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• Examples are known of chromophore-quencher complexes 
where following optical excitation of a metal-to-ligand charge 
transfer (MLCT) or a porphyrin ir —• TT* chromophore, oxidative 
or reductive intramolecular electron-transfer quenching occurs.1-10 

In a recent example, photolysis of a porphyrin-based system 
containing both an electron-transfer donor and an acceptor led 
to a relatively long-lived (3 /xs) photoinduced charge separation 
onto peripheral donor and acceptor redox sites where in terms of 
the redox potential stored, AG° > 1.0 eV.8 One value of such 
systems is that they begin to reveal how oxidative and reductive 
equivalents can be generated photochemicaly and stored within 
the same molecule. We report here that MLCT-based excitation 
of the complex [Ru(Me(bpy)-3DQ2+)(Me(bpy)-PTZ)2]4+ is 

V H = C H 2 / VJPH»'» 

Mehpy-PTZ Mebpy-3DQ 

followed by a sequence of intramolecular events which lead with 
relatively high efficiency to a charge-separated state based on the 
-PTZ and -DQ2+ redox sites for which the transiently stored free 
energy is AG0' ~ 1.29 eV. 

The mixed-ligand complex was prepared from [Ru(Me-
(bpy)-PTZ)2Cl2]lla (86 mg) and [Me(bpy)-3DQ](PF6),1 ">•<= (60 
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Figure 1. Transient absorbance difference spectrum of [Ru(Me(bpy)-
PTZ)2(Me(bpy)-3DQ)](PF6)4 in methylene chloride at room tempera­
ture; excitation wavelength 458 nm at 5 mJ/pulse. ( - • - ) 50 ns after 
laser pulse and (- - -) calculated. Insert shows the transient absorbance 
spectrum for [Ru(4,4'-Me2bpy)3](PF6)2 obtained under the same con­
ditions but 200 ns after the laser pulse. 

Scheme I 
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mg) by heating in ethylene glycol in the dark at 120 °C for 20 
min followed by isolation of the PF6" salt by the addition of an 
aqueous solution of NH4PF6. The crude product was chromo-
tographed in the dark on silica gel by using 1:4:5 saturated 
KN03/H20/CH3C1, reprecipitated by the addition of [NH4]PF6, 
and washed with H2O and finally 4:1 ether/ethanol. Anal. Calcd 
for RuC81H76N10S2P4F24: C, 50.24%, H, 4.06%; N, 7.23%. Found: 
C, 49.86%; H, 3.98%, N, 7.04%. Cyclic voltammetry of the 
complex in 0.1 M [N(«-(C4H9)4](PF6)-CH3CN showed reversible 
or quasi-reversible waves vs. SCE at E1/2 = 1.11 V (Ru111/11), 0.67 
V (PTZ+/0), -0.62 V (DQ2+Z+), -0.88 V (DQ+/0), and -1.38 V 
(RuL3/RuL2L-).12 

At 90 K in 4:1 (v/v) ethanol/methanol, MLCT emission from 
the chromophore quencher (CQ) complex (Xmax = 620 ± 2 nm, 
robsd = 4233 ± 68 ns) and its properties are nearly superimposable 
with those of the model complex [Ru(4,4'-Me2bpy)3]2+ (4,4'-
Me2bpy is 4,4'-dimethyl-2,2'-bipyridine) (Xraax = 618 ± 2 nm, robsd 

= 4116 ± 36 ns). For the CQ complex the emission intensity and 
lifetime of the emitting state decrease as the temperature increases 
with complete quenching occurring by 180 K. Kinetic analysis 
of the emission decay curves shows nonexponential behavior, 

(12) There are several possible positional isomers of the complex based on 
variations in the relative positions of the substituents at the 4 and 4' positions 
on the bpy ligands. Although there is no evidence for more than one isomer 
in the electrochemical experiments, broadening in the transient absorption 
spectrum of the charge separated state (Figure 1) and the possible existence 
of more than one component in its decay, as evidenced by a slight nonexpo-
nentiality, may have their origins in more than one isomer. Although the 
ground-state properties of the positional isomers might be expected to be 
nearly equivalent, the charge separated states, note below, could have distinctly 
different decay characteristics because of differences in the relative spatial 
orientations of the PTZ+ and DQ+ groups. 
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suggesting the existence of a series of competing processes. 
Transient absorbance measurements13 were conducted at room 

temperature in methylene chloride and the results of a typical 
experiment are shown in Figure 1 for both the model and the CQ 
complex. The difference spectrum for the model complex is 
characteristic of that expected for an MLCT based excited state 
with a strong increase in absorbance at \max = 375 nm due to the 
bipyridyl anion and a decrease in absorbance at Xmax = 455 nm 
arising from bleaching of the ground state Ru" —• bpy MLCT 
absorption band. For the CQ complex the difference spectrum 
is that expected for a charge-separated or interligand-charge-
transfer (ILCT)14 excited state with absorbance features appearing 
for the radical cations 10-MePTZ+ (Xmax = 516 nm)15 and Me-
(bpy)-3DQ+ (Xmax = 395, 514 nm) l l b and no bleaching at 455 
nm. A calculated difference spectrum based on the known spectra 
of 10-MePTZ+ and Me(bpy)-3DQ+ is shown as an overlay in 
Figure 1 .'6 That the site of reduction following excitation is DQ2+ 

and not bpy is supported by the red shift of ~20 nm in the feature 
at 395 nm and by the appearance of the feature at 515 nm which 
is a DQ+-based absorption that overlaps with an absorption due 
to PTZ+. The absence of bleaching at ~455 nm shows that the 
Ru"-bpy chromophore is present in the charge-separated state. 
At room temperature in methylene chloride the ILCT state ap­
pears during the laser pulse (6 ns), suggesting that the intramo­
lecular quenching events leading to the state are rapid (k > 108 

s~'). Once formed, the ILCT state decays via first-order kinetics 
with kobs6 = 6.3 X 106 s"1, independent of excitation intensity from 
2 to 20 mJ/pulse. On the basis of the absorbance changes observed 
in the figure and using «* (375 nm) = 2.9 X 104 M"1 cm"1 for 
Ru(bpy)3

2+* 14 and e(514 nm) = 4.4 X 103 M"1 cm"1 for Me-
(bpy)-3DQ+,llb we estimate that the quantum yield of formation 
of the ILCT state is 0sep = 0.26 ± 0.04. 

Our observations and the known redox properties of related 
systems lead to the quenching scheme in Scheme I where the 
simplified abbreviations DQ2+b and bPTZ have been adopted for 
the ligands Me(bpy)-3DQ2+ and Me(bpy)-PTZ. In this scheme 
MLCT sensitization of the ILCT state could occur by either of 
two branches depending on whether the initial quenching act is 
oxidative (k2)

 o r reductive (k'2) in nature. 
Although emission is observed at low temperature, by room 

temperature it is completely quenched, k2(k'2) » l/'''cT(l/r'cT)-
The fact that (f>xv < 1.0 suggests the importance of intramolecular 
recombination events like Zc5 or k'5. Factors that may contribute 
to the lifetime of the charge-separated ILCT state include a 
possible rate inhibition arising from the fact that both the reduced 
acceptor and oxidized donor site are positively charged and the 
fact that space-filling molecular models indicate that direct ir 
overlap between the redox sites is possible. 

From the potential differences between the -PTZ+ /0 and 
-DQ2+^+ couples, it can be estimated that the energy of the ILCT 
state above the ground state is AG0' ~ 1.29 eV. The excited state 
is sufficiently long lived to carry out net redox chemistry. In the 
presence of 4.0 X 10"2 M Cu11 in acetonitrile, quenching of the 
ILCT state occurs via 

(13) Transient absorbance experiments were conducted with a Quanta-Ray 
DCR-2(20) Nd:YAG laser pumping Coumarin 460 dye in a Quanta-Ray 
PDL-I dye laser producing an excitation pulse of 6 ns at 5 mJ/pulse. The 
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Osram XBO 150-W xenon lamp. Electronic synchronization of the laser and 
probe was provided by electronics of our own design. The absorption signals 
were collected with quartz optics (fi.5) and imaged onto the slit of a 0.5 m 
(/3.4) monochromator and detected with a R446 5 stage PMT coupled to a 
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crocomputer. 

(14) Truesdell, K. A.; Crosby, G. A. / . Am. Chem. Soc. 1985,107, 1787. 
(15) The absorbance maximum and extinction coefficient for 10-MePTZ+' 

were determined by chemically oxidizing 10-MePTZ with Br2. The 10-
MePTZ was recrystallized twice and checked for purity by liquid chroma­
tography. For the radical cation in CH2Cl2 in the visible region of the 
spectrum, Xm„ = 514 ± 2 nm, e5H = 8050 ± 72 M"1 cm"1. 

(16) The calculated transient absorbance spectrum was obtained by su­
perposition of the individual maxima for 10-MePTZ*+ and Me(bpy)-3DQ*+ 

having Lorenztian band shapes with their bandwidths adjusted, linearly in 
energy units, to agree with those observed spectroelectrochemically for the 
individual radical cations. 

PTZ+-Ru"-DQ+ + Cu2+ • PTZ+-Ru"-DQ2 + + Cu+ (1) 

and, as monitored by conventional flash photolysis,17 the subse­
quent recombination reaction follows equal-concentration, sec­
ond-order kinetics with kq = 4.3 X 108 M"1 s"1: 

PTZ+-Ru"-DQ2 + + Cu+ -^- PTZ-Ru"-DQ2 + + Cu2+ (2) 

In the sequence of reactions, (1) followed by (2), the Cu1'/1 couple 
has been used to "discharge" the ILCT state by consecutive 
outer-sphere electron transfer steps. The experiment also serves 
to verify that MLCT excitation at room temperature does indeed 
lead to a PTZ+ site since the difference spectrum after Cu" 
quenching of the ILCT state (eq 1) shows only the band expected 
for PTZ+ with absorption features for DQ+ not present, as ex­
pected. 

Our experiments demonstrate the existence of a MLCT-sen-
sitized charge-separation process that yields separated redox 
equivalents and that the ILCT state reached can undergo chemical 
reactions. The charge storage time of rsep = 165 ± 14 ns is not 
overly long, but it may be possible to extend it considerably by 
eliminating the structural flexibility associated with the tetra-
methylene links to the phenothiazine group. 
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We report the unusual deacylation of the 2-acety 1-1,3-di-
methylbenzimidazolium cation in aqueous solution. The cation 
is deacylated very rapidly by hydroxide ion even at pH 7-8, yet 
does not react with primary amines unless water is absent. 

CH3 CH3 

X) COCH3 — x ) H + CH3COO 

CH3 CH3 

In the course of studies designed to prepare ketimines derived 
from the condensation of primary aliphatic and aromatic amines 
with 2-acylbenzimidazoles and perhaps to demonstrate a facilitated 
decarboxylation of a-amino acids in the presence of these ketones,1 

we had occasion to mix solutions of benzylamine and aniline in 
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