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There now exists a large body of experimental data that 0.5
demonstrates ultrafast femtosecond interfacial electron transfer from
a molecular excited state to anatase Ji@noparticled3 For 4 i
Ru(ll) polypyridy! sensitizers, this finding raises interesting issues 0.3
regarding which excited state(s) is involved in the injection process, -é’ 1
i.e., the Franck Condon state, singlet, triplet, or vibrationally “hot” 0.2 4
singlet or triplet states of either, and which processes compete kin- 0.1 ]
etically with electron injection, i.e., vibrational cooling, intersystem o
crossing, internal conversion, ligand field state population, or radia- 0.0 4
tive and _nonradlatl\(e_ de_céyThe current th_lnklng appears to be ' 100 500 600 700 800
that subpicosecond injection arises from a singlet excited state, while W avelength (nm)

slower injection is from the thermally equilibrated excited stte. Figure 1. Absorption spectra of representative [Ru@udeeb))/TiQ (- - -
Isotopic substitution studies have been widely employed and have), [Ru(en-Dy)(deeb)]/TiQ (—), and [Ru(NR)s(eina)/Ti0; (-++) samples

provided valuable insights for Ru photochemistry and photopHysics under one atmosphere of argon.

but have_ rec_el\_/ed very little attention at semiconductor |nterf8(_:¢s. Table 1. Absorption, Electrochemistry, and Electron Injection

In fact, kinetic isotope effects have not been observed at senS|t|zedy_ie|ds of Natural Isotopic and Deuterated Compounds Anchored to
interfaces. Here we report the first experimental evidence that TiO2?

nuclear isotopic substitution of molecular sensitizers can indeed At Epp(RUM) . .

be used to control excited-state interfacial electron injection yields. sensitizer (nm) (mv)b (417 nm)e (532 nm)°
The compounds of interest are Ru(jkdeeb)(P)2, Ru(en)- [Ru(NHz)s(deeb)}* 440,575 575  0.190.01 0.10+0.01

(deeb)(PE)2, and Ru(NH)s(eina)(PF)2, where deeb is 4,4CO.- [Ru(NDg)s(deeb)}™ 443,580 585 0.280.02 0.13+0.01

CH,CHz),-2,2-bipyridine, en is ethylenediamine, and eina is EEUEe”)zg)e?db)fLW 34318' ggg ;ig 8-2& 8-8‘21 g-ggi 8-8%
) Avridi ; ; ; _ [Ru(en-Dyz(dee , . . . .
4-COsEt _pyrldlne._ T_he synthesis of the ruthenium ammine com [Ru(NHs)s(eina)p+ 518 247 014t 001 0.09% 0.01
pounds is very similar to reported procgdures for closely re_Iated [RU(ND3)s(eina)p* 511 233 0.20f0.02 013+ 001
compounds:® Hydrogen NMR and UV~vis spectra were consis-
tent with the given formulations. Deuteration of the ammine ligands 2 Injection yields were measured spectroscopically at room temperature

was performed by exchange in 1:1 MeODRID(containing~10-3 under one atmosphere of argon. The experimental error represents standard
P y 9 ( g~ deviations from multiple sample&The RU'" reduction potential measured

M DCI) solution under an argon atmosphere followed by evapora- py cyclic voltammetry in 0.1 M tetra-butylammonium perchlorate aceto-
tion of the solvent under reduced pressure at room temperature innitrile electrolyte. All potentials were measured vs a Ag/AgCl reference

the dark. The extent of the reaction was monitored by infrared spec- €lectrode= Excitation with 417 and 532.5 nm light.
troscopy, wherein the NH stretching modes decreased with a Pulsed light excitation of [Ru(NE4(deeb)/TiQ in an argon

concomitant increase of the-\D stretching intensity? It was found atmosphere yielded an absorption spectrum consistent with the
that the N-H stretching bands were essentially gone after four con- formation of the oxidized dye and an injected electron, Figure 2.
secutive exchanges in MeOD/D. The asymmetric €0 stretching A bleach of the MLCT absorption bands was observed with a
frequency remained at1710 cni® before and after deuteration.  weak positive absorption feature at wavelengths greater than 650
Freshly prepared Tigfilms were soaked in pD 2.5430,/D,0 or nm. Similar features were also obtained in the transient absorption

pH 2.5 BSQY/H,0, rinsed with acetonitrile, and dried under vacuum  spectrum for [Ru(enjdeeb)]/TiQ. The transient absorption spec-
three times prior to attachment of the sensitizers from millimolar trum for the deuterated compounds on the Ji@s identical to
acetonitrile solutions. The expected isotopic substitution of the that of the natural isotopic compounds on surface. The appearance

sensitized TiQ@ thin films was verified by ATR-FTIR. of this state could not be time resolved, indicating that injection
The absorption spectra of the deuterated compounds anchoredccurred on a subnanosecond time scale. The quantum yields for
to TiO,, abbreviated [Ru(NB)4(deeb)]/TiQ, [Ru(en-Dy), (deeb)]/ injection were determined by comparative actinometry as previously

TiO2, and [Ru(NR)s(eina)]/Ti0,, showed metal-to-ligand charge-  described, Table ¥ The injection yields, ¢, approximately
transfer (MLCT) bands in the visible region, Figure 1 and Table 1. doubled when the excitation wavelength was changed from 532.5
The absorption spectra did not change significantly when the to 417 nm. The injection yields were also found to increase-by
ammine ligands were deuterated. A quasi-reversible Ru(lll/Il) 30—-50% when the ammine ligands were deuterated and they were
reduction potential was observed that shifted-16 mV when independent of the incident irradiance from 1.5 to 10 mJ/pulse.
deuterated! All compounds were found to be nonemissive in fluid Ground-state absorption measurements before and after the laser
solution and on TiQor ZrO, surfaces with excited-state lifetimes  excitation experiments revealed negligible sensitizer decomposition
<10 ns. at the surface. Control experiments with [Ru(bjigieeb)]/TiQ
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and interfacial electron transfer can be controlled by nuclear
substitution. There exists, in fact, very little experimental data for
kinetic isotope effects atiny semiconductor interfaceand this
report shows that the effects can be quite significant as is expected
theoretically!” These interfacial isotope effects are clearly kinetic
in origin and likely emanate from changes in the nonradiative decay
rate constants. Significantly, isotopic substitution increases the

0.000

-0.003

-0.006 4 . . S . . .
3 quantum yield for excited-state electron injection without increasing

the rate constant for charge recombination.
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Figure 2. Absorption difference spectra observed after 532.5 nm laser

excitation (~10 mJ/pulse, 810 ns fwhm) of [Ru(NH)(deeb))/TiQ under
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