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Experiment 9: Gas Laws 

Abstract 

In this laboratory activity, you will experimentally confirm Boyle’s Law, determine absolute zero from 

Gay-Lussac's Law, and determine the molecular weight of acetone, a volatile liquid using the Ideal Gas 

Law and Dalton's Law.  

 

Equiment Needed 

• Science Workshop™  Interface 

• pressure sensor - absolute 

• temperature sensor 

• beaker, 600 mL (for water bath) 

• Erlenmeyer flask, 150 mL 

• eyedropper stem (glass part) 

• graduated cylinder, 10 mL 

• graduated cylinder, 100 mL 

 

Chemicals and Consumables 

• acetone 

• glycerin 

• water

 

Boyle’s Law 

 

Background Information 

In the 1600s, physicist Robert Boyle first published what became known as Boyle’s Law, stating that for 

a fixed amount of gas at a constant temperature, the product of pressure and volume was constant, 

meaning that pressure and volume are inversely proportional.  This can be restated to calculate changes 

in the pressure or volume of a gas. 

 

                         

Procedure 

For this activity, the sensor will measure the pressure of a fixed amount of a sample of air as you change 

the volume of the syringe.  The Data Studio program will record and display data that can then be 

graphed.  From this graph you will determine the relationship between a gas’s pressure and volume and 

compare it to that stated by Boyle’s Law. 

 

• graduated 1 mL pipette  

• heat source (for water bath) 

• rubber stopper, two hole (to fit flask)  

• base and support rod 

• iron ring and wire gauze 

• forceps  

• apron and safety goggles 

• syringe with needle 

 



VC 09 

  9-2  

PART I: Computer Setup 

1. Turn on the Science Workshop interface and turn on the computer. 

2. Connect the DIN plug of the pressure sensor to Analog Channel A on the interface. 

3. In the folder Black, or Blue or RTD , open the file titled VC06Boylesds.ds (all files are the same 

regardless of which one you pick) 

4. The computer displays a table of pressure in kPa, and volume in mL, and two graphs: one of 

pressure versus volume and other of pressure versus 1/volume 

PART II: Equipment Setup 

1. Put a drop of glycerin on the barb end of a quick release coupling. Put the end of the coupling into 

one end of a short piece (about 2.5 cm) of plastic tubing that comes with the Pressure Sensor.  

2. Put a drop of glycerin on the end of the syringe. Connect the end of the syringe to the other end of 

the small piece of plastic tubing 

 

 

 

3. Align the quick-release coupling on one end of the plastic tubing with the pressure port of the 

Pressure Sensor. Push the coupling onto the port, and then turn the coupling clockwise until it 

clicks (about one-eighth turn).  

4. IMPORTANT: Check that the syringe and Pressure Sensor have a secure seal by adjusting the 

volume between 20 mL and 10 mL. It should get harder to push as the volume decreases. 

5. Set the initial volume by disconnecting the quick-release connector from the sensor, move the 

piston to 20.0 mL, and then re-connecting the quick-release connector to the sensor. 

 

 

 

To 
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PART III: Data Recording  

1. When everything is ready, click ‘Start’.  

• In DataStudio, the ‘Start’ button 

changes to ‘Keep’ ( ) 

and the Table display shows the value 

of pressure next to the first volume 

(20 mL).  

2. Click ‘Keep’ to record the pressure.  

3.  After clicking Keep, you will be 

asked to enter the volume (20). 

 

 

4. Move the piston to the 18 mL mark and click ‘Keep’ 

to record the pressure.  Then type in the volume (18) when 

asked. 

5. Continue to move the piston to each new position and 

then click ‘Keep’ to record the corresponding pressure and 

volume. 

6. After you record the pressure for the last volume, 

click ‘Stop’ ( ) to end data recording. 

 

Analyzing the Data 

1 Click on the Graph window to bring it to the front. Click on the “Scale to fit” button (top left 

corner) to rescale the Graph to fit the data. Notice that one plot shows Volume versus Pressure and 

that the second plot shows Inverse Volume versus Pressure.  

2. Select “Print” from the File menu to print a copy of the Graph in Landscape mode. 

3. Click on the Table to select it. Select “Print” from the File menu to print a copy of the data table in 

Portrait mode.  If you need help with printing modes, ask the instructor. 

4. Have your instructor check your graph to see if it is acceptable and initial it.  
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Gay-Lussac’s Law 

 

Background Information 

In the early 1800s, Joseph Louis Gay-Lussac stated that, when the amount and volume of a gas were 

held constant, the pressure and temperature were directly proportional.  This law can be mathematically 

stated in two ways. 

 

 
            

  
  
  
  
  
                     

Recall that Kinetic Molecular Theory states that the average energy of molecules in the gas phase is 

directly proportional to the gas’s absolute temperature.  Also recall that the pressure a gas exerts is due 

to the collisions of its molecules with the sides of the container.  Therefore, if a gas’s kinetic energy 

approaches zero, its temperature and pressure must also approach zero. 

 

Procedure 

For this activity, the pressure sensor will measure the change in pressure of a gas inside an Erlenmeyer 

flask and a temperature sensor will measure the temperature of the water bath in which the gas is being 

heated. The plot of pressure and temperature shows the relationship between them. 

 

 

PART I: Computer Setup 

1. Connect the DIN plug of the pressure sensor to Analog Channel A on the interface. 

2. Connect the DIN plug of the temperature sensor to Analog Channel B on the interface. 

 

3.    The file to open on the computer depends on the type of temperature sensor you will be using: 

 

 If you have a temperature sensor with a box attached that says RTD, open the folder RTD 

on the desktop and then the file RTDVC6gaylusac.ds  

 

 If you have a temperature sensor that has a blue end (model CI-6605A), open the folder 

BLUE on the desktop and then the file BLUEVC6gaylusac.ds 

 

 If you have an all black temperature sensor (model CI-6505B), open the folder BLACK 

on the desktop and then the file BLACKVC6gaylusac.ds 

4. The "Sampling Options…" for this experiment have been set to 1 measurement per second. (1 Hz)  
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PART II: Equipment Setup 

1. Put the barb end of a quick release connector into one end of a short piece of plastic tubing that 

comes with the Pressure Sensor. 

2. Put a drop of glycerin on the bottom of one hole of the rubber stopper.  Insert the glass tip of a 

dropper, tip up, into one hole in the stopper.  It is necessary to have the glass tip clear the top of the 

stopper.  Attach other end of plastic tubing to a glass dropper tip and insert the stopper into a dry 

150 mL Erlenmeyer flask. 

3. Lubricate and plug the other stopper hole with a fire polished glass 

rod.  (Or you can simply use a one hole stopper with only the 

pressure sensor attached).  Align the quick-release connector on one 

end of the plastic tubing with the connector on the PRESSURE 

PORT of the Pressure Sensor.  Push the connector onto the port, and 

then turn the connector clockwise until it clicks (about one-

eighth turn). 

4. Fill a 600 mL beaker with about 400 mL of water and heat it 

to about 90°C without the temperature sensor in place.  Monitor the 

temperature of the water with your glass thermometer. 

5. Turn off the flame on the burner and place the Erlenmeyer flask and temperature sensor in the hot 

water bath. Submerge the flask to the neck of the flask but avoid getting water on the stopper.  

 

PART III: Data Recording and Graphing 

1. Place the temperature sensor in the hot water.  Allow the entire system to come to equilibrium 

(about 1 minute). 

2. Click the START button to begin recording again, allowing the system to cool.  Collect data for 

about 30 minutes. 

3. Once finished collecting data, select the graph.  Adjust the axes so that your data takes up the 

entire graph.  To do this, click on the axes and adjust the minimum and maximum values to match 

the minimum and maximum values of your data.  Select FIT at the top of the graph, then LINEAR.  

Drag a box around the area of the curve that flattens out to select it and display the equation for 

this line.  Solve this equation to determine the pressure when the temperature is zero (absolute 

zero).  You may wish to change the units on the x-axis to Kelvin by clicking on the temperature 

sensor icon in the Experiment Setup window and selecting "Kelvin”.  

4. Select the graph window by clicking on it.  Print it by selecting “Print” from the File menu to print 

a copy of the Graph in Landscape mode. 

5. Click on the Table to select it. Select “Print” from the File menu to print a copy of the data table in 

Portrait mode.  If you need help with printing modes, ask your instructor. 

6. Have your instructor check your graph to see if it is acceptable and have them initial it. 
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Determination of Acetone’s Molecular Weight  

 

Background Information 

The process of identifying unknown compounds is a cornerstone of empirical laboratory procedure.  

One of the most important pieces of information needed is the compound’s molecular weight.  With this 

in hand, the chemist can determine the molecular formula of the compound and therefore also determine 

the structure and begin predicting physical and chemical properties it may exhibit. 

There are a variety of techniques that can help to determine a compound’s molecular weight.  This 

experiment will utilize the Dumas Bulb Method – a very simple experiment that utilizes both the Ideal 

Gas Law (PV = nRT) and Dalton’s Law of Partial Pressure (PT = P1+ P2 + P3 +…).  A volatile liquid is 

placed into a sealed flask and then heated until all the liquid has vaporized.  The total pressure, 

temperature and volume of both the air and the now-volatilized liquid are measured.  These values are 

used to calculate the amount of vapor in moles present in the flask, given its partial pressure, volume and 

temperature.  Since the original mass of the sample was known, the molar mass can be calculated by 

dividing the grams of sample by the moles of sample. 

 

 

Procedure 

For this activity, the pressure sensor measures the change in pressure inside a sealed container while the 

unknown liquid is fully vaporized. The temperature sensor measures the corresponding change in 

temperature for the apparatus. 

• Fill the 600 mL beaker with 400mL of water. Begin to heat the water to 65°C. While the water 

is heating, continue with the rest of the setup. 

PART I: Computer Setup 

1. Set up the computer in the same fashion as for Gay-Lussac’s Law determination. 

 

2. Open the Science Workshop file titled as shown; VC06dumasds in the Black, Blue, or RTD folder 

depending on the type of temperature sensor you are using. 

 

3. The "Sampling Options…" for this experiment have been set to Fast at 10 Hz. 

 

PART II: Equipment Setup 

1 Use the same equipment setup as for Gay-Lussac’s Law determination, ensuring the Erlenmeyer 

flask is completely dry. 

2. Place the temperature sensor in the water bath as before.  Submerge the Erlenmeyer in the water 

bath without covering the stopper and heat to 60 °C.  

3. Click “START” and collect data until equilibrium has been achieved.(e.g., the pressure and the 

temperature are constant). You should observe a straight horizontal pressure vs. time line. 
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4. While waiting, carefully measure 0.20 mL of acetone with a syringe. 

NOTE: The temperature of the water bath should be maintained at 60 °C. The 

boiling point of acetone is 56.5 °C.  

5. When equilibrium is achieved, wait 30 seconds and then insert the needle of the syringe through 

the stopper to inject 0.20 mL of acetone into the flask. 

6. Continue collecting data until the system returns to equilibrium.  Then click “STOP”. 

7. Remove the flask from the water bath.  Slowly open the flask to allow pressure to escape. 

8. Dispose of any remaining acetone as directed by your teacher.  Rinse the flask thoroughly. 

9. Fill the flask with water and use a large graduated cylinder to determine the actual volume of the 

flask.  Record the volume in the Data Table. 

 

Analyzing the Data 

1. Click on the Graph display to bring it to the front.  

2. Click the "Smart Cursor" button and determine the pressure of the air at 60°C and the combined 

pressure of acetone and air. Record the values of both pressures and the temperature in the Data 

Table.  

3. Calculate the molecular weight. 

 



Name: ________________________________ 
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Report Sheet 

Determination of the Molecular Weight of Acetone 

 

Item Value 

1. Pressure of the air alone before injection kPa 

2.  Pressure of acetone and air after injection kPa 

3.   Change in pressure (Data 2 - Data 1) kPa 

4.   Pressure in atmospheres (Data 3 ÷ 101 kPa/atm) atm 

5.   Temperature of the gas °C 

6.   Temperature of the gas in K (Data 5 + 273) K 

7.   Volume of gas in mL (volume of water) mL 

8.   Volume of gas in l (Data 7 ÷ 1000 mL/L) L 

9.   Gas constant (R) 0.08206 atm · L / mole · K 

10.  Mass of acetone used (0.20 mL x 0.79 g/mL) g 

11.   Moles of acetone used 
Data6Data9

Data8Data4

RT

PV
n




  mole 

12.  Molecular mass of acetone 

(Data11) acetone of moles

(Data10) acetone of g
=acetone of massmolecular  

 

g/mole 

13.  x100
expected

expected - (Data12) observed
=difference %
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Post-Laboratory Assignment – Experiment 9 

BOYLE’S LAW 

1. From your graphs, does the relationship between pressure and volume seem to be directly or 

inversely proportional?  Does this agree with Boyle’s Law?  Explain any curvature your "linear" 

graph may have. 

 

 

 

2. What is the slope of the line?  (Hint: define in terms of the Ideal Gas Law, PV = nRT) 

 

 

 

3. What are possible limitations or sources of error in this experiment? For each one, decide what 

effect (values too high or too low) that error might have on the experimentally-determined 

pressure and volume. 

 

 

 

4. A syringe at STP has a total volume of 25.0 mL.  If the syringe is depressed to a volume of 18.5 

mL, what will the new pressure be inside the syringe, in atm? 

 

 

 

GAY-LUSSAC’S LAW 

5. From your graph, does the relationship between pressure and temperature seem to be directly or 

inversely proportional?  Does this agree with Gay-Lussac's Law? 
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6. From your extrapolated graph, at what temperature will the pressure inside the flask be zero?  

Calculate the percent error from the theoretical value. 

 

 

 

7. What are three possible sources of error or limitations in this experiment? For each one, try to 

decide what effect (high or low) it might have on the experimental results. 

 

 

 

8. If a gas held at 1.2 atm at 25°C is heated to 52°C, what will the new pressure of the gas be, in 

atm? 

 

 

 

IDEAL GAS LAW 

9. Calculate the percent error of your experimentally determined molar mass of acetone. 

 

 

10.  Is Dalton's law of partial pressure used in this experiment?  If so, explain how and where you 

used it. 

 

 

11. What are three possible sources of error or limitations in this experiment? For each one, try to 

decide what effect (high or low) it might have on the calculated molar mass of the unknown. 
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Pre-Laboratory Assignment – Experiment 9 

1. Describe the relationship between the pressure and volume of a gas.   

 

 

 

2. Describe the relationship between the pressure and the temperature of a gas. 

 

 

 

3. A 2.50 L flask containing N2(g) at a pressure of 0.63 atm is directly connected to an empty 1.25 

L flask with the valve initially closed.  When the valve is opened, the gas is allowed to 

equilibrate freely between both flasks.  Calculate the new pressure of the gas, in atm. 

 

 

 

 

4. A sample of He(g) is kept in a container with a fixed volume at 23.8°C and at 0.971 atm.  If the 

pressure of the gas is decreased to 0.828 atm, will its temperature increase or decrease?  

Calculate the new temperature of the gas at this pressure. 

 

 

 

 

5. What does the term “volatile” mean?  Why is it necessary for acetone to be volatile for this 

experiment? (Hint: Use Dalton’s Law of Partial Pressures) 


