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Abstract

Most photochemical reactions degrude a metal complex. but recent experiments m
this laboraiory reveal a series of unusual photochemical reactions that increase the metal
content of the complex. A 450 nm excitation of bis{2,2-bipyridine}{ 2.3-bis{ 2-pyridyl}
pymzme)mthcnium{I?;. Ru(bpyi:dpp®t, complexes in the presence of Pt{12™, PaCIi
and RhCE results in quantitative  formation of the corresponding  bimeiallic
IRu(bpy){dpp)MUCL". The excited state energies and thermal redox potentisls of the
chlorides and the apectﬁuzy of the reaction suggest that formation of the bimetallic is not the
consequence of energy transfer or electron transfer quenching. Instead. we pr{m.}fﬁe that these
reactions are the result of an excited state acid-base chemistry that manifests itsell as changes
in coordination zmd nucleophilicity. The emissive MLOT udzem E,mbm; (dppy ¥ s localized
on dpp, and H ™ quenching indicates that population of the emissive I

state Increuses
the basicity of at izast one of the peripheral nitrogens by at least four m{isrs of magnitude
relative 1o that in the ground siate. Population of the "waCT state {bpy L, Ru(CNy,, on the
other hand. shifts charge density to the bpy lgand therebyv decreasing the basicity of the
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cyanide ligand by ca. four orders of magnitude. The pH dependence of the quantum vield of
decomposition of trans-{(bpyL,RufCNu-CN)RB(NH,),Bri*? suggests that this immense
change in basicity leads to a dissociative excited state. In complexes that exhibit excited state
acid-base properties, the data presented here suggest that quenching is not necessarily limited
to electron or energy transfer, but also occurs by an excited state acid-base chemistry that
leads to changes in coordination and/or nucleophilicity. © 1998 Elsevier Science S.A.

Keywords: Excited state; Quenching mechanism

1. Introduction

Although the energy crisis of the mid-seventies focused attention on the newly
discovered excited siate redox properiies of Ru(il) ditmines [1], studies of the
quenching of the MLCT state of these complexes by organic and inorganic reagents
have elucidated a variety of bimolecular processes [2,3]. The chemistry arising from
these processes is similar to that occurring in the ground state, but distinguished by
the energy of the reactive excited state. Unlike a thermal redox reagent. for example,
the difference between the emission energy and the energy of the reversible, one-
electron oxidation and reduction potentials (vs. NHE} shows that the luminescent
MLCT state of Ru(bpy);”. designated *Ru(bpy);”. is energetically capable of
acting as either an oxidant or reductant:

*Rulbpy)i” ~Ruibpy)s +e” E=088eV

b

o

*Ru{bpyiy” +e —Ru(bpyly E=07le¥Y {(2)

The intent is not to imply that all excited state redox reagents are equally strong
oxidants and reductants. Excited state tedox potentials can be systematically varied
by means of different ligands and ligand substituents [2.3]. Rather. Ru(bpys"”
emphasizes the important difference imparted by the energy of the reactive MLCT
state. A thermal redox reaction yields thermodynamically stable products, whereas
an excited state electron transfer vields products that are stabie relative to the excited
state. but unstable relative to the ground state of the precursor. The result is transient
products and, unless the experiments are specifically designed to deiect the redox
products, the impression is that no chemical change has occurred. To llustrate the
point. oxidative quenching of *Rul(bpy);” by a quencher

kl‘.’
*Rulbpy); " + Q- Ru(bpy)i"+Q~ {:

L
S

yields Q7 and the powerfu! oxidant Ru{bpy¥ ™. Unless one or more of the electron
transfer products undergoss a subsequent reaction or change {1--3), the complemen-
tary thermal back reaction

LN
Ru{bpy;3™ + Q" — Ruibpyit™ +Q {4}

occurs and the redox products are transitory [4].
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Reversibility 18 a challenge with respect to charge separation, but a bszneﬁt ?n
kinetics. Considered to be outer-sphere electron-transfer reagents, the substituti
inert 2.2%bipyridine {bpy} and 1.10-phenanthroline {phen) complexes of the kaw—
spin iron triad have proven to be very useful in testing different aspects of
Marcus-Hush theory. The large oxidation potentials of the trivalent metal com-
plexes. however, favor reaction rates that are ofien too rapid for conventional
echniques. The ability to “turn the complex on’ and generate non-equilibrium
redox products within the time resolution of current pulsed laser technology allows
flash photolysis to be used as a relaxation techpique to probe thermal redox chemistry
in previously unaccessible time domains [3].

Energy transfer guenching of the MLCT states of Ru{il) dumines has also been
demonstrated. With Cr(ill) quenchers. in particular, where emission from the *E
state is observed, infra- and in*ermo}wu%ar energy transfer has been established [6].
in covalently linked systems, energy transfer efficiency s a tunction of the strength
of the electronic coupling between tim centers. the linking molecules. and the distance
between the donor and the acceptor portions of the complexes {71, In the abssnee
of a subsequent emission from the quencher. distinctions between energy iransfer
and electron transfer are often based on ener gv arguments. However, energy argu-
ments and/or correlations between the bimolecular guenching rate consiant and
‘_ccepmr energy level, or redox poiential, are eftan ambiguous. In the guenching of
the MLCT states of Rutily and Os(11; diimines by molecular oxvgen. for example.
singlet oxvgen formation is atiributed o energy transfer, but an electron transfer
process cannot be ruled out {61

A third type of guenching mechanism. although far less common than energy-
and electron-transfer processes. has been shown io occur in Ru{ii) diimine com-
plu(eg that possess acid-hase sites on one or more of the ligands [S-16]. In these

ases, optical excitation redistributes electron density i the comples. and the redis-
mb!.m:d charge produces immense changes in acid-base proper
emission lifetime and intensity are pH dependent. In the complexes
. where BL denotes the bridging higands 2,3-bis( —"smmw;}wamam inpior{4.7
nanthrolino{5.61pyrazine {ppz}. for eaam}}}ﬂ‘ optical excltation leads to an MLCT
state focalized on the BL lgand {4.17}. The nonmal modes resonant with the MLCT
absorption showing the largest resonance enhancement indicate that the majonty of
the charge transferred in the formaton of the luminescent MLOT state exists near
the peripheral nitrogens. However, it is not clear whether the charge is symmetrically
distributed between bm mirogens, of iC(‘duZed on a specific nitrogen. Mevertheless,
optical excitation increases the electron density at these nitrogens. and this increase
in electron density mcreases their was:{:zty‘ In the time reguired for inlersvsiems
crossing 10 the lumincscent state looalized on the B It ;%.ané = 100 ps. the basicity
of a peripheral nitrogen in (bpv), eater Jz an four sréje_z» of
magnitude, while the marsﬁzas in (bpv)Ruppz” s gre zm:z than fve orders of
magnitude [16]. Similar increases in basicity have been reported for other diznine
complexes [B.9,12-16]. In each case. excitation increases the charge density m the
ligond and the increased charge density incrzases basicity of a peripheral acid-base
functionaliny by orders of magnitude,
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The converse is also true. i.e. optical excitation produces decreases in basicity of
similar magnitude. Population of the MLCT state of (bpy,Ru(CN},. for example.
shifts charge density to the bpy hgand [8]. The optically induced polarization creates
a more positive metal center that. in turn, inductively reduces the electron density
on the cyano ligand thereby reducing 118 basicity {8]. In this case. the molecule is a
stronger base i the ground state than it is in the excited siate by approximately
five orders of magnitude [8]. There is no thermal analogue to the changes in basicity
induced optically. but it 1s clear that much smatier changes in acid--base properties
can produce significant changes in thermal reactivity. If the changes in acid-base
properties arc immense, why is there no chemical manifestation of these changes?
We believe the answer lies in the energy of the excited state, i.e. analogous to a
photoredox process. the chemically induced changes are transient and have vet to
be identified.

Here, we describe a series of experiments that indicate that there is indeed an
excited state acid-base chemistry and this chemistry is the basis of another type of
quenching mechanism. In those complexes where optical excitation changes the
acid-base properties of the complex. bimolecular quenching results in an excited
state acid-base chemdsiry that is expressed chemically as changes in coordination
and nuclesphilicity. Optical excitation of (bpy),Rudpp® " for example. increases the
basicity of the peripheral nitrogens {161, Evidence presented here indicates that the
excited complex acts as a ligand and coordination 1o a second metal center leads 10
emission quenching. The result is an “associative” excited state coordination chemis-
iry where, in contrast to the more common photoinduced degradation of a complex,
the photochemical reaction iucreases the metal content of the complex. With
{bpy),Ru{CN },. opucal excitation decreases the basicity of the cyano group [&).
and results obtained with (bpyL,Ru{CN Hp-CNRhINH,,Br " indicatle that the
excited state 15 indeed dissociative. in this case, the ground state is a stronger base
than the excited state. Consequently, apalogous to the complementary thermal
reaction that regenerates the original reactants in a photoredox process. i.e. reaction
(2} provided the dissociated (bpy),Ru(CN ), and Rh(NH,},Bi* " fragments do not
diffuse out of the solvent cage. dissociation in the excited state 15 followed by
re-association i the ground state to reform the thermodynamically stable. ground
state bimetallic, Hence, the changes in coordination that occur in the excited siate
are transient, and in the absence of an appropriate secondary chemistry are not
apparent. Nucleophilicity parallels basicity. and quenching experiments with reagenis
known {o react with nucleophiles also exhibit a pattern of behavior consistent with
an excited state nucleophilicity.

2. Experimental

2.1 Matevials

[(bpy)RudppK PF) was prepared by a previously described procedure and
purified by column chromaiography {4.17]. (bpy),RW{CN}, and rrans-
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{(bpy R RuUCCN j(u-CN IR NH; LB PEF ), were prepared and purified by fiteratur
methods [7.18]. K,PtCL. K, PdCL, and K ,Rh(, (Strem {_hem:cal} were used as
received since the electronic spectra of the complexes agreed with lterature duta
[191 CHLT { Aldrichy was distiled prior to use 1o remove trace amounis of copper
added as a stabilizer.

2.2, Photochemical procedures

Agueous solutions containing {bpy),Rudpp’®” and the metal chlondes were
adjusled to an ienic strength of 3.0 M with MNaCl and wrradiated in previcusly
described 1 em cells with 488 nm light from an Ar laser. The beam was eapanded
with a lens to a diameter sufficient 1o !T.auéidlt the entire solution volume. and the
intensity within the cell was measured by ferrioxolate actiinometry . Irradintions were
generally carried out in an saturated sohitions since. consistent with the short
emission lifetime of (bpyhRudpp® ™. 135+ 14 ns [16]. results obtained 11 air sale-
rated solutions did not differ bevond experimental error from those oblained with
solutions degassed by (reeze- pump»ﬁmw cycles, UV-visible spectra were recorded
pericdically during the photochemical reaction. and the rate of apg}ea:‘uﬁttf caﬁ“ the
bimetallic was determined {rom the appearance of the lower energy MLOT
characteristic of bimetathe complex.

2.3 Phyvsteel mvasuremenis

er Model 8457 dinde 2
=

Flectronic spectra werg recorded a ?36 K-

trometer, or an Aviv Model 14 spectrometer. Emission spacira and ev a
ing were measured on a Spexs Muodel i{‘é mwrm spectrometer eyuipped with &
Hamamatsu B928 red-sensitive photom uképiéez: on hfetimes were determi sf’é

'Jr

g 533 nm exciiation from a MAIYAG jase
{17} Emission decays were recorded over g time range ’:safzw-‘“p@ndmg 10 thre
five lifetimes. and first order plots of the emission intensity. both i th
and absence Qf the hexachlondes. gave no mdication of non-imeantias
a faster or slower decuy component,

by mnmtor!ng the emussion decay following

T

3, Results and discussion

Rutbpylidppy ™ und Rulbpy),BLi", (BL icmx S a2 »-f‘mlmc br
complexes in general have been L
f4.17. '*’GJ“}. Refluxing the complex in the
salts rod complexes results in coording
mg on the number of dpp hgands attached {
compleyes. R fluxing Asii’%;‘:w vi-{dppy T and Pulld in o
the solution color {rom reddish-orange to purple
of the reaction minture confirms [Ru{bpvi{dp;
change is due 1o coordination of Pr(iV ) at the dpy

1
-
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ition m dpp from d70nm o m Rubpyiddppr© to 525 am in
CL7 . The «ht to Jonger wavelengih has been observed mall
courdnition of a second om '\:AE to the dpp peripheral mivopens,
Himately (o the bridpng Hgand, @t
I complex The ahmnml regetion

and i those cases where the charpe fransfer o

is characterstc of the formuation of 4 ;w'y‘mu

leading 1o the tormation of [Ru{ bpy(dppPICL]T " was measured spectrophotomet-

solution at un ionic strength of 1.0 M ( N' 1) At 30 C. the rate
>3

u
H
H

rically i agueo

faw for the thermal reaction is K=/ [Rulbpyi(dppr 1% Pili; "7 whers
by =18 0.4 107 M T s the 30 to 56 C range. the temperature dgpmdence
of the rate vields an adtivation energy. £, of 1547 keal/mol.

Spectra recorded pertodically during & 457 am g‘mmcsiym ol an agueotls solution
UM e Rutbpyippy and 10 AW in PO (g 1) show o decline ia
absorbince st 470 nm and & CC?E‘P”C:&;)UI‘N_HI‘!;? micrease 41 525 no The speetral changes,
which occur in a2 malier of minutes, are identiweal 1o those recorded during the
thermal reaction, and Hin layer chromate g phy o the photolyte and selation of
the photoproduct confirm [Rutbpy)idpmPHCLE " formation. Isosvestic points at
398 and 483 um (P D) ndicate o guan

{ wmitilive conversion through 260-70%
reaction. Stmilar spectral changes mdecative of dimer formation occur with
RRC1] and PAC; 7. With both complexes, the spect 9mmm data reveal quantita-

ive conversions to the xua:-zf:z.l.ilu,, although with PACIYT the extent of the spectro-
scomeatly measurable vuantitative conversion 1s Eatmt,a. i 204 by the hydrolysis of
the hexachlonde,

At low ton »{zi apii, or very high concentrations of the hexahubde, quenching
q\;aw iments (g 7Y clearly vhow thay the quenching process and the subsequent
chemnstyy are m;;mnm 2h by sn-pair formaition. This discussion focuses on the data

Wi i!,‘

obtained ut bigh tonic strenpth, g 3.0 MENaCh where the agreement between the
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Fig. 2 Intensiy (88 and lfetime .) quenching of the 675 nm emussion of Ruthpyi,(dpp)y ' by
PeCly =30 M NaCh.

intensity. 403+ 35 M 7' and lifetime, 397 443 M 71, quenching establishes a diffu-
51010 COHiTGHLd process (g, 2. A ges= 3.0 MO {(NaCY), the Stern-Volmer constants
from mtensity and Lfetime quenching of the 675 nm emission of Ru(bpy),(dppy*”
by PICIET are also in excellent agreement with the Stern-Volmer constant,
413+ 62 M "', obtained from the ratio of the slope to int «:xmpi of plots of the
reciprocal of the quantum efficiency of [Ru(bpy)(dpp)PiC1]* " formation. @y, vs
the reciprocal of the concentration of PrCl; 7 (Fig. 35, The equivalence of the values
obtained from the different (echnigues estab lishes i,lml, at high ionic streagth, forma-
tion of [Rulbpy)(dppiPtCLF " ocowrs via a diffusional encounter between the
excited Rudbpy),(dppy™ " and P12, The intercept in Fig. 3 vields a limiting value
of @, of 0.184+0.02, and taking 135-: 14 ns as the lifetime of the T‘Jiif"ﬁi"‘ state of
Rulbpyl{dpp)* " [16]. the relation &, =/t vields 2.84 +0.56 > 10° M ~' 5™ ! for the
himolecular rate constant, Bimetallic formation occurs with higher efficiency atl low
wonic strength, but as previously noted, the reaction accurs via optical excitation of
[Ru(bpyh{dpp)* ", P1CIE7] ion pairs,

The excited stale energics and the redox potentials of the different complexes
indicate that formation of the bimetathe does not involve either photoinduced
eleciron or energy transfer, The emission frem Ru(bpy),(dpp)”* places the MLCT
siate, which is localized on dpp, 1.48 ¢V above the ground state, while ibe absorption
spectrum of PCIE T indicates that ibe 'T, state liu: 35eY above the ground swie
H‘}} Lower energy. weaker absorptions of PeC12 7 place the spin forbidden T, state
at 2B Y [19]. An absor 1fu>n correspondimg (o {ha, transition o the T, state s not
mdeni in the spectrum of PCIE . Taking 2.8 eV as ihe energy of the *7,. however,
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g U BEauapres af of the gt s w‘ v [Ruthps padpesPICEE forninion e a function of the reapro-
cal o the 201 conventratny, g0 Yt iallly

am indicates that YT, state fies 7 eV above the ground

5 exist i the latier. yet neither state is expecied to be

; ?rumé endergonic. Mor is the reaction due to a frivial

he:’ 4 hxw'dm folio ed By coordination to Ru{bpyi{dpp)”
s"i

w puantum cfbiciency of Pt

; 112 decomposition with 488 nm excitation
(.02, under the copditions ol the above experiments wi e M of the
fution v absorbe ,1}; I ufi'm};‘} {dppyt ' direct photolysis of PIOL at best
ourds Tor < 20% of the [Ru(bpybidpmPICLE 7 formed, [:)s;h:muw mformation
shoihe noture of the MO primary photoproduct and its lifetime in agueous
sobution i not currently :z";%zhmza Mevertheless, mealeulating the fraction of reaction
that could occur vig direet photolysis of PICTE T we assume that divect photolysis
feudds 1o 4 coond y unsaturated primary photoproduct, and that this specics
wosufliciently lony bved to resct with Rt U;w bidpp)y' T with unilary efficioney.]
Mevertholoss, the igh quantum yield of PUCH] decomposition makes trivial vffects
bethersome and additiona! competitive guenching experiments w ere «;;arrér&d out 7o
estiablish that the reaction occurs vio excitation of Ru(bpy)(dppy” . Competitive
auenching by Fetl) which reduces bimerallic formation o @y, < 10 *, turther
establishes siri{ formation of  the  bimetallic ocours vin excitation of
Rutbpyddppy . rather than exciintion of the hexachloride 1o form a courtinatively
fate which then reacts with Rusbpyhtdpp)

Photoinduced elec iron transfer is also energetically unlikely. The emission maxi-
mm of Rulbpyi<dpprt ", 673 wm, and the reversible umd:aiimﬁ potential of the
gronnd state, DAL eV {vs, NEE L yield 0.29 0V as the MLOT siade mnidﬁmu polen-
Gk The one-electron reduction potential of PO, i noy m,,a;i ihle, bul nssumang

psaiodaid s orng
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that entropy factors are aeghigtble, the AN of Pl supgests thal oxidative
guenching:

*Ru(bpyi{dppy* +PICLE - = Rulbpy),{dpp)* " + (1L {5)

is endergonic by as much as 4 ¢V [23]. Reductive quenching seems equally unlikely
since it would yield the unlikely oxidation state P77, Similar estimates of the
reduction potentials of RhClL™ and PACH ™ sugpest that one-clectron reductions
are also endergonic [23).

To turther lest the possibility of bimetallic Tormation via s clectron or cnergy
transter wechumism, o number of experimients were carried out i agueous solution,
ces LM (NaC! ), using the chlorides salts of Fe'', Co*' and Cr' as guenchers.
Fe' " was chosen because it is » known electron transfer gguenuher. Oxidative quenche-
ing of *Ru(bpyn(dpp)*’ to form Fe? ' iy exergonic by 1.0V, and both Fe'' ;md
Fe" form stable complexes with diimine ligands. The reduction potential of €047,
Cott e —Cott ) PRV (3N HINGY 124 supgesis that quenching might ovcour by
mmgv transfer C 5 is known to quench by an energy transfor process, and like
Co'* s limma[ substitution inert. Consequently, if energy transivr were 1o oceur
and form a umrdﬂmwciy wosaturated species with both Co® ™ and Cr?' | coordina-
tions o the peripheral nitre _ens of dpp is expected to produce o thi‘fma}iy stable
product. Nevertheless, bimetallic formation does not occur. P 1077, with each
of these transition metal ions,

Mechanistic distinctions based on energics and caleulated efiiciencies are fraught
with uncertainties, and by themselves do not conclusively preclude energy or electron
transior processes. Central o the electron and encrgy transfor processes, however,
is the formation ol a more labile intermediate. In agueous solution, formation of a
labile oxidation state, or a coordinatively unsaturated intermicdiate, would resuit in
water coordinauon, lgand scrambling and & aistribution of products containing
differing amounts of coordinated water. With PiCIY and BhE) | however, forma-
ton of the bimeisdiic is guantitative, as evidenced by the mapintenance of two
isosbestic points through as much as 70% conversion to the bimetallic, at which
point photolysis of the bimetathc occurs. The energeuics of the processes, along with
the speciicity of the formation of the bimetallic, supports the interpretation of an
gxciled state coordination cheraistry,

The emissive MLCOT state in Ru{bpy){dpp)* ' is locadized on dpp, and the increase
in eleciron density in the 1 orbital increases the basicity of the peripheral nitropens
of dpp by = 10? relative to the ground siate [10] We propose that this immense
merease m basicity, rather than energy or glectron transfer. leads Lo coordinabion
of the second metal lon. Bince the incrcase in basicity exists only m the excited state,
coordination te the second metal is viewed as exiplex formation, where the increased
clectron density at the peripheral nitrogens enhances a coordinate covalent mger-
aclion between one peripheral pitrogen and the platinum fon. Formation of the
thermodynamically stable bimetallic 1x attributed 1o the chelate offect, Le. the second
peripheral nitrogen on dpp binds competitively with relaxation of the bimetallic
exiplex 1o form the thermodynamically stable bimeiallic in which the dpp bridging
ligund is bidentale with both metal centers.
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In ihc above case. which we presont as an examiple of an “associative” exoiled
stnte voordimation chemistry, the comples acis as a lgand, and optical excitation
nereases its basicity leading to ceordination 1o a second metal center. As noted in
the Introduction, optical excitation of {(bpy),RutCM 1, reduces the basicity of the
cyanide jon by ca. five orders of magnitude [8], and we have begun to t’:?i;}if)i‘% the
possibility of the converse fo an associative coordination chemusiry, ie. oplical
'umtmn decreases the basicity of the coordinaiing ilgam:i resulting in a dissociative
CXCHY state, b the bimetallic complex teas-{{bpy), Ru{CH{p-CNIRh
(R BT L (bpy L, Ru{UN , con be viewed as a ligand « me;}:c.nih%d to BRh{ijl) via
e;fymmi CThe visible spoctrum of {bpy L Ru(CN ), consists of an absorption with a
maximum gl 465 nm oand o shoulder at shorter wavelength which s assigned o
an MLOT  transition iv-*"ﬁ'm'}‘f-is:mz i the bipvridine hgand,  Tress-Hbpyy,
Ru(C My (u-CUrOR B W H LB exhibi g vistble spectrum very similar to that of
thoy), Rul{ My, oxeept that the band maximum shifls o 420 nm. The shift to shorter
wavelength indicates that, although o positive metal center iy attached 1o the CN,
the « ;gzizm; rapsition conlinues to be a MLCT transition terminating in the bipyridine
Hgand a p osed to terminating in the cvanide ligand. As pointed out by Demas
and coworker, population of the MLUT state of (bpy ), Ru (UM ), reduces the basicity
ol the cya zaﬂe group by ca. Bve-orders of maynmda {81 Since the electronic
specioum of prans-[Chpy ), Ru{ON 3(;.&4”?%‘ 3Rh{}*\}§ip3,ﬁri“ i1s dominated by the
FALLTT tramsition of (bpyLRuiCN Y, population of an MLCT state localized on
he i"r“g v1;Rui{TN; motety would be expected to decrease the basicity of the bridging
ceanide. He m,, optical excitation of trans-{bpy LR (CON Hp-CNORh(NH,),BrP "
mught he expected to resull i o dissociative oxcited slate. 1o,

P

Whpy ), Bu (O™ Hpe 0N pR O LB
------ by, RutCN . RN B (6)

o PMbpy L RafON Y, RN BT denoies the excited ruthenium complex
the dissnciated zfsenimm frapmcal within the sobven, vaped. The caged pair

N

by noreradiative decay to the ground state molecalos:

PrObpyh RulUN . RR{NH B

i

—Hbpy L, RU(CN 1, BRONILLBr 1+ heat (73

with a corresponding ca. five order of magnitude orease 1 the baswciy of the
cyanide of thpy), Ru{@N . Provided vne of the relaxed pair does not diffuse from
e solvent cage, the mmg»t"—:};ef; bined beck wopether due to the krge ingcrease in

basic !Lx of ”’L {1(13\,3 ‘ti{\ :‘5;

[hpyLRudCN Gy, REONH LB

L%t?b?ﬁ’!zf«%‘{{: R 3!“! ? T Qrig?\iih} 4?&?% {E“zr)
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prior Lo recoupliing:
Hbpy), RU(TN Y, RE(NH LB [+ H”
—(bpyRU{CNYCNE) " +RE(NH,BriH, 0P " {9)

while the coordinatively unsatucated Fh{NH,LBr*' would be expected to form
RO(NH)BredLOYY in agueous solution. As a result, the quaatum yield of
{hpy RN p-CNORBINE LB docomposition would  he  expected 1o
inerease with decreasing pl and yvicld afler newtvadization, (bpyLRulUNY, and
RENILLBr(HL0) " Although the number of points is small, the guantum effi-
ciency of decomposition clearly increases with decreasing pH (Fig. 4). Spectroscopic
analysis atter neutralization and separation of the photoproducts by cation exchangs
chromatography confirms the presence of (bpy), Ru(CN}, and & Rb{(I) aming
product. Concurrent experiments show that thermal decomposition cennoel aceouni
for the observed pbl dependence. The thermal rate of decomposiion of
[(hpy L RulOMN ) (u-CNORBRONIL LB i agueous selution is 1.9 x 1071 mol/l 5,
while that in 0.5 M HL50, is 6.3 x 10 " mol/l s Further experiments are needed to
establish tho naware of the rhodium complex MNevertheless, the results gathered
to date are consisient with the expected excited staie acid-base behavior of
{bpy)L,Ru(CTMN), and are presented as an vxample of a dissociative excited state
coordination chemistry.

Nucleophulicity parallels basietly. and we have beguin a series of experiments to
explore the possibility of excited state nucleophilicity, Gar results are limited to
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TS quet pehing, but as llustrated in Fig, 5. guenching of *Rudbpy)(dppr " by
t»:w'?:f?e and methyl iodide v consistent with ms: oceurrence of excited state nucleo-

philicity. Hig’.%x concentroiions of tasylate and methyl lodide are needed 1o see
guenching, but the results are not simply due 1o a solvent effect. Increasing the
TSNS um%g‘)e’snfau o the sobent generally increases {hz: ehtission intensiy and
Bfetime of Ruddy dommes, Conseguentiy, o soivent effect 1 expected te produce o

wive Siern- Volmer constant, Because of the endergomenty assoctated with the
fuss of %% i resonanee stadnlization, wdobenzene angd wodotoluene do not undergo
mcleophithe sitack, and commstont with the expected solvent offect vield negative
Sters Vobmer comstunts. The guenching pattess are smadl but the guenching pattern
seovotstent with an excited stae nuddeophaliony.
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of Lgs,mmié‘ng of Rutbpyitdppy ™ by Pz RuCl and

ey of Tormation of the corresponding bimetatics suggest
12 does not vecur b}f ulccwaszs or cnergy transfer. but rather by means
dted stote coordimation cheristry asising from the immense increase in
basieity that occurs on pupulation of the Rutbpy) (dppy © MLCT state, In contrast
to this ehemistry, where aptical excitation increases basicity of the peripheral nitrogen
of dpp leading o ;m awsacitive coordinaiion n.uu'aimz a(";puiuimn of the MLOT
state ol (bpy )}, Ra{CN b, decreases basicity, and pli dependence of the quartum
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yield of decomposition of [{ bpy), Ru(CN Y (-CNIRRONH,L,Br]? ™ sugpests that opti-
el excitation leads to a dissociative excited state coordination chomistry, Obviously
additional work needs to be done, bui data gathered here suggest that, in addition
to clectron and encrgy transfer. the imuimnense changes m acidily and basicity that
ogccur on excitation of certain Ru(Il) diitmine complexes results 1in an excited state
acid-base chemistry, where guenching occurs by changes in coordination and nucleo-
philicity. Under certain circumsiances the changes are transient. but as with excited
state electron transfer chemistry, the transiont nature of the chemistry offers the
potential of using pulsed fasers as o reflaxation techngue to explore ligand subsiitu-
tion chemistry i previously unaceessible time donsiins,
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