J. Phys. Chem. R003,107,4669-4675 4669
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The binding behavior between a rigidbaccepting aromatic polycycle (ADFQPF;) and an electron-donating
crown ether (CE(10)) is reported in acetonitrile solution. InsCN at low concentration of crown ether, the
binding data are consistent with formation of a 1:1 complex in which the ARRG; residue is partially
encapsulated by the crown eth& (= 500 dn? molt). As the mole fraction of crown ether increases, mass
spectrometry indicates formation of a molecular aggregate in which two crown ethers are bound to a single
ADIQ-2PF; entity in the form of a [3]pseudorotaxane. Molecular modeling and NMR spectroscopic studies
indicate that the crown ether fits loosely on the end of the polycycle without significant penetration along the
molecular axis. Binding causes extinction of fluorescence from the polycycle, allowing estimation of the
second binding constarit{ ~ 400 dn? mol™1), and results in the appearance of a charge-transfer absorption
band in the visible region. lllumination into this absorption band promotes formation of an intimate radical
ion pair with a time constant of ca. 3 ps. Subsequent charge recombination occurs with a lifetime of ca. 25
ps and results in greatly enhanced population of the triplet excited state localized on the polycycle. There is
little or no separation of the radical ion pair into solvated ions.

1. Introduction SCHEME 1: Photoassisted Dissociation of a Cyclophane-

Numerous elaborate molecular conjugates have been char-BounOI Conjugate Pair

acterized in recent years in an effort to identify components for
use in putative molecular-scale deviéesparticularly attractive

and simple molecular module can be devised by inclusion of a
rigid, rodlike guest into a flexible macrocyclic host. Indeed, a
variety of such structures are now availabland in certain
cases, it has been possible to monitor the assembly and L 4
subsequent dissociation of the supramolecular spédibese o \ _
conjugates form by way of diffusional contact between the i
reactants in solution, and various methods (e.g., photochefnical, Before dismissing this approach for the construction of light-
redox® pH shock8 ion binding; isomerizatiof) have been driven molecular machines, it seems appropriate to explore
considered by which to perturb the equilibrium distribution. In  processes other than activated dissociation of the conjugate. To
principle, it should be possible to promote dissociation of the this end, we have examined the photophysical properties of a
conjugate by selective illumination (Scheme 1), but this has not molecular conjugate formed by including a highly fluorescent
proved to be effective because of competitive recombination guest (ADIQ2PF) into one or two macrocyclic hosts.
steps’ For example, the diquat dication is readily included into  Although reminiscent of those systems obtained by inserting
a dibenzocrown ether of appropriate dimensions so as to formN,N'-dimethyl-4,4-bipyridinium (MV2*) or N,N'-dimethyl-2,7-

an intimate charge-transfer compEDirect illumination into diazapyrenium dications (DAP) into the cavity provided by

the resultant charge-transfer absorption band causes partiah dibenzocrown ethéf, this conjugate possesses a quite
separation of the radical ion pair, but the overall yield of distinctive electronic energy level system. The key feature of
separated ions is rather low. Varying the size and shape of eitherthis system is that the triplet excited state localized on the
reactant has some effect on the efficiency of the dissociative polycyclic guest lies at unusually low energy and is much less
process but without leading to major changes in yléldseems energetic than the charge-transfer state formed by intracomplex
unlikely, on this basis, that further structural modification will ~electron transfer. As such, charge recombination populates the
lead to the development of prototypes in which illumination m,7* triplet excited state of the polycycle with much higher
causes rapid and selective ejection of the guest from its cavity. probability than found in the absence of complexation. This
The use of sacrificial reagents to drive light-induced dissocia- seems to be an unusual way by which to promote intersystem
tion,}2 while being an interesting diversion, remains undesirable crossing in organic molecules, although the concept has been
since the objective is to design reversible photosystems. well demonstrated for intramolecular charge-transfer sfates.
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1,4,7,10,17,23,26,28,32-decaoxa[13,13]paracylophane (CE-with a microscope objective, focused onto the entrance slits of
(10))!6 and the corresponding rigid polycychN'-dimethyl- a Spex high-radiance monochromator, and detected with a fast-
anthra[2,1,9def6,5,10d'€f]diisoquinoline bishexafluorophos-  response PMT. The signal was directed to a Textronix transient
phate (ADIQ2PFs)!” were prepared by literature methods and recorder, averaged, and sent to a fast PC for data analysis. At
least 100 individual laser shots were averaged at each wave-

(\0/ £ \/ﬁ length for kinetic measurements. Transient differential absorp-

[¢] . . . . . i
o) tion spectra were compiled point-by-point, with five laser shots

(o]
being averaged at each wavelength and collected in random
CE(10) order. The temporal resolution of this instrument was ca. 2 ns,

[¢]

being set by the rise time of the PMT, while the spectral
resolution was ca. 3 nm.

(o]
QO\ A /OQ For quantitative measurements, the laser intensity was
calibrated with zincmesetetraphenylporphyrin (ZnTPP) in

purified [horougmy before use. Spectroscopic grade So|ventst0|uene as referené)é.ThUS, the laser intenSity was varied over
were dried and redistilled under dry nitrogéh. NMR spectra @ wide range using crossed polarizers, and the differential
were recorded with a Bruker AM 360 MHz spectrometer using absorbance at 470 nm was measured for a deoxygenated solution
the solvent as internal standard. Absorption and fluorescenceof ZnTPP adjusted so as to possess an absorbance of 0.25 at
spectra were recorded using Hitachi U3310 and Hitachi F4500 the excitation wavelength. The differential absorption coefficient
spectrophotometers, respectively. Phosphorescence spectra wei triplet ZnTPP was taken to be 74 000 #imol-1 cm! at
recorded in the presence of iodomethane (1 mofYmsing a 470 nm?! and the triplet quantum yield was taken as (?83.
cryogenic Ge detector in place of the PMT. Mass spectra were The differential absorption signal at 520 nm for triplet ADIQ
recorded using a JEOL The MStation JMS-700 mass spectrom-2PF; in deoxygenated acetonitrile was recorded over the range
eter with m-nitrobenzyl alcohol as matrix and operating in  of laser intensities where the absorbance for triplet ZnTPP shows
positive FAB scan mode. In typical experiments, varying ga linear dependence on incident intensity. For AEIRFR; in

combinations of ADIQ2PF; and CE(10) were prepared in @H  acetonitrile, the differential absorption coefficient at 520 nm
CN before being mixed with a small amount of matrix and \as found to be 14 100 dhmol1 cm! by the complete

placed on the probe. Experimental data were sampled after.qnversion method.
different equilibrium times to ensure consistency.

Binding constants measured by NMR methods were calcu-
lated using the EQNMR suite of prograffsFluorescence
titrations were made with dilute solutions of ADIEPF; (ca.

ADIQ.2PF;

Improved time resolution was achieved using a mode-locked,
frequency-doubled Antares 76S Nd:YAG laser as excitation
pump for a Coherent Model 700 pyromethene dual-jet dye laser.

105 mol dnv %) under deoxygenated conditions and in the A Quantel Model RGA7-10 regenerative amplifier, a Quantel

presence of NkPFs (0.1 mol dnm3) as background electrolyte.  Model PTA-60 dye laser, and a Continuum Model SPA1
For steady-state experiments, the excitation wavelength was 44cRutocorrelator were used to produce pulses of around 1 mJ with
nm and the emission intensity was integrated between 500 andwhm of ca. 300 fs. The spectrometer was run at 10 Hz, and
750 nm for varying concentrations of CE(10). At least 30 the output was split 20:80 to produce excitation and monitoring
different CE(10) concentrations were used for each study. Databeams. Output from the dye laser was at 554 nm, and the
analysis was made by nonlinear, least-squares iterative methodgnonitoring pulse was delayed with respect to the excitation pulse
with fitting to appropriate equations using SCIENTIST as a using a computerized delay stage. The two beams were directed
statistical package. The sample cuvette was thermostated at 2@/most collinearly through the sample cell (path length 5 mm)
°C, unless stated otherwise, by way of a circulating fluid bath and detected with a Princeton dual-diode array spectrograph.
and thermocouple maintained in direct contact with the sample. About 300 individual laser shots were averaged at each delay
Time-resolved fluorescence studies were made by the time-time, collected in random order, and used to generate kinetic
correlated, single-photon-counting method using a mode-lockedtraces by overlaying spectra collected at ca. 40 delay times.
Nd:YAG synchronously pumped, cavity-dumped Styryl-7 dye Kinetic traces were analyzed by nonlinear, least-squares iteration
laser. The excitation wavelength was 370 nm, and fluorescenceysing global analysis methodology.
was isolated from scattered laser light using glass cutoff filters
and a high-radiance monochromator. The signal was de'[ectedso
with a cooled microchannel plate photodetector. Data analysis
was made after deconvolution of the instrument response
function (fwhm= 50 ps).

Transient absorption studies were made with purpose-built

nanosecond or subpicosecond laser flash photolysis instruments® =~ - . . .
similar to those described previousRFor nanosecond experi- optimized using the parametrized semiempirical AM1 method.

ments, the sample was adjusted to possess an absorbance §fn€ molecule of CE(10) was added to the minimized structure,
ca. 0.25 at the excitation wavelength and was purged thoroughlyin & variety of starting positions, and the geometry was again
with Ar. The sample cell was excited with a 30-ps laser pulse OPtimized. General convergence of the structure, regardless of
delivered with a frequency-tripled, mode-locked Nd:YAG Starting conformation, was achieved in that the crown ether
pumped dye laser operated with Coumarin-440 in ethanol asbecame attached to the end of the polycycle in a wheel and
laser dye. Output from the dye laser, which was centered ataxle type arrangement. The computations were repeated with
440 nm, was attenuated as necessary with metal screen filtergwo added molecules of CE(10). The final structure appeared
and defocused onto the sample cell. The monitoring beam wasas a [3]pseudorotaxane, regardless of starting geometry. In all
provided with a pulsed, high-intensity Xe arc lamp after passing cases, the counteranions adopted random positions close to the
through a collimator and focusing lens. This beam was collected polycycle.

Molecular modeling studies were made using the SPARTAN
ftware packadérun on a fast PC. The structure of ADAQ

was drawn in the molecular mechanics mode and optimized
with respect to total energy. A solvent bath of 96 acetonitrile
molecules was added, and the two counteranions were positioned
éandomly around the solute. The structure was subsequently



Photophysics of a Molecular Conjugate J. Phys. Chem. A, Vol. 107, No. 23, 2008671

0.5 100
i 1.0
04f o4
1 b
[ 05
8 I 260t
g 03 17
< L =
—E o 40t T T T T 1
o i =! 800 900 1000 1100
@ 0.2 =
R} L
< 204
0.1
i 0 . $
0.0 — T L - \ | 500 600
200 300 400 500 600 700 800 Wavelength / nm
Wavelength / nm Figure 2. Fluorescence spectrum recorded for AB2@F; in dilute

Figure 1. Absorption spectrum recorded for a dilute solution of ABIQ  acetonitrile solution (a) in the absence and (c) in the presence of CE-
2PK; in acetonitrile (solid line) and after addition of excess CE(10) (10). Curve b shows the effect of added barium perchlorate to solution
(dotted line). The charge-transfer absorption band appearing at low C- The insert shows the phosphorescence spectrum of AR
energy has been fit to a Gaussian-shaped profile that covers the rangéKecorded in butyronitrile containing iodomethane (1 mol-@mat 77
400-700 nm. .

3. Results and Discussion molecules Essis calculated to be ca. 0.1 €¢.On this basis,
At has an approximate value of 0.35 eV. Relative to other
charge-transfer complexésthis derived value foir seems to
0 be fairly modes®! It can be assigned to structural changes and
"solvation effects that follow from generation of strong electro-
static repulsion within the emerging radical ion pair. Since the
polycycle is rigid, it follows that most of the structural changes

a. Formation of a 1:1 Complex.The absorption spectrum
recorded for ADIQ2PFs in acetonitrile consists of four main
sets of bands in the visible region centered at 500, 440, 29
and 227 nm that can be assignectta* transitions (Figure 1).
Addition of CE(10) to this solution causes a new absorption
band to appear as a low-energy tail (Figure 1), while the well- **
definedsr,n* transitions associated with the ADIQPR; moiety will be. accommoqlqted by Fhe crown ether.
are somewhat broadened and undergo a slight red shift. There .In dilute acetonltrl.le 'solutlon,.ADl@.PFafluoresces strongly
is a significant decrease in absorption associated with some of(F19ure 2). The emission maximum is located at 510 nm, but

theserr,7* transitions. The absorption tail is highly reminescent 1€ Profile is not a good mirror image of the lowest energy
of the charge-transfer absorption bands formed by close as-absorption band. The corrected fluorescence excitation spectrum

sociation of electron doneracceptor pairé,although part of matches very well with the absorption spectrum recorded over
the band is obscured by the more intense* transitions. On the visible and near-UV regions. The fluorescence quantum yield
the basis that this new absorption band is indeed of charge-(®r) has a value of 0.8 0.05 in deoxygenated acetonitrile.

transfer origin, the profile was fitted to a Gaussian band sttape g;uoorescence decay profllesz rlecordlted aftgr I.a Ser eXC|Itat|onh at
in order to estimate the peak position and molar absorption hm, are monoexponential at all monitoring wavelengths

- . - : : d correspond to a fluorescence lifetinag ©f 25.6+ 0.2 ns.
coefficient (Figure 1). The derived absorption maximumaf) an e o Y
lies at 18 950+ 200 cnrl, with the maximum intensity The radiative rate constarktgap = 4.0 x 10’ s71) calculated

corresponding to a molar absorption coefficientaf) of 800 from the Strickler-Berg expressio?ﬁ corresponds closely to that
+ 40 dn? mol! cmL As expected for a charge-transfer estimated from the experimental valuégAp = Pr/tr = 3.2

. P ;
transition25 this band is rather broad and has a half-width of * 10" s™). In the presence of iodomethane (1 mol djnas
2550 & 200 cntl. Since the spectral perturbations noted for heavy-atom perturbé?,.very weak.p.hosphorescence can be
the zz,r* transitions are in keeping with-stacking?® it can be detected for ADIQZPFsin a butyrom.trllle glass at77 K (Figure
surmised that the aromatic groups in CE(10) align to some extentz)' The p_hospho_res_cence 0.0 transition is located at ca. 850 nm.
with the planar ADIQ2PF; residue so as to form an intimate Following excitation of AD'QZPFB.W'th a 3C_)-ps laser pulse
charge-transfer complex. It is notable, however, that complex- aL 440 Sm’ .the cgrrespﬁpdlrg triplet (.axcnedh_s';]atehcan be
ation affects some of the,z* transitions more than others such observe_ (Flgu_re a). 15—2'(')5’ attedr spemes_,hw f'.c S dOWS an
that only part of the polycycle might be involved in the binding absorption maximum at [‘”?' ecays with a first-order rate
proces@’ constant of (2.1 0.1) x 10° s~ 1in deoxygenated acetonitrile

In such a complex we would expect CE(10) to play the role sqlution and is formed Wit,h a quantum y‘?'d of 0.870.02
of electron donor, since the reduction potential for one-electron (Figure 3b). At higher laser intensities, the triplet state undergoes

oxidation Eox) of the dialkoxybenzene groups is 1.410.02 bimolecular annihilation to reform the excited singlet state and
V vs SCE! In contrast, ADIQ2PR, is difficult to 6xidiie thereby produce a crop of delayed fluorescence. The singlet state

because of the N-methylated aza groups, but is easily reduced.excnation energyKs), measured at the intersection of normal-

The reduction potential for one-electron reductidxep) of ized absorption and fluorescence spectra, is 2.46 eV, while the
ADIQ-2PF; is —0.58 + 0.02 V vs SCE28 The polycycle triplet state energy Hy), measured from low-temperature

undergoes a second reduction step Viigao = —0.714 0.02 phosphorescence spectra, is 1.46 eV. It is notable that these
V vs SCE. These reduction potentials are related to the energySpeCtrOSCOpiC studies place the energy of the charge-transfer

of the charge-transfer absorption ba as follows?® state Eop = 2.34 eV) between those of ther* excited singlet
g P ) and triplet states localized on ADIQPF.

Eop=Eox — Erep + Ess T A1 Q) Addition of low concentrations<{1 mmol dnm?) of CE(10)

causes a marked decrease in fluorescence from ATRE in
wherelr is the total reorganization energy accompanying charge acetonitrile solution (Figure 2). There is no obvious change in
transfer andEssis a term that corrects for changes in electrostatic the fluorescence profile, but there is a slight decrease in the
interactions between the partners. Assuming the reactants ardluorescence lifetime as measured by time-correlated, single-
within orbital contact and remain surrounded by acetonitrile photon counting. Whereas the reduction in fluorescence lifetime
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Figure 3. (a) Differential absorption spectrum recorded 100 ns after
the laser pulse for the triplet excited state of AB2RF in deoxy-
genated acetonitrile. The insert shows the decay prafifbs vs time

in us) measured at 520 nm. (b) Growth of the signal at 520 nm
following excitation with a 30-ps laser pulse at 440 nm as recorded (i)
in the presence and (i) in the absence of CE(10). Note that trace ii is
shown at 10-fold expansion for clarity of presentation.

22 22
[ [5)
=194 1.9 &
2 S
> h=
2164 1675
= >
= s g
c"é 1.3 —- 1.32

1.0 ¢ T — —t 1.0

0.000 0.001 0.002
[CE(10)] /M

Figure 4. Effect of added CE(10) on relative fluorescence quantum
yield (®) and on relative fluorescence lifetim®) measured at room
temperature in deoxygenated acetonitrile.

follows Sterr-Volmer kinetics, corresponding to a bimolecular
quenching rate constaritd) of (5 + 1) x 10° dm® mol~* s7%,
the attenuation in fluorescence yield is far greater than that

Benniston et al.

ppm

Figure 5. Aromatic region offH NMR spectrum recorded in GON
of (a) ADIQ-2PFK and (b) ADIQ2PFK; plus 2 equiv of CE(10).

To better characterize the complex, additional studies were
undertaken at modest concentrations (is€l, mmol dnt3) of
crown ether. Thus, in acetonitrile at 2C€ the standard free
energy change associated with formation of the comphe°}
has a value of-15.1 kJ moftl. By measuring the binding
constant over a modest temperature range, the corresponding
enthalpy AH°®) and entropy AS’) changes accompanying
complex formation were found to be5.9 kJ mot! and+31.4
J K~1 mol™%, respectively. The positive entropic driving force
indicates that complexation involves inclusion of ADRPFs
inside the cavity of the crown ether since this would release
bound solvent molecules into the bulk solution. Further support
for formation of an inclusion complex comes from the observa-
tion that the binding constant follows a linear dependence on
Gutmann’s solvent donor number for a series of aprotic
solvents® This effect suggests that the solvent has a strong
affinity for the ADIQ?" unit, presumably due to ierdipole
interactions at the N-methylated aza part of the molecule.

As outlined above, titration of a dilute solution of ADIQ
2PFs in acetonitrile with CE(10) causes loss of the structured
fluorescence associated with the electron-affinic polycycle
(Figure 2). However, fluorescence is restored upon addition of
excess barium perchlorate (Figure 2) due to competitive

expected for diffusion-controlled quenching (Figure 4). On this complexation of B&" with CE(10)3® The differential binding
basis, we assume that fluorescence quenching contains contribuggnstant AK) was calculated by least-squares fitting of the

tions from both dynamic and static proces¥e¥he dynamic

fluorescence data to be 310 25. This type of fluorescence

component corresponds to diffusional quenching of free ADIQ  on/off signal switching has attracted considerable interest over
2PFs by CE(10). The static part, which is the dominant process, the past few years, especially in the area of nanoscale molecular
can be considered in terms of the formation of a 1:1 complex. gevices3” Practical use of ADI® for such systems is

The steady-state fluorescence data fits reasonably well to @hampered, however, by its high fluorescence quantum yield and

binding constantk;) of 500 & 100 dn? mol~1, provided the

low binding affinity toward CE(10), which makes complete

concentration of CE(10) is kept modest and that it is assumedemoval of the fluorescence signal essentially impossible.

the resultant complex does not fluoresce. Support for the latter

assumption arises from the time-correlated, single-photon-

Supportive evidence for associative binding between ADIQ
2PR; and CE(10) was obtained by high-fiell NMR experi-

counting studies which indicate that the complex must possessments3 [llustrated in Figure 5 are typical spectra of the aromatic

an excited singlet state lifetime less than ca. 30 ps.

region recorded before and after addition of 2 equiv of CE(10)

In separate studies it was found that CE(10) does not quenchto a solution of ADIQ2PF; in CDsCN. Two of the aromatic

the triplet excited state of ADIQPF. Thus, addition of CE-
(10) has no observable effect on the triplet lifetime of ADIQ
2PFs in deoxygenated acetonitrile at room temperature. On the

resonances are shifted upfield to differing extentg f1—0.35
ppm, H, = —0.28 ppm], as is the methyl signak¢ = —0.05
ppm). Such behavior is indicative of the formation of an intimate

basis of these studies, the bimolecular rate constant for quenchsr,7* stack3° It is notable that the |Hresonance is basically

ing the ADIQ2PF; triplet must be<10* dm?® mol~* s™%. Such

unaffected by the presence of CE(10). Based on these results,

a finding seems consistent with the low triplet energy associatedit can be concluded that the CE(10) moiety is located at the

with the polycycle since electron transfer from the triplet excited
state to CE(10) is thermodynamically unfavoralé&x{ ~ +0.5
evV).

end of the ADIG" cation, and does not penetrate onto the
central portion of the polycycle. Analysis of the peak shifts using

the EQNMR program and assuming 1:1 complexation gives an
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Figure 6. Ball-and-stick representations of the optimized structures
for thel:1 complex (upper panel) and 2:1 complex (lower panel) formed
between CE(10) and ADIQPF.

related [3]pseudorotaxane formed between Ef% and a
. |Ix100 smaller crown ethet?
The fluorescence titration data were subsequently reanalyzed
over a much wider concentration range and considered in terms

. ¢ of both 1:1 and 2:1 complexation (Figure 8). In acetonitrile at
¢ ‘ 20°C, this analysis gave successive binding constanks ef
60 T i — e, 510 dn? mol~* andK; = 430 dn¥ mol ™. It is notable that the
1000 1200 1400 1600

fit at high CE(10) concentrations is markedly improved by
m/z allowing for formation of the 2:1 complex. The ratio of binding

Figure 7. Fast atom bombardment mass spectrum recorded for a _Constan_ts indica_tes the absence Of S?gnificant cooperativity bUt
mnitrobenzyl alcohol matrix sample of the CT complex at a CE(10): IS consistent with a simple statistical model. Once again
ADIQ-2PF; ratio of 2:1. The molecular ions for a 1:1 complex are computer molecular modeling studies were made with the
marked ®). Insert shows expanded region of the spectrum, and reactants dispersed in a matrix of 96 acetonitrile molecules and
molecular ions corresponding to a 2:1 complex are marked ( starting with a fixed stoichiometry of 1:2 (ADKQPF;:CE(10)).

A number of starting conformations were tried, and the initial
positions of the two PE anions were also varied. The energy-
minimized structure (Figure 6) clearly illustrates the docking
of two CE(10) macrocycles to the N-methylated aza ends of
. . ) the polyaromatic rod. As observed for the 1:1 complex, both
Computer molecular modeling studies were made with the ¢\yn ethers distort so as to permit preferential binding of five

reactants dispersed in a matrix of 96 acetonitrile molecules andoxygen atoms to the two ends of the ADIQsubunit at any
starting with a fixed stoichiometry of 1:1. Various starting given time.

conformations were tried, and the initial positions of the two = Photophysics of the ConjugateThe high fluorescence
PR~ anions were also varied. lllustrated in Figure 6 is the yie|q shown by ADIQ2PR made it difficult to carry out detailed
energy-minimized molecular structure of the 1:1 complex, which j55er spectroscopic studies on the complexes, especially the 1:1
fully corroborates the NMR finding that binding of the CE(10) complex, since free ADIEPF6 could not be avoided. To
subunit occurs only at one end of the ADIQmolecule. There  ayimize complexation, studies were made in acetonitrile
is a dominant charge-dipole interaction between the N-meth- qqutiorf with a 50-fold excess of CE(10). Under these
ylated aza group and five of the oxygen atoms of the polycycle; conditions, approximately 90% of ADKQPF; should be com-

the other five oxygens appear not to be involved in the binding plexed, with the 2:1 complex (67%) predominating. Of the
process at any given instant. Evidently there must exist a “nest” ayaijlable excitation wavelengths, 554 nm turned out to be the
of structures containing only five bound oxygen atoms since most appropriate since it allowed selective excitation into the
rotation of the polycycle, at least in solution, is a low-energy charge-transfer absorption band. Although the molar absorption
process and fast on the NMR time scale. Such fluxional behavior gefficient of the complex is small at 554 nm, and high
is consistent with the NMR spectrum of the complex recorded concentrations of complex led to precipitation, it was possible
at 298 K, which shows no apparent splitting of the polycycle o jdentify suitable experimental conditions under which to study
methylene signals. the photophysics of the charge-transfer complex.

b. Formation of a 2:1 Complex.Mass spectra (FAB mode) Thus, excitation of the complex in butyronitrile at room
were recorded for matrix samples of ADIPF; containing temperature with a subpicosecond laser pulse at 554 nm resulted
varying amounts of CE(10). As shown in Figure 7, peak clusters in the rapid appearance of a sharp absorption band centered
occurring aim/z= 1039.5{ CE(10YADIQ-PFRs;} * and 895{ CE- around 650 nm (Figure 9a). This band is characteristic of the
(10)-ADIQ}?" are consistent with 1:1 complexation. This is ADIQ s-radical cation (ADIQ), as shown previously by pulse
clear support for the NMR and fluorescence binding studies. radiolysis studies® The signal grows with a time constant of
However, at high mole fractions of CE(10) there are small ca. 3 ps before decaying via first-order kinetics with a lifetime
clusters that endorse a CE(10):ADRPF; ratio of 2:1 fn/z = of ca. 25 ps (Figure 9b). Formation of ADIQon this time
1576 and 1431) (Figure 7). Allowing for the NMR findings, scale must arise from electron transfer within the charge-transfer
we can surmise that the 2:1 complex exists as a [3]pseudoro-complex. As such, the 25-ps lifetime may be attributed to charge
taxane (Figure 6). There is in fact a literature precedent for a recombination within the initially formed radical ion pair (RIP).

approximate binding constant of 36050 dn® mol~1, which
is in reasonable agreement with the value derived from
fluorescence quenching.
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Figure 9. (a) Transient absorption spectra recorded after excitation of
the complex with a subpicosecond laser pulse at 554 nm. (b) Kinetic
profile recorded at 650 nm. (c) Kinetic profile recorded at 520 nm.

The high rate found for this process essentially precludes
diffusive separation of the RIP into solvated radical iéhs.
Indeed, the signal assigned to ADIQdisappears completely
within ca. 100 ps.

Examination of the spectral profile in the region around 520
nm shows that rapid charge recombination within the RIP results
in formation of the triplet excited state localized on ADRPFs

Benniston et al.
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