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Construction of starburst §¢>DPAF-G), pentads was coupled with the use of highly fluorescent
diphenylaminofluorene-DPAF-G) addends as donor components in conjunction with the fullerene acceptor
during single-photon excitation processes. High quantum yielgs)(of charge-separation processes in the
range 0.83-0.90 for Go(>DPAF-G), (n = 1, 2, or 4) were obtained in the formation o§C(>DPAF'-

Cy)(> DPAF-Gy),—1 transient states. The lifetime of the radical ion-paings] was found to be 900 ns for
starburst Go(> DPAF-G)4 (3) samples, which is 6-fold longer than that of the linear analogié&>OPAF-

Co) (1), with a ca. 2 times increase of the charge-separation kate ¢ompared to that ol. These data
implied the important role of sterically hindered DPAR{@&ndants arranged in a starburst-like environment
that encapsulates the centrabCore on extending thesp. We interpreted the phenomena by the occurrence
of intramolecular migration or exchange of electron or positive charge among multiple DPp&RGants of
Ceo" (> DPAF*-Cq)(> DPAF-Gy)n—1, Which gives an increased rate in charge generation and delayed charge
recombination.

Introduction trimethylhexyl (G) groups to form Go(> DPAF-G) was found
Intramolecular electron- or energy-transfer phenomena from 0 largely increase the optical propertfeSubsequent structural
the donor moiety to the moiety upon single-photon excitation modification that introduced multiple DPAFgG:hromophore
of Ceo—donor assemblies have been extensively revieviite arms on one §; cage, to effect molecular cage separation and
phenomena lead to the formation of the corresponding charge-"N'Miz€ p_hy5|cal aggregation, resulted in a further Increase
separated (§>)—(donor* or triplet Cey (°CL,>) excited o]t the nobnllnearBEotongpt,e:f;menc%/Aglpare_nhtly, the design
transient states. Utilization of these transient states to enhance%oh a star ulrst Go—keto- |  assemoly vlwt_ ak c?ge as Kk
their potential applications in the area of molecular electronic e central core resembles its encapsulation by four bulky

devices? photovoltaic cell$,and photodynamic sensitizéitsas ngr'f:.ﬁrm; |ﬂ_thh%ts;:]u;tgjsr§ro{ﬁ]> [l\)/IF;AAF-(e;;?ﬁ;gactaﬁirﬁ(t) and
been proposed. Closely related to the single-photon excitationan uoptilcéllglimlijtir:p offect The?r;foré it i)s of interest to
process, the occurrence of simultaneous two-photon excitation., P 9 ) ’

. investigate the complementary photoinduced intramolecular
rocesses for severakg-donor conjugated dyad molecules has
glso been demonstrkfft:éﬁ An exajm?:)le wa)s/ given by & electron-transfer effect of starburs§d> DPAF-Gy), structures

(>DPAF-G,), where a two-photon absorptive (2PA) chro- containing multiple photoresponsive chromophore pendants in

mophore [7-(1,2-dihydro-1,2-methano[60]fullerene-61-carbonyl)- comparison with that Of_ the I|near6§(>.DPAF-Cg) dyad.
9,9-diethyl-2-diphenylaminofluorene (DPAR)Fwas used as Here, we report photomduceq transient st_ate§6@¢@PAF-

the donor component of thegg-keto—donor assembl§.A C.g)” (h=12 or 4), as shown in Figure 1, in either tolyene or
number of related chromophore dyadsdG DPAF-G,), where ~ dimethylformamide (DMF) using DPAF{pendants acting as

Cn represents variable alkyl groups attached on the fluorene ring] antenna components for light harvesting at V'S'b'? wavelengths.
exhibit significant photoresponsive nonlinear activities that were The struptural design of@—ketq—DPAF assemblies includes
attributed to large 2PA cross-section enhancement. Enhancemerft ¢10Se linkage of the photoactive DPAR-thromophore arm

of cross-section values was correlated to the increase of© e fL_JIIerene cage at a short separatlon_dlstance of roughly
electronic interactions and molecular polarization between donor2-0 A via a keto bridging group. The motif allows through-
and acceptor moieties, which were proposed to serve as potentia?Ioace .|nt.ramolecular communication betweep @d DPA'.:'
optical power limiting materiald Optical properties are highly ~ Cn Moieties to be effective. This doneacceptor interaction
dependent upon the variation of dor@cceptor structures and was _reafsoned for facile elec;tron delocahz_atlon and molecular
the tendency of the resultingeé>-keto—donor assemblies to polan_zatlon of Go(> DPAF'@)' Subsequent intersystem energy-
aggregate. Structural alteration of the& DPAF-G,) dyad by crossing occurs on a time scale of 1.3 ns, based on the detection

replacing two ethyl groups with two sterically hindered 3,5,5- ©f the Ti—Ty transient absorption ofCg,> at 700-750 nm
with a lifetime of ~33 us in toluenet?
*To whom correspondence should be addressed. E-mail:  Competitive intramolecular photoinduced electron-transfer
LO?%%SEJ”%%SQ;?“- processes from thEDPAF*-C, moiety to the Go> moiety of
tTanta University_y' this type of donotacceptor assembly can be achieved in polar

8 University of Massachusetts Lowell. solvents. Accordingly, the charge-separation quantum yield of

10.1021/jp072193j CCC: $37.00 © 2007 American Chemical Society
Published on Web 07/11/2007




Prolonged Charge-Separated States

3a Cao(>DPAF-Cg)4
3b Cgy(>DPAF-Cy)s

®~©

Figure 1. Molecular structures of £&(>DPAF-G), (1 forn=1, 2
for n = 2, and3 for n = 4) showing the resemblance okfrage
encapsulation by DPAF-{arms whem increases. Structuréda and

3b were isolated from chromatographic bandsRat= 0.5 and 0.25,
respectively, by TLC (Si@ hexane/toluene (2:3) as the eluent), giving
similar photophysical characteristics.

Ceso~ (> DPAF-C,) derived from Go(>DPAF*-C,) may reach
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graphic bandR = 0.5 using hexane/toluene in a ratio of 2:3
as the eluent) on semipreparative TLC (9iPlates to give an
18% vyield, which was used for several photophysical investiga-
tions in the present study. Molecular weights1pf2, and 3a
were clearly confirmed by positive ion matrix-assisted laser
desorption ionization mass spectrum (MALDI-MS) usimgy-
ano-4-hydroxycinnamic acid as the matrix, as shown in Figure
2 panels ac, respectively. All of these spectra displayed a group
of mass peaks with a maximum peak intensity centered at either
m/z = 1345, 1972, or 3224, and the related isotope peaks
indicated a molecular ion mass (MiH of 1, 2, or 33,
respectively. The latter two mass ion peaks were followed by a
group of mass peaks centerednalz = 1346, which matched
that of 1 that has lost exactly one or two GDPAF-Gy) (m/z

= 626) subunits from fragmentation of the molecular mass. In
the low-mass ion region, several major peaksnét = 612—

629, including the masses of DPAR-Q/z = 612) and CH-
(DPAF-G) (m/z = 625), were observed that revealed facile
fragmentation at the bonds immediately next to either thg C
or the methano[60]fullerene cage. A relatively simple spectrum
pattern in the high-mass region implied good stability of the
aromatic keto-diphenylaminofluorene moiety under MALDI-
MS measurement conditions. Characteristics of all spectroscopic
data, including FT-IR, UV-vis, and'H NMR spectra, corre-
sponding to DPAF-g and Go> moieties ofl and 2, were
applied as the analytical reference for the structural identification
of 3a In addition, a second fraction was isolatedrat= 0.25

in a 7% yield and was assigned as regioisoBte(Supporting
Information). No significant quantity of [60]fullerene hexaads
or higher adducts were isolable.

Instrumentation. Electrochemical redox potential values
were measured using the differential pulse voltammetry (DPV)
technique by applying a BAS CV-50W voltammetric analyzer.
A platinum disk electrode was used as the working electrode
with a platinum wire and a Ag/AgCI electrode serving as the
counter and reference electrodes, respectively. All measurements
were carried out in DMF containing{Bu)s;N*CIO;~ (0.1 M)
as a supporting electrolyte at a scan rate of 0.I'V s

Steady-state fluorescence spectra were collected on a
Shimadzu RF-5300 PC spectrofluorophotometer equipped with
a photomultiplier tube having high sensitivity in the 70800
nm region. Fluorescence lifetimes were measured by a single-
photon counting method using a second harmonic generation

0.96 in PhCN, with a long-lived charge-separated state with a (SHG, 400 nm) of a Ti:sapphire laser (Spectra-Physica, Tsunami

150 ns lifetimel® Similar intramolecular electron-transfer
phenomena were also detectable in self-assemhige BPAF-
EG,), where EG is oligo(ethylene glycol), nanostructures in
water!! Extension from these linear monoadduct structures to
the related starburst multiadduct analogougs(€DPAF-Gy)n
should allow us to investigate the structural relationship in terms
of the molecular branching to photophysics GHEDPAF-GC,.

Experimental Section

Material Preparations. Preparation of the [60]fullerenyl
monoadduct X¥) and bisadduct ) has previously been
described. Synthesis of the [60]fullerenyl tetraadducisC
(>DPAF-Gy)4 (3, Csofmethanocarbonyl-7-(9,9-di(3,5,5-trimeth-
ylhexyl)-2-diphenylaminofluorene))] was carried out by the
reaction of finely divided g and 7e-bromoacetyl-9,9-di(3,5,5-
trimethylhexyl)-2-diphenylaminofluorene{BrDPAF-G) in the
presence of 1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU) in an-
hydrous toluene. All reaction conditions and workup details
follow those of the recently reported procedié#éccordingly,
compound3a was isolated in an orange-brownish chromato-

3950-L2S, 1.5 ps full-width at half-maximum (fwhm)) and a
streakscope (Hamamatsu Photonics) equipped with a polychro-
mator as excitation source and a detector, respectively. Lifetimes
were evaluated with the software installed in the equipment.
Nanosecond transient absorption measurements in the near-
infrared (IR) region were carried out by laser-flash photolysis
using an excitation light source of a Nd:YAG laser (Spectra-
Physics and Quanta-Ray GCR-130, 6 ns fwhm) operated at 355
nm. Monitoring lights from a pulsed Xe-lamp were detected
via a Ge-avalanche photodiode module. Prior to the measure-
ment, the sample solution in a quartz cell (k0L.0 cm) was
deaerated by bubbling argon gas for 20 min.

Results and Discussion

Photophysical Studies in Starburst Tetra(diphenylamino-
fluoreno)[60]fullerene Adducts. Steady-state U¥vis absorp-
tion spectra of g(>DPAF-G), and two comparable model
compounds (7-acetyl-9,9-di(3,5,5-trimethylhexyl)-2-dipheny-
laminofluorene [CH(DPAF-G)] and Gy>) in toluene are
displayed in Figure 3. Optical absorption bfyave two major
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Figure 2. MALDI-TOF mass spectrum of (a) the monoaddddM*, m/z = 1345), (b) the bisaddu@ (M, m/z = 1971), and (c) the tetraadduct
3a (M*, miz = 3222) usinga-cyano-4-hydroxycinnamic acid as the matrix.
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Figure 3. Steady-state absorption spectra of (a)>C CHz(DPAF-
Cy), andl and (b) Go(> DPAF-G), asl (n=1),2 (n= 2), and3a(n
= 4) in a concentration of &% 107% M in toluene.

allowed us to correlate this band to absorption characteristics
of a Gsp> cage containing 58 conjugatadelectrons. The latter
band fits the main optical absorption of gBPAF-G) centered

at 299 and 407 nm that is attributed to the visible absorption of
the diphenylaminofluorene moiety. Nearly absorptive superim-
position of 1 with the combined spectra of two independent
chromophores containing either the fullerene cage or the
diphenylaminofluorene moiety revealed no ground-state interac-
tion between these two components in toluene. As the number
of DPAF-G addends increases to two and four in the structures
of 2 and3a, respectively, the absorption intensity of the DPAF-
Cy components at 405407 nm becomes significant and
increases to almost 1.4- and 3.0-fold higher than thaf ahich

is roughly consistent with their corresponding compositions.

The photophysical behavior ofggt>DPAF-G), was inves-
tigated first by steady-state fluorescence measurements. The
fluorescence peaks OfDPAF*-Cy of Cgo(>DPAF-G), in
toluene were located between 450 and 460 nm, from which the
lowest excited singlet energy ofs>DPAF*-Co) was calcu-
lated to be 2.74 eV. In benzonitrile, the fluorescence bands of
IDPAF*-Cy of Cgo(> DPAF-G), are red-shifted, as compared
to those in toluene, at 471, 478, and 508 nmIp®, and3a,
respectively. Such red-shifted emission bands may be attributed
to the CT excited state. Despite the nearly exclusive excitation

bands centered at 320 and 405 nm. The former band ap-of the IDPAF*-Cy moiety (i.e.,~80%), the Go> fluorescence

proximately matched that of model compoundy€, which

peak appears at 714 nm, as shown in Figure 4a. The spectral

mainly contained an optically active fullerene cage moiety that shape and intensity of this fluorescence emission from
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(a) reference, suggesting no charge-separation is taking place via
D e ™ the !1C5,> moiety in toluene. In the case of DMF as a solvent,
2 Py DMF substantial quenching of theg& fluorescence lifetimest{)
e was detected (Figure 4b) fdras compared to the lifetime of
£+ the Go> reference. It implied that the event of charge-separation
N takes place via théCg,> moiety in DMF. Accordingly, two-
= L component fluorescence decays'@f,> were observed (Fig-
A Y N M ure 4b). The major fast-decaying components exhihitedlues
660 680 700 720 740 760 of 240 ps (81%), 200 ps (87%), and 150 ps (90%) for the
Wavelength / nm samplesl, 2, and3a, respectively (Table 1). The values of
(b) the second slow-decaying component were found in a similar
- ——C,,(>DPAF-C,) / TN range to that of g>. The rapid fluorescence decay component
> e could arise from the intramolecular charge-separation event
e B Cool>DPAF-Cy), | DMF between théCg,> and DPAF-G moieties in the compounds.
£ L On the basis of the shott values of'Cg,> in DMF, quantum
E yields (@cs) of this charge-separation process via
o - 1C(> DPAF-Gy), were evaluated as 0.83, 0.86, and 0.90 for
"--;-.~«t,i.:.l.-f.',‘.l.;;’.:_‘._:j_;" 1, 2, and 3a, respectively, with good photoefficiency and a

0.0 ' 10 20 3.0 slightly increased value upon the increasing number of the
Time / ns DPAF-G pendants fromml to 3a. Accordingly, the calculated

Figure 4. (a) Steady-state fluorescence spectrd ¢5 x 1076 M) in charge-separation rate constakgs)were also found to lmcrease
either toluene (TN) or DMF and (b) fluorescence decay profiles of by ca. 2.0 in the same trend, going from 3.40L0° s™* for 1
Ceo(> DPAF-Gy),, in either TN or DMF in the region of 766800 nm to 5.96 x 10° s 1 for 3a
With Zex = 400 nm. The charge-separation processes from (DPAFt€1C;,>

. ) were supported from the viewpoint of the thermodynamics of
1C5,(>DPAF-Gy) in toluene were found to bear a close the electron-transfer processes. The value of electrochemical
resemblance to those of the reference modetC* Thus, these  redox potentials of g(>DPAF-Gy), is a crucial factor for the

observations correlated to the energy-transfer fA@RAF*- determination and evaluation of the free-energy of electron-
Co to the lowest excited singlet energy 8E5,(> DPAF-Gy), transfer processes betweeg€ and DPAF-G moieties. Redox
which was estimated to be 1.75 eV. potential values were measured in the same solvent (DMF) using

Contrarily, the use of DMF as the solvent led to nearly full the DPV technique. In this polar solvent, the DPV profiles
quenching of the'Ci,(> DPAF-Gy)-based fluorescence emis- indicated that the first oxidation potential of the DPAE€onor
sion band at 714 nm (Figure 4a) that is indicative of its nearly moiety is positioned at 660, 672, and 676 mV vs AgfAigr
quantitative consecutive process via th&,> state. One the samples of, 2, and3a, respectively. These are in a similar
plausible explanation is the occurrence of intramolecular range, indicating that there is little differentiation in value among
electron-transfer from a covalently attached DPAfp€ndant the monoadduct and multiadducts. The first reduction potential
to the fullerene cage either before or after the intramolecular of the Gso> acceptor moiety was 796 mV vs Ag/Agd', which
energy-transfer process that was facilitated by close contact ofis in the same potential range fbr2, and3a. The energy levels
these two components. In addition, the high incompatibility of (—AGcs) of the radical ion pairs in toluene and DMF were
the Go> cage moiety with polar DMF may induce heteroge- evaluated using the Weller-type approach with the application
neous molecular aggregation df in favor of cage-cage of these redox potential values, the center-to-center distance,
interactions that might contribute in part to the solvent-dependentand the dielectric constaht.Consequently, the driving forces

electron-transfer process occurring from DPAFtEICh > in of the charge-separation—(AGcg) process in DMF were
the quenching pathway that yields the corresponding charge-calculated as 0.35, 0.34, and 0.33 eV (Table 1)Iog, and
polarized intermediate g~ (> DPAF*-Cg). 3a, respectively, which suggests an exothermic charge-separation

Fluorescence lifetime measurements track the above consid4rocess for moving one electron from the DPAF+Goiety to
erations in a more quantitative manner to estimate the kineticsthe 'Cg,> moiety in these doneracceptor conjugates to form
of the charge-separation processes. As a reference, the fluoresthe corresponding 8~ (> DPAF*-Cg)(> DPAF-Cy),-1. In non-
cence decay-time profile of CKDPAF-G) recorded at 400 polar toluene, on the other hand, the positM8cs values for
600 nm exhibited a single-exponential decrease with a lifetime all Ceo(> DPAF-Gy),, conjugates suggest an unfavorable endo-
(t0) of 3200 ps. Similar decay profiles were also obtained for thermic charge-separation process ¥i&,>. The opposite
the samples a2 and3a. Fluorescence lifetimes of tHOPAF*- signs of free energy values in different solvents imply a strong
Cy moiety of Gso(>DPAF-Gy), (n = 2 or 4) were almost the  solvent-dependency of the intramolecular electron-transfer
same as those of GIDPAF-G) in toluene and DMF, suggest-  processes of (> DPAF-Gy), systems, which are favorable only
ing no occurrence of the charge-separation via the route of in polar solvents.
Ceo(> IDPAF*-Cy) in the time resolution of the present laser ~ Moreover, the charge-separation processes were supported
pulse (10 ps), although this observation might not always be by further investigation of the molecular geometry and electronic
consistent with the ultrafast process. structure of the studied compounds. Computational calculations
With scanning the detection range in the Z@D0 nm region, of Ceo(> DPAF-Gy),, conjugates were performed by using density
the fluorescence band appeared at 710 nm, which correspondsunctional theory (DFT) methods at the B3LYP/3-21G level.
to the emission of théCi,> moiety of1 in toluene, as shown  Fully optimized structures of §(>DPAF-Gy), were obtained
in Figure 4a. The time profile of this band displayed single- for the highest occupied molecular orbital (HOMO) and the
exponential decay in toluene with a lifetime of 1400 ps, which lowest unoccupied molecular orbital (LUMO), as shown in
is nearly the same as the fluorescence lifetimg) 0f the Go> Supporting Information. The radii of ion radicals of DPAR-C
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TABLE 1: Free-Energy Changes AGcs), Fluorescence Lifetimes of:Cg,> (r7), Rate Constants kcs) and Quantum Yields (@cs)
of the Charge-Separation Process, Rates Constants of Charge-Recombinatideg), and Lifetimes of Radical lon-Pairs @rp) of
Ceo(> DPAF-Cg), in Toluene (TN) and DMF2

compounds solvent  —AGcr/ eV —AGcs/ eV 7/ ns kes/ st Dcs ker/ st Trip/ NS
1 TN 1.94 —-0.21 1.52
DMF 1.40 0.35 0.24 (81%) 3.40x 10° 0.83 6.60x 10° 150
1.90 (19%)
2 TN 1.95 —0.20 1.45
DMF 1.41 0.34 0.20 (87%) 4.30x 10° 0.86 1.60x 10° 620
2.34 (13%)
3a TN 1.96 —0.19 1.50
DMF 1.42 0.33 0.15 (90%) 5.96x 10° 0.90 1.10x 108 900

1.70 (10%)

2The driving forces forAGcr and AGes were calculated by the equatidhs-AGcer = € (Eox—Ered — AGs and —AGcs = AEg — (—AGcr),
where AEq is the energy of the B0 transition (1.75 eV fofCg,>).1* AGs refers to the static energy that was calculated by eithAGs =
€(4meoerRec) in DMF or —AGs = —[e%(4meo)][1/(2R:) + 1/(2R-) — (L/Rco)les — (L/(2R+) + 1/(2R-))/er] in toluene, whereR,. andR- are the
radii of the DPAF-G radical cation (7.7 A) and &> radical anion (4.2 A), respectivelRcc is the centercenter distance betweensdS and
DPAF-G (12 A), which were evaluated from the optimized structure; @nandes refer to the solvent dielectric constants for electrochemistry and

photophysical measurements, respectively. The calculatid@sand ®cs was made vidCg,> by the relationkes = (1/t) — (1/tr0) and Pes =
ked (1/rs).

(Ry) and Go> (R-) were found to be 7.7 and 4.2 A, 5bl01516Similar spectral bands were obtained for the samples
respectively. The centelcenter distanceRgzc) between Go> of 3a in Ar-saturated DMF, as depicted in Figure 5c. By
and DPAF-G moieties was calculated to be 12 A. A majority comparison among these three figures, it is notable that the broad
of the electron density of the HOMO was found to be localized band centered at 740 nm, assigned for the transient absorption
at the DPAF-G moiety, whereas the LUMO was localized  of the®DPAF*-Cy moiety, apparently increased with increasing
mainly on the Go cage moiety, suggesting the charge-separated DPAF-C, subunits from the samples df and 2 to 3a The
state is Go'~ (> DPAF*-Co). characteristic band at 1010 nm, arising from the absorption of

Conclusive evidence on the charge-separation and chargethe Gz~> moiety, was employed to determine the rate constants
recombination processes ofsdC> DPAF-Go), samples were  of the charge-recombination processes) of Csg~(> DPAF-
obtained from nanosecond transient absorption measurementscy)(> DPAF-Gy), ;. This approach is reasonable because the
'(I;he photoexcitation itefi Wasliinr:ended predomingntly:s;osr the apsorption time profile in the longest wavelength region may

s0> cage moiety with a laser light source operated at 355 N, 4 o gisturbed by the absorption tails’6f,> and3DPAF*-
where the OP“C"%" ab;orptlon ratio OfG(@/CHs(DPAF'g) IS Cy moieties. As a result, the decay of itg?me profile (inset of
nearly 87/13. This ratio may be changed as the partition of the Fi . . 8 .

L . . Figure 5b) was well-fitted by a single-exponential function, from

DPAF-G; moiety increases in the structure of starburst multi- which thekeg value was evaluated to be 6:6 10° s for 1
adducts. Because the optical absorption intensity off DRAF- Thi | R ble with th ous| d f
Cy) at 355 nm is at a minimum level (Figure 3a), we therefore IS ker value IS compalr? e wit .t at previously reported for
assumed that the initial photoexcitation should transfarto gffé;?mf -t%g Ii?\(I:DrgAaZin In,:irrisi,tggg'Sléfégﬁfnaic?r:e
1C5,(> DPAF-Gy) as the main corresponding transient excited 1>> 2 (160 x 1P s°Y) 3 3a(1.10 x 10° sY), as Iiste’dl |n

state. Consequently, the transient spectrurhiofAr-saturated Table 1. F h I he lifeti f radical .
toluene taken on a time scale of 100 ns after laser light excitation able 1. From thécr values, the lifetimes of radical ion-pairs
(trip) were evaluated to be 150, 620, and 900 ns for

exhibited the characteristic primary absorption band of the
Ceso’ (>DPAF*-Cy), Cso (>DPAFT-Co)(>DPAF-G), and

3C;,> moiety centered at 700 nm (Figure 3&}+16 The i
60 _

c : ' Ceso (> DPAF™-Cq)(> DPAF-Gy)3, respectively. From these
decay of the’Cg,> absorption profile was found to be very findings, therrip value of the3a sample is ca 6.0 times longer

slow, on a time scale of 3ds, suggesting that the intersystem ; ;
4 g9 J y than that ofl, reflecting the important role of starburst DPAF-

. ! 1k (= .
;:cr:(:s(sirgjp Alf-rgggeizsthe g(:;n dgomi;rgrr:: ef/:’ior(ut iIaF;QEecrigt)e Wiiﬁout Cy pendants that encapsulate the centiggld®re on prolonging
60 P the lifetime of radical ion-pairs. The reason for the prolonged

the occurrence of competitive charge-separation events. ThisIifetime could simply be due to (1) the migration of the positive
observation can be rationalized by the posit€cs values . -
val I 2 y POSItkSes val charge among multiple DPAF<s@noieties of Gy~ (> DPAF*-

via 1C5,(>DPAF-G), in toluene. These considerations are . N
also supported by the high fluorescence intensity and long Co}(> DPAF-Gg)y—1. holding up charge-recombination and (2)
the starburst pentad structure preventing intermolecular

ifeti at
fluorescence lifetimes of 1.52, 1.45, and 1.50 ns forthg> aggregation, as concluded in the recent refort.

moiety of 1, 2, and3a, respectively, in toluene. ) ) ) )
In Ar-saturated polar DMF, a large change in the transient On the basis of the analysis of all spectroscopic transient

spectrum profiles from those taken in toluene was detected byabsorption data, Figure 6 illustrates an energy level diagram
laser light excitation at 355 nm, as shown in Figures 5b and that concludes all observed photoinduced events on the samples
5c. For example, the spectrum oG- DPAF-Gy) collected on ~ 0f Ceo(> DPAF-Gy), in DMF. We proposed that the fluorescence

a time scale of 100 ns after excitation by a laser pulse exhibited quenching pathway proceeded mainly through photoinduced
four absorption bands, including the first band at @60 nm charge-separation from the covalently bound DPAFEGnor

for the SDPAF*-Cy moiety, the second band at 700 nm for the moiety to thelCg,> acceptor moiety leading to the formation
3Cso> moiety, and two other characteristic bands at 840 and of Ceo (> DPAF*-Co)(> DPAF-Gy)-1 transient state. Subse-
1010 nm corresponding to the absorption of DPAEy and quent charge-recombination of the radical ion pairs retlirr3a
Cso’~> transient moieties, respectively, as shown in Figure directly back to their ground state.
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Figure 6. Energy level diagram of &(>DPAF- in DMF and
600 700 800 800 100089100 tolgljjene (TN), sr?gwing a chgrge-sepfr(ated stat?)é DPAF*-Cy)-
Wavelength / nm (> DPAF-Co)n_1.
(b) 0.05F 0030 0.010
- 840 nm 0.008 1010 nm pairs. We interpreted these phenomena by the intramolecular
0:04 _§°'020,— B migration or exchange of a positive charge among multiple
[ Soon} < gﬁ: DPAF-G subunits of Gg~ (> DPAF+-Cg)(> DPAF-Gy),-1 that
g o000 s ey i becomes responsible for the delay of charge-recombination.
5 003 -02000.2 04 060810 020002040608 10 Because fast, efficient charge-generation and long-lived charge-
-g Time /e Time / pis separation states between donor and acceptor components are
2002+ sy o known to be critical factors for the design of photovoltaic cells,
< il the present use of starbursg€(donor) covalent conjugates
< -0—1.0 ps p $oC( X C Juga .
001k may lead to a better understanding of their structural relationship
r &3 to the efficiency of photodevices.
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