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PHOTOPHYSICAL AND PHOTOCHEMICAL PROPERTIES OF HITC
INDOTRICARBOCYANINE DYE MOLECULES IN SOLUTIONS
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Results of studies on the photonics of HITC indotricarbocyanine dye molecules with I ~, Br-, and CIOy counterions
were presented. Introduction of an additional salt (tetrabutylammonium bromide) (1 0’ M) to slightly polar solutions
of the tricarbocyanine dye was shown to cause significant changes in the dye photophysical and photochemical
characteristics. It was concluded based on a comparison of HITC dye photophysical properties with I ~, Br,
and CIlOy4 counterions in slightly polar dichlorobenzene and highly polar EtOH, an analysis of trends in HITC
photobleaching in deoxygenated and air-saturated solutions, and data from femtosecond spectroscopy that the
features of the photophysical and photochemical processes in slightly polar dichlorobenzene were due to superfast
charge transfer in tight ion pairs followed by formation of free radicals.

Keywords: indotricarbocyanine dyes, tight ion pairs, spectral properties, femtosecond transient absorption
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Introduction. Cationic polymethine dyes are widely used as various biological labels [1]. It seemed promising to use
them as photosensitizers for cancer photochemotherapy [2, 3]. The phototoxicity mechanism of this class of compounds goes
beyond a scheme in which tumor cells are damaged exclusively by the formation of singlet oxygen [3]. Indotricarbocyanine
dyes were found to be localized in cancer cells in regions of low dielectric permeability and were present primarily as tight ion
pairs [4, 5]. This circumstance and data that indotricarbocyanine dyes retain their photocytotoxicity under hypoxic conditions
[2] suggested that photo-induced formation of free radicals as a result of charge transfer in the tight ion pairs was the starting
mechanism for cancer cell damage. The occurrence of charge transfer in tight ion pairs with the formation of free radicals
was confirmed by studies of transient absorption spectra of HITC dye with iodide (I") and perchlorate (Cl1O4) counterions
in the slightly polar solvent o-dichlorobenzene (DCB) and polar EtOH [6]. The transient spectrum of the dye in DCB was
interpreted as a superposition of the absorption spectrum from the excited electronic state of the neutral molecules and the
absorption spectrum of free radicals that formed practically instantaneously [6]. The high formation rate of the radicals
(k> 0.6:10"3 sfl) and the rather long lifetime of the S;-state of the studied compound (1.8 ns) were explained by assuming
that rapid phototransfer of an electron from the anion to the HITC dye cation and formation of An" and HITC" free radicals
occurred only for a small part of the (tight) ion pairs.

The spectral properties of identical ion pairs can vary slightly depending on the solvent and can have different
average distances between the ions [7]. Tight ion pairs with various distances between the ions are in dynamic equilibrium in
an actual solution. Such pairs have similar spectral properties but can differ radically with respect to the possibility of electron
transfer. It must be noted that the concept of penetrating ion pairs in which the volume of the ion pair is much less than the
sum of the volumes of its component ions was introduced for polymethine dyes with specific bulky counterions in order to
interpret results from phototransfer of charge in tight ion pairs [8].

Herein we present results from studies of the spectral-kinetic and photochemical properties of HITC dye under
conditions where the ionic equilibrium was shifted toward an increased fraction of tight ion pairs by adding an additional salt
to the solution.
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Experimental. The dye 1,3,1;1',3",3"-hexamethyl-2,2'-indotricarbocyanine (HITC) in three forms with different
counterions (ClOg4, I', and Br") that were designated HITC(ClOy4), HITC(I), and HITC(Br) was studied. The purity of the dyes
was checked by high-performance liquid chromatography (HPLC) and was also confirmed by the fact that their fluorescence
spectra in EtOH were independent of excitation wavelength and their fluorescence excitation spectra were independent of
recording wavelength.

The solvents EtOH and DCB were purified by standard methods [9]. An important factor in choosing the solvents
was their practically identical viscosities at room temperature because the rate constants of intramolecular dissipation of
electronic excitation energy in polymethine dyes depend on the medium viscosity and temperature [10, 11]. The photophysical
properties of these dyes should be compared with identical solution viscosity and temperature-controlled samples.

Fluorescence and fluorescence excitation spectra and the degree of fluorescence polarization were recorded
using a Fluorolog spectrofluorimeter (Spex); electronic absorption spectra, using a PV 1251A (Solar) or Specord M40
spectrophotometer. Fluorescence decay kinetics of the dyes in the nanosecond range were analyzed using a pulsed
spectrofluorometer operating in the Spectroscopy Laboratory of IAPP [12]. The photodestruction quantum yield (®) of the
dyes was determined by the literature method [13]. Solutions were degassed by multiple freeze—thaw cycles using a vacuum
pump (down to 107 Torr).

Luminescence of singlet oxygen near 1270 nm was recorded using an apparatus constructed in the Laboratory of
Molecular Photonics, IP, NAS, Belarus [14]. Radiation from a semiconducting laser with A = 667 nm was used to excite the
dyes. The experimental method was described before in detail [15]. The quantum yield of singlet-oxygen formation y, was
determined by a relative method. The standards were 5,10,15,20-tetrakis(4-N-methylpyridyl)porphyrin in EtOH (y, = 0.77
+ 0.04) [16] and tetraphenylporphine (TPP) in DCB (ya = 0.74 £ 0.05). It is noteworthy that the emission lifetime of singlet
oxygen was determined during the measurements with photosensitization by the standards and experimental compounds. The
singlet-oxygen lifetime in DCB was 60 + 2 ps; in EtOH, 12 £ 1 ps.

Transient absorption spectra were recorded using a femtosecond spectrometer [17] based on a Ti:sapphire original
generator of femtosecond pulses [18] that was pumped synchronously by a pulsed Nd:YAG laser in passive synchronization
mode and negative feedback. This system allowed pulses of length ~150 fs and energies up to 1 mJ to be tuned in the range
760-820 nm at repetition rate 10 Hz. Pulses of the main frequency that were produced at the amplifier output were divided
into two parts with intensity ratio 1:4. The more intense beam passed through a controlled delay line and was used as the
pump pulse. Changes of the optical density of the samples were recorded using a supercontinuum generated in a 1-cm cuvette
with distilled H,O by focusing on it the smaller part of the main frequency pulse. The resulting continuum allowed a probe
signal in the range 350-1000 nm to be formed taking into account the spectral sensitivity of the photomultiplier. Radiation of
the continuum was divided by a semi-transparent mirror into two pulses of identical intensity (reference and signal) that were
focused in the sample using an optical mirror. The reference pulse passed through the cuvette with the test compound before
passage of the exciting pulse. The signal pulse passed through the excited volume with a certain delay relative to the exciting
pulse. Spectra of both pulses for each laser flash were recorded by a system based on a polychromator and CCD-array with
subsequent data processing.

The half-width of the cross-correlation function was ~350 fs for all probe wavelengths. The minimal recorded change
of optical density for each delay-line position with signal averaging over 100 pulses was ~0.5- 107 The dye concentrations
in samples for studies using the femtosecond spectrometer were 4-107%-10> M. Measurements were made in 2-mm cuvettes.
The optical densities of the samples were adjusted to be identical at the excitation wavelength in order to ensure similar
measurement conditions. The energy of the exciting pulses was ~200 pJ with pump beam diameter in the overlap region of
the exciting and probe pulses of 6 mm. Band intensities and shapes of transient absorption spectra before the start and after
the finish of a series of measurements did not differ, which indicated that the compounds were photostable.

Results and Discussion. The studies were carried out in EtOH and DCB for HITC(C1Og4), HITC(I), and HITC(Br),
and also for HITC(Br) with tetrabutylammonium bromide (TBAB) added to the solution. This was done in order to determine
if the ClO4 and I" counterions were displaced from the dye molecules by Br upon adding the additional salt.

It was found that adding TBAB to EtOH solutions of HITC(Br) at concentrations up to 1072 M did not cause
changes in absorption and fluorescence spectra of the dye. The half-width and position of the spectral maxima did not change
(Fig. 1, Table 1). The fluorescence quantum yield and lifetime in addition to the quantum yield of singlet-oxygen generation
and photodestruction also did not change. Therefore, adding TBAB did not affect the photophysical and photochemical
parameters of the dye molecules in EtOH solutions where the dye was found as the free ions.
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Fig. 1. Absorption (1, 2, 5) and fluorescence (3, 4, 6) spectra of HITC(Br) dye in EtOH
(5, 6) and dichlorobenzene (1-4) and with added tetrabutylammonium bromide (10_2 M)
2, 4).

TABLE 1. Photophysical Properties of HITC(Br) Dye in Solutions

SO]VGI‘lt 7\‘?11ax , Nm A7"13/2 , m }"rfnax , M A7\‘1f/2 , M T, 1S Pf @ YA
Dichlorobenzene 768 54 795 45 20 | 042 [1.2-10°]0.7-107
Dichlorobenzene + 10 2 M TBAB | 763 67 791 59 1.6 | 034 |43-10°%|1.1-107
EtOH 742 53 773 48 14 | 028 |47-107|05-1072
EtOH + 102 TBAB 742 53 773 48 14 | 028 |47-107]05-107

Note. AL, is the fluorescence wavelength maximum; ALl , the fluorescence spectrum half-width; Aq.y , the absorption
wavelength maximum; Al , the absorption spectrum half-width; t, the lifetime of the molecules in the first excited singlet
state recorded at the fluorescence spectrum maximum; @, the fluorescence quantum yield; @, the photodestruction quantum
yield; ya, the singlet oxygen generation quantum yield.

Adding TBAB (1072 M) to slightly polar DCB shifted the HITC(Br) absorption spectrum by 5 nm to shorter
wavelength and increased its half-width by 7 nm. The fluorescence spectrum of HITC(Br) shifted upon adding TBAB by 4 nm
to shorter wavelength. The half-width increased by 14 nm. The fluorescence quantum yield of HITC(Br) decreased from 0.42
to 0.34; the fluorescence lifetime, from 2.0 to 1.6 ns. The photodestruction quantum yield increased from 1.2 10%t04.3-107°
whereas the quantum yield of singlet-oxygen formation increased from 0.7 102 to 1.1-1072. The mechanism of singlet-
oxygen generation involved transfer of excitation energy from dye molecules in the triplet state [19]. Thus, the increase by 1.5
times in the yield of 102 formation in DCB upon adding the additional salt was consistent with a corresponding increase in
the yield of HITC molecules in the triplet state. It should be considered that HITC molecules in DCB, in contrast with EtOH,
were found as tight ion pairs [6]. Because the effect of an outer heavy atom on the probability of intersystem crossing depends
on the distance [20-22], the increased formation of HITC(Br) molecules in the triplet state in DCB upon adding TBAB and
the lack of change of this parameter in EtOH provided evidence that the distance between the dye cation and Br anion in the
ion pair in DCB had decreased.

Thus, the recorded substantial changes of photophysical and photochemical properties of HITC in slightly polar
DCB and their lack of change in highly polar EtOH indicated that adding TBAB shifted the dynamic equilibrium to the side
of an increased fraction of ion pairs with closer ions (tight ion pairs).

Adding TBAB (1072 M) to EtOH also did not cause any changes in HITC transient absorption spectra. Adding TBAB
to slightly polar DCB increased the contribution of the band with A;,,x = 736 nm that was due to absorption of free radicals
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Fig. 2. Absorption (1), fluorescence (2), and transient absorption spectra of HITC(Br)
dye in dichlorobenzene (3) and with added tetrabutylammonium bromide (1072 M) (4).

TABLE 2. Photodestruction Quantum Yield of HITC (ClOg4, Br, I') in Dichlorobenzene and EtOH in Air-Saturated and
Deoxygenated Solutions with Photodestruction by 740-nm Radiation

Counterion ClO4 I Br
DCB + 102 M EtOH + 102 M
Solvent DCB EtOH DCB EtOH DCB TBAB EtOH TBAB
%0, 1.6-10° | 13-10°] 32-10° | 14-10° | 12-10°| 43-10° |12-10° 12-10°°
w030, [79-10%72-10%] 89-10° | 74-10®° | 80-10%| 28-107 |[70-107® 6.0-107°

to the total HITC(Br) transient absorption spectrum that was calculated for an identical number of excited molecules (Fig. 2).
As noted above, adding TBAB to the slightly polar solvent also caused the quantum yield and the dye fluorescence lifetime
to decrease. It should be noted that the proportion of the changes agreed approximately with the intensity increase of the new
band. The results indicated that adding the additional salt to dye in the slightly polar solution led to an increased contribution
from charge transfer in the ion pairs that formed free radicals to deactivation of the HITC(Br) excited state.

Radical formation should influence the efficiency of irreversible dye photobleaching. The principal photodestruction
mechanism of cationic polymethine dyes in air-saturated solutions is self-sensitized oxidation by singlet oxygen [19].
Degassing solutions decreases by about two orders of magnitude the quantum yield of dye photodestruction [19], i.e., dye
photodestruction by the self-sensitized oxidation mechanism is substantially decreased in de-oxygenated solutions. The
manifestation of irreversible photobleaching as a result of the interaction of dye molecules with radicals or with the products
of their reaction with the solvent should become more probable because of this. Therefore, the photodestruction quantum
yields of HITC with I', Br, and ClO,4 counterions in air-saturated and de-oxygenated solutions and with added additional
salt that increased the fraction of tight ion pairs in solution were compared.

Table 2 presents the resulting quantum yields of HITC (ClOy4, Br, I) photodestruction in DCB and EtOH in air-
saturated and de-oxygenated solutions for photolysis of samples by radiation with A = 740 nm. Solutions with identical molar
concentrations of the compounds were studied because of the dependence of the photodestruction quantum yield on the dye
concentration.

Photodestruction of dyes with different counterions occurred with identical quantum yields in air-saturated EtOH
solutions. Adding TBAB salt to a solution of HITC(Br) also did not change its value. The quantum yield of photodestruction
of all dyes in de-oxygenated EtOH solutions decreased by more than an order of magnitude. The photodestruction quantum
yields of HITC with different counterions were identical and did not change (within experimental uncertainty) upon adding
TBAB to HITC(Br) solution.

173



The photodestruction quantum yields differed considerably in DCB for air-saturated solutions of dyes with different
counterions, in contrast with highly polar EtOH. The photodestruction quantum yield for HITC(I) was double that of
HITC(ClO4) or HITC(Br). Taking into account the low solution concentrations (~1075 M), the results indicated that the
efficiency of intersystem crossing was substantially higher in the slightly polar solvent for the dye containing iodide anion
than for dye with perchlorate or bromide. Such a correlation was indicative of the manifestation of the heavy-atom effect,
which was possible only for a rather close approach of the anion and the polymethine chain of the dye cation [20-22].

Like in EtOH, degassing dye solutions in slightly polar DCB decreased the dye photodestruction quantum yield by
more than an order of magnitude. However, this parameter was identical for dyes with different counterions, in contrast with
the air-saturated solutions (Table 2). Also, the quantum yield of singlet-oxygen generation in slightly polar DCB was 9% for
HITC(); 0.5%, HITC(ClOy); and 0.7%, HITC(Br), i.e., the values differed by more than an order of magnitude. Because
sensitization of singlet-oxygen formation occurred as a result of transfer of electron excitation energy from HITC molecules
in the triplet state [19], the fact that the photodestruction quantum yield in de-oxygenated DCB was independent of the type
of counterion indicated that the HITC photodestruction mechanism under such conditions was not related to the population
of the molecular triplet state and that self-sensitized oxidation was not a credible process for the de-oxygenated solutions.
In addition, adding TBAB to de-oxygenated solutions of HITC(Br) dye in DCB, in contrast with polar EtOH, increased
significantly (by 3.5 times) its photodestruction quantum yield. As shown above, adding TBAB was accompanied by an
increase of induced absorption in the band due to radicals. This indicated that free radicals that formed by superfast electron
transfer in tight ion pairs played the definitive role in HITC photodestruction in the de-oxygenated slightly polar solution.

Conclusion. A comparison of the photophysical properties of HITC dye with I', Br, and ClO4 counterions in
slightly polar DCB and highly polar EtOH, an analysis of the trends of irreversible photobleaching of HITC in de-oxygenated
and air-saturated solutions, and data from femtosecond spectroscopy led to the conclusion that free radicals formed as a result
of superfast electron transfer upon photoexcitation of tight ion pairs.

REFERENCES

1. P. Fortina, K. Delgrosso, T. Sakazume, R. Santacroce, S. Moutereau, H. J. Su, D. Graves, S. McKenzie, and S. Surrey,
Eur. J. Hum. Genet., 8, 884—-894 (2000).
2. Y. P. Istomin, E. N. Alexandrova, E. A. Zhavrid, M. P. Samtsov, K. N. Kaplevsky, and A. A. Lugovsky, Exp. Oncol.,
28, 80-82 (2000).
3. E.Delaey, F. Van Laar, D. De Vos, A. Kamuhabwa, P. Jacobs, and P. De Witte, J. Photochem. Photobiol., B, 55, 27-36
(2000).
4. E. S. Voropai, M. P. Samtsov, K. N. Kaplevskii, A. A. Lugovskii, and E. N. Aleksandrova, Zh. Prikl. Spektrosk., 71,
166—-172 (2004).
5. M. P. Samtsov, E. S. Voropai, D. G. Mel'nikov, L. S. Lyashenko, A. A. Lugovskii, and Yu. P. Istomin, Zh. Prikl.
Spektrosk., 77, No. 3, 438-444 (2010).
6. M. P. Samtsov, S. A. Tikhomirov, O. V. Buganov, K. N. Kaplevskii, D. G. Melnikov, and L. S. Lyashenko, Zh. Prikl.
Spektrosk., 76, No. 6, 830-838 (2009).
7. C. Reichardt, Solvents and Solvent Effects in Organic Chemistry, 3rd Ed., Verlag GmbH & Co KGaA, Weinheim
(2003), p. 646.
8. S. Chatterjee, P. D. Davis, P. Gottschalk, M. E. Kurz, B. Sauerwein, X. Yang, and G. B. Schuster, J. Am. Chem. Soc.,
112, 6329-6338 (1990).
9. A.J. Gordon and R. A. Ford, A Chemist’s Companion, Wiley-Interscience, New York (1972).
10. S.P. Velsko and R. G. Fleming, Chem. Phys., 65, 59-70 (1982).
11. V. Sundstrom and T. Gillbro, J. Chem. Phys., 86, 1788—1792 (1982).
12. E.S. Voropai, M. P. Samtsov, K. N. Kaplevskii, A. E. Rad'ko, and K. A. Shevchenko, Vestn. Beloruss. Gos. Univ., Ser. 1:
Fiz., Mat., Inf., No. 3, 7-13 (2002).
13. G. O. Bekker, Introduction to the Photochemistry of Organic Compounds [in Russian], Khimiya, Leningrad (1976).
14. A.S. Stashevskii, V. A. Galievskii, and B. M. Dzhagarov, Prib. Metody Izmer., 2, No. 1,25 (2011).
15. K. N. Kaplevskii, M. P. Samtsov, A. S. Stashevskii, V. A. Galievskii, D. S. Tarasov, and E. S. Voropai, Vestn. Beloruss.
Gos. Univ., Ser. 1: Fiz., Mat., Inf., No. 2, 7-11 (2012).
16. P. K. Frederiksen, S. P. Mcllroy, C. B. Nielsen, L. Nikolajsen, E. Skovsen, M. Jorgensen, K. V. Mikkelsen, and P. R.
Ogilby, J. Am. Chem. Soc., 127, 255-269 (2005).

174



17.

18.

19.
20.

21.

22.

A. P. Blokhin, M. F. Gelin, O. V. Buganov, V. A. Dubovskii, S. A. Tikhomirov, and G. B. Tolstorozhev, Zh. Prikl.
Spektrosk., 70, No. 1, 66-72 (2003).

N. A. Borisevich, O. V. Buganov, S. A. Tikhomirov, G. B. Tolstorozhev, and G. L. Shkred, Kvantovaya Elektron., 28,
225-231 (1999).

E. S. Voropai and M. P. Samtsov, Opt. Spektrosk., 62, 64—67 (1987).

V. A. Kuz'min, A. P. Darmanyan, V. I. Shirokova, M. A. Al'perovich, and I. I. Levkoev, Izv. Akad. Nauk SSSR, Ser. Khim.,
3, 581-586 (1978).

A. S. Tatikolov, L. A. Shvedova, N. A. Derevyanko, A. A. Ishchenko, and V. A. Kuzmin, Chem. Phys. Lett., 190, No. 34,
291-297 (1992).

A. V. Odinokov, M. V. Bazilevskii, N. Kh. Petrov, A. K. Chibisov, and M. V. Alfimov, Khim. Vys. Energ., 44, No. 5,
408-414 (2010).

175



	Abstract
	Introduction
	Experimental
	Results and Discussion
	Conclusion
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /MathA
    /MathematicalPi-Six
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


