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Synthesis and Characterization of Donor-Bridge—Acceptor
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A novel donor acceptor dyad consisting of tetraphenylbenzidine (TPD) and perylene bisimide was
synthesized by linking these moieties using a dodecyl spacer. HOMO and LUMO values of the dyad
were aquired by cyclic voltammetry. Photophysical properties were studied by steady-stavéslavid
fluorescence spectroscopy. After selective excitation of the TPD moiety, a quenching of donor fluorescence
and the appearance of acceptor fluorescence was observed. This proves nonradiative energy transfer
from the donor to the acceptor group. The energy transfer was 4 times more efficient in DBA than in a
mixture of D and A. The energy transfer efficiency in the dyad is also independent of the concentration,
indicating intramolecular transfer mechanism. However, the direct excitation of the acceptor in the dyad
exhibited reduced fluorescence emission of the acceptor, indicating electron transfer between the moieties.
Thus, this DBA is an excellent model system for the study of energy- and electron-transfer processes in
organic semiconductors.

Introduction tems based on perylene bisimide and triphenylamine have
een studied for electron transfer at the single molecule level.
luorescence studies in these systems showed an electron

transfer from D to A as well as a reverse electron transfer

from A to D.” Furthermore, electron-transfer studies of
dendrimers containing TPA and perylene bisimide derivatives

Energy-transfer and electron-transfer processes betwee
a donor and an acceptor play a fundamental role in most of
the applications such as OLEDS and solar cells as well as
in basic biological process such as photosynthesis. Therefore
a systematic design and study of tailor-made dettidge— ;
acceptor (DBA) model systems is required for understanding have also been publishéd.

these key processes. Photoinduced energy transfer betweetn Hhere_ Wle tregort t?e SyntTeDsBli chatlracterlzatloni\l?ml pho-
donor and acceptor was studied as early as 194The ophysical studies of a nove system carryhg|,N',N'-

nonradiative energy transfer due to dipetipole interac- tetraphenylbenzidine (TPD) as donor and perylene bisimide

tions in donor-acceptor mixtures and bridged systems within (.PI) as an acceptor. The donor and qccepto_r moieties were
a range of about 10 nm can be explained byske transfer. linked by a saturatedghydrocarbon bridge. It is a challenge

Here, the rate of energy transfégx) is extremely dependent Lor .ustlto employ adTPD don_or,helspeua(;ly ?ecau?e .TIPI?
on the distanc® between the moietiese( [ R9). In the erivatives are used as organic hole conductor materials in

past, the energy transfer was mainly studied in basic organicvarlous appllcatlor'\s. Furthermc')re,' P! 1S well-known as a
moieties such as naphthal thracene systerdgurther photostable dye suitable for applications in solar éellbese
intramolecular energy transfer was observed in DBA r,nol- chromophores have attracted attention on account of their

ecules containing anthracene and porphyrine linked by anIntenSIVe Iumlr_lesocence, l'ght fastness amtype_sem!con-
oligothienyl spacet* Photoinduced electron transfer was also ductor propertle_é. _The main task was o functionalize the
reported in different types of donor acceptor systems. TP.D and Pl moieties unsymmetr!cally and to couple them
Picosecond dynamics of electron transfer in intramolecular suitably to get a soluble, well-defined DBA molecule. The

exciplex systems of porphyrirquinone dyads were inves- DBA.moIeculcle is thoroughly characterized .using spectro-
tigated® Further, electron tunneling could be identified as a scopic analysis such as FTIR, NMR, etc. Using steady-state

main deactivation channel from a selective excited zinc 222?rpt'gﬂgg‘?{gﬂ;ﬂffﬁ;ﬂlﬁzrm?ss’;srgénser_}fi?ﬁg?e?é?\:gi?nﬁze
porphyrine donor to gold porphyrine acceptor linked by an gy P '

oligophenylene-ethynylene bridgé.Recently, model sys- sion decay and lifetime measurements support both energy
' and electron transfer.

* Corresponding author. E-mail: mukundan.thelakkat@uni-bayreuth.de.
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DBA Molecule Containing Tetraphenylbenzidine and Perylene Bisimide

Experimental Section

Materials. The starting materials, perylenetetracarboxylic acid

dianhydride, 1,12-dibromododecane, and 8-aminopentadecane, wer

purchased from Synthec/Synthon, Merck, Aldrich, and Fluka. THF
was distilled from potassium benzophenone prior to use. Com-
pounds3 and 5 were synthesized according to published proce-
durestt12

Instrumentation.’H NMR measurements were carried out by a
Bruker Cryomagnet BZH 250/52 instrument with a field of 5.87
T, current of 54.80 A/1 D WIN NMR. Mass spectroscopic data
were obtained from a FINNIGAN MAT 8500 instrument. FIR
data were achieved by a Bio Rad DigiLab Division FTS 40/13130
instrument. For photochemical studies, a Hitachi model U 3000
spectrophotometer (UVvis) and Shimadzu RF-5301 PC (fluores-

cence spectroscopy) were used. CV measurements were carried o

by a three-electrode assembly microcell from E&G Princeton
Applied research and a Potentiostat/Galvanostat model 263A.

Synthesis of N-[4-(12-Bromo-dodecyloxymethyl)phenyl]-
N,N’,N'-triphenylbenzidine (4). In an anhydrous apparatus;[4-
(hydroxymethyl)phenyIN,N',N'-triphenylbenzidine (0.93 g, 1.8
mmol) was dissolved under argon in 10 mL of dried THF. A sodium
hydride suspension (60%; 0.086 g, 2.16 mmol, 0.052 g of NaH)
was added in portions under stirring followed by 1,2-dibromdode-
cane (2.36 g, 7.2 mmol). Afte h of stirring, more NaH dispersion
(0.086 g, 2.16 mmol NaH) and bromide (0.6 g, 1.8 mmol) were
added. The mixture was heated for 5/1/2 h&3% °C) and filtered
hot. The residue was washed with THF. The evaporation of the
filtrate yielded an oil, which was purified by column chromatog-
raphy (silica gelt-hexane/ethyl acetate 20:1). A yellowish orange
oil (0.9 g) was obtained. Yield: 0.9 g, 65.3%INMR (250 MHz,
CDClg): 0 1.17-1.80 (20H, m, (CH)1), 3.32 (2H, m;3J = 6.94
Hz, CH.Br), 3.42 (2H, m3 = 6.63 Hz, CHO), 4.37 (2H, m, Gy—
CH;0), 6.95 (3H, m3J = 6.93 Hz,3) = 7.60 Hz, Gy—H), 7.03
(12H, m,3J = 6.95 Hz,4J = 1.9 Hz, Gy—H), 7.18 (8H, m2J =
8.23 Hz,4) = 1.9 Hz, Gyy—H), 7.37 (4H, m3J = 8.23 Hz, Gry—
H). MS: m/z 764 (M", 85%), 766 (Misotope, 81%), 684 (41%);
597 (15%), 502 (base peak, 100%), 251 (79%). Elem. Anal. Calcd
for C49HsaNLOBr (%): C, 76.85; H, 6.98; N, 3.66. Found: C, 76.88;
H, 7.14; N, 3.19.

Synthesis of (1-Heptyloctyl)-perylene-3,4:9,10-tetracarboxylic
bisimide (5). Perylene-3,4:9,10-tetracarboxylic monoanhydride

monoimide (3.13 g, 8 mmol) and 8-aminopentadecane (2.91 g, 12.8

mg) were stirred in imidazole (30 g) and quinoline (5 mL) under
argon (160°C, 2h). The mixture was dissolved in THF and
precipitated in 400 mL of a mixture of ethanol and 2N HCI (1:1).
The precipitate was collected by vacuum filtration, treated with
boiling agueous KCO; solution (100 mL, 10%), washed with
distilled water, and dried under a vacuum. The compound was
purified by extractive recrystallizatidhand traces ofN,N'-di(1-
heptyloctyl)-perylene-3,4:9,10-tetracarboxylic bisimide were re-
moved by extraction with hexane to yield a red solid (3.64 g, 77%).
IH NMR (CDCl;, 250 MHz): 6 0.81 (6H, t,3J = 6.95 Hz, CH

g
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Figure 1. Chemical structures df,N,N',N'-tetraphenylbenzidine (TPD 1),

LN,N’—bis(l—heptyloctyl)]—perylene—3,4:9,10—tetracarboxy|ic bisimide (PI 2),

and N-[12-N(4-benzyloxy)N,N',N'-triphenyl benzidine) dodecyly¥-(1-
heptyloctyl)-perylene-3,4:9,10-tetracarboxylic bisimide (DBA 6).

ylic bisimide (DBA 6). 4 (1 g, 1.305 mmol)N-(1-heptyloctyl)-
perylene-3,4:9,10-tetracarboxylic bisimifi€0.81 g, 1.305 mmol),
and potassium carbonate (1.8 g, 13.05 mmol) were dissolved in 5
mL of dried DMF and 10 mL of dried THF under argon by stirring.
After 2 h, a small amount of potassium iodide and 5 mL of
methylethylketone were added. The reaction was slowly heated to
75°C. After 18 h of stirring, 100 mg of diimide5j was added and
stirred fa 2 h at 75°C. The mixture was filtered hot by & blner
funnel and washed with chloroform until the filtrate was colorless.
The filtrate was evaporated on silica gel and purified by column
chromatography (Kieselgel 60), first witikhexane and afterward
with a slowly increasing part of ethyl acetate with afhexane/
ester ratio from 1:20 to 1:5. Yield: 0.5 g of a dark reddish solid
(0.389 mmol, 29.8%)HNMR (250 MHz, CDC}): ¢ 0.75(6H,

m, CHg), 1.15-1.83 (42H, m, methylene), 2.18 (2H, m, gB.42
(2H, m, OCH), 4.12 (2H, m>NCHy), 4.87 (2H, m, Gy—CH,0),
5.12 (1H, m,>N—CH<), 7.06 (23H, m, Gy—H), 7.36 (4H, m3J

= 8.20 Hz, Gy—H), 8.53 (8H, m, Gy—H). MS: m/z1285 (M+

1, 1%), 784 (7%), 768 (8%); 531 (70%), 502 (base peak). IR (KBr,
v (cm™1)): 2924 and 2855 (s, CHand CH), 1697 (vs, G=C—N).
UV—vis (in CHCk, 1 x 107° M; € (L mol~* cm™): 80 400 (at
525 nm), 34 100 (at 308 nm). Elem. Anal. Calcd faytds,N4Os
(%): C, 82.21; H, 7.21; N, 4.36. Found: C, 81.70; H, 8.45; N,
4.02.

Results and Discussion

Synthesis.The individual donod (TPD) and the acceptor
2 model compounds (Figure 1) were synthesized according
to previously reported procedurtsi?

To obtain soluble, unsymmetrically substituted perylene
bisimide derivative5, we started the synthesis with the
opening of one of the anhydride groups in the perylene-3,4:
9,10-tetracarboxylic dianhydride to form the monopotassium

end groups), 1.28 (20H, m, methylene protons), 1.87 (2H, m), 2.21 salt (Scheme 1). The ring is closed again to get the
(2H, m), 5.16 (1H, m, CH proton), 8.59 (1H, s, NH proton), 8.56 unsymmetrical monoanhydride monoimifeAs the imide
(8H, m, Gyy—H). MS (El) vz 600 [M*]. IR (Si, v (cm™): 3067, group is stable against basic and acidic reactions, only the
2958, 2927, 2855, 1698, 1659, 1594, 1432, 1403, 1343, 1269, 1179,anhydride group reacts with 8-aminopentadecane, forming
810, 741, 655. Elem. Anal. Calcd forsgflsoNoO4 (%): C, 77.97; a swallow-tail-substituted produdt. In contrast to most
H, 6.71; N, 4.66. Found: C, 77.84; H, 6,35; N, 5.01. perylene bisimide derivatives, these swallow-tail-substituted

Synthesis ofN-[12-N(4-benzyloxy)N,N',N'-tripheny! benzi- perylene bisimides are highly soluble in organic solvéfts.
dine) dodecyl]N'-(1-heptyloctyl)-perylene-3,4:9,10-tetracarbox-

(13) Schmitz, C.; Thelakkat, M.; Schmidt, H. \Mdv. Mater. 1999 11,

(11) Bolink, H. J.; Arts, C.; Krasnikov, V.; Malliaras, G. G.; Hadziiouannou, 821.
G. Chem. Mater1997, 9, 1407. (14) Langhals, H.; Demmig, S.; Potrawa, J.. Prakt. Chem1991, 333
(12) Kaiser, H.; Lindner, J.; Langhals, i€hem. Ber1991, 124, 529. 733.
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Scheme 1. Synthesis of Unsymmetrically Substituted
Perylene Bisimide Derivative,
N-(1-Heptyloctyl)-perylene-3,4:9,10-tetracarboxylic Bisimide

°.°

a
120 %% S
o e}

0 0
() )4 o
NH

5a

O,
COOK
e
L coon
(o]

0, o]
oy S
relele’
wateSe
o [¢]

Bauer et al.

ppm, two TPB-CH,O protons at 4.37 ppm, twa N—CH,
methylene protons at 4.12 ppm, and two £HD protons in

the dodecyl group at 3.42 ppm were confirmed. The 24
protons of methylene groups of the 1-heptyl-octyl residue
and the 20 protons of the dodecyl spacer appear between
1.15 and 2.18 ppm. The six GHrotons appear as a triplet

at 0.75 ppm.

MS shows a very weak (M- 1) peak at 1285, a base
peak at 502 rfyz of TPD—CH,") and a series of other
fragments, which can be assigned to perylene and alkyl
fragments. Additionally, the asymmetric imide carbonyl

Ol —
IaUaWa
5 vibration at 1697 cmt was present in FFIR.

a(a) KOH, H0; AcOH; (b) Nk, H20; (c) 8-aminodecane, imidazole, Photophysical Properties. The primary condition for
quinoline, 160°C. energy transfer is the spectral overlap of the donor emission
and acceptor absorption. This is obvious in Figure 3, in which
the emission spectrum of 1 (measured in a 110> M
solution in CHC} at an excitation wavelength of 349 nm)
and absorption spectrum @f(measured in a X 105 M
solution in CHC}) are depicted. The transitions require us
to follow the Franck-Condon principle, and the vibrational
deactivation of the excited donor singlet state must be faster
than the energy transfer. The spectral overlap is then
proportional to the resonance donor emission and acceptor

ized using FFIR, 'H NMR, and MS methods. Figure 2 absorption transition. Nonradiative energy transfer according

shows théH NMR spectrum o6. Thus, eight aryl protons {0 the equation D* A — D + A* on the basis of a suitable
belonging to the perylene moiety appear as multiplet at 8.52 dipole—dipole interaction (Fcster transfer) or electron
ppm (similar to those in perylene diimids) and four exchange (Dexter transfer) between donor and acceptor can
additional aryl protons at 7.36 ppm could be assigned to the b€ then assumetd>

biphenyl part connected to nitrogen atoms in TPD. Finally, = The steady-state UVVvis spectra of donot, acceptor2,

the rest of the 23 aryl protons of TPD were observed in the and DBAG were recorded in k 10-5 M solutions in CHC}
range 6.9%7.21 ppm. The characteristic signals of the (Figure 4). Perylenbisimid@ exhibits its typicalS — S
dodecyl spacer, similar to those4ncould also be identified.  transition in the range of 466650 NM @max= 525 nm) with
Thus, the typical signals of the singleXCH proton at 5.12  well-resolved vibronic structure that can be attributed to

N-[4-(12-Bromo-dodecyloxymethyl)phenyl§;N',N'-triph-
enylbenzidinet was prepared by Williamson ether synthesis
from the corresponding hydroxy functionaliz&#[4-(hy-
droxymethyl)phenyl]N,N',N'-triphenylbenzidine3 and 1,-
12-dibromododecane. By heatidgin dry DMF with the
unsymmetrical perylene bisimidi;(1-heptyloctyl)-perylene-
3,4:9,10-tetracarboxylic bisimid® in presence of KCO;,
we could obtain the target molecuéin 30% yield (see
Scheme 2).The DBA molecugwas thoroughly character-

Scheme 2. Synthesis of DBA 6 From Unsymmetrically Functionalized Donor and Acceptor Moietiés.

gﬂ O g—“’— gg

3 4

CH,O(CH,)7—

Gooff

aReagents and conditions: (a) 1,12-dibromododecap€¥MEK; and (b) in DMF/75°C.
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Figure 2. 'H NMR Spectrum of6 measured in CDGI (a) 8H from perylene unit; (b) 27H from TPD unit; (c) 1H fromN—CH (single proton of
heptyl-octyl rest); (d) 2H CH(TPD); (e) 2H from>N—CH,—(dodecyl spacer); (f) 2H from OCH-(dodecy! spacer); (g) 44H from methylene units; (h)

6H from CH; groups.
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Figure 3. Emission spectrum of dondr at an excitation wavelength of

349 nm and the absorption spectrum2ptboth measured in ¥ 1075 M
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Figure 4. UV—vis spectra of donot, acceptor2, and DBA6, recorded

in 1 x 1075M solutions in CHC4.

Absorbance

breathing vibrations of the perylene skelet8@n the other

hand, TPD shows its absorption bands_ in the range 0f250 (15) Klessinger, M.; Michl, JExcited States and Photochemistry of Organic
400 NM fmax= 349 nm). Thus, absorption of compourids

- — 50x10°M
— 13x10°M

8.5x10°M
— 16x10°M

— 1.0x10"M
= = Film

Absorbance (a.u.)

400
Wavelength (nm)

Figure 5. UV—vis spectra of DBA6 in CHCI; recorded at different
concentrations of 5.0¢ 10> M to 1 x 1077 M. For comparison, the
absorption spectrum of the highly aggregated state in film is also given.

and 2 do not have any considerable overlap, which makes
them suitable for selective excitation and energy-transfer
studies. The absorption spectrum of DBAesults from the
linear addition of the characteristic absorption bands of both
TPD1 and perylene bisimid2, indicating no charge transfer
in the ground state.

Additionally, UV—vis spectra of DBA were recorded at
different concentrations (k 107 M to 5 x 105 M) in
chloroform in order to understand the aggregation properties
of perylene bisimide (Figure 5). For comparison, the absorp-
tion spectrum o® in highly aggregated form (in thin film)
is also given'® The intensities of vibronic transitions (for
the S — S transition) for the whole range of concentrations
do not vary considerably, whereas in the film, the absorption

Molecules Verlag Chemie: Weinheim, Germany, 1995; p 288.
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Figure 6. (A) Fluorescence spectra of donbrDBA 6, and a 1:1 molar mixture df and2 in CHClz at a 1x 10~7 M concentration and (B) fluorescence
spectra of DBAG at different concentrations of £ 107°M to 1 x 108 M. All the samples were excited at 349 nm, the absorption maximum of the donor.

peaks are shifted to higher wavelengths and the intensity ofdonor in all cases. This confirms a complete energy transfer
vibronic transitions change dramatically. Thus, aggregation from donor to acceptor in such dilutions. On the other hand,
effects can be excluded at concentrations up 085 M. we found that for a mixture of donor and acceptor, the
Consequently, absorption and photoluminescence measureenergy-transfer efficiency depends on the concentration. The
ments will not be perturbed by interactions between mol- higher the concentration, the more efficient the energy
ecules in dilute solutions in a measurement range up to thistransfer in a mixture (not shown in the figure). Even for the
concentration. highest concentration of ¥ 107> M solution, the fluores-
The influence of linking D and A on the energy-transfer cence quenching in the mixture was only partial. This
process from D to A can be investigated by comparing the indirectly indicates that the energy transfer in DBA at high
fluorescence spectra of DBA and a blend of D and A with dilutions may be of an intramolecular nature. Here we have
that of D. Therefore, fluorescence spectra of dohddBA to note that there are no aggregation effects in DBA at this
6, and a 1:1 molar mixture df and2 in CHCl; were recorded ~ concentration range (see Figure 5).
at 1 x 1077 M concentrations (Figure 6A). All the samples This observation is quantified by recent photoluminescence
were selectively excited at 349 nm, the absorption maximum measurements$. The energy-transfer efficiencies in DBA
of the donor. The donat exhibits a broad emission in the determined using different methods such as (i) decrease in
range of 356-500 nm, and this emission is completely donor lifetime, (ii) decrease in donor fluorescence intensity,
quenched in the DBA molecule. Instead, the characteristic and (iii) increase in acceptor fluorescence intensity lie close
emission due to accepter almost a mirror image of th&, to >90%. We also found that the fluorescence lifetime of
— S transitions— can be observed in DBA, which clearly  pure donor, donor in the presence of acceptor, and donor in
proves an efficient energy transfer from donor to acceptor DBA decreases from 0.85 to 0.57 ns and finally to extremely
moiety in DBA. An emission due to a direct excitation of short values of even below 80 ps, respectively. Thus, the
the acceptor moiety at 349 nm under the same conditions islinkage of D and A has a drastic influence on energy-transfer
almost negligible. On comparison for the same concentration,dynamics in DBA.
the 1:1 mixture of donor and acceptor (where the moieties However, in competition with energy transfer, a possible
are not linked together) exhibits only a partial energy transfer. photoinduced electron transfer in such a system cannot be
The fluorescence gquenching of the donor in DBA is about excluded. It causes a substantial or even complete quenching
96%, whereas it is only 26% in a 1:1 mixture if the of local donor fluorescencg.In steady-state photolumines-
fluorescence intensities are compared with that of pure donorcence (PL) measurements, a charge-transfer band was not
emission inl. This is a clear evidence for the efficient energy observed. To study the influence of linkage on the emission
transfer in the DBA system. The time-resolved measurementsproperties of the acceptor, we measured and compared
of decay of donor emission and the evolution of subsequentfluorescence spectra &f 6, and a 1:1 mixture of and2 in
acceptor emission in DBA confirms the energy trandfét. CHCI; at the same concentration (Figure 7). All the samples
is also interesting to note that the intensity of emission of A were directly excited at. Amax Of the acceptor of 525 nm.
in DBA is less than that in the mixture. This can be explained Here, the free acceptor has the highest emission intensity,
by the presence of some additional efficient deactivation followed by that of the mixture and finally by the DBA
channels, such as charge transfer, in DBA. molecule. The PL intensity of A decreased only to 88.2% in
Furthermore, we studied the influence of the concentration the mixture, whereas it was drastically reduced to 44.7%.
of DBA on this energy-transfer process by exciting different This strong decrease in PL intensity of A in DBA can be
concentrations of DBA in CHGlat 349 nm (Figure 6B).  attributed to some alternative quenching processes, the major
For a broad range of concentration fronx110°>M to 1 x contender being the charge-transfer process that is possible
107 M, there is more than 95% fluorescence quenching of in this system.

(16) Scharf, C.; Peter, K.; Bauer, P.; Jung, C.; Thelakkat, Mhl&g J. (17) Oevering, H.; Verhoeven, J. W.; Paddon-Row, M. N.; Warman, J. M.
Chem. Phys2006 328 403. Tetrahedronl1989 45, 4751.
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g -5 525 nm.
we also determined the HOMO/LUMO values of all three
109 compoundsy, 2, and6, using cyclic voltammetry (CV). The

measurements were carried out at a glassy carbon micro-
electrode in dichlormethane solutions containing 0.1 M

45 -0 05 00 05 10 tetrabutylammonium hexafluorophosphate as electrolyte and

E vs Ag'/AgNO; (V) Ag/AgNO; as the reference electrode. Each measurement

: ; : FC
Figure 8. CV of 6 measured in CkCl, solution containing 0.1 M was calibrated with ferrocene (F)with the measured,;

tetrabutylammonium hexafluorophosphate as electrolyte. The measurements= —0.162 V vs Ag/AgNQ. Oxidation and reduction
were carried at a glassy carbon microelectrode against Ag/AgtéQhe potentials were obtained as an average value between each

reference electrode. Each measurement was calibrated with ferrocene. anodic and corresponding cathodic potentieﬂ‘i‘jg"’x —

This is again supported by time-resolved measurements1l/2(E,. + Ey). HOMO and LUMO energy levels were
of fluorescence lifetimes and intensities of D, A, and DBA estimated on the basis of the reference energy level of
in solution?® Interestingly, we found that the fluorescence ferrocene (4.8 eV below the vacuum le\elaccording to
lifetime of the acceptor emission of DBA in tolueng PB4 EHOMOJELUMO = 4.8 + (E;;, — ET5) eV below the vacuum
(= 1.70 £ 0.08 ns), deviates significantly frony (= 3.9 level. These HOMO/LUMO values do not represent any
ns) obtained for free A in the same solvent. This discrepancy absolute solid-state or gas-phase ionization potentials but can
in the fluorescence lifetimes of pure A and A in DBA hints be used to compare different compounds relative to one
at an additional quenching process in DBA that occurs with another.

a rate constant of 0.33 nsand a quenching efficiency of The donorl shows two oxidation peaks corresponding to
0.57. It is interesting to note that this additional quenching 0.30 and 0.55 V vs Fc, which results in a HOMO value of
process was not observed in the donacceptor mixtures,  5.10 eV (on the basis of the HOMO energy level of ferrocene
where we found about the same fluorescence lifetime for as 4.8 eV). Similarly, the accept@rexhibits an oxidation
the acceptor as for a pure acceptor solution. at 1.23 V and two reduction peaks afl.09 and—1.29 V

This is in perfect agreement with the observation made in vs Fc. This gives a HOMO value of 6.03 eV and a LUMO
steady-state PL measurements. The decrease in emissiomalue of 3.71 eV for compound. Figure 8 shows the CV
intensity from the mixture to the DBA is again due to the traces for the oxidation and reduction of DEAIt exhibits
linkage of the two moieties in DBA, which enhances the oxidation peaks at 0.27, 0.51, and 1.21 V vs Fc. The first
charge-transfer efficiency. This also explains the decreasedtwo oxidations are due to TPD moiety and the last one can
emission observed for DBA compared to the blend in Figure be assigned to perylene bisimide unit, in agreement with the
6A. A back energy transfer from acceptor to donor can be values measured fdrand2 under the same conditions. The
excluded because of energetic conditions. corresponding HOMO energy values determined are 5.07

Electrochemical Properties.To elucidate the energetic and 6.01 eV for donor and acceptor moieties in DBA,
conditions for energy and electron transfer in dilute solutions, respectively. Additionally, the reduction peaks due to ac-
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Table 1. Redox Potentials and HOMO/LUMO Values of 1, 2, and 6 Measured in Solution Cyclic Voltammetry; Fc: Ferrocene and
Eyfe = —0.162 V vs Ag/AgNO3

compd Eox1(V vs Fc) Eox2(V vs Fc) Eoxa(V vs Fc) HOMO (eV) Erea1(V vs Fc) Erea2(V vs Fc) LUMO (eV)
1 0.30 0.55 5.10
2 1.23 6.03 —1.09 —-1.29 3.71

6 0.27 0.51 1.21 5.07 —1.09 —1.30 3.71
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ceptor moiety appears at1.09 and—1.30 V vs Fc (same Conclusions

as in2). This results in a LUMO value of 3.71 eV for the 14 conclude, we synthesized a novel DBA dyad in which
acceptor unit in DBA. Thus, the donor and acceptor units in a3 0henylbenzidine (TPD) as donor and perylene bisimide
6 have IS|m|Iar HOMO/LUMO valges as in frek and 2, (PI) as an acceptor were linked by a saturateg lgdro-
respectlvely._ Al '.(he redox potentials and HOMO/LUMO carbon bridge. The selective excitation of the donor leads to
\_/alues are glven in Table 1. The LUMO of the_ TPD moiety a highly efficient energy transfer©0%) to the acceptor in
lies much higher than the LUMO of perylene bisimide group DBA. The donor emission was quenched and a simultaneous
and t_h_erefore could not be observed under our measuremen{tjlcceptor emission was observed. In DBA, nonradiative
conditions (up to-2.5 eV). energy transfer can be assumed to be of an intramolecular
Thus, these energy values fulfill the energetic conditions nature. The concentration-dependent studies of DBA and a
required for the proposed energy transfer (from donor to mixture of donor and acceptor make clear that any intermo-
acceptor on excitation of the donor) as well as the electron |gcylar energy transfer in DBA is negligible. However,
transfer between them (on direct excitation of the acceptor competitive charge transfer cannot be excluded. This com-

moiety) as schematically shown in Figure 9. In Figure 9a, peting electron transfer from excited acceptor is also more
the energy is transferred from the excited D to A, which g¢ficient in DBA than in a mixture of D and A.

could be observed as the PL quenching of D and a

simultaneous emission from A. Figure 9b depicts one of the  Acknowledgment. We acknowledge financial support for
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