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Lecture No.4: 

 
Overall Order of Irreversible Reactions from the Half-Life t,,. Sometimes, for the 

irreversible reaction 

                   

 

 
This expression shows that a plot of log t,, vs. log CAo gives a straight line of slope 1 - 

n, as shown in Fig. 3.5. 

 

 

 

   

(24) 

(25) 

The half-life method requires making a series of runs, 

each at a different initial concentration fractional 

conversion in a given time rises with increased 

concentration for orders greater than one, drops with 

increased concentration for orders less than one, and 

is independent of initial  concentration for reactions of 

first order 
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Irreversible Reactions in Parallel. Consider the simplest case, A decomposing by 

two competing paths, both elementary reactions: 

                 

 
The k values are found using all three differential rate equations. First of all, Eq. 34, 

which is of simple first order, is integrated to give  

 

 
This result is shown in Fig. 3.6. Thus, the slope of a plot of CR versus Cs gives the 

ratio k1 / k2. Knowing k1 / k2 as well as k1+ k2gives k1and k2. Typical concentration-

time curves of the three components in a batch reactor for the case where CRo = Cso 

= 0 and k1> k2, are shown in Fig. 3.7. 
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Homogeneous Catalyzed Reactions. Suppose the reaction rate for a homogeneous 

catalyzed system is the sum of rates of both the uncatalyzed and catalyzed reactions, 
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Irreversible Reactions in Series. We first consider consecutive unimolecular type 

first-order reactions such as  

   

  



Chemical Reacior Design     – Third Year       Dr. Suha Akram 

 whose rate equations for the three components are 

  
Let us start with a concentration CA0 of A, no R or S present, and see how the 

concentrations of the components change with time. By integration of Eq. 44 we find 

the concentration of A to be 

 
To find the changing concentration of R, substitute the concentration of A from Eq. 

47 into the differential equation governing the rate of change of R, Eq. 45; thus 

  

 

 
 Applying this general procedure to the integration of Eq. 48: 

The integrating factor=𝑒𝐾2𝑡, The constant of integration= –k1CAo / (k1 – k2) from the 

initial conditions CR0 = 0 at t = 0, the final expression for the changing concentration 

of R is 

 
Noting that there is no change in total number of moles, the stoichiometry relates the 

concentrations of reacting components by 

 

which is a first-order linear 

differential equation of the form 

By multiplying through with the integrating factor 𝑒∫𝑃𝑑𝑋 the solution is 
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Figure 3.11 shows the general 

characteristics of the concentration-time 

curves for the three components; A 

decreases exponentially, R rises to a 

maximum and then falls, and S raises 

continuously, the greatest rate of increase 

of S occurring where R is a maximum. In 

particular, this figure shows that one can 

evaluate k1 and k2 by noting the 

maximum concentration of intermediate 

and the time when this maximum is 

reached.  


