INTEGRATED RATE LAWS

Zero Order:
Rate = k[A]0
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First Order:
Rate = k[A]1
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Second order:

Rate = k[A]2
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Half-Life (t1/2) is time it takes for reactant concentration to decrease to 1/2 of its initial value; that is  [A]t = 1/2 [A]0 
 For each of the orders:

Zero order:
[A]t = – k t + [A]0
Substituting: 
1/2 [A]0 = – k t1/2 + [A]0
Rearranging:
k t1/2  = [A]0 – 1/2 [A]0 = 1/2 [A]0



[image: image4.wmf]
First order:
ln [A]t  = –k t +  ln [A]0
Substituting:
ln (1/2 [A]0) = –k t1/2 + ln [A]0


Rearranging: 
k t1/2 =  ln [A]0  – ln (1/2 [A]0)
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SUMMARY
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	0
	Rate=k
	[A]t=–kt + [A]0
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	1
	Rate=k[A]
	ln [A]t=–kt + ln [A]0
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	2
	Rate=k[A]2
	1/[A]t= kt + 1/[A]0
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USING THE INTEGRATED RATE LAWS

Use the concentration and time data for the decomposition reaction of N2O5 to determine the order of reaction and the rate constant; then write the rate law. 


L1


   L2


L3=ln(L2
)
     L4=1/L2

	Time,  s
	[N2O5],  M
	ln [N2O5]
	1/[N2O5],  M–1

	0
	0.0200
	–3.912
	50.00

	100
	0.0169
	–4.080
	59.172

	200
	0.0142
	–4.255
	70.423

	300
	0.0120
	–4.423
	83.333

	400
	0.0101
	–4.595
	99.01

	500
	0.0086
	–4.756
	116.28

	600
	0.0072
	–4.934
	129.89

	700
	0.0061
	–5.099
	163.93


Determine which graph is linear to determine the order.

The slope provides the rate constant value. For above data:

Zero order:  
Plot   [N2O5] vs t

Correlation: 0.97167




k = ​–slope


slope = –1.958 x 10–5








k = 1.96 x 10–5  M s–1
First order:  
Plot   ln[N2O5] vs t

Correlation: 0.99995




k = ​–slope


slope = –1.697 x 10–3








k = 1.70 x 10–3  s–1
Second order:  Plot   1/[N2O5] vs t

Correlation: 0.97285




k = +slope 


slope = 0.1606 









k = 0.161 M–1s–1

So the order for the N2O5 decomposition reaction is first. 

Rate Law:
Rate = k[N2O5] =  1.70 x 10–3  s–1 [N2O5]

Additional Examples:

Example 1:


The rearrangement reaction   CH3-N=C  ->  CH3-C=N   is first order with a rage constant of 5.11 x 10–5 s–1 at 472K. The initial concentration of CH3-N=C is 0.0340 M.                                   

(A) Determine the concentration after 2.00 hours.

[CH3-N=C]0= 0.0340 M

[CH3-N=C]t= ?      t = 2.00 h
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(B) Determine the time (in minutes) that must elapse to reach a CH3-N=C concentration of 0.0300M.

[CH3-N=C]0= 0.0340 M

[CH3-N=C]t= 0.0300M      t = ?
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(C) Determine the time (in minutes) that must elapse for 20.0% of the initial CH3-N=C concentration to react.

20.0% reacted so 80.0% left.

[CH3-N=C]t= 0.800 [CH3-N=C]0 



t = ?

You can determine the value since is known; however, for a first order reaction, the actual concentration is not needed.  Why? 
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Example 2:


In a simple decomposition reaction,   AB(g) -> A(g)  +  B(g),  the rate law is:
  Rate = k[AB]2.   

The rate constant under the reaction conditions is 0.20 M-1s-1.

(A)  How long will it take for the concentration of AB to reach 1/3 of the initial concentration of 1.50M?

[AB]0 = 1.50 M

[AB]t = 1/3(1.50M) = 0.500M

t = ?

Second order reaction: 
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(B)  What is the half-life for this reaction at initial concentration?
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(C)  What is the half-life once this reaction reaches 0.50M AB?
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Note that the half-life increases as concentration decreases. 

Example 3:


The first-order rate constant at 20oC for the decomposition of a certain antibiotic in water is 1.65 yr–1.

 (A) Of a 6.0 x 10-3 M solution is stored at 20oC, what is the antibiotic concentration after 3 months? After 1 year?

[A]0 = 6.0 x 10-3 M

[A]t = ?    at 
t = 3 months
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(B) How long will it take for the antibiotic concentration to drop to 1.0 x 10-3 M? 

[A]0 = 6.0 x 10-3 M

[A]t = 1.0 x 10-3 M 

t = ?
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(C) Calculate the half-life for this reaction.
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(D) What is the shelf life of this antiobiotic solution? 

The shelf life is the length of time when there is 90.% of the drug active.

So 90.% of the antiobiotic concentration is left.  

[A]t = 0.90 [A]0

t = ?
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