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Science in Motion

Juniata College


Microscale Experiments with Carbon Dioxide
Pa State Standards:

3.4.12.A
Apply concepts about the structure and properties of matter.
2.5.11.A
Select and use appropriate mathematical concepts and techniques from different areas of mathematics and apply them to solving non-routine and multi-step problems.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:
Carbon dioxide can be generated in a large syringe using sodium bicarbonate and 1.0 M HCl.  The carbon dioxide gas can then be used in several experiments.

Guiding Question:
Please answer the following question before beginning the lab.

How much 1.0 M HCl will be necessary to completely react 0.19 g of NaHCO​3?
Equipment/Materials:
1.0 M HCl
6.0 M NaOH

60 mL plastic syringe
Ammonium hydroxide

Birthday candles

Clear plastic cups

Disposable pipets

Lime water
Latex LuerLOK syringe cap

Latex tubing, diameter 1/8”, 15 cm long

Matches or grill lighters

Medicine cups

Plastic vial caps 

Small weighing boats

Sodium bicarbonate

Spatula

Stir rod with candle attached

Top-loading balance

Universal Indicator

Safety:

· Goggles must be worn at all times in the lab.
· Be very careful when working with fire.
Procedure:

Part I: Generating Carbon Dioxide
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1.  Remove the plastic cap that covers new syringes.  Break in the plunger by moving it up and down several times.

2.  Place a small vial cap on the balance; tare.

3.  Mass 0.19 g of sodium bicarbonate into the cap.

4.  Drop the lid down the barrel of the syringe so that the sodium carbonate stays inside.
5.  While keeping the syringe vertical, pull up 3- 5 mL of 
1.0 M HCl from a small weigh boat.  The vial lid should float on top of the solution.  
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6.  Place the latex syringe cap over the LuerLOK fitting.  The set-up should look like that in Figure 1.

7.
Shake the syringe to mix the reagents and generate the carbon dioxide.  
8.
When the reaction has stopped or the plunger reaches the 60 mL mark, tip the syringe so that the cap is up and the top of the plunger is down.  Carefully remove the cap, remembering that the contents are under pressure.  


Note:  Never remove the cap with the syringe aimed downward; acid will spray from the syringe.

9.  Carefully turn the syringe so that the tip is down, and discharge the excess acid into the sink.  Immediately cap the syringe to prevent loss of the carbon dioxide.
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10.
Record any observations here.

Part II: Flame-out!
1.
Light a candle attached to a glass stir rod.

2.
With the latex cap down, remove the plunger.  Lower the candle carefully into the barrel of the syringe containing CO2 as shown in Figure 2.  The flame should go out.

3.
Record your observations here.

Part III:  Carbon Dioxide Reacts with Aqueous Sodium Hydroxide
1.
Draw 5 mL of 6 M NaOH into a carbon dioxide filled syringe.
2.   Place the latex cap onto the LuerLOK fitting.
3.
Shake the syringe.  The plunger should move inward as the CO2 reacts with the NaOH forming Na2CO3.
4.
Record your observations here.
Part IV: Acidity of CO2

1.   Fill a plastic cup to within 1 cm of the top with distilled water.  Add two squirts of Universal Indicator solution.

2.   Use a disposable pipet to transfer some ammonia vapors to the indicator solution.  Suction some vapors from above the surface of the ammonium hydroxide solution and bubble the vapors into the indicator solution. (One pipet full is sufficient.)  The indicator solution will change to its high pH color.

3.  While keeping the tip aimed upward, connect a 15 cm piece of tubing to the LuerLOK fitting on the syringe. Pinch the end to prevent the loss of carbon dioxide.

4.  Discharge some of the carbon dioxide onto the surface of the very dilute ammonia solution.  It will turn to its low pH color.

5.  Record any observations here.

Part V: Carbon Dioxide Siphon
1.  Fill a plastic cup with water.

2.  While keeping the tip aimed upward, connect a 15 cm piece of tubing to the LuerLOK fitting on the syringe. Pinch the end to prevent the loss of carbon dioxide.

3.  Draw 5 mL of 6 M NaOH into the CO2 filled syringe.  Firmly hold the plunger in place (as it will want to move inward).
3.  Place the other end of the tubing into the cup of water.  As the CO2 reacts with the NaOH, water will be siphoned into the syringe.
4.
Record any observations here.

Questions:

1.
Write the balanced equation for the production of carbon dioxide.

2.
Part III and V involve the reaction of sodium hydroxide and carbon dioxide.  Why does the plunger go down in Part III, and the water get sucked up in Part V?
3.
Stoichiometrically determine the limiting reagent.
4.
Write the balanced equation for the reaction of sodium hydroxide and carbon dioxide carried out in Part IV.
5.  In Part III, an acid is generated when carbon dioxide is dissolved in water.  What is the name and formula of that acid?
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Figure 1.  Set-up for generation of hydrogen






































Figure 2.  Flame-out!
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