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Efficient cascade energy and electron transfer in natural photo- axig’
synthetic systems depends highly on the molecular structure of
chlorophylls and the way in which they are mesoscopically ordered.
Since interchromophoric order is crucial for efficient functioning
of organic electronic devices, understanding and mimicking pho-
tosynthetic processes may eventually lead to improved design
principles for such devices based on noncovalent interactions.
Energy and electroftransfer processes instacked architectures
have been reportedhowever, the use of sequential energy and
electron transfer steps has been far more elusive and has, up until
now, only been observed in, for example, elegantly designed Wavelength (nm)
covalent moleculésor supramolecular dimefsTo the best of our Figure 1. UVAis and PL of1 (10°5 M, T = 20 °C) in water (solid line
knowledge, we report here the first approach to cascade energy;_, = 344 nm) and chloroform (dashedylimgx: 337 nm) and temperatur’e-
and electron transfer in mixeg-conjugated assemblies in water, dependent CD spectra bfin water (5x 106 M, T= 10—80°C). Tapping
based on our previous experience with water-soluble gligo( mode AFM image showing fibers df dropcast from water (16 M) onto
phenylene vinylene)s (OPV&)Eor this purpose, we constructed & MICA surface (420 nmx< 420 nm).
mixed assemblies consisting of (OPY@prphyrinsl and2. When lecular energy transfer from the OPVs to the porphyrin (see the
these assemblies are formed in water, excitation of OPV4 should Supporting Information for a comparison df with reference
result in energy transfer from OPV4 via Zn porphyrin to free-base compounds).

porphyrin. Moreover, incorporation ofgginto aggregated or 2 In water, the absorption spectrab&nd? display a red shoulder
results in redox-active assemblies yielding an additional electron at 1 = 475 nm. a decrease in extinction coefficient. and a

transfer step to €. Compoundsl and2 have been synthesized |,y s chromic shift (4 nm) of the Soret band. Moreover, a clear

and fully characterize#lAbsorption spectra af and2 in chloroform bathochromic shift in their emission maxima (25 nm) and a bisignate
clearly show the distinctive Q-bands of the porphyiaithough 100 effect in circular dichroism suggest chiral, face-to-face
the Soret band is remarkably shifted and broadened, suggesting %\ggregation of pur& and2 in water (Figure 1}°

certain degree of ground state interaction of the separate chro- Temperature-dependent UV/vis and CD spectrd @ihd 2 in
mophores. Photoluminescence spectral @ind 2 in Ehloroform water show a loss of optical activity at elevated temperatures (Figure
show that upon predominant excitation of OPVé(= 346 nm) 1), while the UV/vis spectra remain unchanged, indicating a
the OPV emission is strongly quenched whereas almost eXC'us"vetransition from chiral to achiral aggregati®®FM measurements

emission of the porphyrin is observed, indicating efficient intramo- ¢ 1 4 mica show extended fibers of 3.5 nm in height that coagulate
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Chart 1. (OPV4);,—H, Porphyrin (1) and (OPV4)4—Zn Porphyrin into larger assembliesIf we assume an extended conjugated
(2) system, this height corresponds to an angle of 6étween
OR cofacially stacked molecules and the MICA surface if two OPV
arms of each molecule interact with the surface.
RQ_or Mixed assemblies ot and 2 were studied in water, based on
(o ubiquitous reports using Zn and free-base porphyrin as energy donor

and acceptor, respectivelyAggregates made by premixirigand

2 in THF before injection into watérshowed a clear decrease in
the emission o2 (Amax= 623 nm, 5x 10~7 M) and an increase in
the fluorescence df (Amax = 666 Nm), indicating cascade energy
transfer from OPV4 via zinc porphyrin to free-base porphyrin
(Figure 2A). A control experiment performed by the addition of
aggregated. in water to aggregated in water did not show any
significant change in emission &f(Figure 2B), indicating absence
of energy transfer between separate stackt afd 2.

(0}
é~ 1(M=2H) o l_ To incorporate redox activity, use was made of the specific,
RO é\ M=z attractive interactions of fullerenes with porphyrfig2 UV/vis
RO or o o e spectra of mixed aggregates ofo@vith eitherl or 2 in water (5x
R= 0™ ro OR 107 M)8 exhibited a 5 nmbathochromic shift of . and a charge
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Figure 2. PL spectra for the addition of (A)-636 mol % of1 to 2 in
water, (B) 0-30 mol % ofl in water to2 in water (in both casekx = 346
nm, 2] =5 x 1077 M, T = 20 °C).
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Figure 3. Normalized PL spectra for mixtures containing 6 mol % of

Csoin (A) 1 and (B)2 in water @lex = 346 nm, 5x 1077 M, T = 20 °C).
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Figure 4. Proposed molecular picture of a co-aggregatel @nd Go.
Photoinduced absorption df (dashed) and of a 1:1 ratio df with Cgo
(solid) (lex = 361 nm, 104 M, T = 20 °C).

transfer bandi; 4 =672 nm,2: A = 625 nm), both of which are
known to be induced by porphyrirfullerene interaction?® Since
scattering effects were observed when thg @corporation

exceeded 50 mol %, these collective observations indicate formation

of a 1:1 co-aggregate dfor 2 with Cg in water. These complexes
yielded clear solutions that were stable in time. Furthermore,
photoluminescence spectra of mixturés,(= 346 nm, Figure 3)
show a dramatic quenching of porphyrin emission upon addition
of Cgo to eitherl or 2, suggesting electron transfer to incorporated
Cso. Near quantitative quenching dfand2 luminescence is reached
at ~20 mol % Gy incorporatior®

To directly prove intermolecular electron transfer tg,@ho-

toinduced absorption (PIA) was performed on a 1:1 mixed assembly

of 1 and Gy (Figure 4). The PIA spectrum shows a bandiat
1070 nm that is characteristic for thegdCradical anion* A
bleaching band at = 550 nm indicates that less porphyrins occupy

their ground state, suggesting that the porphyrin radical cation is

responsible for the observed absorption bandt at 750 nm.
However, on the basis of the Weller equatfofor these systems,
the difference in driving force for charge separation into either
OPV4 or porphyrin radical cation andgadical anion is negligible

at room temperaturéTherefore, assignment of the band observed
atA = 750 nm is difficult. A 1:1 mixed assembly @and G did

not show thel = 1070 nm band, which will be further investigated
on shorter time scalés.

Since G has a higher affinity for free-base porphyrin than for
Zn porphyrint?2we aimed at the formation of a mixed aggregate
consisting of2 and 15 mol % of a 1:1 ratio offl and G2
Preliminary fluorescence data indicate cascade energy transfer from
OPV4 via zinc porphyrin to free-base porphyrin followed by
electron transfer from to Cgo.8

In conclusion, we have shown the first examples of energy and
electron transfer in multichromophorie-conjugated assemblies
in water by construction of mixed stacks consisting of (ORW4)

Zn porphyrin, (OPV4)—H, porphyrin, and G. Currently, we are
determining speeds for the different energy and electron transfer
steps.
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