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16 000 s-l and kHDg = 2000 m-’ s-l are roughly estimated from 
the experimental data (Table VI). As discussed already, Ti02+ 
is not likely to be responsible for the ko term in eq 16. Since the 
equilibrium between Ti02+ and Ti(OH)”+ is [H+]- and [Ti- 
(IV)] ,*&dependent, the equilibrium constant remains unknown. 
On the basis of the stability of the Ti@+ yl bond it, however, seems 
to be unlikely that the concentration of Ti(OH)22+ is large. This 
might be one reason for the fact that the dihydroxo species still 
has escaped any direct experimental proof. 

We conclude that our results together with earlier work indicate 
that monomeric titanyl exists in aqueous acidic solution. The fact 
that Ti02+ exchanges its oxygen very fast is explained by a rel- 
atively easily protonated yl oxygen. This clearly indicates that 
monomeric titanyl is in equilibrium with other monomeric species, 

which most probably include Ti(OH)22+ and Ti4+(aq). 
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We report results of an investigation on the absorption spectra, electrochemical behavior, luminescence spectra, and excited-state 
lifetimes of the Rh(phpy)z(bpy)+ and Rh(thpy)z(bpy)+ complexes, where phpy- and thpy- are the ortho-C-deprotonated forms 
of 2-phenylpyridine and 2-(2-thienyl)pyridine and bpy is 2,2’-bipyridine. The results obtained have been compared with those 
previously available for Rh(bpy)?+ and for R(I1) and Pt(1V) complexes containing the phpy and thpy ligands. On electrochemical 
oxidation, the two mixed-ligand complexes exhibit an irreversible wave at about +1.1 V and, on reduction, a reversible one-electron 
wave at  -1.4 V. Besides ligand-centered bands in the UV region, the absorption spectra of the mixed-ligand complexes show intense 
bands at lower energy (Amx = 367 nm for Rh(phpy)z(bpy)+ and 379 nm for Rh(thpy)2(bpy)+ that are assigned to metal-to-ligand 
(presumably, Rh - phpy- and Rh - thpy-) charge-transfer transitions. Both complexes exhibit a strong and long-lived ( T  = 
0.17 and 0.50 ms for Rh(~hpy)~(bpy)+ and Rh(th~y)~(bpy)+, respectively) luminescence emission at 77 K in rigid matrix, which 
is assigned as a triplet ligand-centered luminescence of the phpy- and thpy- ligands. For Rh(phpy)z(bpy)+, there is indication 
of some mixing of the emitting triplet ligand-centered state with a charge-transfer state. Emission lifetime and emission intensity 
decrease strongly in fluid solution. For Rh(phpy)z(bpy)+, no emission can be observed above 222 K, whereas Rh(thpy)2(bpy)+ 
is luminescent even at room temperature (7  = 1.0 ps). The results obtained, compared with those available for Rh(bpy)?+, are 
consistent with a higher ligand field strength of the ortho-metalated ligands compared with that of bpy. Because of its redox and 
luminescence properties, Rh(thpy)2(bpy)+ promises to be a useful excited-state reactant and excited-state product in electron-transfer 
reactions. 

Introduction 
In the search for new luminescent compounds that can play 

the role of light absorption and/or light emission sensitizers: we 
have studied the photophysical and photochemical properties of 
several Ru(I1) diimine complexe~.~ Recently, we have extended 
our interest to ortho-metalated complexes that  contain ligands 
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similar to diimines and exhibit very interesting excited-state 
properties. Results concerning ortho-metalated Pt(II)6 and Pt(IV)’ 
complexes have already been presented. 

In this paper, we report the results of an investigation on the  
Rh(~hpy)~(bpy)+ and Rh(thpy)’(bpy)+ complexes, where phpy- 
and thpy- are the ortho-C-deprotonated forms of 2-phenylpyridine 
and 2-(2-thienyl)pyridine and bpy is 2,2‘-bipyridine (Figure 1). 
The results obtained have been compared with those previously 
available for FU~(bpy),~+. Studies on the dichloro-bridged dimeric 
[Rh(phpy),C1I2 complexs8 and on dimericga and monomeric9J0 
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Figure 1. Structural formulas of the ligands. 
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Figure 2. Absorption spectra of Rh(bpy)?+ (-) in MeOL solution an- 
bpyH+ (- - -) in MeOH-H2S04 solution, at room temperature. 

ortho-metalated Ir(II1) complexes have been reported by Watts 
and co-workers, who have also mentioned a ligand-centered 
emission from monomeric mixed-ligand ortho-metalated Rh(II1) 
complexes.sb An investigation on the photochemical behavior of 
some ortho-metalated Pd(I1) complexes has been recently reported 
by Wakatsuki et al." 
Experimental Section 

The preparation, purification, and characterization of Rh(bpy)33+,12 
Rh(phpy),(bpy)+," and Rh(thpy)z(bpy)+'3 as Cl- or PF6- salts have been 
described elsewhere. Propionitrile and butyronitrile were purified ac- 
cording to literature methods and used in a 4:5 v/v mixture; in the 
following, this mixture will be simply called "nitrile". The other solvents 
and chemicals used were of the best commercial grade. When necessary, 
the solutions were deaerated by repeated freeze-pump-thaw cycles. 

The absorption spectra were recorded with a Kontron Uvikon 860 
spectrophotometer, and the emission spectra were obtained with a Per- 
kin-Elmer LS5 spectrofluorometer equipped with a Hamamatsu R928 
phototube. Emission lifetimes were measured with a JK system 2000 
neodymium YAG/DLPY 4 laser (third harmonic; pulse half-width 25 
ns). Single exponential decays were obtained in all cases (estimated 
errors <lo%). Emission quantum yields were estimated with the opti- 
cally diluted methodI4 using h(bpy)3z+ in aerated aqueous solution as 
a standard (*em = 0.028).15 

Electrochemical measurements were carried out by using a Metrohm 
E/506 Polarecord, a Metrohm E/612 VA scanner, and a Hewlett- 
Packard 7044 X-Y recorder. Cyclic voltammograms were obtained in 
dimethylformamide (DMF) solution under argon atmosphere by using 
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Figure 3. Absorption spectra of Rh(phpy)2(bpy)+ (-) in MeOH solution 
and phpyH (- - -) in MeOH-HZSO4 solution, at room temperature. 

Table I. Absorption and Emission Data for the Rh Complexes and 
Their Protonated Free Ligands 

emissionb 
absorptionQ 293 K 77 K 

nm t x nm ps nm ms 

307 28 
320 30 

257 55 
297 36 
367 8 

295 31 565 
379 9 

301 15.6 

274 8.9 

303 13.2 

h? 7 ,  &,,C 7 ,  

Rh(bPY),3+ 241 31 460" C0.015" 448 2.0' 

Rh(phpy)2(bpy)+ 239 53 456 C0.05 454 0.17 

Rh(thpy)z(bpy)+ 263 26 526 1 521 0.5 

bPYH+ 2408 7.18 436" 1010' 

PhPYH 2478 11.18 430/ >loo 

thPYH 2638 7.88 486J 35 

"MeOH solution at 293 K, unless otherwise noted. bNitrile solu- 
tion. X of the high-energy feature of the phosphorescence emission. 
dAcetonitrile solution, 263 K; ref 25. c2.2 ms in 5:l EtOH-MeOH; ref 
18. f222 K; no emission detectable at higher temperature. ZEtOH- 
water (Wynberg, H.; van Bergen, T. J.; Kellog, R. M. J. Org. Chem. 
1969, 34, 3175). In the same reference the absorption maxima of the 
diprotonated ligands phpyHz+ (A, = 242, 295 nm; c, = 8700, 
13 800) and thpyH2+ (A, = 268, 334 nm; t, = 6700, 15300) are 
also reported. For the absorption maximum of bpyHZ2+ (ha = 290 
nm; t,, = l5200), see: Westheimer, F. H.; Benfey, 0. T. J .  Am. 
Chem. SOC. 1956, 78, 5310. *MeOH-H2SO,. 'See ref 28. /The 
highest energy feature of the emission spectrum of the diprotonated 
ligand is red-shifted by - 10 nm. 

a stationary platinum-disk working electrode, a platinum counter elec- 
trode, and an Ag/O.Ol M AgN03 reference electrode, with TBAP as 
supporting electrolyte. The scanning speed was 100 mV s-l. The redox 
potentials of Ru(bpy)32+ under the same experimental conditions were 
used as a secondary reference for the redox potentials of the new com- 
plexe~.~* 
Results 

The absorption spectra of Rh(bpy)?+, Rh(phpy)2(bpy)+, and 
Rh(thpy)2(bpy)+ at  room temperature are shown in Figures 2-4, 
together with the spectra of the uncoordinated ligands bpyH+, 
phpyH, and thpyH (see also Table I). The spectra of bpyH22+, 
phpyH2+, and thpyH2+ were also recorded; their absorption 
maxima and the corresponding extinction coefficients are shown 
in footnote g of Table I. 
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Figure 4. Absorption spectra of Rh(th~y)~(bpy)+ (-) in MeOH solution 
and thpyH (- - -) in MeOH-H2S04 solution, at room temperature. 

I a u  

t 

A ,nm 

Figure 5. Emission spectra in rigid matrix at 77 K of Rh(bpy)33+ (-) 
and bpyH+ (- - -). 
Table II. Ground- and Excited-State Redox ProDerties' 

Rh(phpy)2(bpy)+ - + 1 . 1  -1.41 2.73 --1.6 +1.32 
Rh(thpy)2(bpy)+ - + 1 . 1  -1.42 2.38 --1.3 +0.98 

'All potentials are in DMF relative to NHE (see Experimental 
Section). bE, for oxidation of the complex (irreversible). c E l , 2  for the 
reduction of the complex, except as otherwise noted. dZero-zero ex- 
cited-state energy, taken as the energy of the highest energy feature of 
the emission spectrum at 77 K. CEstimated from the oxidation or re- 
duction potential of the ground-state and the zero-zero excited-state 
energies, as indicated in ref 31. 

Figures 5-7 show the luminescence spectra of the three com- 
plexes and of their uncoordinated ligands at 77 K in nitrile solution. 
No evidence for dual emission was obtained for all the complexes 
examined. Table I summarizes the main features of the absorption 
and emission spectra and shows the emission lifetimes of the three 

*a, 
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Figure 6. Emission spectra in rigid matrix at 77 K of Rh(phpy)*(bpy)+ 
(-) and phpyH (- - -). 
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Figure 7. Emission spectra in rigid matrix at 77 K of Rh(th~y)~(bpy)+ 
(-) and thpyH (- - -). 

complexes and their ligands. In all cases, the luminescence decay 
was strictly exponential. 

As previously reported,16a Rh(bpy)F undergoes an irreversible 
two-electron reduction a t  slow sweep rates, followed by two re- 
versible waves. At rapid sweep rates, the first reduction wave 
exhibits a quasi-reversible behavior.16 This first reduction is 
followed by a moderately fast elimination of one bpy ligand. For 

(16) (a) Kew, G.; DeArmond, M. K.; Hanck, K. J .  Phys. Chem. 1974, 78, 
727. (b) Creutz, C.; Keller, A.; Sutin, N.; Zipp, A. P. J. Am. Chem. 
SOC. 1982, 104, 3618. 
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appear in the UV spectrum of Rh(bpy),,+ can be assigned to 
perturbed ligand-centered transitions, by analogy with the spec- 
trum of Zn(bpy),2+.20 The lowest energy singlet d-d (metal- 
centered, MC) band is expected to lie below 300 nm.21*22 No 
spin-allowed metal-to-ligand charge-transfer (MLCT) band ap- 
pears in the R h ( b ~ y ) , ~ +  spectrum. 

Rh(~hpy)~(bpy)+ and Rh( th~y)~(bpy)+ exhibit bands in the 
UV region that can be attributed to phpy- and bpy (or thpy- and 
bpy) LC transitions (Figures 3 and 4). Pt(1V) complexes con- 
taining phpy- and thpy-, where MLCT transitions cannot occur 
a t  low energy, show the lowest LC bands at  307 nm for phpy- 
and 344 nm for thpy-.' It follows that the broad, intense band 
with maximum at  367 nm for Rh(phpy)2(bpy)+ and 379 nm for 
Rh( th~y)~(bpy)+ cannot be assigned to LC transitions. Neither 
can they be assigned to a MC transition because of their high 
intensity and also because of the fact that the ligand field strength 
for Rh(~hpy)~(bpy)+ and R h ( t h ~ y ) ~ ( b p y ) +  is even higher than 
for Rh(bpy),,+ (vide supra). It follows that the only possible 
assignments for these bands are (a) Rh - phpy- and Rh - thpy- 
CT transitions and (b) the Rh - bpy CT transition. Assignment 
a is supported by the finding of similar bands in the [Rh- 
(phpy)2C1I2 and [Ir(phpy),C1I2 dimers8 and in the P t ( p h ~ y ) ~  and 
Pt(thpy), complexes,6 where bpy is not present. For the latter 
couple of complexes, the Pt - thpy- band is - 1000 cm-l red- 
shifted compared to the Pt  - phpy- band, as would be the case 
for Rh(php~)~(bpy)+ and Rh( th~y)~(bpy)+ (Figures 3 and 4 and 
Table I). Assignment b seems less likely, but it cannot be ruled 
out because the strong a-donor ability of phpy- and thpy- is 
expected to increase the negative charge on the metal and thus 
to decrease the energy of the Rh - bpy CT transition, compared 
to what happens in R h ( b ~ y ) ~ ~ + .  It is also possible that both types 
of transitions contribute to the observed a b s ~ r p t i o n . ~ ~  

Emission Spectra and Lifetimes. The luminescence emission 
of Rh(bpy),,+ was only observed at  low temperature (Table I). 
This emission has previously been a ~ s i g n e d ' ~ J ~  to a ,LC a - a* 
excited state, on the basis of the long emission lifetime and some 
similarity with the phosphorescence emission of the uncoordinated 
bpy ligand. It should be noticed that the emission spectrum of 
Zn(bpy)33+20 (where no MC or MLCT excited states can be 
present a t  low energy) is quite similar to that of R h ( b ~ y ) ~ ~ + ,  
confirming that the emission of the latter complex can also be 
assigned as LC. For Rh(phen),,+, the luminescence emission at 
77 K is also due to a ,LC excited state,I8J9 but at high temperature, 
dual emission from 3LC and ,MC is o b ~ e r v e d . ~ ~ , ~ ~  Several au- 
t h o r ~ ~ ~ * ~ ~ ~ ~ ~  agree on the facts that in Rh(bpy)d+ and Rh(~hen) ,~+ 
the lowest energy excited state is a 3LC state and that at a com- 
parable or not much higher energy there is a distorted ,MC state. 

For Rh(~hpy)~(bpy)+ and Rh(th~y)~(bpy)+,  it is expected that 
the MC excited states lie at higher energies than for Rh(bpy);+ 
because of the higher a-donor ability of C- compared to that of 
N. The highly structured emissions of Rh(~hpy)~(bpy)+ and 
Rh(thpy)2(bpy)+ (Figures 6 and 7)  clearly agree with the ex- 
pectation that ,MC cannot be the emitting excited state. The 
relatively long excited-state lifetimes (Table I) point to a 3LC 
assignment, but a 3MLCT assignment should also be taken into 
account because of the presence of MLCT absorption bands at  

1 0 -1 - 2  v 
F i p e  8. Cyclic voltammograms of Rh(phpy)2(bpy)t (a) and Rh- 
(thpy)2(bpy)t (b) in DMF (sweep rate 100 mV s-I; room temperature; 
Pt working electrode; tetrabutylammonium perchlorate, 0.1 M). 

Rh(phpy)2(bpy)+ and Rh( th~y)~(bpy)+ in DMF solution only a 
one-electron reversible reduction wave is observed, even at  low 
sweep rate (Figure 8). On oxidation, the two complexes show 
an irreversible wave. The ground- and excited-state redox 
properties of the two complexes are summarized in Table 11. 

Solutions of the complexes in acetonitrile or other solvents were 
stable both in the dark and under laboratory light. Irradiation 
of Rh(~hpy)~(bpy)+ and Rh(th~y)~(bpy)+ in nitrile solution with 
3 13-nm light for several hours did not cause any photochemical 
reaction. The luminescence emission in fluid solution was strongly 
quenched by dioxygen. For Rh(thpy)2(bpy)+, the emission 
quantum yield at  room temperature was estimated to be 
Discussion 

The thpy- and phpy- ligands are structurally similar to bpy. 
The main difference consists in their higher ligand field strength 
due to the strong a-donor ability of C-.8 This also lowers the 
energy of the metal-to-ligand charge-transfer (MLCT) excited 
states because of the increase in the electron density on the metal. 

Electrocbemiptry. As shown in Figure 8, both Rh(ph~y)~(bpy)+ 
and Rh( th~y)~(bpy)+ exhibit a reversible one-electron reduction 
( E l l 2  = -1.41 and -1.42 V vs. NHE, respectively). This behavior 
contrasts sharply with that of Rh(bpy),,+, which undergoes an 
irreversible two-electron reduction process at about -0.8 V, leading 
to Rh(bpy),+.16 This suggests that reduction of Rh(~hpy)~(bpy)+ 
and R h ( t h ~ y ) ~ ( b p y ) +  is a ligand-centered process, instead of a 
metal-centered process as in R h ( b ~ y ) ~ , + .  This is in agreement 
with the expected higher ligand field strength of phpy- and thpy-. 

Absorption Spectra. The intense absorption bands shown by 
the three complexes in the UV region can be due to L C  (lig- 
and-centered) and/or CT (charge-transfer) transitions. To make 
a correct assignment, comparison with the spectra of the free 
(uncoordinated) ligands or, better, with complexes where CT bands 
cannot occur is most useful. For the free ligands (Figure 1) the 
nonprotonated (bpy, phpy-, thpy-), monoprotonated (bpyH+, 
phpyH, thpyH), and diprotonated ( b ~ y H ~ ~ + ,  phpyH2+, thpyH2+) 
species could be considered. We believe that the diprotonated 
forms are not good models because they are presumably in a skew 
conformation. Between the nonprotonated and monoprotonated 
forms, the latter should better reflect the situation of the coor- 
dinated ligands, at least in the case of phpy- and thpy- complexes 
where a strong C-Rh a-donor bond is present. As previously 
discussed by several  author^,'^-'^ the high-intensity bands that 

Carstens, D. H. W.; Crosby, G. A. J. Mol. Spectrosc. 1970, 34, 11 3. 
DeArmond, M. K.; Hillis, J. E. J.  Chem. Phys. 1971, 54, 2247. 
Crosby, G. A.; Elfring, W. N., Jr. J.  Phys. Chem. 1976, 80, 2206. 
Ohno, T.; Kato, S .  Bull. Chem. SOC. Jpn. 1974, 47, 2953. 
Bolletta, F.; Rossi, A.; Barigelletti, F.; Dellonfe, S.; Balzani, V. Gazz. 
Chim. Ital. 1981, 1 1 1 ,  155. 

(22) Josephsen, J.; Schaffer, C. E. Acto Chem. Scund., Ser. A 1977, A31, 
813. 

(23) Preliminary results on the absorption spectra of the analogous complexes 
where bpy is replaced by biq (2,2'-biquinoline) support assignment a. 

(24) Dual emission has not been found by Nishizawa et a1.,2s but it has been 
confirmed by luminescence and excited-state absorption studies carried 
out by Scandola et al. on Rh(~hen),~+ 26 and Rh(phen)2X22t 27 com- 
plexes. 

(25) Nishizawa, M.; Suzuki, T. M.; Sprouse, S.; Watts, R. J.; Ford, P. C. 
Inorg. Chem. 1984, 23, 1837. 

(26) Indelli, M. T.; Cairoli, A.; Scandola, F. J. Phys. Chem. 1984.88, 2685. 
(27) Scandola, F.; et al., private communication. 
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relatively low energies (Figures 3 and 4). 
For Rh(thpy)z(bpy)+, the assignment of the luminescence 

emission to a 'LC excited state centered on the thpy- ligand can 
be confidently made after considerations of the following data: 

(i) The emission spectrum is slightly displaced in energy (- 500 
cm-l) and identical in shape compared to that of Pt(thpy)z- 
(CHZCl)C1,' whose lowest excited state is certainly a 'LC state 
localized on the thpy- ligand. 

(ii) The emission lifetime at  77 K (500 ps) is longer than that 
of the Pt(thpy)z(CHzC1)C1 complex (340 ps),' as expected for 
a spin-forbidden LC emission that is perturbed by a lighter metal. 

(iii) From the emission lifetime (1 ps) and the luminescence 
quantum yield (<lo-") at  room temperature, the radiative lifetime 
is estimated to be 310-2 s, a figure expected for a perturbed 3LC 
emission and inconsistent with a 3MLCT emission: for Rh- 
(bpy)33+28 and Pt(thpy),(CH,Cl)Cl,' which are "bona fide" 'LC 
emitters, the radiative lifetime is - 5  X lo-' s-I, whereas for 
Ru(bpy)$+ 29 and Pt(thpy)z,6 which are 'MLCT emitters, the 
radiative lifetime is - 1 X 

(iv) Assuming that the splitting between the energies of the 
absorption and emission maxima for MLCT excited states is of 
the order of 5000 cm-l, as for R ~ ( b p y ) ' ~ + ~ ~  and Pt(thpy)z,6 and 
taking the absorption at  379 nm as a singlet MLCT band, we 
expected the 'MLCT emission to occur at -475 nm, whereas the 
emission is actually observed at  521 nm (Figure 7). 

For Rh(phpy)z(bpy)+, the assignment of the luminescence 
emission is a little less straightforward. In favor of a 'LC phpy- 
emission are the following results: (i) the quite similar (but not 
identical) shapes of the spectra of Rh(phpy)z(bpy)+ and of the 
bona fide 'LC phpy- emitter Pt(phpy)z(CHzC1)C17 and the same 
small red shift of the emission of the Rh complex, compared to 
the Pt complex, as is the case for Rh(th~y)~(bpy)+ compared with 
Pt(thpy),(CH,Cl)Cl; (ii) the different shapes of the emission 
spectra of Rh(phpy)z(bpy)+ and R h ( b ~ y ) ' ~ +  (Figures 5 and 6 ) ,  
which disfavors a 'LC bpy assignment; (iii) the fact that the 
emission lifetime a t  77 K is considerably longer than that of 
'MLCT excited states (1-10 ps)5918*19 and even than that of 
[Rh(phpy),Cl], (93 ps), which has previously been assigned as 
a 3LC phpy- emission.* 

However, the fact that the lifetime of the Rh(phpy),(bpy)+ 
emission at  77 K (170 ps) is shorter than that of Rh(thpy)z(bpy)+ 
and also than that of Pt(phpy)z(CHzC1)C1 (300 ps),' in spite of 
the fact that Rh is lighter than Pt, suggests that the 'LC phpy- 
state responsible for the Rh(phpy)z(bpy)+ emission has to be 
somewhat mixed with a CT level. Support for a mixing between 
LC and CT levels also comes from the observation that, with the 
same assumptions as those made in point iv above for Rh- 
(thpy)z(bpy)+, emission from a 3MLCT level is indeed expected 
to lie more or less a t  the same wavelength as that of the observed 
emission band. 

Excited-State Properties in Fluid Solution. It is well-known 
that excited states having sufficiently long lifetimes can be used 
as reactants in energy- and electron-transfer processes in fluid 
solution.3s36 Such excited-state reactions, which are extremely 
important for the development of kinetic theories33s36-38 as well 
as for practical applications,3941 can be best monitored by lu- 
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minescence measurements. Luminescent compounds that can 
undergo reversible oxidation and/or reduction processes are also 
useful for generating light in chemiluminescent and electro- 
chemiluminescent processes! From this point of view, Rh(bpy)?+ 
is a compound of no practical value because of the lack of lu- 
minescence in fluid solution, the extremely short excited-state 
lifetime (<15 n ~ ) , 2 ~  and the irreversible redox behavior.I6 Most 
of these drawbacks have their origin in the relative energies of 
the 3LC and 'MC excited states. The presence of a low-energy 
3MC level offers a fast deactivation channel at room temperature 
to the intrinsically long-lived and luminescent 'LC leve1.20~25~26 
Furthermore, in the reduced form the availability of a low-energy 
uM(eg) orbital facilitates ligand dissociation. When bpy is replaced 
by its ortho-metalating analogue phpy-, the ligand field strength 
increases because of the stronger a-donor ability of C-. This moves 
the uM(eg) orbitals to higher energy, making this orbital un- 
available for the reduction process, as is shown by the reversible 
reduction behavior of Rh(phpy)z(bpy)+. The 3MC excited state 
is also expected to move to higher energy, but apparently not 
enough to prevent its population (with the consequent fast lu- 
minescence decay) a t  high temperature, as is shown by the lack 
of luminescence emission at  293 K (Table I). When bpy is re- 
placed by thpy-, which has presumably a ligand field strength 
similar to that of phpy-, the uM(eg) orbitals move again to higher 
energy, as indicated by the reversible reduction behavior. Fur- 
thermore, thpy- has an intrinsic 'LC level that lies at a much lower 
energy than that of phpy- (Table I), so that the energy gap between 
3MC is likely to be much higher in Rh(thpy)z(bpy)+ than in 
Rh(phpy)z(bpy)+, as indicated by the long emission lifetime of 
the luminescence emission of Rh(thpy)z(bpy)+ (Table I). Thus, 
because of its excited-state energy, reversible reduction behavior, 
strong excited-state reducing and oxidizing power (Table 11), long 
excited-state lifetime, and room-temperature luminescence, Rh- 
(thpy)z(bpy)+ promises to be a useful excited-state reactant for 
energy-transfer and electron-transfer processes, as well as a useful 
(Le. light-emitting) excited-state product in chemiluminescent and 
electrochemiluminescent reactions. 
Conclusion 

The mixed-ligand Rh(phpy)z(bpy)+ and R h ( t h ~ y ) ~ ( b p y ) +  
complexes are strongly emitting and long-lived luminescent com- 
pounds in rigid matrix a t  77 K. Rh(thpy)z(bpy)+ maintains a 
nonnegligible luminescence and a long lifetime also in fluid solution 
a t  room temperature. For both complexes, emission is assigned 
as triplet ligand-centered luminescence of the phpy- or thpy- 
ligands. For Rh(phpy)z(bpy)+, there is evidence for some mixing 
between the emitting 'LC excited state and a 'MLCT level. The 
energy gap between the lowest 3LC and 3MC excited states is 
expected to be higher in the thpy- complex, as indicated by the 
long lifetime of the excited Rh( th~y)~(bpy)+ complex at  room 
temperature. Both complexes undergo a reversible one-electron 
reduction, which is consistent with the ligand-localized nature of 
the lowest energy unoccupied orbitals. Because of its spectroscopic 
and redox properties, Rh(thpy)2(bpy)+ is a strong reductant and 
a relatively strong oxidant in the excited state, and because of its 
long lifetime and sufficiently strong luminescence at  room tem- 
perature it promises to be a useful excited-state reactant in energy- 
and electron-transfer processes, as well as a useful excited-state 
product for chemiluminescent and electrochemiluminescent re- 
actions. 
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