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Chapter 9

Chemical Bonds
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Diamond is the hardest known
natural substance and is
composed solely of the element
carbon.

© Thinkstock

"DL�9D�6IDBH�B6@:�8DBEDJC9H��-NE>86AAN�I=:N�?D>C�ID<:I=:G�>C�HJ8=�6�L6N�I=6I
I=:N�ADH:�I=:>G�>9:CI>I>:H�6H�:A:B:CIH�6C9�69DEI�6�C:L�>9:CI>IN�6H�6�8DBEDJC9


�=6EI:G����=:B>86A��DC9H

���



-=:H:�?D>CH�6G:�86AA:9chemical bonds
��JI�=DL�9D�6IDBH�?D>C�ID<:I=:G��.AI>B6I:AN��>I
6AA�8DB:H�9DLC�ID�:A:8IGDCH
��:;DG:�L:�9>H8JHH�=DL�:A:8IGDCH�>CI:G68I��L:�C::9�ID
>CIGD9J8:�6�IDDA�ID�H>BEAN�>AAJHIG6I:�:A:8IGDCH�>C�6C�6IDB


�=6EI:G����=:B>86A��DC9H

���



9.1 Lewis Electron Dot Diagrams

LEARNING OBJECTIVE
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9.2 Electron Transfer: Ionic Bonds

LEARNING OBJECTIVES
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Chemistry Is Everywhere: Salt
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Figure 9.1
Sodium +Chlorine = Sodium
Chloride

(a) Sodium is a very reactive
metal. (b) Chlorine is a pale
yellow, noxious gas. (c) Together,
sodium and chlorine make
sodium chlorideÑsaltÑwhich is
necessary for our survival.

Source: Photo on the left courtesy
of Greenhorn1,
http://commons.wikimedia.org/
wiki/File:Sodium.jpg. Photo in
the center courtesy of Benjah-
bmm27,
http://commons.wikimedia.org/
wiki/File:Chlorine-sample.jpg.
Photo on the right © Thinkstock.
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 "DL�B6CN�:A:8IGDCH�9D:H�6��6�6IDB�=6K:�ID�ADH:�ID�=6K:�6�8DBEA:I:�D8I:I�>C�>IH
K6A:C8:�H=:AA�

�
 "DL�B6CN�:A:8IGDCH�9D:H�6�*7�6IDB�=6K:�ID�ADH:�ID�=6K:�6�8DBEA:I:�D8I:I�>C�>IH
K6A:C8:�H=:AA�

�
 "DL�B6CN�:A:8IGDCH�9D:H�6C�,:�6IDB�=6K:�ID�<6>C�ID�=6K:�6�8DBEA:I:�D8I:I�>C
>IH�K6A:C8:�H=:AA�

�
 "DL�B6CN�:A:8IGDCH�9D:H�6C�(�6IDB�=6K:�ID�<6>C�ID�=6K:�6�8DBEA:I:�D8I:I�>C
>IH�K6A:C8:�H=:AA�

�
 0>I=�6GGDLH��>AAJHIG6I:�I=:�IG6CH;:G�D;�:A:8IGDCH�ID�;DGB�EDI6HH>JB�8=ADG>9:
;GDB�%�6IDBH�6C9��A�6IDBH


�
 0>I=�6GGDLH��>AAJHIG6I:�I=:�IG6CH;:G�D;�:A:8IGDCH�ID�;DGB�B6<C:H>JB�HJA;>9:
;GDB�'<�6IDBH�6C9�,�6IDBH


�
 0>I=�6GGDLH��>AAJHIG6I:�I=:�IG6CH;:G�D;�:A:8IGDCH�ID�;DGB�H86C9>JB�;AJDG>9:
;GDB�,8�6IDBH�6C9� �6IDBH



�
 0>I=�6GGDLH��>AAJHIG6I:�I=:�IG6CH;:G�D;�:A:8IGDCH�ID�;DGB�GJ7>9>JB�E=DHE=>9:
;GDB�+7�6IDBH�6C9�*�6IDBH





 0=>8=�>DC>8�8DBEDJC9�=6H�I=:�=><=:G�A6II>8:�:C:G<NU%#�DG�'<)��0=N�


�
 0=>8=�>DC>8�8DBEDJC9�=6H�I=:�=><=:G�A6II>8:�:C:G<NU%#�DG�&> ��0=N�


�
 0=>8=�>DC>8�8DBEDJC9�=6H�I=:�=><=:G�A6II>8:�:C:G<NU�6,�DG�'<)��0=N�


�
 0=>8=�>DC>8�8DBEDJC9�=6H�I=:�=><=:G�A6II>8:�:C:G<NU(6�A�DG�(6#��0=N�

�=6EI:G����=:B>86A��DC9H

�
���A:8IGDC�-G6CH;:G��#DC>8��DC9H ���



ANSWERS



 -=:�%�� >DC�>H�JCA>@:AN�ID�;DGB�7:86JH:�I=:�%� >DC�6AG:69N�H6I>H;>:H�I=:�D8I:I
GJA:�6C9�>H�G6I=:G�HI67A:


�
 ILD

�
 ILD

�


�





 '<)�7:86JH:�I=:�>DCH�=6K:�6�=><=:G�B6<C>IJ9:�8=6G<:


�
 '<)�7:86JH:�I=:�>DCH�6G:�HB6AA:G

�=6EI:G����=:B>86A��DC9H

�
���A:8IGDC�-G6CH;:G��#DC>8��DC9H ���



9.3 Covalent Bonds

LEARNING OBJECTIVES



 �:;>C: covalent bond

�
 #AAJHIG6I:�8DK6A:CI�7DC9�;DGB6I>DC�L>I=�&:L>H�:A:8IGDC�9DI�9>6<G6BH


#DC>8�7DC9>C<�INE>86AAN�D88JGH�L=:C�>I�>H�:6HN�;DG�DC:�6IDB�ID�ADH:�DC:�DG�BDG:
:A:8IGDCH�6C9�6CDI=:G�6IDB�ID�<6>C�DC:�DG�BDG:�:A:8IGDCH
�"DL:K:G��HDB:�6IDBH
LDCXI�<>K:�JE�DG�<6>C�:A:8IGDCH�:6H>AN
�2:I�I=:N�HI>AA�E6GI>8>E6I:�>C�8DBEDJC9
;DGB6I>DC
�"DL�

-=:G:�>H�6CDI=:G�B:8=6C>HB�;DG�D7I6>C>C<�6�8DBEA:I:�K6A:C8:�H=:AA�sharing
:A:8IGDCH
�0=:C�:A:8IGDCH�6G:�H=6G:9�7:IL::C�ILD�6IDBH��I=:N�B6@:�6�7DC9�86AA:9�6
covalent bond � 


&:I�JH�>AAJHIG6I:�6�8DK6A:CI�7DC9�7N�JH>C<�"�6IDBH��L>I=�I=:�JC9:GHI6C9>C<�I=6I�"
6IDBH�C::9�DCAN�ILD�:A:8IGDCH�ID�;>AA�I=:�
sHJ7H=:AA
��68=�"�6IDB�HI6GIH�L>I=�6
H>C<A:�:A:8IGDC�>C�>IH�K6A:C8:�H=:AA�

-=:�ILD�"�6IDBH�86C�H=6G:�I=:>G�:A:8IGDCH�

0:�86C�JH:�8>G8A:H�ID�H=DL�I=6I�:68=�"�6IDB�=6H�ILD�:A:8IGDCH�6GDJC9�I=:�CJ8A:JH�
8DBEA:I:AN�;>AA>C<�:68=�6IDBXH�K6A:C8:�H=:AA�

�
 ��8=:B>86A�7DC9�;DGB:9�7N
ILD�6IDBH�H=6G>C<�:A:8IGDCH


�=6EI:G����=:B>86A��DC9H

���



�:86JH:�:68=�"�6IDB�=6H�6�;>AA:9�K6A:C8:�H=:AA��I=>H�7DC9�>H�HI67A:��6C9�L:�=6K:
B69:�6�9>6IDB>8�=N9GD<:C�BDA:8JA:
��-=>H�:MEA6>CH�L=N�=N9GD<:C�>H�DC:�D;�I=:
9>6IDB>8�:A:B:CIH
�� DG�H>BEA>8>INXH�H6@:��>I�>H�CDI�JCJHJ6A�ID�G:EG:H:CI�I=:�8DK6A:CI
7DC9�L>I=�6�96H=��>CHI:69�D;�L>I=�ILD�9DIH�

"T"

�:86JH:�ILD�6IDBH�6G:�H=6G>C<�DC:�E6>G�D;�:A:8IGDCH��I=>H�8DK6A:CI�7DC9�>H�86AA:9�6
single bond� 


�H�6CDI=:G�:M6BEA:��8DCH>9:G�;AJDG>C:
� �6IDBH�=6K:�H:K:C�:A:8IGDCH�>C�I=:>G
K6A:C8:�H=:AA�

-=:H:�ILD�6IDBH�86C�9D�I=:�H6B:�I=>C<�I=6I�I=:�"�6IDBH�9>9��I=:N�H=6G:�I=:>G
JCE6>G:9�:A:8IGDCH�ID�B6@:�6�8DK6A:CI�7DC9


(DI:�I=6I�:68=� �6IDB�=6H�6�8DBEA:I:�D8I:I�6GDJC9�>I�CDL�

0:�86C�6AHD�LG>I:�I=>H�JH>C<�6�96H=�ID�G:EG:H:CI�I=:�H=6G:9�:A:8IGDC�E6>G�

�
 ��8DK6A:CI�7DC9�8DBEDH:9�D;
DC:�E6>G�D;�:A:8IGDCH


�=6EI:G����=:B>86A��DC9H

�
���DK6A:CI��DC9H ���



-=:G:�6G:�ILD�9>;;:G:CI�INE:H�D;�:A:8IGDCH�>C�I=:�;AJDG>C:�9>6IDB>8�BDA:8JA:
�-=:
bonding electron pair � B6@:H�I=:�8DK6A:CI�7DC9
��68=� �6IDB�=6H�I=G::�DI=:G
E6>GH�D;�:A:8IGDCH�I=6I�9D�CDI�E6GI>8>E6I:�>C�I=:�7DC9>C<��I=:N�6G:�86AA:9lone
electron pairs � 
��68=� �6IDB�=6H�DC:�7DC9>C<�E6>G�6C9�I=G::�ADC:�E6>GH�D;�:A:8IGDCH


�DK6A:CI�7DC9H�86C�7:�B69:�7:IL::C�9>;;:G:CI�:A:B:CIH�6H�L:AA
�)C:�:M6BEA:�>H�" 

�68=�6IDB�HI6GIH�DJI�L>I=�6C�D99�CJB7:G�D;�:A:8IGDCH�>C�>IH�K6A:C8:�H=:AA�

-=:�ILD�6IDBH�86C�H=6G:�I=:>G�JCE6>G:9�:A:8IGDCH�ID�B6@:�6�8DK6A:CI�7DC9�

0:�CDI:�I=6I�I=:�"�6IDB�=6H�6�;JAA�K6A:C8:�H=:AA�L>I=�ILD�:A:8IGDCH��L=>A:�I=:� 
6IDB�=6H�6�8DBEA:I:�D8I:I�D;�:A:8IGDCH


�
 ��E6>G�D;�:A:8IGDCH�I=6I�B6@:H
6�8DK6A:CI�7DC9


�
 ��E6>G�D;�:A:8IGDCH�I=6I�9D:H
CDI�B6@:�6�8DK6A:CI�7DC9


�=6EI:G����=:B>86A��DC9H

�
���DK6A:CI��DC9H ���



EXAMPLE 4

.H:�&:L>H�:A:8IGDC�9DI�9>6<G6BH�ID�>AAJHIG6I:�I=:�8DK6A:CI�7DC9�;DGB6I>DC�>C
"�G


,DAJI>DC

"�G�>H�K:GN�H>B>A6G�ID�" ��:M8:EI�I=6I�>I�=6H��G�>CHI:69�D;� 
�-=:�6IDBH�6G:�6H
;DAADLH�

-=:�ILD�6IDBH�86C�H=6G:�I=:>G�JCE6>G:9�:A:8IGDC�

Test Yourself

.H:�&:L>H�:A:8IGDC�9DI�9>6<G6BH�ID�>AAJHIG6I:�I=:�8DK6A:CI�7DC9�;DGB6I>DC�>C
�A� 


Answer

'DG:�I=6C�ILD�6IDBH�86C�E6GI>8>E6I:�>C�8DK6A:CI�7DC9>C<��6AI=DJ<=�6CN�<>K:C
8DK6A:CI�7DC9�L>AA�7:�7:IL::C�ILD�6IDBH�DCAN
��DCH>9:G�"�6C9�)�6IDBH�

-=:�"�6C9�)�6IDBH�86C�H=6G:�6C�:A:8IGDC�ID�;DGB�6�8DK6A:CI�7DC9�

�=6EI:G����=:B>86A��DC9H

�
���DK6A:CI��DC9H ���



-=:�"�6IDB�=6H�6�8DBEA:I:�K6A:C8:�H=:AA
�"DL:K:G��I=:�)�6IDB�=6H�DCAN�H:K:C
:A:8IGDCH�6GDJC9�>I��L=>8=�>H�CDI�6�8DBEA:I:�D8I:I
�0:�;>M�I=>H�7N�>C8AJ9>C<�6�H:8DC9
"�6IDB��L=DH:�H>C<A:�:A:8IGDC�L>AA�B6@:�6�H:8DC9�8DK6A:CI�7DC9�L>I=�I=:�)�6IDB�

�#I�9D:H�CDI�B6II:G�DC�L=6I�H>9:�I=:�H:8DC9�"�6IDB�>H�EDH>I>DC:9
��(DL�I=:�)�6IDB
=6H�6�8DBEA:I:�D8I:I�6GDJC9�>I��6C9�:68=�"�6IDB�=6H�ILD�:A:8IGDCH��;>AA>C<�>IH
K6A:C8:�H=:AA
�-=>H�>H�=DL�6�L6I:G�BDA:8JA:��"� )��>H�B69:


�=6EI:G����=:B>86A��DC9H

�
���DK6A:CI��DC9H ���



EXAMPLE 5

.H:�6�&:L>H�:A:8IGDC�9DI�9>6<G6B�ID�H=DL�I=:�8DK6A:CI�7DC9>C<�>C�("� 


,DAJI>DC

-=:�(�6IDB�=6H�I=:�;DAADL>C<�&:L>H�:A:8IGDC�9DI�9>6<G6B�

#I�=6H�I=G::�JCE6>G:9�:A:8IGDCH��:68=�D;�L=>8=�86C�B6@:�6�8DK6A:CI�7DC9�7N
H=6G>C<�:A:8IGDCH�L>I=�6C�"�6IDB
�-=:�:A:8IGDC�9DI�9>6<G6B�D;�("� >H�6H
;DAADLH�

Test Yourself

.H:�6�&:L>H�:A:8IGDC�9DI�9>6<G6B�ID�H=DL�I=:�8DK6A:CI�7DC9>C<�>C�*�A� 


Answer

-=:G:�>H�6�H>BEA:�H:I�D;�HI:EH�;DG�9:I:GB>C>C<�I=:�&:L>H�:A:8IGDC�9DI�9>6<G6B�D;�6
H>BEA:�BDA:8JA:
� >GHI��NDJ�BJHI�>9:CI>;N�I=:�8:CIG6A�6IDB�6C9�I=:�HJGGDJC9>C<
6IDBH
�-=: central atom � >H�I=:�6IDB�>C�I=:�8:CI:G�D;�I=:�BDA:8JA:��L=>A:�I=:
surrounding atoms 
� 6G:�I=:�6IDBH�B6@>C<�7DC9H�ID�I=:�8:CIG6A�6IDB
�-=:�8:CIG6A
6IDB�>H�JHJ6AAN�LG>II:C�;>GHI�>C�I=:�;DGBJA6�D;�I=:�8DBEDJC9��"� )�>H�I=:�CDI67A:

:M8:EI>DC�
��;I:G�I=:�8:CIG6A�6C9�HJGGDJC9>C<�6IDBH�=6K:�7::C�>9:CI>;>:9��;DAADL
I=:H:�HI:EH�



 �DJCI�I=:�IDI6A�CJB7:G�D;�K6A:C8:�:A:8IGDCH
��99�:MIG6�>;�I=:�HE:8>:H
=6H�C:<6I>K:�8=6G<:H�6C9�G:BDK:�HDB:�;DG�:K:GN�EDH>I>K:�8=6G<:�DC�I=:
HE:8>:H


�
 0G>I:�I=:�8:CIG6A�6IDB�6C9�HJGGDJC9�>I�L>I=�I=:�HJGGDJC9>C<�6IDBH


�
 -=:�6IDB�>C�I=:�8:CI:G�D;�6
BDA:8JA:



�
 �C�6IDB�I=6I�B6@:H�8DK6A:CI
7DC9H�ID�I=:�8:CIG6A�6IDB�H�


�=6EI:G����=:B>86A��DC9H

�
���DK6A:CI��DC9H ��




�
 *JI�6�E6>G�D;�:A:8IGDCH�7:IL::C�I=:�8:CIG6A�6IDB�6C9�:68=�HJGGDJC9>C<
6IDB


�
 �DBEA:I:�I=:�D8I:IH�6GDJC9�I=:�HJGGDJC9>C<�6IDBH��:M8:EI�;DG�"�

�
 *JI�G:B6>C>C<�:A:8IGDCH��>;�6CN��6GDJC9�I=:�8:CIG6A�6IDB

�
 �=:8@�I=6I�:K:GN�6IDB�=6H�6�;JAA�K6A:C8:�H=:AA


&:I�JH�IGN�I=:H:�HI:EH�ID�9:I:GB>C:�I=:�:A:8IGDC�9DI�9>6<G6B�;DG�� �
Y
�-=:���6IDB�>H

I=:�8:CIG6A�6IDB��6C9�I=:� �6IDBH�6G:�I=:�HJGGDJC9>C<�6IDBH
�-=:G:�>H�6�C:<6I>K:
H><C�DC�I=:�HE:8>:H��HD�L:�=6K:�6C�:MIG6�:A:8IGDC�ID�8DCH>9:G




 Count the total number of electrons. ��=6H����:68=� �=6H����6C9�I=:G:�>H�DC:
:MIG6�:A:8IGDC�������� ��� ��� ��� 
�����


�
 Write the central atom surrounded by surrounding atoms.

�
 Put a pair of electrons between the central atom and each surrounding
atom. -=>H�JH:H�JE�:><=I�:A:8IGDCH��HD�L:�=6K:����Y��������:A:8IGDCH�A:;I


�
 Complete the octets around the surrounding atoms (except for H). -=>H�JH:H
JE����BDG:�:A:8IGDCH��A:6K>C<����Y��������:A:8IGDCH�A:;I


�
 Put remaining electrons, if any, around the central atom. -=:G:�6G:�CD
699>I>DC6A�:A:8IGDCH�ID�699�ID�I=:�8:CIG6A�6IDB


�=6EI:G����=:B>86A��DC9H

�
���DK6A:CI��DC9H ���



�
 Check.-=:���6IDB�=6H�:><=I�:A:8IGDCH�6GDJC9�>I��6H�9D:H�:68=� �6IDB
��68=�6IDB
=6H�6�8DBEA:I:�D8I:I
�-=>H�>H�6�<DD9�&:L>H�:A:8IGDC�9DI�9>6<G6B�;DG�� �

Y


,DB:I>B:H��=DL:K:G��I=:H:�HI:EH�9DCXI�LDG@
�#;�L:�L:G:�ID�;DAADL�I=:H:�HI:EH�;DG�I=:
8DBEDJC9�;DGB6A9:=N9:���"� )���L:�LDJA9�<:I�I=:�;DAADL>C<�

-=:�"�6C9�)�6IDBH�=6K:�I=:�EGDE:G�CJB7:G�D;�:A:8IGDCH��7JI�I=:���6IDB�=6H�DCAN
H>M�:A:8IGDCH�6GDJC9�>I��CDI�I=:�:><=I�:A:8IGDCH�;DG�6C�D8I:I
�"DL�9D�L:�;>M�I=>H�

0:�;>M�I=>H�7N�G:8D<C>O>C<�I=6I�ILD�6IDBH�86C�H=6G:�BDG:�I=6C�DC:�E6>G�D;
:A:8IGDCH
�#C�I=:�86H:�D;��"� )��I=:�)�6C9���6IDBH�H=6G:�ILD�E6>GH�D;�:A:8IGDCH��L>I=

I=:�;DAADL>C<�&:L>H�:A:8IGDC�9DI�9>6<G6B�6H�6�G:HJAI�

�N�8>G8A>C<�I=:�:A:8IGDCH�6GDJC9�:68=�6IDB��L:�86C�CDL�H::�I=6I�I=:�)�6C9���6IDBH
=6K:�D8I:IH��L=>A:�:68=�"�6IDB�=6H�ILD�:A:8IGDCH�

�68=�K6A:C8:�H=:AA�>H�;JAA��HD�I=>H�>H�6C�688:EI67A:�&:L>H�:A:8IGDC�9DI�9>6<G6B
�#;�L:
L:G:�ID�JH:�A>C:H�ID�G:EG:H:CI�I=:�7DC9H��L:�LDJA9�JH:�ILD�A>C:H�7:IL::C�I=:���6C9
)�6IDBH�

�=6EI:G����=:B>86A��DC9H

�
���DK6A:CI��DC9H ���



-=:�7DC9�7:IL::C�I=:���6C9�)�6IDBH�>H�6double bond

 6C9�G:EG:H:CIH�ILD
7DC9>C<�E6>GH�D;�:A:8IGDCH�7:IL::C�I=:�6IDBH
�#;�JH>C<�I=:�GJA:H�;DG�9G6L>C<�&:L>H
:A:8IGDC�9DI�9>6<G6BH�9DCXI�LDG@�6H�LG>II:C��6�9DJ7A:�7DC9�B6N�7:�G:FJ>G:9


EXAMPLE 6

0=6I�>H�I=:�EGDE:G�&:L>H�:A:8IGDC�9DI�9>6<G6B�;DG��)� �

,DAJI>DC

-=:�8:CIG6A�6IDB�>H�6���6IDB��L>I=�)�6IDBH�6H�HJGGDJC9>C<�6IDBH
�0:�=6K:�6
IDI6A�D;������� ����
��K6A:C8:�:A:8IGDCH
� DAADL>C<�I=:�GJA:H�;DG�&:L>H�:A:8IGDC
9DI�9>6<G6BH�;DG�8DBEDJC9H�<>K:H�JH

-=:�)�6IDBH�=6K:�8DBEA:I:�D8I:IH�6GDJC9�I=:B��7JI�I=:���6IDB�=6H�DCAN
;DJG�:A:8IGDCH�6GDJC9�>I
�-=:�L6N�ID�HDAK:�I=>H�9>A:BB6�>H�ID�B6@:�6�9DJ7A:
7DC9�7:IL::C�86G7DC�6C9each)�6IDB�

�68=�)�6IDB�HI>AA�=6H�:><=I�:A:8IGDCH�6GDJC9�>I��7JI�CDL�I=:���6IDB�6AHD�=6H�6
8DBEA:I:�D8I:I
�-=>H�>H�6C�688:EI67A:�&:L>H�:A:8IGDC�9DI�9>6<G6B�;DG��)� 


Test Yourself

0=6I�>H�I=:�EGDE:G�&:L>H�:A:8IGDC�9DI�9>6<G6B�;DG�86G7DCNA�HJA;>9:���),��

Answer

#I�>H�6AHD�EDHH>7A:�ID�=6K:�6triple bond 
� ��>C�L=>8=�I=:G:�6G:�I=G::�E6>GH�D;�:A:8IGDCH
7:IL::C�ILD�6IDBH
�!DD9�:M6BEA:H�D;�I=>H�6G:�:A:B:CI6A�C>IGD<:C��(� ��6C9
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Food and Drink App: Vitamins and Minerals
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Every entry down through
pantothenic acid is a vitamin,
and everything from calcium and
below is a mineral.
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9.4 Other Aspects of Covalent Bonds

LEARNING OBJECTIVES
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Figure 9.2Electronegativities of the Elements

Electronegativities are used to determine the polarity of covalent bonds.
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9.5 Violations of the Octet Rule

LEARNING OBJECTIVE
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9.6 Molecular Shapes

LEARNING OBJECTIVE
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Figure 9.3Tetrahedral Geometry

Four electron groups orient themselves in the shape of a tetrahedron.
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9.7 End-of-Chapter Material

ADDIT IONAL EXERCISES
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