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I.  (41 points)  Short  Answers  
 
1.   (4 points) The following reaction is (  zero,  first , second, third  ) order overall and  
 (  zero, first,  second , third  )with respect to [NO]. 
 

2 NO (g)   + Br2 (g)  → 2 NOBr (g)  Rate = k[NO2]2[Br2] 
 

2. (4 points)  Using the equation from problem 1, give the relative rate of appearance of NOBr to the relative 
rate of disappearance of NO. 

 
 
 
3. (4 points)  Given the following rate law, write an equation for the rate-determining step of this reaction’s 

mechanism assuming that the slow step is the first step of the mechanism. 
Rate = k[A]0[B]2 

 
 
 
 
4. (8 points) For a first order reaction, a plot of ____________ (x-axis) vs. _____________ (y-axis) would  
 

yield a straight line with the slope equal to ___________ and the y-intercept equal to ___________. 
  
 
 
5.  (8 points)  Using the space provided, sketch what must be plotted in order to determine Ea, the energy of 

activation, for a reaction.  Be sure to label the axes and to supply a line on the graph showing appropriate 
slope.  What is the slope equal to?  What is the y-intercept equal to? 

 
 

 



 

6. (4 points)Write the Kc for the following reaction. 
 

SnO2 (s) +  2 CO (g) ↔ Sn (s)  +  2 CO2 (g) 
 

Kc =   

 

 
7. (9 points) Indicate, by circling the correct answer, the effect of the following changes on the position of the 

equilibrium; that is, state which way the equilibrium will shift (left, no change, or right). 
 

N2O4 (g) ↔ 2 NO2 (g)   ∆H = +58 kJ 
 

a. Addition of more NO2 (g) (   left,   no change,  right  ) 

b. Increasing the volume of the container (   left,   no change,  right  ) 

c. Cooling the reaction (   left,   no change,  right  ) 

  
 
II.  Calculations.   Show clear, complete setup for full credit. 
 
8. (11 points)  Cobalt-60 has a half-life of 5.26 yr.  The cobalt-60 source in a radiotherapy unit must be 

replaced when its radioactivity falls to 75% of the original sample.  If a sample was purchased on June 1, 
2003, in what month and year will it be necessary to replace the cobalt-60? 



 

9. (15 points) The following reaction was studied at -10°C and the following data were collected 
 

2 ClO2 (aq)  +  2 OH- (aq)  →   ClO2
- (aq) +  ClO3

- (aq) +  H2O (l) 

 
 
 

 
experiment 

 
[ClO2]o (mol*L-1) 

 
[OH-]o (mol*L-1)

initial rate 
(mol*L-1*s-1) 

1 0.0500 0.100 5.75 x 10-2 

2 0.100 0.100 2.30 x 10-1 

3 0.100 0.0500 1.15 x 10-1 
 
 

a. Mathematically determine the order of the reaction with respect to ClO2.  Please show your work. 
 
 
 
 
 
 

b. Mathematically determine the order of the reaction with respect to OH-.  Please show your work. 
 
 
 
 
 
 
 c.  Write the rate law expression for this reaction. 
 

 
 
 

 d. What is the overall order of this reaction? 
 
 
 
 
 e.   Determine the value of the rate constant, k, including the units. 
 
 
 
 
 



 

10. (9 points) At a particular temperature, the equilibrium constant, K, is 1.0x102 for the following reaction. 
 

H2 (g)  +  I2 (g)  ↔  2 HI (g) 
 

In the lab, it was observed that a 0.500 L contained 1.00 mol H2, 1.00 mol I2, and 1.00 mol HI. 
 
a. (5 points)  Is the system in equilibrium?  (Prove either yes or no mathematically and show your work) 
 
 

 
 

 
 
b. (2 points)  If the system in not in equilibrium, will the concentration of I2 increase or decrease as it 

continues towards equilibrium?  It the system is in equilibrium, simply state “at equilibrium.” 
 
 
c. (2 points)  If a catalyst is added to the system once it reached equilibrium, what direction will the 

equilibrium shift? 
 
 
 
 
 
11. (9 points)  A sample of solid ammonium chloride was placed in an evacuated container and then heated so 

that it decomposed to NH3 (g) and HCl (g).  After heating, the total pressure in the flask was 4.4 atm.  
Calculate Kp (including units, if any) at this temperature for the decomposition reaction 

 
NH4Cl (s)  ↔  NH3 (g)  +  HCl (g) 



 

12. (15 points)  When a certain partial pressure of NH3 (g) was put into an empty vessel at 25oC, equilibrium 
was achieved when 50% of the original NH3 had decomposed according to the following equation. 

 
N2 (g) + 3 H2 (g) ↔ 2 NH3 (g)     Kp = 5.3 x105 

 
Calculate the original partial pressure of NH3 (in atm) before any decomposition occurred. 

 
 


