
Covalent Compounds:

Bonding Theories and
Molecular Structure

ICI4-, 6 charge clouds, octahedral charge cloud arrangement, 4 bonding pairs, 2 lone pairs^
square planar molecular geometi-y

1

(a) 4 charge clouds, tetrahedral charge cloud arrangement, tetrahedral molecular
geometty
(b) 5 charge clouds, trigonal bipyramidal chai'ge cloud arrangement, seesaw molecular
geometty.

.2

0..3 Tetrahedral

(109.5. bond angles)١
H Trigonal planar

(ص 120ال bond angles)
0

H —c —c—0—H
H .c

0'.’C HH H ض
The bond angle around every carbon is 120. (trigonal planar).
Benzene is a planar hexagon.

.4 H
ا

И\г/\г/Яc c
ا c؛ا c

น/ \ا ١ Η
ا

H

CHjCh; The c is sp5 hybridized. The с-н bonds are formed by tire overlap of one singly
occupied sp5 orbital on c with a singly occupied  H Is orbital. The С-С1 bonds are formed
by the overlap of one singly occupied sp3 orbital on c with a siirgly occupied Cl 2p
orbital.

5

Each c is sp3 hybridized. The C-C bonds are formed by the
overlap of otre singly occupied sp3 hybrid orbital from each c. The
C-H bonds are formed by the overlap of one singly oc-cupied sp
orbital on c with a singly occupied H Is orbital.

3

8.6 HHH

H— H

HHH

Trigonal planar [sp2]

/
H

.bond: C(sp2)-H(ls) 0:

١ σ bond: C(sp2)0(sp2)
π bond: C(2pbO(2p)

H
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Tetrahedral ؛sp3]بH H
H H

^^Tetrahedral [sp3]Tetrahedral [sp3] ىب
١١H H

\ /
Trigonal planar [sp2]c.Trigonal planar ؛sp2] /Ĩ

H H

σ bond: C(sp١)-C(sp3)H H
H Hc

σ bond: C(sp3)-H(ls)

— σ bond: C(sp2)C(sp3)

.bond: C(sp2')-H(ls)

Tl

H

c 'CمثH
\  /

H

σ bond; C(sp2)C(sp2)
π bond; c(2p^(2p)

0(sp2)C(sp).9 Both .1 and ٥2
π, 0(2p,)-C(2p,)
Я2 0(2py)-C(2p٢)

π bond

In HCN the carbon is sp hybridized.

π bond

11 Only (c) ВгРз has dipole moment.

4·· · |
F

4· · . |
net

8.12 (a)CF (b)CH2F2 (c) СНРз (d) CH3F

13 (a) is the Incorrect depiction of hydrogen bonding. A hydrogen bonded to carbon cannot
hydrogen bond.
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. 14 Hydrogen bonds are shown as dashed lines.

H١
N —H CHN 3

оكش
A

Иا
0----Η NN

٩1-„...٠Ồب خئ)
N

N Η----0ا
H

Because of the three Irydrogen bonds, DNA regions that are high in G-C pairs would
have the higher melting point.

dispersion
CCI4 dispersion
CHjF dipole-dipole, dispersion

hydrogen bonding, dipole-dipole, dispersion
(a) is false; (b), (c) & (d) are true

Cl,

HF

.16 HjS dipole-dipole, dispersion
hydrogen bonding, dipole-dipole, dispersion
dispersion
dispersion

СН3ОН
CiĘ
Ar

Ar <C2H6<H2S<CH3OH

.17 РогНез' * îσ 1
Îİσ Is

( H )

number of
boirding elechons

number of
antibonding electrons 2-1

Hcj؛ Bond order =

HC2٠ should be stable with a bond order of 1/2.

2
1/2

2
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.18 The bond order in He^؛ is 1, which is greater than the bond order of 1/2 in НСг'؛ therefore
is predicted to have a stronger bond and be a more stable species '2د6لا

8.19 ForB 2
σ 2ρ
π 2ρ
σ2ρ
π٠ :ρ

Î İσ' 2ร

Τ Ισ2ร

)-(( )

number of

bonding electrons

number of

antibonding electrons 4-2
Β2 Bond order =

ร2 is paramagnetic because it has two unpaired electrons in the molecular orbitals.

8.20 The bond orders are: 0 ~2ا= 1  , o," = 1.5, Ο2  = 2, Ο2' = 2.5,  3 =إذه' .
The order from weakest to strongest bond is: إذه-  < ๐2. <  2ه < ๐2' < إذه.'.
The order from shortest to longest bond is: Ο22+  < Ο2.' < ๐2 < ๐2" < Ο22-.

1
2 2

8.21 ١H H
\\
C—0:صC=Oî:كا ะ٥

8.22 H H

.cH
/H

H Hص'
-

ệ,cمنH H H c H

H H

8.23 (a) C٥"109٥; Сь~109٥; C٥~120
(b) C^sp2);Cb(sp2)؛C٠(sp2)
(c) σ bond: C(sp2)-C(sp2)؛ π bond: C(2p)-C(2p)

8.24 ٥nly interactions (1) and (2) are hydrogeir bonds. For interaction (3), a H boirded to a C
cannot hydrogen bond. For interaction (4), a H cannot hydrogen bond with another H.
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8.25 ة:
СНзاCH

N/،N \
H

/cمت 's N:0 N

CH٩
(a) 8 lone pairs, 4 pl bonds (b) dispersion aid dipole-dipole
(c) solid, large molecules with dipole-dipole and dispersion forces are usually solid.

The cai-bons in Ring 1 are all sp2 liybridized and has a π molecular orbital that delocalizes
electron density. The atoms in Ring 2 are all sp3 hybridized with no delocalization.

.26

Conceptual Problems

8.27 (a) square pyramidal
(c) square planar

(b) trigonal pyramidal
(d) trigonal planar

8.28 (a) trigonal bipyramidal (b) tetrahedral
(c) square pyramidal (4 ligands in the horizontal plane, including one hidden)

8.29 Molecular model (c) does not have a tetrahedral central atom. It is square planar.

2 3
8.30 (a) sp (b) sp (c) sp

The expected hybridizations of c and N in urea are sp2 and sp3, respectively. The
expected bond angles are (!) N-C-0 and N-C-N, ~120٥, and (11) C-N-H and Η-Ν-Η,

109". Based on the molecular model, the C and N are both sp2 hybridized and all bond
angles are ~120٠.

8.31

8.32 (a) CgHşNOz
(b), (c), and (d)

2
alic's in ring, sp , trigonal planar

N٠/ /Cv< sp5, tetrahedral
Nỵt /.م\

sp2, trigonal planar

Hاا
G؛

H H
\ /c

<ل0ر

\\
/H

/ \
H H
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8.33 (a) С١зН)0^О4
(b), (c), and (d)

H All carbons that have only single bonds are
sp3 hybridized and have tetrahedral
geometries. All carbons that have double
bonds are Sp2 hybridized and have trigonal
planar geometries.

JÖ H  Hا

؛ة تم: لآ١ 

Ζ/Η
C. ا \

C
١

Η\C^ ٩cا =Oî
C

r/

8.34 The electronegative О atoms are electron rich (red), while the rest of the molecule is
electron poor (blue).

8.35 net I 1

٠خر
CH
بب
—О \

,//H H

The N atom is electroir rich (red) because of its high electronegativity. The c and H
atoms are electron poor (blue) because they are less electronegative.

8.36

8.37 (a) (!) is tram 1,2 dichloroethylene and (11) is cis 1,2 dichloroethylene
(b) cis 1,2 dichloroethylene has a dipole moment of 2.39 D and tram 1,2
dichloroethylene has a dipole moment of 0.00 D.
(c) The polar molecule, cis 1,2 dichloroethylene, has the higlrer boiling point.

Section Problems
The VSEPR Model (Section 8.1)

8.38 From data in Table 8.1 :
(a) trigonal planar (b) trigonal bipyramidal (d) octahedral(c) linear

8.39 From data in Table 8.1: (a) T shaped (b) bent (c) square planar

.40 From data in Table 8.1 :
(a) tetrahedral, 4
(d) linear, 2 or 5

(b) octahedral, 6
(e) square pyramidal, 6

(c) bent, 3 or 4
(f) trigonal pyramidal, 4

8.41 From data in Table 8.1 :
(a) seesaw, 5
(d) T shaped, 5

(c) trigonal bipyramidal, 5
(f) linear, 2 or 5

(b) square planar, 6
(e) trigonal planar, 3
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8.42 Number of
Bonded Atoms

Number of
Lone Pairs Shane

(a) ąse
(b) TiCl
(c) 0
(d) GaH.

3

'3

2 2 bent
4 tetrahedral

bent
trigonal planar

2 1
3

Number of
Bonded Atoms

8.43 Number of
Lone Pairs Shane

tetrahedral
tetrahedral
tetrahedral

(a) XeO،
(b) SO2C1
(c) OsO
(d) SeO:

4

2

4
2

4
2 bent1

.44 Number of
Bonded Atoms

Number of
Lone Pairs Shane

trigonal bipyramidal
see saw
trigonal pyramidal
tetrahedral

(a) SbF
(b) if;
(c) 8еОз2-
(d) CrO.^-

5 5
4 1
3 1
4

8.45 Number of
Bonded Atoms

Number of
Lone Pairs Shane

trigonal planar
linear
bent

-a) ΝΟ3)
'b) NO2)

(c) NO-؛

3
2
2 1

8.46 Number of
Bon.ded Atoms

Number of
Lone Pairs Shane

tetrahedral
tetrahedral
tetrahedral
trigonal pyramidal
tetrahedral
linear

(a) ?0ą3-
(b) МПО4-
(c) so;-
(d) SO32-
(e) CIO4-
(f) SCN-

(C is the central atom)

4
4
4
3 1
4
2 0

8.47 Number of
Bonded Atoms

Number of
Lone Pairs Shane

Tshaped
trigonal pyramidal

(a) ХеРз'
(b) SF3'
(c) CIF؛'
(d) СН3'

3 2
3 1
2 bent2
3 0 trigonal planar
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(a) In SF2 the sulfijr is bound to two fluorines and contains two lone pairs of electrons.

SF2 is bent and the F-S-F bond angle is approximately 1٥9٥.
(b) In Ν2Η2 each nitrogen is bound to the other nitrogen and one hydrogen. Each
nitrogen has one lone pair of electrons. The FI-N-N bond angle is approximately 120°.
(c) In KrF، the krypton is bound to four fluorines and contains two lone pairs of
electrons. KrF، is square planar, and tire F-Kr-F bond angle is 90°.
(d) In NOCI the nitrogen is bound to one oxygen and one chlorine and contains one lone
pair of electrons. NOCI is bent, and the Cl-N-0 bond angle Is approximately 120..

(a) In PClg- the phosphorus is bound to six chlorines. There are no lone pairs of
electrons on the phosphoms. PClg- is octahedral, and the С1-Р-С1 bond angle is 90٥.
(b) In ICİ2_ the iodine is bound to two chlorines and coirtains three lone pairs of
electrons. ICİ2_ is linear, and the d-I-Cl bond angle is 180..
(c) In SO42' the sulflrr is bound to four oxygens. There are no lone pairs of electrons on
the sulfur. SO42- is tetrahedral, and the ٥-S-0 bond angle is 109.5°.
(d) In ВО3З. the boron is bound to three oxygens. There are no lone pairs of electrons on
the boron. ВО3З- is trigonal planar, and the 0-Β-0 bond angle is 120°.

8.48

8.49

180H-Ca-H
H-C„-Cb

120' C.-N
C،-Hb

8.50 H 'bH ا c٥ 120120
/-a S-CfN 120c. 120. H-Cb-C.c bH

8.51 109.

Hال H

1๐

HG

109๐

8.52 îFî
I

F F:
C

Ë■ F;il .1.1

S:
íF' F؛

:F

The bond angles are 109.5' around carbon and 90° aroimd s.

8.53 Hا اF؛
H—C—О—C—F:ا ا

H F

The geometry is tetrahedral around both carbons and bent around the oxygen.
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All six carbons in cyclohexane are bonded to two other carbons and two hydrogens (i.e.,
four charge clouds). The geometry about each carbon is tetrahedral with a C-C-C bond

angle of approximately 109°. Because the geometry about each carbon is tetrahedral, the
cyclohexane ring cannot be flat.

8.54

All six carbon atoms are Sp2 hybridized and the bond angles are ~120٥. The geometry
about each carbon is trigonal planar'.

8.55

8.56 Number of
Bonded Atoms

Number of
Tone.Pairs Shane

trigorral planar (120.)
trigonal pyramidal (~107٥)

(a) ВТ 3 0
РГ 3 13

РРз has the smaller F-X-F angles,
(b) PCI،' 4 tetrahedral (109.5.)

11пеаг(180٥)ICİ2_ 2 3
PCI،' has the smaller С1-Х-С1 angles,
(c) CCI3-

PC1٥-
PC1ố_ has tire smaller С1-Х-С1 angles.

3
6

trigonal pyramidal (-107.)
octahedral (90.)

1

8.57 (a) Ĩ
.F؛ 'أ s.

The left s has 5 electron clouds (4 boirding, 1 lone
seesaw. The right s has 4 electron clouds (2 bonding, 2 lone pairs). The geometry about
this s is bent.

pair). The geometry about this Sis

(b) Hا مث
ا \

ะ0ะH

The left C Iras 4 electron clouds (4 bonding, 0 lone pairs). The geometry about this C is
tetrahedral. The right C has 3 electron clouds (3 bonding, 0 lone pairs). The geometry
about this C is trigonal planar. The central two C’s have 2 electron clouds (2 bonding, 0
lone pairs). The geometty about these two C’s is linear.

Valence Bond Theory and Hybridization (Sections 8.2-8.4)

8.58 In a π bond, the shared eleC'trons occupy a region above and below a line connecting the two
nuclei. A σ bond has its shared electrons located along the axis between the two nuclei.

8.59 Using the data here, tire difference in energy between a carbon-carbon double bond and a
carbon-carbon single bond is (728 kJZmol - 350 kj/mol) = 378 kJ/mol. This represents
the energy of a π bond, which ftom this data would indicate tlrat a π bond is stronger than
a σ boird. However, numerous other sources list the average carbon-carbon double bond
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energy as -615 kJ/mol, this would lead to a π bond energy of (615 kJ/mol - 350 kJZmol)
= 265 kJ/mol. This data would indicate that a σ bond is stronger than a π bond.

2 3.60 See Table 8.2. (b) sp(a) sp (c) sp

.61 See Table 8.2. (b) trigonal planar (c) linear(a) tetrahedral

2 2 3
(d) sp28.62 (a) sp (b) sp (c) sp

3
(c) sp2

3
8.63 (a) sp' (b) sp^ (d) sp

8.64 OOHO
11 11 I  II

Η-0—c—Cĩ-C^C٢0-Hb ca I Carbons a, b, and d are sp2 hybridized and carbon c
is sp3 hybridized.H

The bond angles around carbons a, b, and d are -120°. The bond angles around carbon c
are -109°. The terjninal H-O-C bond angles are ~109٥.

.65 (a) H H 0ذ

Η-ฬ่-¿—C—Ö-Η
1
H

(b) H-C-H, -109.; 0-C-٥, -120.؛
(c) N, sp3; leftC, Sp3؛ right C, sp2

H-N-H,~107

8.66

In CljCO the carbon is Sp2 hybridized.

8.67 H 3
sp

/
H c

จ€
c —H

HSp
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.68

Ị/>HH
١١H

H
\/ c H

H 0.'
H

:c! c N١١ Hc.
H c

/\\н
HЧH 1؛ H

H

(a) There are 34 σ bonds and 4 π bonds,
(b) and (c) Each C with four single bonds is sp5 hybridized with bond angles of 109.5..
Each C with a double bond is sp2 hybridized with bond angles of 120..
(d) The nitrogen is sp3 liybridized.

8.69 H H

/\F H\ا/ c١ ١H c c
It Hc

sp3:ci c๙
'C

2
ŞP
/

H N 0

'sp-
H H

(a) There are 32 σ bonds and 6 π bonds,
(b) Each C with four single bonds is sp3 hybridized. Each C with a double bond is sp2
hybridized. Each C with a triple bond Is sp hybridized,
(c) and (d) see figure

8.70 Both the B and N are sp2 hybridized. All bond angles are ~120٥. The overall geometry of
the molecule Is planar.

The triply bonded carbon atoms are sp hybridized. The tlieoretlcal bond angle for
C CsC Is 180.. Benzyne Is so reactive because the C-C^C bond angle Is closer to 120
and Is very strained.

.71
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H 72.ذ0 
ا اا

Η\
ựi)/C\’ỏ/R

c
ا اا

21 .bonds
5 π bonds

Each С with a double bond is sp2 hybridized.
The -CHj carbon is sp3 hybridized.

c
Н/ \ر \ธะاا

,CH
\ท3

H—Cen—Xe—Ё:] +

0؛

.73
Both the carbon and nitrogen are sp hybridized.

.74 (a) H
H

c c N

 tال
sp

H
٠

(b) There are 6 σ bonds and 3 π bonds,
(c) see figure
(d) The shortest bond is the C-N triple bond.

sp

Every carbon is sp2 hybridized. There are 18 σ bonds and 5 π bonds..75

8.76 H
H0١؛Hs اا Ι/ท
C^ Each C with four single bonds is Sp5 hybridized.

Each C with a double bond is sp2 hybridized.

น/ N Hc
II .H-cا

c.
I
c

Η/χ١ΗH

8.77 HH :Of

١;؟ر٦غا؛<;أ١0ا
:١Öİ^Ö h/ة

Each С with four single bonds is sp3 hybridized.
Each c with a double bond is sp2 hybridized.

Dipole Moments (Section 8.5)

(b)8.78 (a) F
/V

Xe net d^ole moment = 0net NرF
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/ท(c) (d) F

i
net d^ole moment = 0C---HCH3 net

/y\\H
F

8.79

7F ln )٥(«م  ١νN,et
net3

4-İ
(C) (d)F—XoF

لعل?لآأح  net dipole moment = 0net dipole moment = 0

٩8.80 / ٠s٠ \4ص 1 0C0netO O net d^ole moment = 0
SOj is bent and the individual bond dipole moments add to give the molecule a net dipole
moment.
с٥2 is linear and the individual bond dipole moments point in opposite directions to
cancel each other out. CO2 has no net dipole moment.

8.81 t c

CĄ^
In both PCI3 and PCI5 the Р-С1 bond is polar covalent. PCI3 is trigonal pyramidal and the
bond dipoles add to give the molecule a net dipole moment. PClj is trigonal bipyramidal
and the bond dipoles cancel. PCI؛ has no dipole moment.

net7ثم net dipole moment = 0c

8.82 (a) -٠،٠ -٠ ■2 2Br Brاا
Cl Pt_Cl Cl—Pt—Brا I

Br Cl

SiF، is tetrahedral and nonpolar. SF4 has one lone pair of electrons, adopts a see saw
geometry, and is polar.

8.83

8.84 If a molecule has polar covalent bonds, the molecular shape (aird location of lone pairs of
electrons) determines whether the bond dipoles cancel and thus whether the molecule has
a dipole moment.

.85 Because chlorine is larger than fluorine, the charge separation is larger in CH3CI
compared to CH3F, resulting in CH3CI having a slightly larger dipole moment.
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Intermolecular Forces (Section 8.6)

8.86 Dipole-dipole forces arise between molecules that have permanent dipole moments,
london dispersion forces arise between molecules as a result of induced temporaty dipoles.

8.87 (a) CgHig has the larger dispersion forces because of its longer hydrocarbon chain,
(b) HI has the larger dispersion forces because of the larger, more polarizable iodine,
(c) HjSe has the larger dispersion forces because of the more polarizable and less
electronegative Se.

(a) CHClg has a permanent dipole moment. Dipole-dipole intermolecular forces are
important. London dispersion forces are also present,
(b) ๐2 has no dipole moment. London dispersion intermolecular forces are important,
(c) Polyethylene, с„н
(d) СН3ОН has a permanent dipole moment. Dipole-dipole intermolecular forces and
hydrogen bonding are important. London dispersion forces are also present.

London dispersion intermolecular forces are important.2η+2.

(a) Xe has no dipole-dipole forces
(b) HF has the largest hydrogen bond forces
(c) Xe has the largest dispersion fol'ces

8.89

.90 For СН3ОН and СИ, dispersion forces are small. СН3ОН can hydrogen bond; CH
cannot. This accounts for the large difference in boiling points.
For l-decanol and decane, dispersion forces are comparable and relatively large along the
C-H chain, l-decanol can hydi'ogen bond; decane cannot. This accounts for the 57 ٥c
higher boiling point for l-decanol.

4

8.91 ΑΙ2Ο3, ionic (greater lattice energy than NaCl because of higher ion charges);
F2, dispersion; Η2Ο, H-bonding, dipole-dipole; Вгг, dispersion (larger and more
polarizable than F2), ICI, dipole-dipole, NaCl, ionic
rank according to normal boiling points: F2 < Вгг  < ICI < HjO < NaCl < Aİ2٥3

8.92 HH
:N—Η-:-:Ν-Η١ HH

hydrogen bond

8.93 H

hydrogen bond؛
CH2

■kJCH.٠2

2لآ

Illustrations (ii) and (iii) depict the hydrogen bonding that occurs between methylamine
and water.

8.94
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8.95 (a) No.

(b) Illustration (11) depicts the hydrogen bonding that occurs between dimethyl ether and
water.

Molecular Orbital Theory (Sections 8.7- 8.9)

8.96 Electrons in a bonding molecular orbital spend most of their time in the region between

the two nuclei, helping to bond the atoms together. Electrons in an antibonding

molecular orbital cannot occupy the central region between the nuclei and cannot

contribute to bonding.

8.97 The additive combination of two 2s orbitals is lower in energy than the two isolated 2s

orbitals and is called a bonding molecular orbital. The subtractive combination of two 2s

orbitals is higher in energy than the two isolated 2s orbitals and is called an antibonding
molecular orbital.

8.98 σ 2ρ
1π’ 2ρ

1 1 11π.¿ Ĩ
11 11 1σ.ρ

؛)؛ 11 1 1 11σ
11 11 11٠2ร
ο:2 0, 0,-

( ) -( )

number of

bonding electrons

number of

antibonding electronsBond order =
2

3 8-4bond order = 2.5 0, bond order = 2'2
2 2

5
٥,- bond order 1.5

2
All are stable with bond orders between 1.5 and 2.5. All have unpaired electrons.

8.99 *σ 2ρ
1π 2ρ ًا 11 11σ2ρ

11 11 11 11 11 11π-,¿ P* 11 11 11σ 2ร

11 11 11σ٠

N N Ν,2 2

( ) - ( )

number of
bonding electrons

number of
antibonding electronsBond order ت

2
า-2, 2

N2. bond order 25 N٦ bond order =2 3
2 2
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3N٦- bond order =2 2.5
2

All are stable with bond orders of either 3 or 2.5. N2. and Nj- contain unpaired electrons.

8.100 σ* 2ρ*
·гр

1σ2ρ
1اً 11 11 11π.ئ?* 11 11σ 2ร

1 1 11٠2ร
c2

) -( )(

number of

antibonding electrons

number of

bonding electronsBond order =
2

6-2
(a) C2 bond order

(b) Add one electi'on because it will go into a bonding molecular orbital,

(c) C^ bond order

2
2

2
2.5

2

8.101 σ* 2ρ
1  1

11 11
1π' 2ρ

11 11π2ρ
11 11σ2ρ* 11 11σ ؟2

؟1111.2

ο:202

)(
number of

antibonding electrons
number of

bonding electronsBond order =
2

8-4
(a) ٥2 bond 01'der =

(b) Remove one electron because it will come out of an anti bonding molecular orbital,

(c) 0تب bond order' =

2
2

3 2, ,5
2
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8.102
* 1 * σب σ' σ σ2ρ σ2ρ 2ρ 2ρ 2ρ

π* II Π π*,
Îİ ΪΙπ٠

^

'2ρ

*τ1 π -ال
11 11 π2ρ

π *π2ρ 2ρ 2ρΡ 2ρ
11 σ٠2 σ2 σ2ρ ρ ρ

11 11 π 1  1 π2 11 11 1σ.2 σ2 π?ζ2ρ ρ ρρ ρ11ب σ*11 *11 11 σ:σ 11σ σ2ร 2ร 2ร 2ร 2ร
11 11 11 11٠2ร 11σ ٠2ร σ ٠2ร2ร 2ร

(a) ๐22-
diamagnetic

؛2
(b) C _р2 (ء)

paramagnetic
(d) Cl
diamagnetic

2 'LÌ2 (ح)
paramagnetic

2

paramagnetic

8.103
σ* *σ σ σ2ρ σ2ρ 2ρ 2ρ؛ρ* *

11 11 π٩
π‘ 2

2

π *π 11 1 π
11 11 π
σ آل

'2

2

π؟,ζ2ρ 2ρ ρ 2ρρ
11 11 σ σ22ρ ρρ ρρ

11 11  πلآ- '2 11 1σ٠2 11π.̂ σ2ρ ρ ρ ρΡ
=t=11 *11 *1 1 11σ σ 11σ σ' σ2؛ ؛2 2ร 2ร

11 11 11 11٠2ร 11σ٠2 ٠2ร ٠2ร ٠2รร

(a)0: (b)N

diamagnetic

2
'๐2 (ء).2

paramagnetic

(d)F: (e) Cİ2٠
paramagneticdiamagnetic paramagnetic

8.104 Li σ'2 2s
11٠2s
11σ'
11σ Is

)-( )

number of
bonding electrons

number of
antibonding electrons 4-2Lİ2 Bond order = 1

2 2

The bond order for Lİ2 is 1, and the molecule is likely to be stable.

8.105 C22- σ2؛zp
π' 2ρ

11σ٠2ρ
11 11π.ρ

11σ S؛
1 1σ2ร

.( ) -(

number of

bonding electrons )

number of

antibonding electronsBond order =
2

22٠C bond order = ت3  ; there is a triple bond between the two carbons.2
2
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.106 (a) ậσ Зр
ậ îاً 

اًاًاًاً 
π Зр
πЗр σЗрاًاًاًاً اًاً σاًاً 3ร ق3٠اًاًاًاً

ร2-ثم8

*
(b) ร2 would be paramagnetic with two unpaired electrons in the π MOs.Зр

) - ( )(
number of

bonding electrons
number of

antibonding electrons
(c) Bond order =

2
8-4

s٦ bond order2 2
2
-6

(d) S٦ bond order =2 1
2

MOs, the bond order drops from 2 toThe two added electrons go into the antibonding π
1, and the bond length in ร22- should be longer than the bond length in ร2٠

*
Зр

8.107 (a) CO σ’ 2ρ
H؛π 2ρ σ2ρاًاً π2ρاًاًاًاً  σاًاً ؛2 ٠2รاًاً

(b) All electrons are paired, CO is diamagnetic.

(c)

)( ) -(

number of

antibonding electrons

number of

bonding electronsBond order =
2

2
CO bond order = 3

2

The bond order here matches that predicted by the electron-dot stmcture (ỉC^Oỉ).
(d) ör0ص H—сГH—c

О;О

О р orbitals in NOj-108

О оN٧О ๐
0น о
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Ň- N๐2" showing only the σ bonds (N is sp2 hybridized):ồ٠/ Ö:

delocalized MO model for π bonding in ΝΟ2.

08.109 p orbitals in allyl cation

0 0٧ c٧ ٧
H allyl cation showing only the σ bonds (each C is sp2 hybridized)ا

C\ H
CH

/ ١
H H

delocalized MO model for π bonding in the allyl cation

Multiconcept Problems

(b) H-N=N-H0—H—110ئ (a) H:. .٨٠.(c) ا
Cl—s—Cij؛

8.111 (a)(1) ΓΓ.

ل]هد٠[لت، Ö
(3) 2

] C=N=جء[

(b) Structure (1) makes the greatest contribution to the resonance hybrid because of the
-1 formal charge on the oxygen. Structure (3) makes the least contribution to the
resonance hybrid because of the tl fom^al chai-ge on the oxygen,
(c) and (d) OCN" is linear because the C has 2 charge clouds. It is sp hybridized in all
three resonance structures. It forms two π bonds.

î^C^Nî c—

.112
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2.113 (a)
Ổ؛ "ام0؛

:0=Çr—Ổ-Cr==0:اا ذهذ

(b) Each Cr atom has 6 pairs of electrons around it. The likely geometry about each Cr
atom is tetrahedral because each Cr has 4 charge clouds.

Cl\c
H.ClCl\:c

.Cl.114 (a) H.
=c

C
ccc^

lCl H'HHH
nonpolar

(b) All three molecules are planar. The first two structures are polar because they both
have an unsymmetrical distribution of atoms about the center of the molecule (the middle
ofthe double bond), and bond polarities do not cancel. Structure 3 is nonpolar because the
H’s and Cl’s, respectively, are symmetrically distributed about the center ofthe molecule,
both being opposite each other. In this arrangement, bond polarities cancel,

(c) 200nm-200xl0-؟m
he - (6.626 X 10'

polarpolar

mol) لل0ا/J-s)(3.00xl0‘roM (،E = .022 X
200 xl0_9m

,-34

λ
J/mol = 599 kJ/mol 10؛  E = 5.99 X

Çğ(Ж
(d)

)
The π bond must be broken before rotation can occur.

.115 (a) Each carbon is sp2 hybridized.
(b) and (c)

antibonding
antibonding
nonbonding
bonding
bonding

(d) The cyclooctatetraene dianion has only paired electrons and is diamagnetic.

11
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