Chemistry 362 Mini-EXAM II
Chapter 3
Tuesday October 1, 2019
Professor Kim R. Dunbar

NAME:     ______________________________________

ID:             ______________________________________

You have 30 minutes to work this examination

Total Points on Exam is 50 points

1. (10 pts)
a. Draw Molecular Orbital Diagrams for the Be2 and the O2+ molecules and put the electrons in the resulting molecular orbitals. (6 pts)
[image: image11.png]LUMO = lowest unoccupied
molecular orbital.

= 1* is largely C character

HOMO = highest occupied
molecular orbital.

=> 301s largely C character
(actually non-bonding...C lone pair)

Carbon monoxide is reactive at the
C atom, not the O atom!
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b. What are the Bond Orders for the Be2 and the O2+ molecules? 2 pts)
            

Be2    B.O. =  σ2σ*2    B.O. = 0

            


O2+     B.O. =  σ2σ*2σ2 π4 π*1  B.O. = 2.5
              
 Which of the three molecules would you expect to have the longest bond?  
               
Why? (2 pts)
Be2.  Obviously Be2 doesn’t have a bond so it would technically be the longest!

2.
(2 pts)

In the trend for second row diatomic molecules, why are the relative energies of the molecular orbital diagrams for the diatomic molecules Li2, Be2, B2, C2 and N2 slightly different from those of O2, F2 and Ne2? Specifically, what happens to the energies of the orbitals before and after N2 and why. 
From Li2 ( N2 diatomic molecules, the 2s and 2p levels are close enough in energy such that the 2s orbital can mix with the pz orbital which affects the sigma-bonding levels. This leads to a raising of the energy of the -orbital which is then higher in energy than the two -orbitals as shown below. There is no mixing from O2 ( Ne2 because the effective nuclear charge is higher and the 2s orbital is lower in energy and cannot mix with the 2pz orbital. 
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3.
(9 pts)

(i) Draw Lewis Dot Structures for the following molecules (3 pts) and (ii) name the shape of the arrangement of electrons according to VSEPR theory (1 pt)  and then (iii) name of the actual molecular shape
a. I3-
                    [image: image2.png]


 Trigonal bipyramidal is the arrangement of electrons




                      Linear is the shape of the molecule
d.
PCl5
                        [image: image3.png]


  Trigonal bipyramidal is the arrangement of electrons





     Trigonal bipyramidal is the shape of the molecule
e.
BrO3-     In the BrO3- Lewis structure Bromine (Br) is the least electronegative and goes in the center of the dot structure. Remember that Bromine (Br) can hold more than 8 valence electrons and have an expanded octet.
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 Tetrahedral is the arrangement of electrons



                                 Trigonal pyramidal is the shape of the molecule
4.
(15 pts)

(a) Sketch the Lewis diagram for the CO molecule. What is the Bond Order for CO in your Lewis structure? (2 pts)

[image: image6.png]


 The Bond order is 3.
(b) Sketch the Molecular Orbital (MO) diagram for the CO molecule. In drawing the MO diagram, place the atomic orbitals for carbon on the left side and the oxygen on the right side and the molecular orbitals in the middle. (Make sure that the relative energies of the atomic orbitals are correct) In the MO diagram, draw the levels that result from overlap and label the symmetry type of the levels and indicate if they are bonding or antibonding. (9 pts)
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 (c)  Circle the electrons in your MO diagram that are responsible for the reactivity of CO (the highest occupied molecular orbital, HOMO). (2 pts)
(d) What is the Bond Order for CO obtained from the MO diagram? Which atom on the CO molecule is the reactive one?  (2)
The Bond Order is 3.  # Bonding electrons-#anti-bonding electrons/2 = 8-2/2 = 3

                                      2*242
              :C≡O:
The C end binds to Lewis acids such as metal cations very easily. The lone pair on C carbon is at high energies and therefore is exposed to act as a Lewis Base.

(e) Which type of Bonding Description (Lewis structure or MO diagram) is better for CO and why? (1)  

The MO diagram is better because it tells you which end of the molecule binds. The Lewis structure has lone pairs on both the C and O end of the molecule so one could not predict which end of the molecule is likely to bind.
6.
(10 pts total)  
(a) Using electron counting rules, how many electrons are there total in the diborane molecule B2H6?  (2 pts)
            show your math
            B           3 e- x 2 = 6 e-
            H           1 e- x 6 = 6 e-
                          ___________
                                         12 e-
(b) How is the bonding of each “BH2” fragment described? Specifically, what orbitals on B and what orbitals on H are used in bonding to make the terminal (non-bridging) H bonds?  What is the geometry around each B atom?  Sketch the overlap of the two B-0H bonds in the fragment. (4 pts)
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Each fragment is composed of B atoms with sp3 hybridization which leads to a tetrahedral geometry. This is a case of Multi-Center Bonding in Electron Deficient Molecules which happens when you don’t have enough electrons to have a two-electron bond between all adjacent atoms.

The BH2 fragment has two ordinary bonds made from two of the four sp3 hybrids and the H 1s orbitals. These BH2 fragments are coplanar.  The remaining two sp3 hybrids overlap in a perpendicular orientation with the bridging H atoms because the geometry around the B atom is

tetrahedral

(c) How many electrons did you use in part (b) to make the bonds in the two “BH2” fragments (in other words, still ignoring the bridging H’s). (1 pts)
8 electrons (4 B-H bonds x 2 e- = 8 e-)

(d) Now draw two B atoms and the bridging H in the middle and show the three orbitals in a bonding and anti-bonding overlap pattern. Use + and – signs or light and shaded regions to make your point. How many electrons are used in this three atom bonding? (3 pts)
You didn’t have to draw both parts. The answer should have a figure like the bottom part with the sp3-1s-sp3 orbital overlap.  There are 2 e- used in the three-center bonding. Since there are two such bridging B-H-B bonds, then the bridges use a total of 4 e-. 

If you add the 8e- used for the outer B-H bonds (8e-) and the two bridging B-H-B bonds (4 e-) you get a total of 12 e- used which is the original calculated number of electrons

[image: image10.png]Figure 3-33 The formation of 3c-2e bonds in B,H,.
The orientation of two coplanar BH, groups, with sp’ hy-
brids on B atoms, is shown in (a). When the bridging H
atoms are placed as in (b), continuous overlap within each
B—H—B arch results in two separate 3c—2e bonds.




7.
(4 pts)

A handout was provided in class about two different, but complementary approaches for describing bonding in a particular molecule. These are the Valence Bond Theory of covalent bonding and the Molecular Orbital Theory of Covalent Bonding.
Briefly describe the two approaches - comparing and contrasting them.  
Localized theory – Valence Bond Theory- uses the Lewis scheme to describe structure and bonding. The delocalized theory – Molecular Orbital Theory – describes the formation of molecular orbitals for atomic orbitals based on atomic orbital wavefunctions. 
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