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Abstract: Problem statement: Current researches had shotliatthe photostability of a luminescent
solar collector depend on the method of its prefarand type of using dye. This research therefore
aimed at studying the stability of luminescent salallector prepared by sol-gel spin coating method
using Ponceau 2RApproach: The effect of silica matrix on the photostabiléynd fluorescence
properties of Ponceau 2R was investigated in tarhtoncentration using absorption and emission
technigues. The photostability of Ponceau 2R dogmejel samples was also examined through
60 days exposure to sunlighResults: The dye in the solid matrix had absorption andssion
characteristics different from those in the ligsiaution. The transition energy for electrons were
direct allowed transition for all examined concatins and there is no variation in the values of
optical gap Energy (§ by increasing the dye content or exposure tirfi¢® dependence of the
width of the tails of the localized states in thentl gap () on the concentration and exposure
times were also studied. The emission spectranisamples before and after exposure to sunlight
showed that the sample of concentration 0.1 wt% taa highest fluorescent intensity and
fluorescence quantum yiel@onclusion/Recommendations: This study showed that Ponceau 2R
of 0.1 wt% concentration has a good potential fyplization in a luminescent solar collector using
sol-gel techniques.

Key words: Luminescent solar collector, sol-gel, ponceau 2gtjcal gap energy, photostability,
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INTRODUCTION systems (Pettit and Brinker, 1986). The advantajes
the sol-gel process are lower temperature proggssin
Solar energy can be considered to solve the enerdgw cost and the possibility of incorporating organ
problem if appropriate methods are developed tanolecules at low temperature which destroyed in
collect, concentrate and convert solar radiationconventional glass-forming process (Abbas al.,
Luminescent Solar Collectors (LSCs) have been tsed 2005). The silica matrix may be used as a host for
collect and concentrate solar radiation (E&pal., several dyes (Maruszewski, 1999), due to suchnater
2004). They have several advantages over geometrfiroperties as transparency, chemical inertness and
concentrators in that solar tracking is unnecesdmth  mechanical resistance (Laranje al., 2007). The
diffuse and direct radiation are concentrated amsl t advantage of doped thin films rather than bulk dope
heat dissipation problems are reduced (Dekijal., plates is that the luminescence emitted from the th
2009). A luminescent solar concentrator consista of film is trapped in the plate while parasitic losske® to
transparent flat plate containing luminescent plsi  self-absorption and scattering from impurities dzn
such as organic dyes, inorganic phosphors or rgcentreduced (Reisfeldt al., 1994). Among the dyes which
quantum dots (Gallagheet al., 2007). Sunlight is are used in the preparation of luminescent solar
absorbed by luminescent species and then the lsogne  concentrator, the Azo dyes are important colorants
is trapped in the plate by total internal reflestiand constitute the largest class of dyes having extensi
concentrated at the edges of the plate. A solacaelbe application in textiles, papers, leathers, add#jve
chosen to convert the luminescent trapped lighthat foodstuffs and cosmetics (Gnanamaati al., 2005).
edge, as shown in Fig. 1. Many designs are faledcfar ~ Additionally, this type of dye can act as dye lasand
the LSCs, such as doped polymer sheet and sohigel t could be applied in nonlinear optics (Costal., 2004).
films on glass (Bailewt al., 2007). The use of the sol- Within the ensemble of Azo type dyes, one important
gel technique to produce thin glass coating wasiegppp molecule is Ponceau 2R, due to its great photditabi
to develop materials for application in the solaergy and high quantum vyield in fluorescence issian.
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Sunlight spectrophotometer and emission spectra were retorde
on a Jasco FP777 (Japan) spectrofluorometer.

Fl(llxore;i:ent—b Photo cell
! \I/ RESULTSAND DISCUSSION

Optical propertiess The absorption spectra for

Substrate Ponceau 2R in ethanol solution and in sol-gel ftin

are shown in Fig. 3. From Fig. 3 we can see thms, t

Fig. 1: Thin film luminescent solar collector peak wavelength of absorption of Ponceau 2R irdsoli
matrix shows a blue shift from that in the liquickdia.

0 SO;Na This shift of the absorption maximum of the dye mpo

broadening may be attributed to the influence @& th

host on the dye agglomeration (Maruszewski, 1999).
Figure 4 shows that for all the three concentratio

(0.1, 0.15 and 0.2 wt%), are taken for study thapse

H
e incorporation might be caused by solvent effects
induced by the silica matrix (Maruszewski, 1999
H.C N—/—N we notice that the absorption band width of Pon&Ru
is broader in solid matrix than in liquid mediumhi§

SO;Na of the dye’s absorption spectrum is independerthef
concentration over the range examined of dye's
Fig. 2: The molecular structure of Ponceau 2R absorbance. The absorption spectrum of the undoped

silica glass film is also examined as shown in Eg.
Therefore, there is a great interest in the incafon  From Fig. 5 we noticed that the undoped sample is
of this type of dye in a silica matrix. The molemul transparent over range of wavelengths. So that the
structure of Ponceau 2R is shown in Fig. 2. absorption spectrum detected is only from the dye
In this study sol-gel spin coating was used tpare  under examination.
thin films of silica gel doped with Ponceau 2R. The

effect of the silica matrix on the photostabilithda The photostability of Ponceau 2R doped sol-gel: The
fluorescence properties of this dye was studiedriter  photostability of Ponceau 2R in sol-gel thin filmder
to verify the potential use of this kind of dye o8C  outdoor exposure to sunlight at different times was

applications. studied. The results show that, for all examined
concentrations, the optical density of dyes upon
MATERIALSAND METHODS exposure to sunlight is decreased by increasing tim

exposure, Fig. 6. The observed decrease in absmban

The silica-gel samples doped with Ponceau 2Rajue can be attributed to photochemical decomiposit
(Fluka) ~were prepared by hydrolysis andof Ponceau 2R as a result of absorption of thersola
polycondensation of Tetraethylorthosilicate (TEQ®) radiation.
water and ethanol solutions under acidic conditions The kinetics of the photodegradation of Ponceau
The initial solution contained 7 mL of TEOS (Aldni; 2R samples through exposure to sunlight have been
7 mL of ethyl alcohol, 8 mL of water and 1 mL of HC studied by following the change in the intensitytioé
Serving as Catalyst. Ponceau 2R was added to itied in absorption at their absorption maxima. The
solution under magnetic stirring for 1 h at 60°QifT  degradation process was found to obey a first- rorde
films were produced by coating glass slides witk th kinetic equation in which:
above solution by spin coating at a constaeedp
900 rpm. Subsequently, the samples were dried & 60
for 5 min. Plate samples of thicknes®©5 cm) and In—2 =kt (1)
dye concentrations of (0.1, 0.15 and 0.2 wt%) were Ay
prepared in the sol-gel matrix.

The outdoor testing was carried out for 60 daysVWhere:

starting in July in summer of 2006 in National Inge K = The first rate constant
of Laser, Cairo University, Giza, Egypt. The abgiop ~ A.and A = The absorbance at time t = 0 and t =t
spectra were measured with a Perkin-Elmer Lambda 40 respectively
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7: The first-order equation plots for degramatof
various concentrations of Ponceau 2R in sol-gel
glass film upon exposure to sunlight

Table 1: The optical parametersg(Bnd E) and specific rate of

degradation for Ponceau 2R samples in sol-gel dimss
before and after exposure to sunlight
Concentration ~ Exposure E, °E, Kkx10?
(Wt%) time (day) (eV) (eV) (h™
0.10 0 2.05 0.08 0.07
60 2.05 0.07
0.15 0 2.05 0.11 0.11
60 2.05 0.08
0.20 0 2.05 0.14 0.13
60 2.05 0.11

300 400 500 600 700

Wavelength (nm)

The absorption spectra of undoped siliasg|
film

(@)

The first-order rate equation plots Iny(A;) Vs t

for degradation of Ponceau 2R samples are given i(w) = 2301’%

Fig. 7.

From the slope of these curves the rate of

photodegradation was calculated and listed in Téble
The lower degradation rate of concentration 0.1 wtog/Vhere:

refers to the possibility of using this concentratito
prepare some solar collectors.

X
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& The optical band gap enerdy; Urbach energy®: Specific rate
constant

For thin film materials the absorption coefficient
at angular frequencywj of radiation can be

calculated using the formula (Mansour, 2004):

@)

= The sample thickness
A = The optical absorbance



Energy Rec. J. 1 (1): 36-41, 2010

At high absorption levels the optical gap energy =~ The dependence of the absorption coefficient on
(Eg) of the system related to the absorption coefficie the photon Energy (E) follows the Urbach rule

by (Mansour, 2004): (Mansour, 2004):
ae=(E-E)' @  a(hv) = ag(hv) exp(E/E) (@)
Where: Where:
ere._ D d the t ition t 0, = A constant
E _ Tﬁpen son f_e r_gn5|t|o;1 type E, = The energy width of the tail of the localized
B € energy ot incident photon state in the forbidden band gap
Ey = The optical gap

Figure 9 presents the Urbach plot ofdpfrersus

2

The pIc_)ts of ¢E) V_ersus thle ph_oton Ene_rgy (E) Vs photon Energy (E) for different concentrations o
showed a linear behavior for n %, Fig. 8. This &@n  ,5qceqy 2R. The values of Bere estimated from the
taken as evidence that direct transitions occuired slopes of the linear portions of these curves @ted in
these systems (Mansour, 2004). Thevglues of the  Taple 1. The high value of &t large dye content may

investigated samples were determined from theye attributed to a certain structure occurring e t
extrapolation of the straight line to zero photoe®y  system.

and are listed in Table 1. These values indica&t th The dependence quE)z and/or |n(x) on the

there is no significant variation in the opticahbagap  photon energy (E) for our samples after exposure to
by increasing the dye content or exposure time Whic sunlight were also studied. The results are sunzedri

refers to the high stability of this dye. and listed in Table 1. These data show that trerei
25 _ variation in the values of by increasing exposure

0.2 w% A times up to 60 days. The values gfvizere found to be

@k | ‘ lower than those for the samples before exposuseito

light. This may be attributed to the nature of dye
structure. From the above results we can say tiet t
Ponceau 2R dye concentrators system has a higher
stability for sunlight compared with the other gyat
(Abbaset al., 2005).

(al’)? (eVem 'y

Fluorescence properties. In order to give more
5 information on the efficiency of the solar collexstdor
Photon energy (V) ' ) our investigated samples the fluorescence proseotie
these LSCs were investigated. Figure 10 shows the
Fig. 8: The dependence ofE)’ on photon energy for electronic emission spectra for Ponceau 2R in elhan
various concentrations of Ponceau 2R in sol-gebolution and sol-gel matrix at excitation waveldngt
glass films 490 and 453 nm, respectively. In the case of solid
matrix, the emission spectra presented a red #hift
longer wavelength if compared to the dye hmaabl.

35 o 0.1wt%
o 0.15wt%
A 02wt%

—— Ethanol emission

Sol-gel emission

In(ex)
Fluorescent intensity (a.u)

1.91 205 2.19
Photon energy (eV) 500 550 600 650 700

Wavelength (nm)

Fig. 9: The variation of Im() Vs photon energy for )
various concentrations of Ponceau 2R in sol-gefig. 10: The fluorescent spectra of Ponceau 2R in
glass films ethanol and the doped sol-gel glass film
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liquid medium. This may be due to the difference in
environment between solid matrix and solution
(Sukumaran and Ramalingam, 2006). Also we notice
that, increasing the concentration of Ponceau 2R wa
accompanied by an increase in the Stokes shifts Thi
indicates low self-absorption of emitted radiatiby
dye molecules.
The fluorescence quantum yield {(Qfor the
investigated samples were measured relative to
650 660 670 680 690 700 70 720 730 fluorescein dye as a standard material{@.9) before
Wavelength (nm) exposure to sunlight and calculated using relaligns
(Reda, 2007):
Fig. 11: The fluorescent spectra for various
concentrations of Ponceau 2R in sol-gel glass

0.1wt% before
0.15 wt% before
0.2wt% before
0.1wt% after
—().15 wt% after
0.2wt% after

Fluorescent intensity (a.u)

2
films before and after exposure to sunlight Q = Q. x e XMX(MJ (5)
X . aSam A ref n ref
Table 2: The Stokes shif\f) and fluorescence Quantum yield\Q
for Ponceau 2R samples in ethanol solution ancdhyal
films Where:
Exposure  aps PN em M Asamand Aes = The areas under the fluorescence
Samples time (day) (nm) (nm) (nm) : Q spectrum
0.10 0 485 682 197 017 a,nand & = The absorbance at  excitation
60 485 682 197
wavelength
0.15 0 485 693 208 0.20 L
60 485 693 208 nsamand R = The refractive indices of the solvent
0.20 0 485 702 217 0.08 and reference respectively
60 485 702 217
In ethanol - 502 580 78 0.50

; The results obtained are listed in Table 2. Table
solution

reveals that the fluorescence quantum yield ofdye
in the solid matrix is less than that in the liquid
This can be explained on the basis of medium gglari medium. This decrease in the quantum yield may be
(Hungerfordet al., 1999). The silica-gel glass is a porousdue to the re-absorption process. Also a chromaphor
solid, with a pore shape similar to an ink bottidich  dissolved in a solid matrix is always influenced ity
restricts the evaporation of the solvent (Ablmhsal., host. Hence, the properties of a chromophore iola s
2005). Owing to the uncompleted evaporation ofgel matrix, when excited may be affected by its
ethanol the dye molecule stated to interact with th interaction with the silica during the deactivatigmocess
ethanol. Moreover, these pores are richer in isdl@H  (Sukumaran and Ramalingam, 2006). It was also eotic
groups (Abbaset al., 2005). Thus the environment that the sample of concentration (0.1 wt%) has the
inside a pore is polar than in ethanol. This exgavhy  highest fluorescent intensity and fluorescence tuman
the fluorescence peak position of Ponceau 2R ia at yield. Therefore, this concentration has been sedefor
longer wavelength than ethanol solution. A change i field performance of luminescent solar collectors.
the intensity of the fluorescent peak is also olesgr The fluorescent properties of our samples after
suggesting that only one form of the dye existshem  exposure to sunlight for 60 days were also studied
solid host and ethanol. The fluorescence spectmm f shown in Fig. 11. It was found that the fluorescent
sol-gel doped samples displays a shift to longeintensity decreased as the exposure time incrdédss.
wavelength with increasing concentration, Fig. The  may be attributed to the degradation of the dye tdue
origin of the shift has been attributed to aggregat absorption of solar radiation. The fluorescent
formation (Hungerfordtt al., 1999), in which a greater parameters of the Ponceau 2R after exposure t@htnl
number of dye molecules have to occupy a moreasilic for 60 days at different concentrations were also
like environment. calculated and tabulated in Table 2. It was foumat t
The Stokes shift \), which is the difference there was no variation in the values of Stokest shif
between the wavelength at which the absorption anwhich reflects that there was only one form of dye
emission maxima was observed, was calculated angnd indicates its high stability (Hungerforet al.,
listed in Table 2. It was observed that the Stateft of  1999). Therefore these samples can be selectdidlfr
the Ponceau 2R in solid matrix is more than thahen performance of fluorescent solar collectors.

40
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CONCLUSION Debije, M.G., J.P. Teunissen, M.J. Kastelijn and
L . . ) P.P.C. Verbuntet al., 2009. The effect of a
Thin-films containing Ponceau 2R with different scatterung layer on the edge output of a

concentrations have been prepared by sol-gel spin |yminescent solar concentrator. Solar Energy

coating and investigated by spectroscopic techsique  paterial and Solar Cells, 93: 1345-1350. DOI:
The absorption spectra of the dye doped sol-gepkem 10.1016/j.s0lmat.2009.02.013.

differ from those obtained from liquid solution. &h garp A A, G.B. Smith, J. Franklin and P. Swa604.
observed changes upon incorporation in solid matrix Optimization of a three-color luminescent solar

may be attributed to the influence of the hostlendye trator davlighti t Solar E
agglomeration. The photostability of Ponceau 2Redop Kﬂoé;g?n raS(z)rIar aycl:gensmg 531/5 er2.11_4022r Bglgy
sol-gel silica samples through 60 days exposure to 10.10i6/j.solmat.2004.62.04é. ' '

sunlight were studied. It was found that the
concentration 0.1 wt% has the lowest degradatitm ra Gallgguf;enrt,urﬁ.laol?. é\lo?;tf A cgrr:geri.rgt'orga mlgféctfiggr

-er::Sr Ob;g'rnglde ci?j#gsarseug;?gi: ;:(S)Svggaﬁatr?s?titmlnsnl efficiencies and comparative concentrating factors
9 of fabricated devices. Solar Energy, 81: 540-547.

n = 1/2 for al:1 exan?ined c;)ncer)tra}tions. There cbsbn DOI: 10.1016/j.s0lener.2006.09.011

variation in the values of optical gap energy by s ' ; T .
increasing the dye content and exposure times,ewhiIGnalgamgr?" '3‘ kM' Bh?jskgr, Sek R&](;anezs(;%%ev
the values of the tail width of the localized staite the E. a? rasedar r‘;’m . I' et ?r X "f I'd"
band gap vary with concentrations of the dye and nzyma |C2Ran dC en|1|ca_ ca:\y&sd 0 Xyll med
exposure times. The florescence spectra of PornzRau ponceau and eva uatpn of products re easg '
in solid matrix show a red shift compared with siolo Process B|oc_hem., 40. 3497-3504. DO
due to the polar nature of the silica pore. The 10.1016/].procb|0.20Q5.03.053 .
fluorescence spectrum for sol-gel doped samplewshoHungerford'. G., K. Suhling and J.A. Ferre|ra,.1999.
also a dramatic red shift with increasing dye Compar_lson of th.e fluorescence be_hawor of
concentration due to aggregate formation. The sampl ~ fhodamine  6G in bulk —and thin film
of concentration 0.1 W% has the highest fluorescen tetraethylorthosmcat_e derived sol-gel matrices. J
intensity and fluorescence quantum yield. Therefore ~ Photochem. Photobiol. Chem., 129: 71-80.

this concentration has been selected for field-aranjo, M.T., V. Stefani, E.V. Benvenutti, T.M.iCosta

performance of luminescent solar collectors. Socae and G.D.O. Rammingeet al., 2007. Synthesis of
say that our study is useful in preparing luminesce ormosil  silica/rhodamine 6G: Powders and
solar collector of this dye using silica ge' Compacts._ J. NOﬂ—CryStaL SO“dS, 353: 24-30. DOI:
10.1016/j.jnoncrysol.2006.09.029
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