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Integrated Rate Law is 
a different form of the 
rate law. Relates the 
rate law with a 
differential equation. 



€ 

ln A[ ]t = −kt + ln A[ ]0
€ 

A[ ]t = A[ ]0e
−kt



y      = m x  +  b 

Where  
[A]t is the concentration 

at any given time t 
[A]0 is the concentration 

at t=0 



Determine the rate constant for the decomposition of N2O5. 

2N2O5           4NO2   +   O2 



  A Products 
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Rate = −
d A[ ]
dt

= k A[ ]2
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1
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1
A[ ]0

y  = m x  +  b 





At 25°C, the second-order reaction 

 NOCl(g)             NO(g) + ½Cl2(g) 

is 50% complete after 5.82 hours when 
the initial concentration of NOCl is 4.46 
mol/L.  How long will it take for the 
reaction to be 75% complete? 



  A  Products 

y  = m x  +  b 



  You can predict the order of the reaction 
given a graphical data 



nonlinear 
linear! 

nonlinear 



  At 1000°C, cyclobutane (C4H8) decomposes to two 
molecules of ethylene (C2H4) with a rate constant of 
87 s-1. 
  If the initial concentration of C4H8 is 2.00 M, what is the 

concentration after 0.010 s? 
  What fraction of C4H8 has decomposed in this time? 

  At 25°C, HI breaks down to H2 and I2. The rate 
constant is 2.4 x 10-21 M-1s-1. 
  If 0.0100 mol of HI(g) is placed in a 1.0-L container, how 

long will it take for the concentration of HI to reach 0.0090 
M (10.0% reacted) 



1. For the reaction  
X + Y       Z; the reaction rate 
is found to depend only upon 
the concentration of X.  A plot 
of 1/X verses time gives a 
straight line. What is the rate 
law for this reaction? 

2. The graphs below all refer to 
the same reaction.  What is 
the order of this reaction? 



  It is the time required for the concentration 
of a reactant to decrease to half of its 
original concentration. 



The isomerization of cyclopropane to form 
propene 

 H2C        CH2 
     CH3 – CH = CH2 

 CH2 

is a first-order reaction.  At 760 K, 15% of a 
sample of cyclopropane changes to propene in 
6.8 min.  What is the half-life of cyclopropane at 
760 K? 
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  Most reactions speed up as temperature 
increases (e.g. food spoils when it is not 
refrigerated; food cooks faster when heated 
strongly) 

  How is this reflected in the rate law? Recall 
that there is no temperature term in the rate 
law:  

   rate = k [A]x[B]y 

   The faster rate at higher temperature is due 
to the INCREASE in the RATE CONSTANT 
(k) with increasing temperature. 



Consider the first order 
reaction CH3NC → 
CH3CN. As 
temperature increases 
from 190 °C to 250 °C 
the rate constant 
increases from 2.52 × 
10-5 s-1 to 3.16 × 10-3 
s-1. That’s a 100-fold 
increase! 



y  = m x  +  b 



  The reaction [Eq. 1] has rate constants 9.51 x 
10-9 M-1s-1 at 500. K and 1.10 x 10-5 M-1s-1 at 
600. K. Find Ea 

  The reaction [Eq. 2] has an Ea of 1.00 x 102 kJ/
mol and a rate constant of 0.286 M-1s-1 at 500. 
K. What is the rate constant at 490. K 

2 HI (g)       H2(g) + I2(g)   [Eq. 1] 

2 NOCl (g)        2NO(g) + Cl2(g)  [Eq. 2] 
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  Particles (Atoms, 
molecules or ions) must 
collide. 

  More reactants, more 
collisions! 

  Rate = k [A][B] 



  Higher temperature, gives higher KE for 
molecules 

  Higher KE, moves faster, more likely to 
collide (increase collision frequency, Z) 



  However, collision frequency is not the 
only factor. 

  Particles (Atoms, molecules or ions) 
must collide with enough energy! 

  Activation Energy – energy required to 
activate the molecules into a state which 
reactant bonds can change to product 
bonds 



  Reactions involve the breaking and 
forming of bonds. 

  The kinetic energy received upon collision 
causes bonds to vibrate, stretch and 
bend, and eventually break. 

   If molecules move slowly, they only collide 
lightly and merely bounce off each other 
without breaking bonds. 

  Molecules must have a minimum amount 
of kinetic energy to produce a successful 
reaction. → Activation Energy, Ea 



A + B          C + D 
Exothermic Reaction  Endothermic Reaction 





  High Ea, low f, 
low rate 

  High T, high f, 
high rate 



  Reversible reactions: 

  reactants 

   products 

ACTIVATED STATE 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Ea (reverse) 

A  +  B 

C  +  D 

A  +  B              C  +  D 





  Not all collisions are effective, not because 
they are not energetic enough, but because 
they are not oriented properly. 



Cl  +  NOCl             NO  +  Cl2 



  Particles (Atoms, molecules or ions) 
must collide with enough energy and in 
the proper orientation. 

Z is the collision frequency 
p is the orientation 
probability  factor, which is 
specific for a given  
reaction. 

Reactive species  P 
Atom + atom  1 
NO + NO3  0.006 
Proteins + substrates  10‐6 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  At the peak of the reaction, there exists an 
activated complex which is neither the 
reactant or product called TRANSITION 
STATE 






