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Determining Pressure, Volume, and Temperature of a Gas Produced in a Chemical Reaction.
        Written by Edward Auclair and Esther Hine, 2010 Workshop Participants 
                                                            This activity was adapted from the Journal of Chemical Education, Vol.79, No. 7, July 2002 

Teacher Background Information: 

This lab includes percent composition, density of a gas, and determination of the ideal gas law constant and was adapted from the Journal of Chemical Education (2002). 
Safety information:  

Hydrochloric acid may cause severe burns to all body tissue. If it comes in contact with skin wash with soap and water for several minutes. Always work with concentrated hydrochloric acid in a well-ventilated fume hood – the vapors can be moderately toxic by inhalation. 
Educational Goal:  Students will understand…
· The relationship between pressure, volume and temperature of a gas produced during a chemical reaction.

Student Objectives: Students will…

· Calculate the density of gas 

· Use data to determine the molar mass of a gas

· Determine the percent composition and the value of the ideal gas law constant.

· Practice lab safety

Materials: (per lab group ~3 students)  

· 5 Alka-Seltzer tablets

· 5 gelatin capsules (available at GNC)

· 1M HCl (~30mL)

· six inch test tube

· 250-mL beaker

· 100-mL graduated cylinder

· 500-mL wash bottle

· Small stir bar for the test tube

· Stir plate (optional)

· Balance 

· Data logger  (thermometer can also be used)

Time required:  1 class period (45 minutes)
National Standards Met: S2
Green Chemistry Principles Addressed:  
Less Hazardous Chemical Syntheses ¤Designing Safer Chemicals ¤ Safer Solvents and Auxiliaries ¤ Design for Energy Efficiency ¤ Use of Renewable Feedstocks ¤ Design for Degradation ¤ Inherently Safer Chemistry for Accident Prevention

Prerequisites: 
Students should have studied chemical reactions, gases, and the gas laws. This is meant to be an introduction to the combined gas law. 
Teacher Prep: 

Instructors should prepare approximately 30mL of 1.0 M HCl per group.

1.0 M Hydrochloric acid can be purchased from laboratory suppliers (i.e., Ward’s Natural Science, 1.0 M, 500 mL bottle, $5.60, item # 970 V 3606). 

If preparing from concentrated hydrochloric acid (12 M), prepare as follows: 

To prepare 300 mL of 1 M hydrochloric acid, add 275 mL of water to a proper container (glass or plastic). Add 25 mL of concentrated (12 M) hydrochloric acid. Cap the container and swirl gently to mix. 


If preparing another amount, use the equation: C1 x V1 = C2 x V2, where C1  = 12 M, V1 is unknown, C2 = 1M and V2 is the volume that you want to make. Remember to always add the acid to the water and not the other way around!
Demonstrating how to crush the Alka-Seltzer tablets and pack the capsules is also recommended. Placing the test tube into the bottle and closing it without losing too much water can be challenging, demonstrating may be helpful. 

Student Lab Procedure, Data Collections and Questions
Procedure: 

Obtain 500-mL wash bottle and fill it to the line with tap water. 

1. Tare balance, then weigh and record the mass of an empty gelatin capsule.

2. Weigh and record the mass of one Alka-Seltzer tablet.  Or fill the capsule with a mixture of flour and baking soda.  (predetermined by the teacher) 

3. Load gelatin capsule with as much powdered Alka-Seltzer tablet or mixture as possible. Close gelatin capsule and weigh and record the mass.

4. Obtain 6-inch test tube.  Add about 7mL of 1.0M HCl to the test tube, 7mL is about an inch deep. Place gelatin capsule into this test tube with a small stir bar. 

After addition of the gelatin capsule in step 5, proceed quickly through steps 5 to 9 so that all these steps can be completed before the gelatin capsule dissolves and the reaction starts.

5. Place small Erlenmeyer flask onto a weighing balance, tare balance.  Measure the mass of the test tube from step 5.  

6. Place test tube upright into the wash bottle. 

7. Place reaction system from step 6 on a stir plate but do not begin stirring.

8. Close the wash bottle lid making sure that it is sufficiently closed to prevent pressure loss.  There is usually 2-5 mL of water that is lost during the closing of the wash bottle.  As long as this water is not collected as part of step 11, it has no bearing on the results.

9. Place a beaker under the spout of the wash bottle to catch the water that is displaced from the wash bottle.

10. Observe the reaction

11. After the reaction appears to be complete (no more water washing out), turn on stirrer and stir the contents of the test tube at a high rate.  Stir for as long as there is additional water being washed out of the wash bottle.

12. After reaction is complete, mass the whole wash bottle again. Then open wash bottle cover slightly, lower a temperature sensor (connected to the datalogger) into the wash bottle and measure the temperature of the CO2 (g) in the wash bottle.

13. Open wash bottle, remove test tube and dry the outside with paper towel. 

14. Place small Erlenmeyer flask on mass balance, tare and proceed to measure and record the mass of the post reaction test tube.

15. Using a 100-mL graduated cylinder, measure the volume of the water displaced from the wash bottle.

16. Repeat until you have a total of five runs.

17. Using the data logger and chemistry sensor measure and record the room pressure in kPa. (This can also be obtained from a barometer or the local weather service)

Data: 

	 
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	 

	

	Mass: gelatin capsule
	 
	 
	 
	 
	 
	g

	Mass: whole alka-seltzer tablet
	 
	 
	 
	 
	 
	g

	Mass: capsule + alka-seltzer sample
	 
	 
	 
	 
	 
	g

	Mass: system before reaction
	 
	 
	 
	 
	 
	g

	Mass: system after reaction
	 
	 
	 
	 
	 
	g

	Temperature: CO2 (°C)
	 
	 
	 
	 
	 
	oC

	Pressure: In the room (kPa)
	 
	 
	 
	 
	 
	kPa

	Volume: of CO2 (mL)
	 
	 
	 
	 
	 
	mL

	

	Mass: Alka-seltzer in capsule (g)
	 
	 
	 
	 
	 
	g

	Mass: CO2(g)
	 
	 
	 
	 
	 
	g

	Mass: NaHCO3 (g)
	 
	 
	 
	 
	 
	g

	% NaHCO3 in sample
	 
	 
	 
	 
	 
	%

	Mass: NaHCO3 in tablet (g)
	 
	 
	 
	 
	 
	g

	Temperature: CO2 (K)
	 
	 
	 
	 
	 
	K

	Pressure: CO2(g) (atm)
	 
	 
	 
	 
	 
	atm

	Moles CO2(mol)
	 
	 
	 
	 
	 
	mols

	Volume: CO2 (L)
	 
	 
	 
	 
	 
	L

	Density CO2 (g/L)
	 
	 
	 
	 
	 
	g/L

	Gas constant R
	 
	 
	 
	 
	 
	(L*atm)/(K*mol)

	Molar Mass  CO2 (g/mol)
	 
	 
	 
	 
	 
	g/mol


Questions for thought:

1. In the procedure, you are asked to load as much Alka-Seltzer tablet into the gelatin capsule as possible.  Why is it advantageous to load a large sample mass compared to a small mass such as 0.050 g?

2. Would there be a difference in the results if 12mL HCl (aq) was used in place of 7mL? Explain your reasoning. 
3. What are the advantages of using a powdered sample?
4. Why is it that a graduated cylinder measurement of the volume of the CO2 suffices here?

5. Name three ways this experiment models green chemistry?

Teacher’s Guide to Questions

1. In the procedure, you are asked to load as much Alka-Seltzer tablet into the gelatin capsule as possible.  Why is it advantageous to load a large sample mass compared to a small mass such as 0.050 g?

The more alka-seltzer that is loaded, the more gas that will be produced. Such a small amount would be harder to accurately measure and would lead to greater percent error.

2. Would there be a difference in the results if 12mL HCl (aq) was used in place of 7mL? Explain your reasoning. 
The HCl is used in excess, so 12mL instead of 7mL wouldn’t make a lot of difference. 
3. What are the advantages of using a powdered sample?
Using a powdered sample makes it easier for the HCl and sample to react and it makes the sample easier to mix up with the stir bar. 

4. Why is it that a graduated cylinder measurement of the volume of the CO2 suffices here?
Because the CO2 displaces exactly the volume of water that it takes up in the bottle, the volume of water will equal the volume of CO2. Graduated cylinders are not the best tools for measuring volume because they are not especially accurate, however, using this method to measuring a volume of gas is not especially accurate either because a wash bottle is not gas tight, so a graduated cylinder will suffice.
5. Name three ways this experiment demonstrates green chemistry?
Answers may vary
· This experiment uses chemicals which are all environmentlly friendly (except HCl, which is neutralized before it is disposed of)

· This experiment designs for degredation, meaning everything made can be poured down the sink at the end

· This experiment used chemicals which are all safe for humans

· This experiemnt uses renewable feedstocks

· This experiement is energy efficient
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