Chemistry 09-106: Modern Chemistry II

Carnegie Mellon University


Homework 4

Due: Wednesday, October 9, 2013 

Name: ______________________________                                 
Andrew ID : _________________________
                    Recitation Time

3:30

      4:30     

Other members of your work group ______________________________________________________________________


Home much time did you spend on this assignment?_________________________________________________________
         (This is used only to monitor class work load.)

To determine the kinetics (rates) of ozone depletion reactions, chemists perform controlled laboratory studies. In this homework, we will interpret data obtained from such laboratory experiments to study the ozone depletion reaction:





O3 (g) + O(g) → 2O2(g)




(1)

The data will allow us to:

(1) determine the reaction rate of the uncatalyzed reaction

(2) determine the effect of the presence of chlorine on the kinetics of the reaction


(3) determine the effect of temperature on the reaction rate
Please add your work to this word file, and hand in a printed version in class. You are strongly encouraged to use a spreadsheet program (excel), or other mathematical program (matlab, Mathcad, mathematica, R etc.)
The results from 12 experiments are shown below (this is cut and pasted from the ozoneData.xls file available on blackboard). 

	Experiment
	[O3]
	[O]
	[Cl]
	T
	[O3](t=0.50 ms)
	[O3]

	Number
	molec/cm3
	molec/cm3
	molec/cm3
	K
	molec/cm3
	molec/cm3

	1
	1.530E+15
	1.471E+11
	0.000E+00
	230
	1.530E+15
	-1.159E+08

	2
	2.780E+15
	1.471E+11
	0.000E+00
	230
	2.780E+15
	-2.106E+08

	3
	1.530E+15
	1.150E+11
	0.000E+00
	230
	1.530E+15
	-9.069E+07

	4
	2.250E+15
	2.100E+11
	0.000E+00
	230
	2.250E+15
	-2.435E+08

	5
	1.350E+15
	2.100E+11
	3.100E+11
	230
	1.350E+15
	-9.084E+08

	6
	1.790E+15
	2.100E+11
	3.100E+11
	230
	1.790E+15
	-9.463E+08

	7
	1.350E+15
	1.500E+11
	3.100E+11
	230
	1.350E+15
	-6.480E+08

	8
	1.350E+15
	2.100E+11
	5.300E+11
	230
	1.350E+15
	-1.469E+09

	9
	3.650E+15
	1.560E+11
	5.300E+11
	230
	3.650E+15
	-1.238E+09

	10
	1.530E+15
	1.471E+11
	0.000E+00
	230
	1.530E+15
	-1.159E+08

	11
	1.530E+15
	1.471E+11
	0.000E+00
	298
	1.530E+15
	-8.937E+08

	12
	1.530E+15
	1.471E+11
	0.000E+00
	270
	1.530E+15
	-4.369E+08


Columns 2 through 5 describe the experimental conditions. Column 6 is the ozone concentration 0.50 ms into the reaction (1ms = 1 millisecond). To the number of significant figures shown above, the concentration of ozone has not changed. The last column shows the difference between the 2nd and 6th column, so you can see the change in concentration.

From this data, perform the following analyses:

a) (2 pts) Experiments 1 through 4 are done in the absence of chlorine. This information can be used to determine the rate law of the uncatalyzed reaction. Once you have determined your rate law, add two columns to the above data: one that predicts the rate of the reaction based on your rate law, and one that shows the % error between your prediction and the experimentally observed rate. (Throughout this activity, your rate law should reproduce the experimental rates to better than 5%).
My predicted rate law is (include a numerical value for the rate constant):

Replace this table (i.e. cut and paste from excel) with one that has the last three columns filled in (including the units)

	Experiment
	[O3]
	[O]
	[Cl]
	T
	[O3](t=0.50 ms)
	[O3]
	Experimental Rate
	Predicted rate
	% error

	Number
	molec/cm3
	molec/cm3
	molec/cm3
	K
	molec/cm3
	molec/cm3
	
	
	

	1
	1.530E+15
	1.471E+11
	0.000E+00
	230
	1.530E+15
	-1.159E+08
	
	
	

	2
	2.780E+15
	1.471E+11
	0.000E+00
	230
	2.780E+15
	-2.106E+08
	
	
	

	3
	1.530E+15
	1.150E+11
	0.000E+00
	230
	1.530E+15
	-9.069E+07
	
	
	

	4
	2.250E+15
	2.100E+11
	0.000E+00
	230
	2.250E+15
	-2.435E+08
	
	
	


b) (6 pts) Experiments 4 through 9 contain sufficient information to determine the rate law of the catalyzed reaction. Note that when Cl atoms are present, a catalyzed version of the reaction takes place. This does not mean the uncatalyzed reaction stops. When Cl is present, both the catalyzed and uncatalyzed reactions occur simultaneously. If you take account of this properly, you will find integer powers in the rate law (i.e. integer orders of reaction).  
My predicted rate law for the overall reaction (i.e. the rate of the uncatalized plus the rate of the catalyzed reaction) is:

Replace this table (i.e. cut and paste from excel) with one that has the last three columns filled in (including the units). The rate law you derive here should work whether or not the Cl is present, so it should work for experiments 1 through 9. 
	Experiment
	[O3]
	[O]
	[Cl]
	T
	[O3](t=0.50 ms)
	[O3]
	Experimental Rate
	Predicted Rate
	% error

	Number
	molec/cm3
	molec/cm3
	molec/cm3
	K
	molec/cm3
	molec/cm3
	
	
	

	1
	1.530E+15
	1.471E+11
	0.000E+00
	230
	1.530E+15
	-1.159E+08
	
	
	

	2
	2.780E+15
	1.471E+11
	0.000E+00
	230
	2.780E+15
	-2.106E+08
	
	
	

	3
	1.530E+15
	1.150E+11
	0.000E+00
	230
	1.530E+15
	-9.069E+07
	
	
	

	4
	2.250E+15
	2.100E+11
	0.000E+00
	230
	2.250E+15
	-2.435E+08
	
	
	

	5
	1.350E+15
	2.100E+11
	3.100E+11
	230
	1.350E+15
	-9.084E+08
	
	
	

	6
	1.790E+15
	2.100E+11
	3.100E+11
	230
	1.790E+15
	-9.463E+08
	
	
	

	7
	1.350E+15
	1.500E+11
	3.100E+11
	230
	1.350E+15
	-6.480E+08
	
	
	

	8
	1.350E+15
	2.100E+11
	5.300E+11
	230
	1.350E+15
	-1.469E+09
	
	
	

	9
	3.650E+15
	1.560E+11
	5.300E+11
	230
	3.650E+15
	-1.238E+09
	
	
	


c) (2 pts) Experiments 10 through 12 give you sufficient information to fit the rate constant of the uncatalzed reaction to the Arrhenius form:

k = Ae-Ea/RT 
Determine the activation energy Ea (in J/mol) and the pre-factor A for the uncatalyzed reaction. Ideally, you should do this using an Arrhenius plot (see for instance http://www.ncsu.edu/labwrite/res/gt/gt-reg-home.html for how to do this in excel). However, we will accept hand-work as well. 
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