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Chapter 8 Chemical Bonding II: Molecular Geometry

and Bonding Theories
Exercise  1:


(XeF2) and (I3-):
5 electron pairs around central atom that    

                               
adopts dsp3 hybridization (linear 

                            
molecules)

                                     [image: image1.emf]Xe
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Exercise  2:


(SF6) and (XeF4): 
6 electron pairs around central atom that adopts d2sp3 hybridization (octahedral)





(XeF4 is a square planar molecule)

                                  [image: image2.emf]..


..


..


..


..


..


..


:


:


:


:


F


F


F


F


..


F


:


..


:


F


:


..


:


S


..


..


..


..


..


..


:


:


F


F


F


..


F


:


..


:


Xe




..

..

..

..

..

..

..

:

:

:

:

F

F

F

F

..

F

:

..

:

F

:

..

:

S

..

..

..

..

..

..

:

:

F

F

F

..

F

:

..

:

Xe


 Excercise  2:


(BF4)-:   
4 electron pairs around central atom that adopts sp3 hybridization (tetrahedral)

                               [image: image3.emf]F


F


F


F


B


..


..


..


..


..


..


..


:


:


:


:


:




F

F

F

F

B

..

..

..

..

..

..

..

:

:

:

:

:


Exercise 3: Which is most stable?

O2: 12 valence e’s,   O2+: 11 valence e’s   and O2-:13 valence e’s

Electron configuration:

O2 : (σ2s)2 (σ2s*)2 (σ2p)2 (π2p)2 (π2p)2 (π2p*)2   
O2+ : (σ2s)2 (σ2s*)2 (σ2p)2 (π2p)2 (π2p)2 (π2p*)1
O2- : (σ2s)2 (σ2s*)2 (σ2p)2 (π2p)2 (π2p)2 (π2p*)3
Bond order: 

O2 = (8 – 4) / 2 = 2
O2+ = (8 – 3) / 2 = 2.5

O2- = (8 – 5) / 2 = 1.5 

(Thus O2+ is expected to have the strongest bond) 

Exercise 4:

Use the molecular orbital model to predict magnetism and bond order of NO+ and CN- ion

Answer:

Valence electrons:



For NO+ : 
5 + 6 – 1 = 10

For CN- : 
4 + 5 + 1 = 10
Electron configuration:

(σ2s)2 (σ2s*)2 (σ2p)2 (π2p)2 (π2p)2   
Bond order = (8 – 2)/2 = 3

(triple bond)

Chapter 9: Selected Old Exams Questions:

(Not all answers are A):PRIVATE 
1. Which has the highest bond order?

A)
O2


B)
O2-


C)
O2+


D)
F2


E)
F2-
bond order: BO = 1/2 (n - n*)

n = number of electrons in bonding MO

n* = number of electrons in anti-bonding MO

The σ MO cancel here, because they are completely filled, thus n = n* =2 for them.

So we need to care only for the 2p electrons:

[image: image4.wmf]
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Thus for O2: BO = 1/2 (6 - 2) = 2

for O2- we add an electron into π2p* of O2: 

BO = 1/2 (6 - 3) = 3/2

for O2+ we remove an electron from π2p* of O2: 

BO = 1/2 (6 - 1) = 5/2

F atoms have 1 valence electron more than O:

[image: image5.wmf]
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Thus for F2: BO = 1/2 (6 - 4) = 1

for F2- we add an electron into π2p* of F2: 

BO = 1/2 (6 - 5) = 1/2

highest BO: O2+ 

        (answer C)

2. The benzene molecule, C6H6, has

A
6 σ bonds and 6 π bonds

B
π bonds made of sp2 hybrid orbitals

C
9 σ bonds and 3 π bonds

D
12 σ bonds and 3 π bonds

E
sp hybridized orbitals on the carbon atoms

[image: image6.wmf]
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Thus there are 6 C-H σ bonds + 6 C-C σ bonds + 3 C-C π bonds

which is 12 σ bonds + 3 π bonds  


(choice D)

3. Which is true about the nitrogen molecule, N2?

A)
The Lewis structure does not obey the octet rule

(It must when the atoms are n = 2 and there are enough electrons)

B)
The lone pairs are in sp2 orbitals

(that implies 2 lone pairs at each nitrogen and thus too many electrons)

C
The lone pairs of electrons are in sp hybrid orbitals

 [(since N2 is |N(N|, thus N has a linear arrangement of electron pairs and is therefore sp hybridized (2 π bonds are made from 2 x sideways 2p - 2p overlap) and thus the lone pairs must occupy sp orbitals and C is the correct choice]

D
The molecule has 3 σ bonds

(no, it has 1 σ and 2 π bonds)

E
The molecule has 1 double bond

(no, it has a triple bond )

4.
The hybridization of the Xe atom in XeF4 is

A)
dsp2


B)
d2sp3


C)
sp3



D)
sp


E)
sp2
valence electrons: 4 x 7 (F) + 8 (Xe) = 36 valence electrons

put Xe in the center and the 4 F atoms around it.

 Draw a single bond from each F to the Xe and give 3 lone pairs to each F to complete their octets.

Around each F atom are 3 lone pairs and 1 bond pair, thus we have now 4 x 8 = 32 electrons in the structure.

4 are missing and go as 2 lone pairs to Xe which can expand its octet.

Thus we have 6 electron pairs around Xe and the arrangement of electron pairs is octahedral.

In the octahedral arrangement the atoms go into the central square, the lone pairs into the apical positions: square planar structure, non-polar

[image: image7.wmf]
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To accomodate 6 electron pairs, the Xe needs 6 hybrid orbitals: 4 sp3 hybrid orbitals + 2 d2 hybrid orbitals, so the hybridization is d2sp3 or also called sp3d2
(choice B)

5. The hybridization of carbon and oxygen in CO2, respectively, are

A)
sp2 and sp

B
sp2 and sp2

C
sp3 and sp2                

D)
sp and sp

E)
sp and sp2
O = C = O: two double bonds, no lone pair at carbon

2 p AO-s of C are used for sideways π bonding, and there are 2 σ bonds, thus C is sp hybridized (linear).

At oxygen is 1 σ bond and 2 lone pairs, 1 p AO is used for the π bond to C, thus O is sp2 hybridized (trigonal).



(answer E)

6. In the polar, T-shaped chlorine trifluoride, ClF3, molecule, the hybridization at the central Cl atom is

A) sp

   

B) sp2



C) sp3
D) dsp3
              
E) d2sp3
to find the hybridization, we need first the Lewis structure.

ClF3: electrons needed: 7 (Cl) + 3 x 7 (F) = 28 electrons

Cl-F single bonds from Cl to each one of the F atoms

to complete the octets each F atom gets 3 lone pairs

8 electrons/F: 3 x 8 = 24 electrons

Cl can expand its octet, so the missing 4 electrons go as 2 lone pairs to Cl

trigonal bipyramidal arrangement of 5 electron pairs at Cl, the lone pairs must go into the central triangle: T-shape, polar

5 electron pairs: Cl needs 5 hybrid orbitals to put them in:

1 (s) + 3 (p3) + 1 (d) = 5 hybrid orbitals (dsp3)

[image: image8.wmf]
(choice D)

7. Which of the following is paramagnetic?

A) N2

   B) F2-

C) C2

      D) Li2

E) O22+
To answer this question, we have to fill the MO scheme for each choice with the cor​res​​ponding number of electrons from below following the Pauli principle and Hund's rule and find that one with 1 (or more) unpaired electron:

[image: image9.wmf]
(choice B)

8. The hybridization of N atoms at positions 1 and 2 in the following structure will be

[image: image10.wmf]
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respectively (add the missing bonds and lone pairs):

A) sp2 at 1 and sp3 at 2


B) sp at 1 and sp2 at 2

C) sp at 1 and sp3 at 2


D) sp3 at 1 and sp2 at 2

E) sp3 at 1 and sp at 2

The Lewis structure with octets at each central atom is

[image: image11.wmf]
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N at 1: 1 lone pair and 1 N-C sigma bond: sp

N at 2: 1 lone pair, 1 N-C, and 2 N-H sigma bonds: sp3
(choice C)
9. The planes defined by the electron densities of the two π bonds in carbon dioxide, O=C=O, are

A) perpendicular (at a 90 degree angle) to each other

B) at some angle larger than 0 and less than 90 degrees

C) sharing the same space

D) at some angle larger than 120 and less than 180 degrees

E) coplanar (at a 0 degree angle) to each other

In CO2 there are 2 CO σ-bonds, 2 CO π-bonds and 4 lone pairs, 2 on each oxygen. At each oxygen the σ-pair structure is formed by a triangle made up from the CO σ-bond and the 2 lone pairs. For

these 3 electron pairs on each oxygen three hybrid orbitals are needed and thus an sp2 hybrid on each oxygen. C has a linear arrangement of 2 CO σ-bond pairs and thus needs an sp hybrid for them. As the coordinate system is sketched, this sp hybrid on C is made from 2s(C) + 2px(C) orbitals.

Thus carbon has still 2 perpendicular, singly occupied 2py(C) and 2pz(C) orbitals. When 2pz(C) is used for sideways overlap with 2pz(O) on the left of C, then the sp2 hybrid on O can only be formed from 2s(O) + 2px(O) + 2py(O) and since the xy part of the coordinates is in the paper plane, the lone pairs on the left oxygen are fully in the paper plane.

In the sketch below the pz orbitals are seen from the top and thus appear only as circles. Since C has used its 2pz orbital for the π-bond to the left O, it has only its 2py orbital left to form the π-bond to the right oxygen. 

Thus from this oxygen also the 2py(O) is needed for the π-bond to C and thus the sp2 hybrid on the right oxygen must be made from 2s(O) + 2px(O) + 2pz(O). 

Thus the lone pairs on the right oxygen must be perpendicular to those on the left and also the 2 CO π-bonds must be perpendicular to each other:

[image: image12.wmf]
The situation is similar to allene (CH2 = C = CH2). There the 2 CC π-bonds are also 

perpendicular to each other and so are the 2 CH2 groups.

(choice A)
10. Which one of the following molecules and ions would become more stable, when an electron is removed from the highest occupied molecular orbital (in energy)?

A) C2

B) B2

C) N2

D) N2+
E) O2
A molecule or ion becomes more stable if the electron is removed from an antibonding (*) orbital.

A molecule or ion becomes less stable if the electron is removed from a bonding (no *) orbital.

MO schemes:

[image: image13.wmf]
(choice E)
11. Which one of the following molecules or ions does not exist according to Molecular Orbital theory?

A) F22-
      B) F2-

C) O22+
      D) O2+
             E) O2
The bond order is BO = 0.5 x (number of electrons in bonding (no *) orbitals - number of electrons in anti-bonding (*) orbitals)

The molecule or ion does not exist according to MO theory, when BO = 0:

[image: image14.wmf]
 (choice A)
(In the following questions all correct choices are A)

12. The orbital hybridization on the arsenic atom in AsCl3 is expected to be:

A) sp3
B) dsp3
C) d2sp3
D) sp2
E) sp

We have 5 (As) + 3 x 7 (Cl) = 26 sp valence electrons in the structure. Thus there must be a lone pair at As:

[image: image15.wmf]
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There are 4 electron pairs at As and thus 4 hybrid orbitals are needed. That is the case in an sp3 hybrid.

13. How many sigma (σ) bonds are in the molecule shown below?



    CH3-CH2-CH2-N=NH

A) 12

B) 4

C) 13

D) 1

E) 7

For an octet, the nitrogen in the middle must have a lone pair.

The N = N double bond as always consists of a sigma and a pi bond, thus there are 12 sigma bonds:

[image: image16.wmf]
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14. Based on the molecular orbital theory, which one of the following species would have the highest bond dissociation energy?

A) N2

B) O2

C) N22-
D) N2-

E) O2+
The sequence of increasing molecular orbital energy for the valence orbitals is

(σ2s)(σ2s*)(π2p)(σ2p)(π2p*)(σ2p*)

and the bond dissociation energy increases when the bond order increases. The bond order is 1/2 x (number of electrons in bonding orbitals (no star) - number of electrons in anti-bonding orbitals (with star)):

[image: image17.wmf]
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If in a molecule there are only O, F, or noble gas atoms or mixtures of them, the molecular orbital sequence is

(σ2s)(σ2s*)(σ2p)(π2p)(π2p*)(σ2p*)

which applies for O2 compounds:

[image: image18.wmf]
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Thus N2 with BO = 3 has the highest bond dissociation energy.

15. All of the following species are diamagnetic, except ___________.

A) F2+
B) Ar2+
C) B22-
D) CO

E) OF-
Since we know that all besides one are diamagnetic, the paramagnetic one can be only that with an odd number of electrons, if there is any.

Thus F2+ with 13 electrons must be the paramagnetic choice.

(If all would have even numbers of electrons, Hund's rule can lead to paramagnetism)

[image: image19.wmf]
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16. The orbital hybridization on the arsenic atom in AsCl3 is expected to be:

A) sp3
B) dsp3
C) d2sp3
D) sp2
E) sp

We have 5 (As) + 3 x 7 (Cl) = 26 sp valence electrons in the structure. Thus there must be a lone pair at As:

[image: image21.wmf]
7
There are 4 electron pairs at As and thus 4 hybrid orbitals are needed. That is   

 the case in an sp3 hybrid.







