Kinetics Practice Test


Dr. Katz


March 21, 2009

1. In the Kinetics Lab, we analyzed the KI-catalyzed decomposition of H2O2 in a closed vessel. The equation is shown below:
 
2 H2O2 (aq) → 2 H2O (aq) + O2 (g)
In one trial, the increase in PRESSURE of O2 was measured to be 0.2243 kPa/sec at 20(C. What was the rate of decrease in CONCENTRATION of the H2O2 in M/s for this trial? [R = 8.314 L­kPa/mol­K]
rate O2 = 0.2243 kPa/sec = -½ rate H2O2 (disappearance)

rate H2O2 = - 2 x 0.2243 kPa/sec = - 0.4486 kPa/sec (neg = disappear) in pressure terms

since PV = nRT; then, P/RT = n/V  where n/V = moles/L = M (concentration terms)
-0.4486kPa/s ( (8.314L(kPa/mol(K)(20+273K) = -1.84x10-4M/s (neg = disappear) 

The rate will decrease by 1.84x10-4M H2O2/s
2. Consider the following general equation for a chemical reaction.

A(g) + B(g)  C(g) + D(g)       Hrxn = -10 kJ

(a)

Describe the two factors that determine whether a collision between molecules of A and B results in a reaction. 
1. The kinetic energy of the molecules - A certain minimum energy must be available for a reaction to occur. (activation energy); 2. The orientation of the molecules relative to one another - Even very energetic collisions may not lead to a reaction if the molecules are not oriented properly.
(b)

How would a decrease in temperature affect the rate of the reaction shown above? Explain your answer. A decrease in temperature would decrease the rate. This is because fewer molecules would have the energy necessary for reaction (fewer effective collisions).
(c)
 
Write the rate law expression that would result if the reaction proceeded by the mechanism shown below.


A + B ( [AB]
(fast)


[AB] + B  C + D
(slow)

 
Rate = k [A][B]2
(d)

Explain how a catalyst increases the rate of a reaction.

 
A catalyst increases the rate by providing an alternate pathway that has a lower activation 
 
energy.

3. Consider the following reaction:
2 NO(g) +2 H2(g)  N2(g) + 2 H2O(g)
Experiments were conducted to study the rate of the reaction represented by the equation above. Initial concentrations and rates of reaction are given in the table below.

	
	Initial Concentration (M)
	Initial Rate of Formation of N2

	Experiment
	[NO]
	[H2]
	(M.min-1)

	1
	0.0060
	0.0010
	1.8 10-4

	2
	0.0060
	0.0020
	3.6 10-4

	3
	0.0010
	0.0060
	0.30 10-4

	4
	0.0020
	0.0060
	1.2 10-4


(a)
Determine the order for each of the reactants, NO and H2, from the data given and show your reasoning. Write the overall rate law for the reaction. 
 
Exp. 1 & 2 held [NO] constant while [H2] doubled and the rate doubled, so rate is 1st order with respect to [H2]. Exp. 3 & 4 held [H2] constant while [NO] doubled and the rate quadrupled, so rate is 2nd order with respect to [NO]. Therefore, the rate law is: Rate = k [H2] [NO]2    This can be done mathematically as well:


Exp 1,  
1.810-4 = k (0.0060)m(0.0010)n

Exp. 2,  
3.610-4 = k (0.0060)m(0.0020)n  cancel k, and (0.0060)m

 
          1.810-4/3.610-4 = 0.0010n/0.0020n;
 

 
          3.610-4/1.810-4 = 0.0020n/ 0.0010n
 


   
          2 = (0.0020/0.0010)n 




   
          2 = (2)n     so, n = 1, and [H2] is 1st order


Exp. 3, 
0.3010-4 = k (0.0010)m(0.0060)n

Exp. 4, 
  1.210-4 = k (0.0020)m(0.0060)n  cancel k, (0.0060)n, and flip
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  (0.0020/0.0010)m = 4 so m = 2, and [NO] is 2nd order


This gives rate = k[H2][NO]2
(b)
Calculate the value of the rate constant, k, for the reaction. Include units.


Using Exp. 1: 1.810-4 mol/L.min = k (1.010-3 mol/L (6.010-3 mol/L)2

 




k = 5.0103 L2.mol-2.min-1
(c)
For experiment 2, calculate the concentration of NO remaining when exactly one-half of the original amount of H2 had been consumed.

	
	Initial Concentration (M)
	Initial Rate of Formation of N2

	Experiment
	[NO]
	[H2]
	(M.min-1)

	2
	0.0060
	0.0020
	3.6 10-4

	
	
	
	


[H2] = (0.0020 - 0.0010) M = 0.0010 M 
[NO] = (0.0060 - 0.0010) M = 0.0050 M
 (d)
The following sequence of elementary steps is a proposed mechanism for the reaction.


I.
NO + NO ( N2O2

II.
N2O2 + H2  H2O + N2O


III.
N2O + H2  N2 + H2O


Based on the data presented, (i) which of the above is the rate-determining step? (ii) Show that the mechanism is consistent with the observed rate law for the reaction, and the overall stoichiometry of the reaction. 
The mechanism matches the stoichiometry of the overall reaction:


I
NO + NO (N2O2


II
N2O2 + H2  H2O + N2O


III
N2O + H2  N2 + H2O




-------------------------------------------------




2 NO + 2 H2  2 H2O + N2 where N2O2 and N2O are intermediates
step II is the rate determining step
ratef = rater

I.
NO + NO ( N2O2




ratef = k1[NO]2
II.
N2O2 + H2  H2O + N2O   RDS


rater = k​-1​[N2O2]
III.
N2O + H2  N2 + H2O



k1[NO]2 = k​-1​[N2O2]
From RDS: Rate2 = k2[N2O2][H2] (can’t have intermediate in rate law), so: rearrange above equation: k1[NO]2 = ​[N2O2]
 










     k​-1​
substituting for N2O2: Rate2 = k2 k1 [NO] 2[H2], where Rate2= rate, and k2 k1 = k in rate = k[H2][NO]2
                                                   k​-1​ 
                                                          k​-1​
For questions 4 & 5, consider a reaction that has  k273 = 7.33 x 10-7 sec-1, k338 = 4.87 x 10-3 sec-1, and Ea = 103.9 kJ/mole.

4.
Based on the given information, this reaction is:


A) 1st order;     B) 2nd order;      C) 3rd order;     D) exothermic;   E) can't tell from the data given.

Because the units of k are sec-1 this tells us that the reaction must be first order; k units are always M-(n-1)s-1 where n = the order of the reaction; here n = 1 because there was no M term. 
5.
Use the Arrhenius equation and the value of k273 to find k373.


A) 0.00999 sec-1;        B) 0.156 sec-1;        C) 0.0831 sec-1;        D) 4.18 sec-1;         E) 32.5 sec-1
[image: image2.png]



Questions 6 – 10 deal with the following reversible reaction:     

 
N2O5(g)  (  2 NO2(g)  +  1/2 O2(g)          for which the rate law is     Rate = k[N2O5]

The potential energy diagram for the reactant, intermediate, and products is given below.


[image: image3.wmf]Potential

Energy, kJ

Q*

N2O5

2 NO2  +  1/2 O2

A

B

C


6.
The chemical composition represented by Q* is an activated form of:


A) (N4O10)*        B) (NO2)*          C) (N2O4)*          D) (N2O5)*          E) (N2)*

7.
Line Segment A has a length equal to:


A) Hrxn;           B) EA(reverse);           C) EA(forward);           D) k;            E) none of these.

8.
Line Segment B has a length equal to:


A)  Hrxn; 
B) EA(reverse);           C) EA(forward);           D) k;            E) none of these.

9.
Line Segment C has a length equal to:


A)  Hrxn; 
B) EA(reverse);           C) EA(forward);           D) k;            E) none of these.

10.
If this reaction were catalyzed, the effect would be to:


A) decrease Line A only;   B) increase Line B only;   C) decrease Line B only;
 
D) increase Line A only; 
E) decrease both Line A and C. 
11. A reaction has the general form:

aA (  bB

At a certain temperature and at [A]o = 2.00 x10-2 M, concentration versus time data were collected for this reaction, and a plot of ln[A] versus time resulted in a straight line with a slope value of –2.97 x 10-2 min-1.  

a) What is the rate law?
b) What is the integrated rate law?
c) What is the value of the rate constant?
d) What is the half-life of this reaction?  

e) How much time is required for the concentration to decrease to 2.50 x 10-3 M?
a) Rate = k[A], we know this b/c a plot of ln [A] vs time gives us a straight line
b) ln[A] = -kt + ln[A]o follows the same reasoning for answer (a)
c) slope = -k = –2.97 x 10-2 min-1 therefore the rate constant, k, is equal to 2.97 x 10-2 min-1
d) t1/2 = (0.693)/k; t1/2 = (0.693)/2.97 x 10-2 min-1 = 23.33 min
e) Since we know [A]o = 2.00 x10-2 M, k, and [A] for this problem, all we need to do is substitute into ln[A] = -kt + ln[A]o; ln(2.50 x 10-3 M) = -(2.97 x 10-2 min-1)t + ln(2.00 x10-2 M); t = 70.0 min
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