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Ruthenium(ll) MLCT Excited States. Stabilization toward Ligand Loss in Rigid Media
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The excited state properties of polypyridyl complexes of
Ru(ll) and their assemblies are often complicated by the existence

of low-lying dd or ligand field states of configurationzeto* .

Typically, these states are formed following metal-to-ligand charge

transfer (MLCT) excitation followed by a thermally activated
surface crossing to the dd stateDnce populated, they undergo

rapid nonradiative decay or ligand loss photochemistry, and this

can greatly limit the use of Rbpy) constituent units in molecular

assemblies for energy conversion and related studies. In rigid

media, such as cellulose acetatpply-ethylene oxidé2 SP
Sephadex C-2% solvent glasse$zeolites? porous glas$ poly-

siloxanes etc.’ temperature dependent lifetime data have been
acquired which suggest an increase in the activation barrier for

MLCT — dd surface crossing*® We report here the additional

observation that these rigid media can greatly inhibit ligand loss
photochemistry and that they may provide useful matrixes for
probing and exploiting energy conversion processes in molecular

assemblies.
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In poly(methyl methacrylate) (PMMA), photolysis dfis-
[Ru(bpyX(py).](PFs). under conditions that lead to photochemical
ligand loss in CHCN within minutes results in no significant
absorption changesl{.x = 458) over a period of 120 min.
Photolysis otrans[Ru(bpy:(4-Etpy):](PFe)2 in CHCN (Aax=
482) givescis-[Ru(bpy)(4-Etpy)(CHCN)](PFR)z (Amax = 444),
within 1 min, but in PMMA with CHCN in the external solution,
only slight trans — cis isomerization is observed (without
significant ligand loss) after 20 min. This shows that photoi-
somerization continues to occur in PMMA but with decreased
efficiency. Photochemical ligand loss also occurs in the presence

At room temperature in deaerated acetonitrile solutions that ©f @ coordinating anion. Photolysis of the saits-[Ru(bpy)-

are 106-10"2 M in [Ru(bpy)(py)z]Cl, with 2—1000 equiv of
added [N(GHg)4]Cl, MLCT excitation of cis-[Ru(bpy)(py)2]>*
from 310 to 550 nm results in photosubstitution to foois-
[Ru(bpy)(py)CI]* (Amax = 506 nm) with @ = 0.20, nearly
independent of excitation wavelendgthFor trans[Ru(bpy)-
(4-Etpyp]?" (Amax = 482 nm),trans — cis photoisomerization
occurs first, ® = 0.50, followed by the same ligand loss
chemistry!® Additional photolysis leads tais-[Ru(bpyh(CHs-
CN)CI]*, @ = 0.025. The quantum yields for loss of py or 4-Etpy

(py)2]Cl,, leads to complete conversion into Ru(by@f) (Amax =
378 and 558 nm) after a photolysis period of 20 min.

Stabilization in PMMA is also apparent in excited state
lifetimes. Room temperature emission decays of [Ru@i®#).,
cis-[Ru(bpyk(py)=l(PFs)z, andtrans[Ru(bpy)(4-Etpy}|(PFe). are
the same in the presence or absence adi@ are nonexponential.
The decay data can be fitted to the William#/atts distribution
function, in eq 122 § is the distribution width, and the average
lifetime [#0is defined in eqs 23 For [Ru(bpy}]?", § = 0.89

are the same within experimental error. In the absence of addedandk = 7.0 x 10° s7* with (Z[0= 1500 ns. Foris-[Ru(bpy)-

chloride, the successive photoproducts are [Ru(igyR-py)-
(CHSCN)J?* and [Ru(bpy)(CH;CN);]?* (R = H, CHs).1t

T Present address: Fritz-Haber-Institut der Max-Planck-Gesellschaft, Fara-

dayweg 4-6, 14195 Berlin, Germany.

(py)]?+, B = 0.30 andk = 7.9 x 107 s with [Z[= 80 ns, and
for trans[Ru(bpy)(4-Etpy)]?t, 8 = 0.77 anck = 1.2 x 10’ s?!
with = 100 ns. Emissioiya, values in PMMA are 590, 630,
and 620 nm for [Ru(bpy)?*, cis-[Ru(bpyk(py).]?", andtrans

* Present address: Symyx Technologies, 420 Oakmead Parkway, Sunny-[Ru(bpyp(4-Etpy)]?*. By comparisonk = 1.0 x 1 s™* (7 =

vale, CA 94086.
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deaerated CKCN, andk > 2.0 x 1 s (r < 5 ns) forcis[Ru-
(bpy)(py)2]>t andtrans[Ru(bpyk(4-Etpy)]?*. In fluid solution

the latter lifetimes are greatly decreased because of rapid MLCT
— dd barrier crossing followed by decay and decomposition.
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I; = 1o exp[— (k)] (1)
0= T@IB)(KPB) (2a)

. 1° 1\n n
F(n)=ﬂ)x e dx=;ﬁ|1[(1+;)/(1+;)] (2b) I

by a slight modification of a literature procedifa which metal
complex salts are added to a mixture of tetramethylorthosilicate,
formamide, and methanol with a catalytic amount of nitric acid
in water. Slow drying of the resulting gels in a polystyrene
cuvette at 60°C produced rectangular solids free of cracks and . :
. . . 1 T T —+y 1T | v v+ v v v 1 1T | v 17
macroscopic defects. Fois-[Ru(bpyk(py):](PFs). in CH,Cl, at 550 600 650 700 750 800
room temperature, the emission quantum yield and excited state
lifetimes are®ey, < 0.0001 and < 5 ns. In the silica gel matrix,
®en > 0.01 (Figure 1) and the lifetime increases dramatically to ) " o
. Iret, Normalized to the same optical density) éig-[Ru(bpyk(py)2](PFe)2
250 ns under N ®en decreases by-10% in the presence of in a sol-gel matrix immersed in CkCl, (—) and in CHCI, solution
. ___).
The chromophorequencher assembly saltss- and trans
[Ru(bpyh(MQ™)2l(PFe)s (MQ™ is N-methyl-4,4-bipyridinium ~  The microscopic origins of the rigid medium stabilization effect
cation) are also stabilized in silica monoliths. Under photolysis 5, currently under investigation. They appear to include a
combination of inhibited MLCF dd surface crossing, decreased

(nm)

Figure 1. Room temperature emission spectra (relative emission intensity,

N/\:>_</:/\\N+_ reactivity of the dd states, and a cage effect in rigid media which
\_/ — promotes ligand rebinding. For example, the lifetime cig-
MQ* [Ru(bpy)(py)]?™* in PMMA is short compared to that of
[Ru(bpyk]®™ even though their emission energies are compa-
conditions in water where theis assembly Amax = 452 nm) rable. This points to MLCT— dd surface crossing in PMMA

decomposes completely to give [Ru(bg#3.0)2]?" (Amax = 480 but with decreased reactivity or ligand rebinding. The long
nm) on a timescale of a few minutes, only a B)% decrease in lifetime in the sol-gel is consistent with inhibited MLCT> dd

absorbance at 452 nm was observedrath of photolysis with surface crossing. In any case, our results demonstrate that
the monoliths immersed in water. In a gel matrix in dichlo- dramatic enhancements in both lifetime and photochemical
romethane, isomerization dfans- (Amax = 466 nm) to cis- stability can be achieved in rigid media. This points to the
[Ru(bpy:(MQ*)2](PFe)** (Amax= 452 nm) occurred within 24 possible use of PMMA or silica seigels to stabilize otherwise
min followed by much slower decomposition of this product. unstable molecular assemblies in translationally fixed, optically

Approximately 80% of thesis assembly remained after 120 min  transparent environments ideally suited for possible device
of continuous photolysis. Local medium effects play a role in gpplications.

the sol-gels. The gels used in this study have large open pores

available for solvent inclusion. Relative rates of ligand loss from
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