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Abstract 

The stepwise formation constant of the kinetically labile PbI,’ complex was determined in acetonitrile ( K, = 27 :: 3 dm’ mol ’ ), The 

lowest-energy bands in the absorption spectra of the tri- and tztraiodoplumbate( 11) complexes are attributed to ligand-to--metal charge transfer 

transitions. Photolysis of these complexes in solution results in the formation of PHI 1) and I or I, as primary products. The quantum yield 

of this reaction is 0.10 +_ 0.005 for both complexes at 355.nm excitation. The efficiency of the overall reaction ( with the formation of 1, as 

end product) is higher for the Pbl; than for the Pbl,’ complexes ( qjI,, = 0.026 k 0.002 and @a = 0.0 IO + 0.00-t) in air-saturated system. 

A,,r = 366 nm, C,,, ,, = I X IO ~’ mol dm ‘) due to the different repulsion towards the negatively charged reactants. The overall quantum 

yield is essentially determined by the competitive dark reactions ofthe primary products, mostly by those of I, One key itep in the mechanism 

is the reaction between the I2 intermediate and the ground-state lead( II ) complexes. with rate constants of 3.4 t I I K IO’ dm’ mol ’ s ’ 

and 7.0~ 2.0 X 10’ dm’ mol ’ s ’ at 37 and 94 partial molar percentages of Phi, , respectively. 0 lYY8 Elsebier Science S.A. All 

rights reserved. 

1. Introduction 

Formation of kinetically labile comp’,exes with halo 
ligands in water and different non-aqueous solvents is typical 
for main-group metal ions with an s2 electronicconfiguration. 
such as Tit. Sn”. Pb”, Sb3’. Bi’+ and Te.‘+ [ 1.21. 
Numerous of these halo complexes proved to undergo pho- 
toinduced charge transfer reactions [ 3 1. Depending on the 
composition of the complex (types of the metal and the 
Ii&and) and the experimental conditions (e.g.. the presence 
of air). both oxidation and reduction of the metal center ions 
can occur. While in air-saturated solution>, the chloro com- 
plexes of s2 metal ions undergo a photooxidation by inter- 
molecular excited state electron transfer to molecular oxygen 
[ 4-6 1, in deaerated systems photoreduction of the metal cen- 
ter and the oxidation of the ligands were observed with the 
bromo and iodo complexes [&9 1. The diversity in the pho- 
toredox behavior of these halo complexes can be interpreted 
by their excited state properties. While the chloro complexes 
are characterized by low energy sp excited states I5.h.8], a 
large ligand-to-metal charge transfer (LMCT) contribution 
has been shown for the iodo complexes [ IO 1. A confirmation 
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of the LMCT photochemistry was the detection of the I,- 
radical ion by flash photolysis of triiodoplumbate( II) in ace- 
tonitrile 1 10 1. No effort has. however, been made to study 
the effect of the coordination number on the photoredox 
behavior of these complexes and to elucirlate the mechanism 
of their photoinduced reactions. 

Since in organic solvents of low coordinating ability the 
stepwise formation constants of the kinetically labile halo 
complexes is considerably higher than in protic media [ I l- 
I3 1, a relatively small change in the cone entration of the free 
ligand can signiticantly influence their complex equilibria. 
Thus. acetonitrile was utilized as solvent for the photolysis 
of the tri- and tetraiodoplumbate( II) complexes. The aim of 
our work was to elucidate how the coordination number 
affects the photoactivity of these species and what kind of 
reaction mechanism is operative in this system. 

2. Experimental 

Stock solutions of reagent grade and properly dried PbI, 
and Et,NI were used to prepare the solutions of desired metal 
and ligand concentrations for spectral and photochemical 
measurements. Dry spectrograde CHJCN was used as sol- 



vent. Iodine of the same quality served for calibration. Deox- 
ygenation of the samples was carried out by purging with 
CH,CN-saturated argon for at least I 7 before the measure- 
ments. The solutions used for stability constant measure- 
ments (at room temperature) contained It)-’ mol dm ’ 
PhilI) (as Pbl,) and 2.63X 10 ‘-6.35X IO-’ mol dm ’ 
iodide ( as Et,NI ). thus. the ionic strength wax in the same 
range. 

The absorption spectra were recorded on a GBC CV/VIS 
9 I 1 A spectrophotometer. using I -cm quartz cuvettes. Typi- 
cally the irradiations were carried out with 12.5cm’ solutions 
in s-cm cells at room temperature. For continuous photolysis 
at different wavelengths an AMKQ LTI system consisting of 
a I SO-W high pressure Xe-Hg arc lamp and a monochromator 
was utilized. Incident light intensity was determined with a 
thermopile calibrated by ferrioxalate actinometry [ 141. 
Quantum yield measurements were carried out with samples 
of nearly 100% light absorption. 

Time-resolved experiments were performed using a laser 
flash photolysis system previously described [ 151, The exci- 
tation laser was either a Spectron SL-402. or a Brilliant 
(Quantel) NdYAG laser, yielding 355-nm pulses of about 
15ns duration. Aberchrome-540 served as an actinometerfor 
quantum yield determination at 355 nm [ I6 1. 

Peroxide was quantitatively determined by the method of 
Ovenston and Rees [ 171 which is based on the catalytic 
oxidation of iodide to iodine. 

3. Results 

Our preliminary investigations showed that in the absence 
of excess ligand Pbl, partly dissociates, even in acetonitrile. 
The stepwise stability constants of kinetically labile ML,, 
complexes generally decrease with an increase in coordina- 
tion number II. Thus. for a nearly total conversion of 10 ’ 
mol drn-‘ Pbl, to PbI, it was necessary to add at least IO 
times the stoichiometric amount ofligand. At an added iodide 
concentration of 2.63 X IO ’ mol drn- ’ the spectrum of the 
solution displayed two strong absorption bands in the 300- 
500-nm range: one at 32 I and the other at 366 nm (Fig. I. 
curve ( CI) ). These bands were unambiguously assigned to 
the triiodoplumbate( II) complex [ IO]. Upon increasing the 
concentration of the ligand excess up to 6.35 X IO-’ mol 
dm I. new bands appeared at 408 nm and below 300 nm, 
while the peak at 366 nm disappeared, resulting in two isos- 
bestic points at 341 and 381 nm clearly indicating that the 
lead( II) was distributed between the two complexes, Pbl,- 
and PbI,‘- in equilibrium, i.e. 

PbI, +I- oPbI:- (1) 

The spectra shown in Fig. I were determined against ref- 
erence solutions containing the same amount of added iodide 
as the samples. Since the molar absorblances of iodide ion at 
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wavelengths longer than 300 nm are several orders of mag- 
nitude smaller than those of the complexes studied and the 
iodide imbalance due to the coordination in the samples was 
negligible in this concentration range. no correction of the 
recorded spectra was necessary before quantitative analysis. 

Since the solubility of Et,NI limited the ligand excess in 
this system. a nearly 100% conversion to PbI,‘-~ could not 
be achieved. Moreover, the PbI?-PbI,- and PbI,~ -PbI,‘- 
equilibria hamper the existence of the PbIl complex alone. 
Thus, the spectrum of neither the tri- nor the tetraiodoplum- 
bate( II) could be directly determined. Hence. the molar 
absorbances of both complexes ( cj and F~) were also treated 
as unknown in the determination of the stepwise formation 
constant for the tetraiodo species (EC,). 

A Marquardt nonlinear regression was applied to the well- 
known equation, 

s=(E.I+F‘$K.,[I I)I(l-tK,[I 1, (2) 

=F4+(Ej-EJ)/(l+t.,[I 1) 

where E (dependent variable) is the molar absorbance of the 
lead( II) solution and [I ] is the free ligand concentration 
(independent variable). Taking the average of the results 
determined at different wavelengths in the 320-330.nm 
range, the value of 27 + 4 dm3 mol ’ was obtained for K4. 
the reliability of which is demonstrated by the linearity of the 
plots of 6 vs. I / ( I + KJ[ I 1) at selected wavelengths (Fig. 
2 ), From this stability constant, the individual spectra of both 
complexes were determined by simple linear regression using 
Eq. (2 ). and these are shown in Fig. 3. 

Upon continuous irradiation in the 320-430-nm range, a 
new wide band developed at A,,,, =. 360 nm. consistent with 
the formation of the triiodide anion, I, - (Fig. 4). As previous 
studies showed [ IO 1. no side reaction or secondary process 
occurs in this system, and the presence of oxygen does not 
affect the course of the reactions, i.e.. the absorption spectrum 
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Fig. 2. Molarahsorbance ~5. I !  I I + K,I 1 ] I plot\ for tilt‘ Pbt II )-I system 
in acetonitrile ‘tt selected wavelengths (Cl+, ,, = IO ’ mol dm ‘, K, = 27 
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Fio ~. 3. Individual absorption spectra of Phi; (~~1 and Phi,‘- (6,) in 
acrtonitrlle and meraIl quantum yields ( (I,, for I / formation 1 in holutlon5 
containing 263X 10 ’ mol dm ’ I 17 ) and 6.35 X IO ’ mol dm ’ t n ) 

excess iodide (C,,,,, ,,, = IO ’ mol dm ’ ), 

of the solution changes in the same way ai in the deaerated 
system, with only the rate of the change \wying. This per- 
mitted the use of aerated solutions for the continuous photol- 
ysis studies. From the initial rates of absorbance change in 
irradiated solutions. the quantum yields for the formation of 
triiodide ion have been determined at dil’fcrent irradiation 
wavelengths using the molar absorbances of both I, and the 
complexes at 360 nm. The dependence of the quantum yield 
at A,,, = 366 nm on the concentration of the excess ligand) 
(Table I ) indicated that the individual quantum efficiency of 
the triiodoplumbates( II) is higher than that of the tetraiodo 
species. The irradiation-wavelength dependence of the quan- 
tum yield at lower and higher free ligand concentration ( i.e., 
in solutions containing predominantly trijodo and tetraiodo 
species. respectively) was also determined (Fig. 3). 

The influence of the Pb( II ) concentration on the quantum 
yield was measured at 35% and XX-nm irradiation wave- 
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Fig. 1. Temporal spectral changes during the photc,lysl\ of IO ’ mol dm - ’ 

Phi, in ur-saturated acetonitrile (C,(xkled) =:!.63 X IO ’ mol dm ‘, 
A,,, = 3% nm. At = 30 h. I= I cm). Curwk (0 i and t II I arc for 0 and 3-min 
madiatinn time. In\ct: difference ~pcotrum t hw,). 

Table I 
The cfftct of the concentration 01‘ the cxccss liynd ( C,I added I ) on the 
quantum yield at A,,, =.366nm t@) iC,,,=lO ’ mol dm ’ ) 

Il)~(C,(.ldd~d)!moldln ‘1 0.763 0.522 0.910 2.52 3.69 6.15 

IO’ 4) 7.x 2.i ?.I I .9 1.0 1.6 
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Fif. 5. Over,dl quantum yields for 1; formation determined hq continuous 

irradiation t A.,, = 3.55 nm and 356 nm I and simulated hy the model based 
on fhh photolqsl> results , A,,, = 355 nm I as function> of the leadi 11 I con- 
centration in air-uturated acrtonltrile ( C,( ;Ijded 1 = 2.63 X IO ’ mol 

dm ‘I. 

lengths. The quantum yield for the triiodide formation line- 
arly increased with the Pb( II) concentration (Fig. 5). 
Precipitation of metallic lead was also observed during pro- 
longed irradiation. Peroxide was also detected in air-saturated 
solutions that were photolysed. In a solution initially 
containing IO-’ mol drn-~ ’ PbI, and 2 63 X 10-j mol dm --’ 
added iodide, 3.73 X IO- ’ mol drn- ’ peroxide was formed 
after 5 min of irradiation at 36h nm. while the concentration 



of I,- formed was 6.95 X IO-’ mol dm I. As a compari<on, 
in a degassed solution of the same composition 5.21 X IO-’ 
mol drn-j I,- was measured after a S-rnin photolysis at 366 
nm. Generally. in the absence of oxygen the quantum yields 
for the triiodide formation were 25-35s lower than in aerated 
systems. Addition of ethanol did not significantly affect the 
photoredox activity of the iodoplumbate( II) complexes in 
acetonitrile. 

Aerated solutions of iodopIumbate( II) complexes were 
also excited by I5ns laser pulses at 355 nm. In accordance 
with our previous observations [ IO], 2 shot--lived interme- 
diate was detected, which can be attributed to I,- (Fig. 6) 
on the basis of its transient spectrum (absorption bands at 
390 and 750 nm) [ IX]. The disappeiirdnce of the Ph( II) 
species in the primary photochemical re,lction, i.e.. bleaching. 
decreases the absorbance by II. Since the iodoplumbatc( II) 
complexes do not absorb at 750 nm. the diiodide concentra- 
tion could be determined from A:,,,. and using this value also 
as the concentration of the Pb( II) species converted, a cor- 
rection could be made by addition of their absorption spectra 
to the measured one. The corrected spestrum of I, obtained 
in this way can also he seen in Fig. 6. 

The diiodide intermediate underwent a mixed- (first and 
second) order decay (Fig. 7 ). At the end of the transient 
taken at 390 nm a residual absorbance was detected. The 
absorption spectrum of this residue taken 100 tns after the 
pulse was the same as that of I, The quantum yield for the 
formation of diiodide was determined from the peak values 
(at I .S ms after the pulse) of the tranGents at 390 and 750 
nm. using 9400 dm3 mol ’ cm ’ and 2800 dm’ mol ’ cm- ’ 
[ 181, respectively, as the molar absorbances of I, ~. Chang- 
ing the concentration of the ligand excess in the range of 
2.63 X 10~ ‘-6.35 X IO-~’ mol drn-’ did not significantly 
influence this quantum yield. Since thz partial mole ratio of 
PbI 1 decreased from 94%. to 37% in this concentration 
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Fig. 7. Tranhirnt ahsorption at 190 nrn I condition\ as in Fig. 61. 

range. both the tri- and the tetraiodoplumbate( II) complexes 
show the same efticiency ( @= 0. IO i 0.005 ) for the I, for- 
mation. The peak absorbance of the diiodide intermediate 
proved to he proportional to the pulse energy (in the 6-20- 
tnJ range). indicating a monophotonic process. Since the 
decay of the I1 intermediate involkcs several reactions (see 
Section 4). determination of the rate constants for these reac- 
tions needed a mathematical analysis of the transient curves 
taken at different Pb( II) concentrations. The procedure was 
based on the model suggested in Section 4. and the corre- 
sponding results for 2.63 X 10- ’ mol dm ’ and 6.35 X IO-’ 
mol dm ’ iodide concentrations ( c‘, ( added ) ) are presented 
there. 

4. Discussion 

Whereas in a protic solvent the stepwise stability constants 
of only the monohaloplumbate ( II ) complexes could be deter- 
mined [ I l-131. in aprotic media such as CH,CN stability 
constants of higher coordination number species can be 
obtained. Thus. sitnilarly to the chloro and bromo systems 
[ 9. I9 1. tri- and tetracoordinated iodoplumbate( II ) com- 
plexes exist in the 10 ‘-0. I mol dm -’ concentration range 



of the free ligand. When comparing the values of K4 for the 
three halo systems (Cl vs. Br vs. I) (Table 2), it can be seen 
that the value for PbBr,‘- is considerably larger than those 
of the other halo complexes. Qualitatively this can be 
explained in terms of hard-soft acid-base theory [20], 
according to which the bromide ion is a moderately soft base 
(ligand). while the Pb’+ ion is a moderately soft acid (metal 
center). Thus. the interaction of Pb” with Br- can be 
expected to be significantly stronger than with the harder Cl 
or the softer I ions. Since harder bases are less favorable 
ligands for Pb’+ than softer ones, the chloro complex has the 
lowest stability constant in this series. 

As previous studies revealed [9,10.19], the absorption 
spectra of the PbX,- complexes are basically characterized 
by metal-centered sp transitions. In the case of the tribromo 
and especially the triiodo complexes. however, the contri- 
bution of LMCT transitions is signihcant as indicated by a 
red shift of the longest-wavelength band (Table 2). A similar 
red-shift can be observed in the absorption band of the tetra- 
bromo- and tetraiodoplumbate( II) complexes as well, and 
the crucial role of LMCT character in thin band is demon- 
strated by the fact that these two complexes undergo photo- 
reduction when irradiated into this band [ 9.10 J , whereas the 
Pb( II) center in the chloro complexes undergoes photooxi- 
dation in the presence of air [ 191 under similar irradiation 
conditions. 

Due to the LMCT character of the low-energy transitions 
of the iodoplumbate( II) complexes their photolysis leads to 
the reduction of the metal and the oxidation of the iodide 
ligands. While metallic lead and I,- are the final products of 
the photoinduced processes in these systems. a Pb( I)-1 pair 
(Pb( I) represents PbI,’ or PbIl- complex) is formed in 
the primary photochemical step (Eq. (3) ), 

ii I, 
pbI(,;‘-“- 4 pbI;;‘_ ,“- +I (31 

This pair can undergo a back reaction resulting in the initial 
ground-state complex (Eq. (4) ) 

PbI’,:~,~‘~+I~Pbl(~:‘~” (3) 

or other thermal reactions may occur leading to the tinal 
products, Since the concentration of the free iodide was 
greater than 2.3 X lop3 mol drn-’ in the solutions studied. 
formation of I?- occurred in all cases ( EC,. ( 5 ) ), due to the 
high value of the corresponding rate constant (k, = 7.6 X 10” 
dm’moll’s~‘) (211. 

1+1-+I, (5) 

This intermediate can react with Pb( I) species (Eq. (6) ) or 
undergo recombination. i.e., dismutation (Eq. (7) ) 

I~+I,+I;+I (7) 

Both of these reactions should be second-order, but since the 
I?- intermediate exhibited a mix-order decay. at least one 
reaction of first-order kinetics has to play a significant role in 
the disappearance of I,-. Only the Pb( II) species. other than 
iodide ion, can be found in substantial (about one order of 
magnitude) excess compared to the concentration of I,- (ca. 
I X IO-- ’ mol dm ~ ’ ) in this system, and, therefore, a reaction 
between I, and the ground-state iodoplumbate( II) com- 
plexes may take place ( Eq. ( 8) ) 

PbIj;‘--” -+I+PbI’,:‘:,“-+I; (8) 

This conclusion is confirmed by the C:,,,,,,-dependence of 
the overall quantum yield for the I, - formation ( Fig. 5). 

The metal center in the Pb( I) intermediates that are formed 
either photochemically or thermally is finally reduced to the 
metallic state in an intramolecular lig;jnd-to-metal charge 
transfer process (Eq. (9)) or via dismutation (Eq. ( IO) ). 

2PbI’“. ‘) -,2Pb”+I;+(2r7-S)l ,I I (9) 
or 7) ZPbI,,:,- 0 ~-tPb +PbP,:‘-“-+(tr-2,1- (IO) 

Since the presence of air increased the quantum yield for the 
formation of 13- but did not influence the decay of I,-. 
oxygen reacts with another intermediate. possibly Pb( I) (Eq. 
(II)). 

Pbl’,:‘~~,“~+I~+O,~PbI’,“~~‘‘-. +O; (11) 

One end-product of this reaction is peroxide. as was quanti- 
tativ,ely determined in irradiated. air-satnated solutions. The 
0, radical anion can oxidize iodide (E:q. ( 12) ). 

0;+3/21I-o:- +1/21; (12) 

and peroxide can also oxidize I (even if much slower than 
02-- 1. 

of- +31~*2o’-+IJ 

or it decomposes. giving dioxygen. 

(13) 

In order to analyze the transient absorbance curves at 390 
and 7.50 nm involving the decay of I?-. it was necessary to 
develop a mathematical model taking reactions 6-10 into 
consideration. As a reasonable approximation the concentra- 
tion corresponding to the maximum absorbance was assumed 
to be the initial concentration of I2 ( C,,), and the corre- 
sponding time was chosen as the start of its decay (t = 0). 
For the concentration determination at 390 nm. a correction 
was made for the Pb(II) species converted to Pb( I), using 
the corresponding molar absorbances (the Pb( I) species does 
not absorb at this wavelength) [ 221. Since the diiodide rad- 
ical ion disappears in three competitive reactions (Eqs. (6)- 
(8) ) its concentration change is described by the following 
differential equation: 

d[I,]/dt=-k,[I;][Pb(I)]-2k,[I;]’ 

-k,lI;lIPb(II)l 

( 14) 

The I,-~ species also absorbs at 390 nm. and therefore its 
formation has to be taken into account as well: 



d[I,lldt=k,II, ]‘+k,[I;][Pb(lI)] 
( 15) 

Moreover, the change in the conccntra’ion of Pb( I) also has 
to be considered because it takes part in both the fwmation 
of II- and the consumption of I, : 

d(Pb(I)lidt=-X,~I,][Pb(I)]+k,[I,I[Ph(II)] 
(16) 

-k,[Pb(I)][Il-‘k,,,[Pb(l)]’ 

A preliminary calculation indicated that the order of mag- 
nitude for the value ofk, is lO”‘dm molt ’ s ‘. The average 
initial concentration of I2 (as well as that of Pb( I) ) was 
about 1 X IO Pi mol dm ‘. and this value was taken for com- 
parison of the rates of reactions with known or estimated rate 
constants. Since Pb’+ does not oxidize I in thermal reaction 
at room temperature. the probability of reaction 9. in which 
Pb( I) would oxidize iodide, is very low even if lead in this 
oxidation state is rather labile. Hence, this reaction could be 
neglected in the numerical analysis. i.e.. k,] was taken to he 
zero. Furthermore, the rate constant found in the literature for 
the disproportionation ( k,,, = I .7 X 1 Ox ‘lrn‘ mol ’ I* ’ ) [ 22 ] 
indicates a minor signiticance of reaction IO in the disap- 
pearance of Pb( I). Thus. it was nece:.sary to determine k,, 
k,, and k,. using a fitting procedure giv,ing the lowest sum of 
the squares of the differences between the measured and 
calculated absorbanccs along the dec;ly curves both at 390 
and at 750 nm. The changes in the concentrations and. thus, 
the actual absorbances were calculated point by point ( by a 
simple Euler-method) with IO-’ s intervals. The evaluation 
was done at both 2.63 X IO ’ mol dm ’ and 6.35 X IO ’ mol 
dm ’ iodide concentrations. The resulting values for I\, and 
I\, are 2.1 +0.7X IO”’ dm’ mol ’ s- ’ and lSiO4X IO” 
drnl mol ’ s ‘. respectively, and they proved to be the same 
at different concentrations of I ~. The magnitude of k, is 
typical for back reactions of product pairs formed in primary 
photochemical steps. indicating a diffttsion controlled proc- 
ess. The value of k7 is consistent with the corresponding data 
determined in acetonitrile solutions of iodomcrcurate( II) 
complexes [ 231. However. k, was fcund to decrease with 
increasing iodide concentration. w.th values of 7.0 + 
2.0 X IO’ dm” mol ’ s ’ at 2.63 X I(1 ’ mol dm ’ I vs. 
3.4~1.1X10’dm’moll’s~‘at6.35X10 ‘moldm ‘II. 

Using these values for the rate constants (along with the 
known and estimated ones) and the quantum yield deter- 
mined for the formation of I, ; t 355nm excitation 
( @= 0. IO), the overall quantum yield; for the production of 
I, could be calculated at each Pb( II) concentration studied, 
using the same mathematical model for an interval of 100 ms 
(after which no change was observed in the absorption resi- 
due at 390 nm ) The quantum yields ca’culatedat 2.63 X 10 7 
mol drn- ’ l are in very good agreement with the values 
determined by continuous irradiation at 355 nm ( Fig. 5). The 
calculated values are about 30% loner than the measured 
one< because the flash experiments, uhich were the basis of 

the calculations, were carried out with degassed solutions, 
while the continuous photolyses were with aerated systems. 

The effect of oxygen can be attributed to reactions 1 I-13. 
The excess of I,-~ formed in the aerated system is due to 
reactions 12 and 13. i.e., the difference between the I, con- 
centrations measured in aerated and degassed solutions after 
S-mm irradiations at 366 nm (6.94 X 10 - 5 mol dmp3- 
5.2 I X lops mol dm ‘). plus the peroxide determined in the 
aerated system (2.74 X IO 5 mol drn ‘) are almost equal to 
the concentration of 1, formed in the absence of oxygen. Of 
course. some peroxide may be decomposed. producing diox- 
ygen instead of I,-. This signiticant effect of oxygen is 
strongly promoted by the high efficiency of reaction I I. the 
rate constant of which was determined to be 3.9 X IO” dm’ 
mol ’ s ’ in aqueous system 1241, 

Since the quantum yields for the diiodide formation are the 
same for the tri- and the tetracoordinated species, the change 
in the overall quantum yield (for the I, -- formation) as a 
function of 1 I 1 may be caused by dark reactions involving 
the initial and/or intermediate complexes of different coor- 
dination numbers, i.e.. reactions 8 and ( much less probably I 
9. Since the initial ground-state complexes are involved in 
these reactions, it is reasonable to examine how the shift in 
the Pbl, -Pb,’ equilibrium affe’cts the overall quantum 
yield. The linear relationship between @and the partial molar 
percentage of PbI, ( = lOO[ Pbl, ] /CPht ,,) ) clearly indi- 
cates the crucial role of the complex equilibrium in these 
thermal processes ( Fig. 8 ) The significance of reaction 8 is 
contirmed by the fact that its rate constant at 2.63 X IO ~’ mol 
dm ’ I ~. where 94% of Pb( II) extsts as PbI, ~, is substan- 
tially higher (1$,=7.0X IO’ mol. ’ dm’ s-‘) than at 
6.35X IO ’ mol drn-‘I- (k,=3.4XlO’dm” mall’ s-l). 
where only 37% of Pb( II) is triiodoplumbate( II) and 63% 
is PbI,’ -. This behavior can be attributed to the stronger 
repulsion of the latter species towards the negatively-charged 
reactants. Extrapolation of the plot in Fig. 8 giv,es the indi- 
vidual quantum yields for the Pbl, and PbI,‘- complexes 
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Fig X. Overall quantum yield (for I: formation) v\. partial mcllar per- 

ccIlta”t’ of Phi ( c in air-saturated acstonitrile I C,.,, ,, , = IO ’ tnnl dm ‘. 
A,,, = 366 nm i. 



( Qj = 0.026 -t 0.002 and @d = 0.0 10 f 0.004). The irradia- 
tion-wavelength dependence of the quantum yield (for the 
I,- formation) in solutions containing predominantly triiodo 
or tetraiodo species (Fig. 3) indicates that the quantum yields 
characteristic for PbI,- are in good agreement with its 
absorption spectrum in the 340400-nm range. This confirms 
the LMCT feature of the transition assigned to the 366-nm 
band. The quantum yields at higher ligand concentration do 
not follow the shape of the absorption spectrum of Pbl,’ -. 
They are rather invariable in the 350-440-nm range, perhaps 
because of a fast internal conversion to a lower-energy excited 
state, from which the photochemical reaction takes place. 

5. Conclusion 

Simultaneous analyses of continuous and flash photolysis 
results provided a detailed model for the mechanism of the 
photoinduced redox processes that occur upon excitation of 
iodoplumbate( II) complexes in acetonitrile. The model. 
which includes appropriate rate constants, gives consistent 
explanations for the effects of Pb( 11). I ~. and oxygen on the 
system studied. Since iodo complexes of other main-group 
metal ions with s7 electronic configuration displayed similar 
photoredox behavior, the mechanism suggested here may 
prove to be applicable to the interpretation of those systems 
as well. New efforts in this direction using iodobismu- 
thate(III) complexes appear to be promising. 
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