
Micro scale  — How Can We Determine the Actual Percentage of H2O2 in a Commercial 
(Drugstore) Bottle of Hydrogen Peroxide? 

 
 Prior Skills  

Objective: 

 Evaluate the effectiveness of basic laboratory instruments including a volumetric flask, 
beaker,  and a syringe  to accurately measure volume; 

 Perform a titration; 

 Use stoichiometry and molarity to calculate the moles of a reactant; 

 Calculate the molarity of a solution from experimental data and stoichiometric 
relationships; 

 Calculate the percent composition of a solution; and 

 Calculate percent error. 

Materials 

The materials in the list below should be available to choose from while conducting experiment.  

5 ml Polystyrene 
Microbeakers beakers ( 
Fisher Scientific)  

Balance - At least to 
hundredth place 

 10 ml Volumetric 
Flask for peroxide 
solution 

3 color coded  -1 mL Syringes 

Red for .100 M ammonium iron(III)sulfate 
(Fe(NH4)2(SO4)2·6H2O) (Fe2+ solution) 

Blue- for Potassium Permanganate Solution

White-for H2O2 solutions  
 

 

Small vial of Potassium 
Permaganate 

Dropper bottle of  6 M 
sulfuric acid (H2SO4) 

Micro spatula  

Wash Bottle Distilled Water Small vials Containing 
Reagents 

Small 10 ml Beaker for Potassium 
Permanganate Solution 

 

  



Safety and Disposal  

Students should review chemical MSDS for KMnO4, 3% H2O2, 6 M H2SO4, and 
Fe(NH4)2(SO4)2·6H2O prior to carrying out the experiment. Online MSDS for these chemicals 
are located at http://www.ehso.com/msds.php 

The sulfuric acid and potassium permanganate solutions require careful handling; gloves are 
strongly recommended. Solid KMnO4 and H2SO4 are not to be mixed, as an explosion could 
result. Proper ventilation is essential. Both solutions can cause skin burns and eye damage. 
Teachers and students should take normal laboratory precautions, including wearing splash-proof 
goggles and aprons at all times. If solutions are spilled on skin, wash those areas immediately 
with copious amounts of water. Review local and/or state guidelines and specific procedures 
regarding the disposal of laboratory chemicals and waste materials. 

  



Standard Electrode (Reduction) Potentials in Aqueous Solution at 25 oC 

Reduction Half–Reaction Standard Potential, Eo(V)

Acid Solution  

F2(g) + 2 e–  2 F–(aq) 2.86 

OF2(g) + 2 H+ (aq) + 4 e–  H2O(l) + 2 F–(aq) 2.1 

O3(g) + 2 H+ (aq) + 2 e–  O2(g) + H2O(l) 2.075 

S2O8
2– (aq) + 2 e–  2 SO4

2–(aq) 2.01 

Ag2+(aq) + e–  Ag+(aq) 1.98 

Co3+(aq) + e–  Co2+(aq) 1.82 

H2O2(aq) + 2 H+(aq) + 2 e–  2 H2O(l) 1.763 

PbO2(s) + SO4
 2–(aq) + 4 H+(aq) + 2 e–  PbSO4(s) + 2 H2O(l) 1.69 

Au3+(aq) + 3 e–  Au(s) 1.52 

MnO4
–(aq ) + 8 H+(aq) + 5 e–  Mn2+(aq) + 4 H2O(l) 1.51 

2 BrO3
– (aq) + 12 H+(aq) + 10 e–  Br2(l) + 6 H2O(l) 1.478 

PbO2(s) + 4 H+ (aq) + 2 e–  Pb2+(aq) + 2 H2O(l) 1.455 

ClO3
– (aq) + 6 H+(aq) + 6 e–  Cl–(aq) + 3 H2O(l) 1.450 

Ce4+(aq) + e–  Ce3+(aq) 1.44 

Au3+(aq) + 2 e–  Au+(aq) 1.36 

Cl2(g) + 2 e–  2 Cl–(aq) 1.358 

Cr2O7
2– (aq) + 14 H+(aq) + 6 e–  2 Cr3+(aq) + 7 H2O(l) 1.33 

MnO2(s) + 4 H+ (aq) + 2 e–  Mn2+(aq) + 2 H2O(l) 1.23 

O2(g) + 4 H+ (aq) + 4 e–  2 H2O(l) 1.229 

2 IO3
– (aq) + 12 H+(aq) + 10 e–  I2(s) + 6 H2O(l) 1.20 

ClO4
– (aq) + 2 H+(aq) + 2 e–  ClO3

–(aq) + H2O( l) 1.19 

ClO3
– (aq) + 2 H+(aq) + e–  ClO2(g) + H2O(l) 1.175 

NO2(g) + H+ (aq) + e–  HNO2(aq) 1.07 



Br2(l) + 2 e–  2 Br–(aq) 1.065 

NO2(g) + 2 H+ (aq) + 2 e–  NO(g) + H2O(l) 1.03 

[AuCl4]– (aq) + 3 e–  Au(s) + 4 Cl–(aq) 1.002 

VO2
+(aq ) + 2 H+(aq) + e–  VO2+(aq) + H2O(l) 1.000 

NO3
–(aq ) + 4 H+(aq) + 3 e–  NO(g) + 2 H2O(l) 0.956 

2 Hg2+(aq) + 2 e–  Hg2
2+(aq) 0.90 

Cu2+(aq) + I –(aq) + e–  CuI(s) 0.86 

Hg2+(aq) + 2 e–  Hg(l) 0.854 

Ag+(aq) + e–  Ag(s) 0.800 

Hg2
2+(aq) + 2 e–  2 Hg(l) 0.80 

Fe3+(aq) + e–  Fe2+(aq) 0.771 

O2(g) + 2 H+ (aq) + 2 e–  H2O2(aq) 0.695 

2 HgCl2(s) + 2 e–  Hg2Cl2(s) + 2 Cl–( aq) 0.63 

MnO4
–(aq ) + e–  MnO4

2–(aq) 0.56 

I2(s) + 2 e–  2 I–(aq) 0.535 

Cu+(aq) + e–  Cu(s) 0.520 

H2SO3(aq) + 4 H+(aq) + 4 e–  S(s) + 3 H2O(l) 0.449 

C2N2(g) + 2 H+(aq) + 2e–  2 HCN(aq) 0.37 

[Fe(CN)6]3–(aq) + e–  [Fe(CN)6]4–(aq) 0.361 

Cu2+(aq) + 2 e–  Cu(s) 0.340 

VO2+(aq) + 2 H +(aq) + e–  V3+(aq) + H2O(l) 0.337 

PbO2(s) + 2 H+ (aq) + 2 e–  PbO(s) + H2O(l) 0.28 

HgCl2(s) + 2 e–  Hg(l) + 2 Cl–(aq) 0.2676 

HAsO2(aq) + 3 H+ (aq) + 3 e–  As(s) + 2 H2O(l) 0.240 

AgCl(s) + e–  Ag(s) + Cl–(aq) 0.2223 

SO4
2–(aq ) + 4 H+(aq) + 2 e–  SO2(g) + 2 H2O(l) 0.17 



Cu2+(aq) + e–  Cu+(aq) 0.159 

Sn4+(aq) + 2 e–  Sn2+(aq) 0.154 

S(s) + 2 H+(aq ) + 2 e–  H2S(g) 0.14 

AgBr(s) + e–  Ag(s) + Br –(aq) 0.071 

2 H+(aq) + 2 e–  H2(g) 0.00 

Fe3+(aq) + 3 e–  Fe(s) –0.04 

Pb2+(aq) + 2 e–  Pb(s) –0.125 

Sn2+(aq) + 2 e–  Sn(s) –0.137 

AgI(s) + e–  Ag(s) + I –(aq) –0.152 

V3+(aq) + e–  V2+(aq) –0.255 

Ni2+(aq) + 2 e–  Ni(s) –0.257 

H3PO4(aq) + 2 H+(aq) + 2 e–  H3PO3(aq) + H2O(l) –0.276 

Co2+(aq) + 2 e–  Co(s) –0.277 

PbSO4(s) + 2 e–  Pb(s) + SO42–(aq) –0.356 

Cd2+(aq) + 2 e–  Cd(s) –0.403 

Cr3+(aq) + e–  Cr2+(aq) –0.424 

Fe2+(aq) + 2 e–  Fe(s) –0.440 

2 CO2(g) + 2 H+ (aq) + 2 e–  H2C2O4(aq) –0.49 

Cr3+(aq) + 3 e–  Cr(s) –0.74 

Zn2+(aq) + 2 e–  Zn(s) –0.763 

Cr2+(aq) + 2 e–  Cr(s) –0.90 

Mn2+(aq) + 2 e–  Mn(s) –1.18 

Ti2+(aq) + 2 e–  Ti(s) –1.63 

U3+(aq) + 3 e–  U(s) –1.66 

Al3+(aq) + 3 e–  Al(s) –1.676 

Mg2+(aq) + 2 e–  Mg(s) –2.356 



Na+(aq) + e–  Na(s) –2.713 

Ca2+(aq) + 2 e–  Ca(s) –2.84 

Sr2+(aq) + 2 e–  Sr(s) –2.89 

Ba2+(aq) + 2 e–  Ba(s) –2.92 

Cs+(aq) + e–  Cs(s) –2.923 

K+(aq) + e–  K(s) –2.924 

Rb+(aq) + e–  Rb(s) –2.924 

Li+(aq) + e–  Li(s) –3.04 

 

  



Pre-lab Guiding Questions/Simulations  

Pre-lab Part I 

1. What measuring devices are used to obtain precise measurements of volumes? What 
measuring devices are used to obtain approximate measurements of volumes? 

 

 

2. Write a balanced half-reaction for the reduction of permanganate ions in acidic solution. What 
are the oxidation states of manganese in this reaction? 

 

3. Write a balanced half-reaction for the oxidation of hydrogen peroxide. What are the oxidation 
states of oxygen in this reaction? 

 

4. What is the balanced reaction for the reduction of permanganate ions by hydrogen peroxide? 
How many electrons are transferred in this reaction? 

 

 

5. Write a balanced half-reaction for the oxidation of iron (II) ions.  

 

6. Write a balanced half-reaction for the reduction of permanganate ions by iron (II) ions. How 
many electrons are transferred in this reaction? 

 

 

7. Besides iron (II) ions and hydrogen peroxide, what are one or two other species that could be 
used to reduce permanganate ions? 

 

 

 



Prelab Quiz 

 A sample of oxalic acid, H2C2O4, was analyzed using a standardized solution of KMnO4. 25.0 
mL of oxalic acid is titrated after heating. 12.30 mL of a 0.0226 M KMnO4 was added to the 
sample when a faint pink color was observed. The balanced equation for this reaction is shown 
below: 

6 H+(aq) + 2 MnO4
-(aq) + 5 H2C2O4(aq)  10 CO2(g) +8 H2O(l) + 2Mn2+(aq) 

a. What is the ratio of MnO4
- ions to H2C2O4 molecules in this reaction? 

b. How many moles of MnO4
- ions reacted with the given amount of oxalic acid solution? 

c. How many moles of H2C2O4 were present? 

d. What was the molarity of the oxalic acid solution? 

e. If the density of the oxalic acid solution was 1.00 g/mL, what was the percentage by 
mass of oxalic acid in the solution? 

f. What does the faint pink color indicate about the reaction? 

 

 

 

  



Pre-lab Part II-" Framing the lab" 

This animation will help  see the importance of taking care in adding the minimum amount of 
titrant to the analyte being examined. It will also give an opportunity to practice stoichiometric 
calculations used in the experiment.  

Respond to the following questions prior to viewing the simulation using KMnO4 as the 
oxidizing agent and Fe+2 as the reducing agent and again afterward: 

1. In your own words, what are the physical and chemical changes that will occur in the 
system as the titration is performed?  

2. How much ~0.02 M KMnO4 solution should be needed if the solutions tested have a 
composition of 3% H2O2 by mass? 

The “Redox Titration in Acidic Medium” is animated at the following website:  

http://group.chem.iastate.edu/Greenbowe/sections/projectfolder/flashfiles/redoxNew/redox.html 

Hydrogen peroxide, H2O2, is easily oxidized. It is used in commercial bleaching processes and in 
wastewater treatment plants as an environmentally friendly alternative to chlorine. Dilute 
solutions of H2O2 are used to bleach hair and to clean wounds. It readily decomposes in the 
presence of light, heat, or metallic catalysts into water and oxygen. It is important to know the 
actual concentration of a solution of H2O2 as its effectiveness can decrease with smaller 
concentrations. 

Oxidation–reduction (redox) reactions involve a transfer of electrons between the species being 
oxidized and the species being reduced. The reactions are often balanced by separating the 
reaction components into two half-reactions: oxidation (loss of electrons) and reduction (gain of 
electrons). In a redox reaction, the number of electrons lost by the species being oxidized is 
always equal to the number of electrons gained by the species being reduced. In the reaction 
being studied in this lab, solutions of hydrogen peroxide, H2O2, and potassium permanganate, 
KMnO4, will be combined in acidic solution. Deep purple in solution, the Mn in KMnO4 
undergoes reduction very easily. In acidic solution, permanganate ions (MnO4

-) from KMnO4 
reduce to nearly colorless Mn2+ ions. In the presence of permanganate ions in acidic solution, an 
aqueous solution of H2O2 will undergo oxidation to make oxygen gas and hydrogen ions. 

Solutions of KMnO4 are not easily standardized solely by preparation, as solid KMnO4 often 
contains impurities such as chlorides, sulfates, and nitrates. KMnO4 can be standardized in acidic 
solution with a known concentration of iron (II) ions. In this oxidation–reduction reaction, 
manganese (II) ions and iron (III) ions are formed. 

  



 
Refer to the techniques used in the past  Structured Inquiry Lab: 

THE PREPARATION AND STANDARDIZATION OF A 0.1M HCl SOLUTION 

Part A.  15 minutes: 

 develop a procedure that will allow  to determine the concentration of the KMnO4 
solution; 

 collect qualitative and quantitative data that will allow  to determine the concentration 
of the KMnO4 solution; and 

 determine the concentration of the KMnO4 solution. 

 Present your procedure 
 

Green Chemistry Parameters of Experiment 

Solution 1- Weigh out .03 grams of Potassium Permanganate and place into small beaker. 
Dissolve the solid to the 10ml mark on the beaker.  

Solution 2- Transfer 1.00 ml of provided household peroxide into 10.00 ml volumetric flask. 
Dilute the peroxide to the mark. 

Students are told that do to "Green Chemistry" and safety  the maximum amount of the following 
solutions can be used per trial is 

 1.00 ml of Potassium Permanganate Solution 

1.00 ml of .100 M ammonium iron(III)sulfate (Fe(NH4)2(SO4)2·6H2O) (Fe2+ solution) 

.50 ml of H2O2 solutions 

5 drops of 6 M sulfuric acid (H2SO4)- one drop for every .10 ml of solution to be titrated. 

  



 

 Data Collection and Computation 

1. Calculate the moles of KMnO4 solution needed to react with all of the 0.100 M 
Fe(NH4)2(SO4)2 solution for each trial.  

 

2. Calculate the molarity of the KMnO4 solution for each trial.  

 

3. Calculate the average molarity of the KMnO4 solution.  

 

4. Calculate the moles and mass of H2O2 titrated for each trial.  

 

5. If the density of the H2O2 solution titrated was 1.00 g/mL, calculate the percentage of 
H2O2 in solution in each trial.  

 

6. Calculate the average percentage of the H2O2 solution.  

  



Argumentation and Documentation  

1. Are your average values higher or lower than the reported values of the H2O2 you tested? 
What are the likely causes of any errors? Justify your explanations. Be sure to discuss any 
data values that are outliers.  

 

 

 

2. Why and how did you modify your procedure and materials from Part A? How did these 
modifications impact your data and/or your calculations?  

 

 

 

 

3. New dietary supplements do not undergo the same rigorous approval process as new 
medications. You performed a redox titration to determine the percentage of a component 
in a dietary supplement and in a medication. When you performed repeated trials, your 
percentages varied widely for the supplement but were very consistent for the 
medication. Why do you think this happened?  

 

  



Postlab Assessment  

 

1. What is a titrant? What is an analyte? 

 

2. In this lab, did a substance serve as both a titrant and an analyte? If so, what was this 
substance. Support your answer. 

 

  

3. What might have been the product(s) in the original solution if it had remained neutral (the 
solution was not acidified with H2SO4)? How could you determine this? 

 

4. What might have been the product(s) in the original solution if it was alkaline? How could you 
determine this? 

 

5. How would the concentrations of the KMnO4 and the H2O2 solutions have been affected if the 
following observations were made about the cup? Justify your answers. 

a. When the titration was completed, the cup was colorless. 

 

b. When the titration was completed, the cup was dark red or purple. 

 

. 

  



Extension Activity  

A quantitative problem using the concepts explored in this lab is described below: 

Ethanol, CH3CH2OH, is oxidized in an acidic solution of potassium dichromate, K2Cr2O7, to 
ethanoic acid, CH3COOH. Chromium in the dichromate ion is reduced to Cr3+. The balanced 
reaction for the redox reaction is: 3CH3CH2OH + 2Cr2O7

2- + 16 H+  3CH3COOH + 4Cr3+ + 
11H2O. 10.0 mL of an aqueous ethanol solution is titrated with 0.500 M K2Cr2O7. 22.6 mL of the 
K2Cr2O7 solution was needed to react completely with the ethanol solution. What is the molarity 
of the ethanol solution? If the density of the ethanol solution was 1.00 g/mL, what percentage by 
mass of the solution is ethanol?  
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