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Abstract: The growing global demand for renewable energy sources has pushed 
renewable, green energy sources to the forefront, among which the production 
of hydrogen gas from water occupies a significant place. To realize this goal, 
researchers across the globe are developing various systems that could swiftly 
catalyze the hydrogen evolution reaction (HER) in the highest possible yield. 
In the present work, the electrocatalytic HER performances of pyridoxal semi-
carbazone- and thiosemicarbazone-based Cu(II) complexes, i.e., ([Cu(PLSC)Cl2] 
and [Cu(PLTSC-H)H2O]Br·H2O) are reported. It has been unambiguously 
demonstrated that the complexes exhibit enviable level of HER catalytic act-
ivity. The catalytic activity of the complexes was not only the function of cen-
tral metal but it was also controlled by the nature of the coordinating ligand. 

Keywords: renewable energy; cyclic voltammetry; proton-coupled electron 
transfer. 

INTRODUCTION 
Molecular hydrogen is considered to be one of the best alternatives to non- 

-renewable sources due to its high energy content and environment friendly 
nature.1 Owing to its great potential and urgent demand towards a greener future, 
a plethora of research has been carried out on H2 production. Among others, the 
electrocatalytic hydrogen evolution reaction (HER) has been extensively studied 
in the last decade.1–4 One of the key challenges in this area of research is to 
design and develop suitable electrocatalysts with low kinetic barriers and to drive 
the reaction at high current densities.5 In this context, a large number of organo-
metallic and metal organic frameworks (MOFs) based electrocatalysts have been 
reported with variable performances.5,6 However, it was found that high per-
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formance was often achieved with the use of catalysts based on expensive metals, 
such as platinum.7 Therefore, realization of low-cost catalysts remains a chal-
lenge to the research community leading to the quest for new organic ligands and 
their earth abundant metal complexes with acceptable electrocatalytic activity.8–10 
Among varieties of organic ligands, mixed ligand systems based on semicarba-
zone/thiosemicarbazone and pyridoxal fragments (a form of vitamin B6, Scheme 
1) have attracted interest of the researchers due to multi-dimensional applic-
ations.11 Basically, PLSC and PLTSC are tridentate ligands that coordinate with 
metal ions through the phenolic oxygen, the hydrazine nitrogen and oxygen (in 
the case of PLSC) or sulfur (PLTSC; Scheme 2). Accordingly, these ligands are 
classified as ONO or ONS ligands. The three common coordination modes of 
such ligands are depicted in Scheme 2. A zwitterion (H2L) in the neutral form 
with deprotonated phenolic OH– group and protonated “pyridine” N atom. 
Monoanionic form (HL–) of the ligands PLSC and PLTSC is obtained through 
deprotonation of enol–thiol forms and dianionic form of ligands is obtained 
through further deprotonation of pyridine N atom (L2–). 

 

Scheme 1. Structural formulas and abbreviations of pyridoxal 
semicarbazone (PLSC; X = O) and thiosemicarbazone 
(PLTSC; X=S). 

 
Scheme 2. Coordination modes and ligand forms for PLSC and PLTSC ligands. 

A thorough literature survey indicated that, although a significant number of 
transition metals complexes with PLTSC and PLSC has been synthesized,11–17 
the catalytic activities of such complexes have rarely been studied.18–21 Owing to 
this, it was envisioned that these complexes could be good candidates for cyclic 
voltammetry (CV) measurements and electrocatalytic hydrogen production (H2) 
via proton reduction. Motivated by this, herein the electrocatalytic HER per-
formances of pyridoxal semicarbazone- and thiosemicarbazone-based Cu(II) 
complexes, i.e., ([Cu(PLSC)Cl2] and [Cu (PLTSC-H)H2O]Br·H2O), are reported. 

EXPERIMENTAL 
All chemicals were obtained from Sigma–Aldrich or Across Organics and used as 

received. Solvents were dried according to available literature methods.22 Cyclic voltammetry 
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experiments were realized using an Autolab PGSTAT 128 potentiostat. The electrochemical 
cell containing 5 ml of a solution of electrolyte [NBu4] [BF4], 0.2 M in DMF, was degassed 
with nitrogen gas A conventional three-electrode arrangement was employed, consisting of a 
vitreous carbon working electrode (GCE, 0.07 cm2), a platinum wire as the auxiliary electrode 
and Ag/AgCl as the reference electrode. All potentials in the paper are referred to Ag/AgCl 
scale. Ligands (PLSC and PLTSC) and corresponding Cu(II) complexes were synthesized 
following a reported procedure.11 

Synthesis of PLSC ligand (PLSC·HCl·H2O) 
To a warm mixture of pyridoxal hydrochloride (3.10 g, 15 mmol) and semicarbazide 

hydrochloride (1.60 g, 15 mmol) in 30 mL water, Na2CO3·10H2O (4.5 g, 25 mmol) was added 
in portions. After stirring for 5 h, the obtained microcrystalline yellow deposit was filtered off, 
washed with H2O and dried to realize the final product. Yield: 3.70 g (95 %). 
Synthesis of PLTSC ligand (PLTSC·3H2O) 

To a mixture of pyridoxal hydrochloride (2.03 g, 10 mmol) and thiosemicarbazide 
(0.91 g, 10 mmol) dissolved in 20 mL of methanol, LiOAc (0.70 g, 10 mmol) was added and 
refluxed for 45 min. The yellow deposit of the ligand was isolated very fast and washed with 
MeOH. Yield: 2.42 g (82 %). 
Synthesis of complex Cu(PLSC)Cl2  

PLSC·HCl·H2O ligand (0.10 g, 0.35 mmol) was dissolved in 10 mL of MeOH. To this 
solution, 0.15 g (0.88 mmol) CuCl2·2H2O was added and warmed. The resulting green 
solution was filtered off and the obtained gleaming small crystals were washed with MeOH 
after 25 h. Yield: 0.10 g (79.8 %). 
Synthesis of complex [Cu(PLTSC-H)H2O]Br·H2O  

A mixture of PLTSC·3H2O (0.20 g, 0.7 mmol) and CuBr2 (0.22 g, 1 mmol) in 30 mL of 
H2O was heated until complete dissolution of the reactants. The resulting green solution was 
left at room temperature for 50 h. The obtained crystals were filtered off and dried under 
vacuum. Yield: 0.24 g (88 %). 

RESULTS AND DISCUSSION 

The ligands and their corresponding Cu(II) complexes, i.e., [Cu(PLSC)Cl2] 
and [Cu(PLTSC-H) H2O] Br·H2O), were obtained in good yields and purities 
following a reported procedure.8 The molecular compositions of the complexes 
were determined using various analytical techniques prior to the catalytic studies. 
It has been reported that the PLSC ligand adapted its neutral form while PLTSC 
its monoanionic form upon coordination with Cu(II) ion and the formation of the 
title compounds.11 

Cyclic voltammetry of ([Cu(PLSC)Cl2] and [Cu(PLTSC-H) H2O] Br·H2O) 
The studied complexes were further characterized by cyclic voltammetry in 

DMF solution with 0.2 M tetrabutylammonium tetrafluoroborate, [NBu4][BF4] 
and 2.5 mM [Cu(PLSC)Cl2] or [Cu(PLTSC-H)H2O]Br·H2O. The Cu(II) com-
plex of the O-containing ligand exhibited two reduction peaks with Epred of 
–0.10 and -1.48 V for Cu2+/Cu+ and Cu+/Cu, respectively. The corresponding 
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oxidation peaks appear at –0.7 V (retarded because of the resistivity) and 0 V. In 
addition, a third oxidation peak appeared at –0.25 V that may be attributed to the 
ligand.23 However, the two reduction peaks of the copper complex of the PLTSC 
ligand appeared at –0.50 (Cu2+/Cu+) and –1.25 V (Cu+/Cu), in addition to the 
reduction peak of the ligand at –0.81 V. Note that the latter reduction peak was 
attributed to the ligand based on cyclic voltammetry of the free ligand (Fig. 1).23 
The differences in electrochemical behavior between [Cu(PLSC)Cl2] and 
[Cu(PLTSC-H)H2O]Br·H2O are attributed to the presence of sulfur atom in the 
PLTSC ligand. The corresponding oxidation peaks appeared at –1.0, –0.7 and 
–0.45 V.  

 
Fig. 1. Cyclic voltammetry of 2.5 mM [Cu(PLSC)Cl2] (left) and 2.5 mM  

[Cu(PLTSC-H) H2O]Br H2O (right) DMF solutions containing 0.2 M [NBu4][BF4] 
at a carbon electrode vs. Ag/AgCl with different scan rate under nitrogen. 

Hydrogen evaluation reaction (HER) studies 
Both Cu(II) complexes were studied as electrocatalysts for proton reduction 

into molecular hydrogen using acetic acid as the proton source. The proton red-
uction occurred at the second reduction peak, where a clear increase of the cur-
rent at –1.53 and –1.25 V for [Cu(PLSC)Cl2] and [Cu(PLTSC-H) H2O]Br.H2O, 
respectively, were noticed (Fig. 2). It is noteworthy that these two voltages were 
marked, respectively, with shifts of 320 and 600 mV compared to the electrocat-
alysts-free medium (Fig. 3, Table I). Remarkably, the current increased with the 
number of acid equivalents. The highest electrocatalytic activity was observed in 
the presence of twelve equivalents of acetic acid (relative to the catalyst mole 
number) for the complex with the S-containing ligand, while for the complex 
with O-containing ligand, the highest activity was achieved in the presence of 
eight equivalents (Fig. 4). These results confirm the beneficial effect of using S-
containing complexes instead of O-containing ones. Evidently, better activity 
was highlighted for the S-containing copper complex with maximum current 4.5 
time higher than the acid-free medium, while a maximum current of 3.5 time 
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higher was observed in the presence of [Cu (PLSC)Cl2] (Fig. 5). Moreover, the 
current density vs. acetic acid concentration relationship obtained at potentials of 
–1.53 and –1.25 V for [Cu(PLSC)Cl2] and [Cu(PLTSC-H)H2O]Br·H2O, res-
pectively, have been plotted. The highest electrocatalytic activity was observed in 
the presence 20 mM acetic acid, which corresponds to 12 equivalents of acid 
with respect to the catalyst concentration (Fig. 4). 

 
Fig. 2. Cyclic voltammetry of 2.5 mM [Cu (PLSC)Cl2] (left) and 2.5 mM [Cu(PLTSC-H) 

H2O]Br.H2O (right) DMF solutions containing 0.2 M [NBu4][BF4], scan rate 100 mV s-1 at a 
vitreous carbon electrode under N2, in the presence of 2-12 equivalents of acetic acid. 

Fig. 3. Cyclic voltammetry obtained in a 
catalyst-free solution containing 20 mM 
acetic acid in [Bu4N][BF4]-DMF, scan 
rate 100 mV s-1 at a vitreous carbon elec-
trode under N2. 

TABLE I. Potentials of the reduction wave of CH3COOH vs. Ag/AgCl in the absence or 
presence of the different complexes and the second reduction peak shift of the studied com-
plexes 
DMF solution of CH3COOH E / V vs. Ag/AgCl Shifta, mV 
Electrocatalysts-free –1.85 0 
In the presence of [Cu(PLSC)Cl2] –1.53 320 
In the presence of [Cu(PLTSC-H)H2O]Br⋅H2O –1.25 600 
aCompared to the proton reduction potential in electrocatalyst free medium 
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The rate constants were estimated using the approach of Dubois and co- 
-worker and the icat/i0 data, based on Eq. (1): 
 kobs = 0.1992(Fv/RTn2)(icat/i0)2 (1) 
where F, v, R, T, icat and i0 are the Faraday constant, the scan rate, the gas 
constant, the temperature, the peak catalytic current and the peak current in the 
absence of acetic acid, respectively, and n is the number of electrons.24 

 
Fig. 4. The current density vs. acetic acid concentration relationship for [Cu(PLSC)Cl2] 
obtained at a potential of –1.53 V (left) and for [Cu(PLTSC-H)H2O]Br·H2O obtained 

at a potential of –1.25 V (right). 

 
Fig. 5. Effect of the acid concentration on the ip/i0 ratio at a vitreous carbon electrode of 

[Cu(PLSC)Cl2] (left) and [Cu(PLTSC-H)H2O]Br·H2O (right) recorded at –1.53 and 
–1.25 V, respectively (catalytic reduction of the proton peak). 

The electrocatalytic rate constants (kcat, 25 °C) in the presence of these 
complexes at a vitreous carbon electrode are reported in Table II from the magni-
tude of icat/i0 in the acid independent regime. 
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TABLE II. The rate constant (kobs, 25 °C) for catalysis at vitreous carbon (8 eq. acid) 
Complex icat/i0 kobs / s-1 
[Cu(PLSC)Cl2] 3.6 10.10 
[Cu(PLTSC-H)H2O]Br H2O 9.4 68.50 

Possible mechanism of HER 
As electrochemical analysis has shown, copper in which the PLSC ligand 

was in its neutral form was much less catalytically active than copper in which 
the PLTSC ligand was coordinated in the deprotonated form HL–. Hence, it is 
proposed that the catalytic abilities of the complexes primarily depend on the 
nature and the coordinated form of the ligand, as observed by the CV measure-
ments. Thus, the complex that contains the PTLSC ligand in its mono-anionic 
form will initially accept a proton at one of the N atoms found at the ligand back-
bone (Step 1, Scheme 3). This process will then be followed by sequential elec-
tron (Step 2) and proton (Step 3) transfers or these two steps could occur in a 
concerted step, i.e., via proton-coupled electron transfer (PCET).25,26 Simultane-
ous heterolytic cleavages of the N–H and Cu–H bonds and electron transfer steps 
(Step 4, Scheme 3) were proposed to occur to generate a molecule of hydrogen. 
On the other hand, as the PLSC-containing complex contains the ligand in the 
neutral form, it is proposed that its electrocatalytic activity occurs primarily at the 
metal center without involving the ligand and hence lessening its overall activity 
(Scheme 4). In this case, PCET is depicted for the first step followed by homo-
lytic cleavage of the Cu–H bond, via reductive elimination, involving two inde-
pendent complexes to form molecular hydrogen.26  

 
Scheme 3. Proposed electrochemical generation of H2 as catalyzed by  

[Cu(PLTSC-H)⋅H2O] Br·H2O. Formal charges for several atoms, 
including the central metal ion, are depicted for clarity. 
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Actually, according to the proposed mechanisms depicted in Schemes 3 and 
4, it could be assumed that the catalytic ability of [Cu(PLTSC-H)H2O] Br·H2O 
would be twice as high in comparison to that of [Cu(PLSC)Cl2]. The ligand 
protonation would allow for the formation of a single H2 molecule per catalytic 
cycle for the former complex, while only half of H2 per proposed catalytic cycle 
involving the latter complex. Indeed, if the results of the CV measurements in 
Table I are examined, it could clearly be observed that the second reduction peak 
shift is twice as large for the PLTSC-containing complex (600 vs. 320 mV). 
Similarly, the value for icat/i0 (Table II) is also significantly higher for 
[Cu(PLTSC-H) H2O]Br·H2O (9.4) in comparison to [Cu(PLSC)Cl2] (3.6). These 
observations strongly suggest that in order to create more efficient catalysts 
based on transition metal complexes incorporating semicarbaone- and thiosemi-
carbazone pyridoxal ligands, one should strive to synthesize complexes in which 
the ligands would be coordinated in mono- or di-deprotonated forms. 

 
Scheme 4. Proposed electrochemical generation of H2 as catalyzed by [Cu(PLSC)Cl2]. Formal 

charges for several atoms, including the central metal ion, are depicted for clarity. 

This could possibly be achieved by modifying the pH medium of the sol-
ution used in the synthesis of these complexes. Acidic medium during synthesis 
would favor neutral coordination forms of PLSC and PLTSC ligands.8 Certainly, 
the role of the central metal (in this case copper) is also not completely insig-
nificant. The challenge would be to synthesize complexes containing PLSC and 
PLTSC ligands with metals such as Ru, Ir or Rh, as these metals have already 
exhibited excellent activity in numerous catalytic processes (e.g., Wilkinson, 
Grubbs and Schrock complexes). 

CONCLUSIONS 

This work presented captivating possibilities that a targeted design of coordi-
nation systems could lead to efficient electrocatalysts for the hydrogen evolution 
reaction. The cyclic voltammetry measurement performed on a couple of Cu(II) 
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compounds coordinated by either the O-containing PLSC or the S-containing 
PLTSC ligand showed their undoubted ability to electro-catalyze reduction of the 
CH3COOH acidic proton and convert it into molecular hydrogen. The better act-
ivity for the complex containing the deprotonated form of the coordinated ligand 
should also be highlighted. This valuable information would be considered in the 
future as an extremely useful guideline for the synthesis of electrocatalysts based 
on PLSC or PLTSC ligands.  
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И З В О Д  

ЕЛЕКТРОКАТАЛИЗА ИЗДВАЈАЊА ВОДОНИКА НАКОН РЕДУКЦИЈЕ КОМПЛЕКСА 
БАКРА (II) НА БАЗИ ПИРИДОКСАЛНИХ ПОЛУ- И ТИОСЕМИКАРБАЗОНА 

SALMA A. AL-ZAHRANI1, VIOLETA JEVTOVIC1, KHALAF M. ALENEZI1, HANI EL MOLL1, ASHANUL HAQUE1 

и DRAGOSLAV VIDOVIC2 

1Department of Chemistry, College of Science, University of Hail, Ha’il 81451, Kingdom of Saudi Arabia и 
2School of Chemistry, Monash University, Clayton, Melbourne, Australia 

Растућа глобална потражња за обновљивим изворима енергије довела је у први 
план обновљиве, зелене изворе енергије, међу којима производња водоника из воде зау-
зима значајно место. Да би остварили овај циљ, истраживачи широм света развијају 
катализатор који би могао брзо да катализује реакцију издвајања водоника (HER) у нај-
већем могућем приносу. У овом раду извештавамо о електрокаталитичким HER пер-
формансама комплекса Cu (II) на бази пиридоксалних семи- и тиосемикарбазона, тј. 
([Cu(PLSC)Cl2] и [Cu (PLTSC-H) H2O]Br·H2O). Недвосмислено смо показали да ком-
плекси показују завидан ниво HER каталитичке активности. Каталитичка активност 
комплекса није била само функција централног метала већ и контролисана врстом 
координирајућег лиганда. 

(Примљено 20. маја, ревидирано 29. јуна, прихваћено 2. јула 2021) 

REFERENCES 
1. J. Zhu, L. Hu, P. Zhao, L. Lee, K. Wong, Chem. Rev. 120 (2020) 851 

(https://doi.org/10.1021/acs.chemrev.9b00248) 
2. J. Yu, Y. Dai, Q He, D. Zhao, Z. Shao, M. Ni, MRE 120 (2021)100024 

(https://doi.org/10.1016/j.matre.2021.100024 
3. Y. She, Z. Lyu, M. Zhao, R. Chen, Q. Nguyen, Y. Xia, Chem. Rev. 121 (2021) 649 

(https://doi.org/10.1021/acs.chemrev.0c00454)  
4. Z. Zhou, Z. Pei, L. Wei, S. Zhao, X. Jian,Y. Chen, Energy Environ. Sci. 13 (2020) 3185 

(https://doi.org/10.1039/D0EE01856B) 
5. S. Roy, Z. Huang, A. Buhunia, A. Castner, A. Gupta, X. Zou, S. Ott, J. Am. Chem. Soc. 

141 (2019) 15942 (https://doi.org/10.1021/jacs.9b07084) 
6. C. Chen, T. Chiou, H. Chang, W. Li, C. Tung, W. Liaw, Sustain. Energy Fuels 3 (2019) 

2205 (https://doi.org/10.1039/C9SE00371A)  

________________________________________________________________________________________________________________________

(CC) 2022 SCS.

Available on line at www.shd.org.rs/JSCS/



354 AL-ZAHRANI et al. 

7. N. Cheng, S. Stambula, D. Wang, M. Banis, J. Liu, A. Riese, B. Xiao, R. Li, T. Sham, L. 
Liu, G. Botton, X. Sun, Nat. Commun. 7 (2016) 13638 
(https://doi.org/10.1038/ncomms13638)  

8. H. Tang, E. N. Brothers, C. A. Grapperhaus, M. B. Hall, ACS Catal. 10 (2020) 3778 
(https://doi.org/10.1021/acscatal.9b04579) 

9. H. Shao, S. K. Muduli, P. D. Tran, H. S. Soo, Chem. Commun. 52 (2016) 2948 
(https://doi.org/10.1039/C5CC09456A)  

10. A. Z. Haddad, B. D. Garabato, P. M. Kozlowski, R. M. Buchanan, C. A. Grapperhaus, J. 
Am. Chem. Soc. 138, 25 (2016) 7844 (https://doi.org/10.1021/jacs.6b04441) 

11. V. Jevtovic, Cu, Fe, Ni and V Complexes with Pyridoxal Semicarbazones, Lap Lambert 
Publication, Saarbrücken, 2010 (https://www.amazon.com/complexes-pyridoxal-
semicarbazones-properties-structural/dp/3838351339)  

12. V. M. Leovac, V. S. Jevtovic, L. S. Jovanovic,G. A. Bogdanovic, J. Serb. Chem. Soc. 70 
(2005) 423 (https://doi.org/10.2298/JSC0503393L) 

13. S.A’Shidhani, M. Al Bouromi, S. Al Ameri, S. Al Ghawi, V. Jevtovic, Am. J. Chem. 6 
(2016) 8 (https://doi.org/10.5923/j.chemistry.20160601.02)  

14. V. Jevtovic, D. Vidovic, Acta Cryst., E 66(Pt.4) (2010) 408 
(https://doi.org/10.1107/S1600536810003570)  

15. V. Jevtovic, D. Cvetkovic, D. Vidovic, JICS 8 (2011)727 
(https://doi.org/10.1007/BF03245904)  

16. D. Vidovic, A. Radulovic,V. Jevtovic, Polyhedron 30 (2011) 16 
(https://doi.org/10.1016/j.poly.2010.09.022) 

17. N. Knezevic,V. Leovac,V. Jevtovic, S. Grguric-Sipka, T. Sabo, Inorg. Chem. Comm. 6 
(2003) 561 (https://doi.org/10.1016/S1387-7003(03)00041-8) 

18. R. Manikandan, P. Anitha, G. Prakash, P. Vijayan, P. Viswanathamurthi, Polyhedron 81 
(2014) 619 (https://doi.org/10.1016/j.poly.2014.07.018) 

19. R. Manikandan, P. Anitha, P. Viswanathamurthi, J. G. Maleck, Polyhedron 119 (2016) 
300 (https://doi.org/10.1016/j.poly.2016.09.005) 

20. R. Manikandana, P. Anithaa, G. Prakasha, P. Vijayana, P. Viswanathamurthi, R. Jay 
Butcher,J. G. Malecki, J. Mol. Catal., A 398 (2015) 312 
(https://doi.org/10.1016/j.poly.2016.09.005) 

21. J. Pisk, B. Prugovecki, D. Matkovic-Calogović, R. Poli, D. Agustin ,V. Vrdoljak, 
Polyhedron 33 (2012) 441 (https://doi.org/10.1016/j.poly.2011.12.003) 

22. D. Perrin, W. Armarego, D. Perrin, Purification of Laboratory Chemicals, Pergamon, 
New York, 1988 (https://doi.org/10.1002/recl.19881071209) 

23. V. Jevtovic, K. Alenezi, H. El Moll, A. Haque, J. Humaidi, S. A. Al-Zahrani, D. Vidovic, 
Int. J. Electrochem. Sci. 16 (2021) 210731 (https://doi.org/10.20964/2021.07.61)  

24. T. Liu, D. L. Du Bois, R. M. Bullock, Nat. Chem. 5 (2013) 228 
(https://doi.org/10.1038/nchem.1571)  

25. B. H. Solis, S. Hammes-Schiffer, Inorg. Chem. 53 (2014) 6427 
https://doi.org/10.1021/ic5002896 

26. M. Drosou, F. Kamatsos, C. A. Mitsopoulou, Inorg. Chem. Front. 7 (2020) 37 
(https://doi.org/10.1039/C9QI01113G). 

________________________________________________________________________________________________________________________

(CC) 2022 SCS.

Available on line at www.shd.org.rs/JSCS/



<<
  /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




