
Chem 130      Name______________________________ 

Exam 4, Ch 15, with parts of 10 and 14  December 5, 2018 

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. 
 

Part 0: Warmup.  3 points each 
  

1. The steady-state approximation is most useful when 

a. the equilibrium constant for a reaction is small. 

b. there is no clear slow step in a proposed reaction mechanism. 

c. a reaction occurs through a single-step mechanism. 

d. the concentration of reactants is small compared to the 

equilibrium constant. 

 

 

Answer ____________ 

 

2. The pressure of a reaction vessel that contains an equilibrium mixture in the reaction  

SO2Cl2(g) ⇌ SO2(g) + Cl2(g) is increased.  When equilibrium is reestablished: 

a. the amount of Cl2 will have increased. 

b. the amount of SO2 will have decreased. 

c. the amounts of SO2 and Cl2 will have remained the same. 

d. the amounts of all SO2, Cl2, and SO2Cl2 will have decreased.. 

 

Answer ____________ 

 

3. Consider the reaction coordinate diagram below.  From the diagram, we can conclude: 

 
 

 

a. The reaction is endothermic. 

b. The reaction occurs by a two-step mechanism. 

c. The first step of the mechanism is the rate-determining step. 

d. The reaction is nonspontaneous. 

 

Answer ____________ 

 

4. The structure of the carbonate can be described by these three resonance structures.  This means that 

 

a. two CO bonds are single bonds and one is a double bond. 

b. three distinct forms of carbonate exist in equilibrium. 

c. the structure of carbonate cycles between the three forms. 

d. carbonate exists as a single form, which is the average or hybrid 

of these structures. 

 

Answer ____________ 
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Part I Equilibrium. Answer three (3) of problems 5-8. Clearly mark the problems you do not want 

graded. 15 points each 
5. In the gas phase, iodine reacts with cyclopentane to produce cyclopentadiene and hydrogen iodide.  

Explain how each of the following affects the amount of HI (g) present in the equilibrium mixture in 

the reaction below.  No calculations are necessary. 

 

I2 (g) + C5H8 (g) ⇌ C5H6 (g) + 2 HI (g)                    ∆Ho = +92.5 kJ 

 

a. raising the temperature of the mixture while keeping the volume constant. 

 

 

 

 

 

b. doubling the volume of the container holding the mixture, while keeping the temperature 

constant. 

 

 

 

 

 

c. introducing more C5H6(g). 

 

 

 

 

 

6. A mixture consisting of 0.150 mol H2, 0.150 mol I2, and 3.00 mol HI is brought to equilibrium at 

445oC in a 1.50 L flask.  What are the equilibrium concentrations of each species? 

H2(g) + I2(g) ⇌ 2HI(g)            Kc = 50.2 at 445oC 
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7. Formamide, used in the manufacture of pharmaceuticals, dyes, and agricultural chemicals, 

decomposes at high temperatures by the equilibrium below, with Kc = 4.84 at 400K.  If 0.186 mol of 

HCONH2 dissociates at 400K in a 2.16 L vessel, what will be total number of moles of gas present at 

equilibrium?  If the total pressure, Pt = ntotalRT/V, what is the total equilibrium pressure in the vessel? 

HCONH2 (g) ⇌ CO (g) + NH3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Given the Kc equilibrium constant values for the reactions below, determine the value of Kp at 

100.0o C for the reaction 2 N2O (g) + 3 O2 (g) ⇌ 2 N2O4 (g). 

N2 (g) + ½ O2 (g) ⇌ N2O (g) Kc = 2.7 x 10-18 

N2O4 (g) ⇌ 2 NO2 (g) Kc = 4.6 x 10-3 

½ N2 (g) + O2 (g) ⇌ NO2 (g) Kc = 4.1 x 10-9 
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Part II. Kinetics and Bonding. Answer three (3) of problems 9-12. Clearly mark the problem you do 

not want graded. 15 points each. 

9. Experiment has shown that the rate law for the reaction 2NO(g) + Cl2(g) → 2NOCl(g) is 

Rate = k[NO][Cl2].  One proposed mechanism for this process is shown below, with the second step 

being rate-determining.  Is this a reasonable mechanism for the reaction?  Justify your decision. 
 

 k1  

NO + Cl2  ⇌ NOCl2  (fast) 

 k-1  
   

 k2  

NOCl2 + NO → 2NOCl (slow) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10. In our kinetics experiment we used the isolation method (sometimes called pseudo-order kinetics) to 

determine the rate law for the reaction of crystal violet with hydroxide ion.  Describe how the 

isolation method allows the determination of the reaction orders for multiple reactants, as well as the 

overall rate constant for a reaction.  You may wish to use the CV reaction as an example.  Hint: how 

did we “isolate” the impact of CV on the kinetics from that of OH-? 
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11. Complete the table for three (3) of the species below.  If more than one structure is possible, indicate 

the structure you expect to be most representative of the actual structure of the species. 

Species Lewis Structure Species Lewis Structure 

OCl2  N2O 

 

HCN  CH2O 

 

 

12. The Lewis structure for the cyanate ion (a polyatomic anion comprised of one atom each of C, N, and 

O) could be drawn in several ways, three of which are shown below.  Each of these structures utilize 

all of the valence electrons and all atoms have filled octets.  Which one of these structures is most 

likely to be representative of the real structure of cyanate?  Justify your answer. 

      OR            OR       
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Possibly Useful Information 
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To save some calculation time, you may round all atomic masses to  

two (2) decimal points. 


