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bstract

An organic photovoltaic (PV) device with a structure of indium-tin-oxide (ITO)/poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)
PEDOT:PSS) (20 nm)/4,4′,4′ ′-tris[3-methylphenyl (phenyl)amino]triphenylamine (m-MTDATA) (30 nm)/Re(CO)3Cl-monophenanthroline (Re-

hen) (60 nm)/LiF (1 nm)/Al (100 nm) has been fabricated. When the device was irradiated by 365 nm ultraviolet (UV) light, open circuit voltage
Voc) of 1.15 V, the short circuit current (Isc) of 100 �A/cm2, fill factor (FF) of 0.45 and power conversion efficiency of 4% were obtained, respec-
ively. Spectroscopic investigation evidenced that the increase in the PV efficiency is related to the existence of a charge transfer absorption process.
he generation mechanism of the PV effect was discussed.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Organic photovoltaic (PV) devices have the potential advan-
ages of light weight and low-cost [1]. Unfortunately, their
ower conversion efficiency [2–9] is far from satisfactory. Most
fforts made in the past decade focused on conjugated polymers
3–7] and fullerenes [7–9]. Little attention has been devoted
o organic metal complexes [9–13]. Carbonyl bipyridine Re(I)
omplexes and their derivatives, such as Re-Phen exhibit char-
cteristic long-lived metal-to-ligand charge transfer (MLCT)
xcited states [14]. They have highly desirable properties includ-
ng microsecond lifetimes in solution, intense visible absorption
nd phosphorescence emission, good redox chemistry and high
tability [14,15]. The PV devices using Re(I) complexes as elec-
ron acceptors have been demonstrated [10]. One of the most
romising applications of these devices is the conversion of solar
adiation into chemical energy [8]. Besides, it is possible to use
hem as UV detectors [13].

In this letter, Re-Phen and m-MTDATA were used as

lectron–acceptor and donor, respectively in the PV device and
he photocurrent response was observed. The results indicate
rganic PV device based on typical triplet material, Re-Phen
an be used as optical sensor.

∗ Corresponding author. Fax: +86 431 6176935.
E-mail address: lib020@ciomp.ac.cn (B. Li).
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. Experimental

Re-Phen was prepared according to literature methods [10]. The purity and
omposition were confirmed by 1H NMR, IR, positive-ion FAB-MS and ele-
ental analyses. The configuration of the device and the chemical structure of

he materials used in this study are shown in Fig. 1.
The PV device was constructed by first spin coating a 20-nm layer of

EDOT:PSS on ITO substrate. m-MTDATA, Re-Phen, LiF and Al cathode
ere sequentially deposited onto the ITO substrates by thermal evaporation

t a pressure of 2 × 10−4 Pa without breaking the vacuum. The deposition
ates were monitored by quartz oscillators and controlled at 0.2–0.4 nm/s
or the organic layers and LiF, and 1.0 nm/s for the Al cathode, respectively.
he organic films with the same thickness were also deposited on quartz
ubstrates under same preparation condition for measuring absorption spectra
ith a Shimadzu UV-3101 PC spectrophotometer. The thickness measurement
f the spin-coated film was performed using a variable-angle spectroscopic
llipsometer (Model 601BAM/I-Elli2000, Germanic NFT Co.). The refractive
ndex and thickness were calculated from the simulation parameters based
n Cauchy model. The light-state I–V characteristics of the PV device were
easured under UV illumination at 365 nm of 1.6 mW/cm2 through the

lass/ITO side. All measurements were carried out under ambient atmosphere
t room temperature without encapsulation.

. Results and discussion

The absorption spectra of Re-Phen, m-MTDATA, m-

TDATA/Re-Phen films and the photocurrent response curve

f the device are shown in Fig. 2. It was found that the
bsorption spectrum of the m-MTDATA/Re-Phen film is not
imply the weighted sum of those of m-MTDATA and Re-Phen.

mailto:lib020@ciomp.ac.cn
dx.doi.org/10.1016/j.jallcom.2006.06.012
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Fig. 1. The chemical structure of the or

new band ranging from 400 to 500 nm appeared. Such
and is not observed either in m-MTDATA or in Re-Phen,
t can be ascribed to a new transition state associated to the
nteraction between m-MTDATA and Re-Phen, most likely the
harge transfer (CT) state. Despite the very weak absorption
f the m-MTDATA/Re-Phen film from 400 to 500 nm, the

hotocurrent response is strong. It indicates that the CT states
fficiently collect the excitons and improves the efficiency of
xcitons dissociation into free charge carriers. In the range
f λ = 300–400 nm the absorption of the m-MTDATA layer

o
P
H
i

materials and PV device configuration.

layed an important role for the generation of the photocurrent,
ince the absorption of m-MTDATA is much larger than that
f Re-Phen. Although, there are strong absorptions from 250 to
50 nm for m-MTDATA and Re-Phen, the PV response of the
evice is still relative weak, which is attributed to the intense
bsorption of the ITO glass at the UV region shown in the inset

f Fig. 2. For a single layer PV device, i.e. ITO/PEDOT:PSS/Re-
hen (60 nm)/LiF/Al, PV effects could hardly be observed.
owever, Re-Phen is necessary to the efficient photocurrent

n the bilayer PV device. In the absence of Re-Phen layer, that
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Fig. 2. The absorption spectra of Re-Phen film (down triangle), m-MTDATA
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lm (up triangle), m-MTDATA/Re-Phen film (open circle) and photocurrent
esponse of PV device (solid circle). Inset: The UV–vis transmission spectrum
f the ITO glass.

s, for a single layer PV device ITO/PEDOT:PSS/m-MTDATA
30 Nm)/LiF/Al, the key PV parameters, Voc of 0.84 V, Isc
f 5.8 �A/cm2, FF of 0.3 and power conversion efficiency of
.09% have been determined. The conversion efficiency is about
5 times smaller than that of the bilayer PV device containing
oth m-MTDATA and Re-Phen layer. So the interface between
-MTDATA and Re-Phen played the active site for the exciton
issociation. This is explained as following: m-MTDATA is
good hole-transporting and injection material [16], while

e-Phen has good electron-transporting ability [14]. According
o the photocurrent response curve, first, excitons are photogen-
rated in the m-MTDATA layer near to interface of the Re-Phen
nd m-MTDATA because efficient photoabsorption mainly
akes place in the m-MTDATA layer; second, the generated
xcitons diffuse to the organic interface between the materials
ith different electron affinities and ionization potentials, where

he excitons dissociation is known to be efficient; then the
lectrons are accepted by Re-Phen with large electron affinity
nd the holes by m-MTDATA with the low ionization potential;
ast, electrons and holes travel through the Re-Phen layer and

he m-MTDATA layer to cathode and anode, respectively.

Fig. 3 shows the I–V characteristics of the PV device under
V light (365 nm) illumination with total power density of

ig. 3. I–V characteristics of the PV device under 1.6 mW/cm2 UV light irradi-
nce.
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.6 mW/cm2. Isc, Voc were measured to be 100 �A/cm2, 1.15 V,

.45, 4%, respectively. FF and power conversion efficiency can
e calculated by following equations, respectively.

F = (IV )max

VOC × ISC
, η = (IV )max

Pin × L
= FF × VOC × ISC

Pin × L

here (IV)max is the actual maximum power, L the active
rea and Pin is the incident light power per square centimeter.
he most sensitive response wavelength of the device is about
00–400 nm, so it is very suitable to detect UV light.

. Conclusions

In summary, we have shown that organic PV device based on
riplet complex Re-Phen with high power conversion efficiency
f 4%. This value is high comparable with the devices based
ther metal complexes. The existence of a CT absorption state
s responsible for increasing the PV efficiency. The device is
ensitive to UV light and can be used as a photodetector to UV
ight. It indicates that utilizing phosphorescent metal complexes
s a promising way to improve PV performance, and we are in
he progress of further exploring these possibilities.
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