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Multiple Choice  (5 points each)
1.
Consider two orbitals of the same atom.  Orbital A has the quantum numbers n = 3, l = 0, ml = 0 and ms = + ½.  Orbital B has quantum numbers n = 3, l = 1. ml = 0, and ms = + ½.  When comparing these two, which of the following statements are true?


i.
Orbital A has significant density closer to the nucleus than orbital B.

ii.
Orbital A has higher energy than orbital B.


iii.
The two orbitals could hybridize to form two new orbitals.  The energy of the new orbitals would be greater than the energy of orbital A, but less than the energy of orbital B.


iv.
Orbital A has more nodes than orbital B.


v.
 There are at least two additional orbitals on the atom with the same energy as orbital B.
a.  i, ii, iii

b.  ii, iii, iv

c.  ii, iii
d.  i, iii, iv, v

e.  i, iii, v

2.
Consider atoms of fluorine and nitrogen.  It is reasonable to expect that


i.
the valence electrons on these two atoms are shielded from the nucleus to the same extent.


ii.
the valence electrons on these two atoms will feel the same effective nuclear charge.


iii.
one of these atoms could have a Lewis Dot Structure with more than 8 electrons as its preferred number.


iv.
a bond between these two atoms will be polar with a partial negative charge on the fluorine side.


v.
the fluorine atom will be smaller than the nitrogen atom because it pulls its valence electrons closer.

a.  i, ii, iii

b.  i, iv, v

c.  ii, iii
d.  iv, v

e.  i, ii
3.  When constructing molecular orbitals from the linear combination of atomic orbitals, it is important to remember that


i.
atomic orbitals that are oriented side-by-side will combine to form  bond


ii.
 the sum of the energies of the molecular orbitals must equal the sum of the energies of the atomic orbitals that combine to make them.


iii.
bonding molecular orbitals’ energy is less than the energy of both the atomic orbitals and of the antibonding molecular orbitals.


iv.
the electron density of bonding orbitals will be primarily between the two atoms that contributed atomic orbitals.


v.
the number of molecular orbitals that form must be greater than the number of atomic orbitals that combined to make them.

a.  ii, iii, iv

b.  i, iv, v

c.  i, ii, iv, v

d.  ii, iv
e.  i, v

Short Answer and Problems.  For complete credit, the logic used to reach your answers must be apparent.
Useful values:

h = 6.62608 x 10-34 J s






1 nm = 10-9 m 
c = 2.99792458 x 108 m s-1





1 kg = 1000 g

mass of an electron = me = 9.10939 x 10-31 kg


1 J = 1 kg m2 s -2
1.
(12 points) Gamma rays, traveling at the speed of light, have a frequency of 1.00 x 1021 s-1.  What is their mass in grams?
2.
The MO diagram for second period diatomics is presented below.  Use it to help you answer the following questions.
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a.
(4 points) Is B2 a stable compound? 
b.
(4 points) What is the bond order for O2? for N2?   Which of the two diatomics have the stronger bond?

c.
(6 points) Why does Ne2 not form?

3.
(15 points) The bromate ion has the same charge and the same number of oxygens as the chlorate ion.  Draw the Lewis Dot Structure for the bromate ion.  Be sure to include any and all resonance structures.  Identify the formal charge on each atom on at least one of the resonance structures.  
4.
(10 points) There are four stable oxyanions of chlorine (hyperchlorite, chlorite, chlorate, and perchlorate) four stable oxyanions of bromine (similarly named) and four stable oxyanions of iodine (also similarly named).  However, there are no stable oxyanions of fluorine.  There are two reasons for this.  Identify and explain one of the two reasons.  

5.
The Lewis Dot Structure of acetaminophen (a.k.a. Tylenol™) is given below.  
a.
(6 points) For each of the carbons (which are numbered for your convenience), use VSEPR theory to identify geometry around the atom.   
b.
(6 points) For C7 and C8, report the hybridization that had to occur to give that shape.  

In the above structure, C1 and C2 are held together by a double bond.  That means one of the bonds is a  bond and one of the bonds is a  bond.  

c.
(4 points) Did hybridization occur on either of these carbons?

d.
(4 points) What type of orbitals overlap to form the  bond?  

e.
(4 points) What type of orbitals overlap to form the  bond?  

f.
(10 points) Sketch a picture or provide a verbal description of either of the bonds  connecting C1 and C2 in such a way that your sketch or description identifies how the two types of bonds are different.
