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We report here the effects of the strongly electron-withdrawing 
NO2 group on the photophysical properties of cyclometalated 
complexes' of the type: bis(p-chloro)tetrakis(2- (4'-R'-phenyl)- 
5-R-pyridinato)diiridium(ZIZ) (R = R' = H (1); R = H, R' = 
NO2 (2); and R = N02, R' = H (3)). While the unsubstituted 
dimer (1)is known to be a powerful photoreducing agent? 
replacing one of the H atoms on the pyridyl ring with NO2 gives 
a strong photooxidizing agent (3). Alternatively, substitution of 
NO2 on the phenyl ring gives a complex (2) with photoredox 
properties intermediate between those of 1 and 3. To the best 
of our knowledge, no other series employing ligand modifications 
exhibits as large a range of photoredox potentials as these.3 

The N02-substituted ligands were synthesized in a manner 
described previously.4 The dimer synthesis was analogous to the 
reported synthesis of 1.2b Complexes 2 and 3 were characterized 

7 Current addreas: Department of Chemistry, University of Pennsylvania, 
Philadelphia, PA 19104.- 
111 la) Wilde. A. P.: Watts. R. J. J. Phvs. Chem.. 1991.95.622. (bl Craia. . ,  . I  

C. A,; Gar-,' F. 0.i Watts, R. J.; Palmans, R.; Frank; A. j: 
Photochemistry and Photophysics of Coordination Compounds. Coord. 
Chem. Rev. 1990,97,193. (c) Garces. F. 0.; Watts, R. J. Inorg. Chem. 
1990,29,582. (d) Craig, C. A.; Watts, R. J. Inorg. Chem. 1989,28,309. 
(e )  Schwarz, R.; Gliemann, G.; Chassot, L.; Jolliet, P.; von Zelewsky, 
A. Hela Chim. Acra 1989,72,1. (f) Schwarz, R.; Gliemann, G.; Jolliet, 
P.; von Zelewsky, A. Inorg. Chem. 1989, 28, 742. (8) Schwarz, R.; 
Gliemann, G.; Jolliet, P.;von Zelewsky, A. Inorg. Chem. 1989,28,1053. 
(h) Zilian, A,; Maeder, U.; von Zelewsky, A.; Gudel, H. U. J.  Am. 
Chem. Soc. 1989, I l l ,  3855. (i) Barigelletti, F.; Sandrini, D.; Maestri, 
J.; Balzani, V.; von Zelewsky, A.; Chassot, L.; Jolliet, P.; Maeder, U. 
Inorg. Chem. 1988,27,3644. G) Garces. F. 0.; King, K. A.; Watts, R. 
J. Inorg. Chem. 1988,27,3464. (k) Maestri, M.; Sandrini, D.; Balzani, 
V.; von Zelewsky, A.; Jolliet, P. Hefv. Chim. Acta 1988, 71, 134. (1) 
Sandrini, D.; Maestri, M.; Balzani, V.; Maeder, U.; von Zelewsky, A. 
Inorg. Chem. 1988,27,2640. (m) Sandrini, D.; Maestri, M.; Ciano, M.; 
Balzani, V.; Lucoend, R.; Deuschel-Comioley, C.; Chassot, L.; von 
Zelewsky, A. Gazz. Chim. Nul. 1988,118,661. (n) Balzani, V.; Maestri, 
M.; Melandri, A.; Sandrini, D.; Chassot, L.; Cornioley-Deuschel, C.; 
Jolliet, P.; Maeder, U.; von Zelewsky, A. Photochemistry and Phoro- 
physics of Coordination Compounds; Yersin, H., Voglcr, A., Eds.; 
Springer-Verlag: Berlin, 1987. (0)  Ichimura, K.; Kobayashi, T.; King, 
K.A.; Watts, R. J. J.  Phys. Chem. 1987,91,6104. (p) Lees, A. J. Chem. 
Rev. 1987,87,711. (9) Sandrini, D.; Maestri, M.; Balzani, V.; Chassot, 
L.; von Zelewsky, A. J.  Am. Chem. SOC. 1987,109,7720. (r) Reveco, 
P.; Cherry, W. E.; Medley, J.; Garber, A.; Gale, R. J.; Selbin, J. Inorg. 
Chem. 1986.25, 1842. (s) Wakatsuki, Y.; Yamazaki, H.; Grutsch, P. 
A.; Santhanam, M.; Kutal, C. J.  Am. Chem. Soc. 1985, 107, 8153. 

(2) (a) Ohsawa, Y.; Sprouse, S.; King, K. A.; DeArmond, M. K.; Hanck, 
K. W.; Watts, R. J. J .  Am. Chem. Soc. 1987,91,1047. (b) Sprouse, S.; 
King, K. A.; Spellane, P. J., Watts, R. J. J .  Am. Chem. Soc. 1984,106, 
6647. 

0020- 16691931 1332-4483%04.00/0 

Table I. Ground-State and Excited-State Redox Properties 

1 1.01 1.27 -1.40 G 1 . 8  >0.7 
2 1.44 1.70 -0.71 -1.17 -1.24 0.98 
3 >1.5 >-0.4 -0.86 1.06 
R~(bpy)3~+  1.29 -0.85 -1.33 -1.52 0.81 
I~(PPY)~ '  0.77 -1.74 

0.1 M TBAH, CH2C12, SCE. References 3c,d; ACN vs SSCE. 
Reference 4a; ACN vs SCE. 

by 1H NMR and mass spectrometry. These methods indicate 
they are isostructural with 1. 

The cyclic voltammogram of 1 exhibits two reversible oxida- 
tions, with E1/2 separation of 260 mV (Table I), but no reductions 
are seen within the solvent window. The two oxidation waves are 
assigned to sequential oxidations of the Ir centers." A single 
reversible oxidation of 2 occurs at  +1.44 V vs SCE; although a 
second oxidation wave is not observed, an Ell2 separation 
comparable to that seen above for 1 (260 mV) would place a 
second wave at  the edge of our solvent window (+1.7 V). Two 
closely spaced reductions of 2 at -1.17 and -1.24 V vs SCE are 
believed to arise from reduction of a single ligand on one metal 
center followed by reduction of one ligand on the opposite metal 
center. For 3, no oxidation waves are seen within the solvent 
window, but two overlapping one-electron reductions, separated 
by only 70 mV, are observed. 3 exhibits an additional reduction 
feature, irreversible and approximately 400 mV anodic, probably 
due to reduction of the second ligand on one or both of the metal 
centers. 
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Figure 1. Absorption spectra (left) in CHzClz at ambient temperature 
and emission spectra (right) in toluene at 77 K: bis(p-chloro)tetrakiis(2- 
phenylpyridinato)diiridium(III) (-); bis(p-chloro)tetrakis(2-(4-nitro- 
phenyl)pyridinato)diiridium(III) (-); bis(p-chloro)tetrakis(2-phenyl- 
5-nitropyridinato)diiridium(III) (- - -). 
Table Il. Emission Positions, Lifetimes, and Quantum Yields" 

1 496 517 6.86 0.045 0.005 9.0 
2 569 574 2.20 1.34 0.057 24 
3 636 651 3.23 0.42 0.047 8.9 

a In toluene. 

The absorption spectrum of 2, which is similar to that of 1,2b 
includes three intense overlapping bands at  266, 292, and 315 
(sh) nm (t - 50 000 M-1 cm-1). These are assigned to metal- 
perturbed ligand-centered (LC) bands, originating from the 
unmetalated ligand transition a t  306 nm. Broad poorly resolved 
visible features, with the lowest energy band centered at  490 nm 
(E - 5000 M-I cm-I; Figure l ) ,  are assigned as metal-to-ligand 
charge-transfer (MLCT) transitions by analogy to the visible 
bands of 1. Two poorly resolved UV absorption features are seen 
for 3 at  318 (sh) and 338 nm (e - 40000 M-l cm-1); these 
originate from an LC band a t  3 18 nm for the unmetalated ligand. 
In addition, several unresolved features and a well-resolved lowest 
energy peak at  546 nm (t - 7000 M-I cm-1) are seen in the 
visible absorption. Their extinction coefficients and solvato- 
chromic behaviors support the assignment of these bands as 
MLCT transitions. 

The 77 K emission spectrum of 1 in toluene is characterized 
by a vibrational progression with Au - 1400 cm-1 (Figure 1). 
The relatively long emission lifetime (6.86 ps) is substantially 
shorter in ambient fluid solutions (45 ns), and the emission profile 
is substantially broadened and red-shifted (Table 11). The 
emission quantum yields96 (4) of 0.005 in fluid solutions indicates 
a radiative lifetime (7r = rm/4) of -9 ps. Prior studies of th i s  
complex indicate it undergoes slow thermal cleavage in coordi- 
nating solvents (DMF) to yield a solvated monomer. This could 
be an explanation for the decreased emission under ambient 
conditions, in coordinating solvents.2b However, this thermal 
cleavage does not occur in less coordinating solvents. The presence 
of two oxidations for 1 in cyclic voltammetry, measured in CHZCl?, 
suggests that 1, and not a monometalic complex, is the major 
species in solution. Furthermore, 1H N M R  studies of 1 in CDC13, 
indicate that all ligands are equivalent, giving no evidence for a 
solvated monomer. These factors suggest that thermal cleavage, 
yielding a high concentration of solvated monomer, is not the 
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cause for the short lifetime and broadening of the emission 
spectrum of 1 in a noncoordinating solvent such as toluene. 
However, rapid nonradiative decay, involving dissociative cleavage 
of 1 in the excited state and re-formation of the dimer in the 
ground state, could contribute to the shortening witnessed in the 
emission lifetime at  298 K. 

Although the 7, values of 2 and 3 a t  77 K (2.2 and 3.23 ps) 
are shorter than that of 1, they are substantially longer than that 
of 1 a t  298 K (1 -34 ps and 420 ns). The larger quantum yields 
indicate that the T~ values of 2 and 3 (-24.1 and -8.9 ps, 
respectively) are, however, similar to that of 1. Thelonger ambient 
7,'s of 2 and 3 may be due to stabilization of the Ir-Cl bridge 
toward photochemical cleavage, caused by the electron-with- 
drawing ability of the NO2 group. The emission energies and 
lifetimes for 2 and 3 indicate that these emissions, like those of 
1 and other cyclometalated Ir(II1) complexes? originate from 
MLCT excited states. 

Estimates of excited-state reduction potentials from ground- 
state reduction potentials and excited-state energies are sum- 
marized in Table I. The truly notable feature of this system is 
the extreme variability manifest in the photophysical properties 
with relatively simple ligand modifications. Calculations have 
shown the unsubstituted 2-phenylpyridine ligand is a stronger 
a-donor and weaker *-acceptor than the structurally similar 2,2'- 
b i~yr id ine .~  Replacement of an H atom of 2-phenylpyridine with 
the strongly electron-withdrawing NO2 group significantly 
decreases the ligand a-donor ability while concomitantly in- 
creasing the *-accepting ability. This substantially influences 
the redox potentials of the resulting complexes while having 
smaller effects on their MLCT energies, these being related to 
differences in metal oxidation and ligand reduction potentials.* 
In addition, the present results indicate that the excited-state 
redox potentials are strongly dependent upon whether a hydrogen 
on the pyridyl or the phenyl ring is replaced by NOz. An NO2 
group on the strongly a-donating phenyl ring in 2 yields an MLCT 
excited state which is both moderately reducing and oxidizing. 
However, NO2 on the *-accepting pyridine ring in 3 yields a 
strongly oxidizing MLCT excited state with little reducing power. 

Bis-bidentate chelates have been readily incorporated into DNA 
structure probes, supramolecular systems, environmental probes, 
and photoconversion sensit i~ers.~ Due to their photophysical 
properties, these complexes may have similar utility. Facile bridge 
cleavage, chloride removal, and ligation of bis(ch1oro)-bridged 
dimers of the type studied here indicate that incorporation of the 
bis-bidentate fragments into structures with one or two adjacent 
ligating sites should be straightforward. This suggests these 
fragments may be useful in the aforementioned areas of intense 
contemporary interest, particularly in cases where a wide range 
of excited-state redox potentials is advantageous. 
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