trans isomers (or geometric isomers) 6B@CBHAT7F G;4G ;418 7<998E8AG
6BA9<:HE4G<BAF :EBHCF CBE@4A8AG?L <A 7<998E8AG C?468F <A FC468 5864
CE8F8A68 B9 4 E<:<7 FGEH6GHES <A G;8<E @B?86H?8

BAF<78E G;8 4?>8A8 J<G; G;8 6BA78AF87 FGEH6GHE4?!9BE@H?48!

A <FB@SE <A J;<6; GJB 6BH?7 A4@8 <G 5HGB8A8 5HG G;8E8 4E8 46GH4??7L GJB FH6; 6B@CBHATF G;8
A BT 58 | BBA7 ESFH?GF <A 6<F GE4AF <FREIBE<F@1?? 4A7 +CE<A: &B787F B9 4

4GGA46:87 BA G:8 F4@8 F<78 BPP - ENBE <F @4 7" : :

7BH5?8 5BA7 BE E<A: <A 4A | <F HG8A84A7 5 E4AF HGB8AS8
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Figure 13.3Ball-and-Spring Models of (a) Cis-2-Butene and (b) Trans-2-Butene

Cis-trans isomers have different physical, chemical, and physiological properties.
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13.3 Physical Properties of Alkenes
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Looking Closer: Environmental Note
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The bright red color of tomatoes
is due to lycopeneNa polyene.
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13.5Polymers
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The Production of Polyethylene

67<6> GB F88 I1<78B

Polyethylene pellets are melted, formed into a giant bubble, and then made into a film that is used in
packaging, consumer products, and food services.
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Figure 13.41ip Joint Replacement

Synthetic polymers are an important part of a hip joint replacement. The hip is much like a ball-and-socket joir
and total hip replacements mimic this with a metal ball that fits in a plastic cup.
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13.6 Alkynes
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Figure 13.5

Acetylene (ethyne) is the simplest member of the alkyne family.
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13.7 Aromatic Compounds: Benzene
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13.8 Structure and Nomenclature of Aromatic Compounds
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+B?HG<BA

;8 6B@CBHATY ;4F 4 58AM8A8 E<A: J<G; 4 6;?BE<A8 4GB@ FH5FG<GHGS87
BA8 B9 G;8 ;L7EB:8A 4GB@F <G <F 4EB@4G<6

;8 6B@CBHA7 <F 6L6?7<6 5HG <G 7B8F ABG ;418 4 58AM8AS8 E<A: <G <F AE
4EB@4G<6

;8 6B@CBHA7 ;4F 4 58AM8A8 E<A: J<G; 4 CEBCL? :EBHC FH5FG<GHG87 ¢
BA8 B9 G;8 ;L7EB:8A 4AGB@F <G <F 4EB@4G<6

.8 6B@CBHAY <F 6L67<6 5HG <G 7B8F ABG ;418 4 58AM8AS8 E<A: <G <F AE
4EB@4G<6

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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SKILL-BUILDING EXERCISE

/,<6; 6B@CBHATF 4E8 4EB@4G<6

"A G;8 "AGBEA4G<BA47? -A<BA B9 )HE8 4A7 CC?<87 ;8@<FGEL "-) FLFG8@ 4E
;L7TEB64ES5BAF 4E8 A4@87 4F 78E<I4G<I8F B9 SGAME88A8 +B@8 8AMSAS8
8E<I4G<I8F;BJF 9BHE 8K4@C?8F "A G;8F8 FGEH6GHESF <G <F <@ @4G8E<4?
F<A:?8 FH5FG<GH8AG <F JE<GGS8A 4G G;8 GBC F<78 BE 5BGGB@ B9 G;8 E<A:
FL@Q@8GE<64? 4A7 G;8E89BES 4?? CBF<G<BAF 4E8 8DH<I4?8AG

Figure 13.650me Benzene Derivatives

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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-AFAGHEA4G87 4A7 EB@4G<6 |L7TEB64ES5BAF

These compounds are named in the usual way with the group that replaces a hydrogen atom named as a
substituent group: Cl as chloro, Br as bromo, | asiedmi@ and G8H as ethyl.

?G;BH:; FB@8 6B@CBHAT7F 4E8 ES898EES87 GB 8K6?HF<I8?L 5L "-) A4@8F FB@8
@BES8 9ES8DH8AG?L 78ABG87 5L 6B@@BA A4@8F 4F <SP <64ERDSA
*8CE8F8AG4G<I8 EB@4G<6 B@CBHATF

/;8A G;8E8 <F @BES G;4A BA8 FH5FG<GH8AG G;8 6BEASEF B9 G;8 ;8K4:BA 4E8 A
8DH<I47?8AG FB J8 @HFG 78F<:A4G8 G;8 E874G<I8 CBF<G<BAF ,;8E8 4E8 G;E88
7<FH5FG<GHG87 58AMBA8F 4A7 J8 64A HF8 AH@58EF GB 7<ERGH28H<F; G;8@
.8 ,;E88 "FB@8E<6 <6;?BEB58AMBASFFG4EG AH@58E<A: 4G G;8 64E5BA 4GB@
J;<6; BA8 B9 G;8 :EBHCF <F 4GG46;87 4A7 6BHAG GBJ4E7 G;8 64E5BA 4GB@ G;4
G;8 BG;8E FH5FG<GHS8AG :EBHC 5L G;8 F;BEG8FG C4G,;

Figure 13.7

"A<HE8 ;8 ,;E88 "FB@S8E<6 <6:?BEB58AM8SABB@ @BA A4@8F 4E8 4?FB
HF87 G;8 CE86rto 0 9BE 7<FH5FG<GH@e&BAn 9BE 7<FH5FG<GHG<BA 4A7
parap 9BE 7<FH5FG<GHG<BA

;8 FHSFG<GH8AG A4@8F 4E8 ?<FG87 <A 47C;458G<647? BE78E ,;8 9<EFG FH5FC
G;8 ?BJ8FG AH@58E /;8A 4 6B@@BA A4@8 <F HF87 G;8 64E5BA 4GB@ G;4G 58«
‘EBHC ES8FCBAF<578 9BE G;8 A4@8 <F :<I8A G;8 AH@58E

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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EXAMPLE 6

'4@8 846; 6B@CBHA7 HF<A: 5BG; G;8 6B@@BA A4@8 4A7 G;8"-) A4@8

QL

CH

3

Br

NO, : NO,

+B?HG<BA

;8 58AMB8AS8 E<A: ;4F GJB 6;?BE<A8 4GB@F 7<6;?BEB <A G;8 9<EFG 4A7
F86BA7 CBF<G<BAF ,;8 6B@CRHA®B;2BEB58AM8AS8 BE

7<6;?BEB58AMB8A8
;8 BBAMBAS E<A: ;4F 4 @8G;L? 'EBHC ,;8 6B@CBHA7 <F G;8E89BES
A4@87 4F 4 78E<I4G<I8 B9 GB?H8BAS8 ,;8 S5SEB@<A8 4GB@ <F BA G;8 9BHEC
64E5BA 4GB@ 6BHAG<A: 9EB@ G;8 @8G;L? :EBHC ,;8 6B@CBHA7 <F
S5EB@BGB?H8A8 BE 5EB@BGB?H8A8
,;8 BBAMBAS E<A: ;4F GJB A<GEB:EBHCF <A G;8 9<EFG 4A7 G;<E7
CBF<G<BAF 3<A<GEB58AM8BA8 BE 7<A<GEB58AMB8AS8

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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Note

8 A<GEB '( :EBHC <F 4 6B@@BA FH5FG<GH8AG <A 4EB@4G<6 6B@CBHATF
A<GEB 6B@CBHAT7F 4E8 8KC?BF<I8 @BFG ABG45?7L  GE<A<GEBGB?7HS8AS .

CH,
NO NO

NO

SKILL-BUILDING EXERCISE

'A@8 846; 6B@CBHA7 HF<A: 5BG; G;8 6B@@BA A4@8 4A7 G;8"-) A4@8

@Br
Br

cl cl

+B@8G<@8F 4A 4EB@4G<6 :EBHC <F 9BHA7 4F 4 FH5FG<GHB8AG 5BA787 GB 4 A
8AG<GL BE GB 4ABG;8E 4EB@4G<6 E<A: ,;8 :EBHC B9 4GB@F E8@4<A<A: J;8A £

:EBHC 78E<I87 9EB@ 4A 4AGB@ <F E8@BI87 9EB@ 4A 4EB@4G<6 6B@CBHAaryiFyfeRy87 4A@BFG
4EB@4G<6 ;L7EB64E5BA 5L ;8
E8@BI4? B9 4 ;L7EB:8A 4GB

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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6B@@BA 4EL? :EBHC <F 78E<I87 9EB@ 58AMBABS@BI<A: BA8 ;L7EB:8A
4GB@ ! 4AT7 <F 64?78FhenylEBHC 9EB®@eno4A B?7 A4@8 9BE 58AMBA8

CH,CHCH,CH,CH CH CH,
C6H5— or
CH

6 5

Phenyl group 2-Phenylheptane

Polycyclic Aromatic Hydrocarbons

+B@8 6B@@BA 4EB@4G<6 ;L7EB64E5BAF 6BAF<FG B9 9HF87 58AM8A8 E<A:FSk
F;4E8 4 6B@@BA F<78 ,;8F8 6B@CBHAT7F 458084328 aromatic
hydrocarbons (PAHS)

Naphthalene Anthracene Phenanthrene

;8 G;E88 8K4@C?8F F;BJA ;8E8 4E8 6B?BE?8FF 6ELFG4??<A8 FB?<7F :8A8E4?7L
9EB@ 6B4? G4E '4C;G;478A8 ;4F 4 CHA:8AG B7BE 4A7 <F HF87 <A @BG;54??F
AG;E468A8 <F HF87 <A G;8 @4AH946GHES B9 68EG4<A 7L8F +G8EB<7F 4 ?4E:8
AAGHEA4??L B66HEE<A: FHSFG4A68F 6BAG4<A G;8 C;8A4AG;EBA8 FGEH6GHES
<A9BE@4G<BA 45BHG FGS8EBEBBE88%<C<7H86G<BA  +G8EB<T7F

A AEB@4G<6 ;L7EB64E5BA
6BAF<FG<A: B9 9HF87 58AM8AS8
E<A:F F;4E<A: 4 6B@@BA F<}8

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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To Your Health: Polycyclic Aromatic Hydrocarbons and
Cancer

;8 <AGBAFS8 ;84G<A: EBDH<ES87 9BE 7<FG<??<A: 6B4? G4E E8FH?GF <A G;8 9B|
)'IF BE @4AL L84EF <G ;4F 588A >ABJA G;4G JBE>8EF <A 6B4? G4E E89<AB8E<
FHF68CG<5?8 GB 4 GLCS8 B9 F><A 64A68E >ABJA 4F G4E 64A68E "AISFG<:4G<I
F;BJA G;4G 4 AH@58E B9 ) !'F 4E8 64E6<AB:8AF (A8 B9 G;8 @BFG 46G<I8
64E6<AB:8A<6 6B@CBHA7F 58AMBCLE8A8 B66HEF <A 6B4? GAE 4A7 ;4F 4?FB
<FB?4G87 9EB@ 6<:4E8GG8 F@B>8 4HGB@B5<78 8K;4HFG :4F8F 4A7 6;4E6B:-
FG84>F "G <F 8FG<@4G87 G;4G @BE8 G;4A G B9 58AMBCLES8A8 4E8 8@<G
G;8 4<E BI8E G;8 -A<G87 +G4G8F 846; L84E (A?L 4 98] @<??<:E4@F B9 58AMB!
C8E ><?B:E4@ B9 5B7L J8<:;G 4E8 ESDH<E87 GB <A7H68 64A68E <A 8KCSE<@:
AA<@4A?F

Biologically Important Compounds with Benzene Rings

+H5FG4A68F 6BAG4<A<A: G;8 58AMBAS8 E<A: 4E8 6B@ @BA <A 5BG; 4A<@47?F 4A
4?G;BH:; G;8L 4E8 @BES8 45HA74AG <A G;8 ?4GG8E )?4AGF 64A FLAG;8F<M8 G;8
E<A: 9EB@ 64E5BA 7<BK<78 JAGSE 4A7 <ABE:4A<6 @4G8E<4?F A<@4?F 64AA
FLAG;8F<M8 <G 5HG G;8L 4E8 78C8A78AG BA 68EG4<A 4EB@4G<6 6B@CBHATF
4A7 G;8E89BE8 @HFG B5G4<A G;8@ 9EB@ 9BB7 );8AL?4?4A<A8 GLEBF<A8 4A
GELCGBC;4A 8FF8AG<4? 4@<AB 46<7F 4A7 |<GE®BAFKA 4A79B?<6

46<7 4?7? 6BAG4<A G;8 58AMBA8 E<A: BE @BES8 <A9BE@4G<BA 45BHG I<G4@<
ACGBE  @<AB 6<7F )EBG8<AF 4A7 AMI| @8I <BA AML@8 B946GBEF
4A7 <GA4@<ARAAL <@CBEG4AG 7EH:F 4 98J B9 J;<6; 4E8 F;B528<A

+B@8 EH:F ;4G BAG4<A 4 8AM8AS8 *<A2FB 984GHES8 4 58AMBAS8 E<A:

Note

+B 94E J8 ;418 FGH7<87 BA?L 4EB@4G<6 6B@CBHAT7F J<G; 64E5BA 6BAG4<A</
IBJBIBE @4AL 6L67<6 6B@CBHATF ;418 4A 8?8@8AG BG;8E G;4A 64E5BA 4GB
G;8 E<A: ,;8F8 6B@CBHAT7F 641#28ibcyclic compoundk8 7<F6HFF87 <A
ACG8E (E:4A<6 6<7F 4A7 AF8F 4A7 +B@8 B9 ,;:8<E 8E<I4G8BG<BA

@<A8F 4F 4F8F +B@8 B9 G;8F8 4E8 ;8G8EB6L67<6 4EB@4G<6 6B@CBHA

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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,4578 +B@8 EH:F ,;4G BAG4<A 4 8AMB8AS *<A:

COOH
4FC<E<A ©:OCOCH3

Ho—@ NHCOCH,
468G4@<ABC;8A

HC _ H | °
' \C@CHCOOH
<5HCEB98A l

CHZCIHCH3
4@C;8G4@<A38

FH?94A<?4@<78

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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CONCEPT REVIEW EXERCISES

E<89?L <78AG<9L G;8 <@CBEG4AG 6;4E46G8E<FG<6F B9 4A 4EB@4G<6 6B

;4G <F @84AG 5L G;8 CE89xétalortho BEpara <I8 G;8 AA@8 4A7 7TE4J G;8
FGEH6GHES 9BE 4 6B@CBHA7 G;4G <??HFGE4G8F 846;

;4G <F 4 C;8AL? :EBHC <I8 G;8 FGEH6GHES8 9BE C;8AL?B6G4A8

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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ANSWERS

A AEB@4G<6 6B@CBHA7 <F 4AL 6B@CBHA7 G;4G 6BAG4<AF 4 58AMBAS8 E<
68EG4<A 58AMBAS8 ?<>8 CEBC8EG<8F

7<FH5FG<GHG<BA 4AFJ8EF J<?? |4EL
NO

;4CG8E

@8G4
NO

2 2

Q

m-dinitrobenzene or 1,3-dinitrobenzene
BEG;B 7<FH5FG<GHG<BA
@EBr
Br
o-dibromobenzene or 1,2-dibromobenzene

7<FH5FG<GHG<BA BE 5EB@B 6;?BEB58AMSAS
Br

C4E4

Q

cl

p-bromochlorobenzene or 1-bromo-2-chlorobenzene

C;8AL? :EBHC ! BE

Q

C;8AL?B6G4A8
CH,CH,CHCH,CH,CH,CH,CH,

CGHS

KEY TAKEAWAY

P EB@4G<6 6B@CBHA7F 6BAG4<A 4 58AM8AS8 E<A: BE ;418 68EG4<A 58AME
?<>8 CEBC8BEG<8F 9BE BHE CHECBF8F LBH 64A E86B:A<M8 4EB@4G<6
6B@CBHATF 5L G;8 CES8F8A68 B9 BA8 BE @BES8 58AM8A8 E<A:F <A G;8<E

FGEH6GHES

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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EXERCISES

"F 846; 6B@CBHA7 4EB@4G<6
4
5

"F 846; 6B@CBHA7 4EB@4G<6

$
-~ QO

E4J G;8 FGEH6GHES 9BE 846, 6B@CBHA7

4 GB?H8AS8
5 m7<8G;L?58AMB8AS8
6 7<A<GEBGB?HS8AS8

E4J G;8 FGEH6GHES 9BE 846; 6B@CBHA7

4 p7<6;?BEB58AMB8AS
5 A4C;G;478A8
6 GE<@8G;L?58AMBA8

'4@8 846; 6B@CBHA7 J<G; <GF "-) A4@8

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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CH2CH3
4

I

CHCH,
5

CH,

] Br
7 |

'4A@8 846; 6B@CBHA7 J<G; <GF "-) A4@8

[::::I,CHg}gCHB

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF



;4CG8E -AF4GHEAG87 4A7 EB@4G<6 |L7TEB64ES5BAF

CH3
Cl
. cl
Br Br
] Br
NO2 CH3
;

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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ANSWERS
4 L8F
5 AB
4

©/CH2CH3
5 CH,CH,

NO, ; CH,

6 NO,

4 8G;L?58AMBAS8

5 <FBCEBCL?58AM8AS8
6 o5EB@BGB?H8AS8

7 7<6;?BEBGB?H8A8

+GEH6GHES8 4A7 'B@8A6?4GHE8 B9 EB@4G<6 B@CBHATF
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13.9 End-of-Chapter Material
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Chapter Summary

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

AL ;L7EB64ES5BA 6BAG4<A<A: 8<G;8E 4 7BH5?8 BE GE<Qn&saBAdted Hydrocarbon Alkenes ;418 4
64E5BA GB 64E5BA 7BH5?8 5BA7 ,;8 :8A8E4? 9BE@H?4 9BE 4?>8A8F J<G; BA8 {BH5?75-8R&F 64A 58

FGE4<:;G 6;4<A 5E4A6;87 6;4<A BE 6L67<6 +<@C?8 4?>8A8F BO9GS8A ;418 6B@@BA A4@8F 5HG 47?? 47>8A8
A4@87 5L G;8 FLFG8@ B9 G;8 "AGBEA4G<BA47? -A<BA B9 )HE8 4A7 CC?<87 ;8@<FGEL

Cis-trans isomers (or geometric isomers) 4E8 6;4E46G8E<M87 5L @B?86H?8F G;4G 7<998E BA?L <A G;8<E
6BA9<:HE4G<BA 4EBHA7 4 E<:<7 C4EG B9 G;8 FGEH6GHE8 FH6; 4F 4 64ESBARGB 64E5BA 7BH5?8 5BA7 BE
@B?86H7?8 ;41<A: GJB <78AG<64? BE 6?BF8?L E8?4G87 4GB@F BE :EBHCF BAcE 8s64@8 S 8AB G;8

;41<A: G;8 GJB :EBHCF BA BCCBF<G8 F<7gansHeBBer

.8 C;LF<64? CEBC8SEG<S8F B9 4?>8A8F 4E8 DH<G8 F<@<7?4E GB G;BF8 B9 4?>4A8F %<>8 BG;8E ;L7EBG4ESE
<AFB?H578 <A JAG8E 5HG FB?H578 <A BE:4A<6 FB?I8AGF

&BES8 E846G<I8 G;4A 4?>4A8F 4?7>8A8F HddiB&nBeactions 46EBFF G;8 7BH578 5BA7

P 77<G<BA B9 ;L7EB:84drogenation

P 77<G<BA B9 ;4?B:8alogenation
[ 0 0! I 0

J;BE8B0 ? E BE"

P 77<G<BA B9 J4d8Hration

(T Lo

?>8A8F 4?FB HA78&d8lition polymerization @B?86H?8F =B<A<A: GB:8G;8E GB 9BE@ ?BA: 6;4<A @B?86H?8F

A7 B9 ;4CG8E &4G8E<4?
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Q! I ! ! ! ! QQ! I' RI' I RI'T RQ

;8 EB46G4AG HA<Gm4BR8mers 4A7 G;8 CEB7H6GpUR4ner

Alkynes ;418 4 64E5BA GB 64E5BA GE<C?8 5BA7 ,;8 :8A8E4? 9BE@H?4 9BE 47wLABFGEBCSEG<8F B9
4?>LA8F 4E8 DH<G8 F<@<?4E GB G;BF8 B9 4?>8A8F ,;8L 4E8 A4@87 @H6; ?<>8 4?>8A8R/BEG J<G; G;8 8AT:

;8 6L67<6 ;L7EB64ES5BAnzene ! ;4F 4 E<A: B9 64E5BA 4GB@F ,;8 @B?86H?8 F88@F GB 58 HAF4AGHE4G87

7B8F ABG HA78E:B G;8 GLC<64? E846G<BAF 8KC86G87 B9 4?>8A8F ,;8 8?86GEBAF G;4G @<:;G 58 9<K87 <A
S5BATF 4E8 <AFGHacalizeBISE 4?? F<K 64E5BA 4GB@F

L7EB64E5BA 6BAG4<A<A: BA8 BE @BE8 58AMBA8 E<A:F BE BG;8E F<@<?4E?L FG45?8 8?86GEBA 4EE4A:
aromatic hydrocarbon 4A7 4AL E8?4G87 FH5FG4AG8erRatit compound (A8 BE @BES8 B9 G;8 ;L7EB:8A
AGB@F BA 4 58AMBA8 E<A: 64A 58 EBC?4687 5L BG;8E 4AGB@F /;8A GJB ;L7EB:8A AGB@F 4E8 E8C?4687 G;¢
A4@8 <F 54F87 BA G;8 E8?4G<I8 CBF<G<BA B9 G;8 E8C?468@8AG 4GB@F BE 4GB@ :EBHCF 7<FH5FG
78F<:A4G87 4Faitho o <FB@8E fnetam <FB@8E 4A7 pdarap <FB@8E A 4EB@4G<6 :EBHC 4F 4
FH5FG<GHBAG <F 6429B7T=BYIC

polycyclic aromatic hydrocarbon (PAH) ;4F 9HF87 58AMBAS8 E<A:F F;4E<A: 4 6B@ @BA F<78

A7 B9 ;4CG8E &4G8E<4?
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A7 B9 ;4CG8E &4G8E<4?

ADDITIONAL EXERCISES

?4FF<9L 846; 6B@CBHA7 4F FAGHE4G87 BE HAFAGHE4G87

[N)
w

4 CH
5 ! !

?4FF<9L 846; 6B@CBHA7 4F FAGHE4G87 BE HAF4AGHE4G87

CH

| 3
CH,CCH,

4 CH

3

: L

<18 G;8 @B?86H?4E 9BE@H?4 9BE 846; 6B@CBHA7

4 ()

CH

2

\
5 CH,—CH—CH,

/;8A G;E88 <FB@8E<6 CBAG8A8BFSO 1 4A7 2S4ES8 ;L7EB:8A4G87 4?? G;E88 9

@8G;L?5HG4A8 ,;8 477<G<BA B=B1 <I8F 7<6;?BEB @8G;L?5HG4A8
4A7 G;8 477<G<BA BGPR2 <I8F 7<6;?BEB @8G;L?5HG4A8 E4JG;8
BE<:<A4? FGEH6GHESF 9BE 0 1 4A7 2

)BAG4A8 4A7 CB8AGS8AS8 4E8 5BG; 6B?BE?8FF ?BJ 5B<?<A: ?<DH<7F 8F6E<!
F<@C?8 G8FG G;4G 7<FG<A:H<F;8F G;8 GJB 6B@CBHAT7F "A7<64G8 J;4G LE
BSF8EI8

E4J 4A7 AA@8 4?7? G;8 4?7>8A8 6<F GE4AF <FB@S8EF 6BEESFCBA7<A: GB G;¢

@B?86H?4E 9BE@H?4 <AG G;8E8 4E8 BA?L GJB
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