
Chem 105 Exam 2            Name_______________________ 

 

 

 

 

 

This exam is schedule for 75 minutes and I anticipate it to take the full time allotted.  You are free to 
leave if you finish.  In multiple part problems, points awarded will not be penalized for incorrect 
answer on previous parts, so simply move on if you get stuck on one part.  If you need to, make up 
an answer for the previous part.  Always neatly show work for partial credit.   

 

 

When you draw Lewis structures ALWAYS include lone pairs and redraw them to show the 
correct molecular geometry!  A ‘connect the dots’ structure is not complete and will not receive full 

credit.  Show all formal charge. 

  



 
 

  



1. Incomplete Lewis structure for three molecules are shown below.  All charges are clearly labeled on 
the correct atom.  Complete each of the following: 

a. Add lone pairs to complete the structures. 
b. If resonance forms exist, draw at least one. 
c. Determine the hybridization of all atoms. 
d. Determine all bond angles (if all bond angles are the same, you only need to label one). 
e. Redraw each molecule so that the molecular geometry is clear. 

 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 



2. Each of the molecules below has only one central atom. Draw the Lewis structure for each molecule.  
Make sure to follow the guidelines on the first page.   Label all formal charge. 
 

On each molecule: 
a. Determine the molecular geometry around the central atom. 
b. For neutral molecules, indicate whether they are polar or nonpolar (circle the correct answer). 
c. Indicate how many resonance forms exist. 

 
 

CF2Br2 (polar or nonpolar)    NO3
-1 

Number of resonance forms ______    Number of resonance forms ______ 
 
Mol. Geometry _________________    Mol. Geometry _________________ 
 

 

 

 

 

 

 

 

 

 

 

SO3
2-       SO3 (polar or nonpolar)  

Number of resonance forms ______    Number of resonance forms ______ 
 
Mol. Geometry _________________    Mol. Geometry _________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
SO2     (polar or nonpolar)    SO2

2-   
Number of resonance forms ______    Number of resonance forms ______ 
 
Mol. Geometry _________________    Mol. Geometry _________________ 
 
 
 
 
 
 
 
 
 

 



3. True or false:   
a. All atoms with sp3 hybridization have tetrahedral electron geometry.   

 
True   False 

 
b. All atoms with sp3 hybridization have tetrahedral molecular geometry.  

 
True   False 

 
c. Some sp3d2 hybridized atoms can have linear molecular geometry. 

 
True   False 

 
d. An atom can have s2p2 hybridization.  

 
True   False 

 
e. A nitrogen atom can have sp3d hybridization. 

 
True   False 

 
 

4. Clearly explain why some atoms are able to break the octet rule. 
 
 
 
 

 
 

5. Name each of the following compounds: 

FeCl3     Mg(BrO4)2    HF  

 

 

 

6. Determine the correct molecular formula for each of the following compounds: 

Ammonium nitride   copper (I) nitrite           disulfur heptachloride 

 

 

 

7. Is Pd-2 (Z=46) a common ion?  Clearly justify your answer. 
 

 

 



8. Tales from the past:  Order the following by increasing radius (smallest  largest):  

O2-, Ne, Mg2+, Cl- 

 
 
 
 
 
 

9. What are two stable indium ions (Z = 49)? Using electron configurations, justify why they are stable. 
 
 
 
 
 
 

 
 
 

10. Consider the following molecules. Rank them by order of increasing boiling temperatures.  Justify your 
answer for credit – no points will be given without an explanation.  
 

NH3  NCl3  PCl3  PH3 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11. What is the difference between a sigma bond and a pi bond? 
 
 

 
 
 

 
 
 
 
 
 



12. Answer one problem from this page: 
 

a. Using hybridization theory, sketch an energy diagram for the bonds between carbon and 
nitrogen in CH2NH.  In your diagram, identify what each electron is doing – you may reference 
the Lewis structure shown below.   

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Using molecular orbital theory, determine which of these molecules would be attracted to a 
magnet. To receive any credit, you must show how you arrived at your answer.   
  CN-1    NO-1   CO-1 

 

MO order:  σ2s, σ2s*, σ2p, π2p, π2p*, σ2p* 

 

 

 

 

 

 

 

 

 

 

 



13. Answer ONE of the following.  You must fully explain your answer to receive credit.  Answer more 
for bonus credit. 
 

a. Consider N2, O2, and CO.  N-N and O-O bonds are both non-polar; C-O bonds are polar.  Based 
on this, we would predict that CO would have a significantly higher boiling temperature than the 
other two; however, the trend is N2 < CO < O2.   Explain this trend (Hint, it has nothing to do with 
molecule size). 

 
b. PCl3F2 can be polar or nonpolar depending on the arrangement of atoms.  Draw this molecule in 

two ways that clearly explains the previous statement.  Make sure to show bond polarity to 
support your answer.  

c. Which of these molecules has the longest S-O bond?     SO3        SO3
2-      SO2

-2      SO2 
 

d. Use MO theory to predict the number of sigma and pi bonds in C2.  Based on your finding, do 
you think that this molecule can form?    σ2s, σ2s*, π2p,  σ2p, π2p*, σ2p* 
 

e. Draw the Lewis structure of the molecule described:  
 
This monovalent anion consists of a neutral central atom from the 5th shell with seesaw geometry.  
It has covalent bonds to one type of atom from the 3rd shell and one type of atom from the 4th 
shell.  None of the atoms carry a permanent formal charge of -1.  One pi bond exists in this 
molecule and two resonance forms can be drawn. 
 
 
 

 



 


