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Detailed photophysical measurements on a series of [Ruft})" complexes, which are deuterated to
varying degrees are reported, where bpy is-Bigyridyl and L is 3-(pyrazin-2-yl)-1,2,4- triazole (Hpztr) or
3-(pyridin-2-yl)-1,2,4-triazole (Hpytr). For the pyridinyltriazole complexes, deuteration of bpy leads to a
doubling of the emission lifetime, while deuteration of the triazole ligand has no effect on the emission
lifetime. For the complex containing the protonated pyrazinyltriazole ligand, deuteration of bpy does not
affect the emission lifetime, but the lifetime is strongly affected by the deuteration of the triazole-containing
ligand. These observations indicate that in the pyridinyltriazole complexes the emitting state is bpy based,
while for the complex containing the protonated pyrazinyltriazole ligand the emission is pyrazine based. For
the compound containing the deprotonated pyrazinyltriazole ligand a remarkable insensitivity of the emission
lifetime to deuteration is observed. Time-resolved resonance Raman data clearly indicate that the emitting
triplet state is bpy based at room temperature when the triazole is deprotonated and switches to being pyrazine
based on protonation. Variable temperature emission studies on the deprotonated complex reveal a remarkable
dual emission between 120 and 200 K. The two emitting states exhibit different lifetime dependences on
temperature. It is proposed that the presence of these two, weakly coupled emitting states, one bpy and one
pyrazine based, is responsible for the relative insensitivity of the emission lifetime of the deprotonated
pyrazinyltriazole complex to deuteration.

Introduction

/N — KN>_(:N
Mixed ligand ruthenium polypyridyl complexes have been 1/,EN/ N ’,N\N/ \NJ
studied in great detail because of their potential as building H . N H 2
blocks for supramolecular devicé#n such complexes ligands Hpytr Hpztr

are chosen to optimize particular photophysical and/or electro-
chemical characteristics. Time-resolved resonance Raman
spectroscopy,has been widely applied as a diagnostic tool for reported a facile one-pot synthesis, which greatly simplifies the
determining the location of the emitting state, and deuteration deuteration of polypyridyl type ligands. We suggested that
of ligands has been applied to confirm the identity of particular partial deuteration of mixed ligand complexes, in combination
vibrational featureé Deuteration has also been used to identify with emission lifetime studies, might be used to identify the
vibrational features in low-temperature emission studlies. location of the emitting state in such compoufdk. was
Furthermore, it has been established that the emission lifetimeproposed that deuteration of a ligand will only affect the
of homoleptic metal complexes increases with deuteration of emission lifetime of a compound when this ligand is directly
ligands®® However, the effect of deuteration on the emission involved in the emission process, so that deuteration of spectator
lifetime of mixed ligand complexes has so far not been ligands should not therefore influence the emission lifetime.
investigated in a systematic manner. In this contribution, we investigate this hypothesis in more
The application of deuteration as a tool in the study of the detail and report on the photophysical behavior of a series of
photophysical properties of ruthenium polypyridyl type com- complexes, [Ru(bpyjL)]"*", where bpy is 2,2bipyridyl and L
plexes has so far been limité€d’ primarily by a lack of an is 3-(pyridin-2-yl)-1,2,4-triazole complex (Hpytr) or 3-(pyrazin-
efficient synthetic route to deuterated ligarfdRecently, we 2-yl)-1,2,4- triazole (Hpztr) (see Figure 1). These complexes
may be obtained as two isomers, where eith&ioNN? of the
* Corresponding authors. E-mail for J.G.V.: han.vos@dcu.ie. triazole ring is coordinated to the metal cerffet! For the
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Figure 1. Structures of Hpztr and Hpytr.
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when the pyrazine ligand is protonated, the emitting state is tripled, Q-switched laser as an excitation source coupled in a
pyrazine based, whereas for pz(i.e., deprotonated) complexes right angled configuration to an Oriel iCCD, laser power was
the emitting state is localized on the bpy ligadésThese measured as 30 mJ per 20 ns pulse. Luminescent lifetime decay
complexes are therefore very suitable for studying the effect of data were analyzed employing standard iterative technitfues.
deuteration on the emitting properties of mixed ligand com-  Ground-electronic-state resonance Raman (RR) spectra were
plexes. For the sake of simplicity, the present investigation recorded using an Arlaser (Spectra Physics model 2025) as
concentrated on theNsomers. Systematic deuteration of the the excitation source and the Raman scattering detected using
various ligands has been carried out, and the consequent effeca CCD (Princeton Instruments model LN/UV 1152) coupled to
on the emitting properties of the compounds has been studied.a Jobin-Yvon HR640 spectrometer fitted with a 1200 groove/
A preliminary account of some of the results presented in this mm holographic grating. The effective spectral bandwidth was

contribution has been reported previouSly. 8 cnrl
' . Generation and study of the MLCT excited-state absorption
Experimental Section (ESA) spectra of the various complexes were carried out by

conventional nanosecond laser flash photolysis, using the
frequency-doubled or -tripled output pulse from a Q-switched,
Nd:YAG laser (Quanta-Ray DCR2, pulse duration ca. 9 ns), in
conjunction with a hydrogen or deuterium gas-filled Raman-
shifting cell, dependent upon the precise wavelength required.
Laser pulse energies were typically in the range 18) mJ.
The ESA spectra were recorded using a gated multichannel dual
diode array detector (Princeton Instruments model DIDA 700G),
or in single channel, “point-by-point” manner by means of rapid
response spectrophotometric detection in conjunction with a
transient digitizer (Tektronix 7912AD).

Transient resonance Raman g Bpectra were generated and
detected by the single-pulse pump and probe technique described
elsewheré#a This technique enables the investigation of RR
scattering from transients having lifetimes that may be longer
or shorter than the laser pulse duratiéh.To enable the
acquisition of more complete, time-resolved RR Y Bpectra,
two lasers were employed in a pumprobe arrangement. The
frequency-doubled or -tripled output pulse from a Q-switched,
Nd:YAG laser (Quanta-Ray DCR2, pulse duration ca. 9 ns), in
conjunction with a hydrogen or deuterium gas-filled Raman-
shifting cell, dependent upon the precise wavelength required,
served to populate the MLCT excited states. A delayed pulse

contents of the reactor were then collected and filtered to removefrom a second, Q-switched laser coupled to a pulsed dye laser

. or a Raman-shifting cell provided a choice of wavelengths in
the Pd catalyst. The Pd _catalyst was washed with acetone t%he range (350650) nm to probe the RR scattering from MLCT
remove any deuterated ligand, the acetone was then remove

by rotary evaporator. On cooling, the deuterated product excited states as a function of time. Delay times over the range

precipitated and was collected by vacuum filtration. The product nanosecond to microsecond between the pump and probe pulses

obtained was then dried under vacuum overnight. This procedureWere controlled by means of a Stanford Systems DG2 pulse

: ; : Csgenerator. For both TRand TR studies, the excited-state
was carried out twice, and the degree of deuteration as calculate I ectra were recorded using a multichannel intensified diode
from 'H NMR was at least 95%. Overall yield 75%. P 9

Synthesis and Purification of Metal Complexes.The array detector (EG&G OMA 1Il, model 1420B) and triple

a . . )
undeuterated, partially deuterated, and fully deuteratedrd Spe§ tromete%‘.; Solutions O-f complexg s In GEN, typlt.:a.”y-
N¢ isomers of [Ru(bpy(pytn)](PFe)™ and [Ru(bpy)(pztr)]- 10~ _moI dm3, were contained in spinning cells to minimize
(PR were prepared using methods reported before Separationthe risk of th(_ar_mal or photodecomposition of sample during
of the N and N isomers was accomplished b. lumn spectral acquisition. A 50:50 (v/v) GEN + toluene solvent

. pus y cou mixture was used for spectral calibration in all Raman experi-
chromatography (neutral alumina, acetonitrile). The purity of ments
the isomers obtained was checked by HPLC &ddNMR. '

Experimental Techniques.Purification of metal complexes
was carried out on a semipreparative HPLC system using a
model 353 Applied Chromatography Service (ACS) pump  With the experimental method reported, an excellent degree
(model RR066) and an ACS detector (model 353/UV/vis) of deuteration was obtained for both the "ZhByridyl- and
together with a Magnum0 Partisil cation exchange column triazole-based ligands. Some typicH NMR spectra of
(20 mmx 25 cm). The mobile phase employed was acetonitrile/ complexes obtained with these ligands are shown in Figure S1
water (7:3, v/v) containing 0.15 mol.drhAKNO3 as eluent. (Supporting Information). With the ligands a series of undeu-

Absorption spectra were measured using a Shimadzu 3100terated, partially deuterated, and fully deuterated complexes
UV —vis/NIR spectrophotometer interfaced with an Elonex PC- containing bpy, Hpytr, and Hpztr were obtained.

433. Luminescent studies were carried out on a Perkin-Elmer Results of the studies carried out on the photophysical
LS50 luminescence spectrometer, interfaced with an Epsonproperties of the compounds obtained are summarized in Table
PCAX2E personal computer. Luminescent lifetimes were 1. No significant changes were observed in the absorption or
measured by employing a Spectra Physics Nd:YAG frequency- emission maxima of the compounds upon deuteration. The

Materials. All solvents were used without further purification.

Synthesis of Deuterated Ligandsin a typical experiment,
2,2 -bipyridyl (hg-bpy) (3 g, 0.19 mol) was added to 30 €of
D,0 (deuteration 99.9%) and the reaction mixture was allowed
to react in the presence of the-#) exchange catalyst Pd/C
(10% Pd, Aldrich) (0.5 g) in a Teflon-coated steel high-pressure
reactor at 200C for 3 days. After this period, the contents of
the reactor were collected and filtered hot to remove the Pd
catalyst and PO was removed under vacuum to obtain the
product. The Pd/C was washed with acetone to remove any
product present on the surface of the catalyst. The material
obtained in this manner was recrystallized from hot water. The
IH NMR spectrum of the product revealed four singlets,
indicating a deuteration degree ®80%. To achieve complete
deuteration, the same procedure was repeated with frgéh D
for another 3 days. The reaction mixture was worked up as
described above. The overall yield of the fully deuterated
product, @-bpy was>80%.

Deuteration of 3-(Pyridin-2-yl)-1,2,4-triazole (Hpytr) and
3-(Pyrazin-2-yl)-1,2,4-triazole (Hpztr). A 3 g sample of the
triazole ligand was added to 30 émf D,O, and the reaction
was allowed to react in the presence of 0.5 g of Pd/C in a Teflon-
coated steel high-pressure reactor at 2Q0for 6 days. The

Results
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TABLE 1. Emission Lifetime Data?

lifetime, NS @max NM)

compound RT 77K compound lifetime, N&x NM)
[Ru(bpy)k(pztr)] N2 228 (660) 4450 [Ru(bpyfpytn)]™ N2 145 (650)
[Ru(ds-bpy)(pztr)]" N2 283 (660) 7030 [Ru(gbpy)(pytr)]*™ N? 250 (650)
[Ru(bpy)x(Hpztr)]?* N2 230 (660) 4770 [Ru(bpyjHpytr)]>* N2 — (620)
[Ru(ds-bpy)(Hpztr) P+ N? 230 (660) 6000 [Ru(gbpy)(Hpytr)]?* N2 — (620)
[Ru(bpyk(ds-pztr)]+ N2 210 (660) 6400 [Ru(bpyjds-pytr)]* N2 142 (650)
[Ru(bpyy(Hds-pztr) 2+ N2 467 (660) 8000 [Ru(bpylHds-pytr)]2+ N2 — (620)
[Ru(de-bpy)(ds-pztr)]* N2 290 (660) 9000 [Ru(gbpy)(ds-pytr)]* N2 250 (650)
[Ru(de-bpy)(Hds-pztr)2 N2 480 (660) 8800 [Ru(gbpy)(Hds-pytr)]?* N2 — (620)

a All measurements carried out at room temperature under nitrogen atmosphere in acetonitriel&frorLifetimes for the Hpytr complexes
are too short 20 ns) to be measured with the laser system available.

120 - TABLE 2: Arrhenius Parameters Obtained from
Temperature Dependence of the Emission of Hpztr and

H Hpytr Complexes

H complex Ea(cm™Y) A(s)

g [Ru(bpyk(pztr)]* N2 (700 nm) 80 65X 10°
S [Ru(bpyk(pztr)]* N2 (580 nm) 850 2.40¢ 100
§ [Ru(bpyk(Hpztr)P* N2 (650 nm) 2610 8. 10%
5 [Ru(bpyy(pyt)]* N2 a 550  4.7x 107
£ [Ru(bpye(Hpyt)I**  N*>  a 1710 6.0x 10t
E a Data obtained from ref 15.

Wavelength (nm) - 1546

Figure 2. Temperature-dependent emission spectra%fRu(bpy)-
(pztr)]* in ethanol/methanol (4:1 v/v) glass containing 2% diethyl-
amine: (a) 90 K; (b) 135 K; (c) 298 K.
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Figure 3. Temperature-dependent luminescent decay rateg-fRi+

(bpyk(pztr)]* in ethanol/methanol (4:1 v/v) glass containing 2%
diethylamine, ®) monitored at 580 nm and®) monitored at 680 nm. (e)

lifetimes of the protonated pyridinyltriazole complexes were too 1000 1200 1400 1600
short to be measured accurately by our equipment. Raman shift / cm”

The temperature dependence of the emission of [Rugbpy) Figure 4. Time-resolved resonance spectra of deprotonated [Rugbpy)
(pztr)]* is displayed in Figure 2, traces-a showing emission (pztr)]* in MeCN (ca. 10% mol dnm3). Pump pulse at 355 nm (10
spectra at 90, 135, and 298 K, respectively. It is clear from mJ); probe pulse 396 nm (1 mJ). Pumprobe delays in ns: ()10, (b)
these that dual emission is occurring for the deprotonated 20: (€) 40, (d) 80. (e) 396 nm probe pulse onl, B, Z°, Z~ denote
complex over the temperature range 200 K. Two signals bands attributed to neutral and anionic ligands bpy (B) and pztr (),

- . respectively.
of roughly equal intensity are observed at 590 and 710 nm. The ] o
temperature dependence of the two emission signals observed@nalogues?® Essentially the same activation parameters were
for the deprotonated pyrazine compound is shown in Figure 3. obtained for the deuterated complexes.
Parameters obtained by fitting the temperature-dependent Ground-state RR spectra obtained for the undeuterated pztr

measurements on [Ru(bpgpztr)]" and its protonated analogue ~complexes (not displayed here) recorded at excitation wave-
to an Arrhenius equation, lengths of 457.9 and 488 nm showed bands at 1030, 1176, 1276,

1320, 1492, 1565, and 1608 cfy characteristit®l’ of the
k= Aexp(—E/RT) Q) neutral bpy ligand. An additional band at 1517 €nin the

protonated complex and at 1524 chin the deprotonated case
are listed in Table 2, together with those reported for the pyridine can be assigned to a pyrazine-associated mbd@he excited-
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deuteration could be used to identify the ligand from which the
_ excited-state emission originated. In the present work it has been
g possible to test this proposition in more detail on two types of
ruthenium polypyridyl complex, one based jyridinyltriazole
ligands and the second gyrazinytriazole ligands. In both
cases, the triazole ring can be protonated and, as shown
previously, protonation has a significant influence on the
properties of the excited state!! For pyridinyltriazole com-
plexes, the emitting excited state is bpy based, irrespective of
the protonation state of the triazole ritfgt>15From the emission
data obtained for the deprotonated species, it is clear that
deuteration of bpy leads to a significant increase in the emission
lifetime but that deuteration of the triazole ligand has little effect
(Table 1). These observations are in line with our earlier
hypothesis concerning the effect of partial deuteration on the
excited-state lifetimes of mixed ligand complexes. Only deu-
teration of the bpy ligand influences the emission lifetime of
the compounds.

PyrazinyltriazolesEarlier studies based on the excited-state
acid—base properties of the pyrazinyltriazole-containing com-
pounds, demonstrated that protonation of the triazole resulted
in switching of the excited state to pyrazine, from bipyridyl
where it is located when the heteroligand is deproton&étl.

The results obtained in the present work provide the opportunity
of investigating this finding more extensively, through consid-
eration of the effect of deuteration on both the transient
resonance Raman spectra and emission properties of these
complexes.

8CI ™

B
5

KJISUUI 2ANB[Y

1000 1500

Raman shift / cm™
Figure 5. Excited-state resonance Raman spectra recordégat
355 nm (pulse energy 3 mJ) in MeCN, using the single-color pump
and probe technique: (a) deprotonated [Ru(b(pg)r)]*; (b) deproto-

nated [Ru(bpy)d*pztr)]*; (c) protonated [Ru(bpyHpztr)[?*. Bands i o )
labeled as in Figure 4. Features due to neutral bpy and anionic pztr  The excited-state Raman spectra show significant differences

ligands ca. 1493 cnt are nearly coincident. dependent upon whether the complexes are protonated or
state spectra showed significant differences, depending ondeprotonated. In the latter circumstance, the presence of several
whether the complexes are protonated or deprotonated. Premarker bands for the bipyridyl radical anion (Figure 4) provides
liminary data have been reported elsewHé@more complete  clear evidence for a bpy-based excited state. On protonation,
analysis is presented here. Spectra obtained for the pyrazinethe spectrum is considerably different, as the data in Figure 5
containing complexes are shown in Figures 4 and 5. For the demonstrate, with at least three bands at 1409, 1431, and 1536
deprotonated complex, Figure 4 shows the results of a time-cm ! as indicated above (Figure 5c), associated with pyrazine
resolved (i.e., TR study of [Ru(bpy)(pztr)]" in CH3CN using radical anion, but no evident trace of bpyfeatures. These

a laser pulse at 355 nm to populate the excited state and aresonance Raman data confirm our earlier hypothesis that the
second, delayed pulse at 396 nm to probe the Raman scatteringite of the excited state is pH dependent, switching between
from that state. It is clear from these spectra that the excited the bpy and pyrazine depending on the state of protonation of

state is bpy localized. At the shortest puagrobe delay time
of 10 ns, several bands attributable to bpyadical anion are
prominent, at 1018, 1212, 1288, 1425, and 1548 tnfthese
decay as shown, with increasing purprobe delay.

the triazole moiety.

The Raman data highlight some other unusual features in the
ordering of the excited-state levels. Despite the fact that the
ground-electronic-state absorption spectrum of the complex,

The effect of partial deuteration of the ligands on the excited- protonated or deprotonated, shows that the lowest energy singlet
state spectra of the deprotonated complex is shown by theMLCT transition is associated with the pyrazinyltriazole ligand,
transient RR spectra in Figure 5, recorded by the single-color it is clear from the excited-state RR spectra that in the case of

technique. Readily recognizable features characteristic of bpy
at 1210, 1288, 1427, and 1546 chare evident in trace a for

the deprotonated complex, the lowest energy triplet MLCT is
bpy localized. This is similar to the situation we noted

the undeutgrated complex and these are present, essentiallpreviously in the case of the related complex [Ru(byppzt)["
unchanged in trace b for the same complex but with the pztr (bpzt denotes the (deprotonated) bipyrazinyltriazole ligand), but
ligand deuterated, as would be anticipated for a spectrum contrary to what has been observed for all other examples that

characteristic of bpy, where deuteration of the pztr ligand

we are aware of in the literature, in which the lowest energy

would not be expected to cause any alteration. However, whentriplet MLCT excited state is localized on the same ligand as is

the complex is protonated, the situation is markedly different,

involved in the lowest energy ground-electronic-state transition.

as exemplified by the data in Figure 5c. Bands at 1409, 1431, The latter trend is in fact seen to be the case in the present

and 1536 cm?, convenient marker featufés’for the pyrazine

work for the protonatedcomplex, suggesting that the charge

anion, are evident, which prove to be independent of deuterationon the triazole ring may be a factor in deciding the energy order.

of the bpy ligands but which do shift (not displayed here) upon
deuteration of the pztr ligand.
Discussion

Room-Temperature StudiesPyridinyltriazoles In an earlier
publication we proposed that for mixed-ligand complexes

Table 1 shows that for the pyrazine-containing complexes
the effect of deuteration on the emission lifetime of the
compounds is significant for the protonated complex, increasing
from 230 to 467 ns upon deuteration of the Hpztr ligand. The
fact that the lifetime remains unchanged when the bpy ligands
are deuterated instead is consistent with the Raman assignment
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of a pyrazine-based emitting state when the triazole ligand is observed at room temperature is bpy based. We therefore
protonated. However, the lifetimes of the deprotonated com- propose this as the origin of the 700 nm emission signal and
plexes are much less sensitive to deuteration, with the emissionsuggest that the second state is pyrazine based. The energy
decay time (Table 1) increasing from 228 to 283 ns, upon separation between the two emitting states at 145 K is 2400
deuteration of the bpy ligands, an increase that is only just cm™. Interestingly, this is consistent with the potential differ-
outside the experimental error. This is in contrast to the situation ence of 0.33 eV between the bpy- and pyrazine-based reductions
more commonly encountered in ruthenium polypyridyl com- in the compound.
plexes where deuteration of the emitting sites results in alarger The lifetime vs temperature plots in Figure 3 and the
lifetime increasé?® Therefore, while the transient resonance Corresponding Arrhenius parameters (Tab|e 2) prompt further
Raman data clearly indicate that the emitting triplet state is bpy consideration of these proposals. The 700 nm component shows
based, the emission lifetime increase upon bpy deuteration (2285 very small temperature dependence. The very low activation
to 283 ns) is not as large as might be anticipated on the basisenergy (80 cm?) and preexponential factor (656 10° s72) in
of our working model on the effect of deuteration on emission this case are indicative of population of a state that is only
lifetimes, which therefore requires some further examination \weakly coupled to th&MLCT manifold, analogous to what has
and amendment. Consideration of the temperature dependenc@een observed by Meyer and co-workérfor photostable
of the emission lifetimes (Figure 3) provides some additional rythenium polypyridyl complexes and attributed to population
insights. of the so-called “fourth” MLCT state of increased singlet
Temperature-Dependent Studies.The spectra shown in  character, in preference to the distorted metal-baskel state.
Figure 2 exhibit some rather unexpected features. For the The situation is somewhat analogous for the deprotonated
deprotonated pyrazine complex two distinct spectral bands arepyridinyltriazoles (Table 2). This behavior is consistent with
observed over the temperature range-1220 K. Monitoring the strong ligand field splitting ability of the deprotonated
the emission decay at 650 nm at a temperature of 135 K yieldstriazole ring, which induces a large energy gafk{) between
a biexponential kinetic trace that can be fitted to lifetimes of the bpy-basedMLCT state and théMC level.
2400 and 800 ns with amplitudes of 60% and 40%, respectively. Examination of the temperature dependence of the h|gh_
Collection of decay data at 700 and 590 nm yields single energy emission band reveals quite different behavior. This
exponential decays for both wavelengths, the longer lifetime species exhibits a significant temperature dependence for the
belonging to the 700 nm signal. At 90 K the kinetics also fita emission. Fitting of curve a in Figure 3 to eq 1 produBgs=
single-exponential decay with a lifetime ofu. 850 cnt! and A = 2.4 x 10 s'1. These parameters are
Figure 2b is typical of the emission behavior of [Ru(bpy) indicative of population of théMC state. This is not unreason-
(pztr)]" at temperatures between 120 and 200 K. Once proto- able, since fromimax the gap between the two emitting states
nated, [Ru(bpy)Hpztr)]?" does not exhibit this complex is about 2400 cmt, indicating that the pyrazine-based emitting
behavior. Solvent and sample are identical in each case, butstate is closer to th#MC state than is the bpy-based one. Balzani
addition of HCIQ, to pH 3 ensures protonation of the complex. and co-workers have described in some détéile interaction
The emission decay of the protonated complex exhibits single- between emitting triplet levels in various Ru(ll) complexes and
exponential behavior. The importance of this observation is the deactivatingMC state. In their description, three limiting
2-fold. First, since the same batch of complex was used for cases are considered. For the first two cases, large prefactors
both measurements, this rules out the possibility of impurity are obtained, #8—10'“s™1, which reflect vibrational frequen-
contributing to the dual emission observed for [Ru(bmatr)]*. cies associated with activated surface crossing processes.
Second, the fact that a single emission is observed over the rangd®reexponential factors in the third case are much lowdi{°
120 to 200 K for [Ru(bpyyHpztr)]?*, the region of dual s71) and are considered to be indicative of a situation where
emission for its deprotonated analogue, indicates that suchthe SMLCT and 3MC states are in equilibrium. Under these
behavior is not simply attributable to solvent effects such as conditions deactivation is thought to occur through a tunneling
high viscosity. It is also worth noting that, since the lifetimes type process and is consequently not expected to involve
of the two components observed for the deprotonated complexvibrational coupling.
are similar, an impurity would have to have a substantial  On the basis of this model we suggest that dual emission
concentration and this possibility can be ruled out by the HPLC ¢gn pe explained by the presence of two weakly coupled
and'H NMR results. emitting states. Of these states deactivation of the higher energy,
Another surprising observation is that the energy of the pyrazine-based, level occurs through $W&C state. A schematic
emission observed for the deprotonated complex at 298 K is diagram showing the relative positions of the potential energy
higher than at 135 K (see Figure 2). Normally, the emission curves is given in Figure 6. For the pyrazine-ba3ddCT state
energy of ruthenium polypyridyl complexes shifts to lower the value obtained for the prefactor suggests that this state is in
energy with increasing temperature. This decrease in energy isequilibrium with the deactivatingMC state and that, as a resuilt,
generally explained by the increased dipole moment of such deactivation is not governed by vibrational coupling. Hence the
compounds in the excited state. The opposite trend observedeffect of deuteration on the emission lifetime of this state is
here suggests that the dipole in the excited state is less than irexpected to be much more limited, in line with what is
the ground state. This is not unreasonable since at roomexperimentally observed for the fully deuterated pyrazine
temperature the emission is expected to be bpy based, but theomplex (see Table 1). A significant increase in lifetime would
negative charge on the bpy ligand is balanced by the charge onhave been expected relative to the value for [l )(pztr) [+
the triazole ring, resulting in a lower dipole moment. if deactivation of the pyrazine-based triplet state had been
A somewhat complicated picture thus emerges for the Vibrationally controlled.
deprotonated pyrazine compounds. There are two emitting states The observed photophysical behavior near 90 K in the glass
with different temperature dependences. The high-energy emis-matrix is at present not fully understood. Only one signal is
sion process is not observed at room temperature. The resonanceeen, which fits a single-exponential decay well, although in
Raman data strongly suggest that the low-energy emissionprinciple a dual emission is also anticipated in this case. The
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Figure 6. Model representing the excited-state behavior &fRu-
(bpy)(pztr)]t andw denotes nonradiative/vibrational relaxation pro-
cesses.

GS

low-temperature photophysics would be expected to originate
from the bipyridyl site, although the spectrum at 90 K (Figure

Keyes et al.

agreement with the observation that in solid matrixes dual
emission is more commaH.
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