
Scan Figure 12 here

EXAMPLE 35.7

In acidic conditions, benzyl penicillin (BP) undergoes the following 

parellal reaction;

In the molecular structures, R1 and R2 indicate alkyl substituents. In 

a solution where PH=3, the rate constants for the processes at 22℃ 

are   × 
   × 

    × 
 

What is the yield for P1 formation?



Solution

Using Eq(35.79)

  



×   ×   × 

× 
 

Of the BP that undergoes acid-catarlyzed dissiciation, 6.7% will result 

in the formation of P1.

35.9 Temperature Dependence of Rate Constant

                         
   (Arrhenius eq)       (82)

                           





(83) 

                       A=Frequency factor or preexponential factor

                       Ea=Activation energy of reaction

Reaction proceeds as the energy is greater than the activation energy 

(See Figure 13).

Scan Figure 13 here.

EXAMPLE 35.8

The temperature dependence of the acid-catalyzed hydrolysis of 

penicillin (illustrated in Example problem 35.7) is invetigated, and the 



Temperature (℃) 


22.2 × 

27.2 × 

33.7 × 

38.0 × 

dependence of k1 on temperature is given in the following table. What 

is the activation energy and Arrhenius preexponential factor for this 

branch of the hydrolysis reaction?

Solution

A plot of ln(k1) versus 1/T is shown here;

The data are indicated the points, and the solid line corresponds to 

the linear least-squares fit to the data. The equation for the line is

    



As shown in Eq (83), the slope of the line is equal to  

such that



  


⇒  

  

The y intercept is equal to ln(A) such that

    ×  

35.10 Reversible Reactions and Equilibrium

So far for irreversible reactions.

However, reversible reaction is also possible depending on the 

energies of the reaction (See Figure 14). 

Scan Figure 14 here.

Consider reverse reaction (84).

Forward reaction: 1st order in A

Backward reaction: 1st order in B





                            (84)

Differential rate equations for the reactant and product are




               (85)






                                  (86)

IC's;

@ t=0, [A]=[A]o, [B]=0 and

for t>0, 

                                   (87)

Using the two IC's, (85) is integrated as

              

 




 

 

















                                (88)

To evaluate the integral (88), Use the following integration formula;




 


                     

Then

  


  

                                  (89)

  


  

                                  (90)

[A] decays exponentially with an apparent rate constant, (kA+kB). 



Eqs (89) and (90) are plotted in Figure 15 with kA=2kB=0.06s-1.

Scan Figure 15

If the backward reaction were not present, [A] would decay to 0.

Equilibrium concentrations of A and B are obtained as t→∞.

  lim
→∞

 


                                  (91)

  lim
→∞
  


                             (92)  

Note the two equilibrium concentrations depend on the forward and 

backward rate constants.

For t≧teq reactant and product concentrations are no longer changed; 









                                            (93)

Note the rates are not zero but are the same.  

Subing differential rate equation into (93) gives







  







                                           (94)

 

where Kc is the equilibrium constant in terms of concentration. 

Figure 16: Method to determine forward and backward rate constants.

i) Measure the apparent decay constant for the reactant: (kA+kB)

ii) Measure Kc

  → 2 Eqs and 2 unknown; Solved

Scan Figure 16 here.

                                    

Scan Example 35.9 here.

 





35.11Perturbation-Relaxation Methods





  (95)








  (96)




  





  



(97)

   (98)

   (99)






























(100)

  


 (101)




 








′
′







′
  



(102)

35.12 The Autoioniation of Water: A T-Jump Example





  (103)






 (104)




  

 (105)












 (106)














  














  










(107)









 (108)




 




 (109)


×


 




 (110)













××

 × (111)

Substitution of Equation (35.111) into Equation (35.110) yields the 

following value for the reverse rate constant:


×


 






 ×


×

××


 



×  


Finally, the forward rate constant is


  

×  ××

 ×

35.13 Potential Energy Surfaces

→ (112)

35.14 Diffusion Controlled Reactions



 (113)



 (114)





 (115)

 (116)




   





(117)




 (118)

 (119)

    (120)




(121)




 (122)

35.15 Activated Complex Theory



 (123)





  ‡ (124)

 ‡

 (125)




  

‡

 ‡ 

 

∘

‡


(126)


‡

 ‡

 ‡

 


 
‡ (127)







‡
 (128)

   (129)






‡
 (130)


‡ ‡

 
‡ (131)

 

 
‡ (132)

 ‡ ‡ (133)






‡ (134)

 ‡ ‡ ‡ (135)






‡
‡ (136)

 



 (137)

 


 

 
‡  



‡


 
‡

 ‡ ‡‡ (138)

 
‡  (139)






‡    (140)






‡    (141)

gas, uni  
‡ 




‡ (142)

gas, bi  
‡ 




‡ (143)

gas, tri  
‡ 





‡ (144)






