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The ternary TaIr2B2 boride was prepared by the reaction between iridium and TaB2 powders.  
It was shown that a choice in favor of any crystal structure of TaIr2B2 boride using only X-ray 
powder diffraction analysis and single-crystal XRD is rather difficult to make. The DFT calcu-
lations were carried out to predict the energetically preferred crystal structure of TaIr2B2. The 
11B solid-state NMR spectrum of TaIr2B2 was recorded for the first time. A combination of dif-
fraction and spectroscopic methods, as well as theoretical calculations, allowed us to make 
clear choice in favor of the triclinic space group 1P  for the crystal structure of TaIr2B2. The 
Vickers microhardness value for TaIr2B2 was found to be 17.9�2.3 GPa, and the ternary 
TaIr2B2 boride can be considered a hard material. Therefore, the family of hard ternary boride 
phases got a new member. The coefficients of thermal expansion of TaIr2B2 measured by in 
situ high-temperature XRD analysis are independent of temperature along the a and b axes, but 
the CTE along the c axis deviates noticeably at elevated temperatures. The findings for the new 
ternary TaIr2B2 boride are of interest for the rational design of complex structural materials 
containing Ta—Ir—B-based components and prediction of their high-temperature behavior. 
Further research into this ternary boride as well as other iridium-containing ternary borides 
will provide a tool to solve the problems faced by high-temperature materials science. 
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INTRODUCTION

Transition metal borides have a rather wide range of applications resulting from their refractori-
ness, hardness, superconductivity, as well as mechanical, magnetic, and optical properties [1]. A vari-
ety of properties inherent to transition metal borides are related to the fact that they have a rich crystal 
chemistry and can form crystal structures ranging from 1D to 3D networks. 

The family of ternary borides are characterized by an even greater diversity of «structural–che-
mical–physical» relations. Among ternary borides, those simultaneously containing early and late tran-
sition metals (in particular, platinum-group metals) are of special interest.  
………
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CONCLUSIONS 

The ternary TaIr2B2 boride was prepared by the reaction between iridium and tantalum diboride 
powders at elevated temperatures. The products were comprehensively characterized by a set of mo-
dern analytical techniques, including X-ray powder diffraction and single-crystal XRD, SEM/EDX at 
different accelerating voltages, DFT calculations, and 11B solid-state MAS NMR spectroscopy. It was 
shown that a clear choice in favor of the Cc, C2/c or 1P  crystal structure of ternary TaIr2B2 boride 
using only the common diffraction methods, including X-ray powder diffraction and single-crystal 
XRD, is rather difficult to make. The DFT calculations showed that the 1P  and C2/c crystal structures 
for TaIr2B2 compound are energetically more preferred (�10 eV) than the Cc crystal structure, but 
poorly distinguishable from each other (�E � 0.02 eV). Additional solid-state NMR studies were con-
ducted to solve this problem. The 11B solid-state NMR spectrum of ternary TaIr2B2 boride was re-
corded for the first time. The combination of diffraction, theoretical and spectroscopic methods al-
lowed us to make a clear choice in favor of the triclinic space group 1P  for the crystal structure of the 
ternary TaIr2B2 phase. 

The Vickers microhardness value for the TaIr2B2 ternary phase was measured to be 17.9�2.3 GPa. 
Based on this result, ternary TaIr2B2 boride can be considered a hard material. This value is also com-
parable to those previously reported for the ternary Hf—Ir—B phases. Therefore, a new member has 
been added to the family of hard ternary boride phases. The coefficients of thermal expansion were 
measured for TaIr2B2 immediately by in situ high-temperature XRD analysis. The CTEs of TaIr2B2 
along the a and b axes are independent of temperature and equal to 7.3 �10–6 K–1 and 7.2 �10–6 K–1, re-
spectively. The temperature dependence of the CTE along the c axis noticeably deviates at elevated 
temperatures. The CTE of the new TaIr2B2 ternary boride is close to the values determined by us for 
hafnium–iridium ternary boride.  

Therefore, the findings on the crystal structure, microhardness and thermal expansion of new ter-
nary TaIr2B2 boride are of interest for rational design of the complex structural materials containing 
Ta—Ir—B-based components and prediction of their high-temperature behavior. There are grounds for 
hope that further research into this ternary boride and other ternary borides containing iridium will 
provide a tool to solve problems faced by the high-temperature materials science. 

 
Acknowledgments. This work was financially supported by the State Assignment to the Institute 

of Solid State Chemistry and Mechanochemistry SB RAS (project No. 121032500062-4). S.G. Koz-
lova thanks the Ministry of Science and Higher Education of the Russian Federation for financial sup-
port (project No. 121031700313-8). The authors are grateful to Arina V. Ukhina, PhD (Institute of 
Solid State Chemistry and Mechanochemistry, SB RAS) for recording the XRPD patterns and Tatyana 
A. Gavrilova (the «Nanostructures» Center, Institute of Semiconductor Physics, SB RAS) for conduc-
ting EDX analysis at low accelerating voltage. 

Supporting information. The Supporting Information is available: Synthesis, Single crystal data, 
NMR spectra, Powder XRD patterns and EDX analysis, Thermal expansion of the ternary TaIr2B2 bo-
ride (PDF). 

REFERENCES 
1. G. Akopov, M.T. Yeung, R.B. Kaner. Rediscovering the crystal chemistry of borides. Adv. Mater., 2017, 29, 

1604506. https://doi.org/10.1002/adma.201604506 
2. N.I. Baklanova, V.V. Lozanov, A.T. Titov. The first evidence of the high oxidation resistance of the novel 

ternary tantalum-iridium-boron phase. Corros. Sci., 2019, 160, 108178. https://doi.org/10.1016/j.corsci.2019. 
108178 

3. V.V. Lozanov, A.V. Utkin, T.A. Gavrilova, A.T. Titov, A.I. Beskrovny, G.A. Letyagin, G.V. Romanenko, 
N.I. Baklanova. New hard ternary Hf—Ir—B borides formed by reaction hafnium diboride with iridium. 
J. Am. Ceram. Soc., 2022, 105(3), 2323–2333. https://doi.org/10.1111/jace.18234 



������ �	��
	����� 
����. 2024. 	. 65, � 6, 127626 

 3 �� 5

4. V.V. Lozanov, A.V. Utkin, A.A. Vasin, M.A. Sheindlin, N.I. Baklanova. Hot press assisted synthesis and 
thermophysical properties of iridium intermetallic compounds. Thermochim. Acta, 2020, 689, 178641. https: 
//doi.org/10.1016/j.tca.2020.178641 

5. V.V. Lozanov, N.I. Baklanova, N.V. Bulina, A.T. Titov. New ablation-resistant material candidate for hyper-
sonic applications: Synthesis, composition, and oxidation resistance of HfIr3-based solid solution. ACS Appl. 
Mater. Interfaces, 2018, 10(15), 13062–13072. https://doi.org/10.1021/acsami.8b01418  

6. N.I. Baklanova, V.V. Lozanov, A.T. Titov. One-step preparation of TaIr3-based material and its ablation per-
formance under extreme environmental conditions. Corros. Sci. 2018, 143, 337–346. https://doi.org/10.1016/ 
j.corsci.2018.08.044 

7. K. Górnicka, X. Gui, B. Wiendlocha, L.T. Nguyen, W. Xie, R.J. Cava, T. Klimczuk. NbIr2B2 and TaIr2B2 – 
New low symmetry noncentrosymmetric superconductors with strong spin–orbit coupling. Adv. Funct. Ma-
ter., 2021, 31(3), 2007960. https://doi.org/10.1002/adfm.202007960 

8. A.M. Barrios Jiménez, U. Burkhardt, R. Cardoso-Gil, K. Höfer, S.G. Altendorf, R. Schlögl, Y. Grin, I. An-
tonyshyn. Hf2B2Ir5: a self-optimizing catalyst for the oxygen evolution reaction. ACS Appl. Energy Mater., 
2020, 3(11), 11042–11052. https://doi.org/10.1021/acsaem.0c02022 

9. O. Sichevych, S. Flipo, A. Ormeci, M. Bobnar, L. Akselrud, Y. Prots, U. Burkhardt, R. Gumeniuk, A. Leithe-
Jasper, Y. Grin. Crystal structure and physical properties of the cage compound Hf2B2–2�Ir5+�. Inorg. Chem., 
2020, 59(19), 14280–14289 https://doi.org/10.1021/acs.inorgchem.0c02073  

10. Q. Zheng, R. Gumeniuk, H. Borrmann, U. Burkhardt, W. Schnelle, A. Leithe-Jasper, Y. Grin. TM7TM�6B8 
(TM = Ta, Nb; TM� = Ru, Rh, Ir): New AlB2-related compounds. In: Abstract Book: 17th Int. Symp. Boron, 
Borides Relat. Mater., �stanbul, Türkiye, Sept 11–17, 2011 / Eds. O. Yücel, L. Özmen. Istanbul, Turkey: 
�SBB O.C., 2011, 201.  

11. Q. Zheng, M. Kohout, R. Gumeniuk, N. Abramchuk, H. Borrmann, Y. Prots, U. Burkhardt, W. Schnelle, 
L. Akselrud, H. Gu, A. Leithe-Jasper, Y. Grin. TM7TM �6B8 (TM = Ta, Nb; TM � = Ru, Rh, Ir): new com-
pounds with [B6] ring polyanions. Inorg. Chem., 2012, 51(14), 7472–7483. https://doi.org/10.1021/ic201978n 

12. E.M. Carnicom, W. Xie, T. Klimczuk, J. Lin, K. Górnicka, Z. Sobczak, N.P. Ong, R.J. Cava. TaRh2B2 and 
NbRh2B2: superconductors with a chiral noncentrosymmetric crystal structure. Sci. Adv., 2018, 4(5), eaar 
7969. https://doi.org/10.1126/sciadv.aar7969 

13. C. Benndorf, M. de Oliveira, C. Doerenkamp, F. Haarmann, T. Fickenscher, J. Kösters, H. Eckert, R. Pött-
gen. 11B and 89Y solid state MAS NMR spectroscopic investigations of the layered borides YTB4 (T = Mo, 
W, Re). Dalton Trans., 2019, 48 (3), 1118–1128. https://doi.org/10.1039/C8DT04444A 

14. Y. Kishimoto, Y. Kawasaki, T. Ohno. 11B NMR study of magnetism in RRh3B2 (R = La, Ce, Nd, Sm, Eu and 
Gd). J. Phys. Soc. Jpn., 2004, 73(7), 1970–1981. https://doi.org/10.1143/JPSJ.73.1970 

15. J. Roger, V. Babizhetskyy, S. Cordier, J. Bauer, K. Hiebl, L. Le Pollès, S. Elisabeth Ashbrook, J.-F. Halet, 
R. Guérin. Crystal structures, physical properties and NMR experiments on the ternary rare-earth metal sili-
cide boride compounds RE5Si2B8 (RE = Y, Sm, Gd, Tb, Dy, Ho). J. Solid State Chem., 2005, 178 (6), 1851– 
1863. https://doi.org/10.1016/j.jssc.2005.02.023 

16. I. Zeiringer, X. Cheng, X.-Q. Chen, E. Bauer, G. Giester, P.F. Rogl. Crystal structures and constitution of the 
binary system iridium-boron. Sci. China Mater., 2015, 58(8), 649–668. https://doi.org/10.1007/s40843-015-
0078-6 

17. V.V. Lozanov, N.I. Baklanova. Vliyanie geksaborida kal�tsiya na fazoobrazovanie v sistemakh diborid gaf-
niya–iridii i diborid tantala–iridii (The effect of calcium hexaboride on the phase formation in the hafnium 
diboride–iridium and tantalum diboride–iridium systems). Tr. Kol�sk. Nauchn. Tsentra Ross. Akad. Nauk, 
2023, 14(4), 15–20. https://doi.org/10.37614/2949-1215.2023.14.4.002 (In Russ.) 

18. G.M. Sheldrick. Crystal structure refinement with SHELXL. Acta Crystallogr., Sect. C: Struct. Chem., 2015, 
71(1), 3–8. https://doi.org/10.1107/S2053229614024218 

19. M.R. Hansen, G.K.H. Madsen, H.J. Jakobsen, J. Skibsted. Refinement of borate structures from 11B MAS 
NMR spectroscopy and density functional theory calculations of 11B electric field gradients. J. Phys. Chem. A, 
2005, 109(9), 1989–1997 https://doi.org/10.1021/jp045767i 

20. J.A. Bearden. X-ray wavelengths. Rev. Mod. Phys. 1967, 39(1), 78–124. https://doi.org/10.1103/RevModPhys. 
39.78 

21. P.J. Brown, A.G. Fox, E.N. Maslen, M.A. O�Keefe, B.T.M. Willis. Intensity of diffracted intensities. In: In-
ternational Tables for Crystallography, Vol. C / Ed. E. Prince. Chester, England: International Union of Crys-
tallography, 2006, 554–595. https://doi.org/10.1107/97809553602060000600 

22. A.L. Spek. What makes a crystal structure report valid? Inorg. Chim. Acta, 2018, 470, 232–237. https: 
//doi.org/10.1016/j.ica.2017.04.036 



V.V. LOZANOV, A.V. UTKIN, G.A. LETYAGIN � ��.  

 

 

4 �� 5

23. G. Viswanathan, A.O. Oliynyk, E. Antono, J. Ling, B. Meredig, J. Brgoch. Single-crystal automated refine-
ment (SCAR): a data-driven method for determining inorganic structures. Inorg. Chem., 2019, 58(14), 
9004–9015. https://doi.org/10.1021/acs.inorgchem.9b00344 

24. O. Sologub, P. Rogl, A. Grytsiv, G. Giester. Crystal structure of R3Pd25–xB8–y, R = La, Ce. J. Phys.: Conf. 
Ser., 2009, 176, 012007. https://doi.org/10.1088/1742-6596/176/1/012007 

25. BAND2022. Amsterdam, The Netherlands: SCM, Theoretical Chemistry, Vrije Universiteit, http://www. 
scm.com. 

26. E.S. Kadantsev, R. Klooster, P.L. De Boeij, T. Ziegler. The formulation and implementation of analytic ener-
gy gradients for periodic density functional calculations with STO/NAO Bloch basis set. Mol. Phys., 2007, 
105(19–22), 2583–2596. https://doi.org/10.1080/00268970701598063 

27. J.P. Perdew, Y. Wang. Accurate and simple analytic representation of the electron-gas correlation energy. 
Phys. Rev. B, 1992, 45(23), 13244–13249. https://doi.org/10.1103/PhysRevB.45.13244 

28. J.P. Perdew, K. Burke, M. Ernzerhof. Generalized gradient approximation made simple. Phys. Rev. Lett., 
1996, 77(18), 3865–3868. https://doi.org/10.1103/PhysRevLett.77.3865 

29. E. Van Lenthe, E.J. Baerends. Optimized slater-type basis sets for the elements 1–118. J. Comput. Chem., 
2003, 24(9), 1142–1156. https://doi.org/10.1002/jcc.10255 

30. P.H.T. Philipsen, E.J. Baerends. Relativistic calculations to assess the ability of the generalized gradient ap-
proximation to reproduce trends in cohesive properties of solids. Phys. Rev. B, 2000, 61(3), 1773–1778. 
https://doi.org/10.1103/PhysRevB.61.1773. 

31. F.M. Bickelhaupt, E.J. Baerends. Kohn-Sham density functional theory: Predicting and understanding che-
mistry. In: Reviews in Computational Chemistry, Vol. 15 / Eds. K.B. Lipkowitz, D.B. Boyd. Hoboken, NJ, 
USA: John Wiley & Sons, Inc., 2007, 1–86. https://doi.org/10.1002/9780470125922.ch1 

32. K.M. Powderly, S. Guo, H.E. Mitchell Warden, L.T. Nguyen, R.J. Cava. Metastable �-NdCo2B2: a triclinic 
polymorph with magnetic ordering. Chem. Mater., 2021, 33(16), 6374–6382. https://doi.org/10.1021/acs. 
chemmater.1c01545 

33. P. Salamakha, O. Sologub, C. Rizzoli, A.P. Gonçalves, M. Almeida. Rh3B2–x, new structure type of binary 
borides with triclinic symmetry. J. Solid State Chem., 2004, 177(11), 4237–4243. https://doi.org/10.1016/ 
j.jssc.2004.06.040 

34. L.E. Pangilinan, S. Hu, S.G. Hamilton, S.H. Tolbert, R.B. Kaner. Hardening effects in superhard transition-
metal borides. Acc. Mater. Res., 2022, 3(1), 100–109. https://doi.org/10.1021/accountsmr.1c00192 

35. S. Motojima, K. Sugiyama. Chemical vapour deposition of tantalum diboride. J. Mater. Sci., 1979, 14(12), 
2859–2864. https://doi.org/10.1007/BF00611466 

36. V.V. Lozanov, A.V. Utkin, N.I. Baklanova. Microhardness and thermal expansion of some binary and ternary 
boride phases of the Ca—Ir—B system. Inorg. Mater., 2023, 59(7), 696–702. https://doi.org/10.1134/S0020 
168523070105 

37. R. Mohammadi, M. Xie, A.T. Lech, C.L. Turner, A. Kavner, S.H. Tolbert, R.B. Kaner. Toward inexpensive 
superhard materials: tungsten tetraboride-based solid solutions. J. Am. Chem. Soc., 2012, 134, 20660–20668. 
https://doi.org/10.1021/ja308219r 

38. L.E. Pangilinan, C.L. Turner, G. Akopov, M. Anderson, R. Mohammadi, R.B. Kaner. Superhard tungsten 
diboride-based solid solutions. Inorg. Chem., 2018, 57, 15305–15313. https://doi.org/10.1021/acs.inorg-
chem.8b02620 

39. A.T. Lech, C.L. Turner, J. Lei, R. Mohammadi, S.H. Tolbert, R.B. Kaner. Superhard rhenium/tungsten dibo-
ride solid solutions. J. Am. Chem. Soc., 2016, 138(43), 14398–14408. https://doi.org/10.1021/jacs.6b08616 

40. G. Akopov, W.H. Mak, D. Koumoulis, H. Yin, B. Owens-Baird, M.T. Yeung, M.H. Muni, S. Lee, I. Roh, 
Z.C. Sobell, P.L. Diaconescu, R. Mohammadi, K. Kovnir, R.B. Kaner. Synthesis and characterization of sin-
gle-phase metal dodecaboride solid solutions: Zr1–xYxB12 and Zr1–xUxB12. J. Am. Chem. Soc., 2019, 141, 
9047–9062. https://doi.org/10.1021/jacs.9b03482 

41. R. Mohammadi, C.L. Turner, M. Xie, M.T. Yeung, A.T. Lech, S.H. Tolbert, R.B. Kaner. Enhancing the hard-
ness of superhard transition-metal borides: Molybdenum-doped tungsten tetraboride. Chem. Mater., 2016, 
28(2), 632–637. https://doi.org/10.1021/acs.chemmater.5b04410 

42. M.T. Yeung, J. Lei, R. Mohammadi, C.L. Turner, Y. Wang, S.H. Tolbert, R.B. Kaner. Superhard monobori-
des: Hardness enhancement through alloying in W1–xTaxB. Adv. Mater., 2016, 28(32), 6993–6998. https: 
//doi.org/10.1002/adma.201601187 

43. G. Akopov, L.E. Pangilinan, R. Mohammadi, R.B. Kaner. Perspective: superhard metal borides: a look for-
ward. APL Mater., 2018, 6, 070901. https://doi.org/10.1063/1.5040763 

44. P. Paufler, T. Weber. On the determination of linear thermal expansion coefficients of triclinic crystals using 
X-ray diffraction. Eur. J. Mineral., 1999, 11(4), 721–730. https://doi.org/10.1127/ejm/11/4/0721 



������ �	��
	����� 
����. 2024. 	. 65, � 6, 127626 

 5 �� 5

45. F.G. Keihn, E.J. Keplin. High-temperature thermal expansion of certain group IV and group V diborides. 
J. Am. Ceram. Soc., 1967, 50(2), 81–84. https://doi.org/10.1111/j.1151-2916.1967.tb15044.x 

46. S. Okada, K. Kudou, I. Higashi, T. Lundström. Single crystals of TaB, Ta5B6, Ta3B4 and TaB2, as obtained 
from high-temperature metal solutions, and their properties. J. Cryst. Growth, 1993, 128(1–4), 1120–1124. 

 
 
This is an excerpt of the article  
CRYSTAL STRUCTURE, MICROHARDNESS  
AND THERMAL EXPANSION OF TERNARY TaIr2B2 BORIDE. 
Full text of the paper is published in Journal of Structural Chemistry.  
DOI: 10.1134/S00224766624060040 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 (Japan Magazine Advertisement Color)
  /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 (None)
  /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 <>
    /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.)
    /RUS <>
  >>
  /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


