C,-/Mumstep Rcaclion)s lflave Ratc-Detcrmining Steps

/" gince chemical reactions commonly consist of severa]
cJementary reaction steps, let us consider how transition
state theory treats such reactions. For a multistep reaction

' 4

such as

A = ]ty P

where I 1s an intermediate of the reaction, there is an ac-
tivated complex for each elementary reaction step; the
shape of the transition state diagram for such a reaction
reflects the relative rates of the elementary reactions in-
volved. For this reaction, if the first reaction step 1s slower
than the second reaction step (k, < k), then the activation
barrier of the first step must be higher than that of the sec-
ond step, and conversely if the second reaction step is the "\
slower (Fig. 14-5). Since the rate of formation of product
P can only be as fast as the slowest elementary reaction, if
one reaction step of an overall reaction is much slower than
the other, the slow step acts as a “bottleneck” and is there-
ore said to be the rate-determini cti
fo mining step of the reag{lo%
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\/GURE 14-5 Transition state diagram for the two-step overall
feaction A — I — P. For k, < k, (green curve), the first step is
rate determining, whereas if k; > k, (red curve), the second

step is rate determining.
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b, Thermodynamics of the Transition State .
/™~ THe rculi./;ninn that the attainment of the tranﬁl.“‘?:}
state is the central requirement in any reaction prnccssé)

to a detailed understanding of reaction mechanisms. )df_
example, consider a bimolecular reaction that proceeds
along the following pathway:

[

K

» P+ Q
where X" represents the activated complex. Therefore,
considering the preceding discussion,
d(P]
dt

A+ B e== xt

= k[A](B] = k'[X] [14.7]

where k is the ordinary rate constant of the elementary re-
action and k' is_the rate constant for the decomposition of
X" to producl;

In contrast{o stable molecules, such as A and P, which
occur at energy minima, the activated complex occurs at
an energy maximum and is therefore only metastable (like
a ball balanced on a pin){ Transition state theory never-

theless assumes that X* is in rapid equilibrium with the re-
actants; that is,

k=X [145]

- 14.8
[A][B]

where KT is an equilibrium constant. This central assump-

tion of transition state theory permits the powerful formal-

ism of thermodynamics to be applied to the theory of

reaction rates.

- If K is an equilibrium constant it can be expressed as:

// ~RTInK* = AG* [14.9]

where AG™ is the Gibbs free energy of the activated com-
plex less that of the reactants (Fig. 14-4b), Tis the absolute
temperature, and R (= 8.3145J - K™! - mol™! ) js the gas
constant|(this relationship between equilibrium constants
and fre€ energy is derived in Section 3-4A).

€N com-
bining Eqs. [14.7] through [14.9] yields
d[P] e
“d’ =kle AG /RT[A][B] [14‘10]

@)is equation indicates that the rate of a reaction depengs
not only on the concentrations of its reactants but also de.
creases exponentially with AG™. Thus, the larger the dif-

ference between the free energy of the transition State ang

that of the reactants, that is, rhe@js' stable the transitjo, s

tare,
the slower the reaction proceeds.
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