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Kinetic of complexation

Kinetic model

We assume that the behavior of the cryptophane-guest systems can be analyzed in terms of H + G [image: image1.wmf] HG equilibria, where the forward reaction (association) is second order (rate constant ka in M–1 s–1) and the reverse reaction (dissociation) is first order (kd in s–1). The ka/kd ratio represents the equilibrium (association) constant Ka (in M–1). Accordingly, the rate of formation or of dissociation of the complex is expressed by Eqn. (1).
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(1)

If we note  [H]0, [G]0 and [HG]0 the concentrations of H, G and HG at time t = 0, at the instant t, these quantities are modified by a common value X, which depends on complex concentration [HG].
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The variation of the concentration of the complex with time can be written from Eqn (1) as a polynomial function of [HG] expressed by Eqn (2)

d[HG]/dt = ka([H]o + [HG]o – [HG])([G]o + [HG]o – [HG]) – kd[HG] = ka([H]o[G]o + [H]o[HG]o + [HG]o[G]o + [HG]o2) + (–ka[H]o – ka[G]o – 2ka[HG]o – kd)[HG] +

ka[HG]2








(2)

In a more simple way, Eqn (2) is equivalent to Eqn (3), where the expression of the parameters: a, b and e are expressed below, and depend only on constant terms.

d[HG]/dt = e[HG]2 + b[HG] + a

(3)

Where 
a = ka([H]o[G]o + [H]o[HG]o + [HG]o [G]o + [HG]o2)



b = (– ka[H]o – ka[G]o – 2ka[HG]o – kd)



e = ka

After applying the variable changes: u = [HG] + (b/2e) and f = a – (b2/4e), we obtain Eqn (4) for the variation of the concentration of the complex.
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(4)

Integration of this equation from time t = 0 to time t, and from an initial complex concentration [HG]o to [HG], gives the next integral equality, Eqn (5) :
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(5)

In the general case, the solutions of this equation are found in the Handbook of Physics and Chemistry. They can be written as Eqn (6) and Eqn (7), depending on the sign of the ef product :
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(if ef > 0)

(6)
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(if ef < 0)

(7)

This leads to Eqns. (8) and (9), which express the increase or decrease of [HG] as a function of t, respectively. Eqn. (8), which represents the association process, is valid at low initial complex concentration, when [HG]0 is smaller than its equilibrium concentration [HG]eq. This condition is fulfilled when [HG]0 < Ka[H]0[G]0 ; conversely, Eqn. (9), which represents the dissociation, holds when [HG]0 > Ka[H]0[G]0. 
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(8)
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Parameters A, B and D in (8) and (9) are themselves defined by relationships (10)–(12).


[image: image11.wmf]A

=

-

-

H

[

]

0

G

[

]

0

-

H

[

]

0

HG

[

]

0

-

HG

[

]

0

G

[

]

0

+

HG

[

]

0

2

+

D

2

    (in mol L–1 or M)      (10)
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Note that A + D = [HG]eq , the equilibrium concentration of the complex. In practice, when Ka can be determined by direct measurement of the appropriate equilibrium concentrations, parameters A and D can be calculated, knowing [H]0 , [G]0 and [HG]0. The variation of [HG]t as a function of t is then fitted to Eqns. (8) or (9) to give the unknown parameter B, which in turn gives the rate constants ka and kd (since Ka is known).

A way to quantify the kinetic stability of the complex is to determine its half-life time t1/2, starting from a solution where the complex concentration [HG]0 is initially in excess with respect to its equilibrium concentration. Eqn. (13) is the general expression of t1/2. Since this t1/2 is dependent on the concentrations of the various species, a better way to express the stability of the complex is to calculate (t1/2)(, the half‑life time, which would be observed for a 1st order decay at infinite dilution, where the reverse reaction is negligible. This half-life time only depends on kd, and is given by the usual relationship (14). 
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(13)

(t1/2)( = ln2/kd

(14)
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