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Abstract

Three polyfluorene derivatives (P1YP3) emitting blue, green and red light were prepared via a Suzuki coupling method.

Polyhedral oligomeric silsesquioxanes (POSS) were integrated into the center core of the derivatives to create stellar

light-emitting polymers (POSS-P1YPOSS-P3). The glass-transition and decomposition temperatures were raised after

introducing POSS moieties. The starlike polymers showed a reduced emissive band at 540 nm when annealing at 200 -C.

The result implies that integrated POSS at the center core suppresses the keto effect generally occurring for polyfluorenes.

Double-layer light-emitting devices of indium tin oxide/poly(ethylenedioxythiophene)/polymer/Ca/Al were fabricated to

evaluate polymer potential. Compared with pristine polymers, the maximum brightness and the current efficiency of

devices using POSS-containing polymers as active layers were enhanced. A blending method using P1 or POSS-P1 as the

host matrix further improved device performance.

Introduction

Since the first report on polymer light-emitting diodes [1],

a number of p-conjugated polymers have been intensively

investigated in order to fabricate devices for industrial

applications [2Y4]. Poly( p-phenylene vinylene) has been

widely used in recent years owing to its particular structure

and highly electroluminescent properties [5]. However,

pure blue and red emissive colors are difficult to achieve

with PPV derivatives. Polythiophene derivatives show a

wide emission from the blue to red region, yet the

luminescence and efficiency are not elevated. Polyfluorene

(PF) has been studied extensively of late because of its blue

emission. The versatility of the emissive light obtained by

copolymerizing PFs with different chromophores makes

PFs good candidates for light-emitting applications [6Y8].

The liquid-crystalline nature of most PFs can also be

practically applied to polarized light emission [9].

Although PFs serve as excellent materials for light-

emitting applications, the so-called keto effect occurs with

alkyl chains at the C-9 position [10, 11]. The keto defect

sites form at high temperatures or during long-term

operation. The formation of fluorenone produces an

additional emission band at longer wavelengths and

changes the emissive color of the original PF. The

aggregate/excimer formation also reduces device perfor-

mance. Several modifications were proposed to reduce

aggregation and the keto effect. The introduction of a spiro

structure at the C-9 position is an effective design to

suppress keto defects [12]. Recently polyhedral oligomeric

silsesquioxanes (POSS) were incorporated into PFs to

reduce aggregation as well as to enhance thermal stability

[13Y15].

In this study, three PF derivatives emitting blue, green

and red light were synthesized. Incorporation of POSS into

the center core links PFs, causing them to form starlike

polymers. The synthesized materials were used as active

layers in double-layer devices to evaluate their electro-

optical properties. Finally, the blending method was also

applied to further enhance the device performance.

Experimental

Characterization methods

1H-NMR spectra were measured with a Varian 300-MHz

spectrometer. Gel permeation chromatography data assem-

bled from a Viscotek T50A differential viscometer and an

LR125 laser refractometer and three columns in series

were used to measure the molecular weights of polymers

relative to polystyrene standards at 35 -C. IR spectra were

obtained by using a PerkinElmer Spectrum One spectro-

photometer in the range 400Y4,000 cmj1. Wide-angle X-

ray diffraction was performed with a BEDE D1 instrument.

Differential scanning calorimetry (DSC) was performed

using a PerkinElmer Pyris Diamond DSC instrument at a

heating rate of 10 -C minj1 and a cooling rate of 50 -C
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minj1. Thermal gravimetric analysis (TGA) was undertak-

en with a PerkinElmer Pyris 1 TGA instrument with a

heating rate of 10 -C minj1. UVYvis absorption spectra

were obtained with an HP 8453 diode-array spectropho-

tometer. Photoluminescence (PL) emission spectra were

obtained using an ARC SpectraPro-150 luminescence

spectrometer. Cyclic voltammetric measurements were

made with an Autolab ADC 164 instrument in acetonitrile

with 0.1 M tetrabutylammonium hexafluorophosphate as

the supporting electrolyte at a scan rate of 50 mV sj1.

Platinum wires were used as both the counter electrode and

the working electrode, and silver/silver ions (Ag in 0.1 M

AgNO3 solution, from Bioanalytical Systems.) was used as

the reference electrode. Ferrocene was used as an internal

standard, and the potential values were obtained and

converted to values vs the saturated calomel electrode.

The corresponding highest occupied molecular orbital

(HOMO) and lowest unoccupied molecular orbital energy

levels were estimated from the onset redox potentials.

Synthesis of monomers M1YM6

All reagents and chemicals were purchased from commer-

cial sources (Aldrich, Lancaster or TCI) and were used

without further purification. Tetrahydrofuran (THF) and

toluene were dried by distillation from sodium/benzophe-

none and calcium hydride, respectively. Scheme 1 outlines

the synthesis of monomer M3. The detailed syntheses of

monomers M1, M2 and M4YM6 were described previously

[16Y18].

Octa[2-(4-Bromophenyl)enthyl]octakis(dimethylsilyloxyl)

silsequioxane (M3)

To a mixture of octakis(dimethylsilyloxyl)silsequioxane

(0.5 g, 0.5 mmol) and 4-bromostyrene (0.8 g, 4.3 mmol)

were added 10 drops of 1 wt% platinum divinyltetrame-

thyldisiloxane [Pt(dvs)] and 10 mL of anhydrous toluene.

The mixture was then stirred at 50 -C for 24 h. After the

reaction was completed, a small amount of active carbon

was added to adsorb Pt(dvs) and the solution was filtered

with celite. The filtrate was extracted with chloroform and

concentrated in vacuo. The crude product was purified by

gel chromatography on silica gel using 1:1 hexane/ethyl

acetate as the eluent to give 1.01 g (81%) transparent

liquid. 1H-NMR (CDCl3, d, ppm): 0.25 (s, 48H, SiYCH3),

0.286 (t, 9H, SiYCH2YCH2, b-adduct), 1.23Y1.31 (m,

10.5H, YSiYCHYCH3, a-adduct), 2.15Y2.2 (m, 3.5H,

SiYCHYCH3, a-adduct), 2.57 (t, 9H, SiYCH2YCH2, b-

adduct), 6.89Y6.96 (m, 16H, aromatic H), 7.23Y7.29 (m,

16H, aromatic H).

Synthesis of polymers POSS-P1YPOSS-P3: general

procedure

Scheme 2 outlines the syntheses of the starlike materials

POSS1-P1, POSS-P2 and POSS-P3. An experimental

procedure for the POSS-P1 is given in the following. To

a mixture of M1 (0.25 g, 0.5 mmol), M2 (0.5 g, 0.85

mmol), M4 (0.16 g, 0.34 mmol), Pd(PPh3)4 (0.01 g, 8.6 �
10j3 mmol), K2CO3 (0.55 g, 3.98 mmol) and Aliquat 336

(0.08 g, 0.2 mmol) were added 10 mL of anhydrous

toluene and 2 mL of deionized water. The resulting

mixture was refluxed at 85 -C for 5 days under a nitrogen

atmosphere. M3 (1.74 � 10j2 g. 6.8 � 10j3 mmol) was

then added and refluxed at the same temperature for 48 h.

4,4,5,5-Tetramethyl-1,3,2-dioxaborolane-2-ylbenzene

(0.17 g, 0.85 mmol) was then added as an end-capping

agent and refluxed at 70 -C for 24 h. The polymer was

obtained by pouring the mixture into methanol and the

mixture was filtered. the polymer was purified by dissolv-

ing it in THF and reprecipitating it from methanol twice.

After drying under vacuum for 24 h, the polymer was

obtained as a light-green solid (0.45 g, 55%).

POSS-P1 1H-NMR (300 MHz, CDCl3, d, ppm):

7.82Y7.41, 7.18Y7.26 (m, 18H, aromatic H ),

2.54 [t, 2H, PhYCH2Y(CH2)3YCH3], 1.88 [t,

4H, fluoreneYCH2Y(CH2)4YCH3], 1.60Y0.78

(m, 31H, alkyl H).

POSS-P2 1H-NMR (300 MHz, CDCl3, d, ppm): 8.01Y7.66

(m, 8H, aromaticYH ), 1.86 [t, 4H, fluoreneY
CH2Y(CH2)4YCH3], 1.41Y0.77 (m, 22H, alkyl H).
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POSS-P3 1H-NMR (300 MHz, CDCl3, d, ppm): 7.84Y7.66

(m, 14H, aromaticYH), 1.87 [t, 4H, fluoreneY
CH2Y(CH2)4YCH3], 1.36Y0.75 (m, 22H, alkyl

protons).

Device fabrication and measurements

Double-layer devices were fabricated as sandwich struc-

tures between calcium cathodes and indium tin oxide (ITO)

anodes. ITO-coated glass substrates were cleaned sequen-

tially in ultrasonic baths of detergent, a 2-propanol/

deionized water (1:1 volume) mixture, toluene, deionized

water and acetone. A 50-nm-thick hole injection layer of

poly(ethylenedioxythiophene) (PEDOT) doped with poly

(styrenesulfonate) (PSS) was spin-coated on top of ITO

from a 0.7 wt% dispersion in water and was dried at 150 -C
for 1 h in a vacuum. Thin films of synthesized polymers

were spin-coated from toluene solutions onto the PEDOT

layer and dried at 50 -C overnight in a vacuum. The

thickness of the active layer was approximately 50 nm.

Finally, 35-nm Ca and 100-nm Al electrodes were made

Table 1. Composition ratio and polymerization results of polymers P1YP3 and POSS-P1YPOSS-P3

Polymer w x y z Mn(�10j3) Mw(�10j3) Polydispersity index No. of arms

P1 80 20 4.54 7.21 1.58

POSS-P1 80 20 25.9 95.7 3.69 5.7

P2 85 15 7.97 14.0 1.87

POSS-P2 85 15 28.6 84.9 2.96 3.5

P3 85 10 5 9.87 20.9 2.12

POSS-P3 85 10 5 30.6 97.9 3.2 3.1
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through a shadow mask onto the polymer films by thermal

evaporation using an AUTO 306 vacuum coater (BOC

Edwards, Wilmington, MA, USA). Evaporations were

carried out typically at base pressures lower than 2 �
10j6 Torr. The active area of each electroluminescence

(EL) device was 4 mm2 and the device was characterized

following a published protocol [19].

Results and discussion

Synthesis of polymers

One standard approach to synthesize PF derivatives is via

the Suzuki coupling reaction using Pd(PPh3)4 to carry out

the polymerization. A number of chromophores with dihalo

groups have been applied to prepare PF copolymers [4].

The choice of comonomer in the fluorene-based polymer

family has served as an excellent synthetic tool for

designing polymers with well-balanced holeVand elec-

tron-transporting properties and fine color control. In this

study, monomers M4, M5 and M6 were chosen to

copolymerize with M1 and M2 for three PF derivatives.

The feed ratio of different monomers was carefully

controlled to ensure the final copolymers that would emit

blue, green and red light. M3 was then introduced to make

final starlike materials. All the polymers obtained can be

dissolved in common organic solvents, such as chloroform,

toluene and chlorobenzene. Transparent and self-standing

films can be spin-cast from their solutions.

Table 1 summarizes the composition ratio of different

repeating units, molecular weights (MWs) and the molec-

ular-weight distribution of the resulting polymers. The

number-average molecular weights (Mn) of these polymers

range from 4.54 � 103 to 30.6 � 103, and the weight-

average molecular weights (Mw) range from 7.21 � 103 to

97.9 � 103. The polydispersity index (Mw

�
Mn) ranges

from 1.58 to 3.69. The average arm numbers of the three

POSS-containing polymers were calculated according to

the following equation,

Number of arms

¼ Mn �MW of POSS core
� ��

Mn of linear PF
� �

;

resulting in 5.7, 3.5 and 3.1 for POSS-P1, POSS-P2 and

POSS-P3, respectively. It is certain that eight arms on

POSS cannot all be replaced by polymers P1YP3 owing to

large steric hindrance and the random-coil nature of the

polymers. The chemical structure and conformation of the

final polymers were characterized by Fourier transform

(FT) IR specroscopy and X-ray diffraction. Figure 1 shows

the FT-IR spectra of POSS, M3, P1 and POSS-P1. Three

characteristic peaks in the POSS spectrum are found at

2250 cmj1 (SiYH stretching), 1,256 cmj1 (SiYCH3 stret-

ching) and 1,120 cmj1 (SiYOYSi stretching). The disap-
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Figure 1. Fourier transform (FT ) IR spectra of POSS, M3, P1 and
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Figure 2. X-ray diffraction curves of POSS and POSS-P1YPOSS-P3.

Table 2. Thermal and optical properties of P1YP3 and POSS-P1YPOSS-P3

Polymer Tg (-C) Td (-C) UVYvis (nm) PL (nm)

THF Toluene Film THF Toluene Film

P1 82 372 378 381 385 443 445 449

POSS-P1 110 413 375 378 380 441 442 449

P2 108 410 369 373 376 541 554 555

POSS-P2 121 427 370 370 373 538 551 552

P3 106 414 371 376 377 630 650 654

POSS-P3 128 428 371 375 377 631 651 652
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pearance of the peak at 2,250 cmj1 in M3 indicates the

complete attachment of 4-bromostyrene on POSS. The

additional peak at 1,120 cmj1 in POSS-P1 is also

observed as compared with P1, which shows the successful

synthesis of the final POSS-containing material. Figure 2

shows the X-ray diffraction curves of POSS and POSS-

P1YPOSS-P3. The diffraction peaks of POSS are sharp

owing to its well-defined structure and crystalline state.

After incorporating light-emitting polymers P1YP3 onto
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Figure 3. Photoluminescence (PL) emission spectra of POSS-P1YPOSS-

P3 in the thin-film state.
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Figure 4. PL spectra of the annealing test of polymer thin films: (a) P1 at

100 -C; (b) POSS-P1 at 100 -C; (c) P1 at 200 -C; (d) POSS-P1 at 200 -C

for 1 h each.
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Figure 5. FT-IR spectra of the annealing test of polymer thin films: (a) P1

at 100 -C; (b) POSS-P1 at 100 -C; (c) P1 at 200 -C; (d) POSS-P1 at 200

-C for 1 h each.
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the POSS core, 2q became smaller and a very broad band

formed at a large angle. These results indicate the

amorphous state of POSS-containing materials, and the d

spacing of POSS increases.

Thermal properties

Table 2 summarizes the thermal properties of P1YP3 and

POSS-P1YPOSS-P3. The glass-transition temperatures

(Tg) of P1 and POSS-P1 are 82 and 110 -C, respectively.

The increased Tg means larger confinement of polymer

chains owing to the incorporation of a rigid POSS core.

The thermal decomposition temperatures (Td) of P1 and

P1-POSS are 372 and 413 -C, respectively. Similar trends

were found for POSS-P2 and POSS-P3, i.e., Tg and Td

were both enhanced after incorporating POSS into light-

emitting polymers to form starlike materials. The results

suggest that the incorporation of POSS enhances thermal

properties and chain rigidity of linear polymers, reducing

crystallinity and aggregation of chromophores in the solid

state [20]. The reduction of the aggregation state was also

proved by optical observation and showed benefits in light-

emitting properties.

Optical properties

Table 2 summarizes the UVYvis absorption and PL results

of the synthesized materials in solutions and the film state.

The maximum absorption bands are located in the ranges

369Y378 nm in THF, 370Y381 nm in toluene and

373Y385 nm in the film state. It is apparent that the

absorption band was not significantly changed after

introducing POSS. The maximum emission bands of

POSS-P1, POSS-P2 and POSS-P3 are located at 449, 552,

and 652 nm, which refer to pure blue, green, and red light,

respectively. The emission bands of starlike polymers are

also similar to those of linear polymers. The POSS core

is roughly considered to have a minor effect on the

optical spectra of surrounding light-emitting polymers

P1, P2 or P3. However, some smaller changes in optical

properties were noticed to deduce the reduced aggregation

for those POSS-containing polymers. It is generally

thought that the redshift from solution to the film state

comes from the effect of interchain p-stacking, i.e., the

formation of aggregates in the solid film state [21]. When

the photophysical properties in two states approach each

other, the extent of aggregation reduces. In Table 2, the

maximum UVYvis absorption of POSS-P1 shows a smaller

difference of 5 nm in THF and the film state, as compared

with its parent P1 (approximately 7 nm). The same

tendency was also observed between POSS-P2 (approxi-

mately 3 nm) and P2 (approximately 7 nm). The closer

value of the absorption band proved the occurrence of

reduced aggregation for POSS-containing PFs. The PL

spectra of these polymers in concentrated and dilute

solution were also obtained. Figure 3 shows the PL

emission spectra of these polymers in toluene. We ob-

served that the stellar polymers showed a smaller differ-

ence of PL emission between the two types of solutions;

this helps to explain the reduced aggregation. The

nonconjugated POSS is concluded to serve as an effective

block to prevent aggregation and energy transfer from

neighboring polymers.

The internal temperature of a light-emitting diode is

known to elevate at high direct current voltage or during

long-term operation. Materials with high thermal stability

serve as active layers. POSS has been proven to enhance

the thermal stability of light-emitting polymers. An

annealing test was applied to examine the influence of

Table 3. Energy levels of P1YP3 and POSS-P1YPOSS-P3

Polymer Eonset (V) HOMO (eV)a LUMO (eV)b Eg (eV)c

P1 1.26 j5.66 j2.73 2.93

POSS-P1 1.25 j5.65 j2.81 2.84

P2 1.44 j5.84 j3.48 2.36

POSS-P2 1.37 j5.77 j3.34 2.42

P3 1.37 j5.77 j3.84 1.92

POSS-P3 1.36 j5.76 j3.77 1.99

aEstimated from the experimental equation HOMO = jªEonset + 4.4ª.
bCalculated from the equation Eg = LUMOjHOMO.
cEstimated from the equation Eg = 1.240/lonset.
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POSS on the keto defect of PFs. Figure 4 shows the PL

spectra of P1 and POSS-P1 films after being annealed at

100 and 200 -C. The PL spectra of the annealed films at

100 -C were similar to those of fresh ones. However, a

large band formed at 540 nm after annealing at 200 -C.

This band is similar to the that of fluorenone formed at

high temperatures or during long-term operation of

devices. The newly formed band is observed both in P1

and in POSS-P1, yet the intensity is smaller for POSS-P1.

The decrease in intensity of this band indicates partial

suppression of the keto defect, and the POSS-P1 thin film

becomes stabler than that of P1. The inhibition of

fluorenone formation is further confirmed by the FT-IR

spectra shown in Figure 5. The characteristic peak at 1,721

cmj1 (carbonyl group C = O from fluorenone) formed in

both P1 and POSS-P1 after annealing at 200 -C. The

transmittance of this peak was found to be smaller in

POSS-P1. The result is in agreement with previous reports

[14, 15]. As for POSS-P2 and POSS-P3, the emissive

colors are green and red, respectively. The keto defect is

not easily observed owing to the ease of energy transfer

from a high-energy band to a low-energy band.

Electrochemical analysis

Cyclic voltammetry was employed to investigate the

electrochemical behavior of the synthesized polymers and

to estimate their energy levels. The oxidation process is

clear and is directly associated with the conjugation

structure of the polymer, while the reduction process is

usually irreversible, poorly defined, and is associated with

polymer defects or traces of impurities. Figure 6 shows

cyclic voltammograms of P1 and POSS-P1 in the

oxidation process. The HOMO energy level is determined

from the onset of the oxidation curve. The energy gaps of

the materials were determined from the edge of their

UVYvis absorption spectra, which range from 1.92 to 2.93

eV. The energy levels of these materials are summarized in

Table 3. An energy-level diagram of these materials is

depicted in Figure 7.

Device performance

Double-layer light-emitting diodes of ITO/PEDOT/poly-

mer/Ca/Al were fabricated to evaluate the potential of the

Table 4. Device performance of pristine P1YP3, POSS-P1YPOSS-P3 and blended polymers in indium tin oxide/poly(ethylenedioxythiophene)/polymer/

Ca/Al devices

Polymer (nm) EL (V) Vturn-on Max. brightness

(cd mj2)

Max. yield

(cd Aj1)

CIE 1931

x y

P1 448 10 719 0.27 0.19 0.21

POSS-P1 448 10 1.580 0.28 0.20 0.20

P2 540 5 2.568 0.11 0.39 0.57

POSS-P2 540 5 3.274 1.14 0.39 0.57

P3 656 7 642 0.13 0.68 0.32

POSS-P3 652 6 1.263 0.24 0.68 0.32

P1/P2 525 6 5.765 1.44 0.38 0.56

POSS-P1/POSS-P2 524 6 6.785 1.65 0.38 0.56

P1/P3 625 7 2.838 0.51 0.67 0.31

POSS-P1/POSS-P3 624 7 3.280 0.59 0.67 0.30
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synthesized materials. Device performance using these six

polymers as active layers is listed in Table 4. The

maximum EL bands of POSS-containing polymers are

comparable to those of linear ones. Results similar to those

from the PL measurements reveal that the incorporation of

POSS moiety does not influence the emission properties.

The turn-on voltages of those devices are also listed in

Table 4. Generally speaking, the turn-on voltage is

determined by some factors: film thickness and band gap

of the emissive layer; injection barrier between the

emissive layer and the electrode. The devices using P1

and POSS-P1 as active layers were observed to have the

highest turn-on voltages among the six devices. Though the

injection barriers of the two materials are comparatively

small, the thickness and large band gap do not seem to fit

the best device condition and affect the turn-on voltage.

Figure 8 shows the luminescenceYvoltage characteristics of

these devices. The maximum brightness of the P1 device is

719 cd mj2 with a current efficiency of 0.27 cd Aj1. With

POSS-P1 as an active layer, the maximum brightness and

current efficiency were 1,580 cd mj2 and 0.28 cd Aj1,

respectively. Enhanced device performance was also

observed for POSS-P2 and POSS-P3 compared with the

corresponding linear polymers. It is suggested that the

incorporation of POSS at the center core reduces aggrega-

tion of linear polymers and enhances thermal and device

properties.

To further improve the performance of greenVand

red-light devices, the blending method was applied. The

blending method has been used extensively for polymer/

small molecule and organic/inorganic hybrid systems [22,

23]. Recently polymer blend diodes have been proposed

and studied by Morgado et al. [24], Morteani et al. [25] and

Kim et al. [26]. They found a new mechanism which

allows barrier-free electronYhole capture and low-voltage,

high-efficiency operation in heterojunction light-emitting

diodes. In this study P1 and POSS-P1 were used as host

matrices, while P2, P3, POSS-P2 and POSS-P3 were used

as guest materials. The composition ratio of host-to-guest

composite was chosen as 20/1 in weight percent. Figure 9

shows the luminescenceYvoltage characteristics of these

blended devices. The maximum brightness and current

efficiency using a P1/P2 blend as an active layer was

greatly enhanced to 5,765 cd mj2 and 1.44 cd Aj1,

respectively. The brightness was further improved to 6,785

cd mj2 using a POSS-P1/POSS-P2 blend as an active

layer. Improved device performance using P1/P3 or POSS-

P1/POSS-P3 was also obtained. The device properties of

these blending materials are summarized in Table 4. The

enhanced device performance is explained as follows.

Firstly, the dispersion of low-band-gap materials (P2, P3,

POSS-P2 or POSS-P3) in the host matrix reduces

aggregation and energy loss. Secondly, effective energy

transfer from the host material to the guest material

emits light. Thirdly, the reduction of the energy barrier

between the active layer and the electrodes improves the

injection and recombination of carriers. This is confirmed

by the energy-level diagram of these materials in Figure 7.

With P1 or POSS-P1 as host material, holes and electrons

can be injected into the emissive layer because of the

smaller energy barrier. The recombination process takes

place on low-band-gap materials with emission of green or

red light.

Conclusion

Starlike materials tethered to PF derivatives emitting blue,

green or red light were synthesized and characterized. POSS

was incorporated into the center core of the derivatives to

enhance thermal stability and reduce linear PF aggregation.

The UVYvis absorption and PL emission properties of stellar

polymers were similar to those of pristine ones. The keto

defect was partially suppressed by POSS, which was

verified by PL and FT-IR spectroscopy when the polymer

films were annealed at 200 -C. Double-layer devices using

POSS-containing materials as active layers showed in-

creased performance compared with the linear PFs. Com-

posites using P1 or POSS-P1 as the host matrix to blend

with greenVand red-light emitting PFs were created.

Maximum brightness and current efficiency were further

improved using the same blending materials as active

layers in the double-layer electroluminescent device.
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E. Murphy, E. Moons, S. Ciná, J. H. Burroughes and R. H. Friend,

Adv. Mater., 15, 1708 (2003).

26. J. S. Kim, P. K. H. Ho, C. E. Murphy and R. H. Friend,

Macromolecules, 37, 2761 (2004).

Synthesis and Opto-electrical Properties of Stellar Polyfluorene Derivatives 245



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SPSFont4Medium
    /SpsFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


