AP Chemistry Predicting Products Tutorial
Answers to REDOX #1-20

1. Hydrogen peroxide is added to an acidified solution of potassium dichromate.
    H2O2 + H+ (note: acidified means add H+)+2K+ + Cr2O72- ( ?
    (Note: recall that the oxidation state of O in hydrogen peroxide is -1)
    Solution:    

    First consider H2O2: H2O2 ( H2O + O2    Note: H2O2 decomposes with O2 also as a product (see Stuff I    

     Should Know handout—I think I forgot to mention this in class when we did this one.  If O2 wasn’t a

     product, this would be impossible to balance.)

    Next consider Cr2O72-: Cr2O72- (in acid sol’n) ( Cr3+ + H2O

    Then balance this equation using the half-reaction method (K+ cancels out because it’s a spectator ion).    

( 8H+ + 3H2O2 + Cr2O72- ( 7H2O + 2Cr3+ + 3O2
2. Sulfur dioxide gas is bubbled through an acidified solution of potassium permanganate.
    SO2 + H+ + K+ + MnO4- (  ?
    Solution:

    First consider SO2: SO2 ( SO42- 

    Next consider MnO4- in acidic solution: MnO4- ( Mn2+ + H2O

    Then balance using half-reaction method (you can balance the atoms the usual way but the charge won’t 

    balance so you must use the half-reaction method to balance).

( 2H2O + 5SO2 + 2MnO4- ( 5SO42- + 4H+ + 2Mn2+ 

3. A solution containing tin(II) ions is added to an acidified solution of potassium dichromate.
    Sn2+ + H+ + 2K+ + Cr2O72- ( ?
    Solution:

    First consider Cr2O72- in acidic solution: Cr2O72- ( Cr3+ + H2O    

    Next consider Sn2+ (ALWAYS expect transition metals to change oxidation states).  You should know

    that tin can have an oxidation state of 4+ or 0.  Sn2+ would have to lose 2 electrons to become Sn2+ and 

    gain 2 electrons to become elemental Sn with an oxidation state of 0.  Since Cr is being reduced (going 

    from Cr6+ to Cr3+) Sn must be being oxidized.  Therefore Sn2+ will become Sn4+:

    Sn2+ ( Sn4+
    Then balance using half-reaction method (just as in #2 you can balance the atoms the usual way, but the 

    charge won’t balance so you must use the half-reaction method).

( 3Sn2+ + 14H+ + Cr2O72- ( 3Sn4+ + 2Cr3+ + 7H2O
4. A dilute solution of sulfuric acid is electrolyzed between platinum electrodes.
    2H+ + SO42- ( ?

    (Electrolysis will make sense when we cover the electrochemistry unit so don’t worry about this 
      type of a problem for now.)  

5. Potassium permanganate solution is added to a solution of oxalic acid, acidified with a few

drops of sulfuric acid.
     K+ + MnO4- + H2C2O4 + H+ (
     Solution:

     First consider MnO4- in acidic solution: MnO4- ( Mn2+ + H2O

     Then consider H2C2O4: C2O42- is not in your Stuff I Should Know handout, because it isn’t common.  
     You will need to predict its product based on the fact that you know this is redox.  Since Mn is being 
     reduced (going from +7 to +2), another substance must be being oxidized.  Let’s first see if C is being 

     oxidized: If CO2 is produced, the oxidation state on C does not change (it remains +4).  If CO32- is 

     produced, it still stays with a +4 oxidation state.  Therefore, oxygen must be the substance being    

     oxidized.  Oxygen begins with an oxidation state of -2 and can become elemental oxygen with an 

     oxidation state of 0 by being oxidized.  We have now figured out our second half reaction:
      H2C2O4 ( O2 + CO2   (CO2 is the most common substance with C and O in it so this must be one of the 

                                            products)

     Then balance using the half-reaction method:

( 5H2C2O4 + 18H+ + 6MnO4- ( 10CO2 + 5O2 + 6Mn2+ + 14H2O
     (Since this balances, we must have predicted our products correctly ()
6. Powdered iron is added to solution of iron(III) sulfate.
     Fe + 2Fe3+ +3 SO42- ( ?

     Solution:

     (recall that I mentioned ALWAYS expect transition metals to change oxidation states.  When there are 
     two transition metals, expect both to change oxidation states—one will oxidize and one will reduce. Iron 

     can have the following oxidation states: 0, 3+, and 2+.  Even though both transition metals are iron, they  

     can still both change oxidation states.  Fe will become Fe3+ (oxidation)and Fe3+ will become Fe2+ 

        (reduction)).  So the two half reactions are (sulfate is a spectator):

     Fe ( Fe3+​ + 3e-
     Fe3+ + 1e- ( Fe2+ 

( Fe + 2Fe3+ ( 3Fe2+
7. Copper(II) sulfide is oxidized by dilute nitric acid.
     CuS + H+ + NO3- ( 

     Solution:

     Cu cannot be oxidized because it can’t go lower than +2.  Therefore, Sulfide must be being oxidized:
     8CuS ( 8Cu2+ + S8   (Note: you must memorize that the elemental state of sulfur is S8)
     Then: NO3- ( NO2-   (recall that “-ites” become “-ates” and vice versa)
     Then balance using half-reactions.
( 8CuS + 16H+ + 8NO3- ( 8Cu2+ + S8 + 8NO2- + 8H2O
8. A solution of formic acid is oxidized by an acidified solution of potassium dichromate.
    (Note: formic acid is a carboxylic acid (O(C-O-H) and “form-“ indicates there is only 1 carbon.  Following the bonding rules, you can then figure out how many hydrogens to add.  Therefore, the formula for formic acid is: H2CO2.  We will cover organic chemistry in the winter unit so you weren’t expected to know this right now.)

     H2CO2 + H+ + 2K+ + Cr2O72- ( Cr3+ + H2O + O2  (Note: just as noted in #5, C can’t be the one being oxidized.  O must be the one being oxidized to elemental oxygen)
     Balance using the half-reaction method.

9. A solution of copper(II) sulfate is electrolyzed using inert electrodes.
    (Since this is dealing with electrolysis you don’t have to do this one right now.)  

10. Concentrated hydrochloride acid solution is added to solid manganese(IV) oxide and the

reactants are heated.
       H+ + Cl- + MnO2 ( Mn2+ + H2O + Cl2   

       (Note: you should see on your Staff I Should Know handout that halide ions become free halogens)
       Balance using the half-reaction method.
11. Chlorine gas is bubbled into a cold solution of dilute sodium hydroxide.
       Cl2 + Na+ + OH- ( OCl- + Cl- + H2O   (Na+ is a spectator ion)  

       (Note: see your Stuff I Should Know hanodut free halogens become OCl- in dilute basic solution.  That 
        would give Cl an oxidation state of +1 (going from 0 to +1 means oxidation).  Reduction must also be 
        taking place so Cl2 must also be becoming Cl-.  

        Balance using the half-reaction method.

12. A solution of potassium permanganate is mixed with an alkaline solution of sodium sulfite.
       K+ + MnO4- + OH- + Na+ + SO32-  ( MnO2 + SO42-
       (Note: see on your Stuff I Should Know handout that MnO4- becomes MnO2 in neutral or basic 

        solutions.  Also alkaline means base so add OH-.  You must remember that alkaline means base.)

       Balance using the half-reaction method.

13. Concentrated hydrochloric added to solid manganese dioxide and heated.
      H+ +  Cl- + MnO2 ( Cl2 + Mn2+ + H2O

      Balance using the half-reaction method.

14. Solid sodium dichromate is added to an acidified solution of sodium iodide.
      Na2Cr2O7 + H+ + Na+ + I- ( Cr3+ + H2O + I2
      Balance using the half-reaction method.

15. Solutions of potassium iodate are mixed in acid solution.
      K+ + IO3- + H+ ( I- + I2 + H2O

      Balance using the half-reaction method.

16. Hydrogen peroxide is added to an acidified solution of sodium bromide.
      H2O2 + H+ + Na+ + Br- ( H2O + Br2    

      (Note: This time H2O2 does not produce O2.  Br- must be the one being oxidized—you can’t have two 

       substances being oxidized.)

      Balance using the half-reaction method.

17. A 0.1 M potassium permanganate solution is acidified with 3 M sulfuric acid and mixed

with 0.1 M sodium bromide solution.
       K+ + MnO4- + H+ + Na+ + Br- ( Mn2+ + H2O + Br2
       Balance using the half-reaction method.

18. The cathode reaction in the electrolysis of sodium chloride solution when platinum

electrodes are used.
      (electrolysis so don’t worry about this right now, but the products for this reaction are obvious)

       2Na+ + 2Cl- ( 2Na + Cl2     

19. Iron(III) ions are reduced by iodide ions.
      Fe3+ + I- ( I2 + Fe2+ 

      (Note: the higher charge generally goes to the next charge rather than straight to the elemental state)

20. Potassium permanganate solution is added to concentrated hydrochloric acid.
       K+ + MnO4- + H+ + Cl- ( Mn2+ + H2O + Cl2
       Balance using the half-reaction method.

