
Thermodynamics 

1. Consider the following reaction at equilibrium.  
Zn(s) + CO2 (g) ⇌ ZnO (s) + CO (g)  ∆𝐻𝐻𝑟𝑟𝑟𝑟𝑟𝑟0 = −100 𝑘𝑘𝑘𝑘 𝑚𝑚𝑚𝑚𝑚𝑚−1 Kp = 600 
 

a. Is heat a product or a reactant for this reaction?  How do you know? 
 

b. What will the sign of ∆G° be?  ∆G° > 0    ∆G° < 0 
 

c. Under standard conditions, is this reaction spontaneous? 
 

d. What is the sign of ∆S° ∆S° > 0    ∆S° < 0  Cannot determine  
 

e. For each of the following, determine if the equilibrium will shift toward products or reactants or if 
there will be no change. 

i. The temperature is increased in a flask that was at equilibrium.   
ii. ZnO (s) is added to the reaction chamber.     
iii. Carbon monoxide is added to the chamber.  

    
2. For each change listed in Problem 1e, determine if: 

a. Q < K,   Q > K,   Q = K 
b. ∆Grxn > 0,  ∆Grxn < 0  ∆Grxn = 0.   

 

For problems 3-9, refer to this reaction: 

H2O2 (l) ⇌ H2O (l) + O2 (g) 

 

3. Use the table of bond enthalpies below to determine ∆H°.  Is the reaction is enthalpically favorable (a 
favorable reaction contributes to a spontaneous reaction).  Note that the reaction is not necessarily 
balanced.   
 

 

 

 

4. Is the equilibrium constant is larger at 100 K or 250 K?  Clearly justify your answer. 
 
 
 
 

5. From your answer to problem 3, determine ∆H° for each of these reactions: 
a. 6 H2O2 (l) ⇌ 6 H2O (l) + 3 O2 (g) 
b. 2 H2O (l) + O2 (g) ⇌ 2 H2O2 (l) 
c. 4 H2O (l) + 2 O2 (g) ⇌ 4 H2O2 (l) 

6. Use the following information to calculate ∆G° for the decomposition of H2O2: 



 
H2 (g)  + O2 (g) ⇌ H2O2 (l)  ∆G° = -120.4 kJ mol-1        ∆H° = -187.8 kJ mol-1 S° = 109.6 J mol-1 K-1 

H2 (g)  + ½ O2 (g) ⇌ H2O (l)  ∆G° = -237.1 kJ mol-1        ∆H° = -285.8 kJ mol-1 S° = 70.0 J mol-1 K-1 
H2 (g)  + ½ O2 (g) ⇌ H2O (g)  ∆G° = -228.6 kJ mol-1        ∆H° = -241.8 kJ mol-1 S° = 188.8 J mol-1 K-1 
 
 
 
 
 

7. The values listed in problem 6 are known as formation energies – the ∆G, ∆H, and S required to create a 
compound from its most stable elemental components.   They are incredibly useful because they have 
been measured and tabulated so they are very easy to find.  Consequently, you are able to calculate ∆H, 
∆G, and ∆S for absolutely any reaction! 

a. The most stable form of most elements is an elemental solid; however, the common diatomic 
molecules are in their most stable form as diatomic molecules.  Determine the most stable form of 
the following elements: 

Carbon sulfur  oxygen  lead  nitrogen hydrogen iodine 

 
b. As you saw in problem 6, you can use these reactions in Hess’ Law to calculate ∆G, ∆H, or ∆S for a 

reaction…but there is an easier way!  Add up the formation energy of products.  Add up to 
formation energy of reactants.  Now products minus reactants.  And done. 
 
Using the information in problem 6, calculate ∆G°, ∆H°, and ∆S°.  Does ∆G° match what you found 
in problem 6? 

 
 
 
 

8. If 50 g of H2O2 is allowed to decompose, determine how much heat is released.  Assume 100% yield.  
(Hint: ∆H° has the units of kJ/mol, so use it as a conversion factor!) 
 
 
 
 
 
 

9. Calculate K at 25 °C.    
 
 
 
 
 
 
 

10. Consider the reaction below.  For the reaction below, calculate ∆G when the indicated concentrations are 
mixed together at 75 °C.  Report you answer in kJ mol-1. 



PCl3 (g) + Cl2 (g) ⇌ PCl5 (g)      [Cl2] = 0.5 M [PCl3] = 0.1 M [PCl5] = 0.1 M 

K = 1.1 x 105 at 75°C 

 
 
 
 
 
 
 
 
 

11. Consider the reaction in problem 10.  The same reaction has a K = 1.25 x 102 at 175 °C.   
a. Is the reaction endothermic or exothermic? 
b. Calculate ∆H. 
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