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Chem 130      Name______________________________ 
Exam 3       November 8, 2017 
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.  Point vales are in parentheses by each problem. 
 

Part I: Complete all of problems 1-9 
1. The heat of solution of NaOH(s) in water is -41.6 kJ/mol NaOH.  When NaOH is dissolved in water, 

the solution temperature: (4) 
a. increases. 
b. decreases. 
c. remains constant. 
d. either increases or decreases depending on the amount of NaOH dissolved. 

 
 
Answer______ 

 

2. A spontaneous process (4) 
a. happens quickly. 
b. has a small activation barrier. 

c. continues on its own once begun. 
d. is never endothermic. 

 
Answer _____ 

 

3. The reaction A + B → C + D is second order in A and zero order in B.  The value of k is 
 0.012 M-1min-1.  What is the rate of this reaction when [A] = 0.125 M and [B] = 0.235 M? (4) 
a. 6.6 x 10-4 M min-1 
b. 2.8 x 10-3 M min-1 

c. 1.9 x 10-4 M min-1 
d. 1.5 x 10-3 M min-1 

 
Answer _____ 

 

4. For each of the statements below, indicate whether the statement is CORRECT or INCORRECT and 
justify your choice in no more than two sentences for each item. (6) 
a. As two gases mix, ∆S is positive. 

 
 
 
 
 

b. Molecules in a liquid state have higher entropy than molecules in the gaseous state. 
 
 
 
 
 
5. For the reaction, 2 NO(g) + Cl2(g) → 2 NOCl(g), ∆Ho = -40.9 kJ.  Is the reaction to be spontaneous at 

high temperature, low temperature, all temperatures, or no temperatures?  Justify your answer in no 
more than three sentences.  No calculations are necessary. (6) 
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6. You are investigating the reaction of a newly discovered cancer drug named LAMPROCKS 
(abbreviated L).  You have been charged with determining the rate law for the decomposition of 
LAMPROCKS into its two components, LAMP and ROCKS.  The rate only depends on L and no 
other reactants.  You have collected the following data and made the plots below.  Based on this data, 
what is the rate law for this reaction and what is the value of the rate constant with the appropriate 
units?  Justify your choice for the rate law and show your work for the k determination. (10) 

Time, 
sec [L], M 

 

 

0.00 0.200 
1.00 0.173 
2.00 0.152 
3.00 0.136 
4.00 0.123 
5.00 0.112 
6.00 0.103 
7.00 0.0950 
8.00 0.0884 
9.00 0.0826 
10.00 0.0776 

 
 
 
 
 
 
 
 
 
 
 
 
 
7. Sketch a generic reaction coordinate diagram below for a reaction that is nonspontaneous and slow.  

Be sure to label the diagram.  Describe how information related to the tendency and rate of the 
reaction can be extracted from such a diagram (10) 
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8. Consider the reaction: A + 2B → C + D, the rate law is:  rate = k[A][B]2.  Is the mechanism below 
valid for this reaction and rate law?  Clearly justify your assertion. (10) 

  k1  
Step 1: A + B → W (slow) 

    

  k2  
Step 2: W + B → C + D (fast) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. In a constant-pressure calorimeter, 65.0 mL of 0.790 M H2SO4 was added to 65.0 mL of 0.310 M 

NaOH. The reaction caused the temperature of the solution to rise from 21.22°C to 23.33°C. If the 
solution has the same density and specific heat as water (1.00 g/mL and 4.184 J/g·K, respectively), 
what is ∆H for this reaction (per mole of H2O produced)? Assume that the total volume is the sum of 
the individual volumes. (10) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Answer______________________ 
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Part II. Answer three (3) of problems 10-13. Clearly mark the problems you do not want 
graded. 12 points each. 
 

10. Consider the Bombardier Beetle, who defends itself by spraying nearly boiling water on its predators. 
It has two glands on the tip of its abdomen, with each gland containing two compartments. The inner 
compartment holds an aqueous solution of hydroquinone and hydrogen peroxide. The outer 
compartment holds a mixture of enzymes that catalyze the following reaction. 

 

C6H4(OH)2 (aq) + H2O2 (aq) → C6H4O2 (aq) + 2 H2O (l)    ∆Ho
rxn = -202.6 kJ 

hydroquinone  hydrogen 
peroxide 

 benzoquinone  water  

 

When threatened, the beetle squeezes some fluid from the inner compartment into the outer 
compartment, and sprays the mixture (which is near its boiling point) onto the predator. Assume a 
beetle emits 0.90 mL of 3.0 M hydroquinone and 1.10 mL of 3.0 M peroxide.  If the initial 
temperature of this solution is 25.0OC, what will the solution temperature be after the reaction?  
Assume the specific heat of the solution is 4.184 J/gK and that the density of solution is 1.00 g/mL.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Answer______________________ 
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11. Determine the standard enthalpy of formation of hexane, C6H14(l), from the information below.  
Report your result in units of kJ per mole of hexane.  

 
2 C6H14(l) + 19 O2(g) → 12 CO2(g) + 14 H2O(l)  ∆Ho = -8326 kJ 

 
Species ∆Ho

f, kJ mol-1 So
f, J mol-1 K-1 ∆Go

f, kJ mol-1 
O2(g) 0 205.1 0 
H2(g) 0 130.7 0 

C(s, graphite) 0 5.74 0 
CO2(g) -393.5 213.7 -394.4 
H2O(l) -285.8 69.91 -237.1 
H2O(g) -241.8 188.8 -228.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Answer______________________ 
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12. Solid ammonium nitrate can decompose to dintrogen oxide gas and liquid water.  What is the ∆Go at 
298K?  At what temperature, if any, does spontaneity of the reaction change?  Is the reaction more or 
less spontaneous at high temperatures? 

 
Species ∆Go

f (kJ/mol) ∆Ho
f (kJ/mol) So

f (J/mol) 
NH4NO3 (s) -183.9 -365.6 151.1 

N2O (g) +104.2 +82.05 219.9 
H2O (l) -237.1 -285.8 69.91 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Answer______________________ 
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13. The initial rate of the reaction A + B → C + D is determined for different initial conditions, with the 

results listed in the table below.  Determine the rate law and the rate constant for the reaction. 
 

Experiment [A], M  [B], M Initial Rate (Ms-1) 
1 0.0133 0.0370 6.75 x 10-4 
2 0.0266 0.0370 2.70 x 10-3 
3 0.0200 0.0200 8.24 x 10-4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Answer______________________ 
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Possibly Useful Information 
 

R = 0.08206 L atm mol-1 K-1 
R = 8.314 J mol-1 K-1 

K = oC + 273.15 
12
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q=mc∆T q=nLR∆Hrxn q=m∆H 

∆Suniverse  = ∆Ssystem + ∆Ssurr ∆G  = ∆H - T∆S ∆Ssurr = −∆Hsys/T 

rate = k[A]0 [A] t = -kt + [A]0 t1/2 = [A]0/2k 

rate = k[A]1 [ ] [ ]0t AlnktAln +−=  t1/2 = 0.693/k 

rate = k[A]2 

[ ] [ ]0t A
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t1/2 = 1/(k[A]0) 

 
 
 
 
 
 

 
 
 


