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Electrochemistry 
 

 

Section 107– Cell Potential, Free Energy and Equilibrium 
 

 
107-1 For each pair of standard cell potential and electron stoichiometry values below, calculate a 

corresponding standard free energy change (kJ). 
(a) 0.000 V, n = 2  
(b) +0.434 V, n = 2  
(c) –2.439 V, n = 1 

 
Solution 

𝛥𝐺° = − 𝑛𝐹𝐸cell
°  

(a) 𝛥𝐺° = − 𝑛𝐹𝐸cell
°  = − (2) ቀ96485 

஼

V mol
ቁ (0.000 V) = 0 J/mol = 0 kJ/mol 

(b) 𝛥𝐺° = − 𝑛𝐹𝐸cell
°  = − (2) ቀ96485 

஼

V mol
ቁ (+0.434 V) = − 83749 J/mol = − 83.7 kJ/mol 

(c) 𝛥𝐺° = − 𝑛𝐹𝐸cell
°  = − (1) ቀ96485 

஼

V mol
ቁ (−2.439 V) = + 235327 J/mol = + 235.3 kJ/mol 

 
107-2 For each pair of standard free energy change and electron stoichiometry values below, calculate a 

corresponding standard cell potential. 
(a) 12 kJ/mol, n = 3 
(b) –45 kJ/mol, n = 1 

 
Solution 

𝐸cell
°  = −

𝛥𝐺°

𝑛𝐹
 

(a) 𝐸cell
°  = −

௱ீ°

௡ி
 = −

(ଵଶ kJ/mol)(1000 J/kJ)
(ଷ)(ଽ଺ସ଼ହ C/V mol)

 = − 0.041 V 

(b) 𝐸cell
°  = −

௱ீ°

௡ி
 = −

(ିସ  kJ/mol)(1000 J/kJ)
(ଵ)(ଽ଺ସ଼ହ C/V mol)

 = +0.47 V 

 
107-3 Determine the standard cell potential and the cell potential under the stated conditions for the 

electrochemical reactions described. State whether each is spontaneous or nonspontaneous under each 
set of conditions at 298.15 K. 

(a) Hg(𝑙)  +  Sଶି(𝑎𝑞, 0.10 𝑀) +  2Agା(𝑎𝑞, 0.25 𝑀) 
  
ሱ⎯ሮ  2Ag(𝑠)  +  HgS(𝑠) 

(b) The cell made from an anode half-cell consisting of an aluminum electrode in 0.015 M aluminum 
nitrate solution and a cathode half-cell consisting of a nickel electrode in 0.25 M nickel(II) nitrate 
solution. 

(c) The cell comprised of a half-cell in which aqueous bromide ion (1.0 M) is being oxidized to aqueous 
bromine (0.11 M) and a half-cell in which Al3+ (0.023 M) is being reduced to aluminum metal.  

 
Solution 
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All reactions are at 298.15 K and use𝐸cell  =  𝐸cell
௢  −  

ோ்

௡ி
 𝑙𝑛  𝑄 = 𝐸cell

௢ −
଴.଴ହଽଶ

௡
 𝑙𝑜𝑔  𝑄: 

(a) 
anode: Hg(𝑙) + Sଶି(𝑎𝑞, 0.25 𝑀) 

  
ሱ⎯ሮ  HgS(𝑠)  +  2eି   𝐸anode

°  =  −0.70 V
cathode: 2 ×  (Agା(𝑎𝑞, 0.25 𝑀) + eି  

  
ሱ⎯ሮ  Ag(𝑠))   𝐸cathode

°  =  0.7996 V
 

overall: Hg(𝑙) + Sଶି(𝑎𝑞) + 2 Agା(𝑎𝑞) 
  
ሱ⎯ሮ  2 Ag(𝑠) + HgS(𝑠) 

𝐸cell
°  =  𝐸cathode

°  −  𝐸anode
°  =  0.7996 V − (−0.70 V)  =  1.50 V   (spontaneous) 

𝐸cell
°  =  𝐸cell

°  − 
0.0592 V

2
 𝑙𝑜𝑔  

1

0.10 ×  0.25ଶ  =  1.43 V (spontaneous) 

(b) 

anode: 2 × (Al 
  
ሱ⎯ሮ  Alଷା(𝑎𝑞, 0.015 𝑀) +  3𝑒ି))   𝐸anode

°  =  −1.662 V
cathode: 3 ×  (Niଶା(𝑎𝑞, 0.25 𝑀) + 2eି  

  
ሱ⎯ሮ  Ni(𝑠))   𝐸cathode

°  =  −0.257 V
 

overall: 2Al(𝑠) + 3Niଶା(𝑎𝑞, 0.25𝑀) 
  
ሱ⎯ሮ  2Alଷା(𝑎𝑞, 0.015 𝑀) + 3Ni(𝑠) 

𝐸cell
°  =  𝐸cathode

°  −  𝐸anode
°  =  −0.257 V − (−1.662 V)  =  1.405 V   (spontaneous) 

𝐸cell
°  =  𝐸cell

°  −  
0.0592 V

6
 𝑙𝑜𝑔  

0.015ଶ

0.25ଷ  =  1.423 V (spontaneous) 

(c) Oxidation occurs at the anode and reduction at the cathode. 

anode: 3 ×  (2Brି(𝑎𝑞, 1.0 𝑀) 
  
ሱ⎯ሮ  Brଶ(𝑎𝑞, 0.11 𝑀)  +  2eି) 𝐸anode

°  =  1.0873 V
cathode: 2 × (Alଷା(𝑎𝑞, 0.023 𝑀) + 3eି  

  
ሱ⎯ሮ  Al(𝑠))   𝐸cathode

°  =  −1.662 V
 

overall: 2Alଷା(𝑎𝑞, 0.023𝑀) + 6Brି(𝑎𝑞, 1.0𝑀) 
  
ሱ⎯ሮ  2Al(𝑠) + 3Brଶ(𝑎𝑞) 

𝐸cell
°  =  𝐸cathode

°  − 𝐸anode
°  =  −1.662 V −  1.0873 V =  −2.749 V (nonspontaneous) 

𝐸cell
°  =  𝐸cell

°  −  
0.0592 V

6
 𝑙𝑜𝑔  

0.11ଷ

0.23ଶ1. 0଺
 =  −2.733 V (nonspontaneous) 

 
107-4 Determine ΔG and ΔG° for each of the reactions in the previous problem. 

Solution 
All use 𝛥𝐺° =  −𝑛𝐹𝐸cell

°  and ΔG = –nFEcell; (a) ΔG° = –289 kJ/mol, ΔG= –276 kJ/mol; (b) ΔG° = –813.4 
kJ/mol, ΔG = –823.8 kJ/mol; (c) ΔG° = 1591 kJ/mol, ΔG = 1596 kJ/mol 
 

107-5 Use the data in Appendix L to calculate equilibrium constants for the following reactions. Assume 298.15 
K if no temperature is given. 

(a) AgCl(𝑠)  ⇌  Agା(𝑎𝑞)  +  Clି(𝑎𝑞) 
(b) CdS(𝑠)  ⇌  Cdଶା(𝑎𝑞)  +  Sଶି(𝑎𝑞)   at 377 K 
(c) Hgଶା(𝑎𝑞)  +  4Brି(𝑎𝑞)  ⇌  [HgBrସ]ଶି(𝑎𝑞) 
(d) 𝐻ଶ𝑂(𝑙)  ⇌  Hା(𝑎𝑞)  +  OHି(𝑎𝑞)   at 25 °𝐶 

Solution 
All use 𝐾 =  𝑒௡ிாcell

° /ோ் with 𝐸cell
°  =  𝐸cathode

°  −  𝐸anode
°  

(a) 

anode: Ag(𝑠) 
  
ሱ⎯ሮ  Agା(𝑎𝑞)  +  eି   𝐸anode

°  =  0.7996 V
cathode: AgCl(𝑠) + eି  

  
ሱ⎯ሮ  Ag(𝑠) + Clି(𝑎𝑞)   𝐸cathode

°  =  0.22233 V
 

overall: AgCl(𝑠)  ⇌  Agା(𝑎𝑞) + Clି(𝑎𝑞)   𝐸cell
°  =  −0.5773 V 

𝑛 =  1 and 𝐾 =  𝑒ିଶଶ.ସ଻଴଻  =  1.7 ×  10ିଵ଴ 
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(b) 

anode: Cd(𝑠) 
  
ሱ⎯ሮ  Cdଶା(𝑎𝑞)  +  2eି   𝐸anode

°  =  −0.4030 V
cathode: CdS(𝑠) + 2eି  

  
ሱ⎯ሮ  Cd(𝑠) + Sଶି(𝑎𝑞)   𝐸cathode

°  =  −1.17 V
 

overall: CdS(𝑠)  ⇌  Cdଶା(𝑎𝑞) + Sଶି(𝑎𝑞)   𝐸cell
°  =  −0.77 V 

𝑛 =  2 and 𝐾 =  𝑒ିସ଻.ସଵ  =  2.6 ×  10ିଶଵ 
(c) 

anode: Hg(𝑙) + 4Brି(𝑎𝑞) ⇌  [HgBrସ]ଶି(𝑎𝑞)   𝐸anode
°  =  −0.21 V

cathode: Hgଶା(𝑎𝑞) + 2eି  
  
ሱ⎯ሮ  Hg(𝑙)   𝐸cathode

°  =  0.851 V  

overall: Hgଶା(𝑎𝑞) + 4Brି(𝑎𝑞)  ⇌  [HgBrସ]ଶି(𝑎𝑞)   𝐸cell
°  =  0.641 V 

𝑛 =  2 and 𝐾 =  𝑒ସଽ.ଽ଴  =  4.693 ×  10ଶଵ 
(d) 

anode: 
1

2
 × (𝐻ଶ(𝑔) 

  
ሱ⎯ሮ  2Hା(𝑎𝑞)  +  2𝑒ି)   𝐸anode

°  =  0 V

cathode: Hgଶା(𝑎𝑞) + 2eି  
  
ሱ⎯ሮ  Hg(𝑙)   𝐸cathode

°  =  0.7973 V
 

overall: 𝐻ଶ𝑂(𝑙)  ⇌  Hା(𝑎𝑞)  +  OHି(𝑎𝑞)   𝐸cell
°  =  −0.8277 V 

𝑛 =  
1

2
(2) and 𝐾 =  𝑒ିଷଶ.ଶଶ  =  1.0 ×  10ିଵସ 

 

 


