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Kinetic analysis for Scheme 2
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Assuming the stoichiometry as written in Scheme 2, we can write....

-d[H2O2]/dt = -d[2]/dt = k1.[ H2O2].[1].

In addition at any given (.....

Abs (total) = Abs (H2O2) + Abs (1) + Abs (2) + Abs (product).

= 0 + Abs (1) + (2.[2] + (product.[product] at ( = 283 nm

= Abs (1) + (2.[2] + (product.([2]0 - [2]) since [product] = [2]0 - [2]
= Abs (1) + (product.[2]0 + ((2 - (product).[2]

Differentiating gives....

-d Abs/dt = -((2 - (product).d[2]/dt + dAbs (1)/dt = ((2 - (product).k1.[ H2O2].[1] + dAbs (1)/dt

Next we consider the ( values.

at t = 0, Abs0(total) = Abs (1)0 + Abs0(2)

= Abs (1)0 + (2.[2]0, so (2 = (Abs0 - Abs (1)0)/[2]0
at t = (, Abs( (total) = Abs (1) ( + Abs( (product)

= Abs (1) ( + (product.[product] (
but [product] ( = [2]0
so Abs( (total) = Abs (1) ( + (product. [2]0, so (product = (Abs(  - Abs (1) ()/[2]0
therefore, ((2 - (product)  = (Abs0 - Abs (1)0)/[2]0 - (Abs(  - Abs (1) ()/[2]0
= {(Abs0 - Abs() - (Abs (1)0- Abs (1) ()}/[2]0.

However, in separate expts. it was noted that Abs changes due to oxidation/destruction of catalyst 1 and loss of H2O2 at 283 nm were small compared to those due to 2, i.e. (Abs0 - Abs() >> (Abs (1)0 - Abs (1) () and therefore ((2 - (product)  = (Abs0 - Abs()[2]0 and dAbs (1)/dt ( 0.

Finally.....

-d Abs/dt = {(Abs0 - Abs()/[2]0}.k1.[ H2O2].[1]

Conversion of equation (3) to equation (4)
From (3) dAbs/dt = x.[H2O2].[(F20TPP)Fe408]

 At any time during the reaction Abstotal = Abs408 + Absproduct where Abs408 and Absproduct are absorbances due to  (F20TPP)Fe408 and to ‘decomposition’ product, respectively.

so Abstotal = (408[(F20TPP)Fe408] + (product[product]

If [product] = [(F20TPP)Fe408]0 - [(F20TPP)Fe408] then.....

Abstotal = (408[(F20TPP)Fe408] + (product [(F20TPP)Fe408]0 - (product [(F20TPP)Fe408]

= (product [(F20TPP)Fe408]0 + ((408 - (product)[(F20TPP)Fe408]

Differentiating gives ... -dAbs/dt = - ((408 - (product).d[(F20TPP)Fe408]/dt

So -dAbs/dt = - ((408 - (product).d[(F20TPP)Fe408]/dt = - x.[H2O2].[(F20TPP)Fe408]

and rearranging gives d[(F20TPP)Fe408]/dt ( [H2O2].[(F20TPP)Fe408] = - x/((408 - (product).

But by definition kd = - d[(F20TPP)Fe408]/dt ( [H2O2].[(F20TPP)Fe408] so this means that ..

kd = x/((408 - (product) or that x = ((408 - (product).kd
and dAbs/dt = ((408 - (product).kd.[H2O2].[(F20TPP)Fe408]

Now at t = 0, Abs’0 = (408[(F20TPP)Fe408]0  (This is, in effect, the absorbance that would be due to (F20TPP)Fe408 if it were ‘instantaneously’ formed; so Abs’0 is the absorbance due to the ‘initial’ concentration of (F20TPP)Fe408)

while at t = (, Abs( = (product[(F20TPP)Fe408]0
So ((408 - (product) = (Abs’0 - Abs()/[(F20TPP)Fe408]0
Assuming that all 1 is converted to (F20TPP)Fe408, the value of [(F20TPP)Fe408]0 is (within the leeway of the initial-rates method) = [1]0, so ... ((408 - (product) = (Abs’0 - Abs()/[1]0
and... -dAbs/dt  = {(Abs’0  - Abs()/[1]0}.kd. [H2O2].[ (F20TPP)Fe408]

Determination of kfobs
Assuming no absorption due to bleached product (not unreasonable in the early part of the reaction).

Abstotal = Abs1 + Abs(F20TPP)Fe408 

For consecutive reactions (see ref. 20) the value of [1] at any time, t,  is given by the equation below, where ka is used here for the observed rate constant of the first step, kfobs, and kb is used for the observed pseudo first-order rate constant for the second step, kobs = kd.[H2O2].

[1] = [1]0.exp(-ka.t) and [(F20TPP)Fe408] = {[1]0.ka/(.kb - .ka)}.{exp(-ka.t) - exp(-kb.t)}

Since Abstotal = (1.[1] + ((F20TPP)Fe408.[(F20TPP)Fe408].

Then Abstotal = (1. [1]0.exp(-ka.t) + ((F20TPP)Fe408.{[1]0.ka/(.kb - .ka)}.{exp(-ka.t) - exp(-kb.t)}

But if ka >> kb, 

Abstotal = (1. [1]0.exp(-ka.t) - ((F20TPP)Fe408.{[1]0.{exp(-ka.t) - exp(-kb.t)}

and gathering terms....
Abstotal = {(1. [1]0 - ((F20TPP)Fe408.[1]0}.exp(-ka.t) + ((F20TPP)Fe408.{[1]0.exp(-kb.t)

However, the term ((F20TPP)Fe408.{[1]0.exp(-kb.t) is just the overall absorbance as found after the first reaction is over.  Furthermore, since this Abs is approximately linear over the early part of the second reaction, the contribution to Abstotal from ((F20TPP)Fe408.{[1]0.exp(-kb.t) even in the early part of the first reaction can be interpolated from the ‘initial rate’ plots (such as the inset to Figure 5) for the second reaction.

Thus, if Abs(F20TPP)Fe408 =  ((F20TPP)Fe408.{[1]0.exp(-kb.t), then...

Abstotal = {(1. [1]0 - ((F20TPP)Fe408.[1]0}.exp(-ka.t) + Abs(F20TPP)Fe408
and...

Abstotal - Abs(F20TPP)Fe408 = {(1. [1]0 - ((F20TPP)Fe408.[1]0}.exp(-ka.t)

So...

ln{ Abstotal - Abs(F20TPP)Fe408} = ln{(1. [1]0 - ((F20TPP)Fe408.[1]0} - ka.t 
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Figure Supp1 - Oxidation of 3-cycloheptyl-2-hydroxynaphtho-1,4-quinone - Plot of Abs283 vs. t.   Inset - Expansion of initial 20% of reaction
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Figure Supp2 - Decomposition of 408 nm peak - Plot of ln(Abs-Absinfinity) vs. t
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Figure Supp3 - Plot of ln(Abs - Abs') vs. t for the formation of the 408 nm peak
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Figure Supp1 - Oxidation of 3-cycloheptyl-2-hydroxynaphtho-1,4-quinone - Plot of Abs283 vs. t.   Inset - Expansion of initial 20% of reaction
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Figure Supp2 - Decomposition of 408 nm peak - Plot of ln(Abs-Absinfinity) vs. t
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Figure Supp3 - Plot of ln(Abs - Abs') vs. t for the formation of the 408 nm peak
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Figure Supp1 - Oxidation of 3-cycloheptyl-2-hydroxynaphtho-1,4-quinone - Plot of Abs283 vs. t.   Inset - Expansion of initial 20% of reaction
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Figure Supp2 - Decomposition of 408 nm peak - Plot of ln(Abs-Absinfinity) vs. t
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Figure Supp3 - Plot of ln(Abs - Abs') vs. t for the formation of the 408 nm peak
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