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Ch.7 Covalent Bonding

Covalent bond:

The forces that hold nonmetal atoms to one another. These bonds consist of an
electron pair shared between two atoms.
H:H or H-H
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Fig. 7.2: Energy of two hydrogen atoms as a function of the distance between their
nuclei.
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§ 7-1 Lewis Sructures. The Octet rule

Lewis: nonmetal atoms by sharing electrons to form an electron-pair bond, can acquire

a stable noble-gas structure.
H- + ‘H 3,0 H:H H-H

H- + -F we LE H-E:



valence electrons ffif=" : -F  1s? 25?2p° — outermost electrons; ff{fE i 7.

HE' F atom surrounded by eight valence electrons

1s*2s’°2p® b noblegas b Ne

Lewis structure :

Only the valence electrons are shown.

TABLE 7.1 Lewis Structures of Atoms Commondy Formineg
Covalent Bonds
ru :

Group: 1
Mo. of valence e 1 2 3 4 5 6 7 8

S
86 Ter  tl- sNe

In the Lewis structure, there are two kinds of electron pairs.
1. A pair of electrons shared between two atoms. b covalvent bond.
Shown as a straight line between bonded atoms.
2. Unshared pair of electros owned entirely by one atom. b
Shown as a pair of dots on that atom.

OH™, H,0, NH,, NH; " Lewisstructure

H +
'Ejm . H—IIJ—H}

[5-H g g g H

double bond : atoms share two pairs of electrons.

triple bond : atoms share three pairs of electrons.



C,H, H H C,H, H-C°C-H

Octet rule 7 Bﬁ‘ﬁ%} :

Atoms in covalently bonded species tend to have noble-gas electronic structures.

Writing Lewis Structures

1. Count the number of valence electrons
Anion (J£EE47) @ — FL"% I RERRE
Cation (Ff&5") « — [ L > b~ [T He

2. Draw askeleton structure for the species, joint atoms by single bonds.
= BRI By R central atom, FEE PRI BTEEESE.

71 NH; N
0, S £} central atom.

cc, C

3. Determine the number of valence electrons still available for distribution, =J— %}
T Y 27

4. Determine the number of valence electrons required to fill out an octet for each
atom. (except H )

a) ¥ step3 ¥ stepd VE LM ok FIERE
b) ¥, step 4 VEHETIfE step3 K 2 b FEKEH 1 SR

~ 4 p fA‘ 2 WS or 1 fiig
Multiple bond formation is pretty limited to the four atoms : C, N, O and S.



Ex 7-1: Draw Lewis structures of
a) OCl" hypochloriteion (-~ g\ JEANEE=")
b) C,H, ethane

Ans:

a) Step 1 f%?%’lgl'r: 6+7+1=14
Step 2 [0-clf
Step 3 i’ I:HJJFIL—{ B 14-1° 2=12
Step 4 R TR B 6+6= 12
\ [-d]

Step2

g =
H—(IZ—CF—H

H H
Step 3 T ffl SI[HETH 14-7 © 2 =0

Step 4 LTI B 0+0=0
HH

H—<::—c:3—H
\ H H

Ex 7-2: Draw Lewis structures of
a) S0, b) N,
Ans:
a) Step 1 f%?%’lgﬁr 1 6+2°  6=18
Step2  0-S-0
Step 3 ' J'FEIF"F%’%'%T( 18-2 2=14

Stepd z’iﬂjﬁi“{ﬁﬁi{ 353:4 6+4+6=16



16—-14=2 \(‘Jﬁ—‘é—fff%%
\ G=5-0

b) Step 1 f%?%’lglfr 2 5=10
Step2 N- N
Step3 F' iRy 10- 1 2 =8

Step 4 iyl Bﬁ’ﬁgﬁ?ﬁﬁlgﬁ 2 6=12
12-8=4 \ PJFA'[— Hfae i

\ :N°N:

Resonance Forms =4

$ H
|
AN L, Cy
H-C ﬁ‘H H-C C-H
| 11 |
H—C\C/C-H H—C\c/C H



H PR I [
2. HP=ZURLp M 2 [l or 2 f[6']"] - Lewis structure that are about equally plausible.

3. HIRFRLF W TR PEZERCERIIT R (Fl53 #457).

Ex 7.3 Write two resonance structures for the NO, ion.
Step 1 fﬁ%ig'f 542 6+1=18

Step 2 [o/ N\@J_

Step 3 ' fH 55l I/ g 18-2 ° 2=14

Step4ﬂﬂjﬁi/«[gﬂar93=v g 446 2=16 \ [ o e

[@f \='£?='J [t Yof

§ Formal Charge #= “?&'ﬁ" B EIF]HE Lewisstructure T —%FTE—EF,

Methyl alcohol CH,O

Lewis structure :

H
' F m-o--m fRL B-C-0-H ({1~ FE e
& H H

fi* #[]7] formal charge Z{J<:fp ¥ 1.

Formal charge (C, ): the difference between the number of valence electronsin the free
atom (x) and the number assigned to that atom in Lewis structure
(Y + Z/2).

Cf =X_(Y+ 2/2)



X: the number of valence electrons in the free atom, J[[F 7+ 7 A KV hEy.

Y: the number of unshaired electrons owned by the atom in the Lewis structure.
Z: the number of bonding (shared) electrons owned by the atom in the Lewis structure.

H .
H-G-§-H B-G-0-
H HH
ForC: X=4,Y=0,2=8 ForC: X=4Y=272=6
C, =4-(0+ 8))=0 C, =4—(2+ 8))=-1
ForO: X=6,Y=4,272=4 ForO: X=6Y=27=6
C, =6-(4+ 4)=0 C, =6-(2+ 6))=+1
Y HIE S H I

1. formal charge C, areascloseto zero aspossble.

2. the negative formal charge is located on the most strongly electronegativity (EN)
atom. See P 156 Table 6-5.

= €+ 2.5
0:35 b #C, E IRl O [iZEC,
\ T FL D Lewis structure
H-C-G-H
H

§ Exceptionstothe Octet rule :
1. Electron-deficient molecules: f[IEL~" 1 9 [ﬁ'%‘rg'g\’f <8

1). Odd electron species (sometimes called free radicals), it is impossible to write Lewis
structures.

NO no of valence electrons=5+6=11

NO, no of valence electrons=5+2 =~ 6=17

NO :
N:c, =5-(3+ 45)=0
O:cC, =6-(4+ %)=0 b ok



N: C, =5-(1+ 9)) =+1 N:EN=30

N, —. N

- e Tl \
SO ¢ 0F ¢ O0: C, =6-(6+ 2/) =-1 O:EN=35

»
117 i O C; =6-(4+ }))=0

GRETEASHC L (- P ok

2). Central atom violates the octet rule in the sense that it is surrounded by two or three
electron pairs rather than four. ( central atomisinlIA and II1A group. )

BeF, ./ Lewisstructure : Be: EN=1.6; F: EN=4.0
Structure 1 Structure 2
‘F=Be=F: Be: C,=2-(0+8))=-2 ‘E-Be-E Be: C,=2-(0+4))=0

F:C=7-(4+9))=+1 F:C=7-(6+2,)=0 ok

BF, . Lewisstructure: B:EN=2.0

B & Big=3-(0thy=-1 B ¥ Bic=3-@+%)=0
) E
il :
i F: C,=7-(6+24)=0 E F:C=7-(6+ %)=0 ok

F: C=7-(4+%)=+]

H,BO, boric acid 1%

g 1T B: C=3(0+6/2)=0
:.::I:': O: sz 6- (4 + 4/2) =0
s H: C=1-(0+2/2=0 ok



2. Expanded Octets [ IEL=" 1 9 [i’éﬂ?&fg'ﬁ’r > 8

PCl, : phosphrous pentachloride S, @ sulfur hexafluoride
g
LS .
:[:.1&| H[;i.l: FHS'F-‘F
P R
:Cl’f \Cl: " :;E-: .

FHUR R [ 4 S5 =" T Octet rule

PRI ¥ : terminal atom 8% Fo Clo Bro | 1) bR O.

-~

Central atom : 37— ~ P4 ~ = J5H 1/ nonmetal

Group 15 Group 16 Group 17 Group 18
3rd period P S Cl
4th period As Se Br Kr
5th period Sb Te I Xe

4th, 5th period, 6th period elements have d orbitals available for bonding. (3d, 4d
and 5d). These are the orbitals in which the extra pairs of electrons are located in those
speciesas PCl,and S-,.
Because there is no 2d sublevel, C, N, and O never form expanded octets.

Distribute the extra electrons (two or four) around the central atom as unshared
pairs.

LERFE S i central atom ﬂg’ﬁl’[’]’é‘( unshaired electrons. b Ex 7-4.

Ex 7-4: Draw the Lewis structure of XeF,

Ans: Lewis structure L Xe  JF

Step 1 @%’JQJ’(: 8+4  7=36

Step 2 L
:E—:}I{:E—E:
E

10



Step 3 p |ﬂjjfl I/ SHr: 36-8=28

Step 4 Yﬂfﬂ]ﬂ‘ﬂﬁﬂarq”g:[/ﬁ :0+4° 6=24

\ 28-24=4 %@ff:%—»;*, PP S 42,
Dl EN *T_}*J* E IR

E-3E-F:

1



