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Abstract.

‘M dynamics and mechanism of inmunokcdar energy transfer in

[(phcn)(~)3R4@C)RuU(m)(bpy)21+ follotig metal-to-]igand charge transfer

excitation have been studied using picmccand inhrcd spcctrmzopy.
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Signifkam advances have km made in the &sign and characterization of molecular assemblies
which, upon photoexcitatkm, undergo intramolecular clecrron or energy transfer. 1 These
reactions have typically ken followed by transient electronic abso~tion spectroscopy. This
technique, however, suffers from the disadvantage that absorption bands tend to be broad and
featureless which can lead to ambiguous interpretation in ccunplex assemblies, especially what
there is more than one absorbing chromophore. Time-resolved resonance Rarnan spccuoscopy
has been applied to the study of excited statcs~ but time-resolved infrared spectroscopy (TR.iR)
is particularly well-suited to probing complexes mntaining ligands such as CO or CN wtich arc
bound to the MCWI.SUnlike the transient Raman experiment, TRXRdoes not mly on resonance
enhancement in the excited state since the metal-CO and -CN sb~tching vibrations have large
oscillator strength providing high sensitivity. We describe here a novel application of TRIR
SPCCUOSCOpyto the elucidation of inualnokular energy transfer in the ligand-btidged cmnplex,
[(phcn)(CO)3Re1( NC) Ru11(CN)(bpy)21+ (phen is 1,10-phenanthroline, bpy is 2,2’-
bipyridine)~ representing the fit application of the technique to a process of this type.

Figure 1 sii~ws the TRIR difference spectra in the vco stretching region obtained 2 ps
(spectrum la) after 300 nm excitation and 2(N)ns (spcctmm lb) after 355 nm excitation of

[(phe~)(m)3Re1(NORun(cN(bpyhl+in m3CN. Typical of these types of mmpkxes, the
bread elamonic dxorptions of both metal ccmers overlap considerably such that at these pump
wavelcngtis the excitation of both Rel + phen nnd Run + bpy metal-tdigand charge transfer

(- msitiom a-. me R fhqwncks of k CO and CN bands arc very sensitive to
metal oxidation state however, making it possible to determine unambiguously the nanue of the
intermediates formed by the cxcitaticm pulse. Assignnmnts am bw+cdon comparison to ground
and cxcital state Ill spectra of monomeric model complexes.

Tlw 2 ps spccuum udicatcs thatthe predominant species present at very early times is the Rel +
phcn MUX state as illustrated in Fig, k While only two CO bands (1921 and 2028 cm-l) arc
observed in the ground state, (suggesting effective C~v symmetry for the 3 CO and 3 N
Iigsnds), the lowest energy CO band is split (1%0 and 1981 cm-l) in the 2 ps spectrum. This
splitting is most likely due to symmeti y lowering caused by the presence of a hole in the d(x)
orbhls of the Re~(phen”-) MLCI’ state. Subsequently this state rapidly (-5 ps) decays to a stale
which Ihw for h..:rdrcds of nanoseconds and gives the TRIR spectrum shown in Fig. lb, TIM
st.wll shifts of the CC) bands and the large shifts of the CN bands (not shown) are consistent
with the assignmcn[ of this tpctrum to the RU1~-+bpy ML(X state (Fig. 2b),



Ilc net reaction following R~ + phen cxcition is R@(phcn”-)+ RUm(bpY-) cnc%y ~sfm
which is spontaneous by -0.2 cV and the Iong-livai intermediate is a mixed-oxidation state
mmpkx. Tk same intermediate is rcachai by direct Run + bpy excitation. l’k dynamics and
meckanism of energy Iransfm will be discussed.
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