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As a new generation of semiconductor reinforcements, fluorescent carbon dots 
have unpredictable and potential applications in bioimaging, photocatalysis, and 
optoelectronic devices. This work shows an environmentally friendly process for 
carbon dots preparation using citric acid monohydrate and urea. The influence 
of different parameters on luminous property was carefully studied based on the 
photoluminescence intensity measurement, including synthesis temperature, time 
and the concentration of carbon sources and deactivator. Then the synthesized 
products were further characterized by TEM, FT-IR, XPS, UV-vis, and XRD. 
Highest fluorescence intensity could be achieved under the carbon sources and 
deactivator concentration of 0.3 mol/L and 1 mol/L, respectively, in a total reac-
tion system of 40 ml at 190 °C for 18 hours. The screening analysis revealed that 
synthesis temperature has a strong correlation with the photoluminescence inten-
sity. This study provides further insights into designing high fluorescent perfor-
mance for carbon dots preparation. 
Key words: fluorescent carbon dots, synthesis temperature, UV-vis absorption, 

photoluminescence intensity 

Introduction 

Luminescent nanomaterials have been used in wide range of fields, including gene 
transmission, drug carriers, bioimaging probes, chemical sensors, and analytical chemistry 
[1]. Fluorescent nanoparticles, known as the famous luminescent nanomaterials, have evoked 
intense interest in recent decades owning to the emergence of new fluorescent nanoparticles, 
such as semiconductor quantum dots, graphene dots, carbon dots (CD), etc. [1-3] Carbon is 
one of the abundant elements in the universe with various allotropes. Carbon-based nano-
materials, (i. e. graphene, fullerenes, nanodiamonds, carbon nanotubes, CD, etc.) have large 
specific surface area and plentiful surface traps. In particular, CD are one of burgeoning fluo-
rescent nanomaterials, constituting a class of nanosized particle which generally refers to pho-
toluminescence (PL) carbon nanoparticles less than 10 nm in size [4, 5]. Such materials are 
undoubtedly accepted as a promising candidate for a variety of applications. Typically, they 
have sp2 and sp3 hybridized carbon-layer structures and can keep oxygen in the form of vari-
ous oxygen-containing species, such as hydroxyl (–OH), carboxyl (–COOH), and aldehyde  
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(–CHO) functional groups, on their surface, thus imparting them with good water solubility, 
excellent biocompatibility, high conductivity, photochemical stability, and suitability for sub-
sequent fabrication with various organic, polymeric, inorganic or biological species [6, 7]. 

The unique properties and surface structures of CD mainly depend on the prepara-
tion methods and precursors used for synthesis. Therefore, the preparation with appropriate 
carbon precursors and methods is the key issue, which should be considered to improve their 
properties [8]. Hydrothermal method, known as hydrothermal carbonization, is regarded as 
the irreplaceable and efficient technique for forming the CD. Its main reaction principle is to 
take use of high temperature and pressure to overcome the limitations of raw materials and 
drawbacks of undesirable yield. In addition, compared with traditional preparing approaches, 
hydrothermal method is friendly to the environment and can lead to the surface functionaliza-
tion by introducing functional groups, significantly enhancing the stability and bio-
compatibility of formed CD [6, 9].   

Experimental 

Materials and reagents 

Citric acid monohydrate and urea were supplied by Sinopharm Chemical Reagent 
Co., Ltd, China (SCRC). High-purity water from ULUPURE pure ultrapure water/water sys-
tem was used throughout the experiments. All other chemicals were of analytical pure grad. 

Preparation of CD 

In this paper, citric acid monohydrate/urea as precursors were co-carbonized to syn-
thesize highly bright CD via a facile green route of hydrothermal method. In a typical process, 
certain concentration of citric acid monohydrate and urea were dissolved in 40 mL high-purity 
water. After stirring, the mixture was transferred into a Teflon-lined stainless steel autoclave 
and maintained at a constant temperature for several hours. Then the solution was naturally 
cooled down and centrifuged at 12000 rpm for 20 minute to eliminate the residues. Finally, 
the supernatant was stored at –4 °C for further use. A single factor experiment was employed 
for a better understanding of the processing parameters effect on the PL intensity of CD, in-
cluding temperature, time, the concentration of citric acid monohydrate and urea. Table 1 pre-
sents the factors and their levels of single factor experiment. 

Table 1. Factors and their levels of single factor experiment 

Levels Citric acid monohydrate 
[molL–1] 

Urea 
[molL–1] 

Reaction time 
[hours] 

Reaction temperature 
[°C] 

1 0.075 0.25 5 160 

2 0.15 0.50 8 170 

3 0.225 0. 75 12 180 

4 0.3 1.0 18 190 

5 0.375 1.25 22 200 

Characterization of CD 

Fourier transform infrared spectra (FTIR) was accomplished by Thermo Nicolet 
IS10 spectrometer in the scan range of 4000-500 cm–1 using KBr pellet method. Fluorescence 
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spectra of liquid sample was performed by FS5 Spectrafluorometer (EDINBURGH IN-
STRUMENTS) at room temperature. The UV-visible absorption spectra was recorded on 
Thermo multiskan GO in the wavelength range from 250 nm to 700 nm. The crystal structure 
was identified by a Brukey SMART APEXII X-ray diffractometer (XRD) using Cu Kα radia-
tion with a scanning rate of 5° per minute in the range from 10° to 80°. The surface composi-
tion and chemical states were analyzed by X-ray photoelectron spectroscopy（XPS）using 
Thermo ESCALAB 250XI with a base vacuum operated at 300 W. High-resolution transmis-
sion electron microscopy (HRTEM) measurement was carried out on a HITACHI H-8100 
electron microscopy (Hitachi, Tokyo, Japan) with an accelerating voltage of 200 kV to char-
acterize their morphology and distribution. 

Results and discussion 

Optimum parameters for CD preparation  

The proper synthesis temperature, the time, the concentration of citric acid and urea 
are the key factors in the synthesis of qualified fluorescence CD. 

Synthesis temperature predominantly determines the formation status, the carboniza-
tion degree and the PL behavior of CD. Figure 1(a) presented PL intensity of CD achieved by 
using various synthesis temperature (160-200 °C) while maintaining other synthesis parame-
ters the same. As can be seen in fig. 1(a), less CD were formed at lower temperature in syn-
thesis process at the initial stage, since low synthesis temperature may lead to slow formation 
rate of CD and carbon core, which in turn affected their PL intensity [10, 11]. When the syn-
thesis temperature reached 190 °C, a stronger intense PL spectrum appeared due to the dehy-
dration of citric acid-urea. If the synthesis temperature were controlled below 190 °C, an en-
hancement trend of PL intensity would be observed. CD surface groups, i. e., pyridine deriva-
tives, are intrinsically relaying on the solvent and can form H-bonding interactions. Therefore, 
surface groups are susceptible to establish the relations through intermolecular H bonds [12]. 
Moreover, such intermolecular H-bonds are more sensitive to temperature than the intramo-
lecular H-bonds. Under higher thermolysis temperature, the intermolecular H-bonds between 
NH groups and water molecules become weakened, leading to the slow burning of the sur-
face-bounded N (amide) and the creation of intramolecular H-bonds. Further, the hydrother-
mal temperature play a vital role in controlling the surface passivation with heteroatoms and 
generating intramolecular H-bonds with fluorophores (in different structures) and surface 
groups [12, 13].  

Figure 1(b) displayed the dependence of PL intensity of CD on the concentration of 
urea. The PL intensity increased linearly with the concentration of urea in the range from  
0.25 mol/L to 1 mol/L. However, the curve exhibited deteriorating trend when the concentra-
tion of urea reached 1.25 mol/L. The highest PL intensity was obtained under the urea con-
centration of 1 mol/L. This exception can be explained that a higher concentration of urea 
might provoke the increase of modified ‒NH2 group (primary radiative PL centers) and the 
decrease of oxygenated functional groups (non-radiative PL centers). Subsequently, the PL in-
tensity of CD with different reaction time was presented in fig 1(c). The increase of reaction 
time appreciably affected the fluorescent property, which might accelerate the nanoparticles 
formation. However, such trend was not compatible with the PL intensity at 22 hour since the 
overlong reaction time might cause excessive carbonation and result in the reduction of oxy-
genated functional groups, thus lead to a lower PL intensity.  
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The concentration of citric acid plays a key role in synthesis process. Figure 1(d) 
presented the PL intensity of CD in response to the concentration of citric acid under the fixed 
condition (temperature: 190 °C, urea: 1.0 mol/L, time: 18 hours). In the certain concentration 
scope, higher citric acid concentration led to greater PL intensity. On the contrary, lower PL 
intensity was observed when the citric acid concentration reached 0.375 mol/L, which might 
be attributed to the re-absorption of CD at the superfluous citric acid solution [13].  

 
Figure 1. The PL intensity of CD with different parameters; (a) synthesis temperature,  
(b) concentration of urea, (c) reaction time, and (d) concentration of citric acid 

Property of CD 

As shown in fig. 2, FT-IR spectra of CD exhibited an extremely broad band at the 
range from 3100 cm–1 to 3500 cm–1 corresponding to the stretching vibrations of O-H and  
N-H. Besides, the vibration peaks of C=O (1640 cm−1), C=C (1580 cm−1), C–N= (1410 cm−1) 
can also be observed, suggesting the presence of large number of hydroxyl groups, carboxylic 
and amino groups on the on the surface of CD, which made CD be convenient to couple with 
other groups and therefore can greatly extend their application in the future. 

The CD generally have a strong absorption under the UV light. The typical UV-vis 
absorption spectra and PL spectra are portrayed in fig. 3. The CD displayed a broad absorp-
tion in the range 250-300 nm with a reduced intensity absorption extending into the visible 
light region. The absorption spectrum showed a peak at around 270-300 nm, which was 
mainly ascribed to the π→π* transition of C=O. The absorption from 300 nm to 400 nm 
may arise from n-π* transition of surface C=O and C=N bonds, respectively. Meanwhile, 
the CD gave rise to high photoluminescence with a maximum value at 475 nm by excitation 
at UV light. 
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Figure 2. The FTIR spectra of CD 

 
 

 
Figure 3. The UV-Vis absorption and PL 
emission spectra of CD; (a) absorption spectra 
of CD, (b) emission spectra of CD 

 

The XPS was conducted to further delve the chemical bonds and functional groups 
of synthesized CD (as shown in fig. 4). Figure 4(a) presented the high resolution C1s spec-
trum of, where the binding energy peaks centered at 284.5 eV, 285.3 eV, 286.2 eV, 288,2 eV 
can be attributed to sp2 and sp3 carbons (C=C/C-C), sp3 carbons (C-N) and (C-O ), carbonyl 
carbons (C=O) [14]. In the high resolution N1s spectrum, fig. 4(b), the binding energies of  
C-N-C and N-H were located at 399.6 eV and 401.1 eV, respectively. The high resolution 
O1s, fig. 4(c), fitted into two main peaks at 531.3 eV, 532.8 eV, were corresponding to C=O 
and C-O [15].  

 

Figure 4. The XPS spectra of CD;  
(a) the high resolution peaks for C1s,  
(b) the high resolution peaks for N1s,  
(c) the high resolution peaks for O1s 
(for color image see journal web site) 
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Typical XRD pattern of CD is shown in 
fig. 5. The curve reflected a broad and strong 
diffraction peak centered at about 2θ = 22°, 
which was assigned to highly disordered (002) 
planes of graphitic carbon [16, 17]. The TEM 
was recorded to demonstrate the microstruc-
tures of CD, as shown in fig. 6. According to 
the TEM image, synthesized CD display spher-
ical-like uniform shape and disperse well. 

Conclusion 

We systematically investigated the impact 
of operational parameters for synthesizing the 
CD using single factor experiment, including 
the synthesis temperature, time, the concentra-
tions of citric acid monohydrate and urea. The 
PL intensity was adopted as the response value 
to evaluate significant factors effecting on their 
fluorescent performance. It is found that the 
best fluorescence performance was achieved 
when the synthesis temperature was kept of 
190 °C, reaction time of 18 hours, citric acid 
monohydrate of 0.3 mol/L as well as urea of 
1 mol/L. Notably, synthesis temperature obvi-
ously affected the property of CD. Under the 
optimized conditions, the synthesized materials 
exhibited noticeably superior luminescent prop-
erty. In addition to the strong PL intensity, re-

sults from FTIR, XPS, as well as other tests demonstrated that the prepared CD consisted of 
carbon, oxygen, and hydrogen elements. The functional groups on the surface, i. e. hydroxyl, 
carboxyl and carbonyl, would provide great potential for novel applications in photocatalysis 
and energy conversion in the near future. The CD based nanofibers by bubble electrospinning 
or electrospinning [18-25] have received considerable attention due to their outstanding optical 
and catalytic properties, and the reaction equation can be easily solved by Taylor method [26].  

Acknowledgment 

We would like to acknowledge the financial support of the National Key R&D Pro-
gram of China (No. 2017YFB0309100), Chinese Foundation Key projects of governmental 
cooperation in international scientific and technological innovation (No. 2016YFE0115700); 
the National Nature Science and Foundation of China (Grant No. 31470509), and the 
111project (No. B17021). The authors would also like to thank Shiyanjia lab for their profes-
sional tests support. 

References  
[1] Kundu, A., et al., Facile Approach to Synthesize Highly Fluorescent Multicolor Emissive Carbon Dots 

via Surface Functionalization for Cellular Imaging, Journal of Colloid & Interface Science, 513 (2018), 
Mar., pp. 505-514 

 
Figure 5. The XRD pattern of CD 

 
Figure 6. The TEM image of CD 

https://www.sciencedirect.com/topics/chemistry/hydrogen


Shen, S., et al.: Advanced Synthesis of Carbon Dots: Novel Insights into … 
THERMAL SCIENCE: Year 2019, Vol. 23, No. 4, pp. 2453-2459 2459 

[2] Tuerhong, M., et al., Review on Carbon Dots and Their Applications, Chinese Journal of Analytical 
Chemistry, 45 (2017), 1, pp. 139-150 

[3] Isnaeni, H. Y., Suliyanti, M. M., Concentration Effect on Optical Properties of Carbon Dots at Room 
Temperature, Journal of Luminescence, 198 (2018), June, pp. 215-219 

[4] Jaleel, J. A., Pramod, K., Artful and Multifaceted Applications of Carbon Dot in Biomedicine, Journal 
of Controlled Release, 269 (2017), Jan., pp. 302-321 

[5] Baker, S. N., Baker, G. A., Luminescent Carbon Nanodots: Emergent Nanolights, Angew. Chem. Int. Ed, 
49 (2010), 38, pp. 6726-6744 

[6] Mishra, V., et al., Carbon Dots: Emerging Theranostic Nanoarchitectures, Drug Discovery Today, 23 
(2018), 6, pp. 1219-1232 

[7] Zhu, C., et al., Carbon Dots Enhance the Stability of CdS for Visible-Light-Driven Overall Water Split-
ting, Applied Catalysis B Environmental, 216 (2017), Nov., pp. 114-121 

[8] Wang, N., et al., Green Preparation of Carbon Dots with Papaya as Carbon Source for Effective Fluores-
cent Sensing of Iron (III) and Escherichia Coli, Biosensors & Bioelectronics, 85 (2016), Nov., pp. 68-75 

[9] Das, R., et al., Carbon Quantum Dots from Natural Resource: A Review, Materialstoday Chemistry, 8 
(2018), June, pp. 96-109 

[10] Wang J, et al., Amphiphilic Egg-Derived Carbon Dots: Rapid Plasma Fabrication, Pyrolysis Process, and 
Multicolor Printing Patterns, Angewandte Chemie International Edition, 51 (2012), 37, pp. 9297-9301 

[11] Wu, Z. L., et al., One-Pot Hydrothermal Synthesis of Highly Luminescent Nitrogen-Doped Amphoteric 
Carbon Dots for Bioimaging from Bombyx Mori Silk – Natural Proteins [J], Journal of Materials Chem-
istry B, 22 (2013), 1, pp. 2868-2873 

[12] Velusamy, J., et al., Prominence of Fusion Temperature and Engineering Heteroatoms on Multifarious 
Emissive Shifts in Carbon Dots, Journal of Colloid & Interface Science, 528 (2018), Oct., pp. 237-247 

[13] Qu, S., et al., Ratiometric Fluorescent Nanosensor Based on Water Soluble Carbon Nanodots with Mul-
tiple Sensing Capacities, Nanoscale, 12 (2013), 5, pp. 5514-5518 

[14] Hernandez-Rodriguez, M. A., et al., Carbon Dots as Temperature Nanosensors in the Physiological 
Range, Journal of Luminescence, 196 (2017), Apr., pp. 313-315  

[15] Chen, Y., et al., Facile Synthesis of Nitrogen and Sulfur Co-Doped Carbon Dots and Application for Fe 
(III) Ions Detection and Cell Imaging, Sensors & Actuators B Chemical, 223 (2016), Feb., pp. 689-696 

[16] Zhang, Y., et al., Effect of Reaction Temperature on Structure and Fluorescence Properties of Nitrogen- 
-Doped Carbon Dots [J], Applied Surface Science, 387 (2016), Nov., pp. 1236-1246 

[17] Krysmann, M. J., et al., Formation Mechanism of Carbogenic Nanoparticles with Dual Photolumines-
cence Emission [J], Journal of the American Chemical Society, 134 (2011), 2, pp. 747-750 

[18] Chen, S., et al., Carbon Dots/Fe3O4 Hybrid Nanofibers as Efficient Peroxidase Mimics for Sensitive De-
tection of H2O2 and Ascorbic Acid, Inorg. Chem. Front., 4 (2017), 10, pp. 1621-1627  

[19] Liu, L.-G., et al., Solvent Evaporation In A Binary Solvent System For Controllable Fabrication Of Po-
rous Fibers By Electrospinning, Thermal Science, 21 (2017), 4, 1821-1825 

[20] Liu, P., et al., Geometrical Potential: an Explanation of Nanofibers Wettability, Thermal Science, 22 
(2018), 1A, pp. 33-38 

[21] Yu, D. N., et al., Snail-Based Nanofibers, Mater. Lett., 220 (2018), June, pp. 5-7 
[22] Liu, Y.-Q., et al., Nanoscale Multi-Phase Flow and Its Application to Control Nanofiber Diameter, 

Thermal Science, 22 (2018), 1A, pp. 43-46 
[23] Tian, D., et al., Self-Assembly of Macromolecules in a Long and Narrow Tube, Thermal Science, 22 

(2018), 4, pp. 1659-1664 
[24] Liu, Y. Q., et al. Air Permeability of Nanofiber Membrane with Hierarchical Structure, Thermal Science, 

22 (2018), 4, pp. 1637-1643  
[25] Zhao, L., et al., Sudden Solvent Evaporation in Bubble Electrospinning for Fabrication of Unsmooth 

Nanofibers, Thermal Science, 21 (2017), 4, pp. 1827-1832  
[26] He, J.-H., Ji, F. Y., Taylor Series Solution for Lane-Emden Equation, Journal of Mathematical Chemis-

try, https://doi.org/10.1007/s10910-019-01048-7, 2019 
 
 

Paper submitted: July 1, 2018 © 2019 Society of Thermal Engineers of Serbia.  
Paper revised: October 10, 2018 Published by the Vinča Institute of Nuclear Sciences, Belgrade, Serbia. 
Paper accepted: October 10, 2018 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.  

http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=5BNvTYCHUI367iXYvOw&page=1&doc=8
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=5BNvTYCHUI367iXYvOw&page=1&doc=8
http://thermalscience.vinca.rs/authors/3157
https://www.sciencedirect.com/science/journal/0167577X
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=5BNvTYCHUI367iXYvOw&page=1&doc=3
https://doi.org/10.1007/s10910-019-01048-7
http://www.vin.bg.ac.rs/index.php/en/


<<
  /ASCII85EncodePages false
  /AllowPSXObjects false
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 300
  /ColorSettingsFile ()
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /DetectBlends true
  /DetectCurves 0.10000
  /DoThumbnails false
  /DownsampleColorImages false
  /DownsampleGrayImages false
  /DownsampleMonoImages false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 300
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXRegistryName (http://www.color.org)
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2159.000 2794.000]
>> setpagedevice


