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Chapter 13

Unsaturated and Aromatic Hydrocarbons

Opening Essay
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13.1 Alkenes: Structures and Names

LEARNING OBJECTIVE
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Figure 13.1Ethene 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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13.2 Cis-Trans Isomers (Geometric Isomers)
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Figure 13.2Rotation about Bonds
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In 1,2-dichloroethane (a), free rotation about the CÐC bond allows the two structures to be interconverted by a twist
of one end relative to the other. In 1,2-dichloroethene (b), restricted rotation about the double bond means that the
relative positions of substituent groups above or below the double bond are significant.
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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.

Cis��5HG8A8�;4F�5BG;�@8G;L?�:EBHCF�BA�G;8�F4@8�F<78�B9�G;8�@B?86H?8	
Trans��5HG8A8�;4F�G;8�@8G;L?�:EBHCF�BA�BCCBF<G8�F<78F�B9�G;8�@B?86H?8	�,;8<E
FGEH6GHE4?�9BE@H?4F�4E8�4F�9B??BJF�

'BG8��;BJ8I8E��G;4G�G;8�CE8F8A68�B9�4�7BH5?8�5BA7�7B8F�ABG�A868FF4E<?L�?847�GB�6<F�
GE4AF�<FB@8E<F@	�/8�64A�7E4J�GJBseemingly7<998E8AG�CEBC8A8F�

!BJ8I8E��G;8F8�GJB�FGEH6GHE8F�4E8�ABG�E84??L�7<998E8AG�9EB@�846;�BG;8E	�"9�LBH�6BH?7
C<6>�HC�8<G;8E�@B?86H?8�9EB@�G;8�C4:8�4A7�9?<C�<G�BI8E�GBC�GB�5BGGB@��LBH�JBH?7�F88
G;4G�G;8�GJB�9BE@H?4F�4E8�<78AG<64?	

�;4CG8E����-AF4GHE4G87�4A7��EB@4G<6�!L7EB64E5BAF

��	��<F�,E4AF�"FB@8EF�� 8B@8GE<6�"FB@8EF� ���



,;HF�G;8E8�4E8�GJB�E8DH<E8@8AGF�9BE�6<F�GE4AF�<FB@8E<F@�

�	 *BG4G<BA�@HFG�58�E8FGE<6G87�<A�G;8�@B?86H?8	
	 ,;8E8�@HFG�58�GJB�ABA<78AG<64?�:EBHCF�BAeach7BH5?L�5BA787�64E5BA

4GB@	

"A�G;8F8�CEBC8A8�FGEH6GHE8F��G;8�F86BA7�E8DH<E8@8AG�9BE�6<F�GE4AF�<FB@8E<F@�<F�ABG
9H?9<??87	�(A8�B9�G;8�7BH5?L�5BA787�64E5BA�4GB@F�7B8F�;4I8�GJB�7<998E8AG�:EBHCF
4GG46;87��5HG�G;8�EH?8F�E8DH<E8�G;4Gboth64E5BA�4GB@F�;4I8�GJB�7<998E8AG�:EBHCF	

"A�:8A8E4?��G;8�9B??BJ<A:�FG4G8@8AGF�;B?7�GEH8�<A�6<F�GE4AF�<FB@8E<F@�

P �?>8A8F�J<G;�4����!  HA<G�7B�ABG�8K<FG�4F�6<F�GE4AF�<FB@8EF	

P �?>8A8F�J<G;�4����*  HA<G��J;8E8�G;8�GJB�*�:EBHCF�4E8�G;8�F4@8��7B

ABG�8K<FG�4F�6<F�GE4AF�<FB@8EF	
P �?>8A8F�B9�G;8�GLC8�*R�!��!R*�64A�8K<FG�4F�6<F�4A7�GE4AF�<FB@8EF��6<F�<9

G;8�GJB�*�:EBHCF�4E8�BA�G;8�F4@8�F<78�B9�G;8�64E5BA�GB�64E5BA�7BH5?8
5BA7��4A7�GE4AF�<9�G;8�GJB�*�:EBHCF�4E8�BA�BCCBF<G8�F<78F�B9�G;8�64E5BA�
GB�64E5BA�7BH5?8�5BA7	

�<F�GE4AF�<FB@8E<F@�4?FB�B66HEF�<A�6L6?<6�6B@CBHA7F	�"A�E<A:�FGEH6GHE8F��:EBHCF�4E8
HA45?8�GB�EBG4G8�45BHG�4AL�B9�G;8�E<A:�64E5BAR64E5BA�5BA7F	�,;8E89BE8��:EBHCF�64A
58�8<G;8E�BA�G;8�F4@8�F<78�B9�G;8�E<A:��6<F��BE�BA�BCCBF<G8�F<78F�B9�G;8�E<A:��GE4AF�	
�BE�BHE�CHECBF8F�;8E8��J8�E8CE8F8AG�4??�6L6?B4?>4A8F�4F�C?4A4E�FGEH6GHE8F��4A7�J8
<A7<64G8�G;8�CBF<G<BAF�B9�G;8�:EBHCF��8<G;8E�45BI8�BE�58?BJ�G;8�C?4A8�B9�G;8�E<A:	

�;4CG8E����-AF4GHE4G87�4A7��EB@4G<6�!L7EB64E5BAF

��	��<F�,E4AF�"FB@8EF�� 8B@8GE<6�"FB@8EF� ���
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13.3 Physical Properties of Alkenes

LEARNING OBJECTIVE
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Looking Closer: Environmental Note
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The bright red color of tomatoes
is due to lycopeneÑa polyene.
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CONCEPT REVIEW EXERCISES
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13.4 Chemical Properties of Alkenes

LEARNING OBJECTIVE
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EXAMPLE 4
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SKILL-BUILDING EXERCISE
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13.5 Polymers

LEARNING OBJECTIVE
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The Production of Polyethylene
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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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Medical Uses of Polymers
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Figure 13.4Hip Joint Replacement

Synthetic polymers are an important part of a hip joint replacement. The hip is much like a ball-and-socket joint,
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 13.5Ball-and-Spring Model of Acetylene

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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SKILL-BUILDING EXERCISE
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Figure 13.6Some Benzene Derivatives
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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, I as iodo, NO2as nitro, and CH3CH2as ethyl.
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Figure 13.7The Three Isomeric Dichlorobenzenes
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SKILL-BUILDING EXERCISE
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Polycyclic Aromatic Hydrocarbons
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To Your Health: Polycyclic Aromatic Hydrocarbons and
Cancer
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Biologically Important Compounds with Benzene Rings
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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�;L7EB64E5BA�6BAG4<A<A:�8<G;8E�4�7BH5?8�BE�GE<C?8�5BA7�<F�4Aunsaturated hydrocarbon 	 Alkenes ;4I8�4
64E5BA�GB�64E5BA�7BH5?8�5BA7	�,;8�:8A8E4?�9BE@H?4�9BE�4?>8A8F�J<G;�BA8�7BH5?8�5BA7�<F��n!  n	��?>8A8F�64A�58

FGE4<:;G�6;4<A��5E4A6;87�6;4<A��BE�6L6?<6	�+<@C?8�4?>8A8F�B9G8A�;4I8�6B@@BA�A4@8F��5HG�4??�4?>8A8F�64A�58
A4@87�5L�G;8�FLFG8@�B9�G;8�"AG8EA4G<BA4?�-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�64E5BARGB�64E5BA�7BH5?8�5BA7�BE�4�E<A:	�,;8
@B?86H?8�;4I<A:�GJB�<78AG<64?��BE�6?BF8?L�E8?4G87��4GB@F�BE�:EBHCF�BA�G;8�F4@8�F<78�<F�G;8cis isomer��G;8�BA8
;4I<A:�G;8�GJB�:EBHCF�BA�BCCBF<G8�F<78F�<F�G;8trans isomer 	

,;8�C;LF<64?�CEBC8EG<8F�B9�4?>8A8F�4E8�DH<G8�F<@<?4E�GB�G;BF8�B9�4?>4A8F	�%<>8�BG;8E�;L7EB64E5BAF��4?>8A8F�4E8
<AFB?H5?8�<A�J4G8E�5HG�FB?H5?8�<A�BE:4A<6�FB?I8AGF	

&BE8�E846G<I8�G;4A�4?>4A8F��4?>8A8F�HA78E:Baddition reactions 46EBFF�G;8�7BH5?8�5BA7�

P �77<G<BA�B9�;L7EB:8A��hydrogenation ��

�!  ��!  ��!  ���! � �! �

P �77<G<BA�B9�;4?B:8A��halogenation ��

�!  ��!  ��0  ��0�!  �!  0

J;8E8�0�������?���E��BE�"	

P �77<G<BA�B9�J4G8E��hydration ��

�!  ��!  ��!(!���!�!  �!  (!

�?>8A8F�4?FB�HA78E:Baddition polymerization ��@B?86H?8F�=B<A<A:�GB:8G;8E�GB�9BE@�?BA:�6;4<A�@B?86H?8F	
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Q�!  ��!  ���!  ��!  ���!  ��!  �Q�Q�!  �!  R�!  �!  R�!  �!  RQ

,;8�E846G4AG�HA<GF�4E8monomers��4A7�G;8�CEB7H6G�<F�4polymer 	

Alkynes ;4I8�4�64E5BA�GB�64E5BA�GE<C?8�5BA7	�,;8�:8A8E4?�9BE@H?4�9BE�4?>LA8F�<F��n!  n W�	�,;8�CEBC8EG<8F�B9

4?>LA8F�4E8�DH<G8�F<@<?4E�GB�G;BF8�B9�4?>8A8F	�,;8L�4E8�A4@87�@H6;�?<>8�4?>8A8F�5HG�J<G;�G;8�8A7<A:��yne	

,;8�6L6?<6�;L7EB64E5BAbenzene�� � ! � ��;4F�4�E<A:�B9�64E5BA�4GB@F	�,;8�@B?86H?8�F88@F�GB�58�HAF4GHE4G87��5HG�<G

7B8F�ABG�HA78E:B�G;8�GLC<64?�E846G<BAF�8KC86G87�B9�4?>8A8F	�,;8�8?86GEBAF�G;4G�@<:;G�58�9<K87�<A�G;E88�7BH5?8
5BA7F�4E8�<AFG847delocalizedBI8E�4??�F<K�64E5BA�4GB@F	

��;L7EB64E5BA�6BAG4<A<A:�BA8�BE�@BE8�58AM8A8�E<A:F��BE�BG;8E�F<@<?4E?L�FG45?8�8?86GEBA�4EE4A:8@8AGF��<F�4A
aromatic hydrocarbon ��4A7�4AL�E8?4G87�FH5FG4A68�<F�4Aaromatic compound 	�(A8�BE�@BE8�B9�G;8�;L7EB:8A
4GB@F�BA�4�58AM8A8�E<A:�64A�58�E8C?4687�5L�BG;8E�4GB@F	�/;8A�GJB�;L7EB:8A�4GB@F�4E8�E8C?4687��G;8�CEB7H6G
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<GHG87�58AM8A8�<F
78F<:A4G87�4F�4Aortho�o���<FB@8E��������4meta�m���<FB@8E��4A7�������4para�p���<FB@8E	��A�4EB@4G<6�:EBHC�4F�4
FH5FG<GH8AG�<F�64??87�4Aaryl :EBHC	

� polycyclic aromatic hydrocarbon (PAH) ;4F�9HF87�58AM8A8�E<A:F�F;4E<A:�4�6B@@BA�F<78	
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