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A novel donor—-acceptor array consisting of four 5-(p-substituted phenyl)-10,15,20-triphenylporphyrinatozinc (POR)
complexes attached to the 1,6,7,12-positions of perylene-3,4:9,10-tetracarboxidiimide (PDI) was synthesized and
characterized. HOMO and LUMO values of the array were aquired by cyclic voltammetry. Photophysical properties were
studied by steady-state UV—vis and fluorescence spectroscopy. The results showed that this compound absorbs strongly
from 300 to 700 nm, making it an ideal system to harvest polychromatic light. After selective excitation of the POR
moiety or PDI moiety, an almost complete fluorescence quenching was observed, indicating that highly efficient
photoinduced electron transfer occurs in this array. The predominant quenching process for PDI-PORy array is electron-
transfer yielding POR,™-PDI". The self-assemblies of this molecular in polar and nonpolar solvents were investigated.
Intermolecular 77—7T interaction in cooperation with the van der Waals interaction between POR and PDI component leads
to the formation of spherical nanoparticles and ribbon-like morphological structures in methanol and n-hexane,
respectively. Photoelectrochemical studies exhibited prompt and steady photocurrent photovoltage response. Moreover,
photovoltaic measurement on this array reveals efficient light energy conversion properties, such as a fill factor of 0.42.
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These results are of particular relevance for photovoltaic nanodevices and solar energy conversion applications.

Electron-transfer and energy-transfer processes between a
donor and an acceptor play a fundamental role in applications
such as solar cells and basic biological photosynthesis. There-
fore, there is considerable interest in the design of systems
composed of electron donor and acceptor entities. In particular,
self-assemblies of functional molecular materials with large
conjugated electronic structures into well-defined nanostruc-
tures depending on various noncovalent interactions have
attracted increasing research interests in both material and
chemistry fields.'® Such organized assemblies make it possible
to show the new phenomena and properties in comparison with
those of corresponding monomeric forms.” '3

Recently, we have prepared synthetic architectures that
perform functions such as light harvesting and photocurrent
generation. Porphyrins contain an extensively conjugated two-
dimensional 7T-system, which provides both strong absorption
in the visible region and redox features that make these
architectures specially suitable for photoinduced charge sepa-
ration.'*!¥ On the other hand, many designs for light harvesting
and molecules include perylenediimides either as the core entity
or as part of the antenna.'®23 This is due to both photochemical
and chemical stability of perylenediimides and straightforward
functionalization of the parent structure at imide positions and
more recently at the bay region. Perylene absorbs strongly in the
trough between the Soret band and the Q-band of the porphyrin,

thereby complementing the weak absorption of the porphyrin in
this spectral region. Thus, both porphyrins and perylenediimides
are promising major building blocks for superstructures.?*28

There are numerous reports on the self-assembly of both zinc
porphyrin and PDI derivatives alone, yet there are relatively
few examples in which both of these important donor—acceptor
building blocks are incorporated into specific covalent struc-
tures to elicit different supramolecular photofunctional assem-
blies.?*! Here we wish to describe a novel, covalently linked
array 1 (Figure 1) constructed from four 5-(p-substituted
phenyl)-10,15,20-triphenylporphyrinatozinc (POR) complexes
attached to the 1,6,7,12-positions of perylene-3,4:9,10-tetra-
carboxidiimide (PDI). It was characterized by 'HNMR,
elemental analysis, and FT-IR measurements. In addition, we
report the fabrication and characterization of a photovoltaic
device based on PDI-POR, (molecule 1) assembly. We hope
that these new designed donor—acceptor molecules could be of
importance for future studies on organic materials applied to
photovoltaic devices.

Experimental

Materials. Unless otherwise stated, all reagents and
solvents were commercially obtained and used as received. 5-
(p-Hydroxyphenyl)-10,15,20-triphenylporphyrin (5) was syn-
thesized according to the literature.>

Published on the web April 7, 2011; doi:10.1246/bcsj.20100305


http://dx.doi.org/10.1246/bcsj.20100305

428  Bull. Chem. Soc. Jpn. Vol. 84, No. 4 (2011)

A Novel POR-PDI Array for Photovoltaic Device

Figure 1.

Characterization and Measurements. UV-vis spectra
were measured on a UV755B spectrometer. Fluorescence
spectra were recorded on a Shimadzu RF-5310PC spectrometer.
FT-IR spectra were recorded on a Nicolet 5700 FT-IR
spectrometer with KBr pellets. 'HNMR (600 MHz) spectra
were recorded on a JNM-ECP600 spectrometer. Chemical
shifts (§ values) are given in parts per million with tetra-
methylsilane as an internal standard. Elemental analyses were
carried out on a Vario ELIII elemental analyzer. Time-resolved
fluorescence measurements were performed using an ISSK2
multifrequency and phase modulation spectrofluorometer.
Lifetimes were obtained on samples that had concentration of
0.5-10uM and were deaerated by bubbling with N,. Modu-
lation frequencies from 20 to 300 MHz were utilized, and both
the fluorescence phase shift and modulation amplitude were
analyzed. The X-ray diffraction (XRD) data were collected
with a Bruker D-8 X-ray diffraction meter using CuKo
radiation (4 = 0.154nm). XPS (X-ray photoelectron spectros-
copy) measurements were collected on a ThermoFisher
ESCAlab 250 X-ray photoelectron spectrometer with Al Ko
monochromatized radiation as an excitation source. Surveys
and high-resolution spectra were recorded with an Advantage
processing program provided by ThermoFisher Scientific.

Cyclic voltammetry (CV) was conducted on a CHI760C
voltammetric analyzer with glassy carbon microelectrode, Pt
wire, and Ag/AgNO; electrode as working electrode, counter
electrode, and reference electrode, respectively, in a 0.1 M
tetrabutylammonium (TBAP) chloroform solution. Each mea-
surement was calibrated with ferrocene (Fc),® with the
measured Ef72= —0.172V vs. Ag/AgNO;. Oxidation and
reduction potentials were obtained as an average value between
each anodic and corresponding cathodic potential: Effz =
1/2(Ep. + Ep). HOMO and LUMO energy levels were

Structure of array 1, PDI-POR,.

estimated on the basis of the reference energy level of
ferrocene (4.8eV below the vacuum level)*> according to
EMOMO/pLUMO — 4.8 4 (Ey ), — Ell:;z)eV below the vacuum
level. These HOMO/LUMO values do not represent any
absolute solid-state or gas-phase ionization potentials but can
be used to compare different compounds relative to one
another.

Scanning electron micrographs (SEM) were carried out on a
JSM-6390 LV instrument. Transmission electron micrographs
were recorded on a JSM-1200 EX instrument. Sample A was
prepared from evaporation of a drop of array 1 (PDI-PORy)
solution in chloroform on a quartz plate. Samples B and C were
fabricated by injecting a small volume of 1 solution in
chloroform into a large volume of methanol and hexane,
respectively. Then the solids that precipitated from methanol
and n-hexane were transferred to a quartz substrate for analysis.

The assemblies of array 1 are assembled onto a nano-
structured SnO,; electrode (denoted as OTE/SnO,). The depo-
sition procedure is as follows. 1 is dissolved in a good solvent
(toluene), and then the resulting toluene solution is rapidly
injected into a poor solvent (acetonitrile) to form clusters
derived from the lyophobic nature in the mixed solvent
(acetonitrile:toluene = 5:1). Two OTE/SnO, electrodes were
kept at a distance of 6 mm using a Telfon spacer and set in the
cuvette containing the cluster solution, and then a direct current
(dc) voltage (250V) was applied for 2min between two
electrodes using a power supply (ATTA model AE-8750). The
deposition of the film could be confirmed visibly as the solution
became colorless. OTE/SnO; electrode coated with PDI-POR4
nanoparticles is referred to as OTE/SnO,/PDI-POR,. Keithley
2400 was used for recording photocurrent and photovoltage
responses, a PLS-SXE 300 xenon light resource was used to
give a simulated irradiance of 100 mW cm™2 (equivalent to AM



F. Wang et al.

CICI
(0] O
g 0.0 " NHy
O Q isopropanol
le} (e} 88%
CICI

K2003
\\//\\/N
NMP
52%
CHO CHO
(06—
;

/{

Zinc acetate

(0] CHCl3/MeOH
quantitative

Bull. Chem. Soc. Jpn. Vol. 84, No. 4 (2011) 429

CICI

Scheme 1. Syntheses of PDI and POR fragments 4 and 7.

1.5 irradiation) at the surface of the device. Photoelectrochem-
ical measurements were carried out in a standard two-compart-
ment cell consisting of a working electrode and a Pt wire gauze
counter electrode in the electrolyte. The electrolyte was Nal
(0.5M) and I, (0.01 M) in acetonitrile. When recording a
photocurrent action spectrum, the monochromatic light through
a monochromator was illuminated on the modified area of the
working electrode from the back side.

Syntheses. The syntheses of compounds 4, 7 and target
compound 1 are depicted in Scheme 1 and Scheme 2,

respectively. The structures of array 1 and other compounds
were confirmed by 'HNMR spectrum, FT-IR spectra, and
elemental analysis data, and related information is listed in the
Supporting Information.

Results and Discussion

The absorption spectrum of the array PDI-POR4 (1) in
toluene with 1% pyridine is compared in Figure 2 with those of
the PDI (4) and POR (7) fragments. The use of four POR units
is beneficial to enhance the light-energy collection ability in the
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Scheme 2. Synthesis of PDI-POR, (1) using Sonogashira coupling.

region of 380-450nm. Perylenediimide 4 exhibits its typical
singlet (Sg — S;) transition in the range of 380-620nm
(Amax = 560nm) with well-resolved vibronic structure that
can be attributed to breathing vibrations of the perylene
skeleton.** The absorption spectra of 7 contains a strong peak at
430 nm attributed to the Soret band of porphyrin, as well as a
group of weak peaks at 522, 561, and 602 nm ascribed to the
Q-bands of porphyrin. Thus, absorption of compounds 4 and 7
do not have considerable overlap, which makes them suitable
for selective excitation studies. It can be seen that array 1
absorbs strongly from 300 to 700 nm which covers the strong
radiation scope of sunlight, making it an ideal system to harvest
polychromatic light. Compared to the absorption spectrum of
model compound 4, there is a slight red shift (1-3 nm) of the
absorption peaks in the absorption of array 1, this is similar to
the red shift perylenediimides show upon aggregation.>> In
absorption of PDI-PORy there is also a slight red shift (2—5 nm)

of the zinc porphyrin bands. Therefore, aside from small
differences in the absorption peaks and intensities, the spectrum
of the array is a good superposition of those of the molecular
components, which indicates weak ground-state electronic
coupling between the chromophores, and the electronic
interaction between the donor (POR) and acceptor (PDI) is
weak. 3637

The components in the array can be excited with good
selectivity: at 430nm most of the photons are absorbed by
porphyrin moieties, whereas at 560nm the perylenediimide
absorbs strongly. The photoexcited state of 1 was investigated
by steady-state fluorescence measurements (Figure 3). The
measurements of Figure 3a were carried out at an excitation
wavelength of 430 nm, where the POR moiety was exclusively
excited. The measurements of Figure 3b were carried out at an
excitation wavelength of 560 nm. When the POR moiety of the
array 1 was excited at 430 nm, as expected, emission occurred
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Figure 2. Absorption spectra of 1 (solid), 4 (dot), and 7
(dash dot) in toluene with 1% pyridine. Concentration =
2 x 107°M.

essentially exclusively from the porphyrin. However, the
intensity of POR* emission in compound 1 is reduced
considerably from that in the reference compound 7. The
process responsible for the effective quenching of the porphy-
rin excited singlet state is very likely electron transfer leading
to the charge-separated product POR* (S;) — PDI—POR,*.

Predominant excitation of the perylenediimide at 560 nm
gives an emission mainly from the porphyrin chromophore
(Figure 3b), this finding is indicative of substantial energy
transfer from the photoexcited perylene (PDI*) to the ground
state zinc porphyrin to produce the porphyrin excited-state
POR*. 1t must be stressed that the porphyrin fluorescence in
PDI-POR, is much weaker than of free zinc porphyrin 7. These
results reveal that energy transfer and charge separation took
place via PDI* and formed POR,*-PDI and PDI—POR,*,
which can be supported by HOMO and LUMO values (see
below). This significant fluorescence quenching is clearly
observed, indicating that highly efficient photoinduced electron
transfer occurs in this array.’’ The fluorescence quenching
in multichromophoric systems has been observed in several
previously reported studies.>>¥3° As can be seen from
Figure 3, the emission peak of this array is presented as two
distinct peaks, and the two peaks have approximately equal
heights. This phenomenon, which is a manifestation of dipole
coupling of the chromophores, is quite common in multi-
chromophoric systems and is not limited to crystalline or
aggregate states,*” as many examples in dilute solutions have
been reported.*'*3 Therefore, array 1 would be most useful as
an all-optical gating-element in which excited-state energy in
this chromophore can be quenched by the charge-separated
state of the perylene—porphyrin array, thereby shunting the light
output or flow of energy.

The lifetime of the POR* excited state of array 1 was
measured by fluorescence modulation (phase shift) spectrosco-
py. Array 1 in toluene exhibits dual-exponential fluorescence
decay (Adex = 430 or 550 nm). The lifetime components are ca.
0.3 and ca. 1.6 ns with a 90/10 amplitude ratio. The shortening
of the POR* lifetime to 0.3 ns for the array 1 from 2.3 ns for the
reference compound 7, is indicative of a process (such as
electron transfer from POR™ to the perylenediimide) that is
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Figure 3. Fluorescence emission in toluene with 1%
pyridine solutions. (a) Aex =430nm, 1 (solid), 7 (dot);
(b) Aex =560nm, 1 (solid), 4 (dash dot), and 7 (dot).
Concentration = 2 x 1073 M.

not present in the reference compound. The rate constant for
fluorescence quenching can be calculated from the equation®!

kq = 1/‘L—f sample — 1/Tflrcfcrcncc (1)

where Trgmpre 18 the lifetime of the POR* in the array, while
Ttreference Tefers to the lifetime of reference sample 7. In this
context, a k; of 2.9 x 10°s~! was obtained, which was
calculated from the fast component of the POR* emission
decay (7¢ value for reference compound 7 is 2.3 ns).

To elucidate the energetic conditions for electron transfer in
dilute solutions, we also determined the HOMO,/LUMO values
of all three compounds, 4, 7, and 1, using cyclic voltammetry
(CV).

All the redox potentials (V vs. Fc) and HOMO/LUMO
values are given in Table 1. Donor 7 shows three oxidation
peaks corresponding to 0.81, 1.12, and 1.40V vs. Fc, which
results in a HOMO value of 5.61eV (on the basis of the
HOMO energy level of ferrocene as 4.8e¢V). Similarly,
acceptor 4 exhibits one oxidation peak at 1.06 V vs. Fc, and
two reduction peaks at —1.02 and —1.15V vs. Fc. This gives a
HOMO value of 5.86eV and a LUMO value of 3.78eV for
compound 4. Figure 4 exhibits the CV traces for the oxidation
and reduction of PDI-POR, (1). It exhibits oxidation peaks at
0.78, 1.10, and 1.41 V vs. Fc. The three oxidation peaks are due
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Table 1. Redox Potentials (V) and HOMO/LUMO Values
(V) of 4, 7, and 1 Measured in Solution Cyclic
Voltammetry®

Compound Eyny Eoxy Eoxs HOMO E.qi  Ereqz LUMO

7 0.81 1.12 140 561 —1.65 3.15
4 1.06 586 —1.02 —1.15 3.78
1 0.78 1.10 141 558 —0.81 3.99

a) Fc: Ferrocene and Esz = —0.172V vs. Ag/AgNO;.
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Figure 4. Cyclic voltammogram of array 1 in 0.1 M TBAP
in chloroform at scan rate of 50 mV s~!. The measurement
was carried out at a glassy carbon microelectrode against
Ag/AgNO; as the reference electrode, was calibrated with
ferrocene.

to the POR moiety, in agreement with the values measured for
7 under the same conditions. The corresponding HOMO energy
values determined are 5.58¢V. Additionally, the reduction
peaks due to the acceptor moiety appears at —0.81V vs. Fc.
This results in a LUMO value of 3.99 eV for the acceptor unit
in 1. Therefore, the array 1 has a low band gap of 1.59eV and a
relatively low HOMO level of 5.58¢V. Thus, these energy
values fulfill the energetic conditions required for the proposed
electron transfer between them (from donor to acceptor on
excitation of the donor as well as on direct excitation of the
acceptor moiety), which could be observed as the fluorescence
quenching. Figures 5a and 5b depict one of the possible
channels of concurring charge-transfer processes after the direct
excitation of donor at 430 nm and after the direct excitation of
acceptor at 560 nm, respectively.

The morphology of the aggregates formed was examined by
scanning electron microscopy (SEM) and transmission elec-
tronic microscopy (TEM). Figure 6 presents SEM and TEM
images of these three samples. According to the model set up
by Srinivasarao and co-workers,** molecular materials dis-
solved in a solvent with density higher than that of water
usually yield two-dimensional air bubbles and a three-dimen-
sional network, respectively, after the natural evaporation of
solvent in air in the cases of lack of and existence of significant
intermolecular interaction. Basically, natural evaporation of the
CHCI; solution led to the formation of three-dimensional
network nanostructures (Figure 6a, left), revealing the signifi-
cant intermolecular interaction.*> As can be seen from
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Figure 5. (a) One possible channel of electron transfer and
fluorescence quenching after direct excitation of donor at
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and fluorescence quenching after direct excitation of
acceptor at 560 nm.
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Figure 6. SEM and TEM images of array 1 aggregates.
(a) Three-dimensional network nanostructures formed in
CHCI; solution from sample A; (b) spherical particles
formed in methanol from sample B; Inset: the electronic
diffraction patterns of the array. (c) Ribbon-like structures
formed in hexane from sample C.
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Figure 6b (left), large amounts of spherical nanoparticles are
closely packed, suggesting self-assembled nanoscale aggre-
gates. The solids that precipitated from nonpolar solvent
(hexane) however, showed an aggregated ribbon-like structure
(Figure 6¢, left), which manifested the solvent effect on the
formation of self-assembled nanostructures of compound 1. As
can be seen from the TEM images of sample C, the ribbon-like
structures were constructed from continuously connected
spherical nanoparticles. It was probably caused due to the
intermolecular 77— interactions in cooperation with the van der
Waals interaction of the zinc porphyrin component and
perylene component. It is noteworthy that the dimensional
value shown in SEM was not precise because of the resolution.
As shown in TEM images of samples B and C, both of the
aggregates were constructed from a large quantity of nano-
spheres with diameters in the range of 50-100nm. Interest-
ingly, many concave hulls were observed clearly on the surface
of these spheres. This phenomenon has previously been
discovered in several other classes of compounds.®*¢ Addi-
tionally, the electronic diffraction patterns performed no
elaborate crystalline diffraction pattern structures, indicating
that no highly ordered crystal lattice structure was formed in
these self-assembled aggregates. To further ascertain the
amorphous structure, XRD patterns of array 1 together with
its reference compounds 4 and 7 are shown in Figure S1
(Supporting Information). The relatively low degree of crys-
tallinity of compound 4 may be attributed to the two butyl
chains. It is found that, after the porphyrin moiety was attached
to the perylene core, X-ray diffraction patterns of 1 did not
show diffraction peaks that can be ascribed to the crystalline
structure of porphyrin 7 and perylene 4 suggesting amorphiza-
tion of the solid. Considering the elaborate -crystalline
structures of reference compounds 4 and 7 as evidenced by
the XRD results, it can be concluded that steric hindrance was
one factor that impeded the formation of crystalline structures
of porphyrin and perylenediimide themselves, which leads to
the final amorphous structures.

A representative survey (wide-scan) spectrum of the PDI-
PORy (1) is shown in Figure 7. The XPS wide-scan spectra for
reference compounds 4 and 7 are given in the Supporting
Information (Figure S2). The high-resolution XPS for 1 are
given in the Supporting Information (Figure S3), which shows
the N 1s, C 1s, and O Is spectra regions. As can be seen from
Figure 7, the Zn2p, 3 and Zn 2p; /, peaks were clearly observed
at 1022 and 1045eV, repectively, in additions to the Ols,
C s, and N 1s peaks, which are indicative of metal-centered
porphyrin moiety in array 1.47 After the correction of the
photoelectron cross-section factors, the experimentally deter-
mined value of N:O atom ratio is consistent with the expected
3:2 stoichiometry.®

Compared with the corresponding dilute solution 107> M in
chloroform, the UV-vis absorption spectrum of the film 1
showed much broadened and red-shifted bands (Supporting
Information, Figure S4), which suggested that the mw—m
interactions also played an important role in formation of the
film.

The nanostructures formed in PDI-POR, array would be
promising candidates for applications in electronic devices
through the combinations of 77— interactions with van der
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Figure 7. XPS wide-scan spectrum for PDI-POR4 (1).

Waals interactions in this compound. To evaluate the photo-
electrochemical performance, we used the OTE/SnO,/PDI-
PORy electrode as a working electrode in a photoelectrochem-
ical cell. The photocurrent and photovoltage responses that
were recorded following the excitation of the OTE/SnO,/PDI-
POR, electrode in the visible light region are shown in
Figures 8a and 8b, respectively. The photocurrent response to
on/off cycling is prompt, steady, and reproducible during
repeated on/off cycles of white light illumination. The short
circuit photocurrent density of 1.2mA cm™ and open circuit
voltage of 80mV were reproducibly obtained during these
measurements. The photocurrent stability in the system was
rather good during the monitor time, indicating efficient charge
transfer took place in this donor—acceptor array. The blank
experiments conducted with SnO, electrode (i.e., by excluding
1 film) produced no detectable photocurrent under similar
experimental conditions.

We also evaluated the power characteristics of the OTE/
SnO,/PDI-POR, electrode. Figure 8¢ shows current—voltage
(I-V) characteristics of OTE/SnO,/PDI-POR, under white
light illumination (AM 1.5, 100 mW cm~2) and in the dark. The
OTE/SnO,/PDI-PORy has a fill factor of 0.42, short circuit
current density of 1.2 mA cm™2, open circuit voltage of 80 mV.
The power conversion efficiency 1 of 0.04% was obtained for
the device at an input power of 100 mW cm™2. These experi-
ments confirmed the role of PDI-PORy array toward harvesting
light energy and generating photocurrent during the operation
of a photoelectrochemical cell.

To evaluate the response of PDI-POR,4 toward photocurrent
generation, the photocurrent action spectra of the OTE/SnO,/
PDI-POR devices is shown in Figure 9. The incident photon-
to-photocurrent efficiency (IPCE) values are calculated by
normalizing the photocurrent densities for incident light energy
and intensity and using the expression

IPCE (%) = 100 x 1240 x i/(Wi, x ) 2

Where i is the photocurrent density (Acm™2), W, is the
incident light intensity (Wem™2), and A is the excitation
wavelength (nm). The overall responses of the OTE/SnO,/
PDI-POR, devices parallel the broad absorption features
(Figure 2), indicating the involvement of the PDI-POR, in
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Figure 8. (a) Time dependence of the photocurrent re-
sponse and (b) photovoltage response of OTE/SnO,/PDI-
PORy electrode under white light illumination. (c) I-V
characteristics of OTE/SnO,/PDI-POR, electrode under
AM 1.5 white light illumination (solid lines) and in the
dark (dotted lines). Electrolyte, 0.5M Lil and 0.01 M I, in
acetonitrile; input power 100 mW cm ™2

the photocurrent generation. It should be noted here that the
IPCE values at 380450 nm arise from the absorption of the
porphyrin moiety, and those at 500-700 nm originate mainly
from the absorption of the perylenediimide moiety. In
particular, the significant enhancement of the photocurrent
generation at around 430nm and at 560 nm indicates photo-
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Figure 9. Photocurrent action spectra of OTE/SnO,/PDI-
PORy electrode. Electrolyte, 0.5M Lil and 0.01M I, in
acetonitrile.
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Figure 10. (a) Schematic illustration for photocurrent gen-
eration and light-induced charge separation in the photo-
electrochemical cell using the OTE/SnO,/PDI-POR,4
electrode and (b) its energy diagram.

induced electron transfer from the excited singlet state of
porphyrin moiety to perylenediimide moiety followed by
electron injection from the reduced perylenediimide moiety to
the conduction band (CB) of Sn0,.4>%

The photocurrent generation trend can be explained using
the following mechanism as shown in Figure 10. The levels of
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the PDI-POR4 were determined electrochemically from the
first reduction potential and the first oxidation potential of PDI-
POR, as shown in Table 1. The data are converted to the
normal hydrogen electrode (NHE) scale for comparison.®!»>
Taken all together, E(PDI-POR,) was calculated to be ca.
1.08 V vs. NHE (0.78 V vs. Fc), while E(PDI"-POR,") was
ca. —0.51V vs. NHE (—0.81V vs. Fc). Assuming that the
spherical nanoparticles of array 1 are densely packed on the
OTE/SnO, surface, upon irradiation, highly efficient electron
transfer occurs from the porphyrin (porphyrin moiety in PDI-
POR, array) excited state. The excited porphyrin component
will pass electrons to the perylene component. The reduced
perylene component transfers electrons the OTE/SnO, elec-
trode and transfers the electron, to produce the current in the
circuit. Therefore, in the proposed figure the electron is
collected at the electrode surface and the hole is scavenged
by the iodide/triiodide couple (I7/137) present in the electrolyte
system, resulting in the generation of the photocurrent.>

Conclusion

In this study, a multichromophore array PDI-POR4 was
synthesized and characterized. This array absorbs strongly from
300 to 700nm which overlaps the strong radiation scope of
sunlight, making it an ideal system to harvest polychromatic
light. This significant quenching of the fluorescence suggested
that highly efficient photoinduced electron transfer occurs in
this array. In toluene, the photoexcited porphyrin unit (POR™)
decays very rapidly (lifetime of 0.3 ns) by electron transfer to
the perylenediimide moiety, forming PDI"—POR,". By cyclic
voltammetry, HOMO and LUMO values of the array were
acquired, and these energy values fulfill the energetic con-
ditions required for the proposed electron transfer between the
donor and acceptor on excitation of the donor as well as on
direct excitation of the acceptor. The morphology of array PDI-
PORy in polar and nonpolar solvents was investigated with
SEM and TEM images, a large quantity of nanospheres with
diameters in the range of 50-100nm was aggregated in
different patterns. In methanol, large amounts of spherical
nanoparticles are densely packed, whereas ribbon-like structure
was observed in nonpolar solvent hexane. The different
stacking pattern manifested the solvent effect on the formation
of self-assembled structures. The film of the array shows a high
capacity to produce rapid and steady photocurrent and photo-
voltage under the irradiation of white light, this fact confirmed
the role of PDI-POR, array toward harvesting light energy and
generating photocurrent during the operation of a photoelec-
trochemical cell. The electrode modified with PDI-POR4
nanospheres exhibited efficient light energy conversion proper-
ties, such as a fill factor of 0.42 and a power conversion
efficiency (1) of 0.04%. We believe that the present study will
provide valuable new information not only for creation of
artificial light-harvesting systems but also for the fabrication of
photovoltaic devices.
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XRD patterns (Figure S1), XPS wide-scan spectra for
reference compounds 4 and 7 (Figure S2), high-resolution
XPS for 1 (Figure S3), UV-visible absorption spectra of 1 in
chloroform solution and in film state (Figure S4), the syntheses
and '"HNMR spectrum, FT-IR spectra for array 1 and other
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