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AppendiX: Solution of the differential equations associated with mechanism 2
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Let us denote the concentrations of different species involved in mechanism 2 by ¢ marked

with the corresponding subscript. The rate constants can be defined as the inverse of the

e 1
characteristic times; k; =7

The system of linear differential equations related to mechanism 2 can be written as follows:

d
d—Ctl = KiC, (A1)
dc
d_t2 = ki ¢, — KinC, (A.2)
dc
"L = KinC,_p — KinCo_y (A.3)
dt
dc
o= Ko = (kg + koo, (A4)
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dt - knC:n - k1Cfree (A'S)
d

Cc;ttr = k1Cfree - kZ(Z:tr (A'6)
% = K, +kyC, (A7)

Theinitial conditions to be considered are

Calizo = Calicg =+ = Calico = Creclico = Gl = Cohg =0 (A8)

Let the unknown concentration functions in the above system of differential equations be
replaced by their Laplace-transforms, keeping in mind the initial conditions. To get the

corresponding Laplace-transformed equations, we have to replace the differential operator by a

. d , :
formal multiplication operator (Rodiguin et al., 1964) P= a0 The resulting equations are:

Pc; = Pcy =~k (A.9)
Pc, = kin€, —kinC; (A.10)
Pc, =kinC_ — (kn + k3)cn (A.11)
PCiree = KnCq — k1Cfree (A.12)



I:)C:tr = k1Cfree - k2(:tr (A~ 13)

PCS = kZCtr + k3Cn (A.l4)

In mechanism 2 there is no feedback present, thus equations (A.9)-(A.14) can be solved in
succession as ordinary algebraic expressions. As aresult we can calculate the L aplace-transforms of

the concentration functions in terms of P.

Solving eg. (A.9) for ¢, and eg. (A.10) for c, we have:

Pc,
= A 15
%= Bk (A15)
KinCy
=— A.16
C2 P+kth ( )
Let us substitute eg. (A.15) in eg. (A.16) to get C,:
c, :thhz (A.17)
(P+ky)

Continuing this procedure step by step, we can determine the following L aplace-transformed

functions:

P,k ?
¢ - A18
n—1 ( P + kth)n—l ( )

kthCn—l

cC,=—1—— A.19
" P+k,+k, (A.19)
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kn Cn

Pcok kit
Ciree = — (A22)
(P+k)(P+k, +ks)(P+ky)
_ k1Cfree
b (A23)

C. = PCokn klktrrz_l (A 24)
! (P+k,)(P+ky)(P+k, +ks)(P+ky )" '

cC = kZCtr + kscn

) P (A.25)
_ Cokt?u_l E K,k K, K %
Cs = (P+k,)" " HP+k)(P +”k2)(P +k, +ks) * (Pek, 7] (A.26)

The concentration functions for e, to e, can be determined by an inverse Laplace-

is tn_l e
(P+a)”  (n-1)

transformation of the above functions. The inverse Laplace-transform for et

Applying thisin eg. (A.18) we get the concentration functionsfor e; to e, _;:

_Co (ktht)j_l K

N7 inl i —
C = (j—l)! e ]=1.n-1 (A.27)

The overall concentration of the speciesincluded in the thermalization processis:

n-1 n—2 (K t j
Crot =  Cj = Goe ! z% (A.28)
=1 =k
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The inverse Laplace-transform for P —is ;%-alt _e-aztnz ((a2 al)t) E_
U U

(P + al)(P + az) (az—a)"

Applying thisin eg. (A.20) we get the following concentration function for e, :

E ~(k,+h )t _ ekt niz((kth B (k.n + k3))t)I
g =0 !

(A.29)
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To determine the concentration functions for the remaining species included in the mechanism,

we use direct integration. Egs. (A.5) and (A.6) are special cases of the inhomogeneous equation

v,

Py =10 (A30)

The solution of this equation 1s (Fraleigh, 1990)

Ot t o o o
y =exph | p(x)dx% +[r(y) expg p(z)dzLelyH (A31)
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Rewriting (A.4) and (A.5) in the form of (A.30), we get:
% + k1Cfree = knCn (A~32)
dcy
d_C;-l_ k2(::tr = 1Cfree (A~33)

Writing the solutions of the differential equationsin the form of (A.31), we have to evaluate the

following integral:

t 0 m i N
Ixme‘axdx: m El—e_at2@ 0 (A.34)
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The resulting solutions can be given as:
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Ciree = CoK %( (kn +k3)% E K, (k +k ) ©
(A.35)
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(ko tke)t _ kot e e EFnZZ ( th (kn +|ks;)) 0 (A.36)
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Finally the concentration function for the solvated €l ectron can be calculated from:
Cs =Co ~Chot =Cp ~ Cfree —Cy (A37)



