Teacher’s Tools® Chemistry

Electrochemistry:  Redox Reactions: Worksheet 2: Answer Key

Here are the steps to balance redox reactions.
Break the reaction into two half-reactions

In acid solution

1. Balance all atoms other than H and O

2. Balance O with H2O

3. Balance H with H+
4. Balance charge (both sides have to have the same net charge) by adding electrons, e-
5. Add the two half-reactions so that the e- ‘s cancel algebraically 

6. Cancel species that appear on both sides of the equation

7. Check and make sure everything is balanced

In basic solution

1. Do everything exactly the same as in acid solution (steps 1 to 5)

2. For each H+ that remains, add an OH- to both sides of the equation

3. On the side with H+, add the H+ and the OH- together to get H2O

4. These should algebraically cancel with H2O that’s on the other side

5. Check and make sure everything's balanced

1.     When the following reaction is balanced, what is the coefficient of H+? 

MnO4-(aq) + NO2-(aq) + H+(aq) (     MnO2(s)  + NO3-(aq) + H2O(l)
(A)  2                       (B)  4                       (C)  6                      (D)  8

Mn +7/+4: reduction half reaction:   MnO4-(aq)  (     MnO2(s)  
N +3/+5: oxidation half reaction: NO2-(aq) (   NO3-(aq)
Go through the steps for acidic solution (H+(aq) is present) 
4H+(aq)  + MnO4-(aq)  + 3 e-  (     MnO2(s)  + 2H2O(l) 
3(H2O(l)  + NO2-(aq) (   NO3-(aq) + 2H+(aq) +  e-)

MnO4-(aq) + 3NO2-(aq)  + H2O(l)   (     MnO2(s)  + 2H+(aq)  + 3NO3-(aq) 
The correct choice was A.

Cr2O72-(aq)      +   H2S(g) +   H+(aq)   (    Cr3+(aq)   +    S(s)   +    H2O(l)
2.
When the equation above is correctly balanced and all coefficients are reduced to their lowest whole-number terms, the coefficient for H2O(l) is

(A)
2
(B)
5
(C)
6
(D)
7
(E)
9
Cr +6/+3: reduction half reaction:   Cr2O72-(aq)   (     Cr3+(aq)
S -1/0: oxidation half reaction: H2S(g)      (   S(s)  
Go through the steps for acidic solution (H+(aq) is present) 

14H+(aq)  + Cr2O72-(aq)   + 6 e-  (     2Cr3+(aq)  + 7H2O(l) 
3(H2S(g) (   S(s)  + 2H+(aq) +  2e-)

Cr2O72-(aq)      +   3H2S(g) +   8H+(aq)   (    2Cr3+(aq)   +    3S(s)   +    7H2O(l)
The correct choice was D.

MnO4-(aq)      +   C2O22-(aq)    (    MnO2 (s)   +    CO32-(aq)   (basic solution)

3.
When the equation above is correctly balanced and all coefficients are reduced to their lowest whole-number terms, the coefficient for CO32-(aq) is

(A)
2
(B)
4
(C)
6
(D)
8
(E)
14
Mn +7/+4: reduction half reaction:   MnO4-(aq)  (     MnO2(s)  
C +1/+4: oxidation half reaction: C2O22-(aq)  (   CO32-(aq)
Go through the steps for basic solution 

2(4OH-(aq)   + 4H+(aq)  + MnO4-(aq)  + 3 e-  (     MnO2(s)  + 2H2O(l) +  4OH-(aq) )

8OH-(aq) +  4H2O(l)  +  C2O22-(aq)  (   2CO32-(aq)  + 8H+(aq) +  8OH-(aq) + 6 e-  
(remember to combine H+(aq) +  OH-(aq)  to form H2O(l) )

2MnO4-(aq) + C2O22-(aq)   (    2CO32-(aq) + 2MnO2(s) 
The correct choice was A.

4.   Which ion can be oxidized by appropriate chemical means but also can be reduced by a different chemical reaction?

(A)  Fe2+                 (B)  F-                      (C)  CO32-              (D) NO3-
Fe2+ can go to Fe3+ (oxidation) or Fe(s) (reduction).  The correct choice was A.

Cr2O72-(aq)      +   I-(aq) +   H+(aq)   (    Cr3+(aq)   +    I2 (s) 
5.
When the equation above is correctly balanced and all coefficients are reduced to their lowest whole-number terms, the coefficient for H+(aq) is

(A)
2
(B)
4
(C)
6
(D)
8
(E)
14
Cr +6/+3: reduction half reaction:   Cr2O72-(aq)   (     Cr3+(aq)
I -1/0: oxidation half reaction: I-(aq)    (   I2 (s)
Go through the steps for acidic solution (H+(aq) is present) 

14H+(aq)  + Cr2O72-(aq)   + 6 e-  (     2Cr3+(aq)  + 7H2O(l) 
3( 2I-(aq)    (   I2 (s)  + 2e- )

Cr2O72-(aq)      +   6I-(aq) +   14H+(aq)   (    2Cr3+(aq)   +    3 I2 (s)   +    7H2O(l)
The correct choice was E.

MnO4-(aq)      +   I-(aq)  (    MnO42-(aq)   +    IO3-(aq)    (basic solution)

6.
When the equation above is correctly balanced and all coefficients are reduced to their lowest whole-number terms, the coefficient for MnO4-(aq)  is

(A)
2
(B)
4
(C)
6
(D)
8
(E)
14
Mn +7/+6: reduction half reaction:   MnO4-(aq)  (     MnO42-(aq)   
I -1/+5: oxidation half reaction: I-(aq)  (   IO3-(aq)
Go through the steps for basic solution 

6(MnO4-(aq)  +  e-  (     MnO42-(aq) )

6OH-(aq)   +   3H2O(l) +  I-(aq)  (   IO3-(aq) +  6H+(aq) +  6OH-(aq) + 6 e-
(remember to combine H+(aq) +  OH-(aq)  to form H2O(l) )

6MnO4-(aq) + I-(aq)   +  6OH-(aq)    (    6MnO42-(aq)   +  IO3-(aq) +   3H2O(l)
The correct choice was C.

Fe(OH)2(s)      +   MnO4-(aq)  (    MnO2 (s)   +  Fe(OH)3(s)  (basic solution)

7.
When the equation above is correctly balanced and all coefficients are reduced to their lowest whole-number terms, the coefficient for OH-(aq)  is

(A)
1
(B)
2
(C)
3
(D)
4
(E)
6
Mn +7/+4: reduction half reaction:   MnO4-(aq)  (     MnO2(s)  
Fe +2/+3: oxidation half reaction: Fe(OH)2(s) (   Fe(OH)3(s)
Go through the steps for basic solution 

4OH-(aq)   + 4H+(aq)  + MnO4-(aq)  + 3 e-  (     MnO2(s)  + 2H2O(l) +  4OH-(aq) 
3(OH-(aq)   +  H2O(l) + Fe(OH)2(s) (   Fe(OH)3(s) +  H+(aq) +  OH-(aq) +  e-)

(remember to combine H+(aq) +  OH-(aq)  to form H2O(l) )

MnO4-(aq) + 3 Fe(OH)2(s)  + 4H2O(l)   (    3 Fe(OH)3(s)  + MnO2(s)  +  OH-(aq)
The correct choice was A.
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