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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(II) and Fe(III) are discussed. 

В работе приводится модель для изучения кинетики одновременно 
протекающих самопроизвольных и фотохимических окислительно-вос
становительных реакций комплексных соединений. Обсуждаются воз
можности применимости этой модели вообще и в частности при изучении 
окислительно-восстановительных процессов галогенокомплексов Fe(II) 
и 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], spontaneous0 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. 

6 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(III)-^Fe(III)* (1) 

Fe(III)*-^Fe(III) (2) 

Fe(III)* + Fe(II) Д Fe(III) + Fe(II) (3 ) 

Fe(III)*—>Fe(II) + product of the oxidation of ligand Li (4) 

k4 

Fe(II)—>Fe(III) + product of the reduction of ligand L2 (5) 

Fe(III)* + Fe(II)4Fe(III) + Fe(II)* (6) 

Fe(II)*^ÍFe(II) (7) 

Fe(II)*-^Fe(III) + product of the reduction of ligand l* (8) 

or by the scheme 

% 
Fe(n) 

Fe(m) Fe(IIl) + Fe(II) — ^ Fe(III) + Fe(n) (9) 

\ к J\k \k N s4 
I ! * 7 ^ 

+ Fe(It) Fe(H) Fe(m) Feiffl) 
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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, kx through k7 are rate constants of 
individual processes. 

In the following paragraphs the Fe(III) concentration will be denoted S 
(sensitizer), fhe Fe(II) concentration as О (quencher in the sensitized processes). 

The quantity of radiation J absorbed by the system is given by the following 
relation 

/ = /o ( l -10" £ / s ) (10) 

where I0 is the intensity of incident light of a certain wavelength Я, e is a molar 
absorption coefficient at given Я, / is the cell length with irradiated system. 

Using eqns (1—8), the dependence of the change of S on the time can be derived 

g-faQ- + m-10-)L. *twľlf Uvi +^) <"> 
át l [ (* i + fc3) + (k2 + ^5)Oj(A:6 + fe7) J 

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

6Л dS , ч 

ďľ=£/ďľ ( í 2 ) 

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 k4 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 5 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 5 or Л on time and by measuring / it is possible 
to calculate the quantum yields of the photosensitized oxidation of Fe(II) to 
Fe(III), Ф с х р (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(III)). The quantum yields Фсхр involve also 
the change of S with time due to photoreduction of Ре(Ш) to Fe(II) (eqn (4)). In 
such a case the Stern—Volmer equation has a nonlinear form 

1 ^(fci + fe) + (fc2 + fcs)Q 

Фсхр ks^O-кэ Ц } 
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where r\ is given by the following relation 

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), Фшеог, is higher than Ф с х р 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 ^кг + кь fci + Лсз / j^x 

Фи*** k5r\ k5r\Q 

By comparing the relations (13) and (15) it is quite obvious that the difference 
between Ф с х р and Ф е̂ог is given as follows 

к 
ф,,™ - Ф е ч,=щтЩтЬ^Що = фре(п) (16) 

where ФРе(п> is the quantum yield of the reaction of the photoreduction of Fe(III) 
to Fe(II). Both Ф1Ьеог and Фсхр depend on time as Q changes with time except the 
special case when 

£-£-• 
The limiting quantum yield of the reaction of the photosensitized oxidation of 

Fe(II) to Fe(III), <Plim does rot depend on time 

*--i& (!8> 
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 (kx + k3) on the basis of the Fe(III)* 
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 i and къ can be calculated. 

Analogically, by irradiation of Fe(II) complexes the values of k6, k7, and r\ 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 Ф И т from the plotted dependence (13) and by calculation of Ф е х р 

for the system with certain O, equation for the calculation of the values k2 and k5 

can be derived 

. (q - <Pum)[ki<Pcxp + /с 3(Фср- 1)] п о л 

, _Фит[к1Фсхр+к3(Фсщ>-1)] 
k s ' пОСФшо-Ф-р) ( 2 Ö ) 

Thus, from the values fcb fc2, k3, and fc5 it is possible to calculate the Stern—Volmer 
constant of sensitization KSv [5] 

K"=TBŽ, <2'> 
which cannot be found exactly by the graphical method because of the nonlinear 
equation (13). 

In the case ki>k3 eqn (15) or (13) can be reduced 

1 _ 1 _ ^2 + k5 ki (2?\ 
Фежр Ф ^ с о г k5r\ k5r\Q 

and from graphical presentation of this dependence when r\ and k\ are known also 

the values кг and k5 as well as KSv and Фцт 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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