Redox Stoichiometry Problems
1. To analyze an iron containing compound, you convert all the iron to Fe+2 in an aqueous solution, and then titrate the solution with aqueous KMnO4 according to the following balanced equation:

MnO4-1 + 5Fe+2 + 8H+ ( Mn+2 + 5Fe+3 + 4 H2O

     If a 0.598 g sample of the iron containing compound requires

     22.25 mL of 0.0123 M KMnO4 for titrating to the equivalence 

     Point.  What is the mass percent of iron in the sample?

2. Sodium thiosulfate, Na2S2O3, is used as a fixer in black and white photography. Assume you have a bottle of sodium thiosulfate and want to determine its purity.  The thiosulfate ion can be oxidized with I2 according to the following equation.  This reaction occurs rapidly and quantitatively, and a simple method exists for observing when the reaction has reached the equivalence point. It can be used, therefore, as a method of analysis in a titration.  If you use 40.21 mL of 0.246 M I2 in a titration, what is the mass percent of Na2S2O3 in a 3.232-g sample of impure material?
2S2O3-2 + I2  ( 2 S4O6-2 + 2 I-  
3. The following reaction can be used to prepare iodine in the laboratory.                                                                                                                                                                                              
2 NaI + 2 H2SO4 + MnO2 ( Na2SO4 + MnSO4 + I2 + 2 H2O

a. determine the oxidation number of each atom in the equation.  


b. Identify the oxidizing and reducing agent in the reaction.


c. What quantity of iodine can be obtained if 20.0 g of NaI is mixed

         with 10.0 g of MnO2 and excess sulfuric acid.

4. You wish to determine the mass percent of a copper containing alloy.  After dissolving a sample of the alloy in acid, an excess of KI is added, and the Cu+2 and I-1 ions undergo the reaction: 

2 Cu+2 + 5I-1  ( 2 CuI(s) + I3-1
The liberated I3-1 is titrated with sodium thiosulfate according to the equation
I3-1 + 2 S2O3-2 ( S4O6-2 + 3 I-1
If 26.32 mL of 0.101 M Na2S2O3 is required for the titration to reach the equivalence point, what is the mass percent of Cu in 0.251 g of the alloy?

5. A sample of iron ore is dissolved in acid, and the iron is converted to Fe+2. The sample is then titrated with 47.20 mL of 0.02240 M MnO4- solution. The reaction during the titration is as follows: 

MnO4-(aq) + 5 Fe+2(aq) + 8H+(aq) ( Mn+2(aq) + 5 Fe+3(aq) + 4 H2O(l)

a. how many moles of MnO4- were added to the solution?

b. How many moles of Fe+2 were in the sample?

c. How many grams of iron were in the sample?

d. If the sample has a mass of 0.8890 g, what is the percentage of iron in the sample?

6. The concentration of hydrogen peroxide in a solution is determined by titrating a 10.00 mL sample of the solution with permanganate ion: 

2 MnO4-(aq)  + 5 H2O2 (aq) + 6 H+(aq) ( 2 Mn+2(aq) + 5 O2(g) + 8 H2O (l)
If 15.2 mL of 0.103 M MnO4- solution to reach the equivalence point, what is the molarity of the hydrogen peroxide solution?

7. Sulfite ions can be oxidized into sulfate ion by dichromate ions in solution: 8 H+ + Cr2O7-2 + 3 SO3-2 ( 3SO4-2 + 2Cr+3 + 4H2O. A 51.250 g sample containing sodium sulfite and impurities is dissolved in acid and diluted to a volume of exactly 100 ml. A 25.0 ml aliquot of this solution is titrated to the endpoint with 28.42 mL of 0.9216 M dichromate solution.

a. Find the moles of dichromate and sulfite involved in the titration.

b. Find the total mass of sodium sulfite in the original sample

c. Find the percent sodium sulfite in the original sample.

8. Consider the acidic reaction between dichromate ions and iron (II) ions. The products are chromium(III) ions and iron(III) ions.  It is found that 23.8 ml of a potassium dichromate solution reacts with 29.3 mL of 0.0325 M iron(II) nitrate solution.
a. what is the molarity of the potassium dichromate solution?

b. If a 0.100 M solution of an acid furnishing one mole of H+ per mole of acid is used to acidify the solution, what is the minimum volume of acid required?

9. A sample of iron ore weighing 0.2792 g was dissolved in a dilute acid solution and then all the Fe+2 was converted to Fe+3  by titrating with 23.30 mL of 0.0194 KMnO4 solution.  Calculate the percent mass of iron in the sample of ore.

10. A sample of a chromium-containing alloy weighing 3.450 g was dissolved in acid, and all the chromium in the sample was oxidized to CrO4-2.  It was then found that 3.18 g of Na2SO3 was required to reduce the CrO4-2 to CrO2-2 in basic solution, with the SO3-2 being oxidized SO4-2.

a. Write a balanced equation for the reaction of CrO4-2 with SO3-2 in basic solution.

b. How many moles of CrO4-2 reacted with the Na2SO3?
c. How many grams of Chromium were in the sample?

d. What percent by mass of chromium was in the sample?

11. A sample of impure tin metal weighing 1.500 g was dissolved in acid. All the tin was converted to the +2 oxidation state. Next, it was found that 0.368 g of sodium dichromate was required to oxidize the tin form Sn+2 to Sn+4 in an acidic solution. In the reaction chromium was reduced to Cr+3. 

a. Write a balanced equation for the reaction between Sn+2 and the Cr2O7-2 in an acidic solution.

b. Calculate the number of grams of tin that were in the original sample.

c. What was the percent by mass of tin in the sample?

12. Calcium chloride and sodium chloride are used to melt ice on roads in the winter. A certain company was marketing a mixture of these two chemicals for this purpose.  A chemist, wishing to analyze the mixture, dissolved 2.463 g of it in water precipitating the calcium by adding sodium oxalate.  Ca +2 + C2O4-2 ( CaC2O4(s).  The calcium oxalate was then carefully filtered, dissolved in sulfuric acid and titrated with 0.1000 M KMnO4 solution.  The reaction that occurred is:

 6 H+ + 5 H2C2O4  +  2 MnO4-1 ( 10 CO2 + 2 Mn+2 + 8 H2O

     The titration required 21.62 mL of the KMnO4 solution.

a. How many moles of C2O4-2 were present in the calcium oxalate?

b. How many grams of CaCl2 were in the original sample?

c. What was the percent CaCl2 in the original sample?

d. A solution containing 0.1224 g of K2C2O4 was acidified, changing the C2O4-2 to H2C2O4.  The solution was then titrated to the endpoint with 13.93 mL of KMnO4 solution. 

a. Write the net ionic equation for the redox reaction involved in the titration.

b. Determine the molarity of the KMnO4 solution used in the titration.

