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Kinetic derivations based on Scheme 1.  Below, MeDBK is denoted ACOB where A and B are benzyl and 4-methylbenzyl without specification of which is which.  Thus, AA is product 2, AB is product 3, and BB is product 4.
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We assume: 

1. Quantum yield for intersystem crossing is near one so that excited singlet state reactions of MeDBK can be neglected.  
2. The probabilities for fragmentation of the CO-A or CO-B bonds in steps 5 and 8 are equal.  The actual rate constants differ slightly in n-hexane at room temperature, k-CO is 6.4x106 s-1 for phenylacetyl and 7.3x106 s-1 for (4-methylphenyl)acetyl (see ref 27).  Only one type of cleavage is indicated in these steps.   Also, the parameters to be calculated do not depend on which bond breaks preferentially in step 3, so only one of the two possibilities is shown. 
3. k-cage in steps 7 and 9 are approximately equal because the sizes and shapes of the two radical pairs are similar.

4. “In-cage” and “cage-escape” processes can be defined operationally. Specifically, radicals that escape from their initial cage and then reenter it to react are counted as “in-cage”. Once radicals migrate more than a few polyethylene chain cross-section from their initial positions, there should be a near zero probability that they will return. 

5. Because the potential product ACOA is not observed, 
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The same condition holds for the rate of reaction that would yield BCOB.

6. kp, the bimolecular rate constants for free radical combination leading to AA, AB, and BB, are the same. 

7. The steady-state concentrations of radicals A and B are equal.

Derivation of Equation 3

The cage effect Fc as defined in its usual static form as:


[image: image14.wmf]]

BB

[

]

AA

[

]

AB

[

]

BB

[

]

AA

[

]

AB

[

F

c

+

+

-

-

=


It can be written in a dynamic form as:
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where the subscripts “ic” and “frr” indicate processes occurring within the geminate reaction cage (step 6) and from cage-escape combinations (steps 10-12), respectively. From statistical considerations, the following relation among the rates for product formation can be written: 
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Hence:
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From the above,
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 may be rewritten as:
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(i)

Note that the rates of in-cage and cage-escape formation of AB are just the rates of steps 6 and 10, respectively:
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(ii)
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(iii)

Applying the steady-state hypothesis to the transient species gives:
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(The fraction of ACO/B radical pairs that follow step 7)
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(The fraction of in-cage A/B radical pairs that suffer cage escape as shown in step 9)

From the steady-state hypothesis and the relationships above:
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In terms of the above equations, the rate expressions (ii) and (iii) can be written as:
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Substituting these expressions into expression (i) and taking into account that:
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Fc can be expressed as:
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Then, defining:
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(iv)
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(v)

we arrive at eq. 3.
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(eq. 3)

Derivation of Equation 4

The first derivative of 
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 with respect to 1/T is:
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(vi)

and assuming Arrhenius behavior for the rate constants constituting Fc , the first derivatives of the terms 
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Substituting these expressions into expression vi results in eq. 4:
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Derivation of Equation 6

From the definition of 
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It follows then that:
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Combining expression v and the fact that 
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, eq. 6 is obtained: 
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(eq. 6)

where k’-cage is the maximum value of k-cage (i.e., the value when θcage = 1 so that all of the A/B radical pairs react in-cage as shown in step 6).  Then, combining 
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 is obtained. This indicates, as expected, that there exist multiple solutions (i.e., values of 
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Derivation of equations 7 and 8

Starting with the definition of 
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The first derivative of eq. 5 with respect to 1/T is:
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(vii)

since
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(viii)

After substituting the above expressions into expression vii and reorganizing, eq. 7 is obtained:
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(7)

On the other hand, equation 5 can be rewritten as:
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whose first derivative with respect to T is:
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and because 
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(ix)

Rewriting expression viii as 
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and substituting it into expression ix yields eq.8: 
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(8)

Derivation of Equations 9 and 10 
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(x)

so that the ratio 
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(xi)

Defining 
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the first derivative of expression xi with respect to 1/T is:
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(xii)

and
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Substituting the above expression into expression xii yields eq. 9:
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(9)

Finally, considering that:
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expression xi  can be written as:
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(xiii)

whose integrated solution is:
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Substituting the above solution into expression xiii yields eq. 10:
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