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On the contrary, the samples exposed to methanol
vapor show completely different spectra after ir-
radiation. In Figure 3, the lines related to silver
species are denoted as D and Q. D lines observed
at low temperature (110 K) constitute a triplet with
hyperfine splitting 28.5 mT and g=1.979. The outer
lines are additionally split to three components
with intensity ratio 1:2:1 separated with 1.8 mT.
We assigned the triplet D to Ag2

+ dimer. At 110 K,
besides the Ag2

+ triplet, the singlet of framework
defects, the doublet of hydrogen atoms and the
triplet R of •CH2OH radicals (Aiso=1.8 mT and
giso=2.003) are observed. At 150 K after the decay
of Ag2

+ and •CH2OH spectra, the quartet Q is only
recorded. Its EPR parameters: Aiso=13.9 mT and
giso=1.979 strongly support the view that it repre-
sents the Ag4

3+ cluster which was earlier observed
in gamma-irradiated Ag-NaCs-rho zeolite even at
room temperature. In the interstratified clays tetra-

methyltributylammonium bis[(trifluoromethyl)sul-
fonyl]imide (R4NNTf2) solutions have been studied
by pulse radiolysis as a part of our studies concern-
ing CO2 reduction. Conversion of CO2 into organic
compounds is a very important and permanent
problem of chemistry. The ionic liquids as new type
of solvent have also been used to study this sub-
ject.

TP was chosen because its radical anion (TP•–)
has very strong reducing properties and was very
useful in CO2 reduction [12 and references therein].
In photochemical process, TP•– is formed from ex-
cited states of TP* by reaction with electron donor
triethylamine (TEA) or in radiolysis directly in the
reaction with solvated electrons. The presence of
solvated electrons is clearly seen in pulse radiolysis
of R4NNTf2. The pulse radiolysis is always accom-
panied by Èerenkov light emission. It is then ex-
pected that formation of excited states of TP* can
also take place.

The pulse radiolysis of TP solution in R4NNTf2
has been carried out as a function of TP concen-
tration, TEA and under Ar, CO2, O2 and N2O.

TP•– under Ar is formed in two steps, one very
fast already during the pulse and the second de-
pendent on TP concentrations corresponding to
the TP reaction with solvated electrons.

In Figure 1, there are presented spectra ob-
tained in pulse radiolysis of Ar-saturated 14 mM
TP solutions in R4NNTf2 and with 3% TEA added,
measured at 400 ns, 5 µs, and 25 µs after the elec-
tron pulse. In the time zero only in the presence of
TEA the spectra corresponded to the known spec-
trum of TP•– [13]. Under the absence of TEA, for
the measured spectra more transients are respon-

Room temperature ionic liquids (IL) [1-3] are non-
-volatile and non-flammable and serve as good sol-
vents for various reactions and have been proposed
as solvents for green processing [3]. To understand
the effect of these solvents on the chemical reac-
tions, the rate constants of several elementary re-
actions in ionic liquids have been studied by the
pulse radiolysis technique [4-9].

Fast kinetic measurements were carried out by
pulse radiolysis using 10 ns, 10 MeV electron pulses
from a LAE 10 linear electron accelerator [10] de-
livering the dose up to 20 Gy per pulse. The details
of the computer controlled measuring system were
described [9,11].

In this study, the formation of intermediates
derived from p-terphenyl (TP) in the ionic liquid

meric clusters are less stable – in Ag-tri-Sm/Ch they
decay above 170 K and in Ag-di-Sm/M above 200
K, respectively. The effective scavenging of posi-
tive holes by methanol molecules, which limits the
geminate recombination and increases the num-
ber of Ag0 atoms initiating the agglomeration pro-
cess, is proposed to explain the formation of silver
clusters with bigger nuclearity in the presence of
methanol.
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Fig.1. Transient optical spectra monitored by pulse radi-
olysis of deoxygenated R4NNTf2 containing 0.014
mol L–1 TP – open symbols, and addition (weight)
3% TEA – solid symbols. The spectra were taken at
400 ns (circles), 5 µs (squares), and 25 µs (triangles)
after the pulse. Dose – 15 Gy.
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However, the major pathway of persulphoxide de-
cay is bimolecular reaction with the second mol-
ecule of thioether that leads to the formation of
respective methionine sulphoxide [2,3]:

>S(+)O-O(–) + >S → 2 >S=O           (3)
In this work, we have investigated the mecha-

nisms of deprotonation and decarboxylation of sul-
phur-centered radical-cation (>S•+) the irrevers-
ible processes, which compete with the formation
of sulphoxide (reaction 3) by moving the equilib-
rium (2) to the right hand side. Importantly, effi-
ciency of both decarboxylation and deprotonation
could be influenced by various factors such as
neighbouring group participation and environmen-
tal effects. These phenomena may be studied us-
ing thioethers diverse by the number and positions
of carboxylate groups. Therefore, the experiments

sible. Besides TP•–, also cation radical and triplet
excited state TP* are known to absorb in the same
region. TEA is a scavenger for cation radical and
excited states of TP. The occurrence of both species
were confirmed also by the experiments under O2
and N2O. Kinetics of the absorption decay is quite
complicated and the best fitting to the experimen-
tal results can be achieved taking an exponential
decay equation with three different constants. In
Figure 2, there are presented experimental traces
of absorbencies at 475 nm vs. time in logarithmic
scale for 14 mM TP in Ar-saturated samples in the
absence and presence of TEA.

CO2 saturation of 14 mM TP solution cut ini-
tial absorbance by about 50% and eliminates ad-
ditional absorbance formation after the electron
pulse. Only in the sample with TEA added some
participation of TP•– in the spectra can be distin-
guished. The effect can be explained by CO2 reac-

Fig.2. Experimental absorbance vs. time trace at 475 nm in
14 mM TP deoxygenated R4NNTf2 solution with and
without 3% TEA added. Decaying parts of traces
were fitted using equation: A(t)=A1*exp(-t*k1)+
A2*exp(-t*k2) + A3*exp(-t*k3) + A0. Dose – 15 Gy.

Singlet oxygen (1O2) could be generated in biologi-
cal systems by endogenous and exogenous pro-
cesses (e.g. enzymatic and chemical reactions, UV
or visible light in the presence of a sensitizer) [1].
Numerous data show that proteins are the major
targets of 1O2-induced damage in the living cells.
The primarily reactions occur here preferentially
with residues of aromatic and sulphur containing
amino acids [1].

In particular, reaction of 1O2 with thioether sul-
phur of methionine (Met) leads to the formation
of persulphoxide [2,3]:

1O2 + >S → >S(+)O-O(–)              (1)
which is in equilibrium with superoxide radical-an-
ion (O2

•–) and respective sulphur-centered radical-
-cation:

>S(+)O-O(–) = >S•+ + O2
•–            (2)

tion with solvated and dry electrons thus eliminat-
ing one path of TP•– formation. Some TP•– are
formed by reaction of excited TP* states with TEA.
Direct reactions involving TP, TP•–, CO2 and CO2

•–

are too slow to be observed in pulse radiolysis time
scale. The reactions involving metal complexes are
underway.
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