Homework: Chemical Kinetics and Mechanisms
1. Antibiotic-resistant bacteria have an enzyme, penicillinase, that catalyzes the decomposition of the antibiotic. The molecular mass of penicillinase is 30 000 g mol-1. The turnover number of the enzyme at 28oC is 2000 s-1. If 6.4 µg of penicillinase catalyzes the destruction of 3.11 mg of amoxicillin, an antibiotic with a molecular mass of 364 g mol-1, in 20 seconds at 28oC, how any active sites does the enzyme have?

2. The following data shows the initial rate of reaction of the chymotrypsin-catalyzed hydrolysis of ​p-nitrophenyl acetate. Use the data to obtain the catalytic rate constant, kcat. You may assume that k2 >> k3 in the mechanism. The total amount if enzyme added was equivalent to 0.001 M.

	[S] / mM
	(o / M s-1

	1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00
	0.001299838

0.001299919

0.001299946

0.001299959

0.001299968

0.001299973

0.001299977

0.001299980

0.001299982

0.001299984


3. The initial rate of an enzyme catalyzed reaction was measured in the absence and presence of inhibitor A and, in a separate procedure, inhibitor B. In each case, the inhibitor concentration was 8.0 mM. The data  are shown below:

	[S] / M
	(o / M s-1 (No inhibitor)
	(o / M s-1 (Inhibitor A)
	(o / M s-1 (Inhibitor B)

	5.0 × 10-4

1.0 × 10-3

2.5 × 10-3

5.0 × 10-3

1.0 × 10-2
	1.25 × 10-6

2.0 × 10-6

3.13 × 10-6

3.85 × 10-6

4.55 × 10-6
	5.8 × 10-7

1.04 × 10-6

2.00 × 10-6

2.78 × 10-6

3.57 × 10-6
	3.8 × 10-7

6.3 × 10-7

1.00 × 10-6

1.25 × 10-6

1.43 × 10-6


(a) Determine the values of KM and Vmax of the enzyme. 

(b) Determine the type of inhibition imposed by inhibitors A and B, and calculate the value of KI in each case.

4. . The rate law for the reaction of para-hydrogen to ortho-hydrogen 
para-H2 (g)  
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Show that the following mechanism is consistent with this rate law.

[1]
para-H2 (g) ( 2H (g) (Fast equilibrium, rate constants k1 and k-1)
[2]
H (g) + para-H2 (g) 
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 ortho-H2 (g) + H (g)  (Rate constant k2)
Express kobs in terms of the rate constants for the individual steps of the reaction mechanism.
5. The rate law for the reaction between CO (g) and Cl2 (g) to form phosgene (Cl2CO)
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Show that the following mechanism is consistent with this rate law.
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(fast equilibrium)
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(fast equilibrium)
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(slow)

where M is any gas molecule present in the reaction container. Express kobs in terms of the rate constant for the individual steps of the reaction mechanism.
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A simple reaction for a DNA molecule is the exchange of a DNA base proton (H) with a water proton (H*).  In the DNA base pair shown on the right, the imino proton (in the circle) exchanges with water at a rate measurable by NMR.
The stoichiometry of the reaction is:
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The mechanism is:

[1]

[image: image10.wmf](

)

(

)

open

op

k

cl

k

closed

A

H

T

A

H

T

L

L

Û

-


Base-pair opens and 
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ready to exchange:

[2] 
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Base catalyzed proton transfer

(a) Use the steady-state approximation for the open base-pair form 
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 to obtain an expression for the initial rate of exchange. Ignore the water since [H2O] = constant.
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Write kexch as a function of the three rate constants shown in the mechanism.


(b) Show how the rates of exchange vs. concentration of 
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 and [B] can be used to obtain kopen (the rate constant for base-pair opening). Hint: use the equation for kexch.
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