Photostability testing for coumarin-153 doped ZnO thin films
prepared with spin-coating technique

"*Marijana Brankov and 'Kitsakorn Locharoenrat

! Department of Physics, Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand, kitsakorn.lo@kmitl.ac.th

2 Department of Chemistry, Biochemistry and Environmental Protection, Faculty of
Science, University of Novi Sad, Trg Dositeja Obradovica 3, 21000 Novi Sad, Serbia,
marijana.brankov@outlook.com

Received: 28.03.2016

Abstract. The main aim behind the present study is solar cells of increased efficiency
and low cost per unit of power generation, specifically dye-sensitized cells. Their first
component is semiconducting ZnO commonly used to build photovoltaics, which
absorbs sunlight in the ultraviolet region. The second component, the dye
coumarin-153 that absorbs in a lower-energy spectral region, enhances the light
harvesting. We study the optical absorbance and fluorescence for the combination of
coumarin-153 with ZnO nanoparticles, which are prepared in sol-gel films formed
using a simple spin-coating technique for creating a stable photovoltaic.
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1. Introduction

Dye-sensitized solar cells (DSSCs) have been discovered as long ago as in 1991 [1-3]. Owing to
their high efficiency, low cost and easy manufacturing process, they have remained a subject of
numerous studies as an alternative to silicone photovoltaics. DSSC is composed of a metal oxide
film, a photosensitive dye, an electrolyte-hole transporter and a counter electrode. In this system, the
sensitizer, usually a dye, plays a vital role. Since the metal oxides absorb only in the ultraviolet part
of the spectrum, the main function of the dye is to absorb light in the visible and near-infrared
spectral ranges [2, 3].

There is a great need in alternatives to ruthenium-based dyes, which is caused by a high cost of
rare metals, as well as complicated processes of synthesis and purification of the mentioned dyes [2,
4]. On the other hand, organic dyes could be easily synthesized, or even simply extracted from
plants. Their structural modification is feasible with a simple synthesis process, thus enabling one to
tune the positions and the intensities of charge-transfer transitions. Moreover, the organic dyes have
higher molar extinction coefficients, if compared with the ruthenium-based dyes [2, 5].

Among the organic metal-free dyes, the common system is donor—n-bridge—acceptor (D-n-A).
It ensures both efficient transport and separation of charges. The electron donor affects the mole-
cular energy levels and so the absorption spectrum of the molecules. Another role of the elec-
tron-donor component is to modify geometric structure of the molecule and, in this way, to provide
the more efficient charge transfer. A red shift of the absorption is achieved with a m-conjugated
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component of the dye molecule, which influences so called HOMO/LUMO energy levels [1, 6].

Many metal-free organic dyes have demonstrated very promising results in photovoltaic
applications. These are derivatives of coumarin, triphenylamine, carbazole, and indoline [2, 4, 6]. In
particular, coumarin-153 is a derivative of coumarin, with additional electron-donor and
electron-acceptor groups. The electron-donor group lowers significantly the S;.+ and Ty« energies,
while the electron-acceptor group shifts the peaks of optical fluorescence and absorption to longer
wavelengths. Therefore the absorption peak of coumarin-153 is shifted towards 430 nm, while the
same peak for coumarin is known to be located at 365 nm as [7].

There are two aspects stipulating the present work (see Refs. [7-9]). First, ZnO is a material
often used for solar cells because of its good basic optical properties. Second, coumarin-153 has
revealed very promising results in photovoltaic applications when being combined with TiO,. It
would be interesting to verify its combination with ZnO. As a consequence, below we report about
their efficient combination, which is used to enhance the efficiency and stability of sunlight
absorption of ZnO.

2. Experimental

For making sol-gel ZnO/coumarin-153 films, polymethymethacrylate (PMMA) was dissolved in
dichloromethane (DCM). Ethanol solution of coumarin-153 (0.01 mol/dm®) was added, followed by
50 weight % ZnO solution. We prepared different amounts of the components, as presented in
Table 1. ZnO films were made with ethanol instead of coumarin-153 ethanol solution (see Table 2).
Finally, coumarin-153 films were made by mixing PMMA with coumarin-153 ethanol solution,
pure ethanol and DCM, as shown in Table 3. All the mixtures were sonicated in an ultrasonic bath
for 30 min, in order to make homogeneous solutions.

Table 1. Components of our sol-gel ZnO/coumarin-153 films.

PMMA, gm Coumarin-153, pL ZnO solution, pL DCM, pL
0.2 400 117.5 482.5
0.2 400 129.5 470.5
0.2 400 141 459
Table 2. Components of our ZnO films.
PMMA, gm Ethanol, pL. ZnO solution, pL DCM, uL
0.2 400 117.5 482.5
0.2 400 129.5 470.5
0.2 400 141 459
Table 3. Components of our coumarin-153 films.
PMMA, gm Coumarin-153, uL Ethanol, pL DCM, pL
0.2 400 100 500

After drying the samples prepared as described above, we measured the optical absorbance and
fluorescence of our films using the apparatus introduced in Fig. 1 and Fig. 2. White light from a
tungsten lamp shown in Fig. 1 was incident onto a sample placed into a cuvette holder. The
absorbance was detected with a standard spectrophotometer. High-power LEDs, with the excitation
wavelength 398 nm, sent ultraviolet light onto a sample placed in another holder (see Fig. 2). Then
the fluorescence spectra were detected with the same spectrophotometer. As a reference for the
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Fig. 1. Equipment used for measuring optical
absorbance: 1 — spectrophotometer, 2 and 4 —
optical cables, 3 - sample holder, and 5 —
tungsten light source.

Fig. 2. Equipment used for measuring optical
fluorescence: 1 — UVB light source, 2 — sample, and
3 — optical cable connected with spectrophotometer.

absorbance, a film was made by dissolving 0.2 gm PMMA in 500 pL. DCM and 500 pL ethanol. To
examine stability characteristics of our films, we exposed them to ultraviolet (UVB) radiation for
180 min. The conclusions about the stability were derived by measuring and comparing the
fluorescence signals at pre-determined times (20, 50, 80, 110, 140 and 180 min).

3. Results and discussion

ZnO is a semiconducting material commonly used in photovoltaic techniques. It has the bandgap of
about 3.37 eV, which means absorption of light in the ultraviolet range. For ensuring more
economical ways of acquiring energy, the efficiency of this material needs to be enhanced, e.g. with
the aid of dye-sensitization. A dye with lower bandgap energy would absorb light at lower
frequencies, thus transferring electrons into the conductive band of ZnO. In this way much higher
light utilizations are usually reached [1, 7, 10]. Below our main results aimed at solving this problem
will be elucidated, which are based on coumarin-153.

Fig. 3 illustrates the appearance of our coumarin-153, ZnO and mixed coumarin-153/ZnO
films, whereas Fig. 4 shows the absorbance of different amounts of ZnO mixed with 4x107> mol/dm’
of coumarin-153. The first peak located at 370 nm originates from ZnO and the second one, at
420 nm, belongs to coumarin-153. One can see that the total absorbance becomes higher with
increasing ZnO amount.

Fig. 3. Appearance of our coumarin-153 (left), ZnO (middle) and coumarin-153/Zn0O films (right).
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Fig. 4. Absorbance spectra of coumarin-153 mixed with different amounts of ZnO.

Fig. 5 represents the fluorescence of different amounts of ZnO mixed with 4x10° mol/dm’

coumarin-153. Our data shows that the fluorescence intensity is proportional to the amount of ZnO,

which is to be expected.
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Fig. 5. Fluorescence spectra of coumarin-153 mixed with different amounts of ZnO.
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Fig. 6. Fluorescence of our films exposed to UVB irradiation as a function of exposition.
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The data shown in Fig. 6 illustrates the fluorescence of our films as a function of UVB
exposition time. The photostability of pure coumarin-153 films, with no ZnO included, decreases
with increasing ultraviolet radiation time. We have performed the same measurements using several
samples produced with the same method. In all the cases the fluorescence of pure coumarin-153
decreases notably with increasing exposure time. Coumarin-153 shows lower photostability than
coumarin-153 mixed with 100 mg/mL ZnO (a reference sample). In other words, the stability of the
coumarin-153/Zn0O system is efficiently enhanced. Hence, the present study demonstrates that
coumarin-153 doping of ZnO is suitable for building long-lasting photovoltaics.

4. Conclusion

The present study reports the effect of coumarin-153 doping upon the photovoltaic properties of
ZnO. With the goal of creating efficient and stable photovoltaics, we have investigated the effect of
adding coumarin-153 to the ZnO films, which have been prepared using a very simple method of
spin coating. Higher total absorbance of the mixture indicates that coumarin-153 has an important
role in light-harvesting. Here the dye absorbs the light in the lower-frequency region, transferring its
electrons to the conductive band of ZnO and enhancing in this manner the semiconductive activity
of ZnO. The measurements of optical fluorescence of the films as a function of ultraviolet (UVB)
irradiation exposition have revealed that the dye-sensitizing positively influences the stability of the
mixture, when compared with the organic dye alone which is essentially unstable under the UVB
irradiation.
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Anomayia. OcHoeéna mema ybo2o OOCHIONCEHHS NOAA2AE y NIOGUUWEHHI eheKmusHocmi ma
3MeHWeHH] 8apmocmi 8UPOONEHOI eleKmpoeHepeii COHAYHUMU Oamapesmu 8 pPO3PAXyHKY Hd
KIMbKICMb, HANPUKIA0, CeHCUOINI308AHUX OAPEHUKOM KOMIpOK. Ilepuiolo KOMROHEHmMOW yux
Komipok 0y manienpogionuxosuii ZnO, axuili 30e0iibuio20 6UKOPUCTOBYEMbCSL OISl CIBOPEHH L
CoOMsYHUX bamapell | NO2IUHAE COHAYME CGIMILO 6 yabmpagionemosiu obracmi cnekmpa. /pyeoro
KOMNOHeHmo1o 0y8 6apeHuk Kymapun-153, skuil no2iuHae 6 cnekmpanvbHoi 061acmi 3 HUNCHOIO
eHnepeicio. B yiii pobomi mu eusyanu noenunauHa i grayopecyenyiro komoinayii kymapuny-153 3
Hanouacmunkamu ZnO, AKi 6U20MOGIANUCH COb-2ellb MeMOOOM Y 8U2i0i NIiBOK, CPOPMOBAHUX 3d
O00NOMO20I0 MEXHIKU POMAYIUHO20 HAHeCeHHs O/l CMEOPEHHs CMINKO20 (DOmOoeneKmpuyHo20
8I02YKY.
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