JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV
Communication

Slow Electron Injection on Ru-Phthalocyanine Sensitized TiO

Ana Morandeira, Ismael Lpez-Duarte, M. Victoria Martnez-Daz, Brian O'Regan, Chris
Shuttle, Nor A. Haji-Zainulabidin, Toms Torres, Emilio Palomares, and James R. Durrant

J. Am. Chem. Soc., 2007, 129 (30), 9250-9251« DOI: 10.1021/ja0722980 « Publication Date (Web): 11 July 2007
Downloaded from http://pubs.acs.org on February 16, 2009

cN 200 T

| S
e 100
t-Bu‘\%’/ ,/I-Bu
v N D
N ‘&
NS CRuT TN
=N N=X %
£ ;;‘ N";<-< \ -
e +Bu ! =N,
N
~

-1 0 1 2 3
TiO, oot Time/us

k'nl=(470 nS)'1 —

AA/106

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 24 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article
. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact.

Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0722980

JIAIC[S

COMMUNICATIONS

Published on Web 07/11/2007

Slow Electron Injection on Ru —Phthalocyanine Sensitized TiO

Ana Morandeira,” Ismael Lopez-Duarte,* M. Victoria Martinez-Diaz,* Brian O’Regan,’ Chris Shuttle,’
Nor A. Haji-Zainulabidin," Tomas Torres,** Emilio Palomares,® and James R. Durrant*'

Centre for Electronic Materials and Dices, Department of Chemistry, Imperial College London, Exhibition Road,
South Kensington, London SW7 2AY, U.K., Departamento dmiQauOrganica, Facultad de Ciencias,
Universidad Autooma de Madrid, 28049 Cantoblanco, Spain, and Institute of Chemical Research of Catalonia,
Avda. Pasos Catalans 16, Tarragona 43007, Spain

Received April 2, 2007; E-mail: j.durrant@imperial.ac.uk; tomas.torres@uam.es

The function of dye sensitized solar cells is based upon T T
photoinduced electron injection from a molecular excited-state into — ——RuPc 11ZrO,
the conduction band of a nanocrystalline metal oxide film. Over —RuPc 1ITiO, -
the last 10 years, extensive studies of model systems based on dye
sensitized metal oxide films have demonstrated that such interfacial
electron transfer can occur on remarkably fast time scafes.
Nevertheless it remains an open question as to whether such ultrafast
injection dynamics are necessary for efficient device function. We
have recently reported charge injection dynamics on the 16Q ps
ns time scale for a range of ruthenium bipyridyl dyes adsorbed to
TiO, in the presence of redox electrolytesWe have suggested
that such relatively slow injection dynamics are still fast enough
to compete effectively with excited-state decay-to-ground, and

therefore are consistent with efficient device function. oure 1. Phosoh <sion d " (red) and RuP
: : : gure 1. osphorescence emission decays O RIlLIB@g red) an urc
In this paper, we extend our studies of the time scale of electron 1Ti0, (black) filmMS G = 630 NM e = 880 nm). The traces have been

inject.ion necessary to achieve efficien.t.DSSC funf:tion to ph.thalo- normalized for ease of comparison.

cyanine (Pc) sensitizer dyes and specifically to axially coordinated

ruthenium phthalocyanines such as RuP@Figure 1). Pc's are ) ) . )

attractive sensitizers for DSSCs because of their intense red@ rédox inactive electrolyte, 0.6 M LIN(SOFs), in propylene
absorbance and excellent photochemical and electrochemical stabilcarPonate and compared against control data employing non-
ity.6 Moreover, when bearing axial ligands, their aggregation injecting RuPcl sensitized Zr@ films. Both films exhibited an
tendency on the surface of the nanocrystalline semiconductor is@PSorbance maximum at 633 nm, indistinguishable from solution
remarkably reduced® In DSSC with suitable electrolytes, Rulc spectra for this dye. For both films, a very weak fluorescence band

dye is capable of efficient photocurrent generation, with absorbed &t €@ 690 nm was observed, in agreement with previous observa-

photon to current efficiencies (APCE) of up to 45%, consistent with tions that RuPc dyes are only weakly fluorescénthis weak
previous studies of analogduand relate dyes. In terms of  fluorescence has been assigned to rapidQ0 ps) and efficient

electron injection, it is interesting to note that the LUMO orbital Singlet-to-triplet intersystem crossing induced by the presence of

for RuPc 1 is expected to be delocalized over the conjugated the heavy Ru atorfi4

macrocycle of the phthalocyanine ring and therefore spatially well ~ 1ime-resolved emission measurements (Figure 1) of RuPc
separated from the Tisurface. This contrasts with more widely sensitized Zr@ resolved a phosphorescence emission maximum

studied ruthenium bipyridyl dyes, where the LUMO orbital is &t 880 nm (see Supporting Information). This emission, assigned
localized on bipyridine groups in close proximity to the Fi®his to the RuPc triplet state, exhibited a monoexponential decay with
raises an interesting issue over the time scale and mechanism oft lifetime of 320 ns (Figure 1), consistent with previous reports of

charge injection for this class of RuPc dyes. We show herein that RUPC triplet-state lifetime$?14.1%In contrast, for the RUPE|TIO,
electron injection for this efficient sensitizer dye is indeed remark- 1IMs, this phosphorescence decay is significantly accelerated, with

ably slow, with a rate constant of ca.”6%, and discuss the  anaverage emission time constant of 198 (igure 1), consistent

implications of this observation in terms of the requirements on With electron injection from RuPd triplet state into the TiQ
electron injection for efficient DSSC device function. conduction band. We further note that the initial amplitude of the

The new RuPd was synthesized from the corresponding bis- phosphorescence decays for both films were similar, indicating

(benzonitrile)tetraert-butyl RuPc comples! which was refluxed ~ Similar triplet yields for both films, and suggesting that singlet
in THF in the presence of one equivalent of the 4-cyanopyridine €€ctron injection was not efficient. _ _
ligand and three of the isoniconitic acid one. The desired compound 1 ransient absorption measurements were undertaken to investi-

RuPc1 with two different axial ligands was isolated in ca. 30% 93t€ further these injection dynamics. Figure 2A shows a compari-
yield 12 son between the transient absorption spectra observed for RuPc

Steady-state absorption and emission measurements were carried/ZrO2 at 1 us after excitation, assigned to the dye triplet-state
out on RuPdl sensitized nanocrystalline Tidilms covered with absorption and that of RURdTIO; at 10us, assigned to the charge
separated state RuHccation/TiGy(e™). Both spectra show very

Emission/a.u.

0.0 0.5 1.0 1.5
time/us

Im‘i’\féirz'id%‘é”i%?u'a%‘g%’g Madrid good agreement with reported trigfeand radical cation specfra
§ Institute of Chemical Research of Catalonia. for other RuPc’s. Decay kinetics of both spectra (Figure 2, inset)
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Figure 2. (A) Transient absorbance spectra of (i) RUFZrO; (red) at 1

us after excitation, assigned to RuRdriplet state and (i) RuP&/TiO»
(black) at 10us, attributed to RuP cation/TiOy(e™) states. For the sake

of comparison, the spectra were normalized at 650 nm. The inset is a

comparison of the absorption kinetics for these samples probed at 525 nm.

(B) Absorption kinetics of RuPd/|TiO; film probed at 475 nm. The
transient can be fitted by a monoexponential function with a time constant
of 200 ns (blue solid line), assigned to electron injection. The excitation
wavelength was 630 nm.
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Figure 3. Schematic representation of the energy levels of RUPIO,.

to APCE values of45%. It is thus clearly apparent that ultrafast
electron injection is not a prerequisite for efficient PV device
function. This triplet electron injection is in kinetic competition
with T, decay-to-ground, and optimization of this kinetic competi-
tion is therefore likely to be a key factor in achieving further
improvements in the efficiency of RuPc sensitized solar cells.
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Supporting Information Available: Synthetic details, spectroscopic
data, and estimate &f,;(S,) for RuPcl. This material is available free
of charge via the Internet at http:/pubs.acs.org.
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