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The In-Syringe Method for Preparing Gas Samples

Preparation of Carbon Dioxide

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

Carbon dioxide is a relatively non-toxic gas.  Like all gases other than oxygen, it is a simple asphyxiant if inhaled in very large quantities.  We will not be generating very large quantities of carbon dioxide.  

Getting Started


Before we start making gases, we need to know a bit more about the equipment that we will use.  Many of the important pieces that we will use are pictured below.  Let’s start with the most dramatic, the large syringe which may invoke pangs of fear and memories of visits to the doctor’s office.  There are no needles, however.  You will notice that after working with these syringes a few times, you will no longer think of them for their medical applications.  (Incidentally, these 60 mL syringes are used by veterinarians to treat large farm animals and are not normally used by medical doctors.) 
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The syringe is composed for two major parts — the barrel (outside part) and the plunger (inside part).  Plungers and barrels are interchangeable.  On one end of the plunger you will notice an air-tight black rubber seal.  Even tiny little hydrogen molecules have trouble sneaking past the seal so these are pretty impressive pieces of equipment.


The next pieces of equipment to find are the two syringe caps.  They are made of rubber and fit snugly onto the syringe barrel — again, an air-tight fit.  They are tiny and easily lost, which would be a problem because they are used to keep the gas in the syringe. Keep an eye on them and don’t lose them down the drain.  


The vial cap is used to lower the solid reagent into the syringe (as discussed below) and is also small and easily lost.  Again, you should have two of them.  The other items in your gas kit will include a long and short piece of tubing, two weighing dishes, a bottle of silicone oil, a plastic pipet, a plastic cup, two test  tubes (two different sizes) and a birthday candle. 

Making carbon dioxide 
You are now about to prepare your first gas sample using the syringe equipment. The general strategy of the method is to react two substances in a large syringe.  The limiting reagent is always used in solid form and is placed in a small vial cap.  The second reagent is prepared as an aqueous solution.  For example, you will generate CO2(g) from vinegar, used in excess, and solid baking soda or sodium bicarbonate, NaHCO3. The steps given below eventually will be used to make all sorts of gases.  

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 the solid reagent

(Use 0.21 g NaHCO3 to make CO2)
Place the solid reagent into the vial cap.  We recommend that the solid be measured directly into the vial cap to prevent losses from transferring small amounts of solids.  
	[image: image3.wmf]


	4. Fill the syringe barrel with water

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

Float the vial cap containing the solid reagent on the water surface.  This is easiest if the syringe barrel is filled completely to the top with water.  
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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.  Allow the syringe to drain into a wide mouth beverage container.  When successfully completed, the cap should rest upright on the bottom of the syringe with all reagent still in the cap. 
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	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.  The plunger should fit snugly against the rim of the vial cap.
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	8. Draw aqueous reagent into syringe
(Use 5 mL vinegar to make CO2)
The aqueous reagent, measured into a small weighing dish, is drawn into the syringe while maintaining the vertical position of the syringe.  The vial cap with the solid reagent should float on the solution.
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	9. Install syringe cap
Push the syringe into the syringe cap.  It simply pushes on.
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	10. Generate the gas
The “fun” part is generating the gas and you are ready to do that now.  Shake the syringe in order to mix the reagents.  As the liquid reagent splashes into the vial cap, gas generation will commence and the syringe plunger should move outward.  It is sometimes necessary to gently help the plunger move up the barrel.  
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	11. Remove cap to stop gas collection

After the plunger has reached the desired mark (usually 50 mL), tip the syringe so that it is positioned with plunger downward and syringe cap upward.  Carefully remove the syringe cap assuming that the syringe may be under positive pressure.  (“Burp that baby with its head up!”)
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	12. Discharge reagents

Turn the syringe 180o and discharge the liquid reagent into the plastic cup.    Caution: Never remove the syringe cap with the cap end of the syringe directed downward:  Reagents will spray out of the syringe.  Immediately cap the syringe with the syringe cap to prevent loss of gas by effusion.  
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13. Wash away contaminants
The gas-filled syringe may be "washed" in order to remove traces of unwanted chemicals from the inside surfaces of the syringe before the gas is used in experiments.  To wash a gas:

	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.)


Other useful gas syringe techniques


There are a several other techniques that come in handy when working with gases in syringes.  Here are the most important ones.  Try to use these techniques as much as possible.  

A. Syringe-to-syringe transfer procedure
This procedure is useful under several circumstances.  For example, when a gas sample needs to be in a clean, dry syringe, simply transfer the gas sample by a short connecting tube between  the two syringes.  
	1. Connect a short piece of tubing to a clean syringe.
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	2. Connect gas-filled syringe to tubing:
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	3. Transfer the gas with clean, dry syringe on top:
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B. Controlled discharge of gas from a syringe

Plungers do not always move smoothly in their syringe barrels.  As a result, gases may be discharged in large unintended portions (such as 40 mL all at once) if the method shown in the left diagram below is used.  Instead, grasp the syringe by its plunger (right figure) and pull the barrel towards your hand.  This simple technique will give you excellent control of gas delivery.  
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INCORRECT WAY
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CORRECT WAY


C. Discharging a specific volume of gas

Position thumb as a “stop” to discharge desired volume of gas and then push inward.  
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D. Safety First!  Cap Up-and-Off! 

If more than 60 mL gas is going to be generated, follow these steps.

	1. Position the syringe so the cap is directed upward.

2. Remove the cap by twisting.  
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	3. Discharge the solution to prevent further gas collection.  Recap syringe.
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Clean-up and storage

At the end of the experiments, clean the syringe parts, 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 unless both are completely dry.
Disposal

Unwanted CO2(g) samples can be safely discharged into the room.

Introductory Questions 

1. Write the formulas for (a) baking soda; (b) vinegar; and (c) carbon dioxide.

2. Gases usually have “(g)” as the last part of their formula.  For example, oxygen gas would be written as O2(g).  In a similar way, solids have “(s)” and liquids have “(l)”.  Aqueous solutions, substances dissolved in water, have “(aq)” as the last part of their formula.  For example, salt water would written as NaCl(aq).  Add these endings to the three formulas in Question 1. 

3. Why should the gas be “washed”?

4. Why is it important to use only the specified amounts of reagents?  

5. Why must the syringe be upright when removing the cap?

Questions

6. What was the purpose of vigorously shaking the syringe?  

7. Why must one start over if some of the solid spills out while the vial cap of sodium bicarbonate is being lowered? 

8. What is the molar mass of carbon dioxide?  

Advanced Questions

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

10. Using 0.22 g of NaHCO3 and 5.0 mL of 1.0 M HCl, which reactant is the limiting reactant?

11. Use the ideal gas law and your answer to the previous question to determine the volume of gas is predicted.  Assume 25 oC and standard pressure. 

12. Use the ideal gas law to determine the density of carbon dioxide at 25 oC and standard pressure.  

13. Use the ideal gas law to determine the density of air at 25 oC and 1 atm pressure.  You can use the “average molar mass of air” in your calculations; its value is 28.964 g/mol.  Compare the density of carbon dioxide (Question 7)  with the density of air.  Calculate the ratio of densities, dcarbon dioxide/dair
Internet reference


This chapter with numerous color photographs of the In-Syringe procedure is available on the web at our microscale gas chemistry website:

http://mattson.creighton.edu/Microscale_Gas_Chemistry.html
Experiments with Carbon Dioxide

Experiment 1. Traditional limewater test for carbon dioxide

	Equipment
Microscale Gas Chemistry Kit
Chemicals 
CO2(g), 20

Limewater, 3 – 5 mL
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Instructions

Prepare a syringe full of CO2. Pour 1 – 2 mL of limewater, Ca(OH)2(aq), into a test tube.  Remove the syringe cap and attach a 15 cm length of tubing to the syringe.  Discharge 10 – 20 mL CO2 over the limewater surface as shown in the figure.  Stopper the test tube with your thumb or finger.  These chemicals are not dangerous if contacted to skin.  Shake the gas and liquid. Notice the production of precipitated CaCO3, which makes the solution cloudy. The reaction is: 

Ca(OH)2(aq) + CO2(g) 
[image: image29.wmf] CaCO3(s) + H2O(l)

Save the syringe of unused carbon dioxide for the next experiment.

Introductory Questions 

1. What is a precipitate?  

2. What is limewater? 

3. What is the formula of carbon dioxide?

4. What do the symbols (aq), (g), (s) and (l) stand for in the equation for the reaction given above?

Questions

5. Would the precipitate settle if allowed to stand for a period of time? 

6. What does calcium carbonate look like? 

7. What is the formula of the carbonate ion?

8. What makes this a good test for carbon dioxide?

9. What is the traditional test for the carbonate ion? 

Advanced Questions

10. Carbon dioxide is a covalent molecular compound.  What class of compound is calcium carbonate?

11. Write the chemical reaction that took place in the form of a sentence: “Aqueous calcium hydroxide and ….”

Experiment 2. Acidity of carbon dioxide 

Equipment

Microscale Gas Chemistry Kit
100graduate cylinder

plastic square, 5 cm x 5 cm (for Part 2; cut from a sandwich bag or food wrap, etc.)

rubber band (Part 2)

Chemicals

CO2(g), 20+ 40 mL

universal indicator solution, 10 mL (or red cabbage juice solution)

concentrated ammonium hydroxide solution, (only the NH3 fumes will be used)

Instructions

Part 1. Prepare a syringe full of carbon dioxide or use the leftover carbon dioxide from Experiment 1.  Add 2water to the test tube. Add 10 drops of Universal Indicator solution. Use a plastic pipet to transfer some ammonia vapors to the indicator solution. Stopper the test tube with your thumb or finger.  Shake the contents of the test tube to assure mixing.  Next, transfer 20CO2 above the surface of the solution using the long tubing.  Notice the correct way to dispense gas:  Grasp the plunger and pull the barrel towards you.  By holding the syringe opening upward, no liquid is accidentally discharged. 
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	INCORRECT WAY
	CORRECT WAY


Shake the contents of the test tube to assure mixing.  

Part 2. Prepare 75of the NH3-vapors/indicator solution and transfer it to a graduated cylinder.  Discharge the CO2 above the surface of the solution and cover the graduated cylinder with the plastic square and rubber band.  Swirl gently to agitate the surface a small amount.  Layers of color will develop.  
Chart of indicator color vs. the corresponding pH: 

	
	Indicator Colors
	

	pH
	Universal
	Red Cabbage

	4.0
	Red
	Red

	5.0
	Orange Red
	Purple

	6.0
	Yellow Orange
	Purple

	7.0
	Dark Green
	Purple

	8.0
	Light Green
	Blue

	9.0
	Blue
	Blue-Green

	10.0
	Reddish Violet
	Green

	11.0
	Violet
	Green

	12.0
	Violet
	Green

	13.0
	Violet
	Green-Yellow

	14.0
	Violet
	Yellow


Introductory Questions 

1. Explain why carbonated beverages are slightly acidic.  

2. Would vinegar, known to contain acetic acid, cause universal indicator to be violet? 

3. Suppose your friend tested the pH of carbonated water as per this experiment.  Suppose also that your friend did not remember whether he/she used universal indicator or red cabbage indicator, however, the solution is purple.  Which indicator did he/she use and why do you know?

Questions

4. Does ammonia seem more soluble than carbon dioxide?  

5. Why does the indicator solution eventually turn the color associated with acid?

Advanced Questions

6. What is the pH of the distilled water in your laboratory?  Explain why.

7. What does carbon dioxide form when it dissolves in water?  

Experiment 3. Carbon dioxide extinguishes fires

	Equipment
Microscale Gas Chemistry Kit
Matches or lighter

Chemicals 
CO2(g), 50
	[image: image32.wmf]


Instructions

If necessary, prepare a syringe full of carbon dioxide.  Affix a short candle to a coin with a drop of molten wax.  Place the candle/coin into the cup as shown.  Ignite the candle.  Equip the syringe with the tubing and transfer the CO2 to the bottom of the cup.  Discharge the entire contents of the syringe in a quick manner — within a second or two.  The flame will go out.  (The picture shows the gas being discharged in the “incorrect way” according to the discussion in the previous experiment.  We almost never discharge gas in this manner, except in this experiment where rapid discharge is crucial to the success of the experiment.)  
Introductory Questions 

1. Can a candle burn in carbon dioxide?  Does carbon dioxide burn?

2. Can a candle burn in oxygen?  

3. What happened to the burning candle?  Could carbon dioxide be used as a fire extinguisher?

4. Why should you release the carbon dioxide in the bottom of the cup?  

Questions

5. Why was it important to use a short candle?  

6. Which gas has a greater density, carbon dioxide or air?  How could you tell? Hint: Compare the molar masses of oxygen and nitrogen with carbon dioxide.

Advanced Question

7. If the carbon dioxide is discharged slowly rather than quickly, this experiment will not work.  Explain why.  Sketch the flow of gases around a heat source.  

8. Design an experiment to determine whether carbon dioxide or air has the greater density.

Experiment 4. Carbon dioxide and aqueous sodium hydroxide react

Equipment

Microscale Gas Chemistry Kit
Chemicals 

CO2(g), 50 mL

sodium hydroxide, NaOH(aq), 6 M, 10 mL; See Precautions

Precautions

Aqueous sodium hydroxide, NaOH(aq) (6 M) is a caustic substance that can cause serious damage to skin and eyes.  Use care when handling this chemical.

Instructions

Prepare a syringe full of carbon dioxide.  Fill a small weighing dish with 6 M NaOH(aq).  Draw 5 mL NaOH(aq) into a CO2-filled syringe.  Fit the syringe with a syringe cap.  Shake the syringe.  The plunger will move inward as the CO2(g) reacts with aqueous NaOH(aq) forming NaHCO3(aq) and/or Na2CO3(aq).  The reaction is:

2 NaOH(aq) + CO2(g) 
[image: image33.wmf] Na2CO3(aq) + H2O(l)

Introductory Questions 

1. What are the formulas for sodium hydroxide and sodium carbonate?  

2. Did the carbon dioxide dissolve in the solution or react with the solution? 

3. Why does shaking the syringe speed up the reaction?

Questions

4. Suggest an explanation for what you observed in this experiment.

5. Solutions of bases such as sodium hydroxide or calcium hydroxide are not "stable" if they sit in the air for an extended period of time.  Based on your experiments with CO2(g) suggest a reason for this.

Advanced Questions

6. Carbon dioxide is a covalent molecular compound.  What class of compound is sodium carbonate?

7. Write the chemical reaction that took place in sentence form: “Aqueous sodium hydroxide and …” 
Experiment 5. Carbon dioxide/carbonic acid equilibrium

	Equipment
Plastic cup, 9-ounce (250 mL)

special purpose syringe with nail through plunger

Chemicals 
CO2(g), 40 mL

Ice water

Instructions
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Transfer 40CO2(g) into the special purpose syringe. Pull 10water into the syringe and install the syringe cap.  Push the plunger inward until the nail can be inserted into the middle hole in the plunger as shown in the figure.  The volume of the gas should be compressed to 20or less.  Place the syringe into a large container of crushed ice and water.  Allow the system to come to equilibrium over the next hour.  Remove from the ice and allow to warm to room temperature for 15 minutes.  Next pull the plunger up to the 50 mL mark and insert the nail in the hole near the rubber seal.  Tap the syringe on the countertop.  You should see bubbles of CO2 swirling out of solution.  The process can be repeated.  The equilibrium involves CO2 as the primary aqueous species.  Approximately 1 CO2(aq) in 600 exists as H2CO3(aq):

CO2(aq) [image: image35.wmf] CO2(aq) 

 H2CO3(aq)

Questions
1. Why did we use ice in this experiment?  Is carbon dioxide more soluble in cold or warm water?

2. Why was pressure used?  

3. What familiar product is based on the solubility of carbon dioxide at low temperature and high pressure?

4. What happens to an opened bottle or bottle of soda pop if it is allowed to warm up?

5. When the syringe was tapped, carbon dioxide bubbles were formed.  What analogy exists with the properties of soda pop?  

Advanced Questions
6. It is known that if the syringe cap is left off, carbon dioxide will diffuse at a rate of about 0.3 mL per minute.  Reviewing the experiments performed in this chapter, suggest an experiment that could be used to verify this statement.  

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.

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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