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lonic liquids containing the nitrile and vinyl functional groups attached to imidazolium cations combined with various
anions, e.g., iodide, bis[(trifluoromethyl)sulfonyllimide ([TFSI]™), or dicyanamide ([N(CN),]7), have been prepared
and characterized. These ionic liquids have been successfully used as electrolytes for dye-sensitized solar cells
based on nanocrystalline TiO, with the amphiphilic ruthenium sensitizer [ruthenium (4,4'-dicarboxylic acid-2,2'-
bipyridine)(4,4'-bis(p-hexyloxystyryl)-2,2'-bipyridine)]INCS], (coded K-19). The iodide salt was used in 3-methoxy-
propionitrile-based electrolytes, and the performances of both types of devices were evaluated on the basis of their
photocurrent density—voltage characteristics and dark current measurements, demonstrating that the functional
groups do not exert a detrimental effect on the performance. The solid-state structure of the nitrile-functionalized
salt [C;CsCN(im)]I has also been established by single-crystal X-ray diffraction, revealing extensive hydrogen bonding
between the cation protons and the iodide.

Introduction still remains a major challendeElectrolytes based on volatile
. . . organic solvents may cause practical problems for encapsula-

Following the discovery of dye-sensitized solar cells {jon of the electrolyte and are unstable at high temperatures.
(DSCs), intensive research has been undertaken in developingzecently, some efforts have been made to replace the organic
semiconductor materials, dyes, and electrolytes to enhancesgyent electrolytes with p-type inorganic semiconductors,
device performance.® Alternative redox couples tolls polymer electrolyte$,and organic hole-transport materials,
have also been developed and successfully applied in BSCs; p ¢ their efficiencies are relatively lot.lonic liquid based
however, 1/l5~ has proven to be the most efficient redox glectrolytes are promising as alternative electrolytes for DSCs
couple for high efficiency. Although a highly efficient DSC  pecause of their intriguing properties such as negligible vapor
with an 11% photovoltaic performance has been obtained pressure and nonflammability.lonic liquids have been
based on arfls™ redox electrolyte in an acetonitrile solvent, wjidely accepted as “greener” alternatives to classical organic
the long-term stability of the cells at elevated temperatures

(6) (a) Wang, P.; Zakeeruddin, S. M.; Moser, J.-E.; Humphry-Baker, R.;
Grézel, M.J. Am. Chem. So@004 126, 7164. (b) Nusbaumer, H.;

*To whom correspondence should be addressed. E-mail: Moser, J.-E.; Zakeeruddin, S. M.; Nazeeruddin, M. K.; Graetzel, M;
shaik.zakeer@epfl.ch (S.M.Z.), paul.dyson@epfl.ch (P.J.D.). Nusbaumer, H.; Zakeeruddin, S. M.; Moser, JGBem—Eur. J. 2003
T Laboratory for Photonics and Interfaces. 9, 3756. (c) Nusbaumer, H.; Moser, J.-E.; Zakeeruddin, S. M.;
*Institute of Chemical Sciences and Engineering. Nazeeruddinm, M. k.; Graetzel, M. Phys. Chem. B001, 105 10461.
(1) O’'Regan, B.; Grzel, M. Nature 1991, 353 737. (d) Sapp, S. A.; Elliot, M.; Contado, C.; Caramori, S.; Bignozzi, C.
(2) Benkstein, K. D.; Kopidakis, N.; van de Lagemaat, J.; Frank, A. J. A. J. Am. Chem. So@002 124, 11215.
Phys. Chem. R003 107, 7759. (7) Gréazel, M. J. Photochem. Photobio2004 164, 3.
(3) Benkg G.; Skarman, B.; Wallenberg, R.; Hagfeldt, A.; Sundstro (8) (a) O’'Regan, B.; Lenzmann, F.; Muis, R.; WienkeChem. Mater
V.; Yartsev, A. P.J. Phys. Chem. BR003 107, 1370. 2002 14, 5023. (b) Kumara, G. R. A.; Kaneko, S.; Okuya, M,
(4) Nakade, S.; Saito, Y.; Kubo, W.; Kitamura, T.; Wada, Y.; Yanagida, Tennakone, KLangmuir2002 18, 10493.
S.J. Phys. Chem. R003 107, 8607. (9) (a) Nogueira, A. F.; Durrant, J. R.; DePaoli, M. Adv. Mater. 2001,
(5) (a) Nazeeruddin, M. K.; Pechy, P.; Renouard, T.; Zakeeruddin, S. M; 13, 826. (b) Stergiopoulos, T.; Arabatzis, I. M.; Katsaros, G.; Falaras,
Humphry-Baker, R.; Liska, P.; Cevey, L.; Costa, E.; Shklover, V.; P. Nano Lett 2002 2, 1259.
Spiccia, L.; Deacon, G. B.; Bignozzi, C. A.; Gzal, M.J. Am. Chem. (10) Bach, U.; Lupo, D.; Comte, P.; Moser, J.-E.; Weissortel, F.; Salbeck,
Soc 2001 123 1613. (b) Thomasa, K. R. J.; Lin, J. T.; Hsu, Y.-C,; J.; Spreitzer, H.; Gtael, M. Nature 1998 395, 583.
Ho, K.-C. Chem. Commur2005 4098. (c) Velusamy, M.; Thomas, (11) Wasserscheid, P.; Welton, Tonic Liquids in SynthesjsWiley-
K. R. J.; Lin, J. T.; Hsu, Y.-C.; Ho, K.-COrg. Lett.2005 7, 1899. VCH: Weinheim, Germany, 2002.
10.1021/ic051751a CCC: $33.50 © 2006 American Chemical Society Inorganic Chemistry, Vol. 45, No. 4, 2006 1585

Published on Web 01/21/2006



solvents. Recently, ionic liquids have been widely used in
organic synthesis/catalysis,'®* DSCs!* the synthesis of
nanomateriald> and many other applications.

To have a better understanding of the solvent properties
of ionic liquids, a series of new ionic liquids have been
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designed and their use in DSCs has been explored. Room-

temperature ionic liquids containing 1,3-dialkylimidazolium
cations are particularly attractive because of their ability to
solvate ionic and molecular species despite being miscible
with organic solvents as well as with other ionic liquids.
Various functionalities are introduced on the alkyl side chains
of imidazolium cations to produce what has been termed
task-specific ionic liquid4%® and the influence of the
functional group on the physicochemical properties of ionic
liguids has been studiéd.

In this study, we introduce the nitrile and vinyl function-
alities into the imidazolium cation and combine the resulting
cations with various anions, including iodide. The properties
of the corresponding ionic liquids in DSCs were studied and
compared to simple alkyl-chain congeners.

Experimental Section

Reagents and ElectrolytesN-Methylbenzimidazole (NMBI)
was purchased from Aldrich and recrystallized from diethyl ether
before use. 3-Methoxypropionitrile (MPN) was obtained from Fluka
and distilled before use. [Ruthenium (4dicarboxylic acid-
2,2 -bipyridine)(4,4-bis(p-hexyloxystyryl)-2,2-bipyridine)]-
[NCS](K-19) was synthesized as reported in our earlier publica-
tion;18 for its structure, see Chart 1. 1-Methyl-3-propylimidazolium
iodide (PMIIY® and 1-methyl-3-propylimidazolium bis[(trifluorom-
ethyl)sulfonyl]imide ([GCs(im)][TFSI])2° were prepared according
to the literature methods, and 400-nm-sized JIffarticles were
received as a gift from CCIC (Japan).

Synthesis and Characterization1-Methyl-3-(3-cyanopropyl)-
imidazolium chloride ([GC3CN(im)]Cl) was prepared according
to a literature methodt IR spectra were recorded on a Perkin-
Elmer FT-IR 2000 system. NMR spectra were measured on a
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Bruker DMX 400, using SiMgfor H and3C NMR as an external
standard at 20C. Electrospray ionization mass spectra (ESI-MS)
were recorded on a ThermoFinnigan LCQ Deca XP Plus quadrupole
ion trap instrument on a sample diluted in methanol based on a
literature protocof? Elemental analysis was carried out at the
Institute of Molecular and Biological Chemistry at the EPFL.
Viscosities were measured with a Brookfield D\ iviscometer

on 0.50 mL of sample. The temperature of the samples was
maintained at 26t 1 °C by means of an external temperature
controller. The measurements were performed in duplicate.

Synthesis of 1-Methyl-3-(3-cyanopropyl)imidazolium lodide,
[C1C3CN(im)]I. A mixture of [C;C3CN(im)]Cl (1.86 g, 0.01 mol)
and Nal (1.80 g, 0.012 mol) in acetone (100 mL) was stirred at
room temperature for 48 h. After filtration and removal of the
solvents, the resulting solid was washed with tetrahydrofuran (3
20 mL) and diethyl ether (% 20 mL) and dried under vacuum for
24 h. The solid was recrystallized from acetone and diethyl ether
(5:1) to give the product. Yield: 2.24 g, 81%. Mp: 68. ESI-MS
(CH3OH): positive ion, 150 ([@CsCN(im)]*); negative ion, 127
([117)- *H NMR (D20): 6 9.30 (s, 1H), 8.20 (s, 1H), 8.15 (s, 1H),
4.96 (t,J(HH) = 6.8 Hz, 2H), 4.54 (s, 3H), 3.20 (B (HH) = 6.9
Hz, 2H), 2.85 (m, 2H)13C NMR (CDCk): ¢ 135.0, 131.2, 120.7,
116.7, 44.7, 33.8, 22.0, 10.1. IR (cAx 3089, 3005 %c—n
aromatic), 2918+c_y aliphatic), 2243 {c=n), 1733, 1628, 1574,
1564 @/c—n). Anal. Calcd for GH12IN3 (%): C, 34.68; H, 4.36; N,
15.16. Found: C, 34.58; H, 4.43; N, 15.20.

Synthesis of 1-Methyl-3-(3-cyanopropyl)imidazolium Bis-
[(trifluoromethyl)sulfonyl]limide, [C 1C3CN(®mM)][TFSI]. [C,Cs-
CN(im)]CI (18.5 g, 0.1 mol) was dissolved in water (50 mL), and
Li[TFSI] (28.7 g, 0.10 mol) was added at room temperature. The
resulting solution was stirred for 30 min. The resulting colorless
hydrophobic liquid was separated and washed with water 80
mL). The product was dried under vacuum for 24 h. Yield: 32.3
g, 75%. ESI-MS (HO, m/2): positive ion, 150 ([CIGCNmim]*);
negative ion, 280 ([TFS1). *H NMR (acetoneds): ¢ 8.99 (s, 1H),
7.48 (s, 1H), 7.38 (s, 1H), 4.25 @(HH) = 6.83 Hz, 2H), 3.81 (s,
3H), 2.55 (t,J(HH) = 6.83 Hz, 2H), 2.25 (tJ(HH) = 6.83 Hz,
2H). 13C NMR (acetoneds): o 136.8, 122.5, 121.6, 118.5, 48.2,
35.8, 25.8, 13.5. IR (cm): 3097, 3007 {c-y aromatic), 2912
(vc—n aliphatic), 2250 %c=n), 1739, 1577 %c=n). Anal. Calcd for

(22) Dyson, P. J.; McIndoe, J. $10rg. Chim. Acta2003 354, 68.
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C1o0H1FeN4O4S, (%): C, 27.91; H, 2.81; N, 13.02. Found: C, 28.92; Table 1. Crystallographic Data for [@sCN(im)]I
H, 2.85; N, 13.10.

formula GH12IN3
Synthesis of 1-Methyl-3-(3-cyanopropyl)imidazolium Dicy- M 277.11

anamide, [G;C3CN(im)][N(CN)]. [C;C3CN(im)]CI (18.5 g, 0.1 TIK] 140(2)
mol) and Na[N(CN}] were mixed in acetone (30 mL) and stirred cryst syst Pti'c“”'c
at room temperature for 48 h. The resulting solution was filtered Zp[zlce group 7.8633(8)
and evaporated under vacuum, and the colorless liquid obtained b[A] 7.9248(8)
was washed with diethyl ether (8 30 mL). Yield: 78%. ESI-MS c[A] 9.0394(6)
(CH3OH): positive ion, 150 ([CIGCNmIm]*"); 82 ([mim]); negative o [deg] 87.382(7)
ion, 66 ([N(CNJ]), 282 (Janion-cation—anion]).*H NMR (CDs- B {ggg} ggggggg
CN): 0 8.64 (s, 1H), 7.44 (s, 1H), 7.40 (s, 1H), 4.20 (t, 2H, NCH \V,[As? 545.40(9)
J=7.08 Hz), 3.83 (s, 3H, NC}J, 2.48 (t, 2H, CHCN, J = 7.12 z 2
Hz), 2.17 (m, 2H, Ch). 13C NMR (CD:CN): ¢ 137.32, 124.75, density [Mg ] 1.687
123.21, 120.42, 119.85, 48.87, 36.78, 26.44, 14.59. IR"{Em ge[fpamnge] ideg] 253; 20 < 2500
3153, 3107 %c-n aromatic) 2233, 2197, 21394=y). Anal. Calcd refins collected 3204
for C1oH12Ne (%): C, 55.54; H, 5.59; N, 38.86. Found: C, 55.38; independent refins 168&(int) = 0.0355]
H, 5.62; N, 39.01. GOF onF? 1.043

final R1, wR2 | > 20(1)] 0.0215, 0.0539

Synthesis of 1-Methyl-3-vinylimidazolium lodide, [C,C=C-
@im)]l. The preparation is similar to that reported previoddly, ) ) ) -
essentially using considerably less methyl iodide. To freshly distilled T/Cl4 @queous solution at 78C for 30 min to facilitate a good
1-vinylimidazole (9.41 g, 0.10 mol) was added methy! iodide (15.60 Mechanical contact between the following printed Tl&yer and
g, 0.11 mol) at ®C. The reaction mixture was stirredrfd h and the conducting glass matrix. Next, a @-thick film of 20-nm-
then brought to room temperature overnight, during which time sized TiQ particles was prlntt_ad on the treated conductlng glass
colorless crystals formed. The mixture was washed three times with @nd further coated by a 4m-thick second layer of 400-nm light-
anhydrous diethyl ether. Yield>99%. Mp: 78°C. scattering anatase particles (CCIC, Japan). For the second I{:\yer,

Synthesis of 1-Methyl-3-vinylimidazolium Bis|(trifluoro- the screen-prlntlng_paste was composeq of 1(_) g_of 400-_nm-5|zed
methyl)sulfonyljimide, [C.C=C(im)][TFSI. To a solution of TiO, sc_atterlng part!cles ah? g of 15-nm-sized Tlelng particles
[C:C=C(im)]I (23.6 g, 0.10 mol) in water (50 mL) was added Li- to obtain a mechanically tough layer. The screen-printed layer was
[TESI] (28.7 g, 0.10 mol) at room temperature, and the reaction 9radually heated to S0 under oxygen and subsequently left for
mixture was strirred for 30 min. The resulting colorless hydrophobic 10 Min for sintering. The layer thickness was determined by an
liquid was washed with water (8 30 mL). The product was dried Alpha-step 200 surface profllometer (Tencor Inst_ruments, San Jose,
in a vacuum for 24 h. Yield: 28.00 g, 72%. ESI-MS (dichlo- CA). After further treatment with 40 mmol 1 TiCly, the layer

romethanem/2): positive ion, 109 ([GC=C(im)]*); negative ion, ~ Was rinsed with water and ethanol.

280 ([TFSIT). *H NMR (acetoneds): 6 7.68 (s, 1H), 7.11 (s, 1H), Device Fabrication. After sintering at 500°C and cooling to
7.04 (s, 1H), 6.91 (m, 1H), 5.42 (m, 1H), 4.99 (m, 1H), 3.88 (s, 80°C, the double-layer-structured Ti@lectrode was dye-coated
3H).23C NMR (acetonitriledg): ¢ 135.1, 128.2, 124.8,115.5,109.1, by immersion into a 0.3 mM solution of K-19 in acetonitrile and

36.0. IR (cnT?): 3159, 31134y aromatic), 29471 aliphatic), tert-butyl alcohol (volume ratio 1:1) [the solution consisted of 300
1660 ¢'c—c). Anal. Calcd for GHoFgN:04S, (%): C, 24.68; H, 2.33;  uM K-19 dye and 75M 3-phenylpropionic acid as a coadsorbent
N, 10.79. Found: C, 25.02; H, 2.35; N, 10.80. in acetonitrile andert-butyl alcohol; volume ratio 1:1], at room

Crystallography. Data collection for the X-ray structure deter- temperature for 12 h and was then assembled with thermally
mination was performed on a KUMA CCD diffractometer system platinized conducting glass electrodes. The electrodes were sepa-
using graphite-monochromated Maxiadiation (0.710 70 A) and rated by a 35¢m-thick Bynel hot-melt ring (DuPont, Wilmington,

a low-temperature devicel[= 140(2) K]. Crystals suitable for DE). The sealing was done by heating the counter electrode to 150
X-ray diffraction studies were obtained from slow diffusion of °C on a hot ring for a few seconds to reduce the effect of
diethyl ether into an acetone solution. Data reduction was performed ©verheating on the photoanode side. The internal space was filled
by CrysAlis RED?* and structure solution and refinement were With electrolytes using a vacuum pump. The electrolyte-injecting
carried out using th&HELX97software packag®. The structure hole made with a sand-ejecting drill on the counter electrode glass
was solved by Patterson methods and successive interpretation ofubstrate was sealed with a Bynel sheet and a thin glass cover with
the difference Fourier maps, followed by full matrix least-squares heating. Electrolyte A contained 0.8 M 1-methyl-3-propylnitrile-
refinement (againsE?. All non-hydrogen atoms were refined —imidazolium iodide, 0.15 M4 0.1 M guanidinium thiocyanate,
anisotropically, and the contribution of the hydrogen atoms, in their @hd 0.5 M NMBI in a MPN solvent. The electrolytes—&
calculated positions, was included in the refinement using a riding contained 0.2 M iodine and 0.5 M NMBI in a mixture of PMII
model. An empirical absorption correction (DELABS)was and [GCCN(m)][TFSI], PMI[TFSI], [C,C:CN(im)][N(CN).], or
applied. Relevant crystallographic data are compiled in Table 1. [C2C=C(m)][TFSI] ionic liquids (13:7, v/v), respectively. The

Preparation of Double-Layer TiO, Electrodes.Fluorine-doped corresponding DSC devices# were fabricated using electrolytes
Sn0» conducting glass was first cleaned in Triton-100 (aqueous A~E. respectively.

solution), washed with ethanol, and treated with a 50 mmdl L Photoelectrochemical MeasurementsA 450-W xenon light
source (Oriel from Newport Instruments, Mountain View, CA) was

(23) Salamone, J. C.; Israel, S. C.; Taylor, P.; Snidert?&@ymer1974 used to give 100 mW cn# (the equivalent of 1.0 sun at AM 1.5)

24) 13,f63é9. . § binad at the surface of the solar cells. The spectral output of the lamp

24) Oxford Diffraction Ltd., M.P., Abingdon OX14 4 RX, U.K., 2003. ; ; : R

(25) Sheldrick, G. M.SHELX-97, Structure Solution and Refinement was match.ed m.the reg.lo.n.Of 35050 nm Wlth the aid of a Schott
Package Universitd Gattingen: Gatingen, Germany, 1997. KG-5 sunlight filter (Piaisions Glas & Optik GmbH, Iserlohn,

(26) Walker, N.; Stuart, DActa Crystallogr 1983 A39, 158. Germany) so as to reduce the mismatch between the simulated and
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true solar spectra to less than 2%. Various incident light intensities
were regulated with neutral wire mesh attenuators. The photocurrent
density-voltage characteristics of the cell under these conditions
were obtained by an external potential bias to the cell, measuring
the generated photocurrent with a Keithley model 2400 digital
source meter (Keithley, Cleveland, OH). This process was fully
automated using Wavemetrics software (http://www.wavemetric-
s.com). A similar data acquisition system was used to control the
incident photon-to-current conversion efficiency (IPCE) measure-
ment. Under full computer control, light from a 300-W xenon lamp
(ILC Technology, Sunnyvale, CA) was focused through a Gemini-
180 double monochromator (Jobin Yvon Ltd., Middlesex, U.K.)
onto the photovoltaic cell under evaluation. The monochromator

Mazille et al.

was incremented through the visible spectrum to generate the IPCE

(1) as defined in the following:
IPCE @) = 124005JA¢) 1)

where/ is the wavelengthJsc is the short-circuit current photo-
current (mA cnT?), and¢ is the incident radiative flux (W ).

Figure 1. lonic liquids used in this study with corresponding viscosity
data (the iodide salt of the [C3CN(im)] cation is omitted because it is a
solid at room temperature).

This curve can be derived from the measured absorption spectrum

of the adsorbed photosensitizer for comparison.

Device Stability. Hermetically sealed cells were used to check
the long-term stability at thermal stress (80) and visible light
soaking. The cells were covered with a polymer film of /50-
thickness (Preservation Equipment Ltd., Norfolk, U.K.), which has
a UV cutoff filter (up to 400 nm), and were illuminated at open
circuit under a Suntest CPS lamp (ATLAS GmbH, Rodgau,
Germnay; 100 mV cm?, 60°C). The cells were taken out, and the
photocurrent densityvoltage curve was measured once a week
for 1000 h.

Results and Discussion

The nitrile-functionalized salt [(C:CN(im)]l was prepared
from the chloride salt by reaction with a slight excess of
Nal in acetone. ThéH and3C NMR spectra of the iodide
[C1CsCN(im)]I were essentially the same as that of the
chloride salt, reported previousty.In the IR spectrum of
[C1CsCN(im)]l, the C=N group absorption is observed at
2243 cntl, the same as that observed in the chloride salt;
however, the absorptions between 2850 and 2900 erare
slightly weaker compared to those observed in the chloride,

Figure 2. Crystal structure of [@C3CN(im)]l. Bond lengths (A) and angles
(deg): NI-C1 1.146(4), N2C5 1.341(4), N2C6 1.379(4), N2C4
1.467(4), N3-C5, 1.324(4), N3-C7 1.376(4), N3-C8 1.464(4), C+C2
1.459(4), C2-C3, 1.526(4); C5N2—C6 108.1(2), C5N2—C4 125.6(3),
C6—N2—C4 126.2(2), C5N3—C7 109.1(3), C5N3—C8 124.6(3), C#
N3—-C8 126.3(3), N+ C1-C2 178.2(3), C+C2-C3 110.8(2).

listed in the caption. The [C;CN(im)]l salt crystallized in
the triclinic system rather than in the orthorhombic system
of the chloride [GC3CN(im)]l, and further crystallographic
details are listed in Table 1. Nevertheless, their bonding
parameters are very similar: the €1 (C=N bond) and
the C6-C7 (C=C bond) distances are 1.146 (4) and 1.349
(5) A, respectively, both comparable with the chloride

presumably because of weaker hydrogen bonding betweerdistances [cf. 1.139(5) and 1.349(3) A, respectively]. The

the imidazolium protons with the iodide (&H---1) compared

to the chloride (G-H---Cl).?t The TFSI and dicyanamide
salts of the 1-methyl-3-(3-cyanopropyl)imidazolium cation
were also prepared via anion exchange, affording liquids at
room temperature. The vinyl-functionalized salt Q==
C(im)][TFSI] was prepared from the iodide salt according
to a slight modification to the literature procedure (see the
Experimental Sectior??

The cation-anion combination of the ionic liquids has
significant effects on their viscosities, a critical parameter
related to the efficiency of DSCs. In Figure 1, the ionic
liquids used in this study are depicted together with their
viscosities.

Crystals of [GC3CN(im)]I suitable for single-crystal X-ray
diffraction were grown by slow diffusion of diethyl ether
into an acetone solution containing the compound. The

N2—C5—N3 angle is 108.5(3) essentially the same as that
observed in [@C3CN(im)]CI [cf. 108.19(15j].%*

The salt [GC;CN(im)]I (electrolyte A) used as an elec-
trolyte in combination with the K-19 dye in a DSC gives an
IPCE that reaches a maximum efficiency of 80% at 540 nm.
Typical photocurrent densityvoltage curves for these cells
under AM 1.5 sunlight illuminations are shown in Figure 3.
The short-circuit photocurrent densitysd, open-circuit
voltage V.o, and fill factor (FF) are 14.82 mA cmi, 740
mV, and 0.66, respectively, yielding an overall energy
conversion efficiencysf) of 7.20%. The overall conversion
efficiency is 8% in low-light irradiations (see Table 2).

Device A showed an excellent light-soaking stability when
subjected to the accelerated experiment in the solar simulator
at 60°C when covered by an ultraviolet-absorbing polymer
film. Following 1000 h of light soaking under these condi-

structure is shown in Figure 2, and key bond parameters aretions, there is a marginal decrease in the device efficiency

1588 Inorganic Chemistry, Vol. 45, No. 4, 2006
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-15 Table 3. DSC Device Efficiencies at Different Incident Light
— - = DarkCurrent Intensitied
_— 1.(_] sun
-10 R electrolyte
w ceemo_mzOlemm B C D E
5 e O Jsc(MA cm™2) 11.04 12.51 12.9 10.78
= Voc (MV) 634 629 668 648
FF 0.706 0.69 0.69 0.743
e T 7 (%) 5.4 5.8 5.9 5.6
. aThe spectral distribution of the xenon lamp simulates air mass 1.5 solar
5 light. 1.0 sun corresponds to 100 mW tirmeasured at 60C.

0.0 0.2

\

Figure 3. Current density-voltage characteristic of DSC device A under
AM 1.5 simulated full sunlight (100 mW cm?) illumination. Cell active
area: 0.158 cfh

Table 2. Detailed Photovoltaic Parameters of DSC Device A at
Different Light Intensitie3

0.1sun 0.5 sun 1.0sun
Jsc(MA cm™2) 1.50 8.34 14.82
Voc (MV) 665 722 740
FF 7 7 . . ) . .
(%) ggg 992 ggg Figure 5. Evolution of the photovoltaic parameter (AM 1.5 full sunlight)

of device E during continued 1.0-sun visible-light soaking at60
aThe spectral distribution of the xenon lamp simulates air mass 1.5 solar
light. 1.0 sun corresponds to 100 mW tin
the introduction of the nitrile functionality on the alkyl chain

has a marginal influence on the device performance. Even
though these ionic liquids have different viscosities at room
temperature, the overall photovoltaic conversion efficiencies
of all of these devices are in the same range, with the
efficiencies being measured at 60.

The DSC device E exhibited excellent photostability when

submitted to an accelerated test in a solar simulator at 100

mW cmi 2. The cells were covered with a 50n-thick layer
Figure 4. Evolution of the photovoltaic parameter (AM 1.5 full sunlighty ~ Of polyester film used as a UV cutoff filter (up to 400 nm).
of device A during continued 1.0-sun visible-light soaking at°60 During light-soaking stability, there is a small drop in the

short-circuit current density (0.55 mA c¥) and open-circuit
(Figure 4) as compared to the initial values. With nearly voltage (20 mV) with an improvement in the FF (5%). As
constant FF values (changes of less than 2% were observedghown in Figure 5, the device photovoltaic conversion
the extraordinary stability is mainly due to the fact that the efficiency retained more than 90% stability of the initial
decrease inv,. was well compensated for by the initial value, even after 35 days under light soaking at60
increase inJs.

The viscosity of dialkylimidazolium iodide ionic liquids  Conclusions
and the inherently high iodide concentration in such elec-
trolytes create an electron-deactivating channel through Inthis paper, we have explored the potential of using ionic
reductive quenching of the exited state of the sensitizer, liquids based on functionalized imidazolium cations as
which hampers the performance of the deviteThese electrolytes or in binary systems in DSCs. Excellent energy
limitations can be overcome using binary ionic liquid conversion efficiencies have been observed, ca. 8% in low-
electrolytes for DSCs, not only reducing the viscosity of the light irradiations with a low-vapor-pressure organic solvent.
electrolyte but also reducing the reductive quenching. Four Furthermore, excellent light-soaking stability was observed
new binary ionic liquid electrolytes were prepared by mixing during 1000 h of aging, indicating quite an extraordinary
PMII with [C1CsCN(@Im)][TFSI] (B), [PMI][TFSI] (C), [C1Co- stability. These nascent studies indicate that there could be
(im)]IN(CN)_] (D), or [C,C=C(im)][TFSI] (E) (volume ratio considerable potential in systematically studying function-
13:7, viv) with a fixed concentration of iodine (0.2 M) and alized ionic liquids as electrolytes (or electrolyte components)
NMB base (0.5 M). The photovoltaic parameters of the in DSCs, and further studies are in progress.
corresponding devices BE with the binary ionic liquid
electrolytes are collected in Table 3. A comparison of the  Acknowledgment. We are grateful to P. Comte for the
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