Brentwood High School

Chemistry

Name _____________________________________ Period _________ Date _____________________________________

Experiment #42:  Graham’s Law of Effusion
Learning Target:  I can use the rate of effusion, and the average velocity, of a mixture of heavy molecules and light molecules to determine the ratio of molar masses of the heavy (H) and light (H) molecules, at constant temperature.
Effusion is the escape of gas particles through a very small opening of its container.  In 1846, Thomas Graham conducted experiments that measured the rate of escape (rate of effusion) for different gases at the same temperature.  Graham’s Law of Effusion states that the rate of effusion for a gas is inversely proportional to the square root of its molar mass.
                                                                         Rate of effusion   α   _______1________

                                                                                                                    √molar mass

 For two gases, A and B, at the same temperature,   rate of effusion of gas A   =       molar mass of B
                                                                                             rate of effusion of gas B       √   molar mass of A

The Kinetic-Molecular Theory of Gases assumes that the temperature of a sample of gas is proportional to the average kinetic energy of its particles.  Two gases, at the same temperature, must have the same average kinetic energy.  Therefore, 
                                                                 ½ mL vL2    =  ½ mH vH2         where,  mL = the mass of the gas with light molecules

                                                                                                                               vH = the average velocity of the light molecules

                                                                                                                               mH = the mass of the gas with heavy molecules

                                                                                                                               vH = the average velocity of the heavy molecules

This equation can be simplified by multiplying both sides by two:

                                                                       mL vL2    =  mH vH2         

Rearranging the equation gives:             vL2    =  mH    
                                                                      vH2        mL    

Taking the square root of both sides of the equation gives a relationship between the ratio of the velocities at which the molecules of the gases move and the square root of the molecular weights of the gases.


 For two gases, A and B, at the same temperature:             vL    =        mH    

                                                                                                       vH        √   mL    

This equation is a modified form of Graham's law. It suggests that the velocity (or rate) at which gas molecules move is inversely proportional to the square root of their molecular weights. 
Procedure:

1.  Go to the University of Colorado – Boulder PhET website at:  http://phet.colorado.edu 
2. Click on “Play with Sims” and, then, select “Chemistry”.  
3. Select “Gas Properties” and click on the “Run” button.
4. Hypotheses:  

a. The ratio of light-to-heavy particle speeds is equal to the ratio of light-to-heavy rates of effusion.

b. The ratio of heavy-to-light molar masses of the heavy species and light species gas is 6.998.
5. Set up the experiment by:  
a. Selecting “Temperature” under “Constant Parameter”.

b. Keep gravity at zero.

c. Open “Tools”, and select:

i. “Ruler”
ii. “Species information”, and

iii. “Stopwatch”

d. Open “Options”, and select “Molecules collide” 

6. Move the ruler close to the top of the gas chamber.

7. Select 100 heavy species particles and 100 light species particles and allow the particles to mix thoroughly.

8. You will count and record, in the following table, the number of each type of particle in the chamber at time zero (0) s, 30s, 60s, and every minute for twelve hundred (1,200) simulation picoseconds.
Data Table.  Number of Heavy Species and Light Species Molecules at Selected Times, in picoseconds.
	Time (simulation picoseconds)
	Heavy Species Remaining
	Light Species Remaining

	0 ps
	
	

	30 ps
	
	

	60 ps
	
	

	120 ps
	
	

	180 ps
	
	

	240 ps
	
	

	300 ps
	
	

	360 ps
	
	

	420 ps
	
	

	480 ps
	
	

	540 ps
	
	

	600 ps
	
	

	660 ps
	
	

	720 ps
	
	

	780 ps
	
	

	840 ps
	
	

	900 ps
	
	

	960 ps
	
	

	1020 ps
	
	

	1080 ps
	
	

	1140 ps
	
	

	1200 ps
	
	


9. Record the population of both species at time = 0 simulation picoseconds.
10. Record the initial (constant) temperature of the mixture of gases, in K: _________________. 

11. Look at the “Gas Properties” box.  The average speed of molecules might be vary, but, the central tendency can be identified.  Read and record the initial central tendency of the average speed of the molecules, in m/s, of:

a.  the heavy species: ________________.                    b.   the light species: _________________.

12. Slide the lid on the top of the chamber to create a 0.2 nm opening and quickly toggle “Start” on the timer at the bottom of the screen.  
13. Collect the data for the required times in the data table above.

14. At the end of the collection period, look at the “Gas Properties” box, again.  Read and record the central tendency of the average speed of the molecules, in m/s, of:

a.  the heavy species: ________________.                   b.    the light species: _________________.

15. The values collected in Step 14 should be very close, if not identical, to those collected in Step 11.

16. Close the simulation.

Calculations:  

1.  Set up the editor of your graphing calculator and prepare a data table:  time (ps):  L1;   Heavy molecules remaining:  L2;  and, Light molecules remaining:  L3.  (Alternately, transfer the data to an Excel Spreadsheet)

2. The number of molecules that escaped for each species can be calculated:

a. Number of Escaped Heavy molecules:  Make the L4 = 100 – L2.

b. Number of Escaped Light molecules:  Make the L5 =100 – L3.

c. Go to <Stat Plot> and make Plot 1, turn it on, and correlate X-axis: L1; and Y-axis: L4.

d. Open Plot 2 and correlate X-axis: L1; and Y-axis: L5.

e. (Alternately, prepare a plot in Excel manipulating and crossing the variables indicated in a - d, above.)

f. Adjust the window so Xmax = 1,200 and Y max = highest value of escaped light species molecules.  Press <Graph> and <Trace>.  (Alternately, using Excel, plot both trends in population remaining as a function of time.)

g. Conduct a linear regression on both plots.  Record the equation for:

i. Heavy species escaped population (L1, L4): ____________________________

ii. Light species escaped population (L1, L5):  ____________________________

3. Use the linear regression equations to set up both equations in Y1 = and Y2 = , in the <Y => button.  Press <Graph> and <Trace>. (In Excel, determine the Best Line-of-Fit).
4. Find:

a. The light-to-heavy ratio of the slopes of the linear equations on 2. g, above, is ____________________
b. The light-to-heavy ratio of the average speeds, in m/s, of the molecules recorded on Step 11 of the procedure is _____________________

c. Do the results in a and b, above, support the statement: “The ratio of the average velocity at which gas molecules move is the same as the ratio of the rates of effusion”? _________
5. According to Graham’s Law of Effusion, the ratio of the light-to-heavy rates of effusion (or molecule average speeds) is the square root of the ratio of heavy-to-light molar masses.  Therefore:  
                                                                                                              vL    =        mH     =   _______________

                                                                                                       vH        √   mL    

6. Squaring both sides of the equation, the ratio of heavy-to-light molar masses is:  ________________
          Conclusions: (Briefly comment on the validity of the two hypotheses.)
