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Abstract

Photochemistry of S has been studied by means of the nanosecond laser flash photolysis using a KrF excimer laser with the oscillation
wavelength of 248 nm. Samples were an air-saturated methanol solution of Sntthat of SmBy. It is found that the photoreduction of
Sn* to Snt* is induced in the methanol solution of Sm@hd the photoreduction yield at 100 ns after the laser irradiation and the lifetime of
Sn?* are estimated to be 0.290.06 and 5.2 0.7 s, respectively. In the photolysis of the methanol solution of Syndsolvated electron,
&0~ and Be~ were formed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the degassed solution, when the laser was irradiated 5,Sm
the color of the solution changed to brown depending on the
Lanthanide ions in solution have broad and sharp absorp-shot number of the laser. The photoproduct was identified as
tion bands in the UV and near UV to near IR spectral regions, Spe* by measuring the absorption spectrum of the irradiated
respectively[1]. The former bands are called charge-transfer samplg4,8,9]. Although the photoreduction of Sifito Snt*
(CT) or 5d<« 4f transition bands. The latter ones are due to in the air-saturated solution has not been observed, to clear its
inner f-shell transitions (f f transitions). Although a sin-  photoreduction will provide useful information for the devel-
gle photon in the visible region excites the-f f transition of opment of new organic synthesis process. In this work, the
these ions, only luminescence is observed and no photoredoXransient absorption spectra for air-saturated methanol solu-
reaction can be practically induced. The direct excitation of tions of SmC4 and SmBg have been measured by means of
the CT or 5« 4f transition bands has been found to induce the nanosecond laser flash photolysis using a KrF excimer

the photoredox reactions of some lanthanide ions including |aser with the oscillation wavelength of 248 nm. It is found
Ce**, Ew** and Sni* [1-4]. Itis, furthermore, known thatthe  that the photoreduction of Sthto Si?* is induced in air-
photoreduction of E¥f is taken place via an & f transition saturated solution of Smgand a solvated electrong and
band by the multi-photon excitation using a dye I§5¢and Br,~ are formed in that of SmBrby the laser irradiation.
a Ti:sapphire lasgB].

Although the photoreduction of Sthto Sn?* in solid
has been investigatdd], there are few reports on the pho-
toreduction in solution because the photoproduct?'Sris

unstable in the solution. In previous worlks8,9], the sam- A KIF excimer laser (COMPex 102, Lambda Physik:

ple added a macrocyclic ether, 18-crown-6, to the degassedy 48 nm 26 ns of full width at half maximum, 200 mJ/pulse)
methanol solution in order to stabilize $hwas employed. In was used in order to excite S and a pulse Xe lamp

(XF-80-60, Tokyo Instruments; ca. 1& pulse during) was

* Corresponding author. Tel.: +81 72 875 3001; fax: +81 72 870 8189.  Used as a monitoring light. The monitoring light beam was
E-mail address: kusaba@elec.osaka-sandai.ac.jp (M. Kusaba). passed through a sample cell (10 mrd0 mmx 45 mm).

2. Experimental
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The output signal was obtained with a monochromator (H- 02 T T T T T T
10UV, Jobin Yvon)/photomultiplier (R636-10, Hamamatsu)
system and was measured with a digital storage oscilloscope
(TDS380/P, Tektronix). The laser fluence was measured with
a Joule meter (ED-500, Gentec) and was adjusted by the opti-
cal filter cell containing an ethanol solution of naphthalene.
The area of the laser irradiation was 0.5g8.0cm. The
observation of the transient species was carried out in the
region close to the cell surface. The flash photolysis mea-
surements were carried out at room temperature.

Samples were an air-saturated methanol solution of
SmCk-6H20O (99.5%, Wako) and that of SmB6H,O
(99.9%, Aldrich). The absorption spectra of these samples
were measured by a spectrophotometer (U-3500, Hitachi).
The photoreduction yield of St to Sn?* can be deter-
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mined by comparing the absorbance of &rwith that of 300 350 400 450 500 550 600 650

a reference sample under the same irradiation condif@jns Wavelength (nm)

The molar extinction coefficients of Sthin the methanol

was assumed to be the same as that in agueous solution, i.€Fig. 2. Transient absorption spectra of Zuirhe filled circles shows the
400M1cm™! at 570 nm[lO]. The reference sample was transient absorption spectrum at 100 ns after the laser irradiation of the sam-

ple of SmC4. The full line is the absorption spectrum of &nin methanol

naphthalene in degassed cyclohexane solution. Fhe T solution.

absorption bands of naphthalene is known to have the extinc-
tion coefficient of 24100 M cm~1 at 414 nm with the yield CT bands of lanthanide ions have been discussed in detail
of 0.75[11,12]) The peak wavelength of triplet spectrum of [13]. These spectra are identified as the CT bands from
naphthalene is influenced by ambient temperature. In fact,the halogen, Cl and Br-, orbital to the f-orbital of S
the peak of the absorption spectrum under the experimentaland the peaks of the CT bands for the methanol solution of
295K was observed at 412 nm. SmCk and SmBg are at 220 nm with the molar extinction
coefficient of 550.8 M1cm™! and at 245 nm with that of
196.9M1cm 1, respectively. These absorption bands sug-
3. Results and discussion gest that a KrF excimer laser can be employed as the light
source to excite the bands.
The absorption spectra of the methanol solutionsof gmCI ~ The transient absorption spectrum when the sample of
and that of SmBywere observed in the UV region as shown SmCg was irradiated by the laser is shownFig. 2 The
with the full and the dotted line iffig. 1, respectively. The filled circles and the full line show the transient absorption
spectrum at 100 ns after the laser irradiation and the absorp-
tion spectrum of SH with 18-crown-6 in degassed methanol
solution, respectively. Although the absorption spectrum of
Sn?* in air-saturated solution has not been reported, the
peaks at 310, 380 and 580 nm in the transient absorption
i spectrum were in agreement with the peaks of the absorp-
tion spectrum of St with 18-crown-6. The slight difference
between two spectra will be due to the interaction between
the d-orbital of SrA* and the crown ether, 18-crown-6. Lin-
7 earity between the transient absorbance of'Swersus the
laser fluence was constant, i.e. the slope of the logarithmic
plots of the two values was 1.0. The linear dependence of
the concentration of S# on the laser fluence indicates that
the photoreduction of S# to Sn?* in air-saturated solu-
tion occurs via a one-photon process. The photoreduction
yields of Sni* to Snt* at 100 ns after the laser irradiation
55 s ‘;0-0 3'50 200 were determined to be 0.299.06. The time profilg of the
Wavelength (nm) absorbance at 580 nm of $#rin the methanol solution after
the laser irradiation is shown Fig. 3. The lifetime of SM* in
Fig. 1. Absorption spectra of the methanol solution of Sgr(@ill line) and the air-saturated methanol was estimated to be-217 p.s.

that of SmBg (dotted line). The charge-transfer bands front @ Sn#* Fig. 4 shows the .tran_Sie_m absorption spectrum .at
and from Br~ to Sn#* appear below 310 nm. 100 ns after the laser irradiation to the methanol solution
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0.07 T . T T T (St —Cly* — Snét +*Cl. (2

0.06 k ] The photoredution yield of S# to S+ will be deter-
mined by the efficiencies of dissociation and geminate
0.05 recombination of the excited species (8rCl)". Reaction
between the oxidized ligand¢l) and the neighboring sol-
vent competes with the geminate recombination. The formed
Sn?* is unstable in the air-saturated solution because the
Sn?* reacts efficiently with the resolved oxygen and the life-
time of the SM* is 5.2+ 0.7p.s.

On the other hand, when the SmBm methanol was irra-
diated by the laser, the reaction shown as follows will occur.
Immediately after the CT band of Bito Sn?* is excited, the
geminate pair (SART—Br)’, is not formed but the excited Br
(Br)", is formed and a solvated electrogg€ is ejected and
1 L L L the broad band with the peak at 720 nm appears;

Time (2us / div)
Smt-Br- 4 hv— St + (Bro)*, @)

0.04

0.03

Absorbance (a.u.)

Fig. 3. Time profile of absorbance at 570 nm of&rim the methanol solu- - . B
tion after the laser irradiation. (Brr)*— °Br + el - 4)

of SmBr. This absorption spectrum was not in agree- °Brradical produced simultaneously with a solvated electron
ment with the absorption spectrum of 3mand had react with the neighboring Brand Be~ is formed and the
two absorption peaks at 360 and 720nm in the spectral absorption peak of the Br appears at 360 nm.

region between 300 and 800nm. It is well known that

a solvated electron,s@~ and Be~ have the absorption Br+Br-— Bra. ©)
peaks at 720nmeE1.85x 10°M~1cm™1) and 360nm Halogenions such as Brand CI- have charge-transfer to
(e=1.2x 10*M~tcm™1), respectivelyf14]. solvent (CTTS) spectra and the solvated electron is formed by

The photoreaction process of SmgCand SmBg in pumping the CTTS bands. The CT band of Bo Sn* is not
methanol can be explained as follows. In the case of gmCl overlapped with the CTTS bands of Bbecause the CTTS
in methanol, as soon as a photon is absorbed in the CT bandands of Br appears in the spectral region below 225 nm.
due to the CT transition from Clto Sn?*, a geminate pair  Therefore, the CTTS band cannot be directly excited by KrF
(Sn?*—Cl)" is formed and dissociates to 3i#*Cl. These  excimer laser with the oscillation wavelength of 248 nm. The

processes are shown as follows. formation of the solvated electronsog” and Be~ will sug-
_ " gest that new photoreaction mechanisms exist on the reaction
St —CI” +hv — (sz+_C|) ’ (1) process via the CT band excitation. Although the reason for
; observed difference betweenCand Br- does not clear at
' ' ' ' the present time, the difference reaction may be affected by
% the electronegativity of ligands. Because the absorption peak
sl @e i of CT band relates to the electronegatiVity].
®
| e
;- o6l @ ® J 4. Conclusions
3 s °*
§ o The transient absorption spectra for the air-saturated
S 04f L ® - methanol solutions of Smgand SmBg have been measured
2 ° '. by means of the nanosecond laser flash photolysis using a KrF
° L excimer laser with the oscillation wavelength of 248 nm. Itis
02 ko % - found that the photoreduction of Sfrto Sn?* is induced in
® air-saturated solution of Smgand the photoreduction yield
f at 100 ns after the laser irradiation and the lifetime ofSm
0300 4(')0 =00 500 200 300 are estimatedto be 0.290.06 and 5.2 0.7 s, respectively.

In the photolysis of the methanol solution of SgBa sol-
vated electron and Br were formed. The dependence of the
Fig. 4. Transientabsorption spectrum of the solvated electgpn@20 nm) photoreactlon o_f St on the,' Coume,r ions will SqueSt that
and Bp~ (360 nm). The filled circle shows the transient absorption spectrum NeW photoreaction mec_hanlsms exist on the reaction process
at 100 ns after the laser irradiation of the sample of SmBr via the CT band excitation.

Wavelength (nm)
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