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1. (12 points) A primary standard is prepared by dissolving 3.6529 grams citric acid (H3C6H5O7, a triprotic acid) to a total volume of 500.0 mL.  25.00 mL of this solution reacts completely with 35.84 mL of a potassium hydroxide solution.  1.2982 g of an unknown monoprotic acid is neutralized by 48.39 mL of the potassium hydroxide solution.  Answer the following questions:

a. Write the balanced equation for the reaction between citric acid and potassium hydroxide.

b. What is the concentration of the citric acid solution?

c. What is the concentration of the potassium hydroxide solution?

d. What is the pH of the potassium hydroxide solution?

e. What is the molecular mass of the unknown acid?

2.  (6 points) Define the terms atomic orbital and molecular orbital and explain how they are different.

3. (6 points) Define what is meant by a covalent bond.  Explain how to determine if a bond is polar.  Be sure to define any terms you use in your explanation.

4. (6 points) Define what is meant when we say electron energies are quantized.  How do we explain this phenomenon?

5. (4 points) What is the trend in lattice energies when one uses heavier and heavier halide ions with a given alkali metal cation?  Explain.

6. (8 points) Write out the complete or shorthand electron configuration (as predicted by the periodic table) for the following atoms or ions.

a. Na (complete)

b. N-3 (complete)

c. Au (shorthand)

d. Cr+3 (shorthand)

7. (8 points) A photon with a wavelength of 392 nm strikes a metal surface ejecting an electron with a velocity of 4.23 x 109 m/sec.  What is the threshold frequency of the metal?  
What is the ionization energy of the metal in J/mole? 
8. (8 points) What is the maximum number of electrons that can be associated with the following sets of quantum numbers?  (The answer may be none, if so explain why.)

a. n=4, l=3

b. n=6, l=1, ml=-1

c. n=3, l=3, ml=-3

d. n=2, l=1, ml=1, ms=+1/2 
9.  (5 points) Predict which of the following elements has the greatest difference between the first and second ionization energy.  Si, Na, P, and Mg.  Explain your reasoning.

10. (6 points) What is the relationship between bond order, bond length, and bond energy for a series of related bonds, say carbon-carbon bonds?

11. (4 points) Circle the elements that can accommodate more than four valence electron pairs?  That is, which can form compounds with five or six valence shell electron pairs (bonds)?  

a. C

b. P

c. O

d. F

e. Cl

f. B

g. Se

h. Sn

12. (16 points) Draw Lewis Electron Dot structures for the following.  Show any reasonable resonance structures.

a. BH3
b. ClO3-1
c. BrF5
d. SCN-1
13. (11 points) Answer the following questions for the structure shown below:

a. What are the molecular and orbital geometries around Xe?


Orbital 



  Molecular





b. What is the charge on N?

c. What is the hybridization of O

d. What are the molecular and orbital geometries around C


Orbital 



  Molecular





e. What is the charge on Cl?

f. What is the hybridization of C

g. What is the hybridization of Se?
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14.  (6 points) Draw IF3.  Explain the bonding in terms of valence bond theory.  That is show the atomic orbitals on the central atom, describe any electron promotion necessary, and show the orbitals involved in sigma bonding, pi bonding, or lone pairs as appropriate.
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