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Oxo-acetato-bridged triruthenium cluster complexes ([Rus(zs-O)(u-
CH3CO,)s(L1)(L2)2] ™) show various color changes with variations
of the total charge of the cluster complexes and terminal ligands.
After photosensitized electron transfer via the triplet excited state
of zinc tetraphenylporphyrin, the change of the formal oxidation
state of the ruthenium ion allowed coordination with the carbon
monoxide ligand accompanying the color changes.

The role of carbon monoxide gases is receiving great
attention in various fields including neurotransmitters in
vivo.! One of the important roles of CO is the intoxication
caused by interruption of £binding to the heme moiety
with excess CO gases. Recently, many CO sensors have been
developed; however, most of the CO detectors are sensitized
with amperometric electrochemical methédslerein, we
report a new type of CO-sensitive color sensor using oxo-
acetato-bridged triruthenium cluster complexes §[Ra
O)(u-CHsCO,)e(L1)(L2)2]T0), which show various color
changes with variations of monodentate ligandg) @uch
as pyridine derivatives and weakly Coqrdlr_]atmg SQIVGm Figure 1. Color changes of ruthenium complexes (0.1 mM): (a)4fRu
molecules (L) such as CHCN, as shown in Figure Tain (u3-O)(u-CHsCOZ]s(CHsCN)(L2)2]* (b) one-electron-reduced species
addition to the change of the redox state, as shown in Figure[Rus(us-0)(u-CHzCO,)s(CHsCN)(L2)2]° with light excitation ¢390 nm)
1b. An original idea in the present study is to control the °f ZNTPP in the presence of BNAH in Ar-saturated {ON; (c)

. . . CO-exchanged species [Rus-O)(u-CHsCO,)s(CO)(Ly)-]° after light ex-
redox state of triruthenium cluster complexes by photoin- citation in CO-saturated GEN. L, = py (upper), cpy (middle), and dmap

(lower).

~ *To whom correspondence should be addressed. E-mail:
'to@;gﬂg%oggl'\%rasf&p duced electron transfer using a photosensitizing electron
*Nihon University. donor such as zinc tetraphenylporphyrin (ZnTPP). With a

(1) (a) Bardmno, D. E; Ferris, C. D.; Snyder, S. Hrends Neurosci change of the redox state, it would be anticipated that a CO
2001, 24, 99-106. (b) Gilles-Gonzalez, M. A.; Gonzalez, &.Inorg. . . N
Biochem 2005 99, 1-22. exchange reaction with,L.can be initiated.

(2) (a)Chemical and Biochemical Sens@opel, W., Jones, T. A., Kleitz, By excitation of ZnTPP in the presence of [fRus-O)(u-

M., Lundsfam, J., Seiyama, T., Eds.; VCH: Weinheim, Germany, + — A e
1991; Part . (b) Cao, Z.; Buttner, W. J.; Setter, JHRctroanalysis CH3COZ)6(CH3GN)(pr.)2] ) (pr. =4 cyanopyrldlne) and
1992 4, 253-266. (c) lhokura, K.; Watson, The Stannic Oxide Gas  1-benzyl-1,4-dihydronicotinamide (BNAH) in Ar-saturated

Sensor 1st ed.; CRC Press: Boca Raton, FL, 1994. CH4CN, the absorption spectra in the visible and near-IR
(3) (a) Baumann, J. A.; Salmon, D. J.; Wilson, S. T.; Meyer, Tndrg. N ' P P

Chem.1978 17, 3342-3350. (b) Baumann, J. A.: Wilson, S. T.;  eégions were observed, as shown in Figure 2. The bold line
Salmon, D. J.; Hood, P. L.; Meyer, T. J. Am. Chem. Sod979 in Figure 2 shows the absorption spectrum of {{#s+O)(u-

101, 2916-2920. (c) Toma, H. E.; Araki, K.; Alexiou, A. D. P; . At ;
Nikolaou, S.; Dovidauskas, oord. Chem. Re 2001, 219221, CHsCO,)s(CHsCN)(cpy)] "; upon excitation with the Xe

187-234. lamp (>390 nm), the intensities of the absorption bands at
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Table 1. Spectroscopic and Kinetic Data of Triruthenium Complexes at Room Temperature

Amanm (loge/M~tcm1) Keirst®°¥s ™1
photoinduced
L [Ruz(CH3CN)(L2)2] ™ [Rus(CH3CN)(L2),]° [Rus(CO)(L2)2]° electron transfér CcO
cpy 696 (3.64)/362 (3.80) 920 (3.96)/474 (3.94) 592 (3.69)/415 (3.20) x 6673 15x 10
py 697 (3.65)/328 (3.76) 896 (3.90)/378 (3.92) 585 (3.60)/337 (3.73) %2183 3.4x 1074
dmap 676 (5200)/429 (3.68) 890 (3.87)/326 (3.32) 583 (3.81)/403 (3.85) x 103 8.3x 107

aRate constant during light illumination.
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Figure 2. Absorption spectral changes under photoirradiatl890 nm)
of ZnTPP (0.002 mM) in the presence of [Rut-O)(u-CHsCO,)6(CH3-
CN)(cpy)]* (0.1 mM) and BNAH (0.15 mM) in Ar-saturated GBN.
Inset: Absorption time profiles dtmax (around 900 nm) of [Rafus-O)(u-
CH3CO,)6(CHsCN)(L2)2]° (@, cpy; O, py; a, dmap).
400 600 800 1000 1200 1400
Scheme 1. lllustration of the Reaction Processes Wavelength / nm
hv z-——---—- . . . L
BNAY ZnTPP =137, TPP*! _ Figure 3. Absorption spectral changes observed after mixing ob({R#
t ZuTPP) [Rus(CH;CN)(Lo)o] 0)(u-CH3CO,)s(CH3CN)(cpy)]° (0.05 mM) in Ar-saturated CKCN with
k CO-saturated CECN (1:1) in the dark. Inset: Absorption time profiles at
Med ket Amax (@round 900 nm) for [Rafuz-O)(u-CH3CO,)s(CHsCN)(L2)2]° (@, cpy;
_________ i O, py; A, dmap).
{ZoTPPT ] [Rus(CHsCN)(Lo),
co CN)(L2)2]". When L is changed from cpy to 4-(dimethyl-
[Rus(CONLN amino)pyridine (dmap), the rise rate of [fus-O)(u-CHs-
i 22 CH,CN C0,)s(CHsCN)(L2)2]° decreased drastically. The rise time
i profiles can be fitted with a single-exponential function,
added compounds |{ transient species (accumulated species ) giving the first-order rate constarkfs) as listed in Table

1. With the electron-acceptor ability oblmeasured by g,,*
480 and 943 nm due to [R{#us-O)(u-CH3zCO,)s(CHCN)- theka values increase, suggesting that the electron-accepting
(cpy)]® were increased with a concomitant decrease of the process is the rate-determining step via the triplet state of
absorption intensity at 705 nm of [Rus-O](u-CH:CO,)s(CHs- ZnTPP gZnTPP¥).
CN)(cpy}] . On the other hand, the absorption of the radical ~ Figure 3 shows the spectral changes when CO-saturated
cation of ZnTPP (ZnTPP), which is expected to appear at CH,CN was added to the maximal concentration of thexsfRu
600—650 nm? was not observed in Figure 2, suggesting that (us-O)(u-CH3CO,)s(CHsCN)(cpy)]°® solution generated by
ZnTPP* was consumed by BNAH, yielding ZnTPP and photoinduced electron transfer. The absorption band around
1-benzyl-nicotinamidinium ion (BNA), as shown in Scheme 600 nm due to [R(us-O)(u-CHsCO,)s(CO)(cpy)]® was
15 Then, the color of the solution changed from green gradually increased, corresponding to the decreases of the
(Figure 1a, middle) to orange (Figure 1b, middle). The absorptions around 480 and 920 nm of {g-O)(u-CHs-
absorption maxima inducing color changes in Figure 1 are CO,)s(CHsCN)(cpy)}]®. The formal oxidation state of the
summarized in Table 1. The time profiles (inset of Figure starting triruthenium complex is trivalent for each ruthenium
2) show the increase of [R{us-O)(u-CH;CO,)s(CH;CN)- ion (Ru"cpy, Ru'cpy, and Rtisolvent), to which CO cannot
(L2)2]° with consumption of [Re(uz-O)(u-CH3CO,)s(CHs- coordinate, because of its strong back-donating ability.
However, after the photosensitized electron-accepting pro-

(4) (a) Itou, M.; Otake, M.; Araki, Y.; Ito, O.; Kido, HInorg. Chem cess, the formal oxidation state of a one-electron-reduced
2005 44, 1580-1587. (b) Otake, M.; Itou, M.; Araki, Y.; Ito, O.; complex changes to divalent (Rupy, RU”pr, and RU-
Kido, H. Inorg. Chem 2005 44, 8581-8586. . : .

(5) (a) Mauserall, D.; Westheimer, F. H. Am. Chem. Sod 955 77, solvent), in which the solvent at Ris allowed to exchange

%2351;\226515 (b) Zuﬁu;;?ibg'éggﬁi?%)sﬁ Hir_onﬁlkz, %Tanaka, with the CO ligand. The color change from Figure 1b to
.J.AM. em. S0 A . (C arcinek, A.; amus, . . .
3 Huben, K.: Gebicki, J.: Bartczak, T. J.; Bednarek, P.: Balhd.T. Figure 1c can be reasonably interpreted from the absorption

Am. Chem. So@00Q 122, 437—443. spectral changes in Figure 3 (see also Table 1). As shown
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in the inset of Figure 3, the CO exchange reaction with-CH In conclusion, we have demonstrated a new type of
CN is finally completed, yielding [Rifus-O)(u-CH3CO,)e- photoactive CO color sensor using triruthenium cluster
(CO)(Ly)7]° with different rates. Interestingly, the rates of complexes initiated by light illumination. Although the
the CO replacement reaction with @EN are in the order  ligand-exchange reaction is allowed by electron transfer with
of dmap > py > cpy, whereas the electron-transfer rates the visible light, the UV light irradiation can dissociate the
show an opposite tendency (cpy py > dmap). The rate  CO ligand® affording the reversible devices with selective
for the photosensitized electron transfer was increased withlight irradiations.

a decrease in the electron density of the triruthenium cluster

core by an electron-withdrawing cpy ligand. On the other  Acknowledgment. This research was partially sup-
hand, the rate of the CO replacement reaction withCH ported by a Grant-in-Aid for the COE project, Giant
was accelerated by an electron-donating dmap ligand, asmolecules and Complex Systems, 2002, and a Grant-in-Aid
shown in Table 1, because dmap can stabilize the low for Scientific Research on Priory Area (417) from the Japan
oxidation state of the triruthenium cluster with its rich Ministry of Education’ Cu]ture’ Sportsy Science, and Tech-

electron density. nology (MEXT).

These observed processes are illustrated in Scheme 1;
photosensitized electron transfer vnTPPP* occurs,  |cog0751N
generating [Ry(uz-O)(u-CH3CO,)s(CHICN)(L,)2]°, to which
a CO molecule coordinates, producing BRu-O](u-CHs- (6) (a) Akashi, D.; Kido, H.; Abe, M.; Sasaki, Y.; Ito, Dalton Trans.
C0O,)6(CO)(Ly)2]° with the color change as shown in Figure 2004 2883-2889. (b) Abe, M.; Masuda, T.; Kondo, T.; Uosaki, K.;
1. Here, BNAH acts as a sacrificial hole trap to prohibit back \S(gs"’g(' Xﬁ‘;gm' ﬁg‘f{f&;"”{ ;Eggfaakf“kﬁl&gv%’(f\}l.;zgo;s’gﬁf v
electron transfer. Chem—Eur. J.2005 11, 5040-5054.
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