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The mechanisms of the photoaquation of PtCls2~ and PtBrgZ~ complexes were compared
by the experimental results on stationary photolysis, nanosecond laser flash photolysis, and
ultrafast pump-probe spectroscopy. The formation of the photoaquation product of the bromide
complex, viz., PtBrs(H,0)~, was shown to proceed vig the mechanism of heterolytic cleavage
of the Pt—Br bond, and the platinum cation remained tetravalent in the course of the whole
process. For the chloride complex, the Pt—CI bond cleavage was found to be homolytic, and
precursors of the photoaquation product, viz., PtCls(H,0)~ complex, are intermediates of
trivalent platinum sequentially transforming into each other. The reactions of these intermedi-
ates determine the chain character of the photoaquation process.
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In the XX century, halide complexes of platinum were
considered as an object of photochemistry very significant
from the fundamental point of view.!—3 This interest was
caused by a combination of simplicity of the systems studied
and variety of facts to be explained. Among these facts are
many short-lived intermediates,4—3 rarely met chain photo-
aquation processes (in the case of complex PtClﬁz—),g‘"]
and a considerable diversity of photochemical properties
of isoelectronic complexes PtClg2— and PtBrg2—.!-!! The
photolysis mechanisms were proposed on the basis of sta-
tionary experiments,-11-12 and the development of laser
techniques made it possible to check the assumptions using
time-resolved methods (laser flash photolysis in various
time intervals).

In the XXI century, the photochemistry of halide com-
plexes of Platinum Group metals obtained a new stimulus
to development, which is due to two practical tasks: photo-
catalysis!3—17 and photodynamic therapy (PDT) of ma-
lignant tumors.'81® A fundamental problem in photo-
catalysis is the extension of the absorption spectrum of

* According to the materials of the International Conference
"Current Problems of Chemical Physics" (October 9—12, 2012,
Yerevan (Republic of Armenia)).

titanium dioxide over the visible range. One of the meth-
ods to achieve this is the photochemical modification of
the TiO, surface with platinum metals.'3~17 Complexes
PtCl¢2~ and PtCl, are used, in particular, for the modifi-
cation. The application of the platinum complexes in PDT
(see Refs 18 and 19) allows one to hope that a medicinal
technology combining cytotoxicity of the platinum com-
plexes and advantages of PDT (selectivity and reduced
toxicity) would be developed. Therefore, mechanisms of
photolysis of the complexes, beginning from the simplest
one among which are hexahalide complexes, are neces-
sary to be reliably known.

The photosolvation of complexes can proceed via two
main mechanisms proposed in the 1960s. In the simplest
case, the metal—ligand bond cleavage (1) in a complex of
tetravalent metal with six ligands (MIVL¢2-) is heterolytic.

hv, H,0

MIVLGE—

MVLg(H,0) + L~ (D

An alternative to the heterolytic bond cleavage is
Adamson s mechanism of radical pairs (2)—(5),'? includ-
ing redox stages. In this case, the formation of two inter-
mediates is assumed. They are conventionally named the
primary (reaction (2)) and secondary (reaction (3)) radi-
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cal pairs, although they are in fact anion—radical pairs.
For platinum, whose trivalent state is unstable, the
chain photoaquation process with the Pt complexes as
chain mediators can occur in the case of the radical pair
mechanism!?

hv
MVL2~ —" M2 L] ¥
M2 L°]+Hy0 — [MILg(H,0)2-...L"] 3)
RP
[MILg(H,0)2...L"] —= MVLg(H,0)~ + L= @
[MUIL(H,0)2-...L'] —# o MIIL5(H,0)2- +L* (5)

RP is secondary radical pair.
i is the backward electron transfer; ii is radical escape to the bulk.

Perhaps, the most disputable question in the photo-
chemistry of the platinum(rv) hexahalide complexes is the
problem of high differences in photochemical properties
of the chloride and bromide complexes. The PtClz>~ and
PtBrg?~ anions are high-field complexes with the elec-
tronic configuration 5d6, and their electronic absorption
spectra differ, in fact, only in the shift of absorption bands
of the bromide complex to the visible region.!:1! In aque-
ous solutions both complexes undergo photoaquation with
the formation (at the first stage) of complexes PtCls(H,0)~
and PtBrs(H,0)~. However, the quantum yields of pho-
toaquation with a change in the parameters of the process
are quite different. For the PtBrg2~ complex, the quantum
yield (0.4)2—22 js independent of the exciting light wave-
length and intensity, indicating the heterolytic mecha-
nism (1). The quantum yield of photoaquation of PtClg2-
depends on the exciting light wavelength and intensity!?
and can be either lower#6:23 or substantially higher than
unity if the experimental conditions change.!®23 This in-
dicates chain processes, and correspondingly, a contribu-
tion of the homolytic mechanism (2)—(5), which is con-
firmed by the detection of Pt intermediates in flash radi-
olysis experiments. 4.7

When studying the photoaquation mechanisms of
the PtClg2~ and PtBrg2~ complexes, it was assumed!!
that their distinction is caused by the difference in rate
constants of the reactions between the Pt!Il and PtV
complexes responsible for chain development. However,
no intermediate absorption belonging to Pt!!l was ob-
served in experiments on the laser flash photolysis of
PtBrGZ—.n It is most likely that the question about reasons
for the difference in mechanisms cannot be answered
without the application of ultrafast pump-probe kinetic
spectroscopy to determine all stages of photolysis:
from light quantum absorption to the formation of final
products.

In the recent years, methods of femtosecond spectros-
copy were applied to the study of the photochemistry of
some platinum metals halide complexes (PtBry2- 32423
PtCls2—,3 IrClg2—, 2627 IrBrg?— (see Ref. 28)). In this work,
the photoaquation processes of the PtBrg2— and PtClg2~
are compared using the data on stationary photolysis, laser
flash photolysis in the nanosecond time interval, and ul-
trafast pump-probe kinetic spectroscopy.

Experimental

Solutions of the PtBrg2~ complex were prepared from salt
Na,PtBrg- H,O synthesized according to an earlier described
procedure.?® Salt Na,PtClg (Aldrich) was used as a source of
PtClg2 ions. Deionized water was used to prepare solutions.
Optical absorption spectra were recorded on an Agilent 8453
spectrophotometer (Agilent Technologies). Stationary photoly-
sis was carried out with a high-pressure mercury lamp with a set
of glass filters to pick out radiation with the required wavelength.
Photoaquation quantum yields were measured with a ferriox-
alate actinometer using the express procedure.3’

Experiments on nanosecond laser flash photolysis were car-
ried out using an earlier described3! technique with the excita-
tion with an XeCl laser (308 nm, pulse duration 15 ns, pulse
energy up to 20 mJ). The resolution time of the technique was 50 ns.

Experiments on ultrafast kinetic spectroscopy were carried
out on a system described in detail earlier.3? The samples were
irradiated with the second-harmonic radiation of a genera-
tor—amplifier system based on a titanium—sapphire laser (CDP
Ltd., Moscow, pulse duration ~60 fs at the wavelength
~400—420 nm, energy 20—25 mlJ in a pulse, pulse repetition
frequency 10 Hz, beam diameter 0.4—0.5 mm). A portion of the
exciting laser beam was focused into a cell with water to generate
the probing radiation (continuum). One time-resolved spectrum
was obtained by averaging 200 exciting pulses. A rotating cell
with an optical thickness of 1 mm was used for spectra recording.
Rotation made it possible to provide a uniform irradiation of the
sample and to prevent undesirable thermal effects related to heat-
ing of the sample with an exciting pulse. The degree of photo-
degradation of the sample within the time of performing experi-
ment did not exceed 5%. The time-resolved spectra were re-
corded with a time delay multiple to 100 fs, during the first 3 ps
after an exciting pulse, and further with an exponentially increas-
ing delay. As a rule, 60—70 spectra with a maximum delay of
100 ps were obtained for each spectrum. Experimental data were
approximated using the procedure of processing of an array of
kinetic curves by one set of parameters (global fit). The pro-
cessing program made it possible to correct the dispersion of
the group velocity (chirp correction) and to calculate the appa-
ratus function of the system. The resulting time resolution was
150—200 fs.

Results and Discussion

Electronic absorption spectra and stationary photolysis
of the PtCls>~ and PtBrg>~ complexes. Platinum(iv) forms
stable and kinetically inert complexes with many ligands.
The absorption spectra of the PtCl;>~ and PtBrg2~ com-
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plexes in water are shown in Fig. 1, a and b, respective-
ly. The spectra of both complexes coincide with those
known from the literature®-2! and contain partially over-
lapped ligand-to-metal charge-transfer (LMCT) bands
and d—d-bands. For the PtClg2~ complex, the most in-
tense band with a maximum at 202 nm is attributed to the
transition from the c-orbitals of the ligands to the vacant
o*-orbitals, which are predominantly localized on the cen-
tral ion.33-3 The corresponding LMCT band in the spec-
trum of complex PtBrg2~ has a maximum at 226 nm.33
The absorption band of PtCls?~ with a maximum at 262 nm
and the absorption of PtBrg2~ at 290—450 nm correspond
to transitions from the m-orbitals of the ligands to the
e,*-orbitals of the central ion.2%-33 The shoulder at 355 nm
in the spectrum of PtCls2~ and the absorption at 450—550 nm
in the spectrum of PtBrs2~ belong to the d—d-bands of the
platinum ion.25-33-35 For the PtBrs2~ complex, a partial
overlapping of the LMCT- and d—d-bands is observed at
300—450 nm,25-35

The irradiation of aqueous solutions of complexes
PtCls>~ and PtBrg2— in the visible and near-UV regions
results in photoaquation.!9-20 The characteristic spectral
changes in the course of photolysis at the wavelength
313 nm are shown in Fig. 1. In both cases, the isosbestic
points are retained, which characterizes the transition of
the initial complex to one absorbing product. The addi-
tion of free halogen ions to the irradiated solution initiates
the recovery processes of the initial spectra, indicating in
favor of photoaquation. The products of the first photo-
lysis stage are complexes PtCl;(H,0)~ and PtBr;(H,0) .
The isosbestic points disappear for deep photolysis, i.e.,
the further photoaquation occurs.

As mentioned above, the quantum yield of the first
stage of photoaquation of complex PtBrz2— is independent
of the exciting radiation wavelength and intensity, and
concentration of the initial complex, being ~0.4. The quan-
tum yield of photolysis of PtCls>~ depends on the wave-
length and intensity of the exciting light and concentra-
tion of the initial complex.

We measured the quantum yield of PtClﬁz— photo-
aquation upon the excitation at 254 nm at different con-
centrations of the initial complex. The initial pH value of
the solutions was 6.8. The measurements in the concen-
tration range from 10~ to 10~* mol L-! were carried
out in a cell with an optical path lengths of 1 cm, and
a cell with the optical path length 1 mm was used for
arange of 10~4—10—3 mol L~!. When measuring the quan-
tum yields that depend on the exciting light intensity, it is
necessary to provide a constant density of the absorbed
light power. In experiments (Fig. 2) the power density was
1.4-10~7 Einstein L~!s~!. In the case when the photo-
aquation of the complex is the chain process, the depen-
dence of the quantum yield for excitation with the light
with the wavelength A (¢;) on the concentration of the
complex (c) is described by the formula!®

200 250 300 350 400 X/nm

D b
200 300 400 500 A/nm

Fig. 1. Spectral changes in the course of stationary photolysis
(313 nm) of aqueous solutions of the PtClg2~ and PtBr¢2~ com-
plexes at the first stages (cell 1 cm, natural oxygen content):
(@) complex PtClg2~ (3.2- 1073 mol L~!, irradiation time 0 (1),
11(2), 30 (3), 50 (4), 75 (5), and 133 s (6); (b) complex PtBrg>~
(5.5-1073 mol L), irradiation time 0 (1), 4 (2), 9 (3), and
145 (4).

9 = ‘Pg(l + kpe/\ ka3 10], M

where @,? is the quantum yield at ¢ — 0, I, is the density of
the absorbed light power (Einstein L~! s~!), and kand k4
are the apparent rate constants for chain propagation and
termination, respectively. The linear dependence in Fig. 2
indicates the chain character of the process. The cut sec-
tion and the slope ratio of the line in Fig. 2 are equal
to 0.24%0.02 and (1.9%0.1)-103 L mol~!, respectively.
The cut section, being the limiting value of the photo-
aquation quantum yield when the concentration of the
complex tends to zero, turned out to be halved than that in
Ref. 10. In our case, the slope ratio of the dependence of
@354 nm ON the PtClg2 concentration is approximately an
order of magnitude lower than the published value!® (at
comparable densities of the exciting light powers). It is
impossible to determine a reason for the overestimated
values of quantum yield measured earlier, ! because the
experiment was not described in detail.!® Note that the pH
of the medium is a substantial parameter affecting the
quantum yield.
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0.4 0.8

[PtCl¢2-]- 103/mol L-!
Fig. 2. Quantum yield of the photoaquation of PtClg2~ vs
concentration of the complex (initial pH 6.8, irradiation at the
wavelength 254 nm, power density of the absorbed radiation
1.4-107 Einstein L~! s~!); points are expertiment, and straight
line is linear approximation.

Nanosecond laser flash photolysis of aqueous solutions
of complexes PtCl;~ and PtBrg2—. The experimental re-
sults on laser flash photolysis (308 nm) of the complexes
with a time resolution of 50 ns are presented in Fig. 3. The
photolysis of complex PtBrg2- exhibits only a stepped de-
crease in the absorption at the band of the initial complex.
The characteristic time of this change is shorter than the
time resolution of the system. The spectrum of the stepped
change in the absorbance exactly corresponds to the dif-
ference in the spectra of the PtBrg2~ and PtBrs(H,0)~
complexes (see Fig. 3, a). Therefore, the characteristic
time of formation of the photoaquation product is know-
ingly shorter than 50 ns. No Pt!!l intermediates known
from experiments on the pulse photolysis of the platinum
bromide complexes3® are observed in photochemical
experiments, All these facts indicate in favor of the mech-
anism of the heterolytic Pt—Br bond cleavage in the ini-
tial complex.

In experiments on laser flash photolysis of aqueous
solutions of the PtClz2~ complex (see Fig. 3, b), the suc-
cessive formation of intermediates are observed in the
visible (maxima of the absorption bands lie at 450 and
410 nm) and near-UV (350 nm) spectral ranges. The cor-
responding kinetic curves are presented in Fig. 4. The in-
termediates were identified”-3 using quantum chemical cal-
culations.3”—3 The intermediate absorbing at 450 nm
(hereinafter, intermediate C) is a complex of trivalent plat-
inum PtClyX; (X = OH—, H,0). The complex is formed

350 400 450 500 A/nm

Fig. 3. Transient absorption spectra upon the laser flash photo-
lysis (308 nm, cell 1 cm, natural oxygen content) of aqueous
solutions of the PtBrgZ~ and PtCls>~ complexes: (a) PtBrg~
(2.8-103 mol L), points are the transient absorption spec-
trum in 40 ps after a laser pulse, solid line is the difference
between the spectra of the PtBrgZ~ complex and primary prod-
ucts of its photolysis combined with the experimental spectrum
at the wavelength 370 nm; (b) PtClﬁz‘ (9.5-10~5 mol L1),
the spectra were recorded in 0 (7), 4 (2), and 49 ps (3) after
a laser pulse.

with a characteristic time of 1 ps (the precursor will be
considered further). Then intermediate C within ~7 ps is
transformed into intermediate D that absorbs at 410 nm
and has the structure PtCl, X, (n = 1-3; X = OH,
H,0). Thus, the quasi-stationary concentration of the
PtIIICI;(OH)~ intermediate is established within ~20 ps
(see experimental data in Fig. 4, a). The characteristic time
of formation of the photoaquation product, Pt'VCls(H,0)~
complex, exceeds 1 ms. The estimates of the concentra-
tion of the Pt!!l intermediates showed’ that their number
in the samples did not exceed 10% of the concentration of the
disappeared PtClﬁz— complexes. Finally, the absorption at
350 nm belongs to the dihaloid radical anion CI,"~,40
The formation of the Pt intermediates in experiments
on laser flash photolysis of PtCl;2~ and the linear depen-
dence of the quantum yield of photoaquation on the con-
centration of the complex can be explained in terms of the
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Fig. 4. Characteristic kinetic curves of changing the intermediate
absorption upon the photoaquation of the PtClﬁz‘ complex
(9.5-10~3 mol L-!): experiment (308 nm, cell 1 cm, natural
oxygen content) and approximation by the biexponential func-
tions (smooth lines); number at the curves are A/nm.

chain mechanism of photolysis. A possible variant of the
chain photochemical process with the Pt!'Cl;(OH)~ com-
plex as a chain mediator is presented below.

Chain generation
hv
PiClg> <— Pt'lCI;2-+Cl* (6)

PHICI2- + 2H,0 —»

— Pt'"IC1,(OH)(H,0)% + CI- + H* )

PtI'Cl,(OH)(H;0)% e

— PHIICI,(OH)~ + H,0 + CI- 8)
Chain propagation
H,0
PHICI5(OH)™ + PtClg? ——
— PtVCI5(OH)2- + Pt''CI4(H,0) + CI- 9)
PtICIy(H,0 === PtIIICI5(OH)~ + H* (10)

PtVCI5(OH)2 + H* === PtVCl5(H,0)" 11

Chain termination
2 PtICIy(OH)~ + 2 H,0—»
— PtVCI,(OH)(H,0) + PtICI,(OH)(H,0)~  (12)

If the rate-determining step of the chain propagation
stage in the mechanism (6)—(12) is reaction (9), then the
dependence of the quantum yield on the concentration of
the initial complex PtClﬁz— is described by Eq. (I) with
k, = kgand kg = k.

Primary processes in the photochemistry of complexes
PtCl;2~ and PtBrg2—. Information about the primary photo-
physical and photochemical processes for the PtBrg2— (see
Ref. 24) and PtClﬁz— (see Ref. 8) complexes was obtained
by femtosecond kinetic spectroscopy. In both cases, the
whole array of kinetic data is satisfactorily described by
the triexponential function

AD(A1) = Ay(M)exp(—t/t)) +
+ Ay(M)exp(—t/ty) + Az(R)exp(—1/t3). (II)

The transient absorption spectra detected at different
time moments (immediately after a laser pulse, after the
end of the first process, and after the end of the second
process) are shown in Fig. 5.

In the case of the bromide complex, all processes are
terminated in ~50 ps. The characteristic times of three
exponential processes (see Eq. (II)) are given in Table 1.
The initial spectrum (see Fig. 5, a, curve I) represents
a broad band in the whole spectral range accessible for
detection (460—780 nm). Then the spectrum narrows and
a band with a broad maximum at 520—570 nm is formed
(curve 2), which, in turn, is transformed into a band with
a maximum in the region <460 nm (curve 3). The latter
curve disappears completely without the formation of
a long-lived intermediate absorption.

Earlier’* we have interpreted the observed spectral
changes from the viewpoint of formation and subsequent
reactions of the lowest excited state of the PtBrg2~ com-
plex, which was consistent with the quantum yield of
photoaquation independent of the excitation wavelength.
However, later it was shown?? using the experimental data
observed with a shorter time resolution and quantum
chemical calculation that the lowest excited state of
PtBrg2- is dissociative and the observed changes can be
described from the viewpoint of the successive formation
of the triplet and singlet states of the Pt!VBrs~ complex.
This interpretation also corresponds to the quantum yield
of photoaquation independent of the excitation wave-
length. The subsequent processes corresponding to differ-
ent characteristic times are listed in Table 1. A detailed
scheme of the reactions that mainly occur in the solvent
cage is presented by reactions (13)—(18). It is noteworthy
that the first characteristic time (400 fs) includes a whole
set of successive processes: internal conversion, electronic
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Fig. 5. Transient absorption spectra in experiments (cell 1 mm)
on ultrafast pump-probe kinetic spectroscopy of the PtBrﬁz‘ (a,
Apump = 420 nm, concentration 3.8+ 10~3 mol L) and PtCl>-
complexes (b, Apmp = 405 nm, concentration 0.03 mol L1y and
the results of experimental data processing by the triexponential
function (II). Curves I are the initial spectra, curves 2 are the
spectra after the end of the first process, and curves 7 are the

spectra after the end of the second process.

transition to the low-lying dissociative excited state 3Tlg,
loss of the ligand, and relaxation to the ground state of the
3PtIVBry~ complex with the trigonal bipyramid structure.
The second characteristic time (2.2 ps) corresponds to the
intersystem crossing of the triplet state of the *Pt!VBrs-
intermediate, whereas the cage pair {!PtBrs— + Br}age 18
transformed into the initial complex PtBrg2— and aquated

complex PtBrs(H,0)~ within the third characteristic time
(15 ps). Note that processes (13)—(18) contain vibration-
al relaxation and solvent relaxation. The situation where
several physical and chemical processes having similar
characteristic times are kinetically presented as one pro-
cess is often met in femtosecond spectroscopy?!:

PtBrg2 ('A;g) -é" PtBre2 ('T;g*, 'Tog") (13)
PtBrg2 (T,g*, "Tp*) ——s= PtBre2 (3T 5*) (14)
PtBrg2- (3T;*) —— {3PtBrs + Br}cage (15)
{3PBrs™ + Br}gage — {'PtBrs™ + Bl }cage (16)
{'PtBrs™ + Brgage — PtBre2 ('Ag) (17)

{'PtBrs™ + Br}gage + H0 ——= PiBrs(H,0)" +Br  (18)

Thus, the photoaquation of the PtBrﬁz— complex pro-
ceeds via the heterolytic mechanism: the platinum cation
remains in the tetravalent state and the full time of forma-
tion of the final product does not exceed 50 ns.

The femtosecond photoexcitation of the PtCl2~ com-
plex immediately after laser irradiation results in the for-
mation of broad weakly structured band of intermediate
absorption in a whole spectral range of 440—760 nm ac-
cessible for detection (see Fig. 5, b, curve I). This band is
transformed within 600 fs into two well formed bands with
maxima at 445 and 710 nm (curve 2), which then some-
what narrow with the characteristic time ~10 ps. Thus
formed intermediate absorption disappears with a charac-
teristic time of 220 ps, which is an order of magnitude
longer than the longest characteristic time for the bromide
complex. Earlier’ the formation of a species with the ab-
sorption at 600 nm and a characteristic lifetime of ~200 ps
was detected in experiment on the picosecond laser flash
photolysis of PtCls2~. Three values of characteristic time
that describe the transformation of intermediate absorp-
tion for the PtClg>~ complex and their assumed inter-
pretation are presented in Table 1. After the initial
Franck— Condon state was formed, the fast (600 fs) elec-
tron transition occurs to form a species designated further

Table 1. Characteristic times and processes for the PtBrg2~ and PtCls2~ complexes upon the femtosecond excitation in the region of
visible d—d absorption bands (triexponential approximation; see Eq. (1))

Complex T,/pPs Process To/ps Process T3/Ps Process

PtBrg2- 0.4 (PtBrg2)* — 2.2 3PtBrs~ — 'PtBrs~ 15 1PtBrs~ — PtBrgz +
— 3PtBrs~ + Br- + PtBrs(H,0)~

PtClg> 0.6 (PtClg>)* — 8.6 [PtCls>...CI"]* — 220 [PtCls2-...Cl"] —

— [PtCl2-...CI']*

— [PtCls2...CI°]

- PtCl~ + [PHICIy(H,0)2~...CI']
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as intermediate A (first process). The second process is the
vibrational relaxation of intermediate A. The third process
corresponds to the transition of intermediate A to the ini-
tial state of complex PtClﬁz— and another species (inter-
mediate B), whose formation starts a chain of consecu-
tive transformations of intermediates of trivalent plati-
num. It is necessary to introduce intermediate B, which
has no spectral manifestations in the spectral range acces-
sible for measurements, into the scheme, because the
decay time of intermediate A (220 ps) is several orders of
magnitude shorter than the time of formation of inter-
mediate C (1.2 ps).

We assume that intermediate A is Adamson’s primary
radical pair (see Egs (2)—(5)) and intermediate B is
complex Pt'ICIs2- with the trigonal bipyramid struc-
ture (Ds;,). According to the quantum chemical calcula-
tions,?” complex PtClsZ~ with the square pyramid struc-
ture (Cy4,) is characterized by two absorption bands in
the visible spectral range, which is observed for inter-
mediate A. The influence of the axial chlorine atom on
the spectral properties should be weak for the case of
a substantial elongation of the Pt!!l -Cl bond. According
to the calculations,?” the PtCls?>~ complex with the D,
structure should have only the absorption in the UV spec-
tral range, which could not be detected in the described
experiments,

Thus, we have a rather complicated scheme of the
primary photophysical and photochemical processes pre-
ceding the formation of the initial intermediate of triva-
lent platinum, complex Pt!"'Cls2~ (Ds,), which begins the
chain process of photoaquation of PtCls2~ (see reactions
(6)—(12)). The processes that are manifested in femto-
second experiments are presented by Eqgs (19)—(24).

hv
PIClg?~ «——=" [P1Clg2]* (3Ty) (19)
[PtClg21* (3Tyg) — [PtIClg2-(Cyy)...C1'] (20)
A
[PtICl52~ (Cy,)...C1'] ——= PIClg2- 21)

[PtIClg2~ (Cy,)...CI"] + H,0 —=

— [Pt!'ICl5(H,0)%"...CI'] (22)
RP

[PHIICI (H,0)2-...CI'] —— PUVCI(H,0)- +CI-  (23)

[PtICI5(H,0)2"...C1" ] —m

——» PHICI2 (Dgy) + CI* + Hy,0 (24)
B

RP is secondary radical pair.
Thus, the scheme proposed for the photoaquation of

complex PtCl2~ includes four main intermediates of triva-
lent platinum. The spectra of three of them (A, C, and D)

AD-10?

A x0.1

400 500 600 700 800

A/nm

Fig. 6. Spectra of the intermediates formed upon the photolysis
of aqueous solutions of the PtCl¢>~ complex. Intermediates C
and D are the Pt/ complexes successively formed upon nano-
second laser flash photolysis (curves 2 and 3 in Fig. 3, b). Inter-

mediate A is detected in femtosecond experiments (curve 3 in
Fig. 5, b).

are shown in Fig. 6 (note that the figure does not reflect
the real intensity of the absorption band of intermediate A
with respect to intermediates C and D, since these species
were detected under different experimental conditions).
Intermediate B exhibits no pronounced absorption in the
visible and near- UV spectral ranges. The characteristics of
the intermediates and their assumed assignments are giv-
en in Table 2.

Table 2. Intermediate of PtCls>~ photolysis in aqueous solu-
tions

Inter- Amax Torm Tec Structure

mediate /nm

A 445,700 600fs 220ps  [PtIICIsZ- (Cy,)...Cl7]
B — <100ns 1.2ps  PtUCIs2- (Dyy)
C 440—450 1.2ps 7 us PtIC1X,
(X=0H", H,0)
D 410 7 us >1lups Pt[][C]4_,,X,,
(n=1-3;
X=0H", H,0)

Note: hpa is the position of absorption band maxima, tg,, is the
time of formation, and T4, is the decay time.
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The interpretation proposed for the intermediate Pt!!!
compounds makes it possible to explain the whole massive
of the data on the photochemistry of aqueous solutions of
PtClg>, namely:

(1) spectrally detected formation of three intermedi-
ates: one in the picosecond (A) and two in the micro-
second (C, D) time intervals;

(2) necessity to introduce intermediate B that does not
absorb in the visible and near- UV spectral range to con-
cord the kinetic data in the pico- and microsecond ranges;

(3) formation of relatively long-lived intermediate (D)
capable of providing the occurrence of the chain reaction;

(4) non-contradictory spectral characteristics of the
assumed Pt!!! intermediates and results of the earlier3-6.37—39
quantum chemical calculations.

Summarizing the data on the photochemistry of aque-
ous solutions of complexes PtBrg2~ and PtClg2-, we can
state that the distinction in their photochemical behavior
is due to different natures of the primary intermediates.
For the bromide complex, this is the ion pair {*Pt'VBrs— +
+ Br}cage in which the platinum cation remains to be in
the tetravalent state. For the chloride complex, the prima-
ry photolysis product is intermediate A, being a species in
which the platinum cation is in the trivalent state, pre-
sumably, Adamson’s primary radical pair [Pt!''Cl2-
(C4y)...Cl"]. The formation of short-lived intermediate A
is the starting point of processes of the successive forma-
tion of longer-lived Pt'' complexes, viz., intermedi-
ates B—D.

It should be mentioned that the intermediate Pt!ll
compounds were identified on the basis of results of
the quantum chemical calculations performed’’—3? in
the 1980s by the X, method. Since that time, quantum
chemistry developed significantly. It seems of interest to
calculate the structures and electronic absorption spectra
of the Pt complexes by current methods, including
calculations for Adamson’s radical pairs that were not
carried out previously. The coincidence of the results
of these calculations with the experimentally obtained
spectral characteristics of the Pt!!! intermediates could be
a decisive argument in favor of the proposed photolysis
mechanism.

This work was financially supported by the Russian
Foundation for Basic Research (Project Nos 11-03-00268,
11-03-90406-Ukr, and 11-03-92605-KO).
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