
Directions: You have two hours to complete this exam.  This exam is closed book and electronic 
device. The only allowed device for this exam is a calculator.  You may remove this equation 
sheet/periodic table. Make sure to write your name on the first page of the exam.  
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1. When 14.7 grams of a compound (a non-electrolyte) is dissolved in 941.4 grams of benzene 
(C6H6) the new freezing point is 4.90 °C.  The freezing point of pure benzene is 5.50 °C and the kf 

of benzene is 5.12 °C.  What is the molar mass of the organic compound? (10 pts) 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



 

2. Sea water has a sodium chloride concentration of 3.5 grams of NaCl/100.0 mL of solution.   The 
osmotic pressure of blood is 7.1 atm at 37.0°C. Does sea water have the same osmotic pressure 
as blood if it is at 37.0 °C? Yes or no? AND show all calculations used to determine your 
answer. (8 pts) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3. Concentrated nitric acid has a concentration of 67% by mass (67 grams of HNO3/100.0 g of 
solution).  The density of this solution is 1.40 g/mL .  Answer the following questions (8 pts) 

 

 

a. What is the mole fraction of water?  

 

 

 

 

 

 

b. What is the molarity?  

 

 

 

 

 

 

c. What is the molality?  

 

 

 

 

 

 

 

 

 



 

4. A student obtained the following data for decomposition of hydrogen peroxide,  
2H2O2 (l)  2H2O (l)+ O2 (g)  
Answer the following questions.  Graphs ARE NOT required but graph paper is provided on the 
next page if you want to make plots. The student wants to determine the rate law,   
rate = k[H2O2]m.  (10 pts) 

Time (s) [H2O2] mol/L 
0 1.0  
120 0.91 
300 0.78 
600 0.59 
1200 0.37 
1800 0.22 
2400 0.13 
3000 0.082 
3600 0.050 

 

 

a. Is the reaction zero, first or second order with respect to hydrogen peroxide? 

 

 

 

 

 

b.  What is the rate law and rate constant with units? 

 

 

 

c. What is the concentration of hydrogen peroxide after 5000.0 seconds? 

 

 

 

d. Describe two ways to increase the rate of the reaction for decomposition of hydrogen peroxide. 

 



 

 



 
5. Determine whether each of the following solutes are miscible in water or hexane (C6H14) and 

explain your choice. (6 pts) 

 

a. Potassium iodide 

 

 

 

 

 

b. Acetic Acid (CH3COOH) 

 

 

 

 

 

 

c. Benzene (C6H6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
6.  Given the proposed mechanism for the reaction below answer the following questions.    (10 

pts) 

 

H2(g)+2ICl(g)⟶I2(g)+2HCl(g) ΔH<0 
 
Experimental rate law:   rate= k[H2][ICl] 

 
 
Step 1 (slow)  H2 (g) +ICl (g) ⟶HI (g) +HCl (g)  
 
Step 2 (fast)    HI (g) +ICl (g)⟶I2 (g) +HCl(g) 

 

a. Write a rate law for each elementary step  

Step 1 :  

 

 

Step 2:  

 

 

b.  Is the proposed mechanism is valid for the reaction studied in the lab and experimentally 
determined rate law? Yes or No and explain your answer. 

 

 

 

 

 

 

 

 

c. What molecule is the intermediate for this reaction mechanism? 

 

 



6 continued  

d. Draw and label a reaction coordinate diagram for the reaction mechanism from #6.  You can use 
the following abbreviations (P for products, R for reactants, TS1 and TS2 for transition state 
for step 1 and step 2 Ea1 and Ea2 for activation energy for step 1 and step 2, and ΔH). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7. Given the data below please answer the following questions, make sure to include the rate 
constant with units.  The reaction is:  NH4

+ (aq) + NO2
- (aq)  N2(g) + 2H2O (l) and the reaction 

rate is defined at rate = -Δ[NH4
+]/Δt.  (10 pts) 

 

Experiment [NH4
+] [NO2

-] Initial rate (mol/L-s) 
1 0.100 M 0.0050 M 1.35 x 10-7 

2 0.100 M 0.010 M 2.70 x 10-7 

3 0.200 M 0.010 M 5.40 x 10-7 

 
a. What is the rate law for this reaction? 

 

 

 

 

b. What is the rate constant (k)?  

 

 

 

 

 

 

c. What is the rate of the reaction if the concentration of ammonium ion and nitrite ion are 0.100 
M?  

 

 

 

 

 

 

 

 



8. The reaction, C4H8(g)⟶2C2H4(g), has an activation energy of 262 kJ/mol. At 327.0 °C, the rate 
constant, k, is 6.1×10−8 s−1. What is the value of the rate constant at 300.0°C?  (8 pts) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

9. The equilibrium constant (Kp) for the reaction COCl2(g)⇌CO(g)+Cl2(g) at 100 °C is 2.2 x 10 --10. 
Answer the following questions (10 pts).   
 

 

a.  If the initial pressure is 0.100 atm for COCl2 what is the partial pressure of each gas 
at equilibrium? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Is this equilibrium reactant or product favored? Briefly explain your answer.  

 

 

 

 

 

 

 

 

 

c. If the volume of the reaction vessel is decreased which direction will the reaction 
shift (reactants or products) to offset the stress and re-establish equilibrium?  

 

 

 

 

 

 

 

 

 

 



 

10. When 0.0322 moles of NO gas and 1.70 grams of bromine gas are placed in a 2.00 L reaction 
vessel at 25.0°C, the equilibrium pressure of NOBr was 0.438 atm.  What is the equilibrium 
constant, Kp, at 25.0°C?  PV=nRT (8 pts) 

 
2NO(g) + Br2 (g) ⇌ 2NOBr (g) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



11. For the following reaction: H2 (g) + I2 (g)   ⇌     2HI (g),  ΔH<0 determine whether the reaction 
will shift towards the reactants, products or neither. (6 pts) 

 
 
 
 

a. Increase in pressure  
 
 
 
 
 
 

b. Increase in temperature  
 
 
 
 
 
 

c. Addition of hydrogen gas 
 
 
 
 
 
 
 

d. Removal of iodine gas  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



12. At 0.0°C the solubility of oxygen gas is 0.0221 M at a pressure of 1.0 atm.  At the same 
temperature, 0.0°C if the pressure is increased to 5.0 atm what mass of oxygen gas can be 
dissolved in two liters of water? (6 pts) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BONUS (2 pts) 
 
If you had to name a cat what periodic element name would you give the cat and why?  For example, 
my cat’s Argon because he is just like a noble gas content and doesn’t want to interact (aka react) 
with any other cats.   


