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1.
The hybridization of the phosphorus atom in the cation PH2+ is:


a)
sp2

b)
sp3

c)
dsp


d)
sp


e)
none of these


Ans:
a)
sp2
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2.
In the molecule C2H4 the valence orbitals of the carbon atoms are assumed to be


a)
not hybridized.


b)
sp hybridized.


c)
sp2 hybridized.


d)
sp3 hybridized.


e)
dsp hybridized.


Ans:
c)
sp2 hybridized.
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3.
Which of the following statements is (are) incorrect?


I.
The hybridization of boron in BF3 is sp2.


II.
The molecule XeF4 is nonpolar.


III.
The bond order of N2 is three.


IV.
The molecule HCN has two pi bonds and two sigma bonds.


a)
All four statements are correct.


b)
II is incorrect.


c)
I and IV are incorrect.


d)
II and III are incorrect.


e)
II, III, and IV are incorrect.


Ans:
a)
All four statements are correct.
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4.
Atoms which are sp2 hybridized  form ____ pi bond(s).


a)
0


b)
1


c)
2


d)
3


e)
4


ANS:
b)
1
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5.
The hybridization of the central atom in XeF5+ is:


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

ANS: 
e)
d2sp3
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6.
The hybridization of the central atom in ClF2+ is:


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

ANS:
c)
sp3
PAGE: 9.1


7.
The hybridization of the central atom in I3- is:


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

ANS:
d)
dsp3
PAGE: 9.1


8.
The hybridization of the central atom in O3 is:


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

ANS:
e)
sp2
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9.
Which of these statements about benzene is true?


a)
All carbon atoms in benzene are sp3 hybridized.


b)
Benzene contains only  bonds between C atoms.


c)
The bond order of each C—C bond in benzene is 1.5.


d)
Benzene is an example of a molecule that displays ionic bonding.


e)
All of these statements are false.


Ans:
c)
The bond order of each C—C bond in benzene is 1.5.
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10.
Which of the following molecules contains a central atom with sp2 hybridization?


a)
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b)
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Ans:
b)
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11.
What hybridization is predicted for the nitrogen atom in the NO3– ion?


a)
sp2

b)
sp3

c)
sp3d


d)
sp3d2

e)
none of these


Ans:
a)
sp2
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12.
Which of the following does not contain at least one pi bond?


a)
H2CO


b)
CO2

c)
C2H4

d)
C3H8

e)
All of these (a-d) contain at least one pi bond.


Ans:
d)
C3H8
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13.
Consider the following Lewis structure

[image: image7.png]





Which statement about the molecule is false?


a)
There are 10 sigma and 2 pi bonds.


b)
C–2 is sp2 hybridized with bond angles of 120(.


c)
Oxygen is sp3 hybridized.


d)
This molecule contains 28 valence electrons.


e)
There are some H–C–H bond angles of about 109( in the molecule.


Ans:
c)
Oxygen is sp3 hybridized.
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14.
Which statement about N2 is false?


a)
It is a gas at room temperature.


b)
The oxidation state is +3 on one N and –3 on the other.


c)
It has one sigma and two pi bonds between the two atoms.


d)
It can combine with H2 to form NH3.


e)
It has two pairs of nonbonding electrons.


Ans:
b)
The oxidation state is +3 on one N and –3 on the other.
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15.
Consider the following Lewis structure:
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What is the hybridization of the oxygen atom and carbon atoms 1, 2, and 4, respectively?



O
C–1
C–2
C–4


Option 1:
sp3
sp3
sp
sp2

Option 2:
sp
sp3
sp
sp


Option 3:
sp
sp2
sp
sp2

Option 4:
sp2
sp3
sp2
sp3

Option 5:
sp
sp3
sp2
sp


a)
Option 1


b)
Option 2


c)
Option 3


d)
Option 4


e)
Option 5


Ans:
a)
Option 1


Page: 9.1

16–19.
Consider the molecule

[image: image9.png]





and the following hybridization choices:


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

16.
What is the hybridization of the carbon atom that is double bonded to oxygen?


ANS:
b)
sp2
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17.
What is the hybridization of the carbon atom that is bonded to chlorine?


ANS:
c)
sp3
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18.
What is the hybridization of the nitrogen atom?


ANS:
a)
sp
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19.
What is the hybridization of the oxygen atom?


ANS:
b)
sp2
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20.
The hybridization of I in IF4– is


a)
sp


b)
sp2

c)
dsp3

d)
dsp3

e)
d2sp3

ANS:
e)
d2sp3
PAGE: 9.1


21.
The hybridization of Cl in ClF2+ is


a)
sp


b)
sp2

c)
sp3

d)
dsp3


e)
d2sp3

ANS:
c)
sp3
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22.
Consider the molecule
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Specify the hybridization of each carbon atom.



C–1
C–2
C–3
C–4
C–5


Option 1:
sp2
sp2
sp2
sp3
sp


Option 2:
sp2
sp2
sp2
sp3
sp3

Option 3:
sp2
sp2
sp3
sp3
sp


Option 4:
sp2
sp2
sp3
sp3
sp3

Option 5:
sp
sp
sp
sp2
sp


a)
Option 1


b)
Option 2


c)
Option 3


d)
Option 4


e)
Option 5


ANS:
a)
Option 1
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23.
The hybridization of the central atom, Al, in AlBr3 is


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

ANS:
b)
sp2
PAGE: 9.1


24.
The hybridization of Se in SeF6 is


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

ANS:
e)
d2sp3
PAGE: 9.1


25.
The hybridization of Br in BrF3 is


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

ANS:
d)
dsp3
PAGE: 9.1


26.
What is the bond order of Ne2?


a)
0


b)
1/2


c)
1


d)
1 1/2


e)
2


ANS:
a)
0
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27.
What is the bond order of C2+?


a)
0


b)
1/2


c)
1


d)
1 1/2


e)
2


ANS:
d)
1 1/2
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28.
Which of the following has the greatest bond strength?


a)
B2

b)
O2–

c)
CN–

d)
O2+

e)
NO–

ANS:
c)
CN–
PAGE: 9.3


29.
The hybridization of the lead atom in PbCl4 is


a)
dsp2

b)
sp2

c)
d2sp3

d)
sp2d


e)
none of these


Ans:
e)
none of these
Page: 9.1


30.
The hybridization of the central atom in NO3– is


a)
p3

b)
sp2

c)
sp


d)
sp2d


e)
sp


Ans:
b)
sp2
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31.
Which of the following statements is false?


a)
C2 is paramagnetic.


b)
C2 is diamagnetic.


c)
The carbon-carbon bond in C22– is stronger than the one in CH3CH3.


d)
The carbon-carbon bond in C22– is shorter than the one in CH3CH3.


e)
Two of these.


Ans:
a)
C2 is paramagnetic.
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32.
How many electrons are involved in pi bonding in benzene, C6H6?


a)
12


b)
30


c)
3


d)
6


e)
18


Ans:
d)
6
Page: 9.1,5

33–35.
Tetracyanoethylene has the skeleton shown below:

[image: image11.png]





From its Lewis structure determine the following:


33.
How many sigma and pi bonds are in the molecule?


a)
5 sigma and 9 pi


b)
6 sigma and 8 pi


c)
9 sigma and 7 pi


d)
9 sigma and 9 pi


e)
5 sigma and 8 pi


Ans:
d)
9 sigma and 9 pi
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34.
How many of the atoms are sp2 hybridized?


a)
2


b)
4


c)
6


d)
8


e)
10


Ans:
a)
2
Page: 9.1


35.
How many of the atoms are sp hybridized?


a)
2


b)
4


c)
6


d)
8


e)
10


Ans:
d)
8
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36.
In which of the compounds below is there more than one kind of hybridization (sp, sp2, sp3) for carbon?


I.
CH3CH2CH2CH3

II.
CH3CH = CHCH3

III.
CH2 = CH  CH = CH2

IV.
H C(C  H


a)
II and III


b)
II only


c)
III and IV


d)
I and IV


e)
III


Ans:
b)
II only
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37.
Complete the Lewis structure for the following molecule:
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This molecule has __________ sigma and __________ pi bonds.


a)
4, 5


b)
6, 3


c)
11, 5


d)
13, 2


e)
13, 3


Ans:
e)
13, 3
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38.
Which of the following substances contains two pi bonds?


a)
C2H4

b)
C3H8

c)
C2H2

d)
C2H6

e)
CH4

Ans:
c)
C2H2
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39.
Which of the following molecules has a bond order of 1.5?


a)
O2+

b)
N2

c)
O2–

d)
C2

e)
none of these


Ans:
c)
O2–
Page: 9.3


40.
Consider the molecule C2H4.  The hybridization of each C atom is


a)
sp


b)
sp2

c)
sp3

d)
dsp3

e)
d2sp3

Ans:
b)
sp2
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41–42.
Consider the skeletal structure shown below:




N—C—C—N



Draw the Lewis structure and answer the following:


41.
How many of the atoms are sp hybridized?


a)
0


b)
1


c)
2


d)
3


e)
4


Ans:
e)
4
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42.
How many pi bonds does the molecule contain?


a)
0


b)
2


c)
4


d)
6


e)
7


Ans:
c)
4
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43.
Which of the following statements about the molecule BN is false?


a)
It is paramagnetic.


b)
Its bond order is 2.


c)
The total number of electrons is 12.


d)
It has two pi bonds.


e)
All of these are true.


Ans:
a)
It is paramagnetic.
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44.
Which of the following statements about the species CN– is false?


a)
It is paramagnetic.


b)
The total number of electrons is 14.


c)
It has two pi bonds.


d)
All of these are true.


Ans:
a)
It is paramagnetic.
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45.
Which of the following statements is true?


a)
Electrons are never found in an antibonding MO.


b)
All antibonding MOs are higher in energy than the atomic orbitals of which they are composed.


c)
Antibonding MOs have electron density mainly outside the space between the two nuclei.


d)
None of these is true.


e)
Two of these statements are true.


Ans:
e)
Two of these statements are true.
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46.
Which of the following molecules contains the shortest C  C bond?


a)
C2H2

b)
C2H4

c)
C2H6

d)
C2Cl4

e)
b and d


Ans:
a)
C2H2
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47.
Which of the nitrogen-containing molecules below is paramagnetic in its lowest energy state?


a)
N2

b)
NO


c)
NH3

d)
N2H4

e)
none of these


Ans:
b)
NO
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48.
If four orbitals on one atom overlap four orbitals on a second atom, how many molecular orbitals will form?


a)
1


b)
4


c)
8


d)
16


e)
none of these


Ans:
c)
8
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49.
Which of the following molecules or ions is not paramagnetic in its ground state?


a)
O2

b)
O2+

c)
B2

d)
NO


e)
F2

Ans:
e)
F2
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50.
For which of the following diatomic molecules would the bond order become greater if an electron is removed, i.e., if the molecule is converted to the positive ion in its ground state?


a)
B2

b)
C2

c)
P2

d)
F2

e)
Na2

Ans:
d)
F2
Page: 9.3


51.
The configuration (2s)2(2s*)2(2py)1 (2px)1



is the molecular orbital description for the ground state of


a)
Li2+

b)
Be2

c)
B2

d)
B22–

e)
C2

Ans:
c)
B2
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52.
Which of the following species is paramagnetic?


a)
C2

b)
B2

c)
N2

d)
H2

e)
none of these


Ans:
b)
B2
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53.
Which of the following species has the largest dissociation energy?


a)
O2

b)
O2–

c)
O22–

d)
O2+

e)
O22+

Ans:
e)
O22+
Page: 9.3


54.
The fact that O2 is paramagnetic can be explained by


a)
the Lewis structure of O2.


b)
resonance.


c)
a violation of the octet rule.


d)
the molecular orbital diagram for O2.


e)
hybridization of atomic orbitals in O2.


Ans:
d)
the molecular orbital diagram for O2.
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55.
For how many of the following does the bond order decrease if you add one electron to the neutral molecule?




B2, C2, P2, F2

a)
0


b)
1


c)
2


d)
3


e)
4


Ans:
c)
2
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56.
The hybridization of a molecule is measured to determine the shape of the molecule.


ANS:
False
PAGE: 9.1


57.
As the bond order of a bond increases, the bond energy ______ and the bond length ______.


a)
increases, increases


b)
decreases, decreases


c)
increases, decreases


d)
decreases, increases


e)
More information is needed to answer this question.


ANS:
c)
increases. decreases
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58.
Which of the following diatomic molecules has a bond order of 2?


a)
B2

b)
C2

c)
P2

d)
F2

e)
Na2

Ans:
b)
C2
Page: 9.3


59.
Which of the following has the largest bond order?


a)
N2

b)
N2-

c)
N22-

d)
N2+

e)
N22+

ANS:
a)
N2
PAGE: 9.3


60.
Consider the molecular orbital energy level diagrams for O2 and NO. Which of the following is true?


I.
Both molecules are paramagnetic.


II.
The bond strength of O2 is greater than the bond strength of NO.


III.
NO is an example of a homonuclear diatomic molecule.


IV.
The ionization energy of NO is smaller than the ionization energy of NO+.


a)
I only


b)
I and II


c)
I and IV


d)
II and III


e)
I, II, and IV


Ans:
c)
I and IV
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61.
How many of the following: F2, B2, O2, N2, are paramagnetic?


a)
0


b)
1


c)
2


d)
3


e)
4


ANS:
c)
2
PAGE: 9.3


62.
Order the following from shortest to longest bond:




C2, B2, H2, N2

a)
H2, N2, C2, B2

b)
N2, C2, B2, H2

c)
C2, N2, H2, B2

d)
C2, B2, H2, N2

e)
none of these


Ans:
a)
H2, N2, C2, B2
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63.
Which charge(s) of O2 would give a bond order of 2.5?


a)
–2


b)
–1


c)
+1


d)
two of these


e)
none of these


Ans:
c)
+1
Page: 9.3


64.
For how many of the following does bond order decrease if you take away one electron from the neutral molecule?




B2, C2, P2, F2

a)
0


b)
1


c)
2


d)
3


e)
4


Ans:
d)
3
Page: 9.3


65.
Which of the following electron distributions among the molecular orbitals best describes the NO molecule?




2s
2s*
2py=2px
2pz
2py*=2px*
2pz*

Option 1:
2
2
4
2
4
2


Option 2:
2
2
4
2
4
1


Option 3:
2
2
4
1
3
0


Option 4:
2
2
4
2
2
0


Option 5:
2
2
4
2
1
0


a)
Option 1


b)
Option 2


c)
Option 3


d)
Option 4


e)
Option 5


Ans:
e)
Option 5
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66.
In the molecular orbital description of CO,


a)
the highest energy electrons occupy antibonding orbitals.


b)
six molecular orbitals contain electrons.


c)
there are two unpaired electrons.


d)
the bond order is 3.


e)
All of these are false.


Ans:
d)
the bond order is 3.
Page: 9.4


67.
Consider the molecular orbital description of the NO– anion. Which of the following statements is false?


a)
NO– is paramagnetic.


b)
NO– is isoelectronic with CO.


c)
The bond energy in NO+ is greater than the bond energy in NO–.


d)
The bond order in NO– is 2.


e)
Statements a through d are false.


Ans:
b)
NO– is isoelectronic with CO.
Page: 9.4


68.
The bond order in the NO molecule is


a)
1.


b)
1.5.


c)
2.


d)
2.5.


e)
3.


Ans:
d)
2.5.
Page: 9.4


69.
The CO molecule has the bond order:


a)
0


b)
1


c)
2


d)
3


e)
4


Ans:
d)
3
Page: 9.4


70.
Which of the following statements (a–d) about the CO32– ion is false?


a)
The orbitals on the carbon atom are sp2 hybridized.


b)
The ion is expected to be diamagnetic.


c)
One C–O bond is shorter than the other.


d)
The ion has a total of 24 electrons.


e)
All these statements are true.


Ans:
c)
One C  O bond is shorter than the other.
Page: 9.5


71.
The CCH bond angles in ethylene, C2H4, are 120�. What is the hybridization of the carbon orbitals?


ANS:
sp2
PAGE: 9.1


72.
Which of the following has the shortest bond length?


a)
O22–

b)
O2

c)
O2–

d)
O2+

Ans:
d)
O2+
Page: 9.3


73.
Consider the structure of glycine, the simplest amino acid:

	
H
O



 EQ \O(/,/) 

	

 H2N—C—C—OH

	






H



a)
Indicate the hybridizations at each N and C atom in the molecule.


b)
What is the total number of bonds in the molecule?


c)
What is the total number of  bonds in the molecule?


Ans:
a)
N
sp3



C1
sp3



C2
sp2


b)
10 bonds



c)
1  bond
Page: 9.1


74.
Draw a molecular orbital diagram for O2 and N2. Using molecular orbital theory, explain why the removal of one electron in O2 strengthens bonding, while the removal of one electron in N2 weakens bonding.


ANS:
See Sec. 9.3 of Zumdahl, Chemistry.
PAGE: 9.3


75.
What is the bond order of He2+?


a)
0


b)
1/2


c)
1


d)
1 1/2


e)
2


Ans:
b)
1/2
Page: 9.2


76.
The following statements concern molecules that require resonance. Which is true?


a)
The pi bonding is most clearly delocalized.


b)
The sigma bonding is most clearly delocalized.


c)
Both the sigma and pi bonding are delocalized.


d)
The benzene molecule is best described by the MO theory.


e)
The benzene molecule is best described by the localized electron model.


Ans:
a)
The pi bonding is most clearly delocalized.
Page: 9.5


77.
Consider the benzene molecule. Which of the following statements about the molecule is false?


a)
All six C  C bonds are known to be equivalent.


b)
Each carbon atom is sp2 hybridized.


c)
The localized electron model must invoke resonance to account for the six equal 
C  C bonds.


d)
It has delocalized pi bonding in the molecule.


e)
The pi bonds of carbon involve sp2 orbitals.


Ans:
e)
The pi bonds of carbon involve sp2 orbitals.
Page: 9.5


78.
Give the bond order for each of the following:


a)
H2

b)
H2+

c)
H2–

d)
CN–

e)
CN


f)
CN+

Ans:
a)
1
b)
0.5
c)
0.5
d)
3
e)
2.5
f)
2
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79.
Which of the following are paramagnetic?




O2
O2–
O22–
B2
C2
N2
F2
CN–
P2

Ans:
O2
O22–
B2
Page: 9.3,4


80.
Explain the concept of delocalization of electrons in SO3. Indicate how this idea relates to resonance.


ANS:
See Sec. 9.5 of Zumdahl, Chemistry.
PAGE: 9.5


81.
Whenever a set of equivalent tetrahedral atomic orbitals is required it will adopt a set of sp3 orbitals.


ANS:
True
PAGE: 9.1


82.
The hybridization of the B in BH3 is sp3.


Ans:
False
PAGE: 9.1


83.
The H2– ion is more stable than H2 since it has an additional electron to produce a net lowering of energy.


ANS:
False
PAGE: 9.2


84.
Larger bond order means greater bond strength.


ANS:
True
PAGE: 9.2


85.
When an electron pair is shared in the area centered on a line joining the atoms a  bond is formed.


ANS:
True
PAGE: 9.2


86.
According to MO theory, F2 should be diamagnetic.


ANS:
True
PAGE: 9.3


87.
Paramagnetism is associated with paired electrons.


ANS:
False
PAGE: 9.3


88.
The bond order for CN– is 2.


ANS:
False
PAGE: 9.4


89.
The mixing of native atomic orbitals to form special orbitals for bonding is called __________.


ANS:
hybridization
PAGE: 9.1


90.
A(n) __________ molecular orbital is lower in energy than the atomic orbital of which it is composed.


ANS:
bonding
PAGE: 9.2


91.
__________ is the difference between the number of bonding electrons and the number of antibonding electrons divided by two.


ANS:
Bond order
PAGE: 9.2


92.
__________ causes a substance to be attracted into the inducing magnetic field.


ANS:
Paramagnetism
PAGE: 9.3


93.
The concept of __________ is required for certain molecules because the localized electron model assumes electrons are located between a given pair of atoms in a molecule.


ANS:
resonance
PAGE: 9.5


94.
The number of molecular orbitals formed is always __________ the number of atomic orbitals combined.


ANS:
the same as
PAGE: 9.2
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