Downloaded from our microscale gas website: http://mattson.creighton.edu/Microscale_Gas_Chemistry.html


Experiments with Hydrogen

from Microscale Gas Chemistry, Educational Innovations, copyright Bruce Mattson, 2003
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Preparation of Hydrogen

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.  CAUTION! Hydrogen forms explosive mixtures with air.

Toxicity

Hydrogen is relatively non-toxic; however, it is a simple asphyxiant if inhaled in very large quantities.  We will not be generating large quantities of hydrogen.  

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 hydrogen produced)

0.05 g solid Mg turnings or ribbon (approximately 6 cm ribbon = 0.05 g)
3 - 5 mL 2 M HCl(aq)
This quantity of magnesium will produce approximately 50 mL of H2.  The production of H2 is very fast and it typically takes less than 30 seconds to fill a syringe.  The reaction is:

Mg(s) + 2 HCl(aq) 

 H2(g) + MgCl2(aq)

Generating hydrogen gas samples
Samples of hydrogen are generated by the In-Syringe Method.  A summary of these steps is provided here:
1. Wear your 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 Mg
Place the magnesium directly into the vial cap.
	[image: image2.wmf]

	4. Fill the syringe barrel with water

Fill the barrel completely with water.  Place your finger over the hole to form a seal. 
	[image: image3.wmf]

	5 Float the vial cap

Float the vial cap containing the solid reagent on the water surface. 
	[image: image4.wmf]

	6. Lower the cap by flotation

Release the seal made by finger to lower the cap into the syringe barrel without spilling its contents. 
	[image: image5.wmf]

	7. Install the plunger
Install the plunger while maintaining the syringe in a vertical position.  The plunger has a plastic “rib” near the rubber seal that snaps past the “catch” — a small ridge just inside the mouth of the syringe.  Usually it takes a firm push to move the rib past the catch.  After that, the plunger should move smoothly.  
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	8. Draw 3 - 5 mL 2 M HCl(aq) into syringe
Pour the 2 M HCl(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 into the syringe cap.  
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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.  
	[image: image9.wmf]

	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.  
	[image: image11.wmf]


Wash away contaminants 
Hydrogen-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 outlined 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 inside 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 hydrogen samples
Unwanted hydrogen samples can be safely discharged into the room.

Introductory Questions

1. What is the formula for hydrogen gas? 

2. Why should you hold the syringe with the opening down when the cap is off?  

3. What was the volume of hydrogen you actually obtained in your syringe? 

Questions

4. Is the reaction exothermic or endothermic?

5. How accurately can you read the syringe?  

6. What about the position of the plunger before the reaction started (due to the volume of air and solution already present before the reaction started)?  Should this volume be subtracted?

Advanced Questions

7. Determine the number of moles of magnesium you used to prepare your hydrogen.

8. Use the molar concentration of HCl and the volume used to determine the number of moles of HCl you used to make hydrogen gas.

9. Write the balanced chemical equation for the reaction occurring in your syringe.

10. Which is the limiting reactant, Mg(s) or HCl(aq)?

11. 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. Hydrogen Experiments for Students 

Experiment 1. Traditional test for hydrogen

	Equipment

Microscale Gas Chemistry Kit
Match or lighter

a coin

Chemicals 

H2(g), 20 mL
	[image: image19.wmf]


Instructions

Affix a candle to a coin.  Melt a drop of wax from a candle onto a coin and immediately push the base of a candle into hot wax so that the candle stands vertically. 

Part 1.  Fill the test tube with water and place it upside down in the cup of water.  Light the candle.  Connect the long piece of tubing (15 cm) to the fitting on the syringe.   Displace the water with H2 as shown in the figure above.  Remove the test tube from the water, keeping it open-end downward, and move the open end near a lit candle.  A BARK! sound will confirm the presence of hydrogen. 

Part 2.  Repeat the experiment using a test tube half-filled with air and half-filled with hydrogen.  To do this, start with a test tube half-filled with air and half-filled with water and then displace the water with hydrogen. A much louder BARK! will result.  

Introductory Questions 

1. Hydrogen is much lighter than air.  What other gas is also lighter than air?  Hint: Think of party balloons.  

2. What is the purpose of collecting the gas under water — by displacing the water in a test tube as was done in this experiment? 

3. Hydrogen is an element with the atomic symbol H.  It exists in nature as a molecular substance with the formula H2.  Oxygen does exactly the same thing.  Write the atomic symbol for oxygen and write the formula of the molecular substance it forms.  

Questions

4. Why was the test tube containing hydrogen gas stored upside down in the water?

5. Suppose you had two unlabeled test tubes, one that contained hydrogen and the other carbon dioxide.  Suggest an experiment you could do to determine what gas was in each tube.

6. Why was the hydrogen-air mixture considerably louder than that of pure hydrogen?

7. Sketch what would happen to the hydrogen gas if you were to rotate the test tube so that the open end was directed upward.  

Advanced Questions

8. What familiar product formed when you ignited the H2(g)?

9. Write and balance the equation for the reaction that takes place when hydrogen burns (explodes) in air?

Experiment 2. Hydrogen forms explosive mixtures with air

	Equipment

Microscale Gas Chemistry Kit
Match or lighter


	Chemicals

H2(g), 50 mL 

3% dish soap solution 




Instructions

[image: image1.wmf]Part 1.  Fill a small plastic weighing dish with 3% dish soap. Generate hydrogen using quantities listed above.  Discharge the aqueous solution and equip the syringe fitting with a 3 cm length of tubing.  (If you must store the syringe for even a few minutes, use the syringe cap.)  Place the free end of the tubing into the soap solution and slowly discharge some of the hydrogen.  Once a rounded mound of bubbles has been produced, remove the tubing and ignite the bubbles.  A mild BARK! will occur as the hydrogen undergoes a comparatively gentle “explosion”.  

Part 2.  With a syringe half-full of hydrogen, draw in an equal volume of air and repeat the experiment.  This time, when the mixture is ignited, a louder, more definite explosion occurs.  
Introductory Questions 

1. What difference did you notice between Parts 1 and 2 in the experiment?  Explain.

2. What is the purpose of the soap solution? 

3. Why should extreme care be exercised when working with hydrogen gas?

Questions

4. What are the two major gases found in the air?  Which one is reacting with hydrogen in this experiment?

5. If one bubble of hydrogen and one bubble of air were side-by-side and ignited, would the bang be louder or not as loud than if the same amount of gas were contained in a single bubble?

6. Would the explosion be louder if oxygen were used instead of air — with the same amount of hydrogen?  Air is 21% oxygen.   

Advanced Questions

7. Write the balanced chemical equation for the reaction occurring in this experiment.

8. Suggest an experiment to determine what mixture produces the loudest bang from a hydrogen/air mixture using the soap bubble solution.

Experiment 3. Reversible conversion of copper metal and copper(II) oxide 

	Equipment

Microscale Gas Chemistry Kit
small Bunsen burner 

glass Pasteur pipet

ring stand and clamp 

match or lighter
	Chemicals
copper wool such as a ChoreBoy kitchen scrubbing pad

hydrogen, H2(g), 50 mL 




wooden stick such as a kabob skewer — must be able to fit into the pipet

	Instructions
Use a wooden stick to position a 0.50-g plug of copper wool into a glass pipet.  Clamp the pipet in a horizontal position. 
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Part 1. Heat the Cu/pipet for 30 s and then slowly pass 60 mL air through the pipet while continuing to hold the pipet in the flame.  The copper will quickly turn black.  The reaction is:

2 Cu(s) + O2(g) 
[image: image21.wmf] 2 CuO(s)

Part 2.  Connect the H2-filled syringe to the pipet.  Heat the CuO/pipet and then slowly pass the hydrogen gas through the pipet while continuing to hold the pipet in the flame.  Water droplets should appear inside the stem of the pipet. The reaction is:

2 CuO(s) + H2(g) 
[image: image22.wmf] 2 Cu(s) + H2O(l)

Introductory Questions

1. Give the formulas for (a) copper(II) oxide, (b) elemental copper, (c) molecular hydrogen and (d)water, all of which were encountered in this experiment.   

2. What did you observe that indicates to you that a reaction has taken place? 

3. Do you think this reaction could be repeated over and over without consuming the copper — or will the copper eventually be used up?

Questions

4. How do you know that the conversion of copper to copper(II) oxide and then copper(II) oxide to copper is reversible?

5. Why is it necessary to heat the Cu in order for it to react?  

Advanced Questions

6. The four fundamental types of substances are: metals, ionic compounds, molecular compounds and network covalent compounds. What fundamental type of substances id each of the following?  (a) hydrogen; (b) copper; (c) copper(II) oxide; (d) water; and (e) silicon dioxide (the predominant component of the glass pipet)

7. Three of the four fundamental types of substances are almost always solids under standard conditions.  Which type can be solid, liquid or gas under standard conditions?

8. These reactions can be discussed in terms of oxidation and reduction chemistry.  Determine the oxidizing agent and reducing agent in each of the two reactions given in the instructions. 

Experiment 4. Reduction of iron(III) oxide with hydrogen

	Equipment
Microscale Gas Chemistry Kit
glass disposable pipet

Bunsen burner

Matches or lighter

Magnet

“000” steel wool 
	Chemicals 
H2 (g), 40 mL

Fe2O3(s), 0.25 g



[image: image30..pict]Instructions

Prepare the pipet device as shown at right using 0.25 g Fe2O3.  Test the Fe2O3 by holding a magnet above it through the glass.  Heat the Fe2O3 for 30 s and then slowly pass H2 gas through the pipet while continuing to hold the pipet in the flame.  The powder will quickly darken and water droplets should appear inside the stem of the pipet.  Remove the heat and allow the pipet to cool.  Hold a magnet above the mound of solid metallic powdered iron.  The reaction is: 

Fe2O3(s) + 3 H2(g) 
[image: image23.wmf] 2 Fe(s) + 3 H2O(g)

Introductory Questions 

1. What does the “2” and “3” mean in the formula Fe2O3?

2. What did you observe that indicates to you that a reaction has taken place? 

3. How does the magnet tell us that a reaction has taken place?  Why will this test not work for every reaction?  

4. Substances that are attracted to a magnet are called ferromagnetic.  Is Fe2O3 ferromagnetic?  Is Fe?

Questions

5. Write the chemical reaction that has taken place in sentence form: “Iron(III) oxide and …)” 
6. Calculate the rate of hydrogen flow in mL/min.

Advanced Questions

7. Why is it necessary to heat the Fe2O3 in order for it to react?

8. Calculate the number of moles of Fe2O3 used in the pipet.  Calculate the number of moles of H2 passed through the pipet.  Which reagent was in excess? 

9. As the reaction between oxygen and iron took place, a bright white glow may have been observed.  Does this indicate an exothermic or endothermic reaction?

Clean-up and storage

At the end of the experiments, wipe excess lubricant off of rubber seal on the plunger.  Clean all syringe parts with soap and water.  Use plenty of soap to remove oil from the rubber seal.  This extends its life.  It may be necessary to use a 3 cm diameter brush to clean the inside of the barrel.  Rinse all parts with 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 Hydrogen

Experiment 5. Effusion of hydrogen is faster than air

	Equipment

Microscale Gas Chemistry Kit
Balloon, 25 cm diameter

rubber bands, two heavy duty

scissors

Chemicals 
H2(g), 60 mL 
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Instructions
Cut the end off of a large balloon as shown above. Generate H2(g), discharge the aqueous reagents and then cap the syringe. With the syringe cap directed upward as in the figure above (so that hydrogen does not escape), remove the plunger and secure the balloon over the syringe opening with a rubber band as in above.  Gather the balloon so that the rubber is taut over the syringe opening.  Use a second rubber band as well.  The rubber bands must be wound quite tightly in order to prevent hydrogen loss.

Clamp the syringe in position with balloon end up (opposite of that shown in the figure).  Within 30 minutes there should be visible evidence that the balloon is being pushed into the syringe barrel.  By the next day, the balloon is drawn in by a very noticeable amount.  After 3-5 days, the balloon will be extensively drawn into the syringe barrel.  The experiment can be continued for weeks.

Questions

1. Why is the balloon being pushed into the syringe?  What is pushing the balloon inward?

2. What does the word effusion mean?  What is the difference between diffusion and effusion?  If you do not know, look these terms up in a dictionary.

3. Predict what would happen if this experiment were repeated with a syringe filled with CO2(g) instead of hydrogen.

Experiment 6. Hydrogen burns with a gentle flame
	Equipment

Microscale Gas Chemistry Kit
Glass disposable pipet

Matches or lighter

Food storage bag, 1 L / 1quart

hemostat (or pinch clamp)

ring stand and clamp

Chemicals
Chemicals to generate hydrogen
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Instructions

Like most gases, hydrogen can be generated inside the “gas bag” which consists of a length of tubing inserted into a food storage bag. Assemble the apparatus as shown in the figure.  Use a 15 cm length of tubing to connect the gas bag to the pipet.

Use the gas bag to discharge hydrogen at a constant, controlled rate in order to sustain a small flame.  Keep the gas bag away from flames.  Open the hemostat (or pinch clamp) and ignite the gas issuing from the pipet.  Gently press down on the gas bag to control and sustain the flame.  To stop the combustion, pinch the tubing shut.

The flame is “gentle” because of the lack of oxygen in the fuel. The flame is yellow because of the sodium in the glass; hydrogen normally burns with a blue flame. 
Questions

1. From Experiment 2, you learned that hydrogen and air form explosive mixtures.   How does the design of this experiment prevent an explosion?

2. Write and balance the chemical reaction that takes place in both this and Experiment. 2 

3. In Experiment 2, we deliberately created an explosive mixture of hydrogen and air and then ignited the mixture.  Why are we so concerned about the same sort of explosive mixture in this experiment and have designed the experiment so that an explosion does not take place?

Advanced Questions

4. When hydrogen burns, we see a flame.  When hydrogen/air mixtures explode we do not see a flame.  Why? 

5. What would happen if one were to hold a piece of glass above the flame at a safe distance (so it is not heated by the flame)? 

Experiment 7. Disappearing/reappearing candle flame
	Equipment
Microscale Gas Chemistry Kit
Chemicals
magnesium turnings or ribbon, 0.10 g

hydrochloric acid, HCl(aq), 5 mL of 2 M
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Instructions
Affix a candle to a coin with a drop of molten wax.  Generate hydrogen using 0.10 g magnesium turnings or ribbon and 5 mL of 2 M HCl(aq) instead of the usual quantities.  This will generate more than a syringe full of hydrogen.  As the plunger reaches the top of the syringe barrel and is almost ready to pop out of the barrel, stop the reaction by discharging the aqueous solution into the plastic cup. Immediately cap the syringe with the syringe cap.  Light the candle and turn off the room lights.  With the cap directed upward, remove the plunger from the syringe barrel and immediately lower the syringe carefully but quickly over the top of the candle flame as shown in the figure.  As soon as the flame goes out, raise the syringe.  The candle should re-ignite.  This experiment takes some practice. Once perfected, it makes an interesting magic trick.  

Questions

1. Discuss possible explanations with other students.  Agree upon the most plausible explanation.  

2. What, if anything, is wrong with other explanations that have been proposed?

3. Are all flames visible?  Can a substance burn without a visible flame? 

Experiment 8. Calcium and calcium hydride produce hydrogen in reactions with water

	Equipment
Microscale Gas Chemistry Kit
Chemicals
Calcium metal, free of oxide, < 1 g

Calcium hydride, CaH2, < 1 g
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Instructions
Part A. A sample of fresh calcium, free of oxide coating, should be used.  The exact mass (between 0.03 - 0.04 g) is determined using an analytical balance.  The calcium is placed in a dry vial cap and lowered into the syringe.  The liquid reagent is 20 mL of distilled water.  Record the initial volume mark on the syringe barrel.  Use the outer rubber ring on the plunger as a convenient reference as shown in the figure.  Perform the reaction by shaking the syringe.  The solution will bubble as hydrogen is produced and will eventually become cloudy due to Ca(OH)2(s) which is only sparingly soluble in water.  The reaction is:


Ca(s) + 2 H2O(l) 

Ca(OH)2(s) + H2(g)

Record the final volume mark and determine the volume of hydrogen by subtracting the volume of air originally present.  The volume is quite close to what is expected from stoichiometry and ideal gas calculations.  An ideal gas laboratory experiment could be developed that utilizes this procedure.

The 20 mL of solution now contains suspended calcium hydroxide solid and a small amount of dissolved calcium hydroxide.  A variety of experiments can be performed with the solution.  Add a few drops to an indicator solution to show that the pH is high.  Discharge 10 mL of the solution into a plastic cup.  Add just enough 1 M HCl(aq) to the cloudy suspension to produce a clear solution of aqueous calcium chloride:

Ca(OH)2(s) + 2 HCl(aq) 

CaCl2(aq) + 2 H2O(l)

As another variant, the calcium hydroxide suspension can be allowed to settle in the syringe where contact with air is avoided.  After a few hours, the suspended Ca(OH)2(s) has settled producing a clear solution of limewater, Ca(OH)2(aq).  Limewater has a number of uses as a reagent; it is used to test for CO2(g) and is used with alum to enhance settling of turbid water.  

Part B. Repeat the experiment using between 0.03 - 0.04 g CaH2 instead of calcium metal.  The reaction is:

CaH2(s) + 2 H2O(l) 

Ca(OH)2(s) + 2 H2(g)

Questions

1. Describe the appearance of the calcium metal before the reaction.

2. Describe the appearance of the calcium hydride before the reaction. 

3. What is the formula of calcium hydride?  Is calcium hydride ionic, covalent, metallic, or network covalent?

4. Describe your observations of the reaction between calcium metal and water (and between calcium hydride and water if Part B was done).  

5.  What class of reaction describes this (these) reaction(s)?

6.  How might the product gas be tested?

Experiment 9. Deuterium isotope effects2
	Equipment
Microscale Gas Chemistry Kit

	Chemicals
Bromphenol blue solution, < 2 mL

5 M H2SO4 Solution, < 2 mL

3.33 g D2O

Magnesium turnings, < 1 g


Instructions
The rates of chemical reactions are often dependent on the isotopes of the elements involved.  This occurs because compounds containing heavier isotopes have slower average molecular speeds in both the gas phase and in solution.  This phenomenon can be demonstrated as follows.

You will need two syringe assemblies for this experiment.  They should be labeled "H2O" and "D2O."  In two plastic weighing dishes measure out equimolar amounts of reagents as per the table: 

	Reagent:
	Weighing Dish 1: H20 Solution
	Weighing Dish 2: D2O Solution

	Water (0.167 moles of each)
	3.00 g H2O
	3.33 g D2O

	Bromphenol blue solution
	10 drops
	10 drops

	5 M H2SO4 Solution
	7 drops
	7 drops

	Calculated D/H Mole Ratio
	0.0/1.0
	3.0/1.0


Place 0.20 g of magnesium turnings in each of two vial caps.  Draw all of the solutions into their respective syringes and install the syringe caps.  Hold both syringes in the same hand and vigorously shake the syringes to mix the solutions.  Within 2-3 minutes the color in the syringes begins to turn blue as the acid is consumed.  The color change occurs in the H2O syringe well before it does in the D2O syringe. 

The chemical equation for the reaction of magnesium with sulfuric acid is:

Mg(s) + H2SO4(aq) 

MgSO4(aq) + H2(g)

In the syringe with the D2O(l), hydrogen ion exchange between H+ and D+ is nearly instantaneous.  Because the ratio of D/H is approximately 3:1 we can think of sulfuric acid as having the formula D2SO4 and thus the reaction is:

Mg(s) + D2SO4(aq) 

MgSO4(aq) + D2(g)

Questions

1. What does the word isotope mean?  

2. What is the difference between H and D?  Write their isotope symbols using 

 notation, where A is the atomic mass number, Z is the atomic number and X is the element symbol.

3. Hydrogen has a third isotope, 
[image: image29.wmf] called tritium.  Tritium is extremely rare and radioactive.  How would the rate of reactions involving tritium compare to those involving deuterium and regular hydrogen?  Rank the three of these isotopes in order of rate of reaction from slowest to fastest.

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.  

2 This experiment is based on one published by Binder and Eliason, Journal of Chemical Education, 63, 536 (1986)
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