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Photoluminescence Electron-Transfer Quenching of Rhenium(l) Rectangles with Amines
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Electron-transfer (ET) reactions from aromatic amines to excited states of rhenium(l)-based molecular rectangles
[{ Re(CO}(u-bpy)Br} { Re(COX}(u-L)Br}1. (bpy = 4,4-bipyridine, L= 4,4-dipyridylacetylene (dpa),; L =
4,4-dipyridylbutadiyne (dpb)]l ; and L= 1,4-bis(4-pyridylethynyl)benzene (bpebl)] ) were investigated

in a dichloromethane solution using luminescence quenching techniques. Direct evidence for the ET reaction
was obtained from the detection of the amine cation radical in this system using time-resolved transient
absorption spectroscopy. The values of the luminescence quenching rate cokgtaftee SMLCT excited

state of Re(l) rectangles with amines were found to be higher than those for the monomeric Re(l) complexes
and other Re(l)-based metallacyclophanes. The obseiyedlues were correlated well with the driving

force (AG®) for the ET reactions. In addition, a semiclassical theory of ET was successfully applied to the
photoluminescence quenching of Re(l) rectangles with amines.

1. Introduction teristics of Re(I) complexes employed in the self-assembly
process could permit functional properties such as Lewis acidity,
luminescence, or redox activity to be introduced into the
macrocyclic structure. These properties could be tuned by
changing the coordinated or ancillary ligari@s!® Although
there has been much interest in the self-assembly of Re(l)-based
molecular rectangles, there are still relatively few studies on
photoinduced electron-transfer reactions of the excited state of
Re(l)-based rectangles with electron donors and accefffors.
Hupp and co-worket82reported that the emission quenching
of a Re-based rectangle{ Be(CO}(u-bpy)}{ Re(COX}(«-BiB-
zIm)}1,, bpy = 4,4-bipyridine and BiBzlm= bisbenzimida-
zole), with quinones and amines is controlled by diffusion-
limiting rates. Further, Lees’ grodf? reported that the
luminescence of a Re(l)-based square is effectively quenched
by nitro-substituted aromatic compounds. Electron-transfer
reaction of amines with monomeric Re(l) complexes and other
electron acceptors in the excited state have also been studied
by several research grouffs-Herein we report a detailed study
on excited-state electron-transfer reactions of rhenium(l)-based
molecular rectangles with a series of aromatic amines using
steady-state and time-resolved fluorescence quenching measure-
ments. The formation of an amine cation radical, the intermedi-

nature of the metatacetylide interaction permits the delocal- ate, was observed for the first time using the supramolecular

ization of electron density and has been used to advantage inRe(I) rectangle as a photosensitizer. The efficiency of the
several active areas of materials scieliddowever, reports on quenching rate constantg, is in good agreement with the free

Re-based rectangles containing acetylides appear to be relativel

Amines are excellent electron donors because of their low
ionization potentials. The lone pair electrons on the nitrogen
atom leads to facile electron-transfer (ET) reactions of amines
in a number of chemical, electrochemical, photochemical, and
biochemical redox process&s. The one-electron oxidation of
amines leads to the formation of radical intermediates that can
be used in the synthesis of amino acids, alkaloids, and several
other nitrogen-containing compounds of biological and phar-
maceutical importanctéElectron-transfer reactions of amines
are also important in certain technological applications such as
imaging and photopolymerizatiohetc. In addition, the electron-
donating capability of the amino functionality has been exten-
sively used for designing new materials such as organic
conductorg, electroluminescent materidighotovoltaics, and
materials with nonlinear optical activify.

The development of macrocycles in which ruthenium(ll),
osmium(ll), and rhenium(l) metal centers are linked by spacers
with a 7z conjugation has gained importance in view of their
potential applications in the emerging fields of molecular-scale
electronics, sensors, and deviééan attractive pursuit in this
area is the design of rigid building blocks with readily tunable
electronic, steric, and photophysical characteridfidhe unique

¥energy change/AG°) for the ET reaction and is higher than

. hat for monomeric Re(l) complexes and other Re(l)-based

4

ﬁﬁa(r)srfin?rl;:g'gstztz F;:fgo?gggg?g%l)oﬁzﬁr; hgﬁigt?gesvgtmetallacyclophanes. Semiclassical theory of ET was applied
P ; P P 9 19 successfully for the first time in the photoluminescence quench-

defined architectures such as squares, rectangles, and!8o on.;

Furthermore, the special structural and spectroscopic charac'"9 of Re(l) rectangles with aromatic amines.
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CHART 1: Structures of Molecular Rectangles I-IlI TABLE 1: Absorption and Emission Maxima, Excited-State
Br B Lifetime, and Redox Potentials of Rhenium(l)-Based
R|/ N — |/ r Molecular Rectangles in CHCI, at 298 K
—Re— N—Re—
/ A W V4 ‘e rectangle  Amad® M Anef™ nm  7,ns B0 ay
L | 352 611 86 1.11
L [ 357 616 72 0.82
|/ _ _ I/ 1l 351 616 495 0.91
_/Rle_NQ_@N_/R'e_ a Excited-state potential of Re(l)-based molecular rectangles is
Br Br calculated fronE,, and ground-state potentials in dichloromethane.
L= NHN experiments and were subsequently used to deterkgifrem
L= NC— o C— the slopes of the SterrVolmer plots.
' v/ N Electrochemical measurements were performed on a BAS

m,L= ND — /\ /\ — CN 100B/W EC workstation. The electrochemical cell consisted of

a glassy carbon working electrode, a platinum wire counter
electrode, and a Ag/AgN£(0.01 M in CHCN) reference
electrode. Cyclic and differential pulse voltammograms were
D obtained in deoxygenated GEl, with the electrode-active
NH, N N materials (1x 1072 M) and 0.1 M tetraa-butylammonium

CHART 2: Structures of Aromatic Amine Quenchers

HN perchlorate (TBAP) as the supporting electrolyte. The scan rate

Ny
© was 100 mV/s unless otherwise stated.
The excited-state lifetimes of all rectangles in £t were
5 measured using a time-correlated single photon counting FL
920 nanosecond spectrometer (Edinburgh Instrument). The
sample solutions were carefully purged with dry nitrogen for
~ 30 min to ensure that there was no change in the volume of the
ST NH SN NH; N solution. The flash photolysis apparatus for the study of transient
absorption spectra in the nanosecond time domain has been
described elsewhef8.The excitation wavelength of 355 nm
from a Nd:YAG laser (Continuum Surlite Il, third harmonic)
AN was used as the excitation source, coupled with a fast response
photomultiplier (Hamamatsu model R5509-72) operatedd
°C in the nanosecond flash photolysis experiments (pulse width,
ca. 8 ns; energy, 50 mJ/pulse). Transient spectra were obtained
. . by a point-to-point technique, monitoring the absorbance
benzene (bpeb)il ) used in the present study were synthesized changes 4A) after the flash at intervals of 10 nm over the
by previously published procedurés All reactions and  gpectral range of 306700 nm, averaging at least 30 decays at
manipulations were carried out undes dr Ar with the use of each wavelength. The valuds/4 the time at which the initial
standard inert-atmosphere and Schlenk techniques. Aniline an(%ignaj is ha|ved) are reported for transients showing second-
its derivatives were obtained commercially and used without order kinetics. The transient absorption signal was recorded by
further purification. Tetrabutylammonium hexafluorophosphate 3 |aser flash photolysis system (Edinburgh LP 920), in which a
was recrystallized from ethanol and vacuum-dried prior to use. Nd:YAG laser (355 nm) pumped optical parametric oscillator
Dichloromethane was of spectroscopy grade and used asand a white-light square pulse were used as the pump and probe
received. beams, respectively. The temporal resolution was limited by
2.2. Equipment and ProcedureslUV —vis absorption spec-  the excitation pulse duration 6f8 ns.
tral measurements were made with a Hewlett-Packard 8453
spectrophotometer at room temperature. Steady-state lumines3- Results and Discussion
cence measurements were carried out with a Hitachi fluores- 3.1. Spectral Studies.The structures of the Re(l)-based

cence F-4500 spectrophotometer. In a typical experiment, therectangles{[Re(COh(y-bpy)Br}{Re(CO}(,u-L)Br}]z and aro-
deaerated sample solution was prepane@ll cmx 1 cmquarz  maiic amines used in the present study are shown in Charts 1
fluorescence cell. The concentrationd eflll were maintained  gnq 2, respectively. Table 1 summarizes the electronic absorp-
at (5-8) x 10°°M in all samples, and the quencher concentra- tjon and emission spectral data, excited-state lifetime, and
tions were between & 10~*and 1x 1072 M. The excitation  excited-state redox potential data for rectangiell . The Re-
wavelength for luminescence experiments was 387 nmand  (|)-based molecular rectangles|il display an intense absorp-
for lifetime experiments was 355 nm. The luminescence tion band at 352357 nm and a luminescence at 64816 nm
spectrum of each sample was measured, and the relativein dichloromethane at room temperature. The intense absorption
emission yields were determined as a function of quencher of |—|II at 351357 nm has been assigned to a spin-allowed
concentration. Intensities were recorded for at least five different metal-ligand charge-transfer (MLCT) transition from the Re
concentrations of each quencher. Selected emission quenchingnetal d orbital to ther* orbital of the ligand. The origin of the
experiments were also followed by lifetime measurements. emission from the ¢x* states in Re(l)-based rectangles is the
Specifically, the emission lifetime was monitored as a function 3MLCT state?3 The preliminary studies on the photophysical
of quencher concentration. For each experiment, the first properties of —Ill have been reported in our previous patfer.
measurement involved the emission lifetime without a quencher  To check the ground-state complex formation between Re-
present,z,. The values ofr, for I—Ill were recorded in all (I)-based rectanglds-Ill and amines, we recorded the absorp-

NH,

6 7 8 9 10
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TABLE 2: Bimolecular Rate Constants® for the Quenching of the SMLCT Excited States of Rhenium(l)-Based Molecular
Rectangles with Aromatic Amines in CHCI, at 298 K

I,Ef0=111V Il,E" =0.82V n,E™ =091V
no. quencherfoxg, V)P —AG° 10 %q —AG° 10 %q —AG° 10 %,
1 aniline (0.93) 0.18 0.76 —0.11 1.0 —0.02 0.15
2 diphenylamine (0.83) 0.28 6.0 -0.01 4.9 0.08 0.96
3 N-methylaniline (0.77) 0.34 5.7 0.05 8.8 0.14 2.6
(5.3)
4 N-ethylaniline (0.80) 0.31 5.3 0.02 8.0 0.11 1.1
5 N,N-dimethylaniline (0.81) 0.30 8.2 0.01 12.0 0.10 6.3
(8.2) (18.0) (6.2)
6 N,N-diethylaniline (0.76) 0.35 8.1 0.06 15.0 0.15 5.6
7 p-anisidine (0.71) 0.40 7.2 0.11 8.7 0.20 1.0
8 N,N-dimethylp-toluidine (0.71) 0.40 9.5 0.11 7.8 0.20 9.7
9 p-phenylenediamine (0.18) 0.93 20.0 0.64 22.0 0.73 21.0
10 N,N,N’,N'-tetramethylphenylenediamine (0.12) 0.99 46.0 0.70 56.0 0.79 14.0
(11.0) (15.0) (9.6)

aWithin 10% error, thek, values given in parentheses are taken from lifetime quenching measurefriRet25.

tion spectra of a mixture of a rectangle and an amine using 100

concentrations of reactants similar to those used in the quenching
studies. No evidence was obtained for ground-state complex
formation betweer —IlIl and the amines, althougtO is an
exception, based on absorption spectral studies. From the redox
potential data shown in Table 1, the values of Gibbs free energy
change AG®, for the photoinduced ET reaction between the
excited state of —Ill and amines have been calculated (vide
infra) and are given in Table 2. Th&G® data given in Table 2
indicate that all the reactions are exoergic and may proceed at
rates close to the diffusion-controlled rate if the reaction were
controlled by exoergicity alone. The quenching rate constants
of -1l with amines are dependent on the free energy change
(AG°®). Similar trends in Re(l) molecular squares with aromatic
nitro compounds have been reported by Lees and co-wolers.
3.2. Stern—Volmer Analysis. The emission intensitied)(
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Figure 1. Luminescence intensity quenching of rectanglevith

500

as well as excited-state lifetimeg f the Re(l)-based rectangles
=1l are efficiently quenched in the presence of amines ig-CH
Cl, and are analyzed in terms of the Stelblmer (SV)

guencherOin the concentration range of (a) 0, (b)21075, (c) 4 x
1075, (d) 6 x 1075, (e) 10x 1075, (f) 12 x 1075, (g) 18 x 1075, and
(h) 24 x 10°° M in dichloromethane.

relationship,
I/l orzft =1+ Ky [Q] = 1+ ky7,[Q] ()

wherel, andl are the emission intensities anglandz are the
excited-state lifetimes df—IIl in the absence and presence of
amines, respectively, while [Q] represents the concentration of
amines.Ksy is the Stera-Volmer constant, andt, the bimo-
lecular quenching rate constant. Linear Steviolmer plots of

Io/l were observed for the amine quenchers except quencher
10. Plots ofzy/r vs [Q] were also linear for all quenchers and
gave results that were in good agreement with the luminescence
intensity quenching* However, at high concentration of
quenched Othe plot ofly/I vs [Q] produces an upward curvature
in the Stern-Volmer plo€? with rectangled -1l with a blue
shift in the emission maximum of the rectangle to 608 nm
(Figure 1). This indicates that binding takes place between the
rectangle and quench#®, resulting in more efficient quenching.
To explain the nonlinearity of the curve, the extended Stern
Volmer equation (eq 2) was used

/1= (1 + Kp[QD( + K[Q])

8

intensity quenching
lifetime quenching

6 -

o
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T T T T
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Figure 2. Stern—Volmer plot for the reductive quenching of rectangle
| with different concentrations of quench#® in dichloromethane.

T
0.00005

guenched0shown in Figure 2 suggests the presence of a static
component in the quenching process along with dynamic
guenching.

)

whereKp and Ks are the dynamic and static Sterdolmer
constants, respectively. A typical Sterdolmer plot for the Thek, values obtained from steady-state and time-resolved
reductive guenching df with N,N,N',N'-tetramethylphenylene-  techniques suggest that the quenching of rectangles with amines
diamine obtained from steady-state and time-resolved measureis dynamic in nature, except for quenchéd (Table 2). The
ments is shown in Figure 2. A nonlinedyl vs [Q] plot for emission quenching of rhenium(l)-based molecular rectangles
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SCHEME 1: Photoinduced Electron-Transfer ]
Mechanism of Luminescence Quenching of Re(l) -y
Molecular Rectangles HIII with Aromatic Amines 0.10 f
ki2 K23 It
Re* + Am  —= [Re*-Am]  =—= [Re®--Am "] : /
k21 K a2 <
0.05 - .-
“"‘ 1 . lk“ B / .//'Ko A \"'\-\.
] - f/ o’. \.
° / \.\ / \.~...\
0.00 /\.A { 2 L4 0-0-0-9-¢-¢
Re* + Am ~—— [Re*-- Am] Re + Am"™ /
I—=1ll by amines may be explained by a number of possible -
mechanisms such as electron-transfer, energy-transfer, or proton- s . i . . ; .
coupled electron-transfer reactions. Since the triplet energy of 400 500 600 700
aromatic amines (3.1 e%)is above the available excitation Wavelength, nm

energy of the rhenium(l)-based molecular rectangles (2.3 eV), Figure 4. Transient absorption spectra obtained by laser flash
electronic energy transfer is less probable here. A mechanismphotolysis of (a) Re(l) rectanglé! (M) and (b)lll in the presence of
involving proton transfer from amines tio-1ll can also be N,N-diethylaniline @) in dichloromethane, recorded following 355 nm
excluded becaus#l,N-disubstituted anilines also effectively laser pulse excitation.

quench the luminescence of rhenium(l) rectangles. The results

of both steady-state and time-resolved experiments indicate that o )

the effect of aromatic amines on the luminescence of the Re(l) trénd that is indicative of electron-transfer quenching. In
rectangles must be associated with only a dynamic quenching@ddition, the plot of lodg vs oxidation potentials of aromatic
process through ET (Scheme 1). Wrighton and co-wofkers amines is linear (Figure 3), which provides additional support
demonstrated the |uminescence quench|ng Of a monomeric Re_for the electron-transfer mechanism. The Val|d|ty of an electron-
(I) complex with a different energy level of quenchers. Since transfer quenching mechanism derives further support from a
the triplet energy of anthracene is below the energy of the Re- Study of transients using flash-photolysis technique.

(1) triplet state, anthracene quenches through energy transfer at  3.3. Transient Absorption Studies.Monochromatic flash
nearly a diffusion-controlled rate. Wherans-stilbene is used irradiation oflll in CH,Cl, was used to perform the transient
as a quencher, its triplet energy is isoenergetic with the Re(l) absorption spectral measurement. The broad, featureless transient
complex and, as a result, it quenches much more slowly via absorption band dfl at 406-700 nm was tentatively assigned
triplet—triplet energy transfer. It has already been shown by to the reduced species of an Re(l) rectangle (Figure 4). Meyer
various group® that the3MLCT excited state of monomeric  and co-workers have already reported that an intense absorption
Re(l)—polypyridyl complexes is readily quenched by a variety at 450-600 nm is characteristic of a 4;8py-localized MLCT

of electron donors through an ET mechanism. Compared to theexcited state in an Re(l) complékThe emission decay dfl
monomeric Re(l) complexes, the efficiency of the quenching at 540 nm can be fitted without appreciable deviation, to a single
(kg) of Re(l) containing molecular rectanglesll with amines exponential.

is found to be higher (Table 2), i.e., one order highegiualues To gain more insight into the nature of the quenching process,
than the monomeric Re(l) complex®82%To better understand  the reaction of the long-lived excited state of Re(l) rectangle
the nature of the quenching process, it is appropriate to correlatey|; with N,N-diethylaniline was carried out using laser time-
the bimolecular quenching rate constants with the free energyresolved absorption studies by means of 8 ns laser width at 355
change of the ET process. The values\@® were calculated  nm excitation. In accordance with the well-known excited-state
from the excited-state reduction potentials of Re(l) complexes gpsorption of the,N-diethylaniline cation radicaP an absorp-
and the oxidation potentials of the amines (vide infra). It is tjon pand maximum at 470 nm occurred whigiN-diethyla-
apparent from the data in Table 2 that amines with lower pjjine quenches the luminescence of rectariigleThe transient
oxidation potentials exhibit higher quenching rate constants, a gpsorption decay spectrum observed at 470 nm following the
irradiation of Re(l) rectanglell (8 x 104 M) with N,N-
diethylaniline (0.04 M) in dichloromethane is shown in Figure
4. Quenching of the luminescence of monomeric Re(l) com-
plexes, concurrent with the observation of a transient one-
electron reduction product, Re(0), has been previously observed
for several amine&® The formation of an amine radical was
observed for the first time in thtILCT excited-state electron-
transfer reaction of Re(l) rectangle with an amine. Thus it is
clear that, in the presence NfN-diethylaniline, the triplet-state
MLCT of Re(l) rectangldll in dichloromethane is efficiently

10.8 4

10.4

10.0 4

'q

log k

9.6

9.2 guenched by the transfer of an electron frif\-diethylaniline
1 to form the reduced species of the Re(l) rectangle and a radical
88 - cation of N,N-diethylaniline.
0 02 04 06 08 10 3.4. Application of Theory of ET. After establishing the
Oxidation potential of amines, V electron-transfer nature of the quenching process, we applied

Figure 3. Plot of logk, vs the oxidation potential of aromatic amines ~ the semiclassical theory of ET (eq 3) to the rectanglmine
for the oxidation of amines by rectangdle redox system.
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ko = 47°Ih|Hp s | 5(4A KT) "2 . -

i(eSS“/m!) exp[—(l,+ AG® + mhy)%4iKT] (3) ™

m=

whereHpa is the electronic coupling coefficient between the 96
redox centers, the reorganization energyis composed of
solvationall, and vibrationall; contributions with s= Ai/hv, v
is the high-energy vibrational frequency associated with the
acceptor, andhis the density of product vibrational levels. The 944
terms h and k are Planck’s and Boltzmann’s constants,
respectively.

The value ofl, can be evaluated classically by using the . , . : : .
dielectric continuum model, 02 0.0 02 04 06 08 10

-AG®, eV

/10 = 92/4“60(1/2"D + 1/2rA — :[/d)(l/DOp — 1/D5) (4) Figure 5. Plot of log ko3 vs —AG?® for the Re(l)}-amine system in

dichloromethane. The points represent the experimental data, and the
solid line curve is the best fit of the experimental rate constant data
using semiclassical theory of ET (eq 3).

log k,,

whereeis the transferred electronic charggis the permittivity
of free space, anbBop andDs are the optical and static dielectric
constants, respectively. The termsandra are the radii of the  g—krjy \whereK = (8762Ny/100DKT)2, rp andr a are the radii
electron donor and acceptor, respectively, digithe separation  of the reactants, anglis the viscosity of the medium.
distance between the donor and acceptor in the encounter The giffusion rate constant,, calculated according to
complex. The values afp andra are estimated by the MM2  gmojychowsk? for noncharged molecules, has a value of 2.3
molecular model. The value df estimated from eq 4 fallsin 1010 gyd mol2 s1. KeqWas estimated using the Fuoss and

the range of 0.380.64 eV for this redox system. Eigen equatiof?
According to Rehm and Weller, the free-energy change of
electron transfer can be calculated ffdm K = (4nNd3/3000) expEwW/RT) ®)
eq

o _ + - _ 2
AG®=E(D/D") — EAAT) — By lae ®) wherew" is the work required to bring the reactants to the

W I . ) separation distanak Since we use neutral quenchers throughout
whereE(D/D") is the oxidation potential of donors (amines), ;g study,w is zero. The value 0Keq is found to be in the

E(A/A ) the reduction po_tential of Re(l) containing rectangles range of 2.529.28 Mt for the reductive quenching of
=11, Eqo the Iowe_st excited-state energy of Re(l)_ rectangles, rectangled —IIl with amines. Since the values ki, and Keq
ande?/ac a columbic term. ThAG® values thus estimated for 56 known, the value fok.s, the rate constant for the process
Fjlﬁerent rectangle and aniline pairs in dichloromethane are listed ¢ ET in the encounter complex, can be calculated using eq 6,
in Table 2. _ _ _ and the values are plotted againg®® in Figure 5 for all three
Since it is established that the quenching occurs via ET, the e )).containing rectanglds-Iil . The plot shows that the rate
redox quenching process, as shown in Scheme 1, can begnstant values for ET process calculated from Marcus theory

discussed. According to Scheme 1, the excited-state acceptol s ¢lose to the experimental values. In edH3s = 4.96 x

(*Re') and the ground-state donor (Am) molecules diffuse 103eV, 1 = 0.9 eV, = 1000-1500 cnT, andT = 298 K.

* i . .
together to form an encounter complex ( Re-Am). This These values are the optimum values for the reaction, chosen
encounter complex then undergoes a reorganization to rea(:hOy a trial and error metho#. Using eqs 3 and 6, the rate
the transition state where ET takes place from the donor to the constantskos, for the excited-state ET reaction bH,II with
acceptor to give an ion-pair species fReAm™). The param-  jines have been calculated. The experiméagalalues along

e}:er?klz ar!d K21 a(rjed'ghe di.ffu.sion-fcohntrolled rate constalntsI *for with the calculatedc; values were plotted againstAG® values
the formation and dissociation of the encounter complex *Re g re 5 for all three Re(l) rectangles. The solid line curve in

*+-Am, respectivelykys andks; are the forward and reverse ET - £iq e 5'js a best fit of all of the rate constant data to the
rate constants, arig, is the sum of all the l(r)ate conitants causing  semiclassical equation (eq 3). Thus, the semiclassical theory of
the disappearance of the ion-pair state(Re Am™). . ET reproduces the experimental results favorably.

_ By applying steady-state treatments to the short-lived species  p careful analysis of thé, data in Table 2 reveals that the

in Scheme 1, the following expression (eq 6) for the observed 4 ,enching rate constants are influenced by the introduction of
bimolecular quenching rate constakisdks) can be derived.  jcetyiene and phenyl moieties to the ligands and by the

K substituents in the aromatic amines as well. Hyevalues
12 (6) determined from emission intensity data, particularly for
1+ (K kogKeg) rectangled andll, appear to follow the trend of the lifetime
quenchingky values except fol0. Interestingly thek, values
Keqis the equilibrium constant for the formation of the encounter obtained forlll were consistently smaller than those obtained
complex, andk; is the rate constant for the diffusion process for | andll, indicating the importance of steric effect in this
to form the encounter complex. The valueka$ is calculated ET reaction. Concerning the quenchiiN,N',N'-tetrameth-
from32 ylphenylene diamine 10), the ky value obtained from the
luminescence intensity quenching loflll is high compared
ki, = 2RTI300Q7[2 + rppfrp + rafrp] f @) to the values obtained for lifetime quenching. This suggests the
contribution by static quenching. Since the size of quentBer
wheref ~1 = d/e¥/kT dr/r2 with u = ZpZ,€?/Dg[eX¥1 + Kd]- is large, there is a chance that the quencher may bind to the

kobs=
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Re(l) rectangle. It would be of interest to compare the intensity and luminescence quenching data clearly show that the excited
and lifetimeky values of10 with rectangled —III . Although state of Re(l) rectangles undergoes rapid ET reactions with
the difference is large in the caseloandll, it is moderate for aromatic amines. The efficiency of quenching rate constants
lll. Rectangle$ andll appear to be better hosts fbd because (kg) was found to be higher than those for monomeric Re(l)
of the suitable cavity size of rectanglésand Il , although complexes and Re(l)-based metallocyclophanes. The formation
rectangldll has the largest cavity among the compounds. This of an amine radical was observed for the first time in the
leads to the binding of the quencher with the sensitizer, and, MLCT excited-state electron-transfer reaction of a Re(l) rect-
thus, a significant difference between the intensity and lifetime angle with an amine. The quenching rate constaptemains

kq values is observed for quenchEd with rectanglesd andll . diffusion-limited at high negativAG® values, and thk, values
Furthermore, the binding constants;) calculated from eq 2  are nicely correlated with th&G® values. In addition, semiclas-
for quencherlO with 1—IIl are 2.3x 10% 2.6 x 1%, and 6.4 sical theory of ET was successfully applied in the photolumi-
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