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Lab Problem 1 

Vinegar is an acidic liquid produced from the fermentation process of ethanol. Fermentation of sugars 

produces alcohol and then a secondary fermentation of the alcohol produced acetic acid.  Today, in this 

country, the FDA requires that any product that is called vinegar have at least 4.0% acetic acid.   Depending 

on the type of vinegar, acetic acid concentrations vary from 4.0% to 8.0%. 

Devise and carry out a process to determine which store would be more profitable making 

1,000, 000 bottles of its vinegar given the following information: 

Store A sells its vinegar for $0.99 for a 473mL bottle. 

Store B sells its vinegar for $7.92 for a 3.78 L bottle. 

The cost for acetic acid is the same for both stores. 

Lab Problem 2 

Hydrogen peroxide slowly decomposes on its own into oxygen gas and water. 

2 H2O2 (aq)    2 H2O (l) + O2 (g) 

Devise and carry out a method to rank the following substances on their ability to catalyze the 

decomposition of a 3% hydrogen peroxide solution: iron (III) chloride, yeast and potassium iodide. 

Explain your ranking. 
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Directions to the Examiner: 

Thank you for administering the 2012 USNCO laboratory practical on behalf of your Local Section. It is 

essential that you follow the instructions provided, in order to insure consistency of results nationwide. 

There may be considerable temptation to assist the students after they begin the lab exercise. It is 

extremely important that you do not lend any assistance or hints whatsoever to the students once they 

begin work. As in international competition, the students are not allowed to speak to anyone until the 

activity is complete. 

The equipment needed for each student for both lab exercises should be available at his/her lab station or 

table when the students enter the room. The equipment should be initially placed so that the materials used 

for Lab Problem 1 are separate from those used for Lab Problem 2. 

Safety: It is your responsibility to ensure that all students wear safety goggles during the lab 

practical. A lab coat or apron for each student is desirable but not mandatory. You will also need to 

give students explicit directions for handling spills and for disposing of waste materials, following 

approved safety practices for your examination site. Please check and follow procedures 

appropriate for your site. 

 After the students have settled, read the following instructions (in italics) to the students. 

Hello, my name is ________ . Welcome to the lab practical portion of the U.S. National Chemistry 

Olympiad Examination. In this part of the exam, we will be assessing your lab skills and your ability to 

reason through a laboratory problem and communicate its results. Do not touch any of the equipment in 

front of you until you are instructed to do so. 

You will be asked to complete two laboratory problems. All the materials and equipment you may 

want to use to solve each problem has been set out for you and is grouped by the number of the problem. 

You may use equipment from one problem to work on the other problem, but the suggested ideal 

equipment and chemicals to be used for each problem has been grouped for you. You will have one hour 

and thirty minutes to complete the two problems. You may choose to start with either problem. You are 

required to have a procedure for each problem approved for safety by an examiner. (Remember that 

approval does not mean that your procedure will be successful – it is a safety approval.) When you are 

ready for an examiner to come to your station for each safety approval, please raise your hand. 

Safety is an important consideration during the lab practical. You must wear goggles at all 

times. Please wash off any chemicals spilled on your skin or clothing with large amounts of tap water. 

We are about to begin the lab practical. Please do not turn the page until directed to do so, but 

read the directions on the front page. Are they any questions before we begin? 
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Distribute Part III booklets and again remind students not to turn the page until the instruction is given. 

Part III contains student instructions and answer sheets for both laboratory problems. There is a periodic 

table on the last page of the booklet. Allow students enough time to read the brief cover directions. 

Do not turn to page 2 until directed to do so. When you start to work, be sure to fill out all of the 

information at the top of the answer sheets. Are they any additional questions? 

If there are no further questions, the students should be ready to start Part III. 

You may begin. 

After one hour and thirty minutes, give the following directions. 

This is the end of the lab practical. Please stop and bring me your answer sheets. Thank you for 

your cooperation during this portion of the exam. 

Collect all the lab materials. Make sure that the student has filled in his or her name and other required 

information on the answer sheets. At this point, you might wish to take a few minutes to discuss the lab 

practical with the students. They can learn about possible observations and interpretations and you can 

acquire feedback as to what they actually did and how they reacted to the problems. After this discussion, 

please take a few minutes to complete the Post-Exam Questionnaire; this information will be extremely 

useful to the USNCO subcommittee as they prepare for next year’s exam. 

Please remember to return the post-exam Questionnaire, the answer sheets form Part III, the 

Scantron sheets from Part I, and the ‘Blue Books” from Part II in the UPS Express Pak you were 

provided to this address: 
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Lab Problem #1: Materials and Equipment 

Each student should have available the following equipment and materials: 

Materials: 

 24-well plate, 1

 Beral pipets, microtip, 6

 Beral pipets, graduated, 6

 1 mL syringes, no needle, 3

 Toothpicks, flat style, 12-15

 Small (100 mL) beakers or (125 mL) flasks, 3 or 4

 10 mL graduated cylinder, 1

 Spatula or scoop, 1

 Distilled water, in a bottle labeled “Distilled Water”

Along with access to 

 Balance, 0.01 g

 Paper towels and a sink with running water.

Chemicals: 

 25 mL each of two vinegar samples:

Rice vinegar, labeled sample A

White Vinegar, labeled sample B

 Potassium Hydrogen Phthalate, KHP (s), 2.5 g (label container with MM. 204.3 g/mol)

 50 mL 1.0 M NaOH (conc. Unlabeled)

 Indicators:

Phenolphthalein (8.2 – 10.0)

Methyl red (4.4 – 6.2)

Bromothymol blue (6.0 – 7.6)

Place about 1 mL or 20 drops of each indicator in beral pipets and label pipets with indicator and

transition range.

Notes: 

 When making the vinegar samples, sample A, rice vinegar, should be 4.0% and sample B, white

household vinegar, should be 5.0%.

 Using household white vinegar, dilute 800 mL of white vinegar to 1000 mL with distilled water and

label as rice vinegar.

 V1C1=V2C2

 X mL(0.5) = 1000 mL( 0.04) = 800 mL

 Sodium hydroxide is made by slowly adding 40.0 g of NaOH to 700 mL of distilled water.  Once

dissolved, dilute to 1000 mL.  Use caution as heat will be generated as the NaOH dissolves. Take proper

safety precautions including wearing safety goggles when making this solution.

 The indicators can be placed in labeled Beral pipets.  Place about 1 mL or 20 drops of each indicator in

beral pipets and label pipets with indicator and transition range.
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Lab Problem #2: Materials and Equipment 

Each student should have available the following equipment and materials: 

Materials: 

 24 well-plate, 1

 Beral pipets, microtip, 3

 Beral pipets, graduated, 3

 Thermometer, (Celsius, glass, alcohol, at least 0 – 100 °C range or digital thermometers with the same

range)

 Toothpicks, flat style, 6

 10 mL graduated cylinder, 1

 Spatula or scoop, 1

 Distilled water, in a bottle labeled “Distilled Water”

Along with access to 

 Balance, 0.01 g

 Timer, clock with second hand

 Paper towels and a sink with running water.

Chemicals: 

 3% hydrogen peroxide (H2O2) solution, freshly made, 25 mL, in labeled container. (see notes)

 Potassium iodide KI (s), 1 g

 Yeast (s), ½ package

 Iron (III) chloride, FeCl3 (s), 1 g

Notes: 

• The hydrogen peroxide must be freshly made.

• 27% Hydrogen peroxide may be obtained at a local pool store under the brand name SHOCK.  Check

label to ensure that it does contain hydrogen peroxide. Or you may purchase it from a chemical supplier

like Flinn or Sargent Welch.

• To make 3% H2O2, dilute 100 mL of concentrated hydrogen peroxide to 1000 mL with distilled water if

using 30% H2O2.  Use 111 mL if using 27% Shock. When diluting, use proper caution.  Wear gloves,

apron and safety goggles.

• 3% hydrogen peroxide fresh (from previously unopened bottle) from the drug store maybe use as

alternative of the freshly made H2O2 solution.

• Small quantities (about 1 gram) of solid KI, yeast, and FeCl3 should be provided in labeled containers.

Safety Instructions for Lab Problem #1 and #2: 

It is your responsibility to ensure that all students wear safety goggles during the lab practical. A lab coat or 

apron for each student is desirable but not mandatory. You will also need to give students explicit directions 

for handling spills and for disposing of waste materials, following approved safety practices for your 

examination site. Please check and follow procedures appropriate for your site. 



Lab Problem 1 

For this problem candidates were supplied with a 24-well plate, 6 microtip and 6 
graduated Beral pipets along with a 1 mL syringe, several small beakers, a 10 mL 
graduated cylinder, a spatula, paper towels and access to d.i. water and a balance with + 
0.01 g sensitivity.  
They were also given 25 mL of each of two samples of vinegar (labeled A [0.70 M] and 
B [0.88 M]), 1.25 g of potassium hydrogen phthalate, 50 mL of NaOH (1.0 M but 
unlabeled) along with the indicators; Bromothymol Blue, Methyl Red and 
Phenolphthalein 0.5 mL of each in Beral pipets (named and with transition range). 
The task was to: 
Devise and carry out a process to determine which store would be more profitable 
making 1,000,000 bottles of its vinegar if  

Store A sells its vinegar for $0.99 for a 473 mL bottle 
Store B sells its vinegar for $7.92 for a 3.78 L bottle. 

 The cost for acetic acid is the same for both stores. 
Candidates were evaluated on: their Plan, Data and Observations, Calculations, Analysis 
and Conclusions. 

An excellent response included: 

Experimental Plan in which the candidate specified the volume of vinegar to be titrated 
and how it would be measured, the indicator to be used (with the color change expected), 
and the means (drops, syringe or mass) of measuring the volume of NaOH solution used, 

Data and Observations with a minimum of two trials for each of the two vinegar 
samples presented in a clear manner, 

Calculations that provided the relative or absolute concentrations of the two vinegar 
samples that were correct from the data obtained with a concentration ratio with a high 
level of accuracy (+ 5%), 

Analysis and Conclusions that specified that the two vinegars were being sold for the 
same amount ($2.09/L) and a conclusion based on either the lower concentration of acetic 
acid in vinegar A or the total amount of vinegar sold by store B. 

A good response would include: 

Experimental Plan in which the candidate stated two or three of the detailed aspects of 
the plan given above, 

Data and Observations with a minimum of two trials for one of the two vinegar samples 
but in a manner that required some interpretation on the part of the reader, 



Calculations with the relative/absolute concentrations of the two vinegar samples from 
the data obtained by the candidate with a reasonable accuracy (+ 10%) 

Analysis and Conclusions that either omitted or miscalculated the selling prices of the 
two vinegars and provided a reasonable discussion of the profitability of the two stores. 

Lab Problem 2 

For this second lab problem, candidates were asked to determine the effectiveness of 
three different substances as catalysts for the decomposition of hydrogen peroxide.  They 
were provided:  a 24-well plate, micro-tip and graduated beral pipets, thermometer, 
graduated cylinder, scoops, toothpicks, paper towels and access to a timer, balance, 
distilled water along with small beakers and a 1 mL syringe (from problem 1). 

Students were given 25 mL of H2O2 (freshly made), 1 g of solid potassium iodide, 1 g of 
iron III chloride and ½ package of yeast. 

Candidates were evaluated on their experimental design, the quality of their data and 
observations and the conclusions they reached based on their data and observations. 

An excellent response included: 

Experimental Plan:  A well designed experimental plan that indicated that the volume 
of hydrogen peroxide used in each trial was held constant and that the amount of the 
catalyst was equal in each trial.  Also indicated in the plan was how the volume of 
hydrogen peroxide and the amount of catalyst used was determined.  The plan also 
indicated what was being measured, i.e., the number of bubbles, the time until the 
reaction stopped, the change in temperature, etc. and how that quantity would be 
measured. 

Data and Observations:  Data and observations collected were organized in a table 
format with proper units.  Also present in the data table was the volume of hydrogen 
peroxide and amount of catalyst used in each trial.  The data showed multiple trials of 
each catalyst and was precise. Along with the data collected, there were many, good 
qualitative observations that could be used to support the ranking along with the 
quantitative observations. 

Analysis and Conclusions:   The conclusions drawn included the ranking of the catalysts 
agreeing with the data collected and a discussion of how the observations and data 
supported that ranking, e.g. “Yeast produced the greatest number of bubbles so it was the 
most effective catalyst.”  An excellent response also included some discussion of the 
chemistry involved in the experiment, i.e. “A catalyst is a substance that speeds up the 
rate of a reaction usually by lowering the activation energy without itself being used up in 
the reaction.   
For example, for the reaction: 



2 H2O2 (aq) →  2 H2O (l) + O2 (g),  
the process occurs very slowly.  However the addition of KI provides for an alternate 
reaction pathway with lower activation energy so the decomposition occurs faster 
according for this pathway: 

H2O2 + I
–
 (aq) → IO

– (aq) + H2O (l)  and

IO
–
 (aq) + H2O2 →  I

–
 (aq) + H2O + O2.

The second reaction regenerated the I
–
 which therefore acts as a catalyst.

The same type of thing happens with the iron III chloride as the Fe3+ ion is reduced to 
Fe2+ ion and oxygen gas is formed by the peroxide. The Fe2+ is oxidized back to the Fe3+ 
ion in the acidic environment to act as a catalyst.  

H2O2 +2 Fe
3+ → 2 H+ + O2 + 2 Fe

2+ and

2Fe2+ + H2O2+ 2 → 2 Fe3+ + 2H2O.
Yeast is a biological enzyme and thus would increase the rate of decomposition of 
hydrogen peroxide.” 

A good response would include: 

Experimental Plan:  An experimental plan that indicated that a constant volume of 
hydrogen peroxide was used in each trial and that the amount of the catalyst was constant 
in each trial.    The plan also indicated what quantity was being measured, i.e., the 
number of bubbles, the time until the reaction stopped, the change in temperature, etc. 
and how that quantity would be measured. 

Data and Observations:  Data and observations collected were organized in some 
manner with proper units included. The data showed multiple trials of each catalyst and 
was precise. Along with the data collected, there were some qualitative observations to 
support the quantitative data. 

Analysis and Conclusions: The conclusions drawn included the ranking of the catalysts 
based on experimental results and a discussion of how the observations and data 
supported that ranking, e.g. Yeast produced the greatest number of bubbles so it was the 
most effective catalyst. 




