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physical and photochemical properties of the emis&ive
(*A,y) excited states of various M@l,II), W 5(I1,1I), and Re-
(11,11 quadruply bonded bimetallic complexes was then
undertakeri- 2 More recently, quadruply bonded bimetallic
cores have been linked together to form “dimers of dim&rs”,
utilized to build larger supramolecular structutes; and
have been shown to organize into liquid crystalline pha%es.
The energy of thédo* (°A,,) state of quadruply bonded

complexes is predicted to be located.0 000 cn below

There are only a few reports on the measurement of the energy
of the low-lying 300* state of quadruply bonded bimetallic
complexes, and the direct observation of the 0*0* excited
electronic state was only recently reported. In the quadruply bonded
bimetallic complexes reported to date, luminescence arises from
their 100 excited state, and the 395* state is nonemissive. Here
we report the luminescence of Re,Cl(p-OCHsform), [p-OCHsform
= (p-CH30CgH4)NCHN(p-CH3s0CsH,) "] observed upon 400-460
nm excitation with maxima at 820 nm (CH,Cl,, 7 = 1.4 us) and
825 nm (CHsCN, 7 = 1.3 us) at 298 K. From the large Stokes
shift, the vibronic progression at 77 K, the quenching by O,, the
long lifetime, and the calculated energy of the 300* state, the
luminescence of Re,Cl,(p-OCHsform), and the corresponding
transient absorption signal are assigned as arising from the 05*
(®Az) excited state of the complex.
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Figure 1. (a) Energies of thé,0*-manifold for ReCls(PE%)4 (left) and
RexCly(p-OCHsform), (right) and (b) molecular structure of Ral(p-OCHs-
form),.

the correspondingpo* (*A,,) excited state, and in most cases
only 1000-5000 cn! above théd? (*A1g) ground statéd®2!
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A schematic representation showing the states that arise fronFigure 2. Room temperature absorptiorr), excitation gem = 800 nm,

the delta bonding manifold for a typical eclipsed complex
ReCls(PEt)4, is shown in Figure 1la. Although the energies
of 300* and 0* 9* excited electronic states were calculated
for various quadruply bonded complexés?? only three

- --), and emissionAexc = 420 nm,— — —) spectra of RgCl,(p-OCHs-

' form),in (a) CHCN and (b) CHCIy; emission of the solid at 77 Kifxc =

420 nm,— - - - —). Inset: transient absorption spectrum after 200 ns (298
K, CHCly, Aex = 532 nm, fwhm~ 8 ns, 5 mJ/pulse).

examples of the experimental measurements of the energyformamidinate and carboxylate bridging ligands, both the

of the30* state using magnetic susceptibility afié® NMR
spectroscopy appear in the literaté#é? and only recently

190* and 290* states are expected to lie at higher energies
owing to additional mixing of the* (bi,) orbital with a

has theld*d* excited state been observed experimentally low-lying linear combination of the ligand p-orbitals of the

through its two-photon excitatiofs.

same symmetry (Figure 1&)2°3°The greater energy dif-

The luminescence reported to date for quadruply bonded férence expected between thié* excited state and th&)?

Re(111L,111), Mo (1111, and Wa(I1,11) complexes upon visible
excitation has been assigned as arising frontdide (1A,,)
excited stat€:*7° Emission from thédo* (3A,,) state was

not previously reported for quadruply bonded complexes.

Since in the luminescent complexes reported to datédtbie
state is typically close in energy to tHé? ground state

ground state in these systems led us to explore3dide
luminescence from REIl,(p-OCHsform), (p-OCHsform =
p-methoxy-formamidinate), whose structure is shown in
Figure 1b%!

The room temperature electronic absorption, emissign (
= 420 nm), and excitatiod{,n = 800 nm) spectra of Re

(Figure 1a, left), the energy gap law predicts that its Cl(P-OCHsform)s in CH,CN and CHCI, are shown in
nonradiative deactivation to the ground state would be Figure 2, along with the emission spectrum of the soligl (

efficient, likely making the triplet state weakly emissive or
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The emissionAex = 532 nm, fwhm~8 ns,~5 mJ/pulse) LMCT transition, can be assigned to possess signifiéaht

could be fit to a monoexponential decay with= 1.4 us in — 190* parentage. The excitation spectra with maximum at
CH,Cl, andz = 1.3 us in CHCN at 298 K3* The transient 452 nm in CHCI; is indicative of the luminescence arising
absorption signal from Ci€l, and CHCN solutions of Rg from the low-energy shouldetd* excitation), showing that

Cly(p-OCHsform), at 298 K (Figure 2) resulted in difference  there must be poor communication between the LMCT state
spectra with bleaching of the ground state absorption and aand MC manifold.

strong positive signal at < 370 nm, both of which decay Typically, a relatively small Stokes shift (2063000

with lifetimes of 1.4 and 1.3«s in CHCl, and CHCN, cm™Y) of the luminescence from thi®d* excited states of
respectively’* These results show that the emission and quadruply bonded complexes with lifetimes shorter than 200
transient absorption originate from the same excited statens in fluid solution at room temperature is obser¢&€d? In

and are inconsistent with the luminescence arising from an contrast, the luminescence of Ré&(p-OCHsform), exhibits
impurity, since the observation of the transient absorption an energy difference between the absorption and emission
signal would require the impurity to make up a large portion maxima of~13 000 cmi* and a significantly longer lifetime

of the sample. Such impurity is not observed intHENMR than those previously reported. The energy of #ié*

spectrum in CRCl,. excited electronic state can be estimated from the measured
The emission spectrum of solid &, (p-OCHsform), at energy of theldo* excited state, the one-electron energy

77 K exhibits a vibronic progression withy = 259 cmt difference between thieando* levels, AW, and the electron

(4 cnY), similar to the ground statgReRe) of 275-295 exchangeK (Figure 1a¥? Theldo* and 2366* energies and

cm ! for ReXg* and Re(O,CRy),X, (X = Cl, Br; R = the value ofAW are sensitive to both the torsional angle

CHs, CoHs, CsHy, CeHay, CeHs),*3°leading to an assignment  (overlap of the ¢, orbitals),y,32*and the mixing of the)

of the luminescence as arising from thé* manifold. The ando* orbitals with linear combinations of ligand orbitad3.

dynamic Sterr-Volmer quenching of the emission lifetime  Since the value oK is rather invariant to the ligand
by Oz in CHxCl; results inky = 1.0 x 10° M~! s7% This system, an average of the values reported or calculated by
value is consistent with an emissive triplet state, singe O us for nine different R£lIl,I11) complexes, 5080 cm?, was
quenching by singlet excited states typically proceeds with ysed here for RE€I,(p-OCHsform),.2238-40 Using the ex-
kg = 10'° M~ s71% The independence of the emission perimentally determined energy of thé* state, E(L00*),
maximum on solvent, long lifetime, rate constant fo; O of 22 124 cm! in CH,Cl, (excitation maximum)AW was
quenching, large Stokes shift, and the 77 K vibronic calculated to be 16 269 crh?? Using these values and
progression leads to the assignment of the luminescence ag(3)6*) = [(K2 + AWA)Y2 — K], the energy of thédo*
arising from the’0o* excited state. excited state of RE€I,(p-OCHsform), was calculated to be
An electronic structure calculation on Ra,(p-OCHs- 1.20 x 10* cm™* (846 nm)? This energy is consistent with
form), results in similar orbital ordering as that previously the observed emission of the complex shown in Figure 2
reported for RgCl(HNC(H)NH),.2 However, the calculation (1., = 820 nm, CHCI,), and comparable to those calculated
with the additionalp-methoxyphenyl groups for REl(p- for Re,Cl(0,CRy)s (R = alkyl) complexe$2:38:39
OCHsform), results in a low energy allowed LMCTA1q From the large energy difference between the absorption
— 'Ey) transition, & (p-OCHsform, &) — 6* (by), at and emission maxima, its insensitivity to the solvent, the
approximately the same energy as té* transition® The  vipronic progression at 77 K, the quenching by, @e long
solvent dependence and the molar absorptivity of the 414 jifetime of the emission, and the calculated energy of the
nm peak (CHCI,) is consistent with @dLMCT transition. 356* state, the luminescence of Ral,(p-OCHsform), in the
This assignment is also supported by the shift of this peak 700-850 nm range is assigned as arising from #é*
to higher for ReCly(p-Cl-form)s (Amax = 400 nm, CHCl,), (®A,y) excited state of the complex. To our knowledge, this
for which the formamidinate ligand is harder to oxidize.  yreport represents the first example of luminescence from the
Similarly, a shift in the absorption maximum from 409 nm  355* excited state of a quadruply bonded complex.
for Re;Clo(m-OCHsform), to 392 nm for ReCl,(m-Cl-form),
is observed in CkCl,,3L which also correlates with the ease ~ Acknowledgment. C.T. thanks the National Science
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