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The photophysical properties of a series of ruthenium trisbipyridine complexes covalently linked to aromatic
chromophores of the type [Ru(bpgd-methyl-4-(2-arylethyl)-2,2-bipyridine)P*(CIlO,),, where aryl=
2-naphthyl ([Ru]-naphthalene), 1-pyrenyl ([Ru]-pyrene), and 9-anthryl ([Ru]-anthracene) have been investigated
at room temperature and at 77 K. The photophysical properties of these bichromophores are determined by
intramolecular energy-transfer processes that are governed by the relative positions of the various singlet and
triplet energy levels. As a result, fluorescence from each of the pendant aromatic chromophores is completely
guenched following their photoexcitation. For [Ru]-naphthalene the initial excitation energy is localized on
the [Ru]-centeredMLCT state, whereas for [Ru]-anthracene the energy is localized on the anthracene triplet

state. Since the [Ru]-center@mILCT state and the lowest energy pyrene triplet state are isoenergetic, an
equilibrium is established resulting in a long-lived room-temperatMieCT emission from [Ru]-pyrenet(

=5.23us). At 77 K dual emission is observed from this bichromophore comprising pyrene phosphorescence
and3MLCT emission, the relative proportions of which vary with time after the laser pulse.

1. Introduction SCHEME 1

The Ru(bpyj?" chromophore and its analogues are finding H R
. : X . Me Me Me H H
increasing use as components in multichromophore systems.
The generality and versatility of these chromophores have been M JRCHO —F . 7N \_ OH
highlighted by their use as (i) photosensitizér§i) energy =N ?\, / n-buyllithium - A—\f /
donors, relays, and acceptdrand (iii) electron donors, relays,

and acceptofsin many supramolecular systems. For such R=§'_";3Fr’ehr?;l>"
supramolecular systems to become truly useful supramolecular g-anthryl “H2O

devices, it is necessary to both understand and control the flow

- X , H R H R
of energy from the initially excited chromophore to the site o _ Me H H
where the energy is ultimately localized. S\ =\ M J\_/—\ H
Inasmuch as structural versatility is the key to these systems, . \N / “pdic . \N /

we have been patrticularly interested in controlling the excited-

state properties of Ru(bpy) using pendant aromatic chro-

mophores tethered by a short flexible link to one or more of Were measured using a Perkin-Elmer MPF-44 fluorimeter. In
the bipyridine ligands. In earlier work we described the room-  the emission and transient absorption experiments a variety of
temperature Sing|et and trip]et energy_transfer processes invo|vecEXCitati0n sources was used in order to SE|eCtive|y excite SDECiﬁC
in a series of bichromophores comprising [Ru] linked to chromophores in the complexes. Excitation sources included
naphthalene, pyrene, and anthracene groups, where [Ru] is Ru2 Molectron nitrogen laser (337 nm), a Lambda-Physik LPX-
(bpy)(4-methyl-4-(2-ethyl)-2,2-bipyridine). In the present 100 excimer laser (248 and 351 nm), and an excimer-pumped
work we extend our earlier studies to include a full description Molectron DL-II dye laser using coumarin 460 dye (460 nm).
of the excited-state properties of these bichromophores at roomTransient absorption spectra were obtained using a PARC OMA
temperature and at 77 K. Also, in the case of [Ru]-anthracene, Ill detection system. The pump beam was focused to a line in
which is photosensitive, the photodegradation products have@ 1 cm sample cell using a cylindrical lens. The collimated

been identified. output of a 150 W Xe lamp was used to probe the excited
sample, and the transmitted light was delivered to the OMA
2. Experimental Section via a fiber optic bundle. A beamsplitter in front of the fiber

optic bundle redirected some of the analyzing light to a Bausch
it g in thei ioht and thei thesi and Lomb monochromator/photomultiplier detection system for
precursors are interesting in théir own rignt, and their Syntesis ;o analysis of the transient absorption signals. The signals

and spectroscopy will be desgribed elsewhere. The .Iigan.d were detected with an EMI 9658b photomultiplier and digitized
precursors were prepared according to Scheme 1, and their purity

was confirmed by melting point!H and °C NMR, and using a Tektronix 460a digital oscilloscope.
microanalysis. The complexes were synthesized according t03 pagyits
previous method%.
Absorption spectra were measured using a Cary-5E spectro- The room-temperature absorption spectra of the bichro-

photometer, and the steady-state emission and excitation spectranophores in methanol are shown in Figure 1. Also shown in
Figure 1la,b are the emission and corrected excitation spectra

€ Abstract published ilAdvance ACS Abstractdune 15, 1997. for [Ru]-naphthalene and [Ru]-pyrene; no emission was ob-

The photophysics and photochemistry of the ligands and their
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Figure 1. Absorption (), emission (- - -) and corrected excitation gth (nm)

(- -+ *) spectra of (a) [Ru]-naphthalene, (b) [Ru]-pyrene, and (c) [Ru]- Figure 2. Time-resolved transient absorption spectra measured in
anthracene in degassed methanol at room temperature. For the [Ru]smethanol at room temperature. Arrows indicate increasing time delay

naphthalene emission spectruf = 460 nm), whereas for [Ru]- after laser pulse. (a) [Ru]-naphthalene; gate width 100 ns; delay 50 ns,
pyrene fexc = 337 nm). Excitation and observation wavelengths are 500 ns, and 2.%s. (b) [Ru]-pyrene; gate width 200 ns; delay 50 ns,
indicated by arrows. 1.2 us, and 3.2us. (c) [Ru]-anthracene; gate width 200 ns; delay 50

ns, 7.25us, and 50Qus.

served from the [Ru]-anthracene complex. Nor was there
evidence of locally excited fluorescence from any of the pendant .
aromatic chromophores following direct excitation into their Were recorded at various delays after the 337 nm laser pulse,
absorption bands. Typical transient absorption spectra of therespectlvgly, and show the emission arising from the photo-
bichromophores measured in degassed methanol at roomdegradation products. Figure 4d shows the low-temperature

temperature are shown in Figure 2. The spectra were recordecEMiSSion spectrum of a freshly prepared solution of [Ru]-
anthracene that had previously been maintained in the dark. The

at different delays after the laser pulse and in each case the h .
intensity-normalized early- and late-gated spectra were indis- Ncréase in the [Ru]-anthracene photodegradation product and
the concomitant decrease in the anthracene phosphorescence

tinguishable from each other. Identical spectra were also . NS L
obtained when the excitation wavelength was varied (2eg, as a function of irradiation time are shown in Figure 5. In these

= 248, 337, 350, and 460 nm). The time-resolved emission experiments the_emission sp_ectra atj?lg«{z 337 nm) were
spectra of [Ru]-pyrene at room temperature and 77 K are Shownmgasured foI!owmg successive irradiations at room temperature
in Figure 3. Also included as inserts in Figure 3 are the semilog USINg @n excimer lase4c = 351 nm). The various spectro-
plots of the emission intensity versus time. The excitation SCOPIC properties of the complexes and their component
wavelength in each case was 337 nm. [Ru]-naphthalene andchromophores are collected in Table 1.

[Ru]-pyrene were found to be photostable under the experi- 4. Discussion

mental conditions used here, and there was no measurable™
change to the excitation spectrum even after prolonged exposure In most cases the absorption spectra of the pendant aromatic
to actinic light. In contrast, [Ru]-anthracene was found to be groups are well separated from those of the [Ru] chromophore
extremely photosensitive. The time-resolved emission spectraand as a result the assignments of the transitions in the [Ru]-
for [Ru]-anthracene at 77 K are shown in Figure-4¢a They aryl complexes are relatively straightforward. Compared to their
were recorded from a sample that had been exposed to actinigparent compounds (Table 1) there are some slight shifts and

light at room temperature prior to freezing to 77 K. The spectra
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Figure 3. Time-resolved emission spectr&, = 337 nm) for [Ru]-
pyrene in (a) methanol at room temperature measured with the following
delay/gate width settings: (i) 1/s/100 ns; (i) 11us/1us; and (jii)

25 us/1 us; (b) a methanol:ethanol glass at 77 K measured with the
following delay/gate width settings: (i) 14s/100 ns; (i) 10Qus/10

us; (i) 10 ms/1 ms; (iv) 500 ms/10 ms. The insets show a plot of the
In(intensity) of the emission at 620 nm versus time.

broadening of the vibronic bands of the pendant aromatic
groups; however, despite the proximity of the participating
chromophores and the flexibility of the intervening link, we
conclude from the absorption spectra that there is little if any
ground-state interaction between the tethered chromophores.
4.1. [Ru]-naphthalene. For [Ru]-naphthalene (Figure 1a)
the absorption spectrum in the region 24D0 nm is dominated
by transitions that are due to the [Ru] chromophore. In this
region photoselection of either thd, or 1L, bands of the
pendant naphthalene chromophore is difficult due to the
overlapping contributions of the MLCT state at 250 nm and
the intense ligand-centered—n* states of bipyridine at 287
nm. In contrast, between 200 and 240 nm the absorption
spectrum is dominated by the intense naphthalBgéransition
(A = 225 nm,e = 106 000 M1 cm™1) which is slightly red-

shifted with respect to the 2-methylnaphthalene chromophore.

The emission spectra of [Ru]-naphthalene and Ru@@pyre

similar. They feature a broad, structureless emission with an

intensity maximum at 610 nm and an emission lifetime of 810
ns. The emission quantum yield for [Ru]-Naphthalene is slightly
higher than that for Ru(bpy*, and for both complexes the

emission spectrum is independent of the excitation wavelength.

Wilson et al.
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Figure 4. Emission spectralfxc = 337 nm) in a methanol:ethanol
glass at 77 K of a [Ru]-anthracene solution that had previously been
exposed to actinic light at room temperature measured using the
following delay/gate width settings: (a)us/1us; (b) 40us/10us; (c)

100 us/10 ms. (d) Emission spectrumefc = 460 nm) of a freshly
prepared solution of [Ru]-anthracene in a methanol:ethanol glass at 77
K measured 10@s after the laser pulse and using a gate width of 10
ms.
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Figure 5. Emission spectra of [Ru]-anthracene at 77 X.{ = 337
nm) as a function of exposure to actinic light at room temperature.

temperature spectra. Again, neither fluorescence nor phospho-
rescence was observed from the naphthalene chromophore
following laser excitation (248 nm) at 77 K. The lack of
naphthalene fluorescence both at room temperature and 77 K
indicates efficient quenching of the naphthalene singlet state.
Since the fluorescence lifetime for 2-methylnaphthalene in 95%
ethanol is 47 ngthe intramolecular quenching of the naphtha-
lene fluorescence in [Ru]-naphthalene must be substantially
faster kg = 109 s7). There are two possible quenching
mechanisms. The first involves singletinglet energy transfer
from naphthalene to [Ru] followed by intersystem crossing
within the [Ru] manifold to give théMLCT state (pathway,
Scheme 2); the second mechanism involves intersystem crossing
within the naphthalene manifold to produce the naphthalene
triplet state which is then followed by tripletriplet energy
transfer to théMLCT state (pathway Ix, Scheme 2).
Identification of the actual mechanism is difficult; however,
the former is more likely for the following reasons. There is
no evidence of any naphthalene phosphorescence from the time-
resolved emission data. Furthermore, examination of Figure
2a reveals that the transient absorption spectra of [Ru]-

No evidence was found for any naphthalene fluorescence naphthalene are composed of transitions that can be assigned

following its direct excitation at 225 nm. The time-resolved
emission spectra of [Ru]-naphthalene and Ru(gpy)n a

to the [Ru] chromophore alone, namely: (i) a strong absorption
at 370 nm due t&[Ru], (ii) bleaching of the ground state of

methanol:ethanol glass at 77 K are also very similar. They show [Ru] at 450 nm, and (iii) emission from the [Ru] chromophore

a slight blue-shift of the emission maximum and an increase in
the resolution in the vibronic structure compared to the room-

at 630 nm. At no time after the laser pulse,t = 248 nm) is
there any evidence for the naphthalene triplet state. In contrast,
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TABLE 1: Photophysical Data for the Bichromophores and Their Components in Methanol

component Pem Tem (5) T—T absorption
A(hm)  e(Mtcm?) state  chromophore 293K 293K 77K 293 K
Ru(bipy)2* 453 14 600 MLCT 0.045 0.720 5.19 370 nm 0.72s
287 84 400 T—m*
2-Me naphthalene 329 b530 1y 0.16 €0.047 420 nrh
275 4 800 1L,
224 81 000 1By
1-Me pyrene 342 50 000 1L, 40.229 415 nrh
274 63 000 By 515 nm
241 100 000 Ba
9-Me anthracene 386 b9 700 La 0.29 0.005 425 nrh
256 20500 1By
[Ru]-naphthalene 460 13 900 MLCT [Ru] 0.052 0.81 5.21 450 nm 280
287 84 500 T—* [Ru] 370 nm 0.80us
225 105 700 By naphthalene
1130 14%
[Rul-pyrene 460 14 000 MLCT  [Ru] 0044 523 { 7090 22%
70000 64%
343 38 500 1La pyrene 415 nm 5.24s
287 83200 a—a*  [RY]
276 77 900 By pyrene
242 80 200 1Ba pyrene
[Ru]-anthracene 460 14 000 MLCT  [Ru] <0.001
390 12900 1La anthracene 425nm 356
287 78400 a—a*  [Ru]
255 143 600 1B, anthracene

aReference 15° Reference 13¢ Reference 7¢ Reference 14.

SCHEME 2 The photophysical properties of the emittiflgILCT state
of [Ru]-naphthalene and Ru(bpyy are similar. Thus, in this
N' Mo particular bichromophore the pendant arene behaves as an
Au” efficient light harvesting element for the [Ru] center and the
efficiency of energy transfer is close to unity since neither singlet
O nor triplet naphthalene states are observed spectroscopically.

4.2. [Ru]-pyrene. Absorption by the pyrene chromophore

Naph Waoo in [Ru]-pyrene occurs as three vibronic progressions with origins
at 343 nm {L,), 276 nm {By), and 242 nmB,). There is

very little shift of these transitions relative to 1-methylpyrene
and the highest and lowest energy transitions are well separated
from the [Ru] transitions allowing good photoselection in this
bichromophore. Thée'B,, transition, on the other hand, is
obscured by the overlapping contributions from the ligand-
L centeredr—sr* transitions at 285 nm. The absorption spectrum
B 41600 of [Ru]-pyrene and the corrected excitation spectrum monitored
I at 610 nm are indistinguishable with peaks attributable to the
L pyrene chromophore clearly visible in the excitation spectrum
at 342, 277, and 242 nm (Figure 1b).

Photoexcitation of the [Ru] chromophore at 460 nm gives
rise to a broad, structureless emission that is spectrally
indistinguishable from that of the parent Ru(bgy)complex.

. However, the decay of the emission from [Ru]-pyrene has a
[ Ru] = Naphthalene lifetime of 5.23us compared with a lifetime of 720 ns for Ru-
an intense triplettriplet absorption {max= 415 nm,e = 25 000 (bpy)?*. Thisis the longest excited-state lifetime yet observed
L mol~1 cm 1)8 was observed for 2-methylnaphthalene using for a ruthenium trisbipyridy! compleX. Similarly, excitation
similar excitation conditions. The alternative quenching mech- of [Ru]-pyrene at 337 nm gives rise to the long-liv&dLCT
anism (1e.) would require a greatly enhanced rate of intersystem €mission and there is no evidence of any locally excited pyrene
crossing within the naphthalene chromophore. It is unlikely emission despite the fact that at this wavelength absorption by
even with the proximity of the heavy ruthenium atom that the the pyrene chromophore accounts for at least 76% of the total
spin—orbit coupling within the naphthalene chromophore would light absorbed by the complex. Clearly, an efficient quenching
be increased sufficiently to quench quantitatively the naphtha- mechanism is also deactivating the pyrene singlet state. The
lene excited singlet state. Furthermore, any naphthalene tripletsame fluorescence quenching mechanisms identified for [Ru]-
states thus formed would then have to undergo fast intramo- naphthalene are also possible in [Ru]-pyrene. Unfortunately,
lecular triplet-triplet energy transfer to the [Ru] chromophore. attempts to resolve the rise time of tHdLCT emission at 77
Quenching mechanism, therefore, is the more likely due to K following excitation of the pyrene chromophore at 337 nm
the absence of any direct evidence for a naphthalene triplet statevere unsuccessful, and so the rise times must be faster than the
and the unfavorable spitorbit considerations necessary for time resolution of the equipment used here (10 ns). Nor could
mechanism (). we observe any rise time for the pyrene triplrtplet absorption
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at 410 nm following direct excitation of the [Ru] chromophore SCHEME 3

at 460 nm. In contrast, a rise time of 7.2 ns was measured for P

the pyrene triplettriplet absorption spectrum following excita- N' Me
tion into the MLCT state of the phenanthroline-substituted N:R'U/N\
complex? In this case an identical, fast component was also %\”’
observed in the emission decay at 600 nm. The linking group

in this complex was substantially longer CH,—CH,—CH,—

CO—NH-) than the ethane link used in the present work and ~300
it is possible that the greater distance between the donor and ar
acceptor groups in their system slowed the intramolecular triplet [
energy-transfer sufficiently for them to resolve the fast relaxation
from the initial, nonequilibrium state.

Time-resolved emission spectra of [Ru]-pyrene excited at 337 L MLCT (1-0)/ _
nm are shown in Figure 3a. Also included as an insert is a b , {500
semilog plot of the emission intensity versus time. The .
intensity-normalized early- and late-gated emission spectra are
exactly superimposable, indicating there is no change in the
emitting species with time. In contrast, the time-resolved
emission spectra for the [Ru]-pyrene complex at 77 K show a
very different type of behavior, Figure 3b. The spectrum 1
measured at ks after the laser pulse is dominated by a [Ru]-
type emission, g = 601 nm, fwhm= 38 nm). At longer
times (up to 10 ms after the laser pulse) the spectra undergo a ol J ! v o
progressive blue-shift of the emission maximum with a con- [Ru] ————— Pyrene
comitant increase in the resolution of the vibronic structure.

Finally, at very long times after the laser pulse (up t0 750 ms) ripjet state. As a result the decay of tHdLCT emission at

the emission spectrum consists of a combination of two distinct g10 nm is identical with the decay of the pyrene tripietplet
emitting species. A more intense, highly resolved spectrum ghsorption monitored at 410 nm (Table 1). The relevant
(Aem = 597 nm, fwhm= 10 nm, with a shoulder at 612 nm  photophysical processes for [Ru]-pyrene are summarized in
and a second peak a1646 nm) superimposed on a less intense, Scheme 3.

broad spectrum. The former. is due to phosphoresgepce from Due to the proximity of the two chromophores and the
the pyrene chromophore, while the latter spectrum is identical gnergetics of the triplet states, efficient energy redistribution
in shape to the early-gated spectrum, i.e., em|SS|on_from the gecurs between the two chromophores of [Ru]-pyrene. The
[Ru]-centeredMLCT state. Therefore, even at delay times of agiative decay is exclusively via the [Ru] moiety since its
up to 1 s after the laser pulse there is still evidence of residual ragjative rate of 7.% 10* s is much greater than the radiative

*MLCT emission from [Ru]-pyrene at 77 K. The time evolution jecay rate from the pyrene triplet state at room temperature,
of the spectral changes are reflected in the decay profile 1 o535 10-2 5110

monitored at 590 nm which is shown as an inset in Figure 3b.
The decay is nonexponential and can be adequately fit only by 3
a sum of three exponentials with lifetimes and relative contribu-
tions of 1.15 ms (15%), 7.10 ms (20%), and 70 ms (65%),
respectively. The emission decays measured at the peak of th
pyrene phosphorescence (597 nm) and at the blue edge of th
SMLCT emission (580 nm) are identical, and so the pyrene
triplet state can be thought of as providing a long-lived

a’z1 ...----..------':-’: l |

h (nm)

Waveleng

2 1600

Energy (eV)
[
Z )
=
(@]
_|
W
5]
<
@
3
®

The partitioning of the excitation energy betweépgirene and
MLCT can be determined by examining tfdLCT emission
at time zero lp) following laser excitation at 460 nm of solutions
of [Ru]-pyrene and Ru(bpyd" optically matched at the excita-
Sion wavelength. In this case, identical population$MECT
%xcited states are formed immediately following dye-laser
excitation. However, in the case of [Ru]-pyrene &\LCT
. . . state is quickly depopulated by intramolecular energy transfer
reservoir supply!ng energy to the emittii/LCT state of to the ngarbyypyrepneptriplet stgte, thus lowering thgyemission
the [Ru]-pyrene bichromophore. intensity. Assuming the radiative and nonradiative rates for the

The transient absorption spectrum of [Ru]-pyrene at room 31 CT states in both complexes are similar, analysis of such
temperature is characterized by a strong absorption at 410 NMdecay data show that 82% of excited [Ru]-pyrene complexes
and a weaker one at 515 nm that can be assigned to the-triplet have the initial excitation localized on the pyrene chromophore.
triplet absorption of 1-methylpyrene (Figure 2b). Asin the case The remaining 18% have the excitation energy localized in the
of [Ru]-naphthalene, emission from [Ru]-pyrene is observed as [Ru] 3MLCT state. A similar estimation for the excited-state
a negative-going signal at 620 nm. However, in contrast to partition ratio can be determined from the photophysical data
[Ru]-naphthalene there is no significant bleaching of the |isted in Table 1. In this cask is calculated from the ratio of
transient absorption spectrum in the region 4800 nm,  the emission quantum yield and the emission lifetime. This
indicating most of the excitation energy is localized on the analysis yields a partition ratio of 85:15 for the excitation
pyrene chromophore. Finally, the intensity-normalized early- |ocalized on the pyrene and [Ru] chromophores, respectively.
and late-gated transient absorption spectra are identical with eachrhese ratios are confirmed qualitatively by the results of the
other over the entire wavelength range, a further indication of transient absorption spectra which show intense absorptions due
the rapid equilibrium between the excited-state species. to the pyrene triplet state with little bleaching of the [Ru]

The lowest energy triplet states for 1-methylpyrene and Ru- 3MLCT state at 450 nm. The value for the partition ratio can
(bpy)?t are isoenergetic. Since internal conversion between be used to calculate the relative rates of triplet energy transfer
the two chromophores in [Ru]-pyrene is fast relative to their between the two chromophores in [Ru]-pyrene using €q 1,
respective deactivation pathways, the kinetic behavior of the where k; is the rate of energy transfer froMLCT to
SMLCT emission is strongly influenced by the long-lived pyrene Spyrene and; is the reverse process. Taking a mean value of
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k _ [Ru(bpy)d*, SCHEME 4

. N Er B [RU(bpy)g]* equil ! (1) Me

15% for [Ru(bpy)]*equis thenks = 5.7 k. In the related N~
phenanthrolinepyrene systenk was found to be 18 times 9
faster thark;.®

4.3. [Ru]-anthracene. ThellL,(340-400 nm) andBy, (254
nm) transitions of the anthracene chromophore are clearly visible 4r-
in the absorption spectrum of [Ru]-anthracene (Figure 1c) [
allowing good photoselectivity in this bichromophore. In L 1Anth
contrast to the other bichromophores, there is no evidence of - o=1
emission from either théMLCT state following excitation at U MLeT /
460 nm nor of anthracene fluorescence following direct excita- 3 —1—“»..\¢z1 (1-o)
tion of the anthracene chromophore at 390 nm. Furthermore, - 3
the transient absorption spectra of [Ru]-anthracene (Figure 2c)
show no features that can be assigned to the [Ru] chromophore -
even at very early times after the laser pulse. Instead, only an -l -
intense absorption which is due to the anthracene triplet state [ Anthraquirﬁ; c'me
is observed at 425 nm. This transient absorption decays 1L +
exponentially £ = 350us) in degassed methanol. The efficient i Ru(bpy),
production of the anthracene triplet state combined with its long | i
lifetime results in very efficient triplettriplet quenching L ' ¥
(annihilation) even at low concentrations (20M). This oL -
accounts for the erroneous half-life reported earlier for this [Ru] Anthracene
complex®

Despite being nonluminescent, prolonged exposure of [Ru
anthracene to lighti¢x. < 460 nm) results in an emission
developing at 610 nm the intensity of which increases with
irradiation time. This emission is spectrally and kinetically
indistinguishable from that of the parent Ru(bgy) chro- ) '
mophore, and its appearance is accompanied by a decrease iff@rized in Scheme 4.
the intensity of the anthracedle, absorption in [Ru]-anthracene. Photoexcnatlon.of either chromophore of the [Ru]-gnthra(?ene
This suggests that the emission arises from a system in whichCOMPIex results in the formation clanthracene with unit
the anthracene chromophore has undergone photodegradatioft@ntum yield. In this case the anthracene triplet state acts as
to products that are unable to quench the [RULCT state. an efficient light-harvesting sink for [Ru]-anthracene, and both

Similar results have been reported for a structurally related the rate of singletsinglet energy transfer from excited an-
complex!t It is well-known that triplet anthracene readily thracgne to theMLCT state and triplettriplet energy transfer
undergoes photooxidation across the 9,10 position to form the ffom “MLCT back to the anthracene chromophore are rapid.
endo-peroxide which can rearrange to form the relatively 5 Conclusions

nonfluorescent anthraquinone chromophore. For [Ru]-an- =

thracene oxidative degradation by this pathway could then lead The photophysics and photochemistry of a series bichro-
to the aryl group becoming detached from the [Ru] center. This mophores of the type [Ru]-aryl have been investigated, and we
degradation pathway for [Ru]-anthracene is confirmed by the have shown that the localization of the initial excitation energy
low-temperature emission spectra (Figure 4). The spectra showncan be controlled in a systematic manner. For [Ru]-naphthalene
in Figure 4a-c were recorded from a sample of [Ru]-anthracene the initial energy is localized on the [Ru]-centefdMLCT state

that had been exposed to actinic light at room temperature prior(E = 2.12 eV,7 = 0.81us). In contrast, for [Ru]-anthracene

to freezing to 77 K. Figure 4a was recordegd after the 337 the initial energy is localized on the triplet state of the pendant
nm laser pulse and is characteristic of the Ru(kyyomplex aromatic chromophoree(= 1.8 eV,7 = 350us). In the case

at this temperature. Figures 4b and 4c were recorded 40 andof [Ru]-pyrene the excitation energy is delocalized over both
100us after the 337 nm laser pulse and show the emergence ofchromophores with=85% localized on the pyrene chromophore
the characteristic anthraquinone phosphorescence at 456, 490and~:15% on the [Ru]-centeretMLCT state € = 2.12 eV,

533, and 581 nm¥? Finally, Figure 4d shows the low- = 5.23us). Furthermore, the participating triplet states are in
temperature emission spectrum of a freshly prepared solutionrapid equilibrium even at 77 K. Generally speaking, good
of [Ru]-anthracene that had been previously kept in the dark. photoselection of the individual chromophores is possible.
The spectrum was recorded 108 after the laser pulsédy. = Emission and transient absorption experiments show that the
460 nm) and is dominated by peaks at 690 and 760 nm and aexcited singlet states of the pendant aromatic groups are
shoulder at 709 nm, all of which are characteristic of anthracene quantitatively quenched by intramolecular energy transfer to the
phosphorescence. A weak emission from the Ru@pyhoiety [Ru] component. The extent of tripletriplet energy transfer

at 600 nm is probably due to the buildup of a small amount of between théMLCT state and the pendant aromatic triplet states
Ru(bpy)?* photolysis products. The increase in the photodeg- is dependent on the relative triplet energy levels. The lifetimes
radation product as a function of irradiation time is shown in of these bichromophores reflect the multiplicity of the lowest
Figure 5. In these experiments the emission spectra at 77 Kexcited states. Thus [Ru]-naphthalene has the shortest excited-
were measured following successive irradiations at room state lifetime (0.81Q«s) in keeping with its MLCT parentage,
temperaturedexc= 351 nm). The anthraquinone triplet is more whereas [Ru]-anthracene has the longest (890eflecting its
energetic than the anthracene triplet, but more importantly it almost pure triplet character. The lifetime of [Ru]-pyrene is
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o
o
o
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- lies 5200 cm! above the [Ru]-centeredMLCT state. Photo-
degradation of the anthracene chromophore, therefore, results
in a system in which théMLCT state is no longer quenched,
and consequently emission from thdLCT state returns. The
relevant photophysical processes for [Ru]-anthracene are sum-
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intermediate between these due to the excited-state eqU|I|br|uer W. E.; Bignozzi, C. A.; Chen, P.; Meyer, T.lforg. Chem.1993 32,
167.

between the two portions of the bichromophore.
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