Name:______________________			Student Number:___________________
In-Class Assessment 3
October 31, 2017
1. The following data were obtained for the decomposition of N2O5 at 65°C:

2N2O5 (g) → 4NO2 (g) + O2 (g)
	       t  (s)          
	0     
	100.
	200.
	300.     
	400.     
	600.    
	900.     

	   pN2O5   (Bar)          
	9.00     
	7.14
	5.67
	4.50     
	3.57   
	2.25     
	1.13     



Use these data to determine the order of the decomposition process.
Realize that P is proportional to concentration (n/V) at fixed T since P=(n/V)RT. 
One can either look for a linear relation of ln(P) vs. time 
OR notice that the t1/2 is 300 seconds. In either case this would indicate that the order is 1 with a rate law, rate = k[N2O5]1
	       t  (s)          
	0     
	100.
	200.
	300.     
	400.     
	600.    
	900.     

	   pN2O5   (Bar)          
	9.00     
	7.14
	5.67
	4.50     
	3.57   
	2.25     
	1.13     

	[bookmark: _GoBack]lnP
	2.197225
	1.965713
	1.735189
	1.504077
	1.272566
	0.81093
	0.122218

	
	
	0.231512
	0.230524
	0.231112
	0.231512
	
	


Determine the rate constant, including appropriate units.
Again the student could use the slope or more simply the relationship k = ln(2)/t1/2 
= ln(2)/300 = 2.31x 10-3 1/s


What is the pressure of N2O5 at 1500 s?
This time corresponds to 2 more half life after 900 s 
 P = ½ x 1.13=  0.565 bar x ½ = 0.283 bar



2. The following reaction was studied at 700K: 2NO(g) + O2(g) → 2 NO2(g)
 Determine the rate expression and the value of the rate constant (with units) using the following data. 
[NO] (mol/L) 	[O2](mol/L)	 initial rate (mol/L s-1) 
1.0 x 10-4 	1.0 x 10-4 	2.8 x 10-6 
1.0 x 10-4 	3.0 x 10-4 	8.4 x 10-6 
2.0 x 10-4 	3.0 x 10-4 	3.4 x 10-5 

Rate = k [O2]m [NO]n 
To determine the rate law from the data, first determine the dependence of the rate on each reactant separately. 
Rate2/rate1 = k [O2]2m [NO]2 n / k [O2]1m [NO]1n  = 8.4 x 10-6 / 2.8 x 10-6 = (3.0 x 10-4)m/ (1.0 x 10-4)m 
3= 3m => m = 1; 1st order in O2 
rate3/rate2 = = k [O2]3m [NO]3 n / k [O2]2m [NO]2n  = 3.4 x 10-5 / 8.4 x 10-6 = (2.0 x 10-4)n/ (1.0 x 10-4)n 
4 = 2n => n = 2; 2nd order in NO 
Rate = k [O2][NO]2 

2.8 x 10-6 mol/Ls-1 = k [1.0 x 10-4 mol/L] [1.0 x 10-4 mol/L]2 
k = 2.8 x 106 L2/mol2 s-1
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1. The following data were obtained for the decomposition of N2O5 at 60°C:

2N2O5 (g) → 4NO2 (g) + O2 (g)
	       t  (s)          
	0     
	200.
	400.    
	600.     
	800.     
	1200.

	   pN2O5   (Bar)          
	9.00     
	6.37
	4.50    
	3.19     
	2.25     
	1.13     



Use these data to determine the order of the decomposition process.
Realize that P is proportional to concentration (n/V) at fixed T since P=(n/V)RT. 
One can either look for a linear relation of ln(P) vs. time OR notice that the t1/2 is 400 seconds. In either case this would indicate that the order is 1 with a rate law, rate = k[N2O5]1
	       t  (s)          
	0     
	200.
	400.    
	600.     
	800.     
	1200.

	   pN2O5   (Bar)          
	9.00     
	6.37
	4.50    
	3.19     
	2.25     
	1.13     

	lnP
	2.197225
	1.851599
	1.504077
	1.160021
	0.81093
	0.122218

	
	
	0.345625
	0.347522
	0.344056
	0.349091
	


Determine the rate constant, including appropriate units.
Again the student could use the slope or more simply the relationship k = ln(2)/t1/2 
= ln(2)/400 = 1.73x 10-3 1/s



What is the pressure of N2O5 at 1600 s?
This time corresponds to an additional half life after 1200 s 
so P = ½ x 1.13 bar = 0.565 bar



2. The following reaction was studied at 700K:  NO2(g) + CO(g) → NO (g) + CO2(g)
Determine the rate expression and the value of the rate constant (with units) using the following data. 
[ NO2] (mol/L) 	[CO](mol/L)	 initial rate (mol/L s-1) 
1.0 x 10-2 	1.0 x 10-2 	1.30 x 10-4 
1.0 x 10-2 	3.0 x 10-2 	1.30 x 10-4 
2.0 x 10-2 	3.0 x 10-2 	5.24 x 10-4
Answer:
Rate = k [NO2]m [CO]n 
To determine the rate law from the data, first determine the dependence of the rate on each reactant separately. 
Rate2/rate1 = k [NO2]m [CO]n / k [NO2]m [CO]n   = 8.4 x 10-6/ 2.8 x 10-6 = (3.0 x 10-4)m/ (1.0 x 10-4)m 3= 3m => m = 0; 0 order in CO 
rate3/rate2 = k [NO2]m [CO]n / k [NO2]m [CO]n  = 5.24 x 10-4 / 1.30 x 10-4 = (2.0 x 10-2)n/ (1.0 x 10-2)n 
4= 2n => n = 2; 2nd order in NO2 
Rate = k [NO2]2 [CO]0 = k [NO2]2 

1.30 x 10-4  mol L-1s-1 = k [1.0 x 10-2 mol L-1]2 
k = 1.3 Lmole-1s-1
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1. The following data were obtained for the decomposition of N2O5 at 55°C:

2N2O5 (g) → 4NO2 (g) + O2 (g)
	       t  (s)          
	0     
	200.
	400.
	500.
	600.     
	1000.     
	1500.

	   pN2O5   (Bar)          
	9.00     
	6.82
	5.17
	4.50     
	3.92     
	2.25     
	1.13     



Use these data to determine the order of the decomposition process.
Realize that P is proportional to concentration (n/V) at fixed T since P=(n/V)RT. 
One can either look for a linear relation of ln(P) vs. time OR notice that the t1/2 is 500 seconds. In either case this would indicate that the order is 1 with a rate law, rate = k[N2O5]1
	       t  (s)          
	0     
	200.
	400.
	500.
	600.     
	1000.     
	1500.

	   pN2O5   (Bar)          
	9.00     
	6.82
	5.17
	4.50     
	3.92     
	2.25     
	1.13     

	lnP
	2.197225
	1.919859
	1.642873
	1.504077
	1.366092
	0.81093
	0.122218

	
	
	0.277365
	0.276987
	0.138795
	0.276781
	
	



Determine the rate constant, including appropriate units.
Again the student could use the slope or more simply the relationship k = ln(2)/t1/2 
= ln(2)/500 = 1.39 x 10-3 1/s


What is the pressure of N2O5 at 2500 s?
This time corresponds 2 extra half life after 1500 s so 
P = ½ x 1.13 = 0.565 x ½  = 0.283 bar



2. The following reaction was studied at 800K: 2NO(g) + O2(g) → 2 NO2(g)
Determine the rate expression and the value of the rate constant (with units) using the following data. 
[NO] (mol/L) 	[O2](mol/L)	 initial rate (mol/L s-1) 
1.0 x 10-4 	1.0 x 10-4 	8.40 x 10-6 
1.0 x 10-4 	3.0 x 10-4 	2.52 x 10-5 
2.0 x 10-4 	3.0 x 10-4 	1.01 x 10-4 
Rate = k [O2]m [NO]n 
To determine the rate law from the data, first determine the dependence of the rate on each reactant separately. 
Rate2/rate1 = k [O2]2m [NO]2 n / k [O2]1m [NO]1n =  2.52 x 10-5 / 8.40 x 10-6 = (3.0 x 10-4)m/ (1.0 x 10-4)m 
3= 3m => m = 1; 1st order in O2 
rate3/rate2 = k [O2]2m [NO]2 n / k [O2]1m [NO]1n = 1.01 x 10-4 /2.52 x 10-5 = (2.0 x 10-4)n/ (1.0 x 10-4)n 
4= 2n => n = 2; 2nd order in NO 
Rate = k [O2][NO]2 

8.4 x 10-6 mol/L s-1 = k [1.0 x 10-4 mol/L] [1.0 x 10-4 mol/L]2 
k = 8.4 x 106 L2 mol-2s-1
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1. The following data were obtained for the decomposition of N2O5 at 50°C:

2N2O5 (g) → 4NO2 (g) + O2 (g)
	       t  (s)          
	0     
	200.
	400.
	600     
	800     
	1200     
	1800     

	   pN2O5   (Bar)          
	9.00     
	7.14
	5.67
	4.50     
	3.57     
	2.25     
	1.13     



Use these data to determine the order of the decomposition process.
Realize that P is proportional to concentration (n/V) at fixed T since P=(n/V)RT. 
One can either look for a linear relation of ln(P) vs. time OR notice that the t1/2 is 600 seconds. In either case this would indicate that the order is 1 with a rate law, rate = k[N2O5]1
	       t  (s)          
	0     
	200.
	400.
	600     
	800     
	1200     
	1800     

	   pN2O5   (Bar)          
	9.00     
	7.14
	5.67
	4.50     
	3.57     
	2.25     
	1.13     

	lnP
	2.197225
	1.965713
	1.735189
	1.504077
	1.272566
	0.81093
	0.122218

	
	
	0.231512
	0.230524
	0.231112
	0.231512
	
	



Determine the rate constant, including appropriate units.
Again the student could use the slope or more simply the relationship k = ln(2)/t1/2 
= ln(2)/600 = 1.16 x 10-3 1/s


What is the pressure of N2O5 at 2400 s?
This time corresponds to 2 x half life after 1800 s so 
P = ½ x 1.13 = 0.565 x ½ = 0.283 bar


2. The following reaction was studied at 800K:  NO2(g) + CO(g) → NO (g) + CO2(g)
Determine the rate expression and the value of the rate constant (with units) using the following data. 
[NO2] (mol/L) 	[CO](mol/L)	 initial rate (mol/L s-1) 
1.0 x 10-2 	1.0 x 10-2 	2.3 x 10-3 
1.0 x 10-2 	3.0 x 10-2 	2.3 x 10-3 
2.0 x 10-2 	3.0 x 10-2 	9.2 x 10-3 
Answer:
Rate = k [NO2]m [CO]n 
To determine the rate law from the data, first determine the dependence of the rate on each reactant separately. 
Rate2/rate1 = k [NO2]m [CO]n /k [NO2]m [CO]n = 2.3 x 10-3 / 2.3 x 10-3 = (3.0 x 10-2)m/ (1.0 x 10-2)m 
1= 3m => m = 0; zero order in CO 
rate3/rate2 = k [NO2]m [CO]n / k [NO2]m [CO]n  = 9.2x10-3 / 2.3 x 10-3  = (2.0 x 10-2)n/ (1.0 x 10-2)n 
4= 2n => n = 2; 2nd order in NO2 
Rate = k [NO2]2 [CO]0 = k [NO2]2 

2.3 x 10-3mol L-1s-1 = k [1.0 x 10-2 mol L-1]2 

k = 23.0 L mol-1s-1
