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Carbon nanohorns (CNHs) covalently functionalized at the conical tips with porphyrin (H2P) moieties were
used to construct photoelectrochemical solar cells. Electrophoretic deposition was applied to fabricate films
of the modified CNHs onto optically transparent electrodes (OTE) while nanostructured SnO2 films were cast
onto the OTE (OTE/SnO2). The CNH-H2P film on the nanostructured SnO2 electrode exhibited an incident
photon to current conversion efficiency (IPCE) of 5.8% at an applied bias of +0.2 V vs SCE in a standard
three-compartment electrochemical cell. The measured IPCE was found greater than the one observed for the
sum of the single components, namely CNHs and H2P films onto the SnO2 electrode. Fluorescence lifetime
measurements revealed that photoinduced electron transfer from the singlet excited state of the porphyrin to
the nanohorns takes place, while direct electron injection from the reduced nanohorns to the conduction band
of the SnO2 electrode occurs. These processes are responsible for the photocurrent generation.

Introduction

Nanometer-sized carbon-based materials such as fullerenes
and nanotubes possess enormous potential as integrative com-
ponents of energy conversion devices because of their unique
robustness as well as their novel optical and electrical properties.1,2

Particularly, the great electron-accepting properties of fullerenes
together with the small reorganization energy of electron
transfer,3 leading to a high acceleration of photoinduced charge
separation (as well as deceleration of charge recombination),
have paved the way toward the construction of some fullerene-
based photoelectrochemical devices and solar cells.4-10 More-
over, in the nanowire-like structure of carbon nanotubes efficient
electron and hole transport on electrodes occurs, thus allowing
their incorporation into integrative components on photovoltaic
and photoelectrochemical devices.11-16 Recently the photoelec-
trochemical properties of single-walled carbon nanotubes
(SWCNT) as well as of cup-stacked carbon nanotube films cast
on conducting glass electrodes have also been reported.17-19

Carbon nanohorns (CNH),20 a nanostructured graphene-based
material within the family of SWCNT, are receiving great
attention especially because of their unique morphology and
unusually high purity. The CNH has a tubular form with a
diameter of 2-5 nm and a length of 40-50 nm with a conical
end. The CNH form a secondary aggregate having dahlia flower-
like spherical morphology with an aggregate diameter of
80-100 nm. The absence of transition metal catalyst during

production (i.e., CO2 laser ablation of a graphite pole, at room
temperature under noble gas conditions), greatly differentiates
them from conventional carbon nanotubes. In common with
carbon nanotubes, CNHs are insoluble in any solvent. However,
chemical functionalization of CNHs, resulting in soluble hybrid
materials, has been investigated both theoretically21 and
experimentally.22-25 In this framework, photophysical assays
with CNH-based donor-acceptor hybrid materials have been
reported. Importantly, these tests provide initial insight into
potential applications of CNH in solar energy conversion. Model
systems that have been prepared and tested include CNH-based
conjugates and hybrids that bear a variety of photosensitizers/
electron donors: pyrene,26 porphyrin,27-30 ferrocene,31 and
tetrathiafulvalene.32 These functional building blocks are either
covalently attached or interact supramolecularly with the CNH
skeleton.

Recently, the covalent attachment of R-5-(2-aminophenyl)-
R-15-(2-nitrophenyl)-10,20-bis(2,4,6-trimethylphenyl)porphy-
rin (H2P) to CNH via an amide bond was accomplished.29

Fluorescence quenching and nanosecond transient absorption
spectroscopy results indicated that the photoexcited H2P moieties
serve as electron donors, while CNH serve as electron acceptors,
resulting in the formation of a charge-separated state
CNH•--H2P•+. Having these results in mind, we investigated
the photoelectrochemical behavior of CNH-H2P fabricated onto
an optically transparent electrode (OTE) while nanostructured
SnO2 electrodes were cast onto the OTE. Such light energy
conversion systems composed of CNH have yet to be fabricated
so far. Herein, the details of the morphology and photoelectro-
chemical behavior of CNH-H2P films (OTE/SnO2/CNH-H2P)
are presented and compared with pristine CNH films (OTE/
SnO2/CNH). In this context, CNH-H2P is employed as a
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photosensitive electrode in a photoelectrochemical cell, as shown
in Scheme 1.

Experimental Section

General Information. The UV-vis spectra were recorded
on a Perkin-Elmer (Lamda 750) UV-vis-NIR spectrophotom-
eter. Scanning electron microscopy images were recorded with
a Hitachi S-4100 scanning electron microscope. Emission
spectra were recorded on a Perkin-Elmer (LS-55) spectrofluo-
rophotometer equipped with a photomultiplier tube having high
sensitivity in the 400-800 nm region.

Materials. All solvents and chemicals were of reagent grade
quality, obtained commercially and used without further puri-
fication unless otherwise noted. The synthesis and chemical
characterization of porphyrin utilized in this study and the
covalent functionalized CNH-H2P hybrid material have been
previously reported.29 Preparation of OTE coated with the
nanostructured SnO2 film is as follows:33 a dilute (∼5%) SnO2

colloidal aqueous solution (Alpha Chemicals, particle size: ∼15
nm) was repeatedly sprayed onto the OTE electrode (ITO/ATO
film from Geomatec Co., Ltd., Japan, sheet resistance: ∼8
Ω/square), followed by annealing at 673 K for ∼0.5 h. The
thickness of SnO2 on an OTE film was measured as ∼10 µm
by Dektak 3030 (Veeco Instruments). The OTE coated with
the nanostructured SnO2 film is referred to as OTE/SnO2.

Electrophoretic Deposition of CNH-H2P Films. Pristine
CNHs (1.20 mg) in THF (10 mL) and functionalized CNH-H2P
(1.40 mg) in THF (10 mL), respectively, were transferred to a
1 cm cuvette in which two electrodes (viz., OTE/SnO2 and OTE)
were kept at a distance of 6 mm with a Teflon spacer. A dc
electric field (∼100 V cm-1) was applied for 2 min between
these two electrodes using a PowerPac HV (Biorad).34 The
deposition of the film was visible as the solution becomes
colorless with simultaneous black coloration of the OTE/SnO2

electrode. The OTE/SnO2 electrodes coated with pristine CNHs
and porphyrins are referred to as OTE/SnO2/CNH and OTE/
SnO2/H2P, respectively, and the one which is coated with
molecular assemblies of covalent functionalized CNH-H2P is
referred to as OTE/SnO2/CNH-H2P. In OTE/SnO2/H2P and
OTE/SnO2/CNH films, 15% H2P moieties and 85% CNH

(weight ratio) toward total weight of CNH-H2P was deposited
onto OTE/SnO2 since the detail structural information has been
reported previously.29 With regard to the preparation of the OTE/
SnO2/H2P film, the H2P solution was directly sprayed onto the
OTE/SnO2.

Photoelectrochemical Measurements. Photoelectrochemical
measurements were carried out in a standard two-compartment
cell consisting of a working electrode, a Pt wire gauze counter
electrode. In the measurement of a three-compartment cell using
potentiostat, we additionally employed a saturated calomel
reference electrode (SCE).14 This configuration allowed us to
carry out photocurrent measurements under electrochemical
bias.34 The detailed measurement information of two- and three-
electrode systems have been reported previously.34 IviumStat
(potentiostat) was used for recording I-V characteristics and
photocurrent generation density. The electrolyte is 0.5 M LiI
and 0.01 M I2 in acetonitrile. A collimated light beam from a
300 W xenon lamp with a AM 1.5 filter was used for excitation
of a porphyrin assembly film deposited on an OTE film. In the
case of measurement of IPCE spectra, a monochromator (SM-
25, Bunkoh-Keiki Co., Ltd.) was introduced into the path of
the excitation beam for the selected wavelength.

Fluorescence Lifetime Measurements. The time-resolved
fluorescence spectra were measured by single photon counting
method using a streakscope (Hamamatsu Photonics, C5680) as
a detector and the laser light (Hamamatsu Photonics M10306,
laser diode head, 408 nm) as an excitation source. Lifetimes
were evaluated with software supplied with the instrumentation.

Nanosecond Transient Absorption Spectroscopy. Nano-
second transient absorption measurements were carried out using
THG (532 nm) of a Nd:YAG laser (Spectra-Physics, Quanta-
Ray GCR-250-10, 6 ns fwhm) as an excitation source. For
transient absorption spectra and the time-profiles, monitoring
light from a pulsed Xe Flash lamp (Hamamatsu Photonics
C4479) was detected with CCD detector equipped with an image
intensifier, ICCD-1024G (Princeton Instruments). The time
profile was evaluated with software supplied with the instru-
mentation (WinSpec software).

SCHEME 1: Schematic Illustrations of CNH-H2P Structure and a Photoelectrochemical Solar Cell of OTE/SnO2/
CNH-H2P
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Results and Discussion

Electrophoretic Deposition. Electrophoretic deposition was
applied to fabricate films of CNH onto OTE and nanostructured
SnO2 films cast onto OTE (OTE/SnO2).17,34 A suspension of
the CNH (∼2 mL) in THF was transferred to a 1 cm cuvette.
Two OTE cut from conducting glass were inserted, and a dc
electric field (∼100 V/cm) was applied. The CNH from the
suspension were driven to the positive electrode surface, and a
robust thin film (abbreviated as OTE/SnO2/CNH) was deposited
within 2 min. An analogous process was adopted to deposit the
functionalized CNH-H2P nanoassemblies onto OTE/SnO2

(abbreviated as OTE/SnO2/CNH-H2P). The steady-state elec-
tron absorption spectra of the OTE/SnO2/CNH-H2P and OTE/
SnO2/CNH electrodes as compared with the absorption spectrum
of CNH-H2P in THF are shown in Figure 1.

The OTE/SnO2/CNH-H2P film absorbs incident light ef-
fectively in the visible region, and the absorption band extends
into the near-infrared region (Figure 1a). At the UV-vis spectra
of CNH-H2P in solution (Figure 1c), the characteristic Soret
band due to the porphyrin unit is identified (the Q bands are
broadened and flattened in the baseline of the spectrum) while
the presence of CNHs is proved by the continuous absorbance
from the UV-vis to the NIR regions. Moreover, the same Soret
band in the OTE/SnO2/CNH-H2P film is identified (Figure 1a),
broadened and red-shifted by approximately 20 nm, as compared
with the corresponding bands of the CNH-H2P in THF solution.
The broader absorption of the electrodes is likely to arise from
the clustering effects of porphyrin moieties or electronic
interaction between CNH and H2P, the details of which can be
found elsewhere.34 In contrast, the absorption spectra of OTE/
SnO2/CNH (Figure 1b) shows only the continuous absorbance
from the UV-vis to the NIR region due to the presence of
carbon nanohorns thus proving the assignment of continuous
absorbance in the OTE/SnO2/CNH-H2P film (Figure 1a) to
CNH.

Surface Characterization of CNH-H2P Films. Scanning
electron microscopy (SEM) for the morphological characteriza-
tion of the above electrodes was performed. The microscope
images of the OTE/SnO2/CNH-H2P film and of OTE/SnO2/
CNH are shown in Figure 2, respectively.

A close inspection of these images reveals a tightly packed
assembly of the pristine and modified carbon nanohorns on film.
Based on these images, the average aggregate sizes of
CNH-H2P composites and pristine CNHs are ca. 60-100 nm
(Figure 1A). Since the aggregate diameter of CNHs is reported
as 80-100 nm,20 we can conclude that the aggregate structures
were effectively transferred onto the OTE/SnO2 film. Addition-
ally, the average sizes of CNH-H2P composites are very similar

to those of pristine CNHs (vide supra). This suggests that further
aggregations via porphyrin moieties do not occur in the
CNH-H2P composites. The micrographs confirm the presence
of the materials in the surface of the electrodes and the ability
of electrophoresis to assemble CNHs and covalent functionalized
CNH-H2P onto the electrode surface.

Photocurrent Generation Properties of CNH-H2P Films.
Photoelectrochemical measurements were performed in aceto-
nitrile containing 0.5 M LiI and 0.01 M I2 as the redox
electrolyte with OTE/SnO2/CNH-H2P and OTE/SnO2/CNH as
the working electrode and Pt wire as the counter electrode. The
photoelectrochemical performance of the OTE/SnO2/CNH-H2P
electrode was examined by employing a standard two-compart-
ment cell with a Pt wire gauge counter electrode.6 In Figure 3
are shown the photocurrent responses of the OTE/SnO2/
CNH-H2P and OTE/SnO2/CNH electrodes. The photocurrent
responses are prompt, steady, and reproducible during repeated
on/off cycles of the visible light illumination. The short circuit
photocurrent (Isc) of the OTE/SnO2/CNH-H2P electrode is 0.25
mA cm-2 (Figure 3A) under white light illumination (AM 1.5
condition; input power ) 80 mW cm-2), and this value is nearly
two times greater than that (0.12 mA cm-2) obtained with the
OTE/SnO2/CNH electrode (Figure 3B), while the Isc value of
OTE/TiO2/CNH shows nearly zero current (Figure 3C).35

Furthermore, an evaluation of the photocurrent action spec-
trum of the OTE/SnO2/CNH-H2P electrode with those of the
single-component electrode systems, such as the OTE/SnO2/
CNH and the OTE/SnO2/H2P electrodes, was performed, by
examining the wavelength dependence of the incident photon
to current conversion efficiency (IPCE). The IPCE values are
calculated by normalizing the photocurrent densities for incident
light energy and intensity and by use of the following expres-
sion:7

IPCE(%)) 100 × 1240 × i/(Win × λ)

where i is the photocurrent density (A cm-2), Win is the incident
light intensity (W cm-2), and λ is the excitation wavelength
(nm). As shown in Figure 4, the photocurrent action spectrum
of the OTE/SnO2/CNH-H2P electrode shows a maximum IPCE
value of 2.7% at 440 nm (Figure 4a). Following the same
experimental conditions, the observed IPCE values for single-
component systems, namely OTE/SnO2/CNH and OTE/SnO2/
H2P electrodes, are relatively much smaller, 1.4% and 0.3% at
440 nm, respectively, as indicated in the spectra b and c in
Figure 4, respectively.

Finally, it was necessary to investigate the photocurrent action
spectra of the OTE/SnO2/CNH and OTE/SnO2/H2P electrodes
to see whether the enhancement seen in the photocurrent was
an additive effect or not. Spectrum of Figure 4d shows the
additive spectra obtained from the spectra of Figures 4b and
4c. If the enhancement in the photocurrent generation was
simply an additive result, the response of the composite electrode
would have been similar to that of spectrum in Figure 4d with
a maximum IPCE around 1.8% at 440 nm. However, an IPCE
of 2.7% with the OTE/SnO2/CNH-H2P electrode at 440 nm
was obtained. The experimental observation of the photocurrent
enhancement generation is a valuable clue of the interaction
between the excited porphyrin which is covalently bonded to
CNHs, ordering the overall photocurrent generation.

The charge separation in the OTE/SnO2/CNH-H2P electrode
can be further modulated by the application of an electrochemi-
cal bias potential (a standard three-compartment cell as a
working electrode along with Pt wire gauze counter electrode
and saturated calomel reference electrode). Figure 5A shows

Figure 1. Steady-state absorption spectra of the (a) OTE/SnO2/
CNH-H2P film, (b) OTE/SnO2/CNH film, and (c) CNH-H2P solution
in THF (about 0.03 mg/mL).
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I-V characteristics of the OTE/SnO2/CNH-H2P under visible
light illumination (AM 1.5). The photocurrent increases as the
applied potential is scanned toward more positive potentials.
Increased charge separation and the facile transport of charge
carriers under a positive bias potential are responsible for
enhanced photocurrent generation. At potentials greater than
+0.3 V vs SCE, the direct electrochemical oxidation of iodide
interferes with the photocurrent measurement. The net photo-
current generation density of OTE/SnO2/CNH-H2P at +0.2 V
vs SCE (∼0.55 mA/cm2) was much larger than the case at 0 V

vs SCE (∼0.20 mA/cm2).34 Thus, by using a three-compartment
cell, we can control photocurrent generation density of the OTE/
SnO2/CNH-H2P electrode.

By controlling the potential of OTE/SnO2 with an electro-
chemical bias, we can improve the charge separation and attain
higher IPCE values.6b The photocurrent action spectra of OTE/
SnO2/CNH-H2P under an applied bias potential of 0.2 V vs
SCE were recorded using a standard three-compartment cell.
The IPCE values of OTE/SnO2/CNH-H2P under an applied
bias potential of 0.2 V vs SCE (spectrum a in Figure 5) are
much larger than those under no applied voltage condition
(spectrum b) in the whole visible region. The maximum IPCE
values of OTE/SnO2/CNH-H2P at 0.2 V vs SCE attains 5.8%,
which is more than two times larger than that at 0 V vs SCE
(2.7%). This trend is in good agreement with I-V characteristics
(Figure 5A). The maximum IPCE value (5.8%) is slightly low
as compared to our previous systems composed of carbon
nanotube composites14d while with a similar value when
compared with a covalently linked porphyrin to the carbon
nanotube14e (because of covalent linkage between CNH and
H2P).36 Although the limited and isolated porphyrin monolayers
covalently attached onto a CNH surface may hamper efficient
carrier transport after photoinduced electron transfer (PET), we
can efficiently evaluate the PET process effect between the
carbon nanotube and porphyrin moiety on the light energy
conversion property because of the covalent attachment in this
system. These results clearly ensure that the PET process in
the CNH-H2P system plays an important role in the light energy
conversion (vide infra). On the basis of these photoelectro-

Figure 2. Scanning electron microscopy images of (A) CNH-H2P on the OTE/SnO2 film and (B) CNHs on the OTE/SnO2 film, prepared by
electrophoretic deposition method.

Figure 3. Photocurrent generation responses of (A) OTE/SnO2/
CNH-H2P, (B) OTE/SnO2/CNH, and (C) OTE/TiO2/CNH under white
light illumination using an AM 1.5 filter. Input power: 80 mW cm-2.

Figure 4. Photocurrent action spectra of (a) OTE/SnO2/CNH-H2P,
(b) OTE/SnO2/H2P, (c) OTE/SnO2/CNH, and (d) the sum of spectra b
(OTE/SnO2/H2P) and c (OTE/SnO2/CNH) under a standard two-
compartment cell. Electrolyte: 0.5 M LiI and I2 0.01 M in acetonitrile;
working electrode: OTE/SnO2/CNH-H2P or OTE/SnO2/H2P film;
counter electrode: Pt wire.

Figure 5. (A) I-V characteristics of the OTE/SnO2/CNH-H2P
electrode under white light illumination (AM 1.5 conditions). Electro-
lyte: LiI 0.5 M, I2 0.01 M in acetonitrile; input power ) 80 mW cm-2.
(B) Photocurrent action spectra of the OTE/SnO2/CNH-H2P electrode
(a) at an applied bias potential of 0.2 V vs SCE and (b) without applied
bias potential. Electrolyte: LiI 0.5 M, I2 0.01 M in acetonitrile.
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chemical experiments, we can conclude that organization of
molecular assemblies achieved with CNH-H2P is a key factor
in attaining improved light energy conversion properties.

Electronic Interactions between the Excited H2P and
CNHs in the OTE/SnO2/CNH-H2P Film. In a previous
investigation of the interactions between the excited H2P and
CNHs in the CNH-H2P nanoensemble, there was strong
evidence for electron transfer. The photoexcitation of the
porphyrin moiety that resulted in the reduction of CNHs with
a simultaneous oxidation of the H2P unit revealed the charge-
separated state of CNH•--H2P•+ which was confirmed with the
aid of an electron mediator, such as hexyl-viologen dication
(HV2+) in polar solvents. Furthermore, the charge-separated
states of CNH•--H2P•+ were identified with the aid of transient
absorption spectroscopy.29

Moving a step forward and for the purposes of the current
study, a similar investigation for the electron communication
has been carried out in the OTE/SnO2/CNH-H2P film. In detail,
a comparison of the steady-state fluorescence spectra and
fluorescence lifetimes of OTE/SnO2/CNH-H2P and OTE/SnO2/
H2P films have been performed. Figure 6 compares the steady-
state fluorescence spectra of the OTE/SnO2/H2P film (spectrum
a) and OTE/SnO2/CNH-H2P film (spectrum b) with matched
absorbance at 420 nm. The excitation wavelength is 520 nm.
The H2P assembly film shows a twin peak with maximum at
670 and 720 nm. The fluorescence intensity of CNH-H2P film
exhibits a notably lower emission yield, thus confirming the
quenched excited state. The maximum peak of the OTE/SnO2/
CNH-H2P film at shorter wavelength (∼650 nm) is ap-
proximately in agreement with that in solution29 although blue-
shifted as compared to that of OTE/SnO2/H2P (∼670 nm).

For the acquisition of further information regarding the
kinetics and mechanistic details of electron-transfer process, it
was necessary to measure the fluorescence lifetime of the OTE/
SnO2/CNH-H2P film and compare it with that of OTE/SnO2/
H2P (Figure 7). The emission decay of the H2P film deviates
from the monoexponential decay behavior and can be fitted to
the biexponential decay kinetics. The lifetime of the OTE/SnO2/
H2P film was 710 ps, which is shorter than that in solution
because of aggregation of H2P moieties on film. The excited
H2P in the OTE/SnO2/CNH-H2P electrode revealed the pres-
ence of two lifetime components, both which deactivated faster
than that in the OTE/SnO2/H2P electrode. The emission decay
was analyzed by using the biexponential kinetic fit, and the
lifetimes are summarized in Table 1. A 75% level of decay
occurred via a very fast deactivation pathway, near 90 ps. This
fast decay component could be ascribed to the electron-transfer
pathway of excited-state deactivation. On the basis of these
results, the forward electron transfer rate constant in CNH-H2P
onto OTE/SnO2 film, kET is determined as 9.7 × 109 s-1.37

Finally, additional support derives from transient absorption
measurements, following 532 nm laser irradiation of the OTE/
SnO2/CNH-H2P film. By photoexciting the Q-band of H2P,
i.e. at 532 nm, with short laser pulses, the transient photoprod-
ucts are identified and their decay rates are resolved.The transient
absorption bands in the visible region were observed, as shown
in Figure 8. The absorption band observed in the visible region
near 550 nm corresponds to the one-electron oxidized product,
namely H2P•+.29,38 The charge recombination rate constant of
CNH-H2P on OTE/SnO2 is determined to be 2.14 × 107 s-1,
which corresponds to 47 ns for H2P•+. Although the transient
spectrum in the near-infrared region is not observed in this setup,
the spectral trend is in good agreement with our previous
spectrum in solution.29 Additionally, on the basis of this light
energy conversion property, fluorescence lifetime, and transient
absorption measurements, we can conclude that photoinduced
charge-separated state of CNH•--H2P•+ contributes to the
enhancement of the light energy conversion property in the
photoelectrochemical solar cell.

On the basis of these results, we conclude that the photoin-
duced electron transfer occurs from the singlet excited state of
H2P (1H2P*/H2P•+ ) -0.7 V vs NHE)29,34 to CNH during the
irradiation of the CNH-H2P composite assembly. As shown

Figure 6. Steady-state fluorescence spectra of (a) OTE/SnO2/H2P film
and (b) OTE/SnO2/CNH-H2P film (λexc ) 520 nm).

Figure 7. (A) Fluorescence decay profiles of (a) OTE/SnO2/H2P film
and (b) OTE/SnO2/CNH-H2P films (λexc ) 408 nm) and (B) time-
resolved fluorescence spectra (∼50 ps) of (a) OTE/SnO2/H2P film and
(b) OTE/SnO2/CNH-H2P film (λexc ) 408 nm).

TABLE 1: Summary of Fluorescence Lifetime of the
OTE/SnO2/CNH-H2P Film

sample lifetime, τf kET,a s-1

OTE/SnO2/CNH-H2P 90 ps (75%), 500 ps (25%) 9.7 × 109

OTE/SnO2/H2P 710 ps (100%) –
H2P in toluene 4900 ps (100%) –

a Calculated by kET ) (1/τf)sample - (1/τf)ref; the value of (τf)ref

was 710 ps for OTE/SnO2/H2P.

Figure 8. Nanosecond transient absorption spectra of the OTE/SnO2/
CNH-H2P film observed by 532 nm (ca. 4 mJ/pulse) laser irradiation.
Inset: Absorption-time profile.
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earlier, the conduction band of semiconducting CNH is in the
range of -0.5 and 0 V vs NHE.35 Such energetics of the CNH
favors charge injection from the excited porphyrin into CNH.
The reduced CNH injects electrons into the SnO2 nanocrystal-
lites to generate photocurrent. The oxidized porphyrin (H2P/
H2P+• ) 1.2 V vs NHE)29, 33 undergoes electron-transfer
reduction with the iodide (I3

-/I- ) 0.5 V vs NHE) couple
present in the electrolyte.29,33 By using the regenerative redox
cycle we are able to maintain a steady flow of photocurrent.

Conclusion

Photoelectrochemical electrodes of porphyrin-functionalized
CNH-H2P, carbon nanohorns, have been constructed for the
first time. The film of the CNH-H2P onto the nanostructured
SnO2 electrode exhibited an incident photon-to-photocurrent
efficiency (IPCE) of 5.8% in a three-compartment electrochemi-
cal cell. The measured IPCE has been found greater than the
one observed for the sum of the single components, namely
CNHs and H2P, onto the nanostructured SnO2 electrode.
Fluorescence lifetime measurements revealed that electron
transfer from the singlet excited state of the porphyrin to the
nanohorns takes place. In addition, direct electron injection from
the reduced nanohorns to the conduction band of the SnO2

electrode occurs. These processes are responsible for the
photocurrent generation. The results obtained demonstrate the
potentiality and applied utility of carbon nanohorns in directing
efficient charge transport in photoelectrochemical devices.
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