Problem Set #1  Kinetics: 

7. The reaction A ( B + C was carried out at a particular temperature. The molarity of the reactant A 

       was measured at different time as following : 

	t(min)
	0.00
	1.00
	2.00
	3.00
	4.00
	5.00
	6.00
	7.00
	8.00
	9.00
	10.00

	[A], M
	2.000
	1.488
	1.107
	0.823
	0.612
	0.455
	0.339
	0.252
	0.187
	0.139
	0.104


      a. Plot [A] vs. time 

 b. plot log[A] or ln[A] vs. time

c. plot 1/[A] vs. time

d. What is the order of the reaction






(1st)

e. Write the rate-law expression for the rexn





(rate = k[A])

f. What is the value of k at this temperature? 



 

(0.295 min-1) 

	Time(min)
	[A], M
	1/[A]
	log[A]
	ln[A]
	
	
	
	

	1
	1.488
	0.672
	0.173
	0.397
	
	
	
	

	2
	1.107
	0.903
	0.0441
	0.1016
	
	
	
	

	3
	0.823
	1.215
	-0.0846
	-0.195
	
	
	
	

	4
	0.612
	1.634
	-0.213
	-0.491
	
	
	
	

	5
	0.455
	2.198
	-0.342
	-0.787
	
	
	
	

	6
	0.339
	2.950
	-0.47
	-1.082
	
	
	
	

	7
	0.252
	3.968
	-0.599
	-1.378
	
	
	
	

	8
	0.187
	5.348
	-0.728
	-1.677
	
	
	
	

	9
	0.139
	7.194
	-0.857
	-1.973
	
	
	
	

	10
	0.104
	9.615
	-0.983
	-2.263
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	If this is a straight line, reaction is zero-order
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	If this is a straight line, reaction is second order
	
	


	Time
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	[A], M
	2
	1.488
	1.107
	0.823
	0.612
	0.455
	0.339
	0.252
	0.187
	0.139
	0.104

	1/[A]
	0.500
	0.672
	0.903
	1.215
	1.634
	2.198
	2.950
	3.968
	5.348
	7.194
	9.615

	log[A]
	0.301
	0
	0.0441
	-0.0846
	-0.213
	-0.342
	-0.47
	-0.599
	-0.728
	-0.857
	-0.983

	ln[A]
	0.693
	0
	0.1016
	-0.195
	-0.491
	-0.787
	-1.082
	-1.378
	-1.677
	-1.973
	-2.263
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	 ln[A] vs time is straight 
	

	
	
	
	
	
	
	
	
	line, so reaction is first order.

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	You can take any two points
	

	
	
	
	
	
	
	
	
	to define the slope
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	e.g.(0, 0.693), (4, -0.491)
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	slope = (0.693 - (-0.491))/(0-4)

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	slope = -0.296
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	k = -(slope)
	
	

	
	
	
	
	
	
	
	
	k = 0.296 min-1
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	 log[A] vs time is straight 
	

	
	
	
	
	
	
	
	
	line, so reaction is first order.

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	You can take any two points
	

	
	
	
	
	
	
	
	
	to define the slope
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	e.g.(0, 0.301), (4, -0.213)
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	slope = (0.301 - (-0.213))/(0-4)

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	slope = -0.1285
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	k = -(slope)(2.303)
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	k = 0.296 min-1
	
	

	
	
	
	
	
	
	
	
	
	
	
	


CHEM 1412


Practice Test One





Ya-Ping Huang

2   A reaction proceed through a 3-step mechanism as following: 

Ce4+ + Mn2+ ( Ce3+ + Mn3+ 

a. What is the over-all reaction (add the three 3-steps together)
Ce4+ + Mn3+ ( Ce3+ + Mn4+ 

b. Describe the role of each of the species as reactant R, product P,
Mn4+ + Tl+    ( Mn2+ + Tl3+ 

    
    intermediate I and catalyst C







c. What is the rate law if step 1 is rds?

[Ans]:

1.a.  to get the overall reaction, add the three steps together (LHS added together, RHS added together. If something 

        appears on both LHS and RHS, you can cancel that term

Ce4+ + Mn2+ ( Ce3+ + Mn3+ 



Ce4+ + Mn3+ ( Ce3+ + Mn4+ 

,

                Mn4+ + Tl+    ( Mn2+ + Tl3+ 



2Ce4+ + Tl+ ( 2Ce3+ + Tl3+
     b.:

	R, 
	Ce4+ , Tl+
	substances that appears on LHS of overall reaction

	P
	Ce3+ ,  Tl3+
	substances that appears on RHS of overall reaction

	C
	Mn2+
	Substance that is used first then regenerated later, not on overall reaction

	I
	Mn3+, Mn4+
	Substance that is produced first then used later, not on overall reaction


     c. overall rate is determined by the rate of the slowest step (rds, rate-determining –step)Id\f step 1 is rds


overall rate = k[Ce4+][Mn2+], but often catalyst is not included in overall rate, so rate = = k[Ce4+]
8. The reaction 2 NO (g) + Cl2 (g) ( 2 ONCl (g) is second order in NO (g) and first second order in Cl2 (g)

a. What is the rate law of this reaction?
(use k for rate constant)

b. Does this rate law agree with a single-step reaction? Explain.
c. Can we be certain this is a single step reaction? Explain.
d. What is the initial rate Ro of a mixture containing 0.02 mol of NO (g) and 0.02 mol of Cl2 (g) in a 1-liter container?

e. How is the rate R1 when half of the NO (g) has been consumed, compared to Ro?

f. How is the rate R2   when half of the Cl2 (g) has been consumed, compared to Ro?

[Ans]: a. rate = k[NO]2[Cl2]

b. rate law agrees with that of a single-step reaction because order of each reactant equals to its coefficients in 
                 balanced equation


c. multi-step reaction could have the same rate law, so we can not be sure that is a single –step reaction
d. rate R0 = k(0.020M)2(0.020M) = 8.0 x 10-6 k

  
e.    R: 
2 NO(g) +
 Cl2(g) ( 
2ONCl(g)

I
0.020M

0.020M

C 
-2x
    
 -x

+2x

E
0.020-2x
0.020-x

When half of NO(g) is consumed( 2x = ½ (0.02) =0.01
x = 0.005
[NO] = 0.020 -2(0.005) = 0.01

[Cl2] = 0.02-0.005 = 0.015 M

rate R1  = k(0.01)2(0.015) = 1.5 x 10-6 k , R1/ R0 = 1.5x10-6k/8.0 x 10-5 k = 1.5/8 = 3/16

f.    R: 
2 NO(g) +
 Cl2(g) ( 
2ONCl(g)

I
0.020M

0.020M

C 
-2x
    
 -x

+2x

E
0.020-2x
0.020-x

When half of Cl2(g) is consumed ( x = ½ (0.02) =0.01
x = 0.01

[NO] = 0.020 -2(0.01) = 0

[Cl2] = 0.02-0.01 = 0.01M

rate R2 = k(0.)2(0.01) 0, R2/ R0 = 0/1.8 x 10-5 k = 0
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