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Abstract: The syndiotactic and atactic poly (2—N—carbazoylmethyl) styrenes were obtained by a half—titanocene
catalyst and a radical initiator for the investigation of photophysical properties, especially excimer for—
mation. The atactic polymer exhibited only monomer emission, but the syndiotactic polymer showed both
excimer emission and monomer emission resulting from the partial overlapping arrangement of carbazole
pendants. The emission band of syndiotactic polymer was considerably dependent on solution concentration
and temperature, however atactic polymer was independent because the excimer formation of syndiotactic
helical conformation was more favorable than that of the random coil conformation of atactic polymer.
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Introduction

Carbazole and its derivatives have attracted extensive
interest because of their useful photorefractive materials,
photoconductors, light—emitting materials and hole—trans—
porting materials.' ™ Poly (NV—vinylcarbazole) (PVK) has
already played an important role in photocopiers and light
emitting diodes (LEDs).® The carbazole containing polymers
have also proved successful as the hole(charge) —trans—
porting component of photorefractive polymers.7'8 Since these
polymers are easily modified and manufactured, they are
widely used as a hole transporting materials. It is known that
the hole—transporting capability of these polymers is depen—
dent on several factors such as concentration, substituent
and ionization potential of chromospheres. However, the
effect of polymer structure on the hole—transporting capability
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has hardly ever been studied. Uryu et al. observed that the
hole mobility of isotactic poly (2—/N—carbazoylethyl acrylate)
was higher than that of atactic polymer.9

The vinyl polymer containing the carbazole molecules in the
pendant groups, the flexible molecular spacer between the
carbazole groups and the backbone will play an important role
in the conductivities of these polymers. Most investigations
have concentrated on functionalized carbazole at the (3,6),
(2,7) and N—positions.

The photophysical and photochemical properties of PVK
have been widely studied because of PVK had a unique pho—
tophysical property forming two distinct excimers. The
emission bands of PVK consists of three maximum wave—
lengths at 350, 370 and 420 nm due to the excited monomer
state and two distinct excimers, which were a high—energy
excimer and a low—energy excimer, respectively, both in
solution and solid state. The formation of these two excimers
was determined by configuration of vinyl polymer containing
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10-13 . .
The low—energy excimer is formed

carbazole group.
when two carbazole groups have achieved an eclipsed,
sandwich like conformation and the formation of the high—
energy excimer is induced by a partial overlap of two carba—

17 The charge transport occurred by a hopping

zole groups.
mechanism at a conjugated structures whereas PVK is not
a conjugated polymer. Many researchers have devoted studies
to the incorporation of carbazole and its derivatives into con—
jugated polymers as parts of the pendants for improvement
the charge transport ability.18 However, few studies have dealt
with the effect of stereoregular structures on photophysical
properties of vinyl polymer containing the carbazole group.
The excimer formation of syndiotactic polymers containing
carbazole group has never been reported.

This study conducted polymerization of 2—/N—carbazoyl
methyl styrene by using a radical initiator and half titanocene
catalysts, producing the atactic and stereoregular poly (2—
N—carbazoylmethyl) styrene for investigation of excimer
formation. Their emission properties, which are related to the
nature of the excimer formation, were investigated in solution
and film states. This work describes for the first time how
the highly controlled a syndiospecific polymer backbone gives
rise to pendant carbazoyl polymers. The synthesis and
characterization of the different stereoregular poly (2—N—car—
bazoylmethyl) styrene were detailed, and the conformation
of carbazoyl pendants were simulated the optimized geometry
of molecular mechanics for the verification of overlapping
carbazoyl groups.

Experimental

Synthesis of 2- N-Carbazoylmethyl Styrene. 5 g of carbazole
was dissolved in 50 mL of dry dimethylformamide (DMF)
at room temperature and vigorously stirred. In the solution
state, 0.87 g (36 mmol) of sodium hydride (60% dispersion
in mineral oil) added slowly and stirred for 3 hrs. 4—Chloro
methyl styrene (5.5 g, 36 mmol) was added to completely
dissolved solution and stirred at 60 C for 10 hrs. The resulting
solution was poured into 200 mL. NH,Cl aqueous solution,
and aqueous mixture was extracted with chloroform (150 mL
X 3). After evaporation, the residue was recrystallized from
tetrahydrofuran (THF) to give colorless needless.

Yield : 42%, "HNMR (in CDCly) : 5.2, 6.6 (3H, Ar—CHCH>),
5.7 (2H, -N—-CHy—Ar), 7.2, 7.6 (4H, Ar—H), 7.4, 7.5, 8.1 (8H,
Carbazole—H)

Polymerization. Atactic Polymer (Polymer 1): Atactic poly
(2— N—carbazoylmethyl) styrene was obtained by common
radical polymerization with AIBN (0.01 mol%) as an initiator.
The polymerization was carried out in a 250 mL glass reactor

equipped with a magnetic bar. The reactor was back—filled
three times with nitrogen and charged with the required
amount of DMF. At the stipulated temperature of 70 C, the
reaction solution was vigorously stirred after the monomer
and initiator were added. After 2 hrs, the polymerization was
terminated by the addition of methanol. The product was
washed with methanol several times to remove residual
monomer and was further extracted by water vapor with
Soxhlet extractor for 24 hrs. The final product was dried at
60 C in vacuum oven.

Yield : 36%, C NMR (in CDCly) : 144.4, 134.0, 127.1, 124.8
(four main peaks of phenyl), 140.5, 122.9, 120.3, 119.1, 108.9
(five main peaks of carbazole), 46.4 (C1—main chain a—
carbon), 41.0 (C1—main chain f—carbon).

Syndiotactic Polymer(Polymer 2): Syndiotactic poly (2—N—
carbazoylmethyl styrene) was obtained by using half
titanocene catalyst(Cp#TiCl3) and MMAO cocatalyst. The
polymerization was carried out in a 300 mL glass reactor.
The reactor was back—filled three times with nitrogen and
charged with the required amount of toluene. Monomer and
the proper amount of MMAO ([Al]/[Ti] =1000) were added
in this order. Finally pre—diluted half—titanocence catalyst
(Cp*TiCls, 0.4 pmol) in toluene was syringed. The reaction
was kept at 70 C for 24 hrs and terminated by adding 10%
acidified methanol. The polymer was worked up by filtration,
washed three times with fresh methanol and extracted by
water vapor with Soxhlet extractor for 24 hrs. It was dried
at 60 C in a vacuum oven.

Yield : 38%, **C NMR (in CDCl3) : 144.0, 134.3, 127.7, 125.9
(four main peaks of phenyl), 140.5, 122.2, 120.3, 119.3, 108.7
(five main peaks of carbazole), 45.7(C1—main chain a—
carbon), 40.0(C1—main chain f—carbon).

Characterizations. The UV—vis absorption and photolu—
minescence (PL) spectra were measured on JASCO 620V
spectrophotometer and JASCO FP—6500 spectrofluoro—
meter, respectively. The "H NMR and **C NMR spectra were
measured in CDCl3—d containing tetramethylsilane as the
internal standard using an Advance Digital 400 NMR spec—
trometer (Bruker). The weight average molecular weight
(My) and number average molecular weight (14) of the
polymer were evaluated using gel permeation chromato—
graphy (Waters, Alliance 2000, THF, polystyrene universal
calibration) at room temperature.

Molecular Simulation. The bent angle of 2—N—carbazoyl—
methyl styrene monomer and main chain conformation of
syndiotactic and atactic poly (2—N—carbazoylmethyl styrene)
were calculated by using SpartanModel simulation kit. The
optimized geometry of Polymer 1 and 2 were simulated by
using 10 repeating units.
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Results and Discussion

Synthesis and Characterization. Syndiospecific and aspecific
poly (2— N—carbazoylmethyl styrene) were synthesized for
the investigation of the effect of main chain stereoregularity
on fluorescent properties of carbazole containing polymers.
Polymer 1 and 2 were synthesized by a radical initiator
(AIBN) and half—titanocene catalysts (Cp*TiCls), respectively,
and the results are summarized in Table 1.

Syndiotacticity of polymers was calculated from the phenyl
C—1 carbon (5=144.0) according to the literature."

Polymer 1 was readily polymerized under a typical radical
initiator. Polymer 2 was obtained by using a half—titanocene
catalyst, had a fairly high yield. The weight average molecular
weight (M) of Polymer 1 and 2 were 1.4x10"and 11.6x 10",
respectively. The syndiotacticity of Polymer 2 was much
higher than that of Polymer 1.

Fluorescence Emission. Figure 1 showed UV—vis. spectra
Polymer 1 and 2 in film state. Polymer 1 and 2 exhibited
two major absorptions at 30211 and 30120 cm (331 and
332 nm), as well as at 28985 and 28901 cm ' (344 and 345
nm) originated in # — #" transitions of partially conjugated
double bonds due to nitrogen atom, respectively. The shifts
of the phonon side bands (30211~30120 cm ™) of Polymer
1 and 2 are considered to be caused by the locally excited
emissive photons, with C—N band stretching vibration, res—

Table 1. Properties of Polymers

Samples  Catalyst Yield 107X, 107'XM, M,/M, Syndiotacticity
Polymer 1 AIBN  36% 0.9 1.4 1.6 23.5
Polymer 2 Cp«TiCl; 38% 6.4 116 1.8 55.3

Wavelength(nm)

300 350 400 450 500 550 600

—— monomer
—&— polymer 1

30211 cm’’
T~ 30120 c‘m"

—e— polymer 2

Wavenumber, 10° cm™”

Figure 1. UV—vis spectra of 2—/N—carbazoylmethyl styrene
and poly (2— N—carbazoylmethyl styrene); Polymer 1 and 2
(in film states).
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pectively.

It is considered that excimer has been crucial to aspects
of photophysical and photochemical properties. Therefore
vinyl polymers containing excimer —forming molecules such
as polystyrene (PS), poly (/N—vinylcarbazole) (PVK) and poly
(vinylnaphthalene) (PVN), have been widely examined.? %2
The intramolecular excimers were first observed in PS the
most common polymer of this type.m‘z‘q”24

Longworth et al®% have studied the effects of orientation
and tacticity on excimer formation of PS and PVK. They
reported that fluorescence yield increased with increasing
tacticity due to the excimer formation, namely sandwich—
like excimer and partial overlapped excimer. The isotactic
conformation is more favorable for excimer formation than
the atactic conformation.

Polymer 1 and 2 have a relatively extended side chain, in
comparison with molecular structures of PVK and PS, they
have the flexible molecular spacer between the carbazole
groups and main chain. The bent angle between styrene and
carbazole is approximately 113° at the lowest energy as
shown in Scheme 1. The intramolecular interaction between
localized = and delocalized electrons is feasible due to the
flexible, bent molecular spacer between the carbazole groups
and random coil conformation of main chain.”’

The syndiotactic polystyrene (sPS) has the trans—planar
conformation and the 2—1 helical conformation. The chain
periodicities of sPS were 5.5 and 7.7 A%

Polymer 2 is very much alike in configuration to that of
syndiotactic polystyrene (sPS) and has more excimer forming
sites than atactic polymer in concentrated solution and film
state.

The fluorescence emission spectra of Polymer 1 and 2
films are shown in Figure 2. The spectra of both polymers
mainly consist of monomeric emission (Umax=373 and 372
nm for Polymer 1 and 2) and excimer emission (An.x=394
and 393 nm for Polymer 1 and 2). The excimer emission is
considered to result from partial overlapped conformation
of carbazole groups.

Scheme 1. Molecular model of 2—/N—carbazoylmethyl styrene at
the lowest energy.
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Remarkably, the intensity of excimer emission band for
Polymer 2 is much higher than that of monomer emission
band. In the spectrum of Polymer 2, the intensity ratio of
excimer emission(/yx) to intensity of monomeric emission
(/) was higher than that of Polymer 1, as Z£x /4 =0.99 and
0.80, respectively. These results indicated that excimer for—
mation of the syndiotactic conformation got ahead of the ran—
dom atactic conformation. The efficiency of the singlet—

—e— monomer
—o&— polymer 1
—<— polymer 2

PL Intensity, normalized

300 350 400 450 500 550 600
Wavelength(nm)

Figure 2. Fluorescence emission spectra(excited at 330 nm) of
2— N—carbazoylmethyl styrene monomer, Polymer 1 (atactic) and
Polymer 2 (syndiotactic) of film states.

Scheme 2. Simulation results by molecular mechanics showing
the optimized geometry with minimized energy in (a) Polymer
1; (b) Polymer 2.

exciton migration along the polymer chain is also different
with tacticity.11 The syndiotactic conformation was favorable
to form excimer which may be more effective exciton migration
than atactic conformation. In the same vein, the neighboring
carbazole groups in Polymer 2 have a high tendency to form
partial overlap conformation in ground states, whereas
Polymer 1 was hardly observed excimers, as shown by the
simulation results in Scheme 2(a). Because the main chain
and carbazole group are bent, they may not form a sandwich—
like arrangement but a slightly overlapping arrangement of
the carbazole groups. It is considered that electron delocali—
zation may be extended to several carbazole groups in com—
parison with Polymer 1.

Fluorescent emission spectra of Polymer 1 and 2 at various
concentration of methylene chloride solution are shown in
Figure 3. The emission spectra were shifted to long wavelength
with increasing concentration. In dilute solution (low—density),
the spectra of Polymer 1 and 2 showed similar behavior
because excited molecules were brought down the ground

(@) ——— 5x10° mollL
77777 110 mol/L

5%10* mol/lL
== 1%10* mollL
cememe 1X10° moliL

PL Intensity, normalized

300 350 400 450 500 550 600
Wavelength(nm)

5%10° mol/L
————— 110° mol/L
=~ - 5x10™* mollL
== 1%x10* mollL
,,,,,,, 110° mol/L

PL Intensity, normalized
Y

300 350 400 450 500 550 600
Wavelength(nm)

Figure 3. Fluorescence emission spectra (excited at 330 nm)

of Polymer 1(atactic) (a); Polymer 2(syndiotactic) (b) with

various concentrations of methylene chloride solution at room

temperature.
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Figure 4. Fluorescence emission spectra(excited at 330 nm)
with changes of temperature in methylene dichloride (c=5 X
1073M) of (a) Polymer 1 (atactic); (b) Polymer 2 (syndiotactic).

state before they interact with an unexcited molecule to form
an excimer.

On the other hand, spectrum of Polymer 2 was considerably
shifted to the long wavelength and emissions occurred in a
broad spectrum in contrast with Polymer 1 at high concen—
tration. The excimer formation was dependent on interaction
of the neighboring carbazole groups in an excited states, it
was promoted by high monomer density. Namely, intra—/inter—
molecular interaction were very active in film states and
concentrated solution. The excimers are only formed in the
excited states as well as intermolecular interactions are
possible in even ground states. The delocalization of electron
could occur for lots of polymer chain in both ground and excited
states and their emission exhibited in a wide range and shifted
to long wavelength.

Figure 4 shows the dependence of the emission spectra
in methylene chloride solution of Polymer 1 and 2 at elevated
temperature. The emission bands of Polymer 1 and 2 showed
remarkably different at experimental temperature from 10
to 45 C. In both polymers, emission intensity of 368 nm

Eg|H, #3548 A43, 2011

(Bgg) and 372 nm (f72) decreased with increasing tem—
perature, which is monomeric emission. In case of Polymer
2, the emission intensity around 386 nm (Agg) increased at
relatively low temperature though emission intensity of
whole spectra decreased. These phenomena could lead to
a partial overlap excimer which occurred intersystem crossing
and energy transfer by intermolecular collisions at high
temperature.” It is considered that the different emission of
Polymer 1 and 2 may occur the different conformation of
main chain. The main chain conformation of Polymer 1 was
random coil though it had a little syndiotactic property.
Polymer 2 had 2—1 helical conformation so easily formed
excimer by intra—/intermolecular overlap of carbazole sub—
stituent.

Conclusions

Vinyl polymers containing carbazole group were synthe—
sized for investigation of photophysical properties, especially
excimer formation. The sydiotactic and atactic poly (2—/N—
carbazoylmethyl styrene)s were obtained by half—titanocene
catalyst and radical initiator, respectively. Fluorescent emission
was dependant on their conformation of main chain. Atactic
polymer exhibited only monomeric emission, whereas syn—
diotactic polymer showed excimer emission because syn—
diotactic polymer had 2—1 helical conformation so easily
formed excimer by intra—/intermolecular overlapping of car—
bazole substituent. The emission band of syndiotactic polymer
was considerably dependant on solution concentration and
temperature. It is considered that syndiotactic polymer
containing carbazole group uses as hole—transporting material.
The study of their mobility will be conducted henceforth.

Acknowledgment: This research was supported by Kyung—
pook National University Research Fund, 2007.

References

1. H.—J. Knoélker and J. Knéll, Chem. Commun., 1170 (2003).

2. Y. Zhang, Y. Cui, and P. N. Prasad, Phys. Rev., B46, 9900
(1992).

3. J. C. Scott, L. T. Pautmeier, and W. E. Moerner, J. Opt.
Soc. Am., B9, 2059 (1992).

4. K. R. J. Tomas, J. T. Lin, Y.—=T. Tao, and C.—H. Chuen,
Chem. Mater., 14, 3852 (2002).

5. J. Ostraskaite, V. Voska, J. Antulis, V. Gaidelis, V. Jankauskas,
and J. V. Grazulevicius, J. Mater. Chem., 12, 3469 (2002).

6. D. B. Romero, F. Nueesch, T. Benazzi, D. Adés, A. Siove,
and L. Zuppiroli, Adv. Mater., 9, 1158 (1997).

7. J. V. Grazulevicius, P. Strohriegl, J. Pielichowski, and



10.

11.
12.

13.

14.

15.

16.
17.
18.

Intra—/Intermolecular Excimer Emission of Syndiotactic Polystyrene Having Carbazole Substituents

Pielichowski, Prog. Polym. Sci., 28, 1297 (2003).

. Y. Chen, Y. He, F. Wang, H. Chen, and Q. Gong, Folymer,

42,1101 (2001).

. T. Uryu, H. Ohkawa, and R. Oshima, Macromolecules, 20,

712 (1987).

H. Sakai, A. Itaya, H. Masuhara, K. Sasaki, and S. Kawata,
Polymer, 37, 31 (1996).

P. de Sainte Clarie, J. Phys. Chem. B, 110, 7334 (2006).
A. Ttaya, K. Okamoto, and S. Kusabayashi, Buill. Chem. Soc.
Jpn., 49, 2082 (1976).

F. Evers, K. Kobs, R. Memming, and D. R. Terrell, J. Am.
Chem. Soc., 105, 5988 (1983).

H. Shimazu, Y. Kakinoya, K. Takehira, T. Yoshihara, S.
Tobita, Y. Nakamura, and J. Nishimura, Bull. Chem. Soc.
Jpn., 82, 860 (2009).

Y. Itoh, M. Nakada, H. Sotoh, A. Hachimori, and S. E.
Webber, Macromolecules, 26, 1941 (1993).

W. Klépffer, Chem. Phys. Lett., 4, 193 (1969).

W. Klepffer, /. Chem. Phys., 50, 2337 (1969).

K.—M. Yeh, C.—C. Lee, and C. Yun, J. Polym. Sci. Polym.
Chem. Ed., 46, 5180 (2008).

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

319

N. Ishihara, T. Seimiya, M. Kuramoto, and M. Uoi, Macro—
molecules, 19, 2464 (1986).

M. Leibowitz and A. Weinreb, J. Chem. Phys., 46, 4652
(1967).

R. B. Fox, T. R. Price, R. F. Cozzens, and J. R. McDonald, /.
Chem. Phys., 57, 534 (1972).

C. E. Hoyle, T. L. Nemzek, A. Mar, and J. E. Guillet,
Macromolecules, 11, 429 (1978).

S. S. Yanari, F. A. Bovey, and R. Lumry, Nature, 200, 242
(1963).

C. W. Frank and L. A. Harrah, J. Chem. Phys., 61, 1526
(1974).

J. W. Longworth and F. A. Bovey, Biopolymers, 4, 1115
(1966).

J. W. Longworth, Biopolymers, 4, 1131 (1966).

G. Guerra, V. M. Vitalino, C. De Rosa, V. Petraccone, and P.
Corradini, Mcromolecules, 23, 1539 (1990).

A. R. Albunia, P. Musto, and G. Guerra, Polymer, 47, 234
(2006).

Polymer (Korea), Vol. 35, No. 4, 2011




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoM-HM
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicB-HM
    /GothicR-HM
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansB-HM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprB
    /H2gprM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrL
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadlineR-HM
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Extra
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeorimyungjoXB-HM
    /MicrosoftSansSerif
    /MingLiU
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyungjoR-HM
    /NewGulim
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /Arial-BlackItalic
    /ArialUnicodeMS
    /TimesNewRomanMT-ExtraBold
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <>
    /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 (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 807.874]
>> setpagedevice


