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The paper presents a model for studying the kinetics of simultaneously
occurring spontaneous and photochemical redox reactions of complexes.
Conditions of the general and concrete applications of this model for study of
redox processes of halogeno complexes of Fe(I) and Fe(III) are discussed.

B pa6GoTe nmpuUBOOUTCA MOAENb NJISi U3YYEHUS KHMHETHMKH OJHOBPEMEHHO
NPOTEKAIOUIMX CAMONPOU3BONbHBIX U (POTOXUMHUYECKUX OKHCIMTEILHO-BOC-
CTaHOBMTENILHBIX peaklMi KOMIUIEKCHRIX coefnuHeHui. OO6cyxnaloTcs BO3-
MOXHOCTH IPUMEHHUMOCTH 3TOW MOAENH BOOOLIE U B YaCTHOCTHU NPU H3YYEHUH
OKHCJIUTENLHO-BOCCTAHOBUTELHBIX MpOLeccoB rajoreHokoMmiekcos Fe(1T)
u Fe(III).

During irradiation of the systems of chloro and bromo complexes of Fe(II) and
Fe(III) in the mixtures of acetone and methanol several redox processes occur at
the same time : photoreduction of Fe(III) to Fe(II) accompanied with the oxidation
of methanol [1], spontaneous” oxidation of Fe(II) to Fe(III) by acetone due to the
mutual influence of ligands [2], as well as the oxidation of Fe(II) to Fe(III)
sensitized by the photoexcited Fe(III)* complexes® [3, 4]. The rate of reactions or
the values of the quantum yields of the products of individual processes are
influenced by the system composition.

The aim to evaluate quantitatively the effect of the system composition on the
course of individual redox processes has resulted in necessity to find out a method
by means of which it would be possible to determine the rate constants and
quantum yields of individual processes from the experimentally measurable data,
as well as the constants of the Stern—Volmer sensitizing equation [5].

“Instead of ‘“‘spontaneous reaction” the terms ‘‘dark reaction’ or *“thermal reaction” are used in the
literature as well. .
* Asterisk will denote the particles in electronically excited states.
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The model suggested in the paper can be applied to the systems in which
radiation is absorbed by the sensitizer only (complexes with the central atom at
a higher oxidation state) and in which the sensitizer is the product of a spontaneous
and photochemical oxidation of the quencher (complexes with central atom at
a lower oxidation state). It is applicable also to the systems of halogeno complexes
of Fe(II) and Fe(III) studied in [1—4].

Results and discussion

The processes occurring in the irradiated systems of halogeno complexes of
Fe(II) and Fe(III) can be expressed by the reactions as follows

Fe(I1I)— Fe(III)* (1)
Fe(I11)* - Fe(III) 2)
Fe(II1)* + Fe(II) 3 Fe(IIT) + Fe(IT) 3)
Fe(III)*iiFe(II) + product of the oxidation of ligand L, 4)
Fe(II)—kiFe(III) + product of the reduction of ligand L, )
Fe(II1)* + Fe(II)—3 Fe(III) + Fe(I1)* (6)
Fe(I1)*—$ Fe(IT) (7)
Fe(II)*:;Fe(III) + product of the reduction of ligand L, (8)
or by the scheme
Fe(nl)
k1 k6
k
Fe(ll) —= Felm)® + Fe() —3— Fe(m) + Fe(m® (9)
k k k
\_2/1 3 l 4 k
+ Fe(l) Fe(1N) Fe(Im) Fe()
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where Fe(II) and Fe(III) are complexes of Fe(II) and Fe(III), I is the light flux of
radiation absorbed by Fe(III) complexes, k, through k, are rate constants of
individual processes.
In the following paragraphs the Fe(III) concentration will be denoted S
(sensitizer), the Fe(II) concentration as Q (quencher in the sensitized processes).
The quantity of radiation I absorbed by the system is given by the following
relation

I=1I,(1-10"%) (10)
where I, is the intensity of incident light of a certain wavelength A, € is a molar

absorption coefficient at given A, [ is the cell length with irradiated system.
Using eqns (1—8), the dependence of the change of S on the time can be derived

ksk,Q — ki(ke+ k7)
[(ki+ ks) + (k2 + ks)Q)(ks + k7)}

as . . .
S =kQ" +L(1-10 'S){

(11)

(provided that the relations for stationary state are used); it is possible to derive

from these equations also the dependence of the value of the absorbance A of the

systems in the region in which the light is absorbed only by the Fe(III) complexes.
The relation

dA ds

E- = Eld—t ( 12 )
is valid for the systems in which there is an equilibrium between several complexes,
this being unchanged with time. The systems studied in [1—4] fulfil this condition
within a certain range of S.

The value k. and the order of the reaction of spontaneous oxidation n in relation
(11) can be defined by following the spontaneous changes in the systems of the
Fe(II) complexes.

The difference of experimentally measured dependences of S on time in
irradiated and nonirradiated systems expresses changes of S with time as a result of
photochemical reactions only and we shall be discussing only these processes.

By following the dependence of S or A on time and by measuring I it is possible
to calculate the quantum yields of the photosensitized oxidation of Fe(II) to
Fe(III), @ .. (the rate of oxidation of Fe(II) to Fe(III) was higher in the case of the
irradiated systems of halogeno complexes of Fe(II) and Fe(III) than the rate of
spontaneous oxidation of Fe(II) to Fe(IIl)). The quantum yields ®.,, involve also
the change of S with time due to photoreduction of Fe(III) to Fe(II) (eqn (4)). In
such a case the Stern—Volmer equation has a nonlinear form

1 _ (ki + ki) + (k2 + ks)Q
‘Dexp ksno - k3

(13)
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where 7 is given by the following relation

i k7
M= e+ ky

(14)

and expresses the quantum yield of deactivation of Fe(II)* complexes by the redox
process.

The theoretical quantum yield of only photosensitized oxidation of Fe(II) to
Fe(III), @ wmeor, is higher than @.,, as the change of S with time found experimental-
ly, is lower due to reaction (4) than the change of S with time due to photosen-
sitized processes only. The Stern—Volmer equation in such a case has the form as
follows

1 ketks kitks
D iheor ksn ks'lQ

(15)

By comparing the relations (13) and (15) it is quite obvious that the difference
between P.,, and D ... is given as follows

ks

Piveor = Pero = Ty + (¥ K0)O

= Peean (16)

where @g.m, is the quantum yield of the reaction of the photoreduction of Fe(III)
to Fe(II). Both @ .. and P .., depend on time as Q changes with time except the
special case when
ds_dQ_
ar a0 (17)
The limiting quantum yield of the reaction of the photosensitized oxidation of
Fe(II) to Fe(Ill), ®@\n does rot depend on time

ksn

Pin = s

(18)

Provided that one knows the absolute values of some of the rate constants and
their ratios it is possible to solve the problem in general.

Employing pulse methods, irradiating of the systems containing only Fe(III)
complexes, it is possible to calculate the sum (k; + ks) on the basis of the Fe(IIT)*
lifetime, by calculating the quantum yield of the photoreduction of Fe(III) to
Fe(II), a ratio of the above-mentioned constants can be determined in such systems
(not containing Fe(II) complexes) and from these two data the absolute values of
k: and ks can be calculated.

Analogically, by irradiation of Fe(II) complexes the values of ks, k-, and ) can be
calculated provided that the irradiation results in the same excited state as in the
case of reaction (6).
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Having defined @, from the plotted dependence (13) and by calculation of @ .,
for the system with certain Q, equation for the calculation of the values k. and ks
can be derived

k,= N = Pi)[k1Pexp + ks(Pexp— 1)]

nQ(‘plim_ ¢exx,-) (19)
_ D[ k1 Pexp + ks(Pexp — 1)]
T T N @0

Thus, from the values k;, k., ki, and ks it is possible to calculate the Stern—Volmer
constant of sensitization Ksv [5]

ka+ks

st=k,+k3

(21)

which cannot be found exactly by the graphical method because of the nonlinear
equation (13).
In the case k,>k; eqn (15) or (13) can be reduced

1 1 _katks, ki

= = 22
¢e)q:t (ptheor ks'l ksﬂQ ( )

and from graphical presentation of this dependence when 7 and k, are known also
the values k. and ks as well as Ksv and @, can be found.

The possibility of the application of this method is conditioned by different
electronic absorption spectra of the complexes with the central atom at different
oxidation states, by the possibility to find out directly the absolute values of some
rate constants and in the case of the systems with equilibrium of the complexes by
time independence of the fraction concentrations of individual complexes during
redox processes.
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