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Abstract—The electrolyte for QDSSCs is normally a polysulfide, S*/SZ", redox couple. This couple plays an important
role for the regeneration of quantum dots. This study examined the effects of the electrolyte for CdS/CdSe QDSSCs.
Electrolytes consisting of 1 M Na,S, 2 M S in a methanol and water-mixed solution at a 7 : 3 ratio with or without additives
such as KCI, NaOH, KOH and NaCl were used for QDSSC. The electrolyte with NaOH showed the highest conversion
efficiency, 3.18%. The reasons for the improved photovoltaic characteristics were analyzed using a range of techniques.
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INTRODUCTION

Quantum dot-sensitized solar cells (QDSSCs) are considered an
alternative to dye-sensitized solar cells (DSSCs) which have been
studied extensively over the past two decades owing to the special
characteristics of quantum dots [1-7]. One of the best advantages
of QDSSCs is multiple exciton generation, which can improve the
conversion efficiency by creating additional electron-hole pairs using
excess energy [8]. Other merits include the simply tunable band-
gap by changing the quantum-dot size and high extinction coeffi-
cient [9,10].

Semiconductor quantum dots, such CdS CdSe, Pbs and PbSe, have
been used as alternatives to the dye [11-14]. Among these quantum
dot materials, CdS and CdSe have attracted considerable attention
because of their suitable band gap for efficient charge transfer to
TiO, [15]. On the other hand, CdS, as a sensitizer for QDSSCs, has
light absorption limits owing to its large bandgap. Therefore, CdSe
which has a relatively small bandgap also needs to more absorb a
wider wavelength of light [16].

The working principle of QDSSCs is similar to that of DSSCs.
First, the sensitizers, quantum dots, absorb light and undergo photo-
excitation. The electrons are injected into the conduction band of
TiO,. The quantum dots are regenerated by the redox system, which
itself is regenerated at the counter electrode by the electrons pass-
ing through the load [17-20]. The electrolyte plays an important
role in sensitizer regeneration among this mechanism of QDSSCs.
This means that the electrolyte properties affect the performance of
QDSSCs. The polysulfide S*/S?” was reported to be a suitable redox
couple for stabilizing the quantum dots compared to the others [21-
23].

In this study, the electrolyte components were changed, but Na,S,
S and solvent were the same. The electrolyte elements without addi-
tive contained concentrations of 1 M Na,S, 2 M S and methanol :
water 7 : 3 (v : v), as referred to literature [24]. The role of the Na,S
is the source of S* ions, which is needed for hole recovery, S is a
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source of S?~ ions that helps improve hole recovery, and KOH is
used to enhance the conductivity and mixed solvent overcomes the
high surface tension of water, which makes electrolyte penetration
difficult, and improves the good dissociation ability of water [25].
NaOH, KOH and NaCl were used to enhance the electrolyte per-
formance instead of KCI that is commonly used. The electrolyte
contains only Na,S, and S was also studied for comparison. Other
additives were evaluated to determine if there were other effects on
the QDSSCs performance. The QDSSCs with these five types of
electrolyte characteristics were analyzed.

EXPERIMENTAL PROCEDURES

1. Fabrication of QDSSCs

Cleaned commercial FTO glass (12 €¥/sq., Hartford Glass Co.
Inc.) was used as electrode substrates. An approximately 8 um thick
TiO, nanocrystalline (Ti-Nanoxide HT/SP, Solaronix) layer with a
0.25 cm® active area was deposited using the doctor blade method.
The layer thickness was confirmed by cross sectional scanning elec-
tron microscopy (SEM, S-4800, Hitachi Co.). All chemicals used
to fabricate the sensitizers were purchased from Sigma-Aldrich and
used without further purification. For deposition of quantum dots,
we used successive ionic layer absorption and reaction (SILAR)
method for CdS and chemical bath deposition (CBD) for CdSe.
CdS quantum dots were coated on the TiO, layer by immersing in
the Cd source solution and S source solution by turns at room tem-
perature. The TiO, layer was immersed in a 0.2 M Cd(CH,COO),
aqueous solution for 5 minutes, and washed with water and etha-
nol. Subsequently, the TiO, layers were immersed in a 0.2 M Na,S
aqueous solution for 5 minutes, and washed with water and etha-
nol. These processes comprised a single cycle. Three cycles were
performed to deposit CdS quantum dots on TiO,. CdSe was attached
to TiO,/CdS by CBD method. The photoelectrode was immersed into
a CdSe aqueous solution containing 0.01 M Na,SeSO;, 0.0025 M
Cd(CH,COO), and 0.075 M NH,OH at 90 °C for 30 minutes. The
photoanode was then washed with water and dried. The CuS counter
electrode was deposited on two holes drilled into the FTO glass using
the CBD method. The counter electrode substrate was dipped into
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an aqueous CuS solution containing 0.1 M CuSO,, 1 M thioacetamide
and 0.7 M acetic acid at 90 °C for 30 minutes. The prepared photo-
electrode and counter electrode were sealed with a 50 um hot melt
sealing sheet (SX 1170050, Solaronix). Finally, five different types
of electrolytes consisting of 1 M Na,S and 2 M S in 7 : 3 methanol :
water (v : v) with no (Electrolyte 1) or 0.2 M KCI (Electrolyte 2)
or 0.2 M NaOH (Electrolyte 3) or 0.2 M KOH (Electrolyte 4) or
NaCl (Electrolyte 5) were filled through the drilled holes.
2. Measurements

The surface morphology of the TiO, layers absorbed CdS and
CdSe was examined by SEM with a 15kV accelerating voltage.
The elemental composition of the photoanodes was analyzed by
energy dispersive X-ray spectroscopy (EDS) attached to the SEM
equipment under the same condition. The photovoltaic performance
was measured under 1 sun (100 mW/cm?’) or in the dark using a
solar simulator (Model 2400, Keithley Instrument, Inc.). The inter-
nal resistance was confirmed by electrochemical impedance spec-
troscopy (EIS, SP-150, Biologic SAS) over the frequency range,
10 mHz to 500 kHz. Open circuit voltage decay was measured using
a solar simulator (Model 2400, Keithley instrument, Inc.) by switch-
ing off the light from steady illumination of 1 sun.

RESULTS AND DISCUSSION
Fig. 1 shows these three surface SEM images and the pictures
of these photoelectrodes. Fig. 1(a) presents the TiO,, CdS-depos-

ited TiO, (TiO,/CdS) and CdS and CdSe deposited TiO, (TiO,/CdS/
CdSe) electrodes. The surfaces of the TiO,/CdS and TiO,/CdS/CdSe

$4800 15.0 kV 10.1 mm x 100k SEM

Fig. 1. (a) Photographs of TiO,, TiO,/CdS and TiO,/CdS/CdSe pho-
toanode, FE-SEM images of (b) the bare TiO,, (¢) TiO,/CdS
and (d) TiO,/CdS/CdSe.

changed to yellow and dark red colors after deposition of QDs com-
pared with those of TiO,. The morphology of the TiO, (Fig. 1(b)),
TiO,/CdS (Fig. 1(c)) and TiO,/CdS/CdSe (Fig. 1(d)) surfaces was
examined by SEM. The surface morphology was similar regard-
less of whether the TiO, had been sensitized, because the size of
CdS and CdSe quantum dots was too small to be observed by SEM.
On the other hand, the overall size of the particles of TiO, increased
slightly. These sensitizers deposited on TiO, were predicted to have
a core shell structure. EDS results also revealed the formation of
CdS and CdSe in Table 1. The atomic percentage of Ti and O de-
creased from 32.7% and 67.3% to 26.2% and 66.6%, respectively,
with the concomitant appearance of cadmium (3.2%) and sulfur
(4%) after the deposition of CdS on TiO,. These percentages de-
creased further to 22.7% and 63.2% with further increases in the
atomic percentage of cadmium to 8%. At the same time, the per-
centage of sulfur decreased slightly to 2.5% and the atomic percent
of selenium was 3.5%, confirming the formation of CdSe on TiO,/
Cds.

Table 2 lists the photovoltaic properties of QDSSCs using five
kinds of electrolyte, V., J.., FF and efficiency, and Fig. 2 shows these
photovoltaic properties’ average value with error bars. The efficiency
can be obtained using these values from this equation:

V, . xJ xFF
100 (chmfz/cmz)

The QDSSC using electrolytel indicated lowest photovoltaic per-
formances as compared with others. The existence of additives defi-
nitely improved the photovoltaic properties. These four types of
additives enhanced these properties differently: improving the open
circuit voltage (V,,) or short circuit current (I,.) or fill factor (FF).
The QDSSCs with Electrolyte 2 containing KCl, which is nor-
mally used as an additive for QDSSCs electrolyte, showed highest
J.. The high conductivity led to high J,. but voltage and FF were
relatively low. The QDSSC using Electrolyte 3, which consisted of
1 M Na,S, 2 M S and 0.2 M NaOH in methanol : water 7 : 3 (v : v)

Efficiency (%)=

Table 1. Atomic percent of Ti, O, Cd, S and Se on the surface of
the TiO,, TiO,/CdS and TiO,/CdS/CdSe measured by EDS
with a 15 kV accelerating voltage

Element TiO, TiO,/CdS TiO,/CdS/CdSe
Atomic percent of Ti (%) 32.7 26.2 22.7
Atomic percent of O (%) 67.3 66.6 63.2
Atomic percent of Cd (%) 0 32 8
Atomic percent of S (%) 0 4 2.5
Atomic percent of Se (%) 0 0 35

Table 2. Open circuit voltage (V,.), short circuit currents densities (J,.), fill factor (FF) and conversion efficiency (77) of QDSSCs using

different electrolyte (Electrolyte 1 to 5)

Cell V.. (V) J. (mA/cm?) FF Effciency (%)
Electrolyte 1 0.56+0.004 10.88+0.338 0.45+0.007 2.79+0.070
Electrolyte 2 0.57+0.008 11.76+0.359 0.46+0.002 3.06+0.083
Electrolyte 3 0.59+0.003 11.00+0.351 0.49+0.011 3.18+0.027
Electrolyte 4 0.57+0.004 10.56+£0.142 0.51+0.008 3.05+£0.024
Electrolyte 5 0.57+0.003 11.00+0.110 0.47+0.004 2.95+0.042

Korean J. Chem. Eng.(Vol. 30, No. 11)



2090 S. Park et al.

(a)

:

0528

0.520

0.515 (©)

0.510 0.51
0.506

0,500

0,495 - l
0,480 049
UAE-_ I
0,480

0475
0,470 w%
0.485

0480 0468

0,455
0450 045
0.445 v }
ﬂm:

FF

0436 . ; — .
Electroyle 1 Blectrohie2 Electolyted Eleckonie4 Electlyte §
Electrolyte

227 (b)

Jsc (mAJem?)
8

T

T . T b . T . T
Electrolyte 1 Electrolyts 2 Electrolyte 3 Electrolyte 4 Bectrolyin §
Electrolyte

324 (d) smé
214
30

o}

29+

Efficiency (%)

284 3

274

Electoie 1 Electolyle2 Electolyisd  Electolie4  Electolyte §
Electrolyte

Fig. 2. Photovoltaic properties, (a) V,,, (b) J,., (c) FF and (d) efficiency, of QDSSCs using various electrolytes (Electrolyte 1 to 5) measured

under the 1 sun (100 mW/em?).

solution, showed the highest conversion efficiency, 3.18%, with a
relatively higher V,, and FF. The reasons for improved photovoltaic
properties are discussed with the results of EIS, dark current and
open circuit voltage decay. EIS results with equivalent circuit in Fig. 3
were used to study the kinetics of electrochemical and phtoelectro-
chemical processes occurring in QDSSCs [26,27]. R; which is resis-
tance in the high-frequency range over 500 kHz, is related to ohmic
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Fig. 3. EIS spectra of QDSSCs using various electrolytes (Electro-
Iyte 1 to 5) measured under the 1 sun (100 mW/cm?).
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serial resistances. R, is counter electrode/electrolyte interface resis-
tance, R, is TiO,/CdS/CdSe/electrolyte interface resistance, and
Zw which is overlapped by R, is ion diffusion within the electro-
lyte impedance. The overall charge transport resistances, the sum
of R, R, R, and R, of QDSSCs with Electrolyte 4, Electrolyte
3 and Electrolyte 2 were smaller than those of QDSSC with Elec-
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Fig. 4. Dark current of QDSSCs using various electrolytes (Elec-
trolyte 1 to 5) measured in the dark.
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Fig. 5. The open circuit voltage decay of QDSSCs using various
electrolytes (Electrolyte 1 to 5) with time.

trolyte 1. This indicated that additives were improving electrolyte
diffusion leading to enhancement of charge transport in the QDSSCs.
FF of QDSSC is related to charge transport of electrons at photo-
anode/electrolyte [28]. In other words, QDSSCs using polysulfide
electrolyte with additives improved charge transport of electrons
indicating higher FF. Fig. 4 presents the dark current corresponding
to the recombination of electrons with the electrolyte. The steeper
slope means the more recombination occurs in the QDSSCs result-
ing in lower V,,. [29,30]. From comparing the slopes of dark current
graph, the QDSSC with Electrolyte 3 had lower slopes relatively,
and this affected on higher V,.. For further verification of recombi-
nation mechanism, open circuit voltage was measured in Fig. 5.
The QDSSCs were illuminated to a steady state 1 sun and then open
circuit voltages were measured after abrupt switching off of the light.
The voltage decay with time is inversely proportional to electron
life time according to life time equation [31].

kpTdV, !
ey
Where k;, is the Boltzmann constant (1.38x10% J K™, T is the ab-
solute temperature (298 K), and e is the electronic charge (1.602%
107" C). The rapid decrease of open circuit voltage with time means
short life time of electron caused by more recombination of elec-
trons occurring in the QDSSCs. Therefore, the electron recombina-
tion in the QDSSCs with Electrolyte 3 whose open circuit voltage
showed the slowest decrease was least among QDSSCs with other
electrolytes. And these results correspond with dark current.

CONCLUSION

This study examined the effects of difference electrolytes with
or without various additives for CdS/CdSe QDSSCs. SEM and EDS
revealed the formation of CdS and CdSe. The influences according
to the additives to the electrolyte were not remarkable. On the other
hand, the existence of additives definitely improved the photovol-
taic properties. The QDSSC using Electrolyte 3, which consisted
of 1 M Na,S, 2M S and 0.2 M NaOH in a methanol : water 7 : 3

(v :v) solution, showed the highest conversion efficiency, 3.18%.
QDSSCs using Electrolyte 3 indicated a relatively higher FF due
to the relatively small overall internal resistance, meaning high charge
transport of electrons and highest V,. due to lower recombination
confirmed by dark current and open circuit voltage decay.

ACKNOWLEDGEMENTS

This work was supported by National Research Foundation of
Korea (NRF) grant funded by the Korea government (MEST) (No.
20110014437).

REFERENCES

1. J. B. Sambur and B. A. Parkinson, J. A4m. Chem. Soc., 132, 2130
(2010).

2. O.Niitsoo, S. K. Sarkar, C. Pejoux, S. Riihle, D. Cahen and G Hodes,
J. Photochem. Photobiol. A: Chem., 181, 306 (2006).

3. P. Sudhagar, S. Chandramohan, R. Saravana Kumar, R. Sathyamoor-
thy, C.-H. Hong and Y. . Kang, Phys. Stat. Sol. (a), 208, 474 (2011).

4. X.-Y. Yu, B.-X. Lei, D.-B. Kuang and C.-Y. Su, J. Mater: Chem.,
22, 12058 (2012).

5. M. Seol, H. Kim, Y. Tak and K. Yong, Chem. Commun., 46, 5521
(2010).

6. Q. Shen, A. Yamada, S. Tamura and T. Toyoda, Appl. Phys. Lett.,
97, 123107 (2010).

7. C.Li, L. Yang, J. Xiao, Y.-C. Wu, M. Sendergaard, Ya. Luo, D. Li,
Q. Meng and Bo Brummerstedt [versen, Phys. Chem. Chem. Phys.,
15,8710 (2013).

8. A.J. Nozik, Chem. Phys. Lett., 457, 3 (2008).

9. A. Kongkanand, K. Tvrdy, K. Takechi, M. Kuno and P. V. Kamat,
J. Am. Chem. Soc., 130, 4015 (2008).

10. P. Sudhagar, J. H. Jung, S. Park, R. Sathyamoorthy, H. Ahnand Y. S.
Kang, Electrochim. Acta, 55, 113 (2009).

11. Ch.-Y. Chou, C.-P. Lee, R. Vittal and K.-C. Ho, J. Power Sources,
196, 6595 (2011).

12. 1. Robel, M. Kuno and P. V. Kamat, J. Am. Chem. Soc., 129, 4136
(2007).

13.'Y. Yang, W. Rodriguez-Cérdoba, X. Xiang and T. Lian, Nano Lett.,
12,303 (2012).

14. E. Céanovas, P. Moll, S. A. Jensen, Y. Gao, A. J. Houtepen, L. D. A.
Siebbeles, S. Kinge and M. Bonn, Nano Lett., 11, 5234 (2011).

15. G Zhu, L. Pan, T. Xu and Z. Sun, Appl. Mater: Interfaces, 3, 3146
2011).

16. Y.-L. Lee and Y.-S. Lo, Adv. Funct. Mater., 19, 604 (2009).

17.N. G. Park and K. Kim, Phys., Stat. Sol. (a), 205, 1895 (2008).

18. C. Wang, Z. Jiang, L. Wei, Y. Chen, J. Jiao, M. Eastman and H. Liu,
Nano Energy, 1,440 (2012).

19. X. Yin, W. Que, D. Fei, H. Xie and Z. He, Electrochim. Acta, 99,204
(2013).

20. K.-I. Jang, E. Hong and J. H. Kim, Korean J. Chem. Eng., 30(3),
620 (2013).

21. Q. Zhang, Y. Zhang, S. Huang, X. Huang, Y. Luo, Q. Meng and D.
Li, Electrochem. Commun., 12,327 (2010).

22.J. G Radich, R. Dwyer and P. V. Kamat, J. Phys. Chem. Lett., 2, 2453
2011).

23. P. Sudhagar, E. Ramasamy, W.-H. Cho, J. Lee and Y. S. Kang, Elec-

Korean J. Chem. Eng.(Vol. 30, No. 11)



2092 S. Park et al.

trochem. Commun., 13, 34 (2011).

24. H. Seo, Y. Wang, G Uchida, K. Kamataki, N. Itagaki, K. Koga and
M. Shiratani, Electrochim. Acta, 95, 43 (2013).

25.Y.-L. Lee and C.-H. Chang, J. Power Sources, 185, 584 (2008).

26.N. Koide, A. Islam, Y. Chiba and L. Han, J. Photochem. Photo-
biol. A: Chem., 182,296 (2006).

27.S.-W. Rhee and W. Kwon, Korean J. Chem. Eng., 28(7), 1481
(2011).

November, 2013

28. Y. Chiba, A. Islam, Y. Watanabe, R. Komiya, N. Koide and L. Han,
Japanese J. Appl. Phys., 45, 638 (2006).

29. W. Lee, J. Lee, H. Lee, W. Yi and S.-H. Han, Appl. Phys. Lett., 91,
043515 (2007).

30. N. Li, B. E. Lassiter, R. R. Lunt, G Wei and S. R. Forrest, Appl. Phys.
Lett., 94, 023307 (2009).

31. Z. Liu, M. Miyauchi, T. Uemura, Y. Cui, K. Hara, Z. Hara, Z. Zhao,
K. Sunahara and A. Furube, Appl. Phys. Lett., 96,233107 (2010).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


