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Part I.  Multiple choice.  Write the letter of the correct answer for each problem.  3 points each 
 
1. When HCl is added to pure water, HCl molecules lose protons, while water molecules gain 

protons.  In this reaction, water is a(n)? 

A) base 
B) acid 

C) salt 
D) solute 

 
Answer ___A____ 

 

2. Uranium-238 decays by emission of an alpha particle.  The other product of this decay is 

A) 	 U92
234  B) Pa91

234  C) Ra88
234  D) T90

234 h 
 
Answer ___D____ 

 

3. One difference between a chemical reaction and a nuclear reaction is that in a nuclear 
reaction 

A) only small amounts of energy are absorbed or emitted.  
B) only the valence electrons are involved. 
C) atoms retain their identity. 
D) atoms often change from one element to another. 

 
Answer ___D____ 

 

4. The same number of moles of acetic acid and hydrogen chloride are placed in beakers 
containing water. After this addition, the beaker with the HCl has more hydronium ions than 
the beaker with added acetic acid.  HCl is classified as 

A) equal in acid strength to acetic acid  
B) a weaker acid than acetic acid. 
C) is very concentrated. 
D) A base. 

 
Answer ___N/A__ 

 

5. An unknown substance is added to a solution and the pH increases.  The substance is best 
described as a(n? 

A) base 
B) acid 

C) salt 
D) solvent 

 
Answer ___A____ 

 

6. The general formula for a carboxylic acid is 

A) RCOOR’. 
B) RCOOH. 

C) RCOR’. 
D) ROR’. 

 
Answer ___B____ 

 

7. The molecule most commonly produced as a byproduct of condensation polymerization is 

A) HCl. 
B) H2O. 

C) NH3. 
D) H2S. 

 
Answer ___B____ 

 

8. Lidocaine, shown below, is both a local anesthetic and an antiarrhythmic drug. In emergency 
medical situations, patients with irregular heartbeats frequently receive lidocaine injections 
or drips.  What is the molecular formula of lidocaine? 

 
A) C14H20N2O 
B) C14H17N2O 

C) C14H13N2O 
D) C14H22N2O 

 
Answer ___D____ 
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9. Constitutional isomers are compounds that have 

A) the same chemical formulas and molecular structures but different 
physical properties. 

B) the same chemical formulas but different molecular structures and 
physical properties. 

C) different chemical formulas and molecular structures but the same 
physical properties. 

D) the same chemical formulas, molecular structures and physical 
properties. 

 
Answer ___B____ 

 

10. The segment of a polymer shown below represents a 

 
A) polyester. 
B) polyamide. 

C) polyethylene. 
D) polystyrene. 

 
Answer ___B____ 

 

11. Which of the following is the correct balanced equation for the neutralization of barium 
hydroxide with sulfuric acid? 

A) Ba(OH)2  +  2 H2SO4   →   Ba(SO4)2  +  2 H2O 
B) BaOH  +  H2SO4   →  BaSO4  +  2 H2O 
C) BaOH2  +  H2SO4  →  BaSO4  +  H2O 
D) Ba(OH)2  +  H2SO4   →   BaSO4  +  2 H2O 

 
Answer ___D____ 

 

12. The pH of a sample of water from a river is 6.0.  A sample of wastewater from a food 
processing plant has a pH of 4.0.  The concentration of hydronium ion in the wastewater is 

A) two times larger than the river hydronium ion concentration. 
B)  one hundred times larger than the river hydronium ion 

concentration. 
C)  two times smaller than the river hydronium ion concentration. 
D) one hundred times smaller than the river hydronium ion 

concentration. 

 
Answer ___B____ 

 

13. Which statement relating to monomers and polymers is correct? 

A) The monomer is usually a solid, while the polymer is usually a 
liquid or gas. 

B) They have the same chemical and physical properties. 
C) They have different chemical and physical properties. 
D) They have the same chemical formula. 

 
Answer ___C____ 

 

14. A compound containing only carbon and hydrogen and which has no double bonds between 
atoms is classified as an 

A) aromatic 
B) alkane 

C) alkene 
D) alkyne 

 
Answer ___B____ 
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15. The compound below is a(n) 

 
A) ketone. 
B) alcohol. 

C) carboxylic acid. 
D) aldehyde. 

 
Answer ___A____ 

 

16. Which of the following statements about addition and condensation polymers is true? 

A) Both addition polymers and condensation polymers contain all of 
the atoms of the monomers. 

B) Condensation polymers contain all of the atoms of the original 
monomers, but addition polymers do not. 

C) Addition polymers contain all of the atoms of the original 
monomers, but condensation polymers do not. 

D) Both addition polymers and condensation polymers lose some 
atoms from the original monomers when the polymer is formed. 

 
Answer ___C____ 

 

17. Which of the following will result from adding a plasticizer to a polymer? 

A) They will be more rigid. 
B) They will be more transparent. 
C) They will be more colorful. 
D) They will be less brittle. 

 
Answer ___D____ 

 

18. Thorium-234 undergoes beta decay as shown below.  What is Q? 
T90

234 h → β-1
0 + Q 

A) 	 Pa91
234  B) Th91

233  C) Th90
233  D) Ac89

234  
 
Answer ___A____ 

 

19. After three half-lives, what fraction of the original radioactive isotope remains in a sample? 

A) 1/4 B) 1/8 C) 1/16 D) none 
 
Answer ___B____ 

 

20. The mass of a helium nucleus is slightly less than the sum of its parts (2 protons and 2 
neutrons) because 

A) the mass of protons and neutrons are not precisely known. 
B) some of the mass is given to electrons. 
C) the mass of a proton is larger than the mass of a neutron. 
D) some of the mass is converted to binding energy. 

 
Answer ___D____ 

 

Part II.  Complete each of the following.  Point values are noted by each question. 
 

21. Complete the following table: (4 points) 

H+ molarity pH 
Acidic, Basic or 

Neutral? 

3.89x10-6 M 5.41 acidic 

1.6 x 10-9 M 8.80 basic 
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22. Match the term with its definition. (8 points) 

__B__stereoisomers A. a reactive species with on unpaired electron  
B. compounds that have the same chemical formula and 

bonding but different arrangement in space 
C. A solution with pH > 7 
D. A solution with pH < 7 
E. The force that holds the nucleons together in an atom’s 

nucleus 
F. A helium nucleus emitted in nuclear reaction 
G. An electron emitted in a nuclear reaction 
H. The combination of two smaller nuclei to produce one larger 

nucleus 
I. The splitting of an atomic nucleus into two smaller nuclei 
J. Parts of organic molecules that give compounds 

characteristic chemical and physical properties  
K. The minimum amount of an isotope necessary to sustain a 

chain reaction. 

__A__radical 

__K__critical mass 

__F__alpha particle 

__J__functional groups 

__H__fusion 

__E__binding energy 

__C__basic 

 

 
23. Kevlar, a polyamide used to make bulletproof vests, is made from terephthalic acid and para-

phenylenediamine.  Write the polymerization reaction for the formation of Kevlar, indicating 
the repeating structure for the polymer. (4 points) 

 

 
+ NN

H H

HH  
→ 

+ nH2O 

terephthalic acid  
para-phenylene 

diamine 
  

 
24. Draw organic compounds that fit the following criteria (there may be more than one structure 

that fits the criteria, you only need to draw one example for each): 
a. A compound that contains an ester and has the formula C5H10O2. (2 points) 

Here are examples of possible structures:    
b. A compound that contains and amine and an ether and has the formula C4H11NO. 

(2 points) 

Here’s an example of one possible structure:   
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Part III.  Complete 3 of the following 4 problems.  Clearly mark the problem you do not want 
graded.  Each problem is worth eight (8) points.  You must show you work on calculations to 
receive partial credit.  Report numerical results to the correct number of significant figures and 
with the appropriate units. 
25. Rank these solutions in order of increasing concentration of H+ (or H3O

+) ions.  Explain your 
reasoning. 

0.10 M NH3    0.10 M CH3COOH     0.10 M HNO3 

 
 
You should talk about the fact that HNO3 is a strong acid, CH3COOH is a weak acid, and NH3 is 
a base.  We would expect the strong acid to dissociate completely to produce 0.10 M H+ ions, 
while the weak acid should dissociate less completely to still produce H+, but at a lesser 
concentration.  The NH3 will not produce H+, so its H+ concentration in solution should be least. 

HNO3 > CH3COOH > NH3 

 
 
 
 
 
 
 
 
 
 
26. Alcohols and carboxylic acids react to form compounds by the process shown below.   

C

O

OHR + OH R' C

O

OR R' + OH2
 

a. What type of functional group is formed when alcohols and carboxylic acids react?  
(2 points) 
An ester group forms 

 
b. Complete the reaction of salicylic acid with methanol to form methyl salicylate (oil of 

wintergreen). (3 points) 
O

OH

OH

+ CH3OH

O

O

OH

CH3
+ OH2

 
 

c. Complete the reaction of salicylic acid with acetic acid to form acetylsalicylic acid 
(aspirin). (3 points) 

O

OH

OH

+ CH3 C

O

OH

O

O

O

H

C

O

CH3
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27. Einstein’s mass-energy equation, E=mc2 uses the speed of light (3.00 x 108 m/s) to relate 

mass in kilograms and energy in joules.   
a. Calculate the energy released, in joules, when 10.0 grams of matter is converted to 

energy. 
 

10.0 g x 1 kg = 0.0100 kg 
  1000 g   

 
E = mc2 = 0.0100 kg x (3.00 x 108 m/s)2 = 9.00 x 1014J 

 
 
 
 

b. When methane burns, it releases approximately 890 kJ per mole of methane.  If the molar 
mass of methane is 16.0 g/mol, how many grams of methane must burn to release the 
same amount of energy as you calculated in part a?   

 
9.00x1014J x 1 mol x 1 kJ x 16 g = 1.61x1010 g methane 

  890 kJ  1000 J  1 mol   
 
 
 
 
 
 
 
 
 
28. Compounds that can serve as monomers for polymerization reactions must have one key 

property.  What property is this?  Show how this property manifests itself in both addition 
and condensation polymerization. 

 
Monomers must be able to react in two locations in order for the polymer to continue to 
grow.  For addition polymerization, the alkene produces a di-radical that can react in two 
locations and continue to grow.  For condensation polymerization, the monomers must have 
two functional groups that can react independently.  (Example structures would be useful 
here.) 
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pH = -log[H+] [H+] = 10-pH 

[H+][OH-] = 1.0 x 10-14 NA = 6.02 x 1023 mol-1 

 

 


