Problem 2-11 Consecutive reactions, intermediate maximal concentration

Substance A decomposes by the following consecutive reactions
A->B (1) , B->R (2
The rate constants of these first/order reactions have the values k; = 3-10°% s* a k, =1.5:10° s*.
Assuming that at the beginning the system contains pure substance A,
(a) Calculate the composition of the reaction mixture in mol. % after 15 minutes from the beginning of
the reaction.
(b) Find out if the concentration of the intermediate B is still rising or if it is already decreasing.
(c) Calculate the maximum concentration of B and determine in what time it is reached.

(a) 6.72 mol.% A, 38.41 mol. % B, 54.87 mol. % R ,(b) dcg/dz < 0, the slope is negative,
the intermediate concentration already decreases, (C) 7 = 7.7 MiN, Cgpa =0.5Cx

Solution:
(@) The time change of A concentration is given by the relation
dc .
— ? =k -Ca, inintegrated form cp =Cpq-eXp(-K; - 7) ©)

where cao and ca are the concentrations of A in 7 =0 and 7, respectively. The time change of B
concentration:
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The balance YC=Ca+Cg+Cr=Cno (6)

leads to the time change of R concentration
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Inserting the values

ki=310°s", k,=1510°%s", r=1560=900s
into (3), (5) a (7) we get the values of instantaneous concentrations of all componenets in =15 min

ca=0.0672cCcpg , cg =0.3841 Ccpp , Cr=0.5487 cag
Considering the mass balance (6) the composition of the reaction mixture is

6.72 mol.% A, 38.41 mol.% B and 54.87 mol.% R.

(b) From the derivative dcg/dz , which represents the slope of the dependence cg = cg(7), can be
determined, whether the concentration of B in certain time moment falls or rises:
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The slope of the curve cg = cg(7) is negative, i.e. the concentration of B is already decreasing.



(c) The position of the maximum on the curve cg = cg(7) is given by the condition dcg/dz=0:
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