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Chapter 9

Chemical Bonds
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Opening Essay

>6BDC9 >H |=: =6G9:HI C61JG6A B61:G>6A @CDLC DC 6GI= 2:1 9>6BDC9 >H ?JHI EJG: 86G7DC 0=6| >H HE:8
I=>H :A:B:Cl 1=61 B6@:H 9>6BDC9 HD =6G9

DC9H =:B>86A 7DC9H

#C 6 E:G;:81 9>6BDC9 8GNHI6A :68= 6IDB B6@:H ;DJG 8DCC:81>DCHU7DCOHUID ;DJG DI=:G 6IDBH >C 6 I=(
9>B:CH>DC6A B6IG>M DJG >H I=: <G:61:HI CJB7:G D; 7DC9H |=61 >H 8DBBDCAN B69: 7N 6|IDBH HD 6IDBH
B6M>B>0: I=:>G >CIl:G68I>DCH L>I= DI=:G 6IDBH -=>H I1=G:: 9>B:CH>DC6A 6GG6N D; 8DCC:8I>DCH :MI:C9H |
I=: 9>6BDC9 8GNHI6A B6@>C< >| :HH:CI>6AAN DC: A6G<: BDA:8JA: G:6@>C< 6 9>6BDC9 B:6CH 7G:6@>C<
61 DCS8:

AHD I=: 7DC9H 6G: BD9:G6l:AN HIGDC< -=:G: 6G: HIGDC<:G >CI:G68I>DCH @CDLC 7JI I1=: 86G7DC 86G7DC
8DCC:8I>DC >H ;6>GAN HIGDC< >IH:A; (DI DCAN 9D:H 6 E:GHDC =6K: ID 7G:6@ B6CN 8DCC:8I>DCH 6l DC8:
7DC9H 6G: HIGDC< 8DCC:8I>DCH ;GDB I=: HI6GI

-=:G: 6G: DI=:G HJ7HI6C8:H I=61 =6K: H>B>A6G 7DC9>C< 6GG6C<:B:CIH 6H 9>6BDC9 9D:H ,>A>8DC 9>DM>9:
C>I1G>9: =6K: HDB: H>B>A6G>I>:H 7JI C:>|=:G D; |=:B 8DB:H 8ADH: ID I=: JAI>B6l: =6G9C:HH D; 9>6BDC9

Diamond is the hardest known
natural substance and is
composed solely of the element
carbon.
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-=:H: ?D>CH 6G: 86A&A&nical bondsll =DL 9D 6IDBH ?D>C ID<:1=:G .AI>B6l:AN >|
6AA 8DB:H 9DLC ID :A:8IGDCH :;DG: L: 9>H8JHH =DL :A:8IGDCH >CI:G68I L: C::9 |
>CIGD9J8: 6 IDDA ID H>BEAN >AAJHIG6I: :A:8IGDCH >C 6C 61DB
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9.1 Lewis Electron Dot Diagrams

G:EG:H:Cl61>DC D; I=: K6A:C8:
:A:8IGDCH D; 6C 6IDB I=61 JH:H
9DIH 6GDJC9 I=: HNB7DA D; I&:
:A:B:Cl

LEARNING OBJECTIVE

G6L 6 &:L>H :A:8IGDC 9DI 9>6<G6B ;DG 6C 6IDB DG 6 BDC6IDB>8 >DC

#C 6ABDHI 6AA 86H:H 8=:B>86A 7DC9H 6G: ;DGB:9 7N >CI:G68I>DCH D; K6A:CS8: :
>C 6IDBH -D ;68>A>161: DJG JC9:GHI6C9>C< D; =DL K6A:C8: :A:8IGDCH >CI.G68lI ¢
H>BEA: L6N D; G:EG:H:CI>C< [=DH: K6A:C8: :A:8IGDCH LDJA9 7: JH:;JA

Lewis electron dot diagram DG :A:8IGDC 9DI 9>6<G6B DG 6 &:L>H 9>6<G6B DG ¢
&:L>H HIGJ8IJG: >H 6 G:EG:H:CI6I>DC D; I=: K6A:C8: :A:8IGDCH D; 6C 6IDB =61 JH
9DIH 6GDJC9 I=: HNB7DA D; I=: :A:B:Cl -=: CJB7:G D; 9DIH :FJ6AH I=: CJB7:G D;
K6A:C8: :A:8IGDCH >C I=: 61DB -=:H: 9DIH 6G: 6GG6C<:9 ID I=: G><=I 6C9 A:;| 6C9
67DK: 6C9 7:ADL I=: HNB7DA L>I=CD BDG: I=6C ILD 9DIH DC 6 H>9: #l 9D:H CDI
B6l11:G L=61 DG9:G I=: EDH>I>DCH 6G: JH:9 DG :M6BEA: I=: &L>H :A:81GDC 9DI
9>6<G6B ;DG =N9GD<:C >H H>BEAN

:86JH: |I=: H>9: >H CDI >BEDGI6CI |=: &:L>H :A:8IGDC 9DI 9>6<G6B 8DJA9 6AHD 7
9G6LC 6H ;DAADLH

-=::A:8IGDC 9DI 9>6<G6B ;DG =:A>JB L>I=ILD K6A:C8: :A:8IGDCH >H 6H ;DAADL}
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=:B>86A DCO9H

N EJII>C< |=: ILD :A:8IGDCH ID<:I1=:G DC |I=: H6B: H>9: L: :BE=6H>O: I=: ;68! |1=6I
I=:H: ILD :A:8IGDCH 6G: 7DI= >C B4J7H=:AA |=>H >H |=: 8DBBDC 8DCK:CI>DC L:
L>AA 69DEI 6AI=DJ<=I1=:G: L>AA 7: :M8:EI>DCH A6I:G -=: C:MI 6IDB A>I=>JB =6H
:A:8IGDC 8DC;><JG6I>DE B; HD > =6H DCAN DC: :A:8IGDC >C >|H K6A:C8: H=:AA
:A:8IGDC 9DI 9>6<G6B G:H:B7A:H 1=61 D; =N9GD<:C :M8:El I=: HNB7DA ;DG A>[=>
JH:9

:GNAA>JB =6H ILD K6A:C8: :A:8IGDCHsH-AA HD >IH :A:8IGDC 9DI 9>6<G6B >H /
=61 D; =:A>JB

-=: C:MI 61DB >H 7DGDC #IH K6A:C8: :A:8|GDC H=pAAH>| =6H |=G:: K6A:C8:
:A:8IGDCH -=: 1=>G9 :A:8IGDC L>AA <D DC 6CDI=:G H>9: D; I=: HNB7DA

<6>C >| 9D:H CDI B6II:G DC L=>8= H>9:H D; I=: HNB7DA I=: :A:81GDC 9DIH 6G:
EDH>I>DC:9

DG 86G7DC I=:G: 6G: ;DJG K6A:C8: :A:8IGDCH ILBHCAH=:AA 6C9 ILD >C |=:
pHJ7H=AA HJHJ6A L: L>AA 9GG6L ILD 9DIH ID<:1=:G DC DC: H>9: ID G:EG:H:Cl
s:A:8IGDCH "DL:K:G 8DCK:CI>DC6AAN L:9G6L I=: 9DIH ;D@ 1A:81GGDCH DC

9>:;:G:CI H>9:H H HJ8= I=::A:81GDC 9DI 9>6<G6B ;DG 86G7DC >H 6H ;DAADLH

0>l=( L=>8==6H I=G:p:A:8IGDCH L: EJI 6 H>C<A: 9DI DC :68=D; I=: I=G::
G:B6>C>C< H>9:H

&:L>H A:8IGDC DI >6<G6BH
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DG DMN<:C L=>8==6H A®@IGDCH L: CDL =6K: ID HI6GI 9DJ7A>C< JE DC I=:
9DIH DC DC: DI=:G H>9: D; I=: HNB7DA 0=:C 9DJ7A>C< JE :A:8IGDCH B6@: HJG: |
H>9: =6H CD BDG: I=6C ILD :A:81GDCH

AJDG>C: 6C9 C:DC =6K: H:K:C 6C9 :><=| 9DIH G:HE:8I>K:AN

0>l=I=: C:MI :A:B:Cl HD9>JB I|=: EGD8:HH HI6GIH DK:G L>I= 6 H>C<A: :A:8IGDC
7:86JH: HD9>JB =6H 6 H>C<A: :A:8IGDC >C >IH =><=:HI CIB7:G:9 HH&MI=:

N <D>C< |=GDJ<= |=: E:G>D9>8 I67A: L: H:: 1=61 I=: & L>H :A:81GDC 9DI 9>6<G6BH
6IDBH L>AA C:K:G =6K: BDG: I=6C :><=| 9DIH 6GDJC9 |=: 6|DB>8 HNB7DA

&:L>H A:8IGDC DI >6<G6BH
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EXAMPLE 1

0=6I1 >H I=: &:L>H :A:81GDC 9DI 9>6<G6B ;DG :68=:A:B:Cl

6AJB>CJB
H:A:C>JB

,DAJI>DC

-=: K6A:C8: :A:8IGDC 8DC;><JG6I>DC ;DG 6AIBsC#B HPi>I
LDJA9 =6K: I=G:: 9DIH 6GDJC9 I=: HNB7DA ;DG 6AJB>CJB ILD D;
I=:B E6>G:9 ID G:EG:H:Cl I=s:A:8IGDCH

-=: K6A:C8: :A:8IGDC 8DC;><JG6I>DC ;DG H:A:€>B #8 |=:
=><=:H| CJB7:G:9 H=:AA Is: H=:AA |=:G: 6G: H>M :A:81GDCH
#IH :A:81GDC 9DI 9>6<G6B >H 6H ;:DAADLH

Test Yourself
0=61 >H I=: &:L.>H :A:8IGDC 9DI 9>6<G6B ;DG :68=:A:B:Cl

E=DHE=DGJH
6G<DC

Answer

DG 61DBH L>I= E6GI>6AANI,BEA:RDI7H=AAH |=:H: :A:81GDCH 6G: INE>86AAN DB>I|
:GDB &:L>H :A:8IGDC 9DI 9>6<G6BH DG :M6BEA: I=: :A:8IGDC 9DI 9>6<G6B ;DG :
K6A:C8: H=:AA 8DC;><JG@&>AC>H 6H ;DAADLH

&:L>H A:8IGDC DI >6<G6BH
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A:B:CIH >C |=: H6B: 8DAJBC D; I=: E:G>D9>8 I67A: =6K: H>B>A6G &:L>H :A:8IGDC
9>6<G6BH 7:86JH: I=:N =6K: |=: H6B: K6A:C8: H=:AA :A:8/GDC 8DC;><JG6I>DC -=JI
:A:8IGDC 9DI 9>6<G6BH ;DG I=: ;:>GHI 8DAJBC D; :A:B:CIH 6G: 6H ;:DAADLH

'DC6IDB>8 >DCH 6G: 6IDBH I=61 =6K: :>|=:G ADHI ;DG 86I>DCH DG <6>C:9 ;DG 6(
:A:8IGDCH A:8IGDC 9DI 9>6<G6BH ;DG >DCH 6G: |=: H6B: 6H ;DG 6IDBH :M8:El I=
HDB: :A:8IGDCH =6K: 7::C G:BDK:9 ;DG 861>DCH L=>A: HDB: :A:8IGDCH =6K: 7::.C
699:9 ;DG 6C>DCH -=JH >C 8DBE6G>C< I=: :A:8/GDC 8DC;><JG6I>DCH 6C9 :A:8IG
9>6<G6BH ;DG I=: (6 6IDB 6C9 I=: (6DC L: CDI: I=6I |I=: (6 6IDB =6H 6 H>C<A:
KB6A:C8: :A:8IGDC >C >IH &:L>H 9>6<G6B L=>A:IDC (6H ADHI |=6] DC: K6A:C8:
:A:8IGDC

-:8=C>86AAN I|=: K6A:C8: H=:AA D; I=03&€ >H CDL h=: H=:AA L=>8==6H :><=|
:A:8IGDCH >C >| ,D L=N 9D L: CDI EJI :><=| 9DIH 6GDJDEKBCI>DC6AAN L=:C

L: H=DL :A:8IGDC 9DI 9>6<G6BH ;DG >DCH L: H=DL I=: DG><>C6A K6A:C8: H=:AA
6IDB L=>8=>C |=>H 86H: >H |I=H=:AA 6C9 :BEIN >C I=: (6DC

#C B6@>C< 86/>DCH :A:8IGDCH 6G: ;>GHI Abighgabumbered shelDI
C:8:HH6G>AN I=: A6HI HIJ7H=:AA ;>AA:9 DG :M6BEA: >C <D>C< ;GDB I=: C:JIG6A
IDI=: : >DC I=: :6IDB ADH:H >IH IIsDA:8IGDCH ;>GHI CDd>#BIGDCH

9:HE>I: I=: ;68I |=61 I=: dHJ7H=:AA >H |=: A6HI HI7H=:AA 7:>C< ;>AA:9 -=JH L: =6K

&:L>H A:8IGDC DI >6<G6BH
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=:B>86A DCO9H

C>DCH =6K: :MIG6 :A:8IGDCH L=:C 8DBE6G:9 ID I=: DG><>C6A 6IDB ":G: >H 6
8DBE6G>HDC D; I=: A 6IDB L>I= I¥>BC

EXAMPLE 2

0=61 >H I=: &:L>H :A:8IGDC 9DI 9>6<G6B ;DG :68=>DC

6
)Y

,DAJI>DC

"6K>C< ADHI >IH ILD DG><>C6A K6A:C8: :A:8IGDCH [=: &:L>H :A:81GDC
9DI 9>6<G6B >H ?JHI 6

-=) Y >DC =6H <6>C:9 ILD :A:8IGDCH >C >IH KB6A:C8: H=:AA HD >IH
&:L>H :A:8IGDC 9DI 9>6<G6B >H 6H ;:DAADLH

Test Yourself

-=: K6A:C8: :A:8IGDC 8DC;><JG6I>DC D; I=6AA>JB L=DH: HNB7DA >H -A >H
s d p 0=61>HI=: &L>H:A:8IGDC 9DI 9>6<G6B ;DG =DEA

Answer

&:L>H A:8IGDC DI >6<G6BH
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KEY TAKEAWAYS

Q &:L>H :A:8IGDC 9DI 9>6<G6BH JH: 9DIH ID G:EG:H:Cl K6A:C8: :A:81IGDCH
6GDJC9 6C 61DB>8 HNB7DA

Q &:L>H :A:8IGDC 9DI 9>6<G6BH ;DG >DCH =6K: A:HH ;DG 861>DCH DG BDG
6C>DCH 9DIH 1=6C I=: 8BDGG:HEDC9>C< 61DB

&:L>H A:8IGDC DI >6<G6BH
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EXERCISES

&:L>H A:8IGDC DI >6<G6BH

MEAG6>C L=N I=: ;>GHI ILD 9DIH >C 6 &:L>H :A:81GDC 9DI 9>6<G6B 6G: 9G6LC
I=: H6B: H>9: D; I=: 6IDB>8 HNB7DA

#H >| C:8:HH6GN ;DG I=: ;>GHI 9Dl 6GDJC9 6C 61DB>8 HNB7DA ID <D DC 6 E6
H>9: D; |I=: 61DB>8 HNB7DA

0=61 8DAJBC D; I=: E:G>D9>8 I67A: =6H &:L>H :A:8/GDC 9DI 9>6<G6BH L>|= ILI
A:81GDCH

0=61 8DAJBC D; I=: E:G>D9>8 I67A: =6H &:L.>H :A:8/GDC 9DI 9>6<G6BH |=61 =6l
H>M :A:8IGDCH >C I=:B

G6L I=: &:L.>H :A:81GDC 9DI 9>6<G6B ;DG :68=:A:B:Cl

6 HIGDCI>JB
7 H>A>8DC

G6L I=: &:L>H :A:8IGDC 9DI 9>6<G6B ;DG :68= :A:B:ClI

6 @GNEIDC
7 HIAJG

G6L I=: &:L>H :A:8IGDC 9DI 9>6<G6B ;DG :68=:A:B:Cl

6 [>16C>JB
7 E=DHE=DGJH

G6L I=: &:L.>H :A:81GDC 9DI 9>6<G6B ;DG :68=:A:B:Cl

6 7GDB>C:
7 <6AA>JB

G6L |=: &:L.>H :A:8IGDC 9DI 9>6<G6B ;DG :68= >DC

G6L I=: &:L.>H :A:8IGDC 9DI 9>6<G6B ;DG :68=>DC

6 #C
7 oY

G6L I=: &:L.>H :A:8IGDC 9DI 9>6<G6B ;DG :68= >DC

6
7 (Y
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G6L I=: &:L>H :A:8IGDC 9DI 9>6<G6B ;DG :68=>DC

6 1]
7 n Y

&:L>H A:8IGDC DI >6<G6BH
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ANSWERS

-=:;>GHI ILD :A:8IGDCH >C 6 K6A:C8: H=sA8GDCH L=>8=6G: E6>G:9
I=: H:8DC9 8DAJBC D; I=: E:G>D9>8 I67A:

&:L>H A:8IGDC DI >6<G6BH
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9.2 Electron Transfer: lonic Bonds

-=:1G:C9 I1=61 6IDBH A>@: ID
=6K: :><=| :A:8IGDCH >C |=:>
K6A:C8: H=:AA

LEARNING OBJECTIVES

J161: 1=: D8Il GJA:
::>C: ionic bond
:BDCHIGS6I: :A:8IGDC IG6CH;:G 7:IL::C 6IDBH ID ;:DGB >DC>8 7DC9H

#C:8I>DC  &:L>H A:8IGDC DI >6<G6BH: H6L =DL >DCH 6G: ;DGB:9 7N ADH>C<
:A:8IGDCH ID B6@: 861>DCH DG 7N <6>C>C< :A:8IGDCH ID ;DGB 6C>DCH -=: 6HI.
B6N =6K: CDI>8:9 HDB:I=>C< '6CN D; I=: >DCH I=61 ;DGB =6K: :><=] :A:8IGDCH >C
I=:>G KBA:C8: H=:AA >I=:G 6IDBH <6>C :CDJ<=:A:8IGDCH ID =6K: :><=| :A:8IGDCl
I=: K6A:C8: H=:AA 6C9 7:8DB: |=: 6EEGDEG>6I:AN 8=6G<:9 6C>DC DG I=:N ADH: I=
:A:8IGDCH >C |1=:>G DG><>C6A K6A:C8ldiveAd: kA CDL I=: K6A:C8: H=:AA =6H
:><=| :A:8IGDCH >C >| HD I=: 6IDB 7:8DB:H EDH>I>K:AN 8=6G<:9 DG L=6I:K:G G:6
=6K>C< :><=| :A:8IGDCH >C 6 K6A:C8: H=:AA >H 6 E6GI>8JA6GAN :C:G<:I>86AAN |
6GG6C<:B:CI D; :A:8IGDCH -=:1G:C9 I=61 6IDBH A>@: ID =6K: :><=1 :A:8IGDCH >C |
K6A:C8: H=:AA >H 86AAbtet:rule 0=:C 6IDBH ;DGB 8DBEDJC9H |=: D8I:| GJA:

>H CDI 6AL6NH H6I>H;>:9 ;DG 6AA 6IDBH 61 6AA I>B:H 7J1 >l >H 6 K:GN <DD9 GJA
:DG JC9:GHIBCI9>C< |=: @>C9H D; 7DC9>C< 6GG6C<:B:CIH I1=61 6|DBH 86C B6@:

#1 >H CDI >BEDHH>7A: ID K>DA®6I: |=: D8I:| GJA: DCH>9:G HD9>JB >C >IH :A:B:ClI(
>| =6H DC: K6A:C8: :A:8IGDC 6C9 >H HI67A: #l >H G61=:G G:68I>K: =DL:K:G 6C9 9
G:FJ>G: 6 ADI D; :C:G<N ID G:BDK: I=6I :A:8IGDC ID B6@:35:q60:could

G:BDK: 6CDI=:G :A:8IGDC 7N 699>C< :K:C BDG: :C:G<N ID I=: >DC ID B6@: I=: (6
>DC "DL:K:G 1=61 G:FJ>G:H BJ8= BDG: :C:G<N I=6C >H CDGB6AAN 6K6>A67A: >C
8=:B>86A G:68|>DCH HD HD9>JB HIDB4®EGE: 6;1:G ADH>C< 6 H>C<A: :A:8IGDC #I
IJGCH DJI =61 I=: (6 >DC =6H 6 8DBEA:I: D8I:1 >C >IH C:L K6A:C8: H=AA |=:

H=:AA L=>8= H6I>H;>:H I=: D8I:I GJA: -=: D8I:I GJA: >H 6 G:HJAI D; IG:C9H >C :C:G
6C9 >H JH:;JA >C :MEA6>C>C< L=N 6IDBH ;DGB I=: >DCH I=6I I=:N 9D

(DL 8DCH>9:G 6C (6 6/DB >C I=: EG:H:C8: D; 6 A6IDB -=: ILD 6IDBH =6K: I=:H:
&:L>H :A:8IGDC 9DI 9>6<G6BH 6C9 :A:81GDC 8DC;><JG6I>DCH



=6El.G =:B>86A DC9H

DG I=: (6 6IDB ID D716>C 6C D8I:I > BJHI ADH: 6C :A:8IGDC ;DG I=: A 6IDB ID <6>
6C D8Il > BJHI <6>C 6C :A:8IGDC C :A:8IGDC IG6CH;:GH ;GDB I=: (6 6IDB ID I=: /
61DB

G:HJAI>C< >C ILD >DCHUI=D& 6C9 I=: ®%DC

DI=HE:8>:H CDL =6K: 8DBEA:I: D8I:IH 6C9 I=: :A:8/1GDC H=:AAH 6G: :C:G<:|>86AAl
HI67A: GDB 76H>8 E=NH>8H L: @CDL I=6| DEEDH>I: 8=6G<:H 61IG68| -=>H >H L:
=6EE:CH ID I=: (6 6C9 A>DCH

L=:G: L: =6K: LG>II:C I=: ;>C6A ;DGBJA6 |=: ;DGBJAG6 ;DG HD9>JB 8=ADG>9: 6H E:
I=: 8DCK:CI>DC ;DG >DC>8 8DBEDJC9H L>I=DJI A>HI>C< |=: 8=6G<:H :MEA>8>|AI
611G68I>DC 7:IL::C DEEDH>I:AN 8=6G<:9 >DCH >H@GAAhEC 6C9 >| >H DC: D;

I=: B6>C INE:H D; 8=:B>86A 7DC9H >C 8=:B>HIGN #DC>8 7DC9H 6G: 86JH:9 7N :A
transferringGDB DC: 61DB ID 6CDI=:G

#C :A:8IGDC IG6CH;:G I=: CJB7:G D; :A:8IGDCH ADHI BJHI :FJ6A |1=: CIB7:G D;
:A:8IGDCH <6>C:9 0: H6L I=>H >C I=: ;DGB6I>DC D; (6 A H>B>A6G EGD8:HH D88
7:1L::C '< 6IDBH 6C9 ) 6IDBH :M8:El >C I=>H 86H: ILD :A:8IGDCH 6G: IG6CH;:.GG:9

-=: 61IG68I>DC 7:IL::C
DEEDH>I:AN 8=6G<:9 >DCH

A:8IGDC -G6CH;:G #DC>8 DC9H
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-=:ILD >DCH :68= =6K: D8I:IH 6H 1=:>G K6A:C8: H=:AA 6C9 |=: ILD DEEDH>I:AN 8=¢
E6GI>8A:H 611G68I B6@>C< 6C >DC>8 7DC9

+:B:B7:G >C |=: ;>C6A ;DGBJAG6 ;DG I=: >DC>8 8DBEDJC9 L: 9D CDI LG>I: I=:
8=6G<:H DC I=: >DCH

0=6167DJI L=:C 6C (6 6IDB >CI:G68IH L>I=6C ) 6IDB -=:) 61DB C::9H ILD
:A:8IGDCH ID 8DBEA:I: >IH K6A:C8: D8I:l 7JI1=: (6 61DB HIEEA>:H DCAN DC: :A:8IC

-=:) 61DB HI>AA 9D:H CDI =6K: 6C D8I:I D; :A:8IGDCH 0=6I L: C::9 >H 6 H:8DC9 (6
6IDB ID 9DC6I: 6 H:8DC9 :A:8IGDC ID I=:) 6IDB

-=:H: I=G:: >DCH 611G68I :68= DI=:G ID <>K: 6C DK:G6AA C:JIG6A 8=6G<:9 >DC>8
8DBEDJC9 L=>8=L:LG>Il: 6H (6-=: C::9 ;DG I=: CIB7:G D; :A:8IGDCH ADHI 7:>C<
:FJ6A ID I=: CIB7:G D; :A:8IGDCH <6>C:9 :MEA6>CH L=N >DC>8 8DBEDJC9H =6K:
G6I>D D; 86I>DCH ID 6C>DCH I=61 I=:N 9D -=>H >H G:FJ>G:9 7N I=: A6L D; 8DCH:C
B6Il:G 6H L:AA

A:8IGDC -G6CH;:G #DC>8 DC9H
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EXAMPLE 3

0>I= 6GGDLH >AAJHIG6I: I=: IG6CH;:G D; :A:8IGDCH ID ;DGB 86A8>JB 8=ADG>"
;GDB 6 6IDBH 6C9 A 6IDBH

,DAJI>DC

6 61DB =6H ILD K6A:C8: :A:8IGDCH L=>A: 6 A 6IDB =6H H:K:C :A:81IGDCH
A 6IDB C::9H DCAN DC: BDG: ID 8DBEA:I: >IH D8I:| L=>A: 6 6IDBH =6K: ILD
:A:8IGDCH ID ADH: -=JH L: C::9ILD A 6IDBH ID 688:El I=: ILD :A:8IGDCH
;GDB DC: 6 6IDB -=:1G6CH;:G EGD8:HH ADD@H 6H ;DAADLH

-=: DEEDH>I:AN 8=6G<:9 >DCH 611G68I :68=DI=:G ID B6@: 6 A
Test Yourself

0>1= 6GGDLH >AAJHIGG6I: I=: IG6CH;:G D; :A:8IGDCH ID ;DGB EDI6HH>JB HJA;>
;GDB % 6IDBH 6C9 , 6IDBH

Answer

-=: HIG:C<I=D; >DC>8 7TDC9>C< 9:E:C9H DC ILD B6?DG 8=6G68l.:G>HI>8H |=: B6<(
D; I=: 8=6G<:H 6C9 |=: H>O: D; I=: >DC -=: <G:6l:G I=: B6<C>1J9: D; I=: 8=6G<: |=:
HIGDC<:G I=: >DC>8 7DC9 -=: HB6AA:G I=: >DC I=: HIGDC<:G I=: >DC>8 7DC9 7:8
HB6AA:G >DC H>0: 6AADLH I=: >DCH ID <:I 8ADH:G ID<:I=:G -=: B:6HJG:9 HIG:C<
>DC>8 7DC9>C< >H 86AAtckeenergy ,DB: A6II>8: :.C.G<>:H 6G: <>K:C6¥8.:

&611>8: C.G<>:HD; ,DB: #DC>8 DBEDJC9H

-=: B:6HJG:9 HIG:C<I=D; >DC»8
7DC9>C<

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



=6El.G =:B>86A DC9H

-67A:  &611>8: C:G<>:H D, ,DB: #DC>8 DBEDJC9H

&>

&> A

6A

(6G

6)

<)

A:8IGDC -G6CH;:G #DC>8 DC9H
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Chemistry Is Everywhere: Salt

-=::A:B:CI HD9>JB E6GI 364 >C |=: 688DBE6CN>C< ;><JG: >H 6 K:GN G:68[>K:
B:I6A <>K:C |=: DEEDGIJC>IN >| L>AA G:68I L>I=|=: HL:61 DC NDJG =6C9H 6C9
;DGB HD9>JB =N9GDM>9: L=>8=>H 6 K:GN 8DGGDH>K: HJ7HI6CS8: -=: :A:B:Cl
8=ADG>C: E6GI 374 >C I=: 688DBE6CN>C< ;><JG: >H 6 E6A: N:AADL 8DGGDH>
=61 H=DJA9 CDI 7: >C=6A:9 9J: ID >IH ED>HDCDJH C61JG: G>C<I=:H: ILD
=606G9DJH HJ7HI6C8:H ID<:I=:G =DL:K:G 6C9 I=:N G:68I ID B6@: I=: >DC>8
8DBEDJC9 HD9>JB 8=ADG>9: E6GI 384 >C |=: 688DBE6CN>C< ;><JG: @CDLC
H>BEAN 6H HGAI

Figure 9.1

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

Source: Photo on the left courtesy
of Greenhorni,
http://commons.wikimedia.org/
wiki/File:Sodium.jpéhoto in

the center courtesy of Benjah-
bmm27,
http://commons.wikimedia.org/
wiki/File:Chlorine-sample.jpg
Photo on the right © Thinkstock.

,6Al >H C:8:HH6GN ;DG A=D@H 6G: DC: D; I=: B6>C >DCH >C |=: =JB6C 7D9N
6C9 6G: C:8:HHBGN ID G:<JA6I: |=: ;AJ>9 76A6C8: >C |="ZDIM 6G:
C:8:HH6GN ;DG EGDE:G C:GK: ;JC8I>DC 6C9 G:HE>G6I>DC DI=D; |=:H: >DCH €

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


http://commons.wikimedia.org/wiki/File:Sodium.jpg
http://commons.wikimedia.org/wiki/File:Sodium.jpg
http://commons.wikimedia.org/wiki/File:Chlorine-sample.jpg
http://commons.wikimedia.org/wiki/File:Chlorine-sample.jpg

=6EIl:G

=:B>86A DCO9H

HJEEA>:9 7N H6AI -=: I6HI: D; H6AI >H DC: D; I=: ;JC96B:CI6A I6HI:H HG6AI >H
EGD767AN I=: BDHI 6C8>:Cl ;A6KDG>C< @CDLC 6C9 DC: D; I=: ;:L GD8@H L: :6l

-=: =:6Al=:;;:8IH D; IDD BJ8= H6AI 6G: HI>AA JC9:G 9:76]: 6AI=DJ<=6

G:EDGI 7N I=: ., :E6GIB:CI D; <G>8JAIJG: 8DC8AJ9:9 I=61 V:M8:HH>K: HD9>JB
>Cl6@:SG6>H:H 7ADD9 EG:HHJG: 6 L:AA 688:El:9 6C9 :MIG6DG9>C6G>AN 8DBI
;68IDG ;DG HIGD@: 8DGDC6GN =:6Gl 9>H:6H: 6C9 @>9CE¢SHBEGHD W
<G>8JAIJG: DBB>II:: ;DG (JIG>I>DC *DA>8N 6C9 *GDBDI>DC V+:EDGI D; I=:
>:16GN 1J>9:A>C:H 9K>HDGN DBB>II:: DC I=: >:I6GN 1J>9:A>C:H ;DG

B:G>86CH W 688:HH:9 $6CJ6GN =IlIE _LLL 8CEE JH96 <DK

IH ! +:EDGI =IB #1 >H 8A:6G |=61 BDHI E:DEA: >C<:HI BDG: H6AI I=6C

I=:>G 7D9>:H C::9 6C9 BDHI CJIG>I>DC>HIH G:8DBB:C9 8JG7>C< H6AI >CI6@:
JG>DJHAN E:DEA: L=D HJ;;:G ;GDB ADL H6Al@87ei@9D HD CDI 7:86JH:

I=:N >C<:HI IDD A>IIA: H6AI 7J1 7:86JH: I=:N 9G>C@ IDD BJ8=L6l:G C9JG6CS8:
6l=A:I:H 6C9 DI=:GH >CKDAK:9 >C :MI:C9:9 HIG:CJDJH :M:G8>H: C::9 ID L618=
I=:>G L61:G >Cl6@: HD I=:>G 7D9NXH H6AI 8DCI:CI >H CDI 9>AJI:9 ID 96C<:GDJI

KEY TAKEAWAYS

Q -=:1:C9:C8N ID ;DGB HE:8>:H I1=61 =6K: :><=| :A:8IGDCH >C |=: K6A:C8:
H=:AA >H 86AA:9 |=: D8I:I GJA:

Q -=: 6lIG68I>DC D; DEEDH>I:AN 8=6G<:9 >DCH 86JH:9 7N :A:8IGDC IG6CH;:G
86AA:9 6C >DC>8 7DC9

Q -=: HIG:C<I=D; >DC>8 7DC9>C< 9:E:C9H DC |=: B6<C>1J9: D; I=: 8=6G<:H
6C9 |=: H>O:H D; |I=: >DCH

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

DBB:CI DC I=: EDHH>7A: ;DGB6I>DC D; I=>#C 0=N >H >IH ;DGB6I>DC
JCA>@:AN

DBB:CI DC I=: EDHH>7A: :DGB6I>DC D; I¥:>DC 0=N >H >IH ;DGB6I>DC
JCA>@:AN

"DL B6CN :A:8IGDCH 9D:H 6 6 6IDB =6K: ID ADH: ID =6K: 6 8DBEA:I: D8I:| >C >
KB6A:C8: H=:AA

"DL B6CN :A:8IGDCH 9D:H 6 *7 61DB =6K: ID ADH: ID =6K: 6 8DBEA:I: D8I:| >C >
KB6A:C8: H=:AA

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

"DL B6CN :A:8IGDCH 9D:H 6C ( 61DB =6K: ID <6>C ID =6K: 6 8DBEA:I: D8I:| >C
>|H K6A:C8: H=:AA

0>I= 6GGDLH >AAJHIG6I: I=: IG6CH;:G D; :A:8IGDCH ID ;DGB EDI6HH>JB 8=Al
;GDB % 61DBH 6C9 A 6IDBH

0>I= 6GGDLH >AAJHIG6I: I=: IG6CH;:G D; :A:8IGDCH ID ;DGB B6<C:H>JB HJA,;
;GDB '< 6IDBH 6C9 , 61DBH

0>1=6GGDLH >AAJHIG6I: I=: IG6CH;:G D; :A:8IGDCH ID ;DGB H86C9>JB ;AJD(
;GDB ,8 6IDBH 6C9 6IDBH

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

0=>8=>DC>8 8DBEDJC9 =6H |=: =><=:G A6lI>8: :C:G<NU%# DG '<) 0=N
0=>8=>DC>8 8DBEDJC9 =6H |=: =><=:G A611>8: :C:G<NU%# DG &> 0=N
0=>8=>DC>8 8DBEDJC9 =6H |=: =><=:G A6II>8: :C:G<NU 6, DG '<) 0=N

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

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

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

ILD
ILD

'<) 7:86JH: |=: >DCH =6K: 6 =><=:G B6<C>1J9: 8=6G<:

'<) 7:86JH: I=: >DCH 6G: HB6AA:G
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9.3 Covalent Bonds

LEARNING OBJECTIVES

::>C: covalent bond
#AAJHIG6I: BDK6A:CI 7DC9 ;:DGB6I>DC L>I= &:L>H :A:81GDC 9DI 9>6<G6BH

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

-=:G: >H 6CDI=:G B:8=6C>HB ;DG D716>C>C< 6 8DBEA:I: K6A:Staarktg: AA
:A:8IGDCH 0=:C :A:8IGDCH 6G: H=6G:9 7:IL::C ILD 6IDBH I=:N B6@: 6 7DC9 86AA
covalent bond

&:1 JH >AAJHIG6I: 6 8DKBA:CI 7DC9 7N JH>C< " 6IDBH L>I=1=: JC9:GHI6C9>C< |=6
6IDBH C::9 DCAN ILD :A:8IGDCH ID ;>a8RJZH=: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:8|IGDCH

0: 86C JH: 8>G8A:H ID H=DL I=6I :68=" 61DB =6H ILD :A:8IGDCH 6GDJC9 I=: CJ8A:J
8DBEA:I:AN ;>AA>C< :68= 6IDBXH K6A:C8: H=:AA

8=:B>86A 7DC9 ;DGB:9 7N
ILD 61DBH H=6G>C< :A:81IGDGH
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8DKG6A:CI 7DC9 8DBEDH:9 D

DC: E6>G D; :A:81GDCH

DK6A:ClI DC9H

:86JH: :68="6IDB =6H 6 ;>AA:9 K6A:C8: H=:AA |=>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>61DB>8 :A:B:CIH DG H>BEA>8>INXH H6@: >I >H CDI JCJHJ6A ID G:EG:H:Cl I=:
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 |=>H 8DK6A:Cl 7DC9 >H 8
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 61DBH 86C 9D I|=: H6B: I=>C< |=6I |=: " 6IDBH 9>9 |=:N H=6G: I=:>G
JCE6>G:9 :A:8IGDCH ID B6@: 6 8DK6A:CI 7DC9

(DI: 1=61:68= 6IDB =6H 6 8DBEA:I: D8I: 6GDJC9 >| CDL

0: 86C 6AHD LG>I: I=>H JH>C< 6 96H= ID G:EG:H:Cl I=: H=6G:9 :A:8IGDC E6>G
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-=:G: 6G: ILD 9>;;:G:Cl INE:H D; :A:8IGDCH >C I=: ;AJDG>C: 9>61DB>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=61 9D CDI E6GI>8>E6I: >C |I=: 7DC9>C< I=lbhéG: 86AA:9
electron pairs 68= 6IDB =6H DC: 7DC9>C< E6>G 6C9 I1=G:: ADC: E6>GH D; :A:8IG

DK6A:CI 7DC9H 86C 7: B69: 7:IL::C 9>;;:G:Cl :A:B:CIH 6H L:AA )C: :M6BEA: >H "
68= 6IDB HI6GIH DJI L>I=6C D99 CJB7:G D; :A:81GDCH >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: I1=61 I=: " 61DB =6H 6 ;JAA K6A:C8: H=:AA L>I=ILD :A:8IGDCH L=>A:I=:
61DB =6H 6 8DBEA:I: D8I:I D; :A:8IGDCH

E6>G D; :A:8IGDCH I=61 B6@:H
6 8DK6A:CI 7DC9

E6>G D; :A:8|IGDCH I=61 9D:H
CDI B6@: 6 8DK6A:CI 7DC9

DK6A:ClI DC9H
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DK6A:ClI DC9H

EXAMPLE 4

H: &L>H :A:81GDC 9DI 9>6<G6BH ID >AAJHIG6I: |=: 8DK6A:Cl 7DC9 ;DGB6I>DC
"G

,DAJI>DC

"G >HK:GN H>B>A6G ID" :M8:El I=61 >| =6H G >CHI:69 D; -=:6IDBH 6G: 6H
;DAADLH

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

Test Yourself

H: &L>H :A:81GDC 9DI 9>6<G6BH ID >AAJHIG6I: |=: 8DK6A:Cl 7DC9 ;DGB6I>DC
A

Answer

'DG: I=6C ILD 6IDBH 86C E6GI>8>E6I: >C 8DK6A:Cl 7DC9>C< 6AI=DJ<=6CN <>K:C
8DK6A:CI 7DC9O L>AA 7: 7:IL::C ILD 61DBH DCAN DCH>9:G " 6C9 ) 61DBH

-=:"6C9) 6IDBH 86C H=6G: 6C :A:8IGDC ID ;DGB 6 8DK6A:Cl 7DC9
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DK6A:ClI DC9H

-=:" 6IDB =6H 6 8DBEA:Il: K6A:C8: H=:AA "DL:K:G I=:) 6IDB =6H DCAN H:K:C
:A:8IGDCH 6GDJC9 >| L=>8=>H CDI 6 8DBEA:I: D8Il 0:;>M |=>H 7N >C8AJ9>C< 6
"6IDB L=DH: H>C<A: :A:8IGDC L>AA B6@: 6 H:8DC9 8DK6A:CIl 7DC9 L>I=|=:) 6IDE

#| 9D:H CDI B6l11:G DC L=6I H>9: |=: H:8DC9 " 6IDB >H EDH>I>DC:9 (DL I=:) 6IDB
=6H 6 8DBEA:I: D8I:l 6GDJC9 >| 6C9 :68="6IDB =6H ILD :A:81IGDCH ;>AA>C< >|H
K6A:C8: H=:AA -=>H >H =DL 6 L61:G BDA:§JAH B69:



=6El.G =:B>86A DC9H

-=:6IDB>C |=:8:CI:GD; 6
BDA:8JA:

C 6IDB I=61 B6@:H 8DK6A:CI
7DCOH ID I=: 8:CIG6A 6IDB H

DK6A:ClI DC9H

EXAMPLE 5

H: 6 &L>H :A:81GDC 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

#1 =6H |=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:81GDC 9DI 9>6<G6B18K"
:DAADLH

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

Answer

-=:G: >H 6 H>BEA: H:I D; HI:EH ;DG 9:1:GB>C>C< I=: &:L>H :A:8IGDC 9DI| 9>6<G6B D
H>BEA: BDA:8JA: >GHI NDJ BJHI >9:CI>;N I=: 8:CIG6A 6IDB 6C9 |I=: HIGGDJC9>C
6IDBH -=:central atom >H I=: 6IDB >C I=: 8:CIl:G D; |=: BDA:8JA: L=>A: |=:
surrounding atoms  6G: I=: 6IDBH B6@>C< 7DC9H ID I=: 8:CIG6A 6IDB -=: 8:CIG6A
61DB >H JHIJ6AAN LG>II:C ;>GHI >C |=: ;DGBJA6 D; |=: SDBEDBIE9CDI67A:
:M8:EI>DC ;I:G I=: 8:CIG6A 6C9 HIGGDJC9>C< 6IDBH =6K: 7::C >9:CI>;>:9 ;DAAD
I=:H: HI:EH

DJCI I=: IDI6A CIB7: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<: D(
HE:8>:H

0G>I: |I=: 8:CIG6A 6IDB 6C9 HIGGDJC9 >| L>I= I=: HIGGDJC9>C< 6IDBF



=6El.G =:B>86A DC9H

DK6A:ClI DC9H

*JI 6 E6>G D; :A:8IGDCH 7:IL::C I=: 8:CIG6A 6IDB 6C9 :68= HIGGDJC9>(
6I1DB

DBEA:I: I=: D8I:IH 6GDJC9 I=: HIGGDJC9>C< 6IDBH :M8:El ;DG "

*JI G:B6>C>C< :A:8IGDCH >; 6CN 6GDJC9 I=: 8:CIG6A 6I1DB

=:8@ 1=6! :K:GN 6IDB =6H 6 ;JAA K6A:C8: H=:AA

&I JH IGN I=:H: HI:EH ID 9:1:GB>C: I=: :A:8IGDC 9DI 9>6<G6B 'D&: 6IDB >H

I=: 8:CIG6A 6IDB 6C9 |I=: 6IDBH 6G: I=: HIGGDJC9>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 :><=| :A:8IGDCH HD L: =6K: Y :A:8IGDCH A:;l

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

Put remaining electrons, if any, around the central atom. -=:G: 6G: CD
699>I>DC6A :A:8IGDCH ID 699 ID I=: 8:CIG6A 6I1DB
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Check.-=: 6IDB =6H :><=] :A:81IGDCH 6GDJC9 >| 6H 9D:H :68= 6IDB 68=6IDB
=6H 6 8DBEA:I: D8I:| -=>H >H 6 <DD9 &:L>H :A:8IGDC 9DI 9>6<C6B ;DG

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

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

0:;>M I=>H 7N G:8D<C>0>C< |=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:81GDC 9DI 9>6<G6B 6H 6 G:HJAI

N 8>G8A>C< |=: :A:8IGDCH 6GDJC9 :68=6IDB L: 86C CDL H:: 1=611=:) 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:81GDC 9DI 9>6<G¢
L:G: ID JH: A>C:H ID G:EG:H:Cl I=: 7DC9H L: LDJA9 JH: ILD A>C:H 7:IL::C I=: 6C9
) 6IDBH



=6El.G =:B>86A DC9H

8DK6A:Cl 7DC9 8DBEDH:9 D
ILD E6>GH D; 7DC9>C< :A:8IG

8DK6A:CI 7DC9 8DBEDH:9 D
I=G:: E6>GH D; 7DC9>C<
:A:8IGDCH

DK6A:ClI DC9H

-=:7DC9 7:IL::C I=: 6C9) 6IDBH >H 6double bond 6C9 G:EG:H:CIH ILD
7DCO9>C< E6>GH D; :A:8IGDCH 7:IL::C I=: 6IDBH #; JH>C< I=: GJA:H ;DG 9G6L>C<
:A:8IGDC 9DI 9>6<G6BH 9DCXI LDG@ 6H LG>1I:C 6 9DJ7A: 7DC9 B6N 7: G:FJ>G:9

EXAMPLE 6

0=61 >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 HIGGDJC9>C< 6IDBH 0: =6K: 6
IDIGA D; KB6A:C8: :A:8IGDCH DAADL>C< |=: 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|=: 61DB =6H DCAN
;DJG :A:8IGDCH 6GDJC9 >| -=: L6N ID HDAK: I=>H 9>A:BB6 >H ID B6@: 6 9DJ7A
7DC9 7:IL::C 86G7DC 6CG&ch) 6IDB

68=) 61DB HI>AA =6H :><=| :A:8IGDCH 6GDJC9 >| 7JI CDL I=: 6IDB 6AHD =6H ¢
8DBEA:I: D8I:1 -=>H >H 6C 688:EI67A: &:L>H :A:81GDC 9DI 9>6<G6B ;DG )

Test Yourself
0=61 >H |=: EGDE:G &:L>H :A:8IGDC 9DI 9>6<G6B ;DG 86G7DCNA HJA;>9: ),

Answer

DHSH 6AHD EDHH>7A: IDrighi&bbnd ~ >C L=>8= I=:G: 6G: I=G:: E6>GH D: :A:8IGDCF
7:1L::C ILD 61DBH 'DD9 :M6BEA:H D; I=>H 6G: :A:B:CI6A C>IGD< &Y
68:INAIC: "
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8:INA:C: >H 6C >CI:G:HI>C< :M6BEA: D; 6 BDA:8JA: L>I=ILD 8:CIG6A 6IDBH L=>8=
7DI= 6IDBH

*DANG6IDB>8 >DCH 6G: 7DC9:9 ID<:1=:G L>I= 8DK6A:CI 7DC9H :86JH: I=:N 6G: >DC
=DL:K:G I=:N E6GI>8>E6l: >C >DC>8 7DC9>C< L>I= DI=:G >DCH ,D 7DI=B67DG IN
7DC9>C< 86C D88JG 6l I=: H6B: [>B:

DK6A:ClI DC9H
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DK6A:ClI DC9H

Food and Drink App: Vitamins and Minerals

/>16B>CH 6G: CJIG>:CIH I=61 DJG 7D9>:H C::9 >C HB6AA 6BDJCIH 7JI 86CCDI
HNCI=:H>0: [=:G:;DG: |1=:N BJHI 7: D716>C:9 ;GDB |I=: 9>:| -=: L\di@din

8DB:H ;GDB VK>I6A 6B>C:W 7:86JH: >| L6H DC8: I=DJ<=I |=61 6AA |=:H:
8DBEDJC9H =69 6C 6B>C: <GDJE ¥C >| -=>H >H CDI 681J6AAN IGJ: 7JII=:

C6B: HIJ8@ 6CNL6N

AA K>I6B>CH 6G: 8DK6A:CIAN 7DC9:9 BDA:8JA:H 'DHI D; I=:B 6G: 8DBBDCAN
C6B:9 L>I=6 A:ll:G 6AI=DJ<= 6AA D; I=:B 6AHD =6K: ;DGB6A 8=:B>86A C6B:H
-=JH K>16B>C >H 6AHD 86AA:9 G:[>CDA K>I6B>C >H 86AA:9 6H8DG7>8 68>9
K>16B>C >H 86AA:9 IDB8DE=:GDA -=:G: >H CD H>C<A: K>I6B>C [=:G:>H 6 <GC
HJ7HI6C8:H 86AA:9Bcomplex vitamits6l 6G: 6AA L61:G HDAJ7A: 6C9

E6GI>8>E6I: >C 8:AA B:I67TDA>HB #; 6 9>:| >H A68@>C< >C 6 K>I6B>C 9>H:6H:H
H8JGKN DG G>8@:IH 9:K:ADE &J8@>AN 6AA K>16B>CH 6G: 6K6>A67A: 6H HJE
6CN 9>:I6GN 9:;>8>:C8N >C 6 K>I6B>C 86C 7: :6H>AN 8DGG:8I:9

B>C:G6A >H 6CN 8=:B>86A :A:B:CI DI=:G |I=6C 86G7DC =N9GD<:C DMN<:C DC
C>IGD<:C I1=61 >H C::9:9 7N I=: 7DIN ">C:G6AH I=6I I=: 7D9N C::9H >C FJ6CI>IN
>C8AJ9: HD9>JB EDI6HH>JB B6<C:H>JB 86A8>JB E=DHE=DGJH HJA;JG 6C9
8=ADG>C: HH:CI>6A B>C:G6AH I=6I |=: 7D9N C::9H >C I>CN FJ6CI>I>:H HD 86A
trace elementsC8AJ9: B6C<6C:H: >GDC 8D76Al C>8@:A 8DEE:G O>C8
BDAN79:CJB H:A:C>JB 6C9 >D9>C: '>C:G6AH 6G: 6AHD D716>C:9 ;GDB |=: 9>l
#CI:G:HI>C<AN BDHI B>C:G6AH 6G: 8DCHJB:9 >C >DC>8 ;DGB G6I=:G I=6C 6H
:A:B:CIH DG ;GDB 8DK6A:Cl BDA:8JA:H &>@: K>I6B>CH BDHI B>C:G6AH 6G:
6K6>A67A: >C E>AA ;:DGB HD 6CN 9::>8>:C8N 86C 7: SDBE:CH6I:9 :DG 7N 16 @>C(
HJEEA:B:CIH
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Every entry down through
pantothenic acid is a vitamin,
and everything from calcium and
below is a mineral.

KEY TAKEAWAYS

Q DK6A:CI 7DC9H 6G: ;DGB:9 L=:C 6IDBH H=6G: :A:81GDCH
Q &:L>H :A:8IGDC 9DI 9>6<G6BH 86C 7: 9G6LC ID >AAJHIG6I: 8DK6A:CI 7DC9

:DGB6I>DC
Q DJ7A: 7DCY9H DG IG>EA: 7DC9H 7:IL::C 6IDBH B6N 7: C:8:HH6GN ID

EGDE:GAN >AAJHIG6I: I=: 7DC9>C< >C HDB: BDA:8JA:H

DK6A:ClI DC9H
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EXERCISES

"DL B6CN :A:8IGDCH L>AA 7: >C |=: K6A:C8: H=:AA D; " 6IDBH L=:C > B6@:H 6
8DK6A:CI 7DC9

"DL B6CN :A:8IGDCH L>AA 7: >C |=: K6A:C8: H=:AA D; CDC " 6IDBH L=:C I=:N
B6@: 8DK6A:CI 7DCOH

0=61 >H I=: &:L.>H :A:8IGDC 9DI 9>6<G6B BDGEBA: I=: :A:8IGDCH 6GDJC9 :68=
6IDB ID K:G>;N [=61 :68= K6A:C8: H=:AA >H ;>AA:9

0=61 >H I=: &L>H :A:8IGDC 9DI 9>6<G6B,D>G8A: |=: :A:8IGDCH 6GDJC9
:68=6IDB ID K:G>;N I=61 :68= K6A:C8: H=:AA >H ;>AA:9

0=61 >H I=: & L>H :A:81GDC 9DI 9>6<G6B D; £&8A: |I=: :A:8IGDCH 6GDJC9
:68=6IDB ID K:G>;N 1=61 :68= K6A:C8: H=:AA >H ;>AA:9

0=6I1 >H I=: & L>H :A:81GDC 9DI 9>6<G6B D;>&8A: |=: :A:8IGDCH 6GDJC9
:68=6IDB ID K:G>;N 1=61 :68= K6A:C8: H=:AA >H ;>AA:9

G6L I=: &:L>H :A:8IGDC 9DI 9>6<G6B ;DG :68= HIJ7HI6CS:

6 ,
7 IIY

G6L I=: &:L>H :A:8IGDC 9DI 9>6<G6B ;DG :68= HI7HI6CS:

6 *#
7Y

G6L I=: &:L>H :A:8IGDC 9DI 9>6<G6B ;DG :68= HI7HI6CS:

6 "
7 A

G6L I=: &:L.>H :A:8IGDC 9DI 9>6<G6B ;DG :68= HJ7HI6CS:

6 H
7 ("

G6L I=: &:L>H :A:8/GDC 9Dl 9>6<G6B ;DG :68= HJ7HI6C8: DJ7A: DG IG>EA:
7DC9H B6N 7: C::9:9

6 ,>)
7 " 6HHJB: ILD 8:CIG6A 6IDBH



=6El.G =:B>86A DC9H

DK6A:ClI DC9H

G6L I=: &L>H :A:8IGDC 9DI 9>6<G6B :DG :68= HI7HIECS: DJ7A: DG IG>EA:
7DCOH B6N 7: C::9:9

6 (Y

7 A 6HHJB: ILD 8:CIG6A 6IDBH

G6L I=: &:L>H :A:81GDC 9DI 9>6<G6B ;DG :68= HJ7HI6C8: DJ7A: DG IG>EA:
7DC9H B6N 7: C::9:9

6 ’
7" ) 6HHJB: I=61 I=: (6C9 6IDBH 6G: I=: 8:CIG6A 6IDBH

G6L I=: &:L>H :A:8IGDC 9DI 9>6<G6B ;DG :68= HJ7HI6CS8: DJ7A: DG IG>EA:
7DC9H B6N 7: C::9:9

6 YA

7 ")) 6HHJB: I=611=: 6IDB 6C9 DC:) 6IDB 6G: I=: 8:CIG6A 6IDBH
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ANSWERS

ILD

DK6A:ClI DC9H
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H
H Ge H
H
&
\C_
7
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9.4 Other Aspects of Covalent Bonds

LEARNING OBJECTIVES

:H8G>7: 6 CDCEDAG6G 7DC9 6C9 6 EDA6G 7DC9

.H: :A:8IGDC:<6I>K>IN ID 9:I1.:GB>C: L=:1=:G 6 7DC9 7:IL::C ILD
:A:B:CIH L>AA 7: CDCEDAG6G 8DK6A:Cl EDA6G 8DK6A:ClI DG >DC>8
:H8G>7: |=: 7DC9 :C:G<N D; 6 8DK6A:CI 7DC9

DCH>9:G I=: " BDA:8JA:

:86JH: |I=: CJ8A:> D; :68="6IDB 8DCI6>C EGDIDCH I=: :A:8IGDCH >C |=: 7DC9 6G:
611G68I1:9 ID |=: CI8A:> DEEDH>I: 8=6G<:H 61IG68I JI 7:86JH: |=: ILD 6IDBH
>CKDAK:9 >C |=: 8DK6A:CI 7DC9 6G: 7DI="6IDBH :68= CJ8A:JH 611G68IH |=: :A:8IC
7N |=: H6B: 6BDJCI -=JH I=: :A:8IGDC E6>G >H :FJI6AAN H=6G:9 7N |=: ILD 6IDBH -
‘FJ6A H=6G>C< D; :A:8IGDCH >C 6 8DK6A:Cl 7DChohpdtkanyalent bond

(DL 8DCH>9:G I=: " BDA:8JA:
H.F.

-=:G: 6G: ILD 9>;;:G:Cl 6|DBH >CKDAK:9 >C |=: 8DK6A:CI 7DC9 -=:"6IDB =6H DC:
EGDIDC >C >IH CJ8A:JH I1=61 >H 611G68I>C< |=: 7TDC9>C< E6>G D; :A:8IGDCH "DL.:k
6IDB =6H C>C: EGDIDCH >C >IH CJ8A:JH L>I=C>C: I>B:H I=: 611G68I>DC D; I=: " 6|
-=: 6IDB 6lIG68IH I=: :A:81GDCH HD BJ8= BDG: HIGDC<AN I=6I I=: :A:8IGDCH G:B6
8ADH:G ID I=: 6IDB I1=6C ID I=:" 6IDB I=: :A:8IGDCH 6G: CD ADC<:G :FJ6AAN
76A6C8:9 7:IL::C I=: ILD CJ8A:> #CHI:69 D; G:EG:H:CI>C< |=:" BDA:8JA: 6H

H—F

-=: :FJ6A H=6G>C< D; :A:8IGDCH

>C 6 8DK6A:CI 7DC9
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-=:JC:FJ6A H=6G>C< D;
:A:81IGDCH >C 6 8DK6A:CI 7D(

FJ6A>I61>K: H86A: ;DG ?J9<>
=DL BJ8=6IDBH D; 6CN
:A:B:CI 611G68I :A:8IGDCH

)I=:G HE:8IH D; DK6A:CI

>| B6N 7: BDG: 6EEGDEG>6I: ID 9G6L I=: 8DK6A:Cl 7DC9 6H
H--F

L>I=1=: :A:8IGDCH >C I=: 7DC9 7:>C< C:6G:G ID I=: 6IDB I=6C |I=: " 6IDB :86JH:
I=::A:8|GDCH >C I=: 7DC9 6G: C:6G:G ID I=: 6IDB |I=>H H>9: D; |I=: BDA:8JA: I6@:H
DC 6 E6GI>6A C:<6I>K: 8=6G<: L=>8=>H G:EG:H:CI:9 7N Y >H I=: ADL:G86H: !G:.
A:ll:G 9:Al6 -=: DI=:G H>9: D; I=: BDA:8JA: |=:"6IDB 69DEIH 6 E6GI>6A EDH>I>K:
8=6G<: L=>8=>H G:EG:H:CI:9 7N

&+ 6-

H—F?2

8DK6A:CI 7DC9 7:IL::C 9>;;:G:CI 6IDBH I=61 611G68I I=: H=6G:9 :A:8IGDCH 7N
9>:::G:CI 6BDJCIH 6C9 86JH: 6C >B76A6C8: D; :A:8IGDC 9>HIG>7JI>Dblar 86AA:9
covalent bond

-:8=C>86AAN 6CN 8DK6A:CI 7DC9 7:IL::C ILD 9>;;:G:ClI :A:B:CIH >H EDA6G "DL:K:(
I=: 9:<G:: D; EDA6G>IN >H >BEDGI6CI 8DK6A:Cl 7DC9 7:IL::C ILD 9>;;:G:ClI
:A:B:CIH B6N 7: HD HA><=IAN >B76A6C8:9 I1=6I |=: 7DC9 >H :HH:CI>6AAN CDCED!/
7DC9 B6N 7: HD EDA6G I=61 6C :A:8IGDC 68lJ6AAN IG6CH;:GH ;GDB DC: 6IDB ID 6t
:DGB>C< 6 1GJ: >DC>8 7DC9 "DL 9D L: ?J9<: |=: 9:<G:: D; EDA6G>IN

,8>:CI>HIH =6K: 9:K>H:9 6 H86A: 88éctrBnegativity 6 H86A: ;DG ?J9<>C< =DL
BJ8= 6IDBH D; 6CN :A:B:Cl 611G68I :A:8IGDCH A:8IGDC:<61>K>IN >H 6 JC>IA:HH
CIB7:G |=:=><=:G |=: CJB7:G I=: BDG: 6C 6IDB 61IG68IH :A:81IGDCH 8DBBDC
H86A: ;DG :A:8IGDC:<6I>K>IN >H H=RIG:>C A:8IGDC:<6I>K>I>:H D; I=:

A:B:CIH

9

C<

DC9H
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Figure 9.2
H
2.1
Li | Be B | C N D F
1.0[1.5 15| 251 3.0 35|40
Na | Mg Al | Si P S| d
09]1.2 15] 1.8 211 35| 3.0

08|1.0(131.5(16|16|15|1.8(191.8| 19|16 |16] 18| 20| 24| 2.8

Rb| Sr| Y | Zr [Nb |Mo| Tc {[Ru |[Rh |Pd | Ag | Cd | In | Sn || Sb || Te |
08(1.0(1.2(14(1.6[1.8]19(22]22|22| 19 || 1.7 |1.7]| 18| 19| 2.1 |25

Cs | Ba Hf | Ta | W |Re|Os | Ir [Pt | Au | Hg | Tl | Pb | Bi || Po || At
0.7]0.9 1.311.5(1.7(1.9(22 2222 24|19 |[1.8] 1919 ] 20| 2.2
Fr | Ra
0.7]0.9

Electronegativities are used to determine the polarity of covalent bonds.

-=: EDA6G>IN D; 6 8DK6A:CI 7DC9 86C 7: ?J9<:9 7N 9:1:GB>0iff€reied; |=:
:A:8IGDC:<61>K>I>:H D; I=: ILD 6IDBH >CKDAK:9 >C I=: 8DK6A:CI 7DC9 6H HIBB6C
>C I=: ;DAADL>C< I67A:

CDCEDAG6G 8DKG6A:CI

T HA><=IAN EDA6G 8DKpBA:CI

T 9:;>C>I:AN EDAG6G 8DK6A:ClI

A>@:AN >DC>8

)I=:G HE:8IH D; DK6A:ClI DC9H
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EXAMPLE 7

0=6I1 >H I=: EDA6G>IN D; :68= 7DC9

-
T

,DAJI>DC

H>C<><JG: A:8IGDC:<6I>K>I>:H D; I=: A:B:CIH: 86C 86A8JA6I: I=:
9>:::G:C8: D; I=: :A:8IGDC:<6I>K>I>:H D; I=: 6IDBH >CKDAK:9 >C |=: 7DC9

DG I=: T"7DC9 I=: 9>;;:G:C8: >C I=: :A:8IGDC:<6I>K>I>H>H Y
-=JH L: EG:9>8lI |=6l |I=>H 7DC9 L>AA 7: HA><=IAN EDA6G 8DK6A:CI

DG I=:)T" 7DC9 |=: 9>;;:G:C8: >C :A:8IGDC:<6I>K>I>H>H Y

HD L: EG:9>8I I=61 |I=>H 7DC9 L>AA 7: 9:;:>C>|:AN EDA6G 8DKG6A:CI

Test Yourself
0=61 >H I=: EDA6G>IN D; :68= 7DC9

+7T
*TA

Answers

A>@:AN >DC>8
EDAGG 8DK6A:CI

-=: EDA6G>IN D; 6 8DK6A:Cl 7DC9 86C =6K: H><C>;>86CI| >C;AJ:C8: DC |=: EGDE.:C
I=: HJ7HIGCS: #; |=: DK:G6AA BDA:8JA: >H EDAGG 1=: HJ7HI6C8: B6N =6K: 6 =><=:(
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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
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