
Answers to Exercise 7.4 
Standard Free Energies and Equilibrium Constants 

 
 
1. In Question 1 of Exercise 7.3, the standard free energy change for this reaction was 

calculated to be ∆𝑟𝑟𝐺𝐺° = −184.94 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

 (with one significant decimal place). 

 Step 1: Convert temperature to Kelvin 
 𝑇𝑇 = 25 ℃ = 298.15 𝐾𝐾  
 Step 2: Calculate the equilibrium constant from the standard free energy change 

∆𝑟𝑟𝐺𝐺° = −𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  

𝑙𝑙𝑙𝑙𝑙𝑙 = −∆𝑟𝑟𝐺𝐺°
𝑅𝑅𝑅𝑅

  

𝑙𝑙𝑙𝑙𝑙𝑙 = −
�−184.9 𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚�

�8.314 462 𝐽𝐽
𝑚𝑚𝑚𝑚𝑚𝑚∙𝐾𝐾�(298.15 𝐾𝐾)

× 1000 𝐽𝐽
1 𝑘𝑘𝑘𝑘

  

𝑙𝑙𝑙𝑙𝑙𝑙 = 74.60  
𝐾𝐾 = 𝑒𝑒74.60  
𝐾𝐾 = 2.5 × 1032  
Step 3: Check your work 

 Does your answer seem reasonable? 
A large equilibrium constant is consistent with a significantly negative standard free 
energy of formation for the forward reaction.  

 
 
2.  
(a) Step 1: Convert temperature to Kelvin 
 𝑇𝑇 = 25 ℃ = 298.15 𝐾𝐾  
 Step 2: Calculate the standard free energy change from the equilibrium constant 

∆𝑟𝑟𝐺𝐺° = −𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  

∆𝑟𝑟𝐺𝐺° = −�8.314 462 𝐽𝐽
𝑚𝑚𝑚𝑚𝑚𝑚∙𝐾𝐾

� (298.15 𝐾𝐾)𝑙𝑙𝑙𝑙(1.8 × 10−5)  

∆𝑟𝑟𝐺𝐺° = �2.71 × 104 𝐽𝐽
𝑚𝑚𝑚𝑚𝑚𝑚

� � 1 𝑘𝑘𝑘𝑘
1000 𝐽𝐽

�  

∆𝑟𝑟𝐺𝐺° = +27.1 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

  
Step 3: Check your work 

 Does your answer seem reasonable?  
A positive standard free energy of formation is consistent with an equilibrium constant 
smaller than 1. 

  



(b) Step 1: Calculate the standard free energy of formation for 𝑪𝑪𝑪𝑪𝟑𝟑𝑪𝑪𝑪𝑪𝟐𝟐(𝒂𝒂𝒂𝒂)
−  

∆𝑟𝑟𝐺𝐺° = ∑∆𝑓𝑓𝐺𝐺°(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) − ∑∆𝑓𝑓𝐺𝐺°(𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)  
∆𝑟𝑟𝐺𝐺° = �∆𝑓𝑓𝐺𝐺°�𝐻𝐻(𝑎𝑎𝑎𝑎)

+ � + ∆𝑓𝑓𝐺𝐺°�𝐶𝐶𝐶𝐶3𝐶𝐶𝐶𝐶2(𝑎𝑎𝑎𝑎)
− �� − ∆𝑓𝑓𝐺𝐺°�𝐶𝐶𝐶𝐶3𝐶𝐶𝐶𝐶2𝐻𝐻(𝑎𝑎𝑎𝑎)�  

∆𝑓𝑓𝐺𝐺°�𝐶𝐶𝐶𝐶3𝐶𝐶𝐶𝐶2(𝑎𝑎𝑎𝑎)
− � = ∆𝑟𝑟𝐺𝐺° − ∆𝑓𝑓𝐺𝐺°�𝐻𝐻(𝑎𝑎𝑎𝑎)

+ � + ∆𝑓𝑓𝐺𝐺°�𝐶𝐶𝐶𝐶3𝐶𝐶𝐶𝐶2𝐻𝐻(𝑎𝑎𝑎𝑎)�  

∆𝑓𝑓𝐺𝐺°�𝐶𝐶𝐶𝐶3𝐶𝐶𝐶𝐶2(𝑎𝑎𝑎𝑎)
− � = �+27.1 𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚
� − �0 𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚
� + �−396.46 𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚
�  

 ∆𝑓𝑓𝐺𝐺°�𝐶𝐶𝐶𝐶3𝐶𝐶𝐶𝐶2(𝑎𝑎𝑎𝑎)
− � = −369.4 𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚
   

Step 2: Check your work 
 Does your answer seem reasonable?  
 
 
3. Step 1:  Write a balanced chemical equation for the reaction  
 4 𝐻𝐻𝐻𝐻𝐻𝐻(𝑔𝑔) + 𝑂𝑂2(𝑔𝑔) →  2 𝐻𝐻2𝑂𝑂(𝑔𝑔) + 2 𝐶𝐶𝐶𝐶2(𝑔𝑔)  
 Step 2: Convert temperature to Kelvin (if necessary) 
 𝑇𝑇 = 25 ℃ = 298.15 𝐾𝐾  
 Step 3: Calculate the standard free energy change for the reaction 

∆𝑟𝑟𝐺𝐺° = ∑∆𝑓𝑓𝐺𝐺°(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) − ∑∆𝑓𝑓𝐺𝐺°(𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)  
∆𝑟𝑟𝐺𝐺° = �2 ∆𝑓𝑓𝐺𝐺°�𝐻𝐻2𝑂𝑂(𝑔𝑔)� + 2 ∆𝑓𝑓𝐺𝐺°�𝐶𝐶𝐶𝐶2(𝑔𝑔)�� − �4 ∆𝑓𝑓𝐺𝐺°�𝐻𝐻𝐻𝐻𝐻𝐻(𝑔𝑔)� + ∆𝑓𝑓𝐺𝐺°�𝑂𝑂2(𝑔𝑔)��  

∆𝑟𝑟𝐺𝐺° = �2 �−228.6 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

� + 2 �0 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

��  − �4 �−95.3 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

� + �0 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

��  

 ∆𝑟𝑟𝐺𝐺° = −76.0 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

       

 Step 4: Calculate the equilibrium constant from the standard free energy change 
∆𝑟𝑟𝐺𝐺° = −𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  

𝑙𝑙𝑙𝑙𝑙𝑙 = −∆𝑟𝑟𝐺𝐺°
𝑅𝑅𝑅𝑅

  

𝑙𝑙𝑙𝑙𝑙𝑙 = −
�−76.0 𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚�

�8.314 462 𝐽𝐽
𝑚𝑚𝑚𝑚𝑚𝑚∙𝐾𝐾�(298.15 𝐾𝐾)

× 1000 𝐽𝐽
1 𝑘𝑘𝑘𝑘

  

𝑙𝑙𝑙𝑙𝑙𝑙 = 30.7  
𝐾𝐾 = 𝑒𝑒30.7  
𝐾𝐾 = 2 × 1013  
Step 5: Check your work 

 Does your answer seem reasonable? 
An equilibrium constant greater than 1 is consistent with a negative standard free energy 
of formation for the forward reaction.  

 
 
  



4. Step 1:  Write a balanced chemical equation for the reaction  
 𝑁𝑁𝑁𝑁3(𝑎𝑎𝑎𝑎) + 𝐻𝐻2𝑂𝑂(𝑙𝑙) →  𝑁𝑁𝑁𝑁4(𝑎𝑎𝑎𝑎)

+ + 𝑂𝑂𝑂𝑂(𝑎𝑎𝑎𝑎)
−   

 Step 2: Convert temperature to Kelvin (if necessary) 
 𝑇𝑇 = 25 ℃ = 298.15 𝐾𝐾  
 Step 3: Calculate the standard free energy change for the reaction 

∆𝑟𝑟𝐺𝐺° = ∑∆𝑓𝑓𝐺𝐺°(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) − ∑∆𝑓𝑓𝐺𝐺°(𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)  
∆𝑟𝑟𝐺𝐺° = �∆𝑓𝑓𝐺𝐺°�𝑁𝑁𝑁𝑁4(𝑎𝑎𝑎𝑎)

+ � + ∆𝑓𝑓𝐺𝐺°�𝑂𝑂𝑂𝑂(𝑎𝑎𝑎𝑎)
− �� − � ∆𝑓𝑓𝐺𝐺°�𝑁𝑁𝑁𝑁3(𝑎𝑎𝑎𝑎)� + ∆𝑓𝑓𝐺𝐺°�𝐻𝐻2𝑂𝑂(𝑙𝑙)��  

∆𝑟𝑟𝐺𝐺° = ��−79.31 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

� + �−157.2 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

��  − ��−26.50 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

� + �−237.1 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

��  

 ∆𝑟𝑟𝐺𝐺° = 27.09 𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑚𝑚

       

 Step 4: Calculate the equilibrium constant from the standard free energy change 
∆𝑟𝑟𝐺𝐺° = −𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅  

𝑙𝑙𝑙𝑙𝑙𝑙 = −∆𝑟𝑟𝐺𝐺°
𝑅𝑅𝑅𝑅

  

𝑙𝑙𝑙𝑙𝑙𝑙 = −
�27.09 𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚�

�8.314 462 𝐽𝐽
𝑚𝑚𝑚𝑚𝑚𝑚∙𝐾𝐾�(298.15 𝐾𝐾)

× 1000 𝐽𝐽
1 𝑘𝑘𝑘𝑘

  

𝑙𝑙𝑙𝑙𝑙𝑙 = −10.93  
𝐾𝐾 = 𝑒𝑒−10.93  
𝐾𝐾 = 1.8 × 10−5  
Step 5: Check your work 

 Does your answer seem reasonable? 
An equilibrium constant smaller than 1 is consistent with a positive standard free energy 
of formation for the forward reaction.  
If you were to look up the 𝐾𝐾𝑏𝑏 value for 𝑁𝑁𝑁𝑁3, it would be the same as the equilibrium 
constant you just calculated. 


