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CHEM 202H – 12,13,14      Name___________________________ 

EXAM 2, Spring 2016      Signature________________________ 

         

SCORED GRADE (100 max.)___________ 

CIRCLE YOUR COURSE SECTION IN THE LIST BELOW 

202-12 W 10-12:50  202-13 W 2-2:50  202-14 W 3-3:50 

 

Section 1. Entropy, Enthalpy, and Gibb’s Energy under Standard Conditions (16 pts) 

1. Identify the compound in each series with the largest S°. 

 A.  Hg(l)  Br2(l)  CCl4(l)  CS2(l) 

         ____________________________________ 

 B.  CH3CH2OH(g) CH3CH2OH(l) CH3CH2OH(s) CH3CH2OH(aq) 

         ____________________________________ 

For questions 2 – 3, identify the reaction as: A) Spontaneous at all T; B) Non-spontaneous at all T; C) Spontaneous 

at low T, but non-spontaneous at high T; or D) Non-spontaneous at low T, but spontaneous at high T. 

2.   2 C4H10(g)  +  13 O2(g)   8 CO2(g)  + 10 H2O(g)  (HINT: This is a combustion reaction) 

 

 

_____________________________________________________________________________________________ 

3.  The sublimation of CO2. 

 

 

_____________________________________________________________________________________________ 

4. Select the thermodynamic value on the left with the appropriate term on the right. (NOTE: not all terms on the 

right will be used, a term may be used more than once) 

     A. endothermic 

 _______ ∆Gsys = 0  B. exothermic 

 _______ ∆Suniv < 0  C. endergonic 

 _______ ∆Ssurr > 0  D. exergonic 

     E. equilibrium 
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Section 2. Entropy, Enthalpy, and Gibb’s Energy under General Conditions (14 pts) 

5. Write a reaction quotient for the following reactions: 

 A.  2 NO(g)  +  2 Cl2(g)    2 Cl2O(g)  +  N2(g) 

       _________________________________ 

 B.  PbSO4(s)    Pb2+
(aq)  +  SO4

2-
(aq) 

       _________________________________ 

 

6. Select the thermodynamic condition on the left with the appropriate term on the right. (NOTE: Some terms may 

be used more than once and some terms may not be used at all.) 

 

 _______ Q = K  A. standard conditions 

 _______ Q/K > 1  B. spontaneous 

 _______ Q = 1  C. non-spontaneous 

 _______ Q < K  D. equilibrium 

 

Section 3. Fundamentals of Reaction Mechanisms (12 pts) 

7. Use the following Reaction Energy Diagram to the answer the following questions:  

 
 

What is the spontaneity of this reaction under standard conditions?  _____________________ 

What point(s) represents the transition state(s)?     _____________________ 

How many chemical steps are involved in this reaction?    _____________________ 

What value can be calculated by subtracting the energy at A from that at B?  _____________________ 

 

8. For the elementary reaction A + B  products, what two conditions must be met for the reaction to occur? 

 

 

_____________________________________________________________________________________________ 
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Section 4. Rates and Rate Laws (10 pts) 

9. Consider the following 2 step-reaction: 

      A(aq) + H2O(l)  B(aq) + C(aq) 

       B(aq)  D(aq) 

 A. Write the overall reaction. 

     _________________________________________________________________ 

 B. Identify any intermediates in the reaction. 

      _________________________________________________ 

C. Write the rate law assuming the first step is the slow step. 

 

 

_____________________________________________________________________________________________ 

 D.  If the first step is fast and reversible and that the second step is slow, the rate law is: 

   1 2

1 2

[ ]

[ ]

k k A
rate

k C k




  

  Under what conditions would this reaction appear first-order overall? 

 

 

 

 

 

_____________________________________________________________________________________________ 

Section 5. General Equilibrium (10 pts) 

10. The following reaction is at equilibrium. Indicate if the following changes to the system will:  

A) shift reaction towards products; B) shift reaction towards reactants; or C) no shift the equilibrium. 

HNO3(l)  +  ClF(g)    ClONO2(g)  +  HF(g) 

 

 A. Addition of HF(g)    ______________________ 

 B. Addition of HNO3(l)    ______________________ 

 C. Increasing P by addition of N2(g)  ______________________ 

 D. Increasing P by reducing reactor V ______________________ 
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Section 6. Calculations (30 pts). YOU MUST SHOW YOUR WORK FOR CREDIT. 

11. The degradation of SO2Cl2 occurs via a single elementary step with a rate constant of 2.2 × 10-5 s-1. If the initial 

concentration of SO2Cl2 is 0.0040 M, what is the concentration of SO2Cl2 after 1.00 hour? 

SO2Cl2(g)    SO2(g)  +  Cl2(g) 

 

 

 

 

____________________________________________________________________________________________ 

12. The rate constant for 2 A  B is 1.8 × 10-2 M-1 s-1. Calculate the half-life when the concentration of A is 0.35 M.  

 

 

 

 

 

____________________________________________________________________________________________ 

13. The standard Gibb’s energy (G°) for the following reaction at 298 K is -141.8 kJ/mol. 

COCl2(g)  +  H2O(l)    CO2(g)  +  2 HCl(g) 

What is G for the reaction 298 K when: PCOCl2 = 0.3 atm; PCO2 = 0.6 atm; and PHCl = 0.2 atm. 

 

 

 

 

 

____________________________________________________________________________________________ 

14. The equilibrium vapor pressure of H2O at 20 °C is 2.30 x 10-2 atm. Calculate the standard Gibb’s energy (G°) 

for the vaporization of H2O at this temperature. (HINT: How is the EVP related to K?) 

H2O(l)    H2O(g) 

 

 

 

 

____________________________________________________________________________________________ 
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15. At 425 °C, the Kp for the following reaction is 4.18 × 10-9. At this temperature, if the initial HBr pressure is 1.5 

atm, what is the partial pressure of H2 at equilibrium?  

2 HBr(g)    H2(g)  +  Br(g) 

 

 

 

 

 

 

 

 

 

 

 

 

____________________________________________________________________________________________ 

Section 7. Essay (8 pts). Answer in paragraph form comprised of 4-6 full sentences. 
16. The combustion of methane gas is a spontaneous process, but the reaction requires a spark to ignite the gas. 
Explain this observation in terms of thermodynamics and kinetics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
____________________________________________________________________________________________ 
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THIS PAGE CAN BE REMOVED FROM THE EXAM 

USE THE BACK FOR SCRATCH PAPER IF NEEDED 

 

 

 

S = k lnW 

 

k = 1.381 × 10-23 J/K 

 

R = 8.314 J/mol K = 0.08206 L atm/mol K 

 

 
 

 

 

 

 

 

 

 

 

 


