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Multiple Choice (30 points) 

1. Which two ions have the same electron configuration in the ground state? 
a. Ba2+ and I- 
b. Se2+ and I- 
c. Rb+ and Cs+ 
d. Fe2+ and Fe3+ 
e. none of the above

2. Most of the compounds of the 2+ ions of the first row of the transition metals from Mn to Zn are colored due to absorption of visible light promoting an electron from one 3d orbital to another. Which of these ions should tend to form colorless compounds? 
a. Zn2+
b. Mg2+ 
c. Cu2+ 
d. Co2+ 
e. Mn2+ 

3. Indicate which is larger in each of the following two sets.
(I) Cr3+ or Cr 	(II) Se2- or Se 
a. Cr3+ is larger than Cr and Se is larger than Se2-. 
b. Cr is larger than Cr3+ and Se2- is larger than Se. 
c. Cr is larger than Cr3+ and Se is larger than Se2-. 
d. Cr3+ is larger than Cr and Se2- is larger than Se. 
e. unable to determine which is larger

4. Of the following, which element has the highest first ionization energy? 
a. sodium 
b. lithium 
c. beryllium 
d. potassium
e. boron 

5. Which of the following represents the change in electronic configuration that is associated with the first ionization energy of magnesium? 
a. [Ne]3s2  [Ne]3s13p1 
b. [Ne]3s2 + e-  [Ne]3s23p1 
c. [Ne]3s13p1  [Ne]3s1 + e- 
d. [Ne]3s2  [Ne]3s1 + e- 
e. None of the above

6. Covalent bonding is a 
a. loss of electrons. 
b. gain of electrons. 
c. transfer of electrons. 
d. sharing of electrons. 
e. none of the above

7. Of the following elements, which has the lowest electronegativity? 
a. Br
b. Mg
c. Ca
d. Cl
e. O



8. Which chemical process is associated with the lattice energy for sodium chloride? (For this problem we are defining lattice energy as a positive value)
a. NaCl(g)  Na+(g) + Cl-(g) 
b. NaCl(s)  Na+(g) + Cl-(g) 
c. Na(s) + 1/2 Cl2(g)  NaCl(s) 
d. NaCl(s) + H2O(l)  Na+(aq) + Cl-(aq) 
e. Na(g) + Cl (g)  NaCl(s) 

9. Which bond should have the highest bond dissociation energy? 
a. N-N 
b. N=N 
c. N≡N 
d. All three bonds should have about the same dissociation energy. 
e. unable to determine
10. The greater the electronegativity difference between two bonded atoms, the 
a. greater the bond order. 
b. greater the ionic character of the bond. 
c. more unstable the bond. 
d. greater the covalent character of the bond. 
e. unable to determine.

11. Which element can expand its valence shell to accommodate more than eight electrons? 
a. C
b. O
c. He
d. Li
e. P

12. What geometric arrangement of charge clouds is expected for an atom that has five charge clouds? 
a. square planar 
b. trigonal bipyramidal 
c. tetrahedral 
d. square pyramidal
e. octahedral 

13. Which of the following is not true? 
a. An sp3 hybrid orbital may form a sigma bond by overlap with an orbital on another atom. 
b. An sp3 hybrid orbital may hold a lone pair of electrons. 
c. An sp3 hybrid orbital may form a pi bond by overlap with an orbital on another atom. 
d. The sp3 hybrid orbitals are degenerate. 
e. All of the above are true.

14. A triple bond is generally composed of 
a. three  bonds. 
b. three  bonds. 
c. one  bond and two  bonds. 
d. two  bonds and one  bond. 
e. one  bond, one  bond and one  bond

15. Compare the energies of molecular orbitals of homonuclear diatomic molecules with the energies of the atomic orbitals with which they correlate. 
a. Bonding orbitals are lower and antibonding orbitals are higher in energy than the atomic orbitals. 
b. Both bonding and antibonding molecular orbitals lie lower in energy than the atomic orbitals. 
c. Bonding orbitals are higher and antibonding orbitals are lower in energy than the atomic orbitals. 
d. Both bonding and antibonding molecular orbitals are higher in energy than the atomic orbitals. 
e. Bonding and antibonding energies are not related to atomic orbital energy levels.

Problems
1.  (9 points) Write the electron configurations for the following atoms or ions as predicted by the periodic table
a. P (complete configuration)

1s2 2s2 2p6 3s2 3p3

b. Db (shorthand configuration)

[Rn] 7s2 6d3 5f14

c. Nb +3 (shorthand configuration)

[Kr] 4d2

2.  (6 points) Arrange the following atoms in order of increasing atomic radius
a. As, Sn, Sb.  Justify your choices.

As<Sb<Sn

Sb is smaller than Sn because atomic sizes decrease as you move across the periodic table to the right.  As is smaller than Sb because atomic sizes increase as you go down a column.


3. (5 points) How are atomic size and first ionization energy related?  Explain this relationship.  (i.e. why does it make sense that these two properties are related?)

Atoms with smaller atomic sizes have larger ionization energies.  This is because the smaller an atom is, the more closely its electrons are held and the more difficult it is to take them away.  As electrons get far from the nucleus the attractive forces becomes weaker

4.  (5 points) If energy is required to form monatomic ions from metals and nonmetals, why do ionic compounds exist?

Although energy is required to form monatomic ions, the amount of energy recovered when these atoms come together to form an ionic crystal is significantly more favorable resulting in an overall favorable process.

5. (5 points) Explain how sigma and pi bonds differ.

Sigma bonds have overlap between the atoms and pi bonds have overlap above and below the atoms.


6. (18 points) Write reasonable Lewis Electron Dot Structures for the following molecules or ions (Central atom is listed first).  Tell the orbital and molecular geometry for each molecule/ion.  Show formal charges for all non-zero charges.  If resonance structures exist, show them.
	POCl3

P is central atom





	
	orbital geometry

tetrahedral

molecular geometry
tetrahedral


	SF2









	

	orbital geometry

tetrahedral

molecular geometry
bent


	ICl2-1

(one iodine two chlorines!)









	


	orbital geometry

trigonal bipyramidal

molecular geometry
linear




7. (6 points) Although I3-1 is known, F3-1 is not.  Using Lewis structures, explain why F3-1 does not form.

I3-1 and F3-1 both require an expanded octet on the central atom.  Iodine has available d orbitals so that it can expand its octet.  Fluorine’s outermost electrons are in the 2p orbitals and there are no 2d orbitals in which to place extra electrons.




8.  (8 points) Two structures can be drawn for cyanuric acid:

a. Are these two resonance structures of the same molecule?  Explain.

These are different molecules because they have different skeleton structures.  Resonance structures must have the same skeleton structure!

b. How many sigma bonds are in structure a?  

12
c. How many pi bonds are in structure a?

3
d. Which bonds are longer, the CO bonds in structure a or b?  Explain.


The CO bonds in b are longer because single bonds are longer than double bonds.


9. (6 points) Look at the compound pictured below.  Explain the bonding in terms of valence bond theory.  That is show the atomic orbitals on the N atom, describe any electron promotion and hybridization necessary, and show the orbitals involved in both sigma  and pi bonding as well as the orbital holding the lone pair of electrons

10. 

11. (16 points) Answer the following questions for the structure below:

	What is the orbital geometry of I (arrow a)?

Trigonal bipyramidal
	What is the hybridization of Kr (arrow g)?
sp3d2

	What is the formal charge of Rn (arrow c)?  

+2
	What is the hybridization of C (arrow h)?
sp2

	What is the orbital geometry of N (arrow e)?
Linear 
	What is the formal charge on Sb (arrow j)?
-3

	What is the molecular geometry of P (arrow f)?
Trigonal pyramidal
	What is the molecular geometry of Br (arrow i)? 
Square pyramidal



12.  (6 points)Determine the electron configurations for CN+1, CN, and CN-1.  Calculate the bond order for each, and indicate which ones are paramagnetic.  Predict which one would be most stable based on your determinations.  (Use the MO splitting diagram on the front page to help you answer the question.)  

	Molecule / ion
	Bond order
	Magnetic character

	CN+1
	2
	Paramagnetic 

	CN
	2.5
	Paramagnetic

	CN-1
	3
	Diamagnetic 



Which of these species do you predict to be the most stable and why?
CN-1 would be the most stable because it has the highest bond order.
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