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ABSTRACT  

The present study demonstrates the petal-shaped copper oxide (CuO) nano-rod 

structures were fabricated by microwave-assisted combustion method. The prepared material 

was annealed at temperature 500oC and characterized by means of optical absorption 

spectroscopy (UV–Vis), X-ray diffraction  (XRD), Field emission scanning electron 

microscopy (FE-SEM) and Photo-conductivity technique (I-V characteristics). The optical 

energy gap of CuO nano-rods was analyzed through UV–Vis NIR spectroscopic technique 

and the result illustrated that the energy gap of synthesized CuO nano-rods is found to be 

1.44 eV.  The XRD of the synthesized sample confirms copper oxide nano-rods are in pure 

monoclinic phase with lattice parameters x=4.675 Å, y=3.343 Å, z=5.183 Å. Energy 

dispersive analysis using X-rays confirms the existence of copper and oxygen atoms in 

synthesized CuO nanocrystals. FE-SEM micrographs specified that the synthesized material 

contains nanostructured nano-rods with a small amount of agglomeration in the product. The 

electrical properties of CuO film were studied by I-V characterization and the results depict 

that the conductance of CuO film is found to be superior in UV- light compared to the dark. 
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1. INTRODUCTION 

 

Synthesis of metal-oxide and transition metal doped semiconducting nanomaterial give 

opportunities for the improved applications in different areas of science and technology due 

to their unique physical and chemical properties, caused by their nano-sized dimension and 

large surface/volume ratio [1]. One-dimensional nanomaterial such as nano-ribbons, nano-

belts, nano-cubes and nano-prisms have become the concentrates of intensive research due to 

their distinctive properties and their significance for fabrication into high-density nanoscale 

devices [2]. The transition metal oxides such as copper sulphide (CuS), cerium oxide (CeO2), 

nickel oxide (NiO), ferrous oxide (Fe2O3) and Titania (TiO2) are an important class of 

semiconductors. Among these metal-oxides, Copper (I) oxide (Cu2O) and copper (II) oxide 

(CuO) are gained more popularity in recent years is due to the properties of excellent thermal 

stability, easily available reactant materials, non-toxic and exhibits good optical and electrical 

properties [3]. Due to these properties, recently most of the research works is mainly focussed 

on the synthesis of different CuO nanostructures, such as nano-flowers, nano-flakes, nano-

pyramid, nano-plates, nano-bats [4]. Therefore, a number of CuO nanostructures have been 

prepared in different morphologies by a variety of methods like precipitation [5], 

solvothermal [6], hydrothermal [7], thermal evaporation [8], electrochemical [9] and 

combustion [10], solid-state [11] methods. Generally, the above methods faces certain 

following drawbacks: (i) need more complicated equipment, (ii) require more additional 

solvent (iii) require very high temperature and pressure (iv) take more time for the reaction 

and (v) more steps are required for the synthesis of CuO nanoparticles [11]. Hence to resolve 

the above problems, a simple and low-cost method is necessary for the preparation of CuO 

nanocrystals. Out of the various methods, microwave heating process has recently popular 

and most usual process compared to other combustion methods. In this route, the microwave 
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has got more penetrating power and it penetrates into the materials at the molecular level. 

This leads to the conversion of microwave energy into heat throughout the materials by either 

ionic conduction or dipole rotation. This shows acceleration in reaction rate, the yield of 

homogeneous product within a few minutes, well size distribution and excellent control of 

stoichiometry [12]. By means of this method, a number of functional materials and 

composites with novel structures are obtained such as α-Fe2O3 nano-rings [13], NiS2 nano-

cubes [14], CuS nano-prisms [15], rose like ZnO [16] with their excellent properties. 

CuO is known as potential P-type semiconductor materials with narrow optical 

energy gap varying between 1.2- 1.4 eV [17]. When comparing the CuO nanoparticles to 

commercially available CuO powder, CuO nanoparticles have attracted a lot of potential 

applications and uses due to nanocrystals have advanced selectivity and photo catalytic 

activity [18]. Due to its unconventional band structure, CuO nanoparticles has a wide range 

of potential applications in the fields of superconductors[19], lithium-ion batteries [20], 

electrochemical gas sensors [21], dye-sensitized solar cells (DSSC) [22] and electro-

chemiluminescence. Therefore, it is of fundamental interest to the synthesis of high-purity, 

single phase CuO nanocrystals to study their structure and characterize their optical and 

electrical properties [23].  

Here, we have synthesized the high purity CuO nano-rods through microwave 

irradiation method where as the solution of copper sulphate, sodium hydroxide and urea have 

been used. The diffraction pattern of CuO was recorded on X-ray diffractometer. The band 

gap was calculated using UV-Vis absorption studies. I-V characteristics were measured on 

Keithley source meter. The rod-like structure of CuO was investigated through FE-SEM. 
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2. EXPERIMENTAL DETAILS 

2.1.Chemicals Used 

Copper sulphate pentahydrate (Cu(SO)4·5H2O) , Sodium hydroxide (NaOH) and Urea 

(NH2CONH2) were procured from Himedia Laboratories Pvt. Ltd., Acetone (CH3COCH3) 

was purchased from Merck. All the chemicals were of analytical grade and were used as 

received without further purification. Double distilled water was used for the preparation of 

solutions. The synthesis of nanosized CuO rods was carried out in a domestic microwave 

oven (Onida power solo 17D) operating at 100% power of 700 W. 

 

2.2.Synthesis of CuO nano-rods  

To prepare CuO nanoparticles, 100 mL of 0.4 M sodium hydroxide was added drop-wise into 

a beaker containing 100 mL of 0.8 M copper sulphate and 0.8 M urea solution under constant 

stirring. When blue coloured homogenous reaction mixture turned in to partial green colour, 

the resulting solution was kept in a microwave oven and the reaction mixture was irradiated 

with 60% power (175 oC) of microwave energy for 15 minutes. Then so obtained dark green  

precipitate of copper hydroxide was centrifuged, washed several times with distilled water 

and then with alcohol, acetone and dried at 80 oC in an oven for 5 hours. The obtained 

samples were calcinated (500 oC) in the air for 1 hour to get the desired dark brown coloured 

CuO nanocrystal.  

 

2.3.Characterization details  

The crystallinity of nanoparticles was carried out on an X-Ray diffractrometer using Cu-Kα 

radiation (ߣൌ0.15406 nm). The patterns were recorded in the range of 10º to 80º (2ߠሻ. The 

crystallite size and structure of the samples were studied through Field emission scanning 
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electron microscope (FESEM) fitted with an Energy-dispersive X-ray spectroscopy (EDAX) 

[Model: FE-SEM Carl Zeiss AG-ULTRA 55].The absorbance for CuO nanomaterial was 

measured through UV-Vis spectrophotometer (Model: USB 4000, Ocean Optics, USA). 

Photoconductivity properties were analyzed by Keithley low voltage source meter and 

measured voltage in between 0-20V [Model: Keithley 2401]. 

 

3. RESULTS AND DISCUSSION 
 

3.1.XRD Analysis  

Fig. 1 shows the XRD pattern of CuOnanoparticles prepared by microwave heating method. 

As can be seen from Fig. 1, all the diffraction peaks are assigned well to the monoclinic 

structure of tenorite system. The major peaks observed at 2θ values 32.55o, 35.50o, 38.69o, 

48.70o, 53.53o, 58.57o, 61.67o, 66.24o, 68.04o, 72.24o, 75.10o [24]. Further, no other impurity 

peaks of copper hydroxide were observed in the XRD pattern, showing single phase CuO 

formation. Which are in agreement with JCPDS card No: 03-0884. The measured values d-

spacing and FWHM of synthesizing CuO nanocrystals are well matched with the JCPDS card 

no. In addition, the peak of XRD shows broader due to obtained materials contains nanorange 

of particles. The crystalline size of synthesized CuO nanoparticles was calculated using 

Scherrer’s formula [25]; 

Average crystalline size (D) =



cos

9.0
       (1) 

where  the wavelength of CuKα radiation,  is the FWHM with Bragg’s reflection angle 

. The average crystalline size of CuO found to be in the range of ~21– 54 nm. 



International	Journal	of	Nanoelectronics	and	Materials	
	
	

In	Press,	Accepted	Manuscript	–	Note	to	users	
 

Note:	Accepted	manuscripts	are	articles	that	have	been	peer‐reviewed	and	accepted	for	publication	by	the	Editorial	Board.	
These	articles	have	not	yet	been	copyedited	and/or	formatted	in	the	journal	house	style.	

 

 

 
 
 
 
 
 

Fig.1: XRD pattern of petal-shaped rod-like CuO nanoparticle 
 
 

3.2. Structural and Elemental Analysis 

Fig.2 shows FE-SEM images of synthesized pure CuO nanoparticles. The FE-SEM 

micrograph of samples shows that the CuO structures prepared at 60% of power consist of 

petal-shaped rod-like CuO nanocrystals and low resolution (2 m) images shows the minority 

of flower shaped particles. The particle aggregation is a major factor that controls the 

morphology and structure of the final product. Even though it is not yet understood, it is 

evident that NaOH plays an important role in the formation of the flower-like structure. 

Microwave irradiation has also got an influence on the surface morphology of CuO 

nanostructures due to its volumetric heating effect. Moreover, vibrational frequency of the 

atoms during different reaction conditions plays an important role in deciding the size of the 

nanoparticles [26]. EDAX spectra were used to analysis of the composition of CuO particles 

at 500oC is shown in Fig.3. Based on the determination of elemental composition of CuO 

nanorods (Cu=59.03% and O=40.97%) the weight percent of Cu/O ratio is found to be 1.45 

and EDAX spectrum obtained from CuO nanoparticles shows peaks confirming the presence 
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of Cu and O only. Which confirms the synthesized CuO was single phase and high purity 

material. [27].  

 

 
 
 
 
 
 
 
 
 
 

Fig.2: FE-SEM images of pure CuO nanoparticles (a) petal shape of rods (b) flower-like 
particles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3: EDAX spectra of synthesized pure CuO nanoparticles.  
 

3.3.UV-Visible Spectral Analysis 
 
Fig.4 shows the optical absorption spectra of the sample annealed at 500oC temperature. A 

UV-Vis spectrum was measured in the range between 300 and 900nm wavelength region at 

room temperature. The measured energy gap of CuO is to be 1.44 eV, which is calculated 

from Tauc’s  relation,  (αh)1/r = B(h- Eg) where h is the planks constant, B is a constant, α 
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is the absorption coefficient,  is the frequency of the incident radiation,  r is determined by 

the type of optical transition of a semiconductor. Energy band gap (Eg) can be obtained by 

plotting the graph (h) against (αh)1/r  for various values of r, it becomes possible to 

determine the nature of transitions involved and the intercepts of the straight line portion of 

the respective plots (at h Eg) corresponding to zero absorption on energy axis gives values 

of energy gaps[28].   

 

Fig.4. UV-Vis absorption spectra and tauc’s plot of pure CuO nanoparticles 
 

 
3.4.I-V Characterization 

The Current-Voltage (I-V) characteristics of CuO film was studied under dark as well 

as a light condition to check nature of contact of CuO with silver paste using two probe 

methods. The typical current-voltage curves of CuO film under as shown in Fig.5. Area of 

used samples is 2x2 cm2. As seen in Fig 5, the conductivity of CuO thick film was extremely 

small in the dark condition. It is due to the slowdown motion of electrons present in the grain 

boundaries. These boundaries operate as diffusion sites and impending walls which direct to 

an in the electron movement by reducing the resistance and enhance the conductivity. 
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Further, the improvement of conductance under the UV-light condition is may be the reason 

of activation of charge carrier like electrons and enhance the mobility of charge carriers [29]. 

Fig. 5 shows the measured current of CuO films at 5V is 0.45A (dark condition), but the same 

photo-current was observed at low voltage (4V) in UV-light condition. Consequently the 

measured optical energy gap, conductivity, and resistivity are very valuable for the 

application of fabrication of optical devices [30].   

 
 

 
 

Fig. 5: I-V characteristics of CuO nanoparticles under dark as well as UV-light 
conditions. 

 
 
 

4. CONCLUSIONS 
 

In summary, rod-like CuO nanoparticles with a monoclinic structure have been 

synthesized by microwave combustion method, urea used as a fuel. XRD studies showed that 

the synthesized CuO nanoparticles are of monoclinic structure and show the average size of 

the particle. A FESEM observation displayed the surface morphology of rod-shaped CuO 

particles in nano-meter dimension. UV-Vis spectra showed that the optical bandgap of CuO 
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is 1.45eV and which is calculated from Tauc’s relation. I-V indicated the photo-current 

conversion efficiency for CuO nanoparticles. 

 
 
 

ACKNOWLEDGEMENTS 

The Authors like to thank Science and Engineering research board (SERB), Delhi for 

providing financial support to carry out this research work. The authors are also thankful to 

Indian Institute of Science (IISC), Bangalore for providing XRD and SEM facilities.  

 
 
REFERENCES 
 
[1]  D. Laha, A. Pramanik, A. Laskar et al., Materials Research Bulletin 59  (2014) 185  

[2]  Y. Ping Que, J. Weng, L.H. Hu, J. Huai Wu et al., Journal of Power Sources 307 

(2016) 138 

[3] X. Fuku, K. Kaviyarasu, M. Matinise et al., Nanoscale Research Letters 11/386   

(2016) 10  

[4] K. Outokesh, M. Hosseinpour et al., Industrial and Engineering Chemistry Research, 

50 (2011) 3545 

[5]  T. Wang et al., Materials Chemistry and Physics 139 (2013) 605 

[6]  L. Li, D. Mao, J. Yu et al., Journal of Powder Source 279 (2015) 404 

[7]  A.D. Khalaji, K. Jafari et al., Journal of Nanostructures 2 (2013) 508 

[8]  S. Sonia, N.D. Jayram, P.S. Kumar et al., Super lattice and Microstructure 66 (2014) 

8 

[9] I.S. Yahia, A.A.M. Farag et al., Optik-International journal for light and electron 

optics 127 (2016) 1429 

[10]  N.C.S. Selvam, R.T. Kumar et al., Power Technology 211 (2011) 255 



International	Journal	of	Nanoelectronics	and	Materials	
	
	

In	Press,	Accepted	Manuscript	–	Note	to	users	
 

Note:	Accepted	manuscripts	are	articles	that	have	been	peer‐reviewed	and	accepted	for	publication	by	the	Editorial	Board.	
These	articles	have	not	yet	been	copyedited	and/or	formatted	in	the	journal	house	style.	

 

[11]  S. Jing, W. Wang, Q. Yue et al., Applied Energy 175 (2016) 141 

[12]  V. Eskizeybek, A. Avci et al.,Crystal Research & Technology 46  (2011) 1100 

[13]  X. Hu, J. C. Yu, J. Gong et al., Advanced Materials 19 (2007) 2324 

[14]  H. Pang, C. We, X. Li et al., Scientific Reports 4 (2014) 3577 
 

[15]  S. W. Hsu, C. Ngo, A. R. Tao et al., Chemistry of Materials 27 (2015) 4957 

[16]  T. Jiang, Y. Wang et al., Applied Surface Science 311 (2014) 608 

[17]  R. Behera et al.,Researcher, 4 (12) (2012) 29  

[18]  A.P. Moura, L.S. Cavalcante et al., Advanced Powder Technology 21 (2010) 202 

[19]  F.Teng, W. Yao et al., Sensors and Actuators B 134 (2008) 768 

[20]  P. Subalakshmi et al., Journal of Alloys and Compounds 690 (2017) 523 

[21]  A.Umar. A.A.Alshahrani et al., Sensors and Actuators B: Chemical 250 (2017) 24 

[22]  H. Kidowaki, T. Oku, T. Akiyama et al., Journal of Materials Science Research 1/1  

(2012) 138 

[23]  Z. Yan, Z. Xu, J. Yu, G. Liu et al., Electroanalysis 26 (2014) 2017 

[24]  C.C. Vidyasagar, Y. A.  Naik , et al., Powder Technology 214  (2011) 343 

[25]  L. Xu, H.Y.Xu, F. Wang et al., Journal Korean Ceramics Society 49/2 (2012)151  

[26]  M. Vaseem, A. Umar et al., Journal of Physical Chemistry C 112  (2008) 5729 

[27]  S. Muthukumaran et al., Optical Materials 34 (2012) 1953 

[28]  Y. Wang, T. Jiang, et al., Applied Surface Science 355 (2015) 196 

[29] R.O. Yathisha, Y. Arthoba Nayaka et al., Materials Chemistry and Physics 181 (2016) 

175 

[30]  S. Ilican, Y. Caglar et al., Journal of Optoelectronics and Advanced Materials, 10/10, 

(2008) 2578 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /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
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


