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Preparation of Oxygen

General Safety Precautions

Always wear safety glasses.  Gases in syringes may be under pressure and could spray liquid chemicals.  Follow the instructions and only use the quantities suggested. 

Toxicity

Oxygen is non-toxic in normal quantities.  Pure oxygen can be toxic if inhaled in large quantities as the pure gas, but this is not a concern with these experiments.  Do not intentionally inhale oxygen samples produced in these experiments. 
Syringe lubrication

We recommend lubricating the black rubber seal of the plunger with silicone oil. 

Equipment

Microscale Gas Chemistry Kit 
Chemicals (needed for each syringe full of oxygen generated)
0.05 g solid KI powder
5 mL 6% H2O2(aq) 
The production of O2 is slow and it typically takes a minute or more to fill a syringe.  Assist the plunger in its outward movement.  To speed up the reaction, hold the plunger so that the contents inside the syringe are under reduced pressure, and while doing so, tap or shake the syringe.  This process drives oxygen bubbles out of the solution.  Potassium iodide is the catalyst in the reaction:

2 H2O2(aq) 

2 H2O(l) + O2(g)

The actual mechanism has two steps:  

Step 1.  H2O2(aq) + I-(aq) 

H2O(l) + IO-(aq)

Step 2. IO-(aq) + H2O2(aq) 

 I-(aq) + H2O(l) + O2(g)

Oftentimes the solution takes on a yellow color due to I3-(aq) that results form a competing side reaction:  

2 H+(aq) + IO-(aq) + 2 I-(aq) 

 I3-(aq) + H2O(l) 

Generating oxygen gas samples
Samples of oxygen are generated by the In-Syringe Method.  A summary of these steps is provided here:
1. Wear safety glasses!

	2. Lubricate the seal

Lubricate the black rubber seal of the plunger with silicone oil. 
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	3. Measure out 0.05 g KI
Place the potassium iodide directly into the vial cap to prevent loss.
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	4. Fill the syringe barrel with water

Fill the barrel completely with water.  Place your finger over the hole to form a seal. 
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	5 Float the vial cap

Float the vial cap containing the solid reagent on the water surface. 
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	6. Lower the cap by flotation

Release the seal made by finger to lower the cap into the syringe barrel without spilling its contents. 
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	7. Install the plunger
Install the plunger while maintaining the syringe in a vertical position.  
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	8. Draw 5 mL 6% H2O2(aq) into syringe
Pour the 6% H2O2(aq) into a small weighing dish.  Draw 3 – 5 mL of the solution into the syringe.
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	9. Install syringe cap
Push the syringe cap over the syringe fitting.  It simply pushes on!
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	10. Generate the gas
Shake the device up and down in order to mix the reagents.  Gently help the plunger move up the barrel.  
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	11. Remove cap to stop gas collection
Remove the syringe cap with the syringe held “cap-up” as shown.  Assume contents are under positive pressure.  
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	12. Discharge reagents

Discharge the liquid reagent into the plastic cup.  Immediately cap the syringe to prevent loss of gas.  
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Wash away contaminants 
Oxygen-filled syringes must be washed in order to remove traces of unwanted chemicals from the inside surfaces of the syringe before the gases can be used in experiments.  Follow the procedure summarized here.
	1. remove the syringe cap,
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	2. draw 5 mL water into the syringe,
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	3. cap the syringe,
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	4. shake syringe to wash surfaces,
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	5. remove cap,
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	6. discharge water only, and finally
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	7. recap the syringe.
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	8. Repeat?

Repeat these Washing Steps if necessary.

(All traces of the reactants should be washed away.)


Disposal of oxygen samples
Unwanted oxygen samples can be safely discharged into the room.

Introductory Questions 

1. What is the formula for oxygen gas? 

2. What are the formulas for each of the following: (a) potassium iodide; (b) hydrogen peroxide; and (c) water? 

3. Did the reaction speed up when you tapped the syringe while holding the plunger slightly outward?  Why does this work?  What happens when you tap a bottle of carbonated beverage?  Is this somehow similar?

Questions

4. What would happen if some of the potassium iodide were to spill out of the cap before you were able to draw up the hydrogen peroxide?  Specifically, what would happen when you tried to draw up the hydrogen peroxide?

5. Write the balanced chemical equation for the reaction occurring inside the syringe.

6. What is a catalyst?  

Advanced Questions

7. What mass of hydrogen peroxide is present in 5 mL of 6% H2O2(aq)?  Assume the density of the solution is 1.00 g/mL.  Convert this mass to moles.  

8. Using the ideal gas law and your answer to the previous question, what volume of gas is predicted? (Assume the temperature is 25 oC and standard pressure)

Part 1. Oxygen Experiments for Students 

Experiment 1. Traditional test for oxygen

	Equipment

Microscale Gas Chemistry Kit 

Wooden splint

Matches

Chemicals

O2(g), 30 mL

Limewater, 2 mL
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Instructions
Transfer 30O2(g) to the kit’s larger test tube (18 x 150 mm) using the long piece of tubing so that the gas can be discharged near the bottom in order to displace the air.  Ignite and blow out the wooden splint and immediately plunge the burning splint into an oxygen-filled test tube.  The splint will re-ignite.  Hold the splint inside the test tube until it goes out (just a few seconds).  Add about 2 - 3 mL of limewater to the test tube and shake the test tube to mix gas and limewater.  Note the results.  
Introductory Questions 

1. Did the glowing splint re-ignite with oxygen?  What would happen if you were to discharge carbon dioxide onto the glowing splint instead?

2. Why does wood burn with a flame sometimes and just glow red other times?  Why does blowing gently on a glowing piece of wood often cause it to burst into flames?

3. Suppose you were given three test tubes and only one of them contained oxygen.  What experiment would you use to determine which test tube contained oxygen?

Questions

4. As a continuation to Question 3, suppose that the other two test tubes contained carbon dioxide and hydrogen.  What experiments would you use to determine the contents of the other two test tubes?

5. What type of chemical reaction is occurring in the experiment?

6. What gas is being produced when the wood splint burns?

7. Describe the results of the limewater test.

Advanced Questions

8. Write the chemical reaction that occurs during the limewater test.

9. When oxygen displaces air during the first part of the experiment, sketch how you perceive the air being displaced.  Is it like pouring water through oil? 

Experiment 2. Oxygen supports combustion

	Equipment

Microscale Gas Chemistry Kit 

test tube, large (25 x 200 mm)

glass rod

tape

matches

Chemicals

O2(g), 50 mL

Limewater, 2 mL
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Instructions
Tape the candle (in your kit) to the glass rod as shown.  Transfer the oxygen gas to the large test tube using the long piece of tubing so that the gas can be discharged near the bottom in order to displace the air.  Light the candle and lower it into the test tube.  It should burn brightly for a moment before the oxygen is depleted.  Test the gaseous contents of the test tube with limewater.  Repeat the experiment with a test tube full of air: Either use a fresh test tube or fill the previous test tube with water to displace the gaseous contents of the test tube; drain the test tube and it is now filled with air.

Introductory Questions 

1. Did the candle burn more brightly in the oxygen? 

2. Did the candle burn longer in air or oxygen?

3. Do you think that the candle burned hotter in oxygen than in air?

4. Why does the candle go out?

Questions

5. Did anything unusual happen to the candle wax?  What does this indicate? 

6. What are the two products of combustion?

7. Discuss and interpret the results of the limewater test.

8. What are the three components needed to sustain a fire?

Advanced Question

9. Calculate the ratio of oxygen in the oxygen-filled test tube to the oxygen in air, given that air is 21% oxygen.

Experiment 3. Dynamite Soap

	Equipment

Microscale Gas Chemistry Kit 

matches


	Chemicals

O2(g), 30 mL

H2(g), 30 mL 

3% dish soap, 10 mL


Instructions
Transfer O2 to the H2 syringe as follows:  
	1. Connect a short piece of tubing to the oxygen syringe.
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	2. Connect the other end of the tubing to the hydrogen syringe:
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	3. Transfer O2 to the H2
[image: image24.wmf]


	Form a 1:2 mixture.  Re-label the syringe mixture. Use the short tube to form a mound of bubbles in a small weighing dish as shown at right.  Remove the syringe and ignite the bubbles with a match.  Caution! LOUD! (Unused gas mixture can be saved for the next experiment.)
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Introductory Questions 

1. Describe your observations in writing for someone who did not see this reaction.

2. What is the purpose of the soap solution? 

3. Why should extreme care be exercised when working with hydrogen-oxygen mixtures?

4. This experiment is an example of a mini-explosion.  What are some dangers associated with scaling reactions such as this one up in size?  

5. Were you aware that it is illegal to scale up any reaction to a size that can hurt others?  

Questions

6. Would you expect a louder or softer BANG if you used the same volume of air instead of the oxygen you used in the experiment?

7. Why did you need a flame or spark to get the reaction to go?

Advanced Questions

8. What volume of oxygen gas is needed to react with 10 mL hydrogen?

9. Is energy absorbed or released by the reaction in the soap bubbles?

Experiment 4. Hydrogen-oxygen rockets 

	Equipment

Microscale Gas Chemistry Kit
piezoelectric sparker (Appendix C)

wide-stem disposable pipet


	Chemicals

O2(g), 30 mL

H2(g), 30 mL


Instructions
Prepare a mixture of O2 and H2 via the method of syringe-to-syringe transfer as described in the previous experiment.  The procedure for filling rockets with gas is:

	1. Cut the end off of a pipet leaving at about 2 cm of stem attached to the bulb.
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	2. Completely fill the “rocket” with water.
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	3. Slip the water-filled “pipet rocket” into the syringe fitting.  Slowly displace the water with the hydrogen-oxygen mixture.  The water will dribble out onto the bench top or floor.  Holding the syringe and bulb at a 45o angle works best.  
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	4. Slip the pipet rocket over the wire leads of the piezoelectric sparker.  Remember that hydrogen is lighter-than-air!  Never tip the gas-filled rocket open-end up — the gas will escape.
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	5. Draw some water into the stem — without this, the rocket will not fly far when “launched”.  The ends of the wire leads of the piezoelectric lighter must be above the water in the gas-filled region of the rocket.
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	6. With some water in the stem, launch the rocket by triggering a spark.  DO NOT aim the rocket at anyone!  If the water leaks out of the stem while positioning the rocket over the wires, immediately fill the stem again by holding the wires and rocket in a cup of water and drawing a very small amount of water into the stem.  The rocket should fly up to 10 m! 
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Introductory Questions 

1. How far, in meters, did your rocket fly?

2. Why did you start by filling the rocket with water ? 

3. Which rocket would fly further: (a) a rocket filled with pure hydrogen; (b) a rocket filled with a mixture of hydrogen and air; (c) a rocket filled with a mixture of hydrogen and oxygen?

Questions

4. Why must some water be left in the stem of the rocket in order for the launch to be successful?

5. What is the reaction occurring inside the rocket?

6. Which hydrogen-oxygen rocket is expected to fly farther, a rocket that is mostly filled with oxygen and some hydrogen or one mostly filled with hydrogen and some oxygen?  

7. Would rockets filled with hydrogen and air fly at all?

Advanced Questions

8. What ratio of hydrogen to oxygen is optimal?  Use a balanced chemical equation to answer this question.

9. Real rockets such as the NASA’s Saturn launch vehicles use liquefied gaseous hydrocarbons and liquid oxygen for the rocket’s first stage and liquid hydrogen and liquid oxygen for the second stage.  What sort of design feature would keep liquid hydrogen and liquid oxygen from reacting until they are supposed to? 

Clean-up and storage.

At the end of the experiments, wipe excess lubricant off of rubber seal. Clean all syringe parts (including the seal), caps and tubing with soap and water.  Use plenty of soap to remove oil from the rubber seal.  This extends the life of the plunger.  It may be necessary to use a 3 cm diameter brush to clean the inside of the barrel.  Rinse all parts with distilled water.  Be careful with the small parts because they can easily be lost down the drain. Important: Store plunger out of barrel.

Part 2.  Demonstrations and Advanced Experiments with Oxygen

Experiment 5. Steel wool burns in oxygen

	Equipment

Microscale Gas Chemistry Kit 

Large test tube, 25 x 200 mm

Tweezers or metal hemostat or pinch-nosed pliers

Lighter or match
	Chemicals

O2(g), 50 mL 

Steel wool, ‘000’ grade 




Instructions
Transfer oxygen to the large test tube using the long piece of tubing so that the gas can be discharged near the bottom in order to displace the air.  Grip a small ball of '000' grade steel wool with a tweezers/hemostat/pliers.  Light the steel wool with a match and immediately plunge the glowing steel wool into the test tube of oxygen.  The steel wool will burn with a bright light. 

Long-term Variant
Generate O2 as before.  Wash twice.  Place a small ball of '000'-grade steel wool (cleaned with alcohol to remove oil film) in a vial cap and float the cap in a plastic cup (250 mL) half-filled with water.  Remove the plunger from the O2-filled syringe and place it over the floating cap.  Clamp the syringe in this position.  The reaction is extremely slow.  Within a week the water level (and the cap) will start to rise within the syringe as the iron reacts with the O2.  

Questions

1 What would happen if you used coarse steel wool instead of the fine steel wool?

2. Assuming that the product is Fe2O3, write the balanced chemical equation for the reaction.

Experiment 6. The Blue Bottle experiment

	Equipment

Microscale Gas Chemistry Kit 


	Chemicals

O2(g), 50 mL 

KOH(s), one pellet

Dextrose, 0.9 g

methylene blue, 1 drop


Instructions

Prepare a solution of 0.01 g KOH (one pellet) and 0.9 g dextrose in 50 mL water.  Add 1 drop methylene blue.  Draw 25 mL of the solution into the syringe. Draw another 25 mL of the solution into another syringe — this one containing air — for use as a control.  Apply a single shake to the solution whenever the color fades.  Another shake will return the blue color.  This process can be repeated dozens of times and will last for at least one day.  

Questions

1. Does the concentration of dissolved oxygen, O2(g), increase or decrease when you shake the syringe?

2. When the solution in the syringe becomes colorless, what must have happened to the amount of O2(aq)?

Experiment 7. Oxygen makes the flame hotter
	Equipment

Microscale Gas Chemistry Kit 

Bunsen burner, small

Glass Pasteur pipet
	Chemicals

O2(g), 60 mL




Instructions

Generate either (a) a syringe filled with O2 using the general method and wash the O2-filled syringe, or (b) a gas bag filled with O2 using the gas bag method.  
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	Option A. Use of an O2–filled syringe
	Option B. Use of an O2–filled gas bag


Option A. Connect the O2-filled syringe to a glass pipet with a 15 cm piece of tubing (the tubing forms a snug fit inside the pipet). Option B. Connect the tubing from the gas bag to the glass pipet.  Light a small Bunsen burner. Position the other end of the pipet near (but not in) the burner flame as shown in figures.  Slowly discharge the oxygen into the flame.  A very hot, intensely blue flame will be produced.  

Questions

1. What are the colors of the various parts of a flame?  What color is associated with the hottest region?

2. What real-world applications take advantage of oxygen’s ability to increase the temperature of a flame?

3. Balance the chemical reaction that takes place when methane burns in oxygen.  How might you confirm that water is a product? How might you confirm that carbon dioxide is a product?

Advanced Question

4. In the inner part of the flame, fuel molecules are broken into fragments due to the abundant energy nearby.  If the fuel were methane, list the two most common fragments expected assuming that in most cases, only one bond breaks per methane.  

Experiment 8. Mini-sponge shooter
	Equipment
Microscale Gas Chemistry Kit 

sponge

scissors

electric drill

electricians tape or equivalent

piezoelectric lighter (Appendix C)

ring stand and clamp

Chemicals
O2(g), 60 mL

Methanol or ethanol
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Instructions
Begin by cutting a "projectile" from a 1.5 cm thick sponge.  The projectile should be round and disk-shaped with a diameter about 20% larger than that of the syringe.  Moisten the sponge and see if it fits snugly into the syringe barrel as shown in the figure.  Remove the sponge and set it aside.   Use an electric drill to make a 5 mm diameter hole through the syringe barrel near the 10 mL mark (or melt a hole with a hot nail).  Remove any traces of the burr.  Tape over the hole by strapping electrician's tape all the way around the syringe.  

Insert the plunger.  Transfer O2 and to the syringe.  Next, draw up 2 – 3 mL methanol or ethanol.  Shake the syringe to vaporize some of the alcohol.  Note: The syringe must be at room temperature or slightly above; the vapor pressure of alcohol is much lower at low temperatures.  

Drain the excess alcohol, remove the plunger and replace it with the moistened sponge.  Clamp the syringe in position.  Remove the electrician's tape and hold a piezoelectric lighter into the hole in the syringe and pull the trigger.  The sponge will fly 5 m or more.

Questions

1. Why is it necessary for the liquid to evaporate before the mixture is “explosive”?

2. Do liquids or gases react more explosively with air?

3. Would the reaction work better at higher or lower temperatures?  Would it be possible that at some temperature at which the explosion does not take place?  

Experiment 9. Chemiluminescence
	Equipment

Microscale Gas Chemistry Kit


	Chemicals

O2(g), 60 mL

KOH pellets, 4 g 

Luminol, 0.1 g 

DMSO (dimethylsulfoxide), 10 mL


Precaution

Read the safety information available for DMSO, dimethylsulfoxide! Wear gloves.  Avoid dermal contact.  

Instructions

Measure out 4 g KOH pellets and 0.1 g luminol and set them aside for use later.  You will also need 10 mL DMSO. Generate oxygen and wash the gas twice.  Remove the plunger, dump out the vial cap, add the solid KOH and luminol through the syringe mouth and reinsert the plunger to its previous mark (about 60 mL.)  Because O2 has a similar density to that of air, O2 loss is not excessive if you work quickly and replace the plunger as soon as possible.  Remove the syringe cap and draw 10 mL of DMSO into the syringe and 2 - 5 mL H2O.  Darken the room.  Shake the solution and it will emit a blue chemiluminescent glow which will last for a very long time, depending on the amount of shaking.  We have had the system last 48 hours.  

Clean-up:  Do not reuse this syringe.  DMSO must be disposed of properly. One effective method that we have used is to remove the plunger and dump in 30 mL of absorbent cat litter, reinsert the plunger, remove the excess air, and recap.  Place capped syringe containing dmso and cat litter in a sealed food storage bag and place in the trash.  Check state regulations.

Questions
1. What are the three ways in which a chemical reaction can give off energy? 

2. What are other examples of chemiluminescence?

3. Why does shaking the syringe make the light brighter?

4. Why does the reaction eventually stop?

This downloaded document is provided in support of teachers interested in the chemistry of gases.  This is copyrighted material.  For classroom use by teachers, one copy per student in the class may be made free of charge and without further permission.

We ask that you consider purchasing our book, “Microscale Gas Chemistry”.  Call Educational Innovations (888-912-7474 in the USA or 203-229-0730) and ask for Item Number BK-590, or visit them on the web: www.teachersource.com.  Educational Innovations accepts credit cards and ship worldwide.  
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