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Experiment 5:  Empirical Gas Laws  
 
Some of the earliest experiments in chemistry and physics involved the 
study of gases.  The invention of the barometer and improved 
thermometers in the 17th century permitted the measurement of 
macroscopic properties such as temperature, pressure, and volume.  
Scientific laws were developed to describe the relationships between 
these properties.  These laws allowed the prediction of how gases 
behave under certain conditions, but an explanation or model of how 
gases operate on a microscopic level was yet to be discovered. 
 
!ÆÔÅÒ $ÁÌÔÏÎȭÓ ÁÔÏÍÉÃ ÔÈÅÏÒÙ ×ÁÓ ÐÒÏÐÏÓÅÄ ÉÎ ÔÈÅ ÅÁÒÌÙ ρψππȭÓ ɉÔÈÁÔ 
matter was composed of atoms) a framework for visualizing the motion 
of these particles followed.  The kinetic molecular theory, developed by 
Maxwell and Boltzmann in the mid 19th century, describes gas molecules 
in constant random motion.  Molecules collide resulting in changes in 
their velocities.  These collisions exert pressure against the container 
walls.  The frequency of collisions and the speed distribution of these 
molecules depend on the temperature and volume of the container.  
Hence, the pressure of a gas is affected by changes in temperature and 
volume. 
 

 

 

 

 

 

 

You may already think that the relationships between pressure, volume, 
temperature, and number of gas molecules are intuitive, based on your 
ability to visualize molecular motion and a basic understanding of the 
kinetic theory.  The simple experiments that follow will allow you the 
opportunity to confirm these relationships empirically, in a qualitative 
and quantitative manner. In essence, you will play the role of a 17th 
century scientist (with some 21st century tools!) and discover the laws 
for yourselfɂlaws and constants that are still in use today.  

In this experiment, you will:  

¶ Determine a value for the Universal Gas Constant, R. 
¶ Determine the relationship between the volume of a gas and its 

pressure. 
¶ Determine the relationship between the temperature of a gas 

and its pressure. 

The Kinetic Theory considers  
gas molecules as particles that 
 collide in random motion. 

Background 
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Part 1: The Ideal Gas Law and the 
Determination of the Universal Gas Constant, R  

In this experiment, you will generate and collect a sample of hydrogen 
gas over water by the reaction of magnesium with hydrochloric acid. 

Using the Ideal Gas Law (PV=nRT) you will find values for the pressure 
(P), volume (V), number of moles of the gas (n), and the temperature (T) 
in order to determine the gas constant (R).  Because there will be water 
vapor present in your sample, you will make a correction to the 
measured pressure and then compare your result for R to the literature 
value. 

Wear your goggles at all times.  Hydrochloric acid is corrosive.  
Avoid spills and contact with your skin and clothing.  If HCl comes in 
contact with your skin, inform your teacher and flush the acid with 
large quantities of water. 

 

 

 

Figure 1: Gas collection in an 
inverted cylinder full of water. 
A ball of magnesium ribbon is 
enclosed in a copper cage and 
placed inside the cylinder. 

 
 
 
Experimental Procedure   (Work in pairs)  
 
1. Put on goggles.  Keep them on during the entire experiment. 

2.  Obtain a piece of magnesium ribbon that weighs no more than 0.08 
grams.  Record the mass obtained  (use significant figures!).  
Loosely roll it into a ball or coil it. 

   Mass of magnesium used: ______________g 

 Encase the magnesium in a piece of copper mesh.  Why do you think 
this might be helpful? 

 3. Fill the 800-mL beaker with approximately 200-mL of tap water. 

4.  Fill the 100-mL graduated cylinder with tap water.  Using parafilm, a 
one-hole stopper, or the palm of your hand, cover the top and invert 
the cylinder into the beaker of water.  You will end up with an 
inverted cylinder full of water.  Remove the parafilm or stopper if 
you used one.  Rest the cylinder on the bottom of the beaker.  Try not 
to introduce any air bubbles in your inverted cylinder (see Figure 1). 

5. Place the magnesium (in its copper cage) into the graduated 
cylinder. Make sure the magnesium is captured in the cylinder. 

Safety 

Experimental 
Procedure 
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6.   Add about 25-mL of 6M HCl into the beaker. Use a thistle tube to 
deliver the HCl to the bottom of the beaker. This will facilitate the 
reaction with magnesium. 

7.   The acid should begin to react with your magnesium immediately.  
Record your observations (how can you tell there is a reaction?)  As 
it reacts, the magnesium might move up the graduated cylinder.  If 
this happens, GENTLY tip your cylinder back and forth to bring the 
magnesium back down. 

 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
This reaction may take a while, so you may begin Part 2/Part 3 (see 
next page) while waiting. 

  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

8.   When the reaction is complete (the magnesium is no longer visible) 
tap the side of the cylinder to release any trapped bubbles.  Allow the 
cylinder to sit for two minutes.  In the meantime, record the 
atmospheric pressure  for today (ask your instructor).   

  
Atmospheric pressure today:  ________________  inches Hg 

 If 25.4mm = 1 inch, the atmospheric pressure today is ____________ mm Hg. 
 

9.   After allowing the beaker to rest, record the temperature in the 
beaker.   
   The temperature is ____________°C 
 

10.  Lift the graduated cylinder until the levels of water inside and 
outside of the cylinder are the same. This sets the pressure inside the 
cylinder to atmospheric pressure.  Record the volume of gases in 
the cylinder.   

 

 Volume of gases in the graduated cylinder:  ______________ mL 

(How many significant figures should be recorded?) 

 

Make sure you have recorded all necessary variables to calculate R 
(see Calculations section).  Put the hydrochloric acid from your 
experiment into a waste container.  Clean the lab area. 

 

Waste disposal 
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Part 2: Pressure -Volume Relationship of Gases  
In Part 2 you will use a gas pressure sensor and a gas syringe to measure the pressure of an air 
sample at several different volumes to determine the relationship between the pressure and 
volume of air at constant temperature. 

 
 

 

Figure 2 

Procedure  
 
1.   a.   Plug the gas pressure sensor into channel 1 of the computer interface.  

b. With the 20 mL syringe disconnected from the gas pressure sensor, move the piston of 
the syringe until the front edge of the inside black ring (indicated by the arrow in Figure 
1) is positioned at the 10.0 mL mark. 

c. Attach the 20 mL syringe to the valve of the gas pressure sensor.  

2. Start LoggerProȢ  /ÐÅÎ ÔÈÅ ÆÉÌÅ Ȱπφ "ÏÙÌÅȭÓ ,Á×ȱ ÆÒÏÍ ÔÈÅ Chemistry with Computers  folder. 

3. Click . This will allow you to collect data points in the table as you go. 

 4. Collect the pressure vs. volume data. It is best for one person to take care of the gas syringe 
and for another to operate the computer. 

a. Move the piston to position the front edge of the inside black ring (see Figure 2) at the 5.0 
mL line on the syringe. Hold the piston firmly in this position until the pressure value 
stabilizes.  

b. When the pressure reading has stabilized, click . (The person holding the syringe 
can relax after  is clicked.) Type in the volume injected.  Press the ENTER key to 
keep this data pair. Note: You can choose to redo a point by pressing the ESC key (after 
clicking  but before entering a value). 

c. Move the piston to the 7.0 mL line. When the pressure reading has stabilized, click  
and type in the volume. 

d. Continue this procedure for six more syringe volumes of your choice, above and below 5 
mL. 

e. Click  when you have finished collecting data. 
 
5. Record the pressure and volume data  in the data table provided on the next page (in case 
ÔÈÅ ÃÏÍÐÕÔÅÒ ÃÒÁÓÈÅÓɊȢ  $ÏÎȭÔ ÆÏÒÇÅÔ ÕÎÉÔÓ ÁÎÄ ÓÉÇÎÉÆÉÃÁÎÔ ÆÉÇÕÒÅÓȢ   
Print the graph. 

6.   !ÒÅ ÔÈÅÒÅ ÁÎÙ ÄÁÔÁ ÐÏÉÎÔÓ ÔÈÁÔ ÙÏÕȭÖÅ ÃÏÌÌÅÃÔÅÄ ÔÈÁÔ ÓÅÅÍ ÓÔÒÁÎÇÅȩ  %ØÐÌÁÉÎ ×ÈÙ ÔÈÅÓÅ ÐÏÉÎÔÓ 
ȰÄÏ ÎÏÔ ÆÉÔȱ ÁÎÄ ×ÈÁÔ ÙÏÕ ÓÈÏÕÌÄ ÄÏ ×ÉÔÈ ÔÈÅÍȢ 

________________________________________________________________________________________________________ 

________________________________________________________________________________________________________ 
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 7. Examine the graph of pressure vs. volume.  

 
Based on the graph, we think there is a ______________ (direct or inverse) relationship 
between the pressure and volume of a gas.  

   
To verify if your prediction is correct: 

  If the relationship between P and V is a direct relationship, the plot of P vs. V should be linear 
and pass through (or near) your data points.   

  If the relationship between P and V is an inverse relationship, the plot of P vs. 1/ V should be 
linear and pass through (or near) your data points. To check this using Logger Pro: 

a. Remove the Curve Fit box from the graph by clicking on its upper-left corner. 

b. Choose New Calculated Column from the Data menu.  

c. %ÎÔÅÒ ȰρȾ6ÏÌÕÍÅȱ ÁÓ ÔÈÅ .ÁÍÅȟ ȰρȾ6ȱ ÁÓ ÔÈÅ 3ÈÏÒÔ .ÁÍÅȟ ÁÎÄ ȰρȾÍ,ȱ ÁÓ ÔÈÅ 5ÎÉÔȢ %ÎÔÅÒ 
the correct formula for the column (1/volume) into the Equation edit box. To do this, type 
ÉÎ Ȱρȱ ÁÎÄ ȰȾȱȢ 4ÈÅÎ ÓÅÌÅÃÔ Ȱ6ÏÌÕÍÅȱ ÆÒÏÍ ÔÈÅ 6ÁÒÉÁÂÌÅÓ ÌÉÓÔȢ )Î ÔÈÅ %ÑÕÁÔÉÏÎ ÅÄÉÔ ÂÏØȟ ÙÏÕ 
ÓÈÏÕÌÄ ÎÏ× ÓÅÅ ÄÉÓÐÌÁÙÅÄȡ ρȾȰ6ÏÌÕÍÅȱȢ #ÌÉÃË . 

d. Click on the horizontal-ÁØÉÓ ÌÁÂÅÌȟ ÓÅÌÅÃÔ ȰρȾ6ÏÌÕÍÅȱ ÔÏ ÂÅ ÄÉÓÐÌÁÙÅÄ ÏÎ ÔÈÅ horizontal 
axis. 

 
Based on the analysis above, there is a ______________ relationship between  
the pressure and volume of a gas.  

 
8. Once you have confirmed that the graph represents either a direct or inverse relationship, 

print the graph.  

 

 
Data for Part 2  
 
$ÏÎȭÔ ÆÏÒÇÅÔ ÕÎÉÔÓȢ 
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Part 3: Pressure -Temperature Relationship of Gases  

In Part 3 you will use a gas pressure sensor and a temperature probe to measure the pressure 
of an air sample at several different temperatures to determine the relationship between the 
pressure and temperature of air. 

 

Figure 3  

Procedure  
 
1. Prepare four water baths.  You may share these with another pair of students at your lab 

bench.   

a.  Put about 800 mL of hot tap water into a l L beaker and place it on a hot plate. Turn the 
hot plate to a high setting. 

b.  Put about 700 mL of cold tap water into a second 1 L beaker and add ice.  
c.  Put about 800 mL of room-temperature water into a third 1 L beaker.  
d. Put about 800 mL of hot tap water into a fourth 1 L beaker. 

2.   a.  Plug the gas pressure sensor into channel 1 and the temperature probe into channel 2 of 
the computer interface. 

b. Obtain a rubber-stopper assembly with a piece of heavy-wall plastic tubing connected to 
one of its two valves (see Figure 4).   Attach the connector at the free end of the plastic 
tubing to the open stem of the gas pressure sensor with a clockwise turn. Leave its two-
way valve on the rubber stopper open (lined up with the valve stem as shown in Figure 
4) until Step 5. 

c. Insert the rubber-stopper assembly into a 125 mL 
Erlenmeyer flask. Important:  Twist the stopper into 
the neck of the flask to ensure a tight fit. 

d. Close the 2-way valve above the rubber stopperɂdo 
this by turning the valve handle so it is perpendicular 
with the valve stem itself (as shown in Figure 3). The 
air sample to be studied is now confined in the flask. 

 
MAK E SURE YOUR SET UP IS AIR TIGHT!!!  

 
3. Start LoggerPro ÁÎÄ ÏÐÅÎ ÔÈÅ ÆÉÌÅ Ȱπχ 0ÒÅÓÓÕÒÅ-4ÅÍÐÅÒÁÔÕÒÅȱ ÉÎ ÔÈÅ Chemistry with 

Computers folder. 

4. Click  to begin data collection.  This will allow you to collect data points in the table as 
you go. 

 

  
Figure 4 
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5.    Collect pressure vs. temperature data for your gas sample: 

a. Place the flask into the ice-water bath. Make sure the entire flask is covered (see Figure 
3). Stir. 

b. Place the temperature probe into the ice-water bath. 

c. When the pressure and temperature readings displayed stabilize, click . You have 
now saved the first pressure-temperature data pair. 

 
 6. Repeat the Step-5 procedure using the room-temperature bath. 

Has the measured pressure changed as you expected with increasing temperature?  If the 
pressure had stayed about the same, what do you think is wrong with the setup? 

________________________________________________________________________________________________________ 

________________________________________________________________________________________________________ 

 7. Repeat the Step-5 procedure using the hot-water bath.  

 8. Use a ring stand and utility clamp to suspend the temperature probe in the boiling-water 
bath. To keep from burning your hand, hold the tubing of the flask using a glove or a cloth. 
After the temperature probe has been in the boiling water for a few seconds, place the flask 
into the boiling-water bath and repeat the Step-5 procedure. Remove the flask and the 
temperature probe after you have clicked . CAUTION: Do not burn yourself or the 
probe wires with the hot plate. 

 9. Click  when you have finished collecting data. Turn off the hot plate. Record the 
pressure and temperature values in your data table, or, if directed by your instructor, print a 
copy of the table. 

 10. Decide if your graph of pressure vs. temperature (K) represents a direct or inverse 
relationship: 
 

Based on the graph, we think there is a __________ relationship between the pressure 
and temperature of a gas.  
 

In Part 2, you learned how to make calculated columns and graphed them to see if there was 
a direct or inverse relationship. There is a different way to verify your prediction: 

a. Click the Curve Fit button, .  

b. Choose your mathematical relationship from the list at the lower left. If you think the 
relationship is direct, use Linear. If you think the relationship is inverse, use Power. Click 

. 

c. A best-fit curve will be displayed on the graph. If you made the correct choice, the curve 
should match up well with the points. If the curve does not match up well, try a different 
mathematical function and click  again. When the curve has a good fit with the 
data points, then click .  

d. Autoscale both axes from zero by double-clicking in the center of the graph to view Graph 
Options. Click the Axis Options tab, and select Autoscale from 0 for both axes.  

 

 11. Record the data on the next page and print a copy of the graph of pressure vs. temperature 
(°C).  The regression line should still be displayed on the graph. Enter your name(s) and the 
number of copies you want to print.  
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Data for Part 3  
Create a data table to use for this experiment. You will record values on paper in case the 
computer loses your data.  $ÏÎȭÔ ÆÏÒÇÅÔ ÕÎÉÔÓȢ 
 

  

  

  

  

  

  

  

 
 

Follow -up Questions for Parts 2 and 3:  
 
1.   Prepare plots for Parts 2 and 3.  You should have at least two linear and one non-linear plot 
to turn in.  On linear graphs, obtain a best-fit line and equation for a line on the graph.  Number 
ÁÌÌ ÙÏÕÒ ÇÒÁÐÈÓ ɉ'ÒÁÐÈ ρȟ ςȟ ÅÔÃȣɊ ÁÎÄ ÉÎÃÌÕÄÅ ÁÎ ÁÐÐÒÏÐÒÉÁÔÅ ÔÉÔÌÅ ÆÏÒ ÅÁÃÈ ÏÎÅȢ  -ÁËÅ ÓÕÒÅ ÁØÅÓ 
labels include units.  Each student should have his/her own graphs (print two copies). 
 
 
2.  Using specific data points on your graphs or best -fit lines , explain approximately what 
happens to the pressure when: 
 
a) The volume is halved 
 
 
 
 
 
 
 
 
b)  The temperature is halved 
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3)  Based on the answers above, 
 
a) Is pressure and volume directly or inversely proportional? 
 
b) Is temperature and pressure directly or inversely proportional? 
 
c) Suppose you obtain a nicely curved plot by graphing variables x and y. You assume this means 
x and y are inversely proportional.  Describe another way to plot x and y to confirm they are 
inversely proportional (be specific). 
 
 
 
 
 
 
 
 
4)  Write a verbal statement that correctly expresses the relationship between pressure and 
volume.  Explain this relationship using the concepts of molecular collisions.  Do the same for 
pressure and temperature.  Use grammatically correct sentences. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5)  Using your pressure-temperature graph from Part 3, determine the value for Absolute Zero 
in degrees Celsius (Hint: What should the value of pressure be at Absolute Zero?).  Calculate a % 
error by comparing your value to the theoretical value of -273.15 °C. 
 
% error =   | (experimental ɀ theoretical)  |      x   100 
         theoretical  
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Calculations and Follow -up Questions for Part 1:  
 

6.  Write a balanced equation for the reaction between magnesium and hydrochloric acid.  
Include physical states. 

 

 

 

 
 

7.  Which was the limiting reactant, magnesium or hydrochloric acid? Explain how you know. 

 

 

 

 

 

8.  Why does the magnesium travel up the graduated cylinder as it reacts? 

 

 

 

 

 

9.  Determine the values of nH2 (moles of H2 produced) based on the mass of magnesium that 
reacted. 

 

 

 

 

 

10.  Convert the volume of gas to liters and the temperature to Kelvin. 
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11.  Determine the value of PH2 (pressure of hydrogen gas collected).  Remember, the total 
pressure inside the cylinder is the result of both hydrogen and water vapor, and equals 
the atmosp heric pressure.  Use Table 1 to find the pressure due to the water vapor alone, then 
determine PH2.   

Table 1.   Vapor Pressure of Water from 10 -30 °C1 

 

 

 

 

 

 

 

 

 

12.  In thinking about significant figures, which measurement will limit the precision of your R 
value the most?  Explain how many sig figs you will display for R based on this measurement. 

 

 

 

 

 

13.  Using the values obtained above, report a value for the gas constant, R.  Remember to 
consider all measurements to determine the number of significant figures to report. 

 

 

 

 

 

14.  Compare your value of R to the literature value (0.08206 Latm/molK).  Calculate a percent 
error. 

 

 

 

 

                                                 
1 Haar, L., Gallagher, J.S., and Kell, G.S., NBS/NRC Steam Tables, Hemisphere Publishing Corp., New York, 
1984. 

t/ °C P/ mmHg t/ °C P/ mm Hg 
12 10.521 21 18.659 

13 11.235 22 19.837 

14 11.992 23 21.080 

15 12.793 24 22.389 

16 13.640 25 23.769 

17 14.536 26 25.224 

18 15.484 27 26.755 

19 16.485 28 28.366 

20 17.542 29 30.061 
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15.  How would the experimental (your!) value of R be affected by the following conditions? 
3ÔÁÔÅ Ȱ2 ÉÎÃÒÅÁÓÅÓȱȟ Ȱ2 ÄÅÃÒÅÁÓÅÓȱȟ ÏÒ Ȱ2 ÓÔÁÙÓ ÔÈÅ ÓÁÍÅȱȢ 

 

a) Air pressure inside the lab is lower than the reported atmospheric pressure you used in your 
calculation.  

 

b)  The temperature of the gas was higher than the measured temperature of the water over 
which the gas was collected. 

 

c)  A chunk of magnesium remained unreacted under the graduated cylinder. 

 

d)  There was a very small air bubble (<0.1 mL) inside the inverted graduated cylinder before 
you started the reaction. 

 

e)  There was a large amount of air (5 mL) inside the inverted graduated cylinder before you 
started the reaction.  

 

 

16.  Assume that students did not make any significant mistakes  in this lab and there were no 
miscalculations (ignore Ȱhuman errorȱ).  Yet, some students still obtained values of R different 
from the accepted value!  What kind of experimental errors exist in this lab, even for very careful 
students?  Think about the uncertainties of measurements and assumptions that were made in 
order to simplify calculations.  Provide at least two such sources, and whether they result in an 
experimental R that is larger or smaller than the accepted value. 

 
 

 

 

 

 

 

BONUS: Convert your value of R to units of J/mol·K. Show your work below. Use any necessary 
conversions provided by your textbook. 
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Pre-lab Assignment  

Question 1 refers to Part 1. The rest of the questions are for Parts 2 and 3.  

1)  a) For Part 1, what is the amount of magnesium (in grams) you should use to generate 100 
mL of hydrogen gas?  Perform and show the calculation below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b)  What assumptions will you make in order for this calculation to be a good estimation? 
 
 
 
 
 
 
 
c)  Why should you use less than this amount of magnesium? (Hint: How will the gas be 
collected?) 
 
 
 
 
 
 
 
d)  Why wait a few minutes after the reaction in Step 8 of the procedure? 
 

 

 

 

2)  List three variables of gases that will be studied in Parts 2 and 3 of this experiment. 
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3 a) When the temperature of a gas in a container increases, do you expect the pressure to 
increase or decrease (assuming the volume of the container and number of gas molecules is 
constant)?  Provide a brief molecular explanation.   

 

 

b) When the volume of a gas increases, do you expect the pressure to increase or decrease 
(assuming the temperature and number of gas molecules is constant)?  Provide a brief molecular 
explanation. 

 

 

4)  For each graph, predict whether the variables most likely exhibit an ȰÉÎÖÅÒÓÅÌÙ ÐÒÏÐÏÒÔÉÏÎÁÌȱ 
ÏÒ ȰÄÉÒÅÃÔÌÙ ÐÒÏÐÏÒÔÉÏÎÁÌȱ relationship: 
 

 

 

 

 
5)  Suppose you wish to study the effect of temperature on the volume of a gas by heating a gas 
in a cylinder and measuring the resulting changes in volume. 

a)  Thinking about the independent and dependent variable, and direct or inverse relationships, 
provide a sketch of the plot you expect to obtain from this experiment (label the axes and 
provide the shape of the plot):  

 

 

 

 
 
b) What assumptions need to be made in order to study temperature and volume relationships?  

 
 

6) For the pressure-temperature experiment (part 3), why is it important to use temperatures 
that are as spread out as possible? 

 


