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Abstract Flower-like CuS nanostructures have been
synthesized via a liquid precipitation route by the reaction
between CuCl2$2H2O and thioacetamide (CH3CSNH2,
TAA) in the ionic liquid 1-butyl-3-methyl imidazole
six hexafluorophosphoric acid salts ([BMIM][PF6]) aqu-
eous solution at room temperature. The products were
characterized by X-ray powder diffraction (XRD), field
emission scanning electronic microscopy (FESEM),
Brunauer-Emmett-Teller (BET), Ultraviolet-Visible Spec-
trophotometer (UV-Vis) and Photoluminescence (PL)
techniques. The as-prepared CuS nanostructures have a
mean diameter of about 1 μm. A plausible mechanism was
proposed to explain the formation of CuS nanostructures.
The effects of experimental parameters on the formation of
the products were also explored. With BET theory, it is
found that the as-prepared CuS nanostructures have a
specific area of 39 m2/g. The Barrett-Joyner-Halenda
(BJH) pore size distribution of the as-prepared CuS
nanostructures presents smaller pores centers about
60 nm. The UV-Vis and PL curves indicate that the as-
prepared CuS nanostructures are promising candidates for
the development of photoelectric devices.
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1 Introduction

CuS, as an important member of the semiconductor family,
exhibits many unique properties and has a great potential
in a versatile range of applications such as cathode material
of lithium batteries [1], solar radiation absorber [2],

nonlinear optical material [3] and catalyst [4]. The
traditional methods to fabricate CuS nanostructures are
solvothermal route [5], vapor-liquid-solid [6] and template
method [7–9]. So far, CuS crystals with tubular structure
[10], hollow sphere [11,12], flower-like morphologies
[13], urchin-like architecture and snowflake-like pattern
[14], rod-like [15,16], and sphere-like morphologies [17]
have been successfully synthesized. However, it is still a
challenge to get special structures CuS with a facile, green
and environmentally friendly route.
Recently, room temperature ionic liquids (RTILs) that

are organic salts with low melting points, have aroused
increasing interest worldwide as green solvents because of
their unique properties such as high fluidity, nonflamm-
ability, high chemical and thermal stability, low vapor
pressure, high ionic conductivity, low toxicity, and ability
to dissolve a variety of materials [18]. Especially, as a new
reaction medium, RTILs have many advantages in the
synthesis of inorganic nanostructures. For example, by
selecting suitable RTILs reaction systems, Au nanoshe-ets
[19] and dendritic nanostructures [20], CoPt nanorods [21],
nanocrystals of elemental chalcogens [22], flower-like
ZnO [23], Bi2S3 nanostructures [24], Te nanowires [25],
nanosized metal fluorides [26], and InVO4 nanorods [27]
were successfully prepared. Nevertheless, the potential of
RTILs in the controlled synthesis of inorganic nanomater-
ials remains to be fully explored.
Liquid precipitation is one of the most popular methods

of synthesis of nanometer crystals and is still regarded as a
convenient, economical, environmentally friendly method
[28]. In this paper, by combing the advantages of both
RTILs and liquid precipitation, we report for the first time
the synthesis of flower-like spheres CuS nanostructures in
ionic liquid 1-butyl-3-methyl imidazole six hexafluoropho-
sphoric acid salts ([BMIM][PF6]) aqueous solution at room
temperature.

Received November 15, 2010; accepted November 30, 2010

E-mail: qli@swu.edu.cn

Front. Optoelectron. China 2011, 4(2): 150–155
DOI 10.1007/s12200-011-0167-4



2 Experiments

2.1 Materials and synthesis procedure

[BMIM][PF6] was purchased from Henan Lihua Pharma-
ceutical Co., Ltd. (China), and the chemical structure is
shown in Fig. 1. Other chemicals were obtained from
Shanghai Chemical Co., Ltd. These chemicals were of
analytical grade and were used as received without further
purification. The experimental procedure was designed as
follows: 4.8 mmol CuCl2$2H2O and 4 mL [BMIM][PF6]
were dissolved in 40 mL de-ionized water to form a
homogeneous blue solution in a glass beaker under
constant stirring. 4.8 mmol thioacetamide (CH3CSNH2,
TAA) was dissolved in 40 mL de-ionized water. Then TAA
solution was slowly added into the CuCl2 solution without
stirring. Such reaction mixture solution was maintained at
room temperature for 48 h. The resulting black precipitate
was separated by centrifugation, washed with de-ionized
water and ethanol for several times, and dried in a vacuum
at 50°C for 8 h.

2.2 Characterization

The X-ray powder diffraction (XRD) patterns were
recorded by a X-ray diffractometer (XD-3 system, Beijing
Purkinje general instrument Co., Ltd.) with Cu Kα (l =
1.54056 Å) radiation with a scanning rate of 0.02°$s–1 in
the 2θ range from 20° to 80°. The field emission scanning
electronic microscopy (FESEM) was performed with a FEI
Nova 400 scanning electron microanalyzer. Nitrogen
absorb-desorbs and pore size distribution were recorded
with an AS1-MP-9 Automatic surface area and pore size
analyzer (Quantachrome Instruments). The specific surface
area was calculated by the Brunauer-Emmett-Teller (BET)
method. Pore size distributions were estimated from
desorption branch of the isotherm by the Barrett-Joyner-
Halenda (BJH) method. The UV-Vis absorption spectra
were recorded with a U-3310 spectrophotometer. Photo-
luminescence (PL) spectra were measured on an F-7000
Fluorescence spectrophotometer using a Xe lamp with an
excitation wavelength of 350 nm at room temperature.

3 Results and discussion

Figure 2 shows the XRD pattern of the as-prepared CuS

powder. All the peaks can be indexed to the hexagonal
phase CuS with lattice constants of a = b = 0.3792 nm, and
c = 1.634 nm (JCPDS Card 06-0464). No diffraction peaks
from other species could be detected, indicating that the
sample is composed of a single phase hexagonal CuS.
The morphology and structure of the as-prepared CuS

nanostructures were examined by electron microscopy
techniques. Figure 3(a) is a representative FESEM image
of the collected products with the reaction time lasting for
48 h. It reveals that the sample is flower-like porous
spheres with the diameters ranging from 600 nm to 1 μm.
The enlarged picture (Fig. 3(b)) exhibits that the flower-
like CuS was constructed by nanoflakes with a thickness of
10 nm standing perpendicularly to the surfaces of the
microspheres to form many small pores.

In our method, the chemical reactions can be described
as follows:

CH3CSNH2 þ 2H2O

↕ ↓S2 – þ CH3COO
– þ NHþ

4 þ 2Hþ (1)

Cu2þ þ S2 – ↕ ↓CuS (2)

In order to investigate the formation mechanism, time-
dependent experiments and parallel experiments were
carried out. The synthetic procedure was similar to the
typical process described in experimental section, except
for some changes in the reaction conditions. At the initial
stage, tiny black precipitates can be obtained when the
reaction lasts for 24 h. The corresponding SEM image
(Fig. 4(a)) shows that the sample possesses a spheroidic
morphology with diameters ranging from 100 to 200 nm.
Meanwhile, it is found that the spheroidic CuS is
constructed by numerous nanoflakes. With the reaction

Fig. 1 Chemical structure of [BMIM][PF6]

Fig. 2 XRD patterns of sample prepared in [BMIM][PF6]-water
solution at room temperature for 48 h
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time prolonged to 48 h (Fig. 3(a)), microspheres were
formed and spheroidic morphology particles disappeared,
suggesting that the microspheres grew at the expense of the
spheroidic morphology particles. With the reaction time
prolonged to 60 h (Fig. 4(b)), it is found that the diameter
of the CuS microsphere is more than 2 μm. The results
indicate that CuS microspheres grow larger with the
prolonging of the reaction time.
On the basis of the above analyses and the experiment

results, we propose the following mechanism for the
growth of CuS nanostructures: a) at the initial stage, nuclei
were formal through the reaction of Cu2+ and S2–. After
that, these nuclei preferentially turned to form nanoflakes
due to the intrinsic anisotropic characteristics of the CuS
hexagonal crystal structure [29,30]; b) as an ionic liquid
has polarity, their low interfacial tension enables the
inorganic species a high nucleation ratio, which propelled
the formation of the nanocrystal. In addition, the ionic
liquid also facilitates the polar reactions for inorganic
syntheses in the water-rich system; c) to minimize the
interfacial free energy, these nanoflakes self-assemble
steadily into flower-like microspheres by reducing the
surface areas [31].
This mechanism is confirmed by the following experi-

ments. If de-ionized water was used as a sole solvent
without using [BMIM][PF6], no uniform CuS micro-
spheres were observed (Fig. 4(c)). If reducing the
[BMIM][PF6] volume to 2 mL, we obtained no uniform
CuS microspheres (Fig. 4(d)), either. It is undoubted that

an ionic liquid played a crucial role in the formation of CuS
microspheres. [BMIM][PF6] shows many unique solvent
properties, which are directly related to the chemical
reaction processes in solution. Especially, its viscosity at
298 K is much larger than that of water (0.8937 mPa$s),
although the reported values varied in a relatively large
range (196–250 mPa$s), possibly due to the difficulty in
experimental measurements and the purity of the ionic
liquid (IL) [32]. Such a high viscosity would significantly
slow down the diffusion of reaction ions in the solution. As
a consequence, CuS nanostructures were formed due to a
much slower rate of diffusion-controlled reaction in our
present IL-water system. Thus, in this method, IL
[BMIM][PF6] performed both as a diffusion controller
and an anisotropic growth director.
The nitrogen adsorption-desorption isotherm and corre-

sponding pore size distribution of the CuS nanostructures
are shown in Fig. 5. It is a typical type IV adsorption-
desorption isotherm with a hysteresis loop characteristic of
mesoporous materials. The BET surface area of the as-
prepared CuS nanostructures is 39 m2/g. The correspond-
ing pore volume is 0.2 cm3/g. As shown by BJH analyses,
the as-prepared CuS nanostructures have a pore size
distribution at around 60 nm (Fig. 5, inset).
The UV-Vis absorption spectrum (Fig. 6) of the CuS

nanostructures re-dispersed in ethanol shows an absorption
peak at about 268 nm. Similar absorption feature was also
reported by Zhang et al. [33]. Compared with bulk CuS
[34], the absorption peaks of CuS nanostructures obtained

Fig. 3 FESEM images of flower-like CuS nanostructures. (a) Low magnification; (b) high magnification
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in our work exhibit a large and distinct blue-shift, which is
possibly attributed to the quantum confinement effects of
the flower-like CuS nanostructures [35].
Figure 7 shows a typical room-temperature PL spectrum

of the as-prepared CuS microspheres. The emission
spectrum was obtained in the excitation wavelength of
350 nm. The spectrum exhibited two emission peaks. One
is a weak blue emission peak centered at 432 nm. The other
is a strong green emission with the peak maximum
centered at 570 nm. The results are in accordance with
the emission peaks of Ref. [36]. The emissions are
influenced by several parameters such as shapes, size,
and crystallinity, which were controlled by the synthesis
conditions.

4 Conclusions

In summary, we have developed a simple and environ-
ment-friendly methods for the synthesis of flower-like CuS
nanostructures in the ionic liquid 1-butyl-3-methyl imida-
zole six hexafluorophosphoric acid salts ([BMIM][PF6]) at
room temperature. It was found that the IL performed both
as a diffusion controller and an anisotropic growth director.
The as-obtained CuS nanostructures contained pores with a
diameter of 60 nm and a specific surface area of 39 m2/g.
The optical properties of the as-prepared flower-like CuS
nanostructures were also discussed, which indicated that
the as-prepared CuS nanostructures are promising candi-
dates in the development of photoelectric devices. This

Fig. 4 FESEM images of CuS nanostructures in different conditions. (a) Reaction time for 24 h; (b) reaction time for 60 h; (c) in absence
of [BMIM][PF6]; (d) 2 mL [BMIM][PF6]
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synthetic strategy may open new route to the synthesis of
inorganic nanostructures as well as functional devices.

Acknowledgements This work was supported by the Scientific Research
Foundation for the Returned Overseas Chinese Scholars (No. 2008-17),
Ministry of Personnel of the People’s Republic of China, and the Natural
Science Foundation Project of Chong Qing (No. CSTC2007BB4332). The
authors would like to thank Prof. Dingfei Zhang, College of Materials
Science and Engineering, Chongqing University, for his assistances with
FESEM characterization.

References

1. Wang K J, Li G D, Wang Q, Chen J S. Formation of single-

crystalline CuS nanoplates vertically standing on flat substrate.

Crystal Growth & Design, 2007, 7(11): 2265–2267

2. Mane R S, Lokhande C D. Chemical deposition method for metal

chalcogenide thin films. Materials Chemistry and Physics, 2000, 1

(65): 1–31

3. Roy P, Srivastava S K. Low-temperature synthesis of CuS nanorods

Fig. 5 Nitrogen adsorption-desorption isotherm and pore size distributions (inset) of CuS nanostructures

Fig. 6 UV-Vis absorption spectrum of CuS nanostructures
Fig. 7 Photoluminescence spectrum (excited at 350 nm) of CuS
nanostructures

154 Front. Optoelectron. China 2011, 4(2): 150–155



by simple wet chemical method. Materials Letters, 2007, 61(8–9):

1693–1607

4. Raevskaya A E, Stroyuk A U, Kuchmii S Y, Kryukov A I. Catalytic

activity of CuS nanoparticles in hydrosulfide ions air oxidation.

Journal of Molecular Catalysis A: Chemical, 2004, 212(1–2): 259–

265

5. Zhang Y C, Qian T, Hu X Y, Zhou W D. A facile low temperature

solvothermal route to copper monosulfide submicrotubes. Materials

Research Bulletin, 2005, 40(10): 1696–1704

6. Barrelet C J, Wu Y, Bell D C, Lieber C M. Synthesis of CdS and

ZnS nanowires using single-source molecular precursors. Journal of

the American Chemical Society, 2003, 125(38): 11498–11499

7. Xue P C, Lu R, Huang Y, Jin M, Tan C H, Bao C Y, Wang Z M,

Zhao Y Y. Novel pearl-necklace porous CdS nanofiber templated by

organogel. Langmuir, 2004, 20(15): 6470–6475

8. Xue P C, Lu R, Li D M, Jin M, Tan C, Bao C, Wang Z, Zhao Y,

Zhao Y Y. Novel CuS nanofibers using organogel as a template:

controlled by binding sites. Langmuir, 2004, 20(25): 11234–11239

9. Tan C H, Zhu Y L, Lu R, Xue P C, Bao C Y, Liu X L, Fei Z P, Zhao

Y Y. Synthesis of copper sulfide nanotube in the hydrogel system.

Materials Chemistry and Physics, 2005, 91(1): 44–47

10. Wu C Y, Yu S H, Chen S F, Liu G N, Liu B H. Large scale synthesis

of uniform CuS nanotubes in ethylene glycol by a sacrificial

templating method under mile conditions. Journal of Materials

Chemistry, 2006, 16(32): 3326–3331

11. Ge L, Jing X Y, Wang J, Jamil S, Liu Q, Song D L, Xie Y, Yang P P,

Zhang M L. Ionic liquid-assisted synthesis of CuS nestlike hollow

spheres assembled by microflakes using an oil water interface route.

Crystal Growth & Design, 2010, 10(4): 1688–1692

12. Gao J N, Li Q S, Zhao H B, Li L S, Liu C L, Gong Q H, Qi L M.

One-pot synthesis of uniform Cu2O and CuS hollow spheres and

their optical limiting properties. Chemistry of Materials, 2008, 20

(19): 6263–6369

13. Shen X P, Zhao H, Shu H Q, Zhou H, Yuan A H. Self-assembly of

CuS nanoflakes into flower-like microspheres: synthesis and

characterization. Journal of Physics and Chemistry of Solids,

2009, 70(2): 422–427

14. Zhu L Y, Xie Y, Zheng XW, Liu X, Zhou G E. Fabrication of novel

urchin-like architecture and snowflake-like pattern CuS. Journal of

Crystal Growth, 2004, 260(3–4): 494–499

15. Zhang Y C, Hu X Y, Qiao T. Shape-controlled synthesis of CuS

nanocrystallites via a facile hydrothermal route. Solid State

Communications, 2004, 132(11): 779–782

16. Roy P, Mondal K, Srivastzva S K. Synthesis of twinned CuS

nanorods by a simple wet chemical method. Crystal Growth &

Design, 2008, 5(8): 1530–1534

17. Gao L, Wang E B, Lian S Y, Kang Z H, Lan Y, Wu D.

Microemulsion-directed synthesis of different CuS nanocrystals.

Solid State Communications, 2004, 130(5): 309–312

18. van Rantwijk F, Sheldon R A. Biocatalysis in ionic liquids.

Chemical Reviews, 2007, 107(6): 2757–2785

19. Li Z H, Liu Z M, Zhang J L, Han B X, Du J M, Gao Y N, Jiang T.

Synthesis of single-crystal gold nanosheets of large size in ionic

liquids. Journal of Physical Chemistry B, 2005, 109(30): 14445–

14448

20. Qin Y, Song N J, Zhao N N, Li M X, Qi L M. Ionic liquid-assisted

growth of single-crystalline dendritic gold nanostructures with a

three-fold symmetry. Chemistry of Materials, 2008, 20(12): 3965–

3972

21. Wang Y, Yang H. Synthesis of CoPt nanorods in ionic liquids.

Journal of the American Chemical Society, 2005, 127(15): 5316–

5317

22. Thirumurugan A. Use of ionic liquids in synthesis of nanocrystals,

nanorods and nanowires of elemental chalcogens. Bulletin of

Materials Science, 2007, 30(2): 179–182

23. Movahedi M, Kowsari E, Mahjoub A R, Yavari I. A task specific

basic ionic liquid for synthesis of flower-like ZnO by hydrothermal

method. Materials Letters, 2008, 62(23): 3856–3858

24. Jiang Y, Zhu Y J. Microwave-assisted synthesis of sulfide M2S3 (M

= Bi, Sb) nanorods using an ionic liquid. Journal of Physical

Chemistry B, 2005, 109(10): 4361–4364

25. Zhu Y J, Wang WW, Qi R J, Hu X L. Microwave-assisted synthesis

of single-crystalline tellurium nanorods and nanowires in ionic

liquids. Angewandte Chemie, 2004, 43(11): 1410–1414

26. Jacob D S, Bitton L, Grinblat J, Felner I, Koltypin Y, Gedanken A.

Are ionic liquids really a boon for the synthesis of inorganic

materials? A general method for the fabrication of nanosized metal

fluorides. Chemistry of Materials, 2006, 18(13): 3162–3168

27. He Y H, Li D Z, Chen Z X, Chen Y B, Fu X Z. New synthesis of

single-crystalline InVO4 nanorods using an ionic liquid. Journal of

the American Ceramic Society, 2007, 90(11): 3698–3703

28. Tang G H. Synthesis of nanometer powders by liquid precipitation.

Shanxi Chemical Industry, 2005, 25(3): 8–10 (in Chinese)

29. Ding T Y, Wang M S, Guo S P, Guo G C, Huang J S. CuS

nanoflowers prepared by a polyol route and their photocatalytic

property. Materials Letters, 2008, 62(30): 4529–4531

30. Zhang J, Zhang Z K. Hydrothermal synthesis and optical properties

of CuS nanoplates. Materials Letters, 2008, 62(15): 2279–2281

31. Thongtem T, Phuruangrant A, Thongtem S. Formation of CuS with

flower like, hollow spherical, and tubular structures using the

solvothermal-microwave process. Current Applied Physics, 2009, 9

(1): 195–200

32. Pereiro A B, Legido J L, Rodríguez A. Physical properties of ionic

liquids based on 1-alkyl-3-methylimidazolium cation and hexa-

fluorophosphate as anion and temperature dependence. Journal of

Chemical Thermodynamics, 2007, 39(8): 1168–1175

33. Zhang J, Zhang Z K. Shape-controlled synthesis of CuS

nanocrystallites via a facial solution route. Journal of Functional

Materials, 2007, 38: 2056–2058

34. Xu H L, Wang W Z, Zhu W, Zhou L. Synthesis of octahedral CuS

nanocages via a solid-liquid reaction. Nanotechnology, 2006, 17

(15): 3649–3654

35. Chen L F, Yu W, Li Y. Synthesis and characterization of tuber CuS

with flower-like wall from a low temperature hydrothermal route.

Powder Technology, 2009, 191(1–2): 52–54

36. Li F, Kong T, Bi W T, Li D C, Li Z, Huang X T. Synthesis and

optical of CuS nanoplate-based architectures by a solvothermal

method. Applied Surface Science, 2009, 255(12): 6285–6289

Chuyan CHEN et al. Room temperature synthesis of flower-like CuS nanostructures under assistance of ionic liquid 155


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29
	bmkcit30
	bmkcit31
	bmkcit32
	bmkcit33
	bmkcit34
	bmkcit35
	bmkcit36



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /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
  ]
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 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 <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200036002e0020000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d00280063002900200032003000300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


