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A B S T R A C T

ZnO particles synthesized by the microwave-assisted hydrothermal method were sensitized with different
amounts of ionic liquid (IL) 1.3-dimethylimidazolium iodide (MMI.I). The structure of the modified and un-
modified ZnO particles were characterized by X-ray diffraction, Raman spectroscopy, field emission gun-scan-
ning electron microscopy (FEG-SEM), ultraviolet-visible (UV–vis) absorption spectroscopy, photoluminescence
(PL), and photoelectrochemical measurements. While the sensitization of ZnO particles by the ionic liquid does
not change the ZnO phase, it reduces the particle size and converts shallow defects to deep defects. These
changes cause the photocurrent density of the ZnO/IL films to increase significantly from 0.05mA cm−2 for pure
ZnO to 0.52 and 1.24mA cm−2 for the ZnO films containing 20% and 35% by mass of the IL, respectively, at
1.08 V vs. Ag/AgCl. This about 24-fold increase in the photocurrent density of the ZnO/IL35 sample may in-
dicate that the MMI.I IL may be acting as a dye, since it is constituted by an organic part, MMI+. This good
performance presented by this sample indicates that this is a promising material for photoanode in solar cells.

1. Introduction

The environmental impact of the use of fossil fuels has motivated
the research into alternative energy sources. Renewable energies, such
as biofuels [1], fuel cells [2], and solar cells [3], have emerged as
possible solutions to overcome this problem. Among the renewable
energy sources, solar energy must be considered because it is an in-
exhaustible source of both heat and light. Among the electrochemical
energy conversion devices, dye-sensitized solar cells (DSSCs) are a
promising alternative once they are simple to manufacture, in-
expensive, eco-friendly, and display high-energy conversion efficiency
[3]. Generally, DSSCs have photoanodes fabricated with n-type semi-
conducting oxides, such as TiO2, ZnO, and SnO2 [4–6]. In recent years,
ZnO with modulated nanostructured morphology has been intensively
investigated, because its band gap (3.37 eV) [7] is comparable to that of
TiO2, while presenting higher electron mobility (2–3 orders of magni-
tude higher) [8] leading to fast electron transport and consequently
reduced recombination loss [9].

Ionic liquids (ILs) are room temperature molten salts that consist of

aromatic or non-aromatic organic cations that can be combined with
anions. ILs exhibit high chemical and thermal stability, non-volatility,
non-flammability, high ionic conductivity, and a wide electrochemical
window [10,11]. Due to these characteristics, they are proposed to
improve properties in different fields such as non-volatile organic green
solvents [12], environmentally benign separation processes [13], bat-
teries [14], fuel cells [15], supercapacitors [16], and DSSCs [17]. ILs
based on imidazolium cations have been widely used as electrolyte
solvents for DSSCs. However, they have high viscosity as a major
drawback, resulting in small diffusion coefficients of the redox-couple
[18]. An alternative method to overcome this disadvantage is to in-
troduce the IL into a polymer electrolyte.

Latip et al. [19] prepared ionic liquid polymer electrolytes (ILPE)
with poly(1-vinylpyrrolidone-co-vinylacetate), P(VP-co-VAc), copo-
lymer, tetrahexylammonium iodide (THAI) salt, and 1-butyl-3-methy-
limidazolium iodide (BMI.I). The highest ionic conductivity obtained in
this system, at room temperature, has been 1.05mS cm−1, which was
the sample incorporated with 80wt% of BMI.I. In addition, a DSSC built
using this electrolyte displayed a maximum power conversion
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efficiency (h) of 4.93% along with a short circuit current density (Jsc),
open circuit voltage (Voc), and fill factor (FF) of 12.37mA cm−2, 0.69 V,
and 0.58, respectively.

It is important to stress out that the properties of ionic liquids can be
tuned by controlling the structure of cations and anions. From a dif-
ferent point of view, the mechanism of the observer effects on the
performance of modified materials for use in DSSCs has not yet been
fully clarified. Considering these aspects, we report herein the pre-
paration and characterization of ZnO particles with the 1.3-dimethyli-
midazolium iodide (MMI.I) IL incorporated into the oxide in two dif-
ferent proportions for possible solar cell photoanodes application.

2. Material and methods

2.1. Synthesis

ZnO particles were prepared by the microwave assisted hydro-
thermal method. Zinc nitrate (0.03mol L−1) was dissolved in 50ml of
deionized water under constant stirring, followed by the addition of
50ml of KOH solution (2.0 mol L−1). This solution was transferred to a
reactor and heated in a Panasonic® modified microwave oven (Model
MN-S46B), at a frequency of 2450MHz and power of 1050W. The re-
actor was heated to 140 °C, and this temperature was maintained for
32min followed by cooling. The reaction products were washed with
deionized water at pH 7 and then oven-dried for 12 h at 60 °C.

The synthesis of 1.3-dimethylimidazolium iodide ionic liquid was
carried out by the procedure described in the literature [20].

2.2. Electrode preparation

Viscous pastes of ZnO, ZnO/IL20, and ZnO/IL35 were prepared by
mixing 0.0125 g of ZnO with 200 μL of ethanol, or 0.0125 g of ZnO with
20% or 35% by mass of MMI.I IL in 200 μL of ethanol. This mixture was
sonicated for 30min, followed by the addition of 60 μL of deionized
water and sonication for another 30min. The obtained suspensions
were applied onto fluorine-doped tin oxide (FTO) substrates of area
1 cm2, using a micropipette. The films were then allowed to dry in air
for 1 h, and then calcined at 400 °C for 1 h, at heating and cooling rates
of 0.5 °Cmin−1, in order to avoid cracking of the film.

2.3. Material characterization

The films were investigated by X-ray diffraction (XRD), Attenuated
total reflectance Fourier transform infrared spectroscopy (ATR-FTIR),
Raman spectroscopy, thermogravimetric analysis (TGA), field emission
gun-scanning electron microscopy (FEG-SEM), ultraviolet-visible
(UV–vis) absorption spectroscopy, photoluminescence (PL) spectro-
scopy, and photoelectrochemical methods.

XRD patterns were recorded using a Shimadzu XRD 6000 dif-
fractometer, with Cu Kα radiation (λ=0.15406 nm), in the 2θ range
5–120° with 0.02° min−1 increments. Rietveld analysis [21] was per-
formed using the GSAS-EXPGUI software [22,23]. ATR-FTIR spectra
with a Bruker Alpha-P spectrometer in the scanning range
4000–400 cm–1. Raman spectra were recorded at room temperature
using a triple grating JobinYvon T64000 spectrometer equipped with a
liquid nitrogen cooled charge coupled device (CCD). The Raman in-
strument was coupled to a standard Olympus microscope and a col-
lection optics system. The excitation source was a 514.5 nm Ar+ laser
line. The optical power at the sample position was maintained at 5mW.
The scattered light was collected in the backscattering configuration
and the spectra were recorded at a resolution of 2.0 cm−1. Thermo-
gravimetric analysis (TGA) was performed under nitrogen (N2) atmo-
sphere (TA Instruments Q-50 apparatus) in the temperature range
25–850 °C at a heating rate of 10 °Cmin−1. The surface morphology
was studied by FEG-SEM using a ZEISS model 105 DSM940A instru-
ment working at 10 keV. UV–vis absorption spectra were recorded in

the total diffuse reflectance mode on a Cary 5 G (Varian, USA) equip-
ment. PL measurements were obtained in the 350–850 nm range with a
Thermal Jarrel-Ash Monospec 27 cm monochromator and a Hamamatsu
R955 Photomultiplier. The 350.7 nm (2.57 eV) exciting wavelength of a
krypton ion laser (Coherent Innova 200) was used and the output of the
laser was maintained at 500mW, arriving 14mW on the sample.

Photoelectrochemical measurements were carried out in a quartz
glass cell, using an Autolab PGSTAT 302 N instrument, with the three-
electrode configuration composed of the as-prepared samples as
working electrode, Pt foil as counter electrode, and a saturated Ag/AgCl
reference electrode dipped in an acetonitrile solution with 10mM LiI,
1 mM I2, and 0.1 M LiClO4. The light source was simulated sunlight
from a 100W Xenon solar simulator Newport Sol3A ClassAAA. Current
density–voltage (J–V) curves were measured under light and dark with
a scanning rate of 20mV s−1, between 0.8 and 1.6 V.

3. Results and discussion

The polycrystalline nature of the ZnO and sensitized ZnO samples
was evaluated by the XRD patterns and Rietveld refinement analysis.
Fig. 1 shows the XRD patterns of pure and modified ZnO samples.

All the XRD patterns correspond to the hexagonal wurtzite structure
and are in agreement with the Inorganic Crystal Structure Database
card (ICSD card No. 57450) for the pure ZnO phase with space group
P63mc. It can be seen that the addition of ionic liquid do not alter the
crystal phase of ZnO. The obtained values for lattice parameters, unit
cell volume, mean crystallite size, isotropic strain, R weighted (RWP),
and goodness of fit (S) are presented in Table 1. The statistical values
obtained indicate a good quality refinement and are in agreement with
the literature reports [24,25]. From the results, we can observe that
insertion of the IL did not significantly change the lattice parameters of
ZnO. However, a decrease in the average size of the crystallite can be
observed with increasing IL concentration.

ATR-FTIR analyses were performed to study the possible interaction
between MMI.I IL and ZnO particles. Fig. 2(A) shows the ATR-FTIR
spectra of the samples in the 4000–480 cm−1 range. This figure shows
that the ZnO particles shows bands at 480–590 cm−1 that are attributed

Fig. 1. XRD patterns of ZnO (a), ZnO/IL20 (b), and ZnO/IL35 (c) samples.

Table 1
Rietveld refinement results of the pure and sensitized ZnO samples.

Sample Lattice
Parameter (Å)

Cell
volume
V (Å3)

<DX-

ray>(nm)
Strain (%) RWP (%) S

a =
b (Å)

c (Å)

ZnO 3.25 5.21 47.68 76.6 0.467 4.24 1.69
ZnO/IL20 3.25 5.21 47.68 69.0 0.472 4.81 1.98
ZnO/IL35 3.25 5.21 47.67 66.2 0.476 5.10 1.98
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to the metal oxide stretching vibration, which is belonging to ZnO metal
group. The MMI.I spectra show bands in the range of 2800–3200 cm−1

corresponding to CHx stretching region of the pure ILs [26]. The
broadband at 3445 cm−1 is attributed to O-H binding of water from the
air due to the MMI.I IL is very hygroscopic. The bands at 808 cm−1,
1162 cm−1 and 1571 cm−1 are attributed to C-H of aromatic, –N–CH2

and –N–CH3 and, C˭N stretching, respectively [27,28]. The bands in the
range of 480–630 cm−1 refers to [I-] vibrations. The ZnO/IL samples
have the same spectra profile as pure ZnO particles, but it can be seen
that there is an increase in band intensity in the range of 480–585 cm−1

indicating that Zn-I binding may be occurring.
Raman spectroscopy was carried out to analyze any changes in the

lattice vibrations of the ZnO nanostructure upon addition of IL.
Fig. 2(B) displays the Raman spectra of ZnO and ZnO sensitized with IL.
Wurtzite ZnO presents optical phonons at the Γ point of the Brillouin
zone corresponding to the irreducible representation, Γopt = A1 + E1
+ 2E2 + 2B1. The modes A1 and E1 are split into transverse (TO) and
longitudinal optical (LO) phonons, while the E2 modes are non-polar.
The A1 and E1 modes are Raman and infrared active, the E2 modes are
only Raman active, and the B1 modes are Raman and infrared inactive

[29]. The zone center optical mode frequencies lie between about
100 cm−1 and 600 cm−1. The group E1 (LO), A1 (LO), and B1 (high)
modes occurs in the highest frequency range, 550 cm−1 to 600 cm−1.
The groups E2 (high), E1 (TO), and A1 (TO) appear between 370 cm−1

and 440 cm−1. The E2 (low) and the B1 (low) modes appear in the
frequencies 100 cm−1 and 250 cm−1, respectively [30]. Fig. 2(B) shows
a strong and dominant peak at 434 cm−1 for pure ZnO and ZnO/IL
samples, attributed to the lattice vibration of oxygen atoms and mostly
assigned to E2 (high) phonon mode [31]. This peak at 101 cm−1 (E2
low) are characteristic of scattering peaks of the Raman active domi-
nant modes of wurtzite hexagonal ZnO, indicating the excellent quality
of the crystal [29,32]. The peak at 381 cm−1 is attributed to the A1 (TO)
mode [30], while those at 203 and 326 cm−1 can be assigned to the
acoustic phonon overtone and optical phonon overtone with the A1

symmetry [32]. The Raman mode at 569 cm−1 corresponds to the E1
(LO) mode of ZnO [29]. The peak at 661 cm−1 corresponds to addi-
tional vibrational modes associated with defects [33]. It is possible to
observe that the addition of different amounts of ionic liquid does not
change the lattice vibrations of the ZnO nanostructure.

Finally, TG investigation was performed to obtain information re-
garding decomposition temperatures and phase transformations.
Fig. 2(C) shows the TGA curves of ZnO, ZnO/IL20, and ZnO/IL35. The
TG curve of pure ZnO shows four weight loss stages. The first stage, in
the temperature range 50–150 °C, could be due to the general deso-
rption of water, low molecular weight solvents/gases, and other de-
gradation products. The second and third steps, in the range
150–500 °C, showed a loss of 3.1% that could be attributed to the loss of
adsorbed substances on the oxide surface. The fourth stage of mass loss,
at T > 500 °C, could be related to the decomposition of hydro-
carbonated products. However, the ZnO/IL20 and ZnO/IL35 samples
exhibited a mass loss of approximately 0.2% and 0.1%, respectively, in
the range 150–500 °C. These results demonstrate that the composites
are more stable, suggesting that the IL acts as a thermal stabilizer.

Fig. 3 shows the FEG-SEM micrographs of the surface of the FTO,
ZnO, and ZnO/IL samples.

Fig. 3(a) and (b) reveal that the FTO substrate has a dense homo-
geneous microstructure composed of spherical grains. Fig. 3(c) and (d)
show that the surface of the ZnO deposited on the FTO substrate pre-
sents a micro flower-like morphology formed by nanopetals with a
hierarchical structure. These ZnO flower structures present a porous
surface that can be beneficial for applications such as advanced cata-
lysts, gas sensors, and solar cells [34]. When the IL was added to the
ZnO particles, no changes were observed in the micro flower-like
morphology (Fig. 3(e)–(h)); however, the microstructures are observed
to coalesce. In order to determine if the ionic liquid causes changes in
the ZnO particle size, the particle size and thickness of the particles
were calculated. Fig. 4 shows the histograms and the average values of
particles and thickness are listed in Table 2.

The data in Table 2 show that the average values of particle size (I)
and thickness (II) of pure ZnO were 2.65 and 0.036 µm, respectively.
This particle size was similar to the reported values for the same
structure, ~ 3 µm [34]. Upon the addition of IL, the average particle
size decreased to 2.31 and 2.09 µm and the thickness to 0.029 and
0.026 µm for the ZnO/IL20 and ZnO/IL35 samples, respectively. This
decrease in particle size upon the addition of ionic liquid has also been
reported in the literature [35,36].

UV–vis spectroscopic measurements were carried out and the band
gap energy (Eg, eV) of the samples calculated, in order to investigate the
effect of the IL on the optical properties of ZnO (Fig. 5). The Eg of the
samples was calculated by the Kubelka and Munk method [37], using
the equation:

= −αhν A(hν E )g
n

where α is the linear absorption coefficient of the material, hν is the
incident photon energy, A is a proportionality constant related to ma-
terial, Eg is the band gap energy of the semiconductor, and n is a

Fig. 2. ATR-FTIR spectra of ZnO, MMI.I IL, ZnO/IL20 and ZnO/IL35 (A), Raman spectra
of ZnO, ZnO/IL20, and ZnO/IL35 (B) and, TG analysis of ZnO, ZnO/IL20, and ZnO/IL35
(C).
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constant associated with different kinds of electronic transitions
(n=1/2 for a direct allowed transition; n=2 for an indirect allowed
transition). As previously reported, ZnO is an n-type direct band-gap
semiconductor with n= 1/2 [38].

Fig. 5 shows the band gap values for ZnO, IL, ZnO/IL20, and ZnO/
IL35 to be 3.16, 2.30, 3.14, and 3.09 eV, respectively. The Eg values
found for ZnO and ZnO/IL samples were very similar, in agreement
with a crystallographic profile similar to those indicated by XRD results.
The band gap energy is described in the literature as direct electronic

transitions from the maximum-energy states near or inside the valence
band (VB) to minimum-energy states below or inside the conduction
band (CB), in the Brillouin zone [39]. The theoretical band gap for ZnO
powder is 3.3 eV [7,40]. Therefore, these results show that the ZnO
particles synthesized in this work present defects, which introduce in-
termediate levels between the valence band and the conduction band.

Fig. 6 shows the PL spectra of ZnO, ZnO/IL20, and ZnO/IL35 using
an excitation laser with λ=350 nm at room temperature.

The profile of the PL emission band is typical of a multiphoton

Fig. 3. FEG-SEM micrographs of FTO (a)–(b), ZnO (c)–(d), ZnO/IL20 (e)–(f), and ZnO/IL35 (g)–(h).
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process, which involves different states within the band gap [41]. The
PL spectrum of pure ZnO presents a broad band with the emission
maximum centered at λ=619.1 nm (2.0 eV). When the ZnO was doped
with IL, the spectra had emission maxima centered at λ=651.6 nm
(1.90 eV) and λ=653.0 nm (1.89 eV) for ZnO/IL20 and ZnO/IL35,
respectively. To understand the PL properties and the contribution of
each individual peak observed in the samples, we deconvolute these
peaks using Voigt area function of the PickFit program (Fig. 6(b)–(d)).
Pure ZnO spectrum has three components with energies centered at
2.20 (green), 1.97 (orange), and 1.77 eV (red) (Fig. 6(b)), corre-
sponding to singled charged, doubly charged and excess oxygen defects
[42]. Deconvolution analysis shows high percentage of contribution of
the singled charged defects (green region) (42.3%), which could be
related to the existence of shallow defects. These defects can be at-
tributed to the recombination of isolated electrons in the vacancies of
ionized oxygen (V0) with photogenerated holes [43]. The spectra of
ZnO/IL20 and ZnO/IL35 show the contribution of the three compo-
nents located at the same energy values as pure ZnO (Fig. 8(c) and (d));
the deconvolution of these spectra show a shift of the maximum
emission to the low energy region (red), accompanied by a decrease in
the green contribution. Since singled charged oxygen vacancies are
responsible for green emission, its reduction can be related with the
decrease in the number of these vacancies type [44]. Thus, the addition
of ionic liquid in the material decreases the number of oxygen vacancies
and, as consequence, singled charged oxygen vacancies, but the number
of doubly charged oxygen vacancies remains almost unchanged. It has

already been reported in the literature that oxygen vacancies play a
vital role in electrical conductivity of high surface area films, that is, a
material with high concentration of surface defects has consequently
poor electrical conductivity [45]. Therefore, it is expected that the
ZnO/IL samples have best photocurrent density than ZnO, since the
latter has high concentration of surface defects, which are mainly
oxygen vacancies.

The pure and modified ZnO samples were taken in the form of
pellets with diameter 5mm, and then it was investigated how their PL
emission spectra varied with temperature increase using different va-
lues in the range 32–298 K. Fig. 7 shows the PL spectra for the ZnO,
ZnO/IL20, and ZnO/IL35 samples.

The PL spectra at different temperatures for ZnO, ZnO/IL20, and
ZnO/IL35 show a decrease in intensity, red shift in emission energy,
and broadening of the spectra with increasing temperature. At higher
energy values (3.1–3.3 eV), emissions that could be attributed to loca-
lized bound-exciton (BX) recombination [46] were observed. As the
temperature increased, BX recombination decreased rapidly. In the PL
profile at 32 K for ZnO and ZnO/IL35 (Fig. 7(d)), we can differentiate
ten PL peak positions. At 3.37 and 3.42 eV, free excitonic transitions
due to the energy state n= 1(FXA

n=1) and the first excited energy state
n=2 (FXA

n=2), respectively, are observed; these values are close to the
predicted value of the A exciton [47]. The emission peak at 3.34 eV is
assigned to the donor bound exciton, D1XA, and corresponds to A-ex-
citons bound to a shallow donor. The other peaks observed on the lower
energy side at 3.31, 3.24, and 3.17 eV are assigned as longitudinal
optical (LO) replicas of FXA

n=1; they occur due to free exciton transi-
tions as well as bound exciton transitions. The peak corresponding to
donor-acceptor-pair transitions (DAP) was located at 3.20 eV [48,49].
The PL profile of ZnO/IL35 reveals that the peak is broader than that of
ZnO/IL20.

The current density–voltage curves both under illumination and in
the dark were measured for ZnO and ZnO/IL films in acetonitrile so-
lution with 10mM LiI, 1 mM I2, and 0.1 M LiClO4, at a scan rate of 20

Fig. 4. Particle (I) and thickness (II) of ZnO (a), ZnO/IL20 (b), and ZnO/IL35 (c).

Table 2
Standard deviation (SD) of particle size and thickness for all samples.

Sample Particle size (µm) SD Thickness (µm) SD

ZnO 2.65 0.160 0.036 0.004
ZnO/IL20 2.31 0.128 0.029 0.002
ZnO/IL35 2.09 0.104 0.026 0.002
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mV s−1 (Fig. 8(A)).
As shown in Fig. 8(A), compared with the pristine ZnO film, the

photocurrent density of ZnO/IL is significantly higher in both condi-
tions. The photocurrent density in the dark increased from
0.07mA cm−2 for pristine ZnO to 0.16 and 0.40mA cm−2 for ZnO/IL20
and ZnO/IL35, respectively, at 1.08 V vs. Ag/AgCl. On the other hand,
when the films are illuminated by a light source of 100W of Xe, the
photocurrent density increased from 0.05mA cm−2 for pristine ZnO to

0.52 and 1.24mA cm−2 for ZnO/IL20 and ZnO/IL35, respectively, at
1.08 V vs. Ag/AgCl. However, none of the curves show obvious changes
in dark or under illumination. These results demonstrate that the MMI.I
ionic liquid with a band gap energy of 2.30 eV has the potential to form
a solar cell with high current density when combined with an appro-
priate n-type semiconductor, in this case ZnO.

To measure the photoresponse property, the FTO/ZnO/IL electrodes
were tested at 1.08 V vs. Ag/AgCl in the range 0–400 s (Fig. 8(B)).

Fig. 5. Band gap energy of ZnO (a), MMI.I (b), ZnO/IL20 (c), and ZnO/IL35 (d).

Fig. 6. Comparison of intensities of the photoluminescence curves for all samples (a) and the photoluminescence curves and deconvolution of the three peaks for ZnO (b), ZnO/IL20 (c),
and ZnO/IL35 (d).
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As shown in Fig. 8(B), an atypical spike was observed in the pho-
toresponse for both electrodes due to the transient effect in power ex-
citation; the photocurrent then quickly returned to a steady state. This
can be attributed to the fast recombination on the surface of the pho-
toanode resulting from the limited hole-electron pair lifetime and poor
minority carriers [50]. Due to the synergistic effect from doping and
electrocatalyst loading, the FTO/ZnO/IL35 electrode performed better
than the FTO/ZnO/IL20 electrode. The highest value of photocurrent
obtained was 1.3 mA cm−2 for ZnO/IL35. This is higher than that ob-
tained by Liu et al. [51] for a porous ZnO nanosheet with near-rec-
tangular morphology at different annealing temperatures; the transient
photocurrent response of the ITO/ZnO electrodes in on-off cycles,
performed at a standard three-electrode cell, yielded a maximum pho-
tocurrent of 0.55mA for the ZnO calcined at 500 °C, which was ap-
proximately 6 times greater than that of ZnO at 300 °C. This result was
attributed to the more efficient separation of photogenerated electrons
and holes.

Fig. 9 shows the energy band structure of ZnO/IL samples. The
sensitization of ZnO particles by the MMI.I ionic liquid allows the
photogenerated electrons (e-) of IL to inject into the conduction band

Fig. 7. Photoluminescence spectra at different temperatures for ZnO (a), ZnO/IL20 (b), ZnO/IL35 (c), and the PL profile of all samples in the region 3.37–3.13 eV at 32 K (d).

Fig. 8. J–V characteristics of ZnO and ZnO/IL samples, recorded in acetonitrile with 10mM LiI, 1 mM I2, and 0.1M LiClO4 in the dark (dashed lines) and under light (solid lines), and
photoactivation currents measured at a potential of 1.08 V versus Ag/AgCl for FTO/ZnO/IL under Xe light illumination in acetonitrile with 10mM LiI, 1mM I2, and 0.1 M LiClO4.

Fig. 9. Energy band structure of ZnO/IL samples.

L.G. da Trindade et al. Ceramics International 44 (2018) 10393–10401

10399



(CB) of the oxide. The photogenerated holes (h+) of oxide can also be
easily transferred into the valence band (VB) of MMI.I. This process
promotes charge separation.

The results showed that the addition of the 1.3-dimethylimidazo-
lium iodide IL does not alter the crystal phase of ZnO; however, a subtle
reduction in particle size was observed. This reduction can be attributed
to hydrophilic nature and low surface tension of the ionic liquid, which
may accelerate moderate interaction between the ZnO nuclei and I-.
Therefore the nucleation is increased in a faster rate to produce smaller
size particles on the surface of the less coordinating and hydrophilic I-

anion. This interaction between the ZnO nuclei and the IL can lead to
the formation of Zn-I binding, as shown in the ATR-FTIR spectrum, as
well as the MMI.I IL may be acting as a dye, since it is constituted by an
organic part, MMI +. The performance of the MMI.I as a dye seems to
be the most relevant hypothesis, since we have a 24-fold increase in the
photocurrent density for the ZnO/IL35 sample. This result indicates
that the ZnO particles were sensitized by the ionic liquid and, when
radiation is present, the electrons of the IL are excited and it is able to
transfer them to the ZnO conduction band. This good performance
presented by the ZnO/IL 35 sample indicates that this is a promising
material for photoanodes in solar cells.

4. Conclusions

ZnO particles synthesized by the microwave assisted hydrothermal
method were sensitized with 1.3-dimethylimidazolium iodide ionic li-
quid and its photoluminescent and photoelectrochemical properties
were investigated. X-ray diffraction analysis, field emission gun-scan-
ning electron microscopy (FEG-SEM) and photoluminescence (PL)
measurements confirmed the sensitization of the ZnO particles by the
IL, indicating that the ionic liquid acts as a dye on the ZnO particles.
Photoelectrochemical measurements revealed that the particles sensi-
tized with 35% by mass of the MMI.I IL display potential for application
as photoanodes in solar cells.
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