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Chem 121      Name______________________________ 
Exam 1, Ch 8, 9, 10              February 6, 2009 
100 Points 
 
Please follow the instructions for each section of the exam. Show your work on all mathematical 
problems. Provide answers with the correct units and significant figures. Be concise in your 
answers to discussion questions.  I have intentionally left a great deal of space for each 
problem.  I do not expect each problem to take up all of the space provided! 
 
Warmup.  4 points each 
 
1. How many unpaired electrons are present in an oxygen atom? 
 

a. 0 
b. 1 
c. 2 
d. 3 

 
 
Answer ____________ 

 
2. Which is the most polar bond? 
 

a. O-F 
b. N-F 
c. F-F 
d. C-F 

 
 
Answer ____________ 

 
3. Arrange the following in terms of increasing electron affinity:  K, F, P, O 
 

a. K<F<P<O 
b. K<P<O<F 
c. F<O<P<K 
d. P<K<O<F 

 
 
Answer ____________ 

 
4. Which of the following orbitals cannot exist according to modern quantum theory:  2s, 3p, 

2d, 3f, 5p, 6p?  Briefly justify your reasoning.  
 
 
 
 
 
 
 
 
 
5. We can write resonance structures for ozone as shown below.  What does the “↔” mean?  

Why do we sometimes need to invoke resonance?  
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Complete all of problems 6-9. 
6. Write the ground state electron configurations for the following species. You may choose to 

use noble gas notation if you wish.  Are all of the electrons in the valence shell of each atom 
paired? (15 points total, 5 points each) 

 
a. selenium 

 
 
 
 
 

b. silicon 
 
 
 
 
 

c. nickel (II) ion 
 
 
 
 
 
7. Complete the table for two (2) of the species below: (12 points) 
 

Species 
Lewis Structure 

(indicate resonance if 
necessary) 

Electron Pair 
Geometry 

Molecular 
Geometry 

Polar 
Molecule?  
(yes/no) 

NO2
-    

 

BrF5    

 

CS2    

 



 3

8. Below are the Lewis structures for two compounds.  For each compound, name the 
molecular geometry and provide a three dimensional sketch of the compound.  Indicate 
approximate bond angles (12 points) 

 
a. PH3 
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b. SF4 
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9. Each drawing represents a type of an atomic orbital.  Give the letter designation if the 

orbital, its value of l, and specify the number of angular nodes (nodal surfaces).  Also 
provide the minimum necessary value of n for an orbital of each type to exist.  (12 points) 

 

orbital diagram 

 

  

 

l value    

letter designation    

# of angular nodes    
minimum value of n 
for this orbital type 
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Part II  Answer two (2) of problems 10-13. Clearly mark the problems you do not want 
graded. 15 points each. 
10. The ionization energy of an element is the minimum energy required to remove an electron 

from the element.  The ionization energy of gold is 890.1 kJ/mol.  Is light with a wavelength 
of 225 nm capable of supplying enough energy to ionize a gold atom?  What is the 
maximum wavelength of light that will ionize gold?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
11. Briefly explain why the first ionization energy of Ca is greater than that of K, but the second 

ionization energy of Ca is lower than the second ionization energy of K. 
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12. Substitute natural gas (SNG) is a mixture containing methane gas that can be use as a fuel.  
One reaction for the production of SNG is shown below.  

 
4CO (g) + 8H2 (g) → 3CH4 (g) + CO2 (g) + 2H2O (g) 

 
a. Calculate the ∆Ho

rxn for the above process based on the table of bond dissociation 
energies given on the last page of this exam (12 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. How should this value compare to the ∆Ho
rxn that would be determined using the 

standard enthalpies of formation for each of the compounds in the reaction?  Justify your 
answer. (3 points) 
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13. Consider the following diagrams of the same orbital.  Which orbital do the pictures 
represent?  Provide the values for n, l, and ml for the orbital and justify your reasoning.  
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90% Probability Density Plot 
(dark = high probablility) 
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Possibly Useful Information 
 

h = 6.626 x 10-34 J s c = 2.998 x 108 ms-1 NA = 6.02 x 1023 mol-1 

E = hν νλ = c R = 1.097 x 10-7 m-1 

Hψ = Eψ  ∆E•∆(mv) > h Rhc = 2.179 x 10-18 J/atom 

2n
RhcE −=

 
2

21

d
QQkF =

 
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−=∆ 2

initial
2
final n

1
n

1RhcE
 

 
Bond Dissociation Energies (kJ/mol) 

 
Bond Bond 

Energy
Bond Bond 

Energy
Bond Bond  

Energy 
H-H 436 C-C 347 N-N 163 
H-C 414 C=C 611 N=N 418 
H-N 389 C≡C 837 N≡N 946 
H-O 464 C-N 305 N-O 222 
H-S 368 C=N 615 N=O 590 
H-F 565 C≡N 891 O-O 142 
H-Cl 431 C-O 360 O=O 498 
H-Br 364 C=O 736 F-F 159 
H-I 297 C≡O 1072 Cl-Cl 243 

 

 


