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Abstract A new high-nitrogen complex [Cu(Hbta)2]�
4H2O (H2bta = N,N-bis-(1(2)H-tetrazol-5-yl) amine) was

synthesized and characterized by elemental analysis, single

crystal X-ray diffraction and thermogravimetric analyses.

X-ray structural analyses revealed that the crystal was

monoclinic, space group P2(1)/c with lattice parameters

a = 14.695(3) Å, b = 6.975(2) Å, c = 18.807(3) Å, b =

126.603(1)�, Z = 4, Dc = 1.888 g cm-3, and F(000) = 892.

The complex exhibits a 3D supermolecular structure which

is built up from 1D zigzag chains. The enthalpy change of

the reaction of formation for the complex was determined

by an RD496–III microcalorimeter at 25 �C with the value

of -47.905 ± 0.021 kJ mol-1. In addition, the thermody-

namics of the reaction of formation of the complex was

investigated and the fundamental parameters k, E, n, DSh
6¼,

DHh
6¼, and DGh

6¼ were obtained. The effects of the complex

on the thermal decomposition behaviors of the main

component of solid propellant (HMX and RDX) indicated

that the complex possessed good performance for HMX

and RDX.
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Introduction

Modern high-energy density materials (HEDM) derive

most of their energy either (i) from oxidation of the carbon

backbone, as with traditional energetic materials [1, 2] or

(ii) from their very high positive heat of formation.

Nitrogen-rich complexes are new members of the second

family and they are environmentally acceptable [3–9].

They rely on their highly efficient gas production and also

on their high heat of formation for energy release [10–12],

since elemental nitrogen, which of a zero heat of formation,

is the major product of decomposition.

H2bta (N,N-bis-(1(2)H-tetrazol-5-yl)-amine) is a biden-

tate chelating ligand with multi-proton donor sites and

nitrogen content is 83.43%. It can coordinate to a metal

with three reversible types: neutral (H2bta), monodeproto-

nated (monoanion, Hbta-), and dideprotonated (dianion,

bta2-) types. Friedrich et al. [13] studied the crystal

structure and magnetic properties of Cu complex with

H2bta and indicated that H2bta might serve as components

in preparation of a new generation of high performance

energetic materials. In order to provide theoretic example

for the further application, we are exploring the syntheses,

structure characteristics and thermal properties of H2bta

transition metal complexes.

In this article, we reported on the synthesis and structural

characterization of [Cu(Hbta)2]�4H2O. The thermal stability

was investigated by TG-DTG technique. The enthalpy

change of the reaction of formation at 25 �C was deter-

mined. The thermodynamics of the reaction of formation

were investigated, and fundamental parameters are obtained

on the basis of reaction thermodynamic and kinetic equa-

tions. The effects of the complex on the thermal decompo-

sition behavior of the main component of solid propellant

(HMX and RDX) were studied by DSC technique.
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Experimental

Materials and measurements

All reagents used for the syntheses were purchased from

commercial sources and used without further purification.

Cu2? was determined with EDTA by complexometric

titration. C, H and N analyses were carried out using an

instrument of Vario EL III CHNOS of Germany. Infrared

(IR) spectrum drawn at regular intervals was recorded on a

Bruker FTIR instrument as KBr pellets. The TG-DTG

analysis was conducted on a P. E. 2100 company thermal

analyzer in a static air atmosphere from room temperature to

600 �C. DSC experiment was performed using a CDR-4P

thermal analyzer of Shanghai Balance Instrument factory

under a flow of 100 mL min-1 nitrogen. ICP-AES experi-

ment was carried out on a T.E. IRIS advantage inductively

coupled plasma atomic emission spectrophotometer. The

calorimetric experiments were performed with an RD496-

III type microcalorimeter [14]. The calorimetric constant at

25.15 �C was determined by the Joule effect before exper-

iment, which was 63.901 ± 0.030 lV mW-1. The enthalpy

of dissolution of KCl (spectral purity) in deionized water

was measured to be 17.238 ± 0.048 kJ mol-1, which was in

good agreement with the value of 17.241 ± 0.018 kJ mol-1

from reference [15].

The single crystal X-ray experiment was performed on a

Bruker Smart Apex CCD diffractometer equipped with

graphite monochromatized Mo Ka radiation (k = 0.71073 Å)

using x and u scan mode. The single-crystal structure of

complex was solved by direct methods and refined with

full-matrix least-squares refinements based on F2 using

SHELXS 97 and SHELXL 97 [16, 17]. All non-H atoms

were located using subsequent Fourier-difference methods.

In all cases hydrogen atoms were placed in calculated

positions and thereafter allowed to ride on their parent

atoms. Other details of crystal data, data collection

parameters and refinement statistics are given in Table 1.

Selected bond distances and bond angles are given in

Table 2.

Synthesis of complex

H2bta was synthesized according to the literature [18].

Synthesis of [Cu(Hbta)2]�4H2O: Blue block-like crystal

for X-ray diffraction analyses was obtained from the

mixture of Cu(NO3)2�6H2O (0.296 g, 1 mmol), H2bta�H2O

(0.340 g, 2 mmol) and distilled H2O (15 mL), which was

allowed to evaporate at room temperature for 3 weeks, the

complex was filtered and air dried. Yield: 48%. IR (KBr,

cm-1) 3425(s), 1622(s), 1588(s), 1448(s), and 1340(s).

Anal. Calcd. C4H12N18O4Cu weight (%): C, 10.92; H, 2.75;

N, 57.33. Found: C, 10.89; H, 2.65; N, 57.25.

Results and discussion

Crystal structure of complex

The X-ray structure analysis reveals that the asymmetric

unit of the complex consists of one Cu(II) ion, two coor-

dinated Hbta- and four crystal H2O molecules. In the unit

of [Cu(Hbta)2], as shown in Fig. 1, four N atoms from two

Hbta- ligand coordinate to the Cu2?. The Cu–N bond

lengths are between 1.954 and 2.041 Å. Additionally, one

Hbta- ligand in another [Cu(Hbta)2] unit connects the

Cu2? by one terminal nitrogen atom to form an infinite 1D

zigzag chain, as shown in Fig. 2. So, each Cu(II) atom in

Table 1 Crystal data and structure refinement parameters for

complex

Empirical formula C4H12N18O4Cu

Formula weight 439.86

Crystal system Monoclinic

Space group P2(1)/c

a(Å) 14.695(3)

b(Å) 6.975(4)

c(Å) 18.807(3)

a(�) 90

b(�) 126.603(1)

c(�) 90

V(Å3) 1547.4(5)

Z 4

qcalc (g cm-3) 1.888

l(mm-1) 1.478

F(000) 892

h (�) 2.17–25.05

indep reflcn 2,728

Goodness-of-fit on F2 1.012

Final R indices [I [ 2sigma(I)] R1 = 0.0408 wR2 = 0.1054

R indices (all data) R1 = 0. 0608 wR2 = 0.1128

Largest peak and hole (e Å-3) 0.494 and -0.604

Table 2 Selected bond lengths (Å) and bond angles (�) for the

complex

Cu(1)–N(1) 2.041(3) Cu(1)–N(9) 1.954(3)

Cu(1)–N(10) 1.960(3) Cu(1)–N(12) 2.209(3)

Cu(1)–N(18) 2.038(3)

N(11)–Cu(1)–N(12) 120.4(2) N(12)–Cu(1)–N(13) 126.7(2)

N(9)–Cu(1)–N(10) 176.3(14) N(9)–Cu(1)–N(18) 94.52(13)

N(10)–Cu(1)–N(18) 85.58(12) N(9)–Cu(1)–N(1) 85.73(13)

N(10)–Cu(1)–N(1) 96.96(13) N(18)–Cu(1)–N(1) 132.0(13)

N(9)–Cu(1)–N(12) 90.78(13) N(10)–Cu(1)–N(12) 85.97(12)

N(18)–Cu(1)–N(12) 120.0(12) N(1)–Cu(1)–N(12) 108.0(12)
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the complex exhibits a distorted square pyramid geometry.

The Cu–N bond length is 2.209 Å, which is shorter than

the Cu–N bond length 2.269 Å in complex [Cu(bta)

(NH3)2�H2O] and 2.319 Å in complex [Cu(bta)(NH3)2]

[13]. The Cu–Cu separation is found to be 6.116 Å, which

is identical to the Cu–Cu separation 6.116 Å in complex

[Cu(bta)(NH3)2�H2O] [13]. The 1D zigzag chain is further

extended into a 3D superamolecular network through

hydrogen bonds (Table 3) between the crystal waters and

nitrogen atom of the Hbta- ligand, as well as between the

crystal waters.

Thermogravimetric analysis

Thermogravimetric analysis (TG-DTG) for the complex

was performed from room temperature to 600 �C at a

heating rate of 10 �C min-1 under a static air atmosphere,

as shown in Fig. 3.

The decomposition process of the complex can be

divided into three steps. The first step in the range of

40–90 �C was confirmed as the loss of crystal water

(observed 15.62%, calcd. 16.39%). It indicated that the

water molecules in the title complex were not stable before

90 �C and the special protection measurements should be

cautioned during the storage. The second and third steps

from 150–400 �C were considered as the break of the

Hbta- ligand and then the complex completely converted

to the remainder CuO with the residual amount of 18.55%,

which was in good agreement with the calculated value

18.09%. The remainder CuO was evidenced by X-ray

powder diffraction analyses.

Enthalpy change of the reaction of formation

The crude products of the reaction from the calorimetric

experiments were collected and separated by the centrifu-

gal effect. The solid crude products were purified and

identified as being the same product as the synthesized

product. The concentration of Cu2? retained in the cen-

trifugal liquid were determined to be 6 9 10-3 lg mL-1

by the ICP-AES experiment, indicating that the starting

reactants have been transformed fully to the title product.

Within the range of the experimental temperature, the

complexation reaction was exothermic. The concentrations

of the Cu2? and H2bta were 0.200 and 0.040 mol L-1,
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Fig. 1 View of the asymmetric unit of complex. H atoms are omitted

for clarity
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Fig. 2 View of 1D zigzag chain along b-axis. H atoms are omitted

for clarity

Table 3 Hydrogen bonding interactions in complex

D–H_A H_A (Å) D_A (Å) D–H_A (�)

N(4)–H(4)_N(13)#3 1.93 2.777(4) 168.2

N(5)–H(5)_O(4)#4 1.86 2.698(4) 164.3

N(14)–H(14)_N(6)#5 2.10 2.838(4) 144.3

N(15)–H(15)_O(1)#6 1.84 2.667(4) 160.0

O(1)–H(1B)_N(7)#5 2.06 2.910(4) 159.4

O(3)–H(3A)_N(8)#7 2.20 2.938(5) 164.2

O(4)–H(4B)_O(3)#8 1.96 2.768(5) 158.0

O(4)–H(4A)_N(11)#2 2.25 2.903(4) 134.3

O(4)–H(4A)_N(13)#8 2.67 3.200(5) 122.1

O(3)–H(3B)_N(16)#9 2.15 2.954(5) 163.2

O(1)–H(1A)_O(2)#1 1.92 2.767(7) 178.1

Symmetry transformations: #1 -x ? 1, y - 1/2, -z ? 1/2; #2

-x ? 1, y ? 1/2, -z ? 1/2; #3 x, -y ? 1/2, z - 1/2; #4 x, -y ? 3/2,

z - 1/2; #5 x, -y ? 3/2, z ? 1/2; #6 -x, y ? 1/2, -z ? 1/2; #7 x,

y - 1, z; #8 x, y ? 1, z; #9 - x, -y ? 1, -z
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Fig. 3 The TG-DTG curves of the complex at 10 �C min-1
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respectively. The consumption volumes were 0.4 mL and

2.0 mL, respectively. For reaction (1), Q was measured for

six times at 25 �C and the values were -3828.1, -3832.2,

-3830.9, -3832.6, -3839.0, and -3831.5 mJ, respec-

tively. The enthalpy change of reaction, DrH
h
m, was cal-

culated as -47.905 ± 0.021 kJ mol-1. The value of DrH
h
m

was negative, indicating that it was favorable to the for-

mation of product.

Cu2þ aqð Þ þ 2Hbta� aqð Þ ! Cu Hbtað Þ2�4H2O sð Þ ð1Þ

Thermodynamics of the reaction of formation

The solutions collected from each experiment were filtered

and the precipitant died. The analytical results identified

that the complex had the composition Cu(Hbta)2�4H2O(s),

indicating that the liquid-phase reaction was irreversible.

Table 4 Thermokinetic data of the reaction of formation

25 �C 30 �C 35 �C 40 �C

t/s Ht/H0 103dHt(dt)-1/

J s-1
t/s Ht/H0 103dHt(dt)-1/

J s-1
t/s Ht/H0 103dHt(dt)-1/

J s-1
t/s Ht/H0 103dHt(dt)-1/

J s-1

240 0.3095 5.224 285 0.2738 5.916 270 0.3023 6.369 180 0.2212 7.535

255 0.3321 5.054 300 0.2961 5.735 285 0.3221 6.188 195 0.2450 7.306

270 0.3540 4.918 315 0.3179 5.556 300 0.3414 6.011 210 0.2683 7.080

285 0.3755 4.724 330 0.3393 5.382 315 0.3604 5.838 225 0.2912 6.857

300 0.3963 4.567 345 0.3601 5.207 330 0.3789 5.669 240 0.3136 6.641

315 0.4165 4.334 360 0.3804 5.046 345 0.3969 5.504 255 0.3355 6.429

330 0.4361 4.264 375 0.4002 4.881 360 0.4145 5.343 270 0.3568 6.223

345 0.4551 4.119 390 0.4194 4.728 375 0.4316 5.188 285 0.3775 6.022

360 0.4735 3.981 405 0.4380 4.577 390 0.4482 5.034 300 0.3977 5.827

375 0.4914 3.845 420 0.4560 4.377 405 0.4644 4.887 315 0.4172 5.639

390 0.5086 3.699 435 0.4735 4.288 420 0.4801 4.696 330 0.4362 5.406

405 0.5252 3.589 450 0.4905 4.149 435 0.4954 4.604 345 0.4545 5.277

420 0.5413 3.467 465 0.5068 3.984 450 0.5102 4.469 360 0.4723 5.107

435 0.5568 3.349 480 0.5227 3.887 465 0.5245 4.338 375 0.4894 4.940

450 0.5718 3.220 495 0.5380 3.762 480 0.5385 4.210 390 0.5059 4.780

465 0.5862 3.127 510 0.5528 3.642 495 0.5520 4.087 405 0.5219 4.625

480 0.6001 3.021 525 0.5670 3.525 510 0.5651 3.967 420 0.5373 4.477

495 0.6135 2.919 540 0.5808 3.413 525 0.5777 3.852 435 0.5522 4.331

510 0.6265 2.821 555 0.5941 3.305 540 0.5900 3.740 450 0.5665 4.194

525 0.6389 2.727 570 0.6070 3.200 555 0.6019 3.631 465 0.5803 4.061

540 0.6511 2.634 585 0.6193 3.099 570 0.6135 3.526 480 0.5935 3.9321

555 0.6625 2.563 600 0.6313 2.954 585 0.6246 3.423 495 0.6063 3.8081

570 0.6737 2.464 615 0.6428 2.908 600 0.6354 3.324 510 0.6186 3.690

585 0.6844 2.382 630 0.6539 2.817 615 0.6459 3.228 525 0.6304 3.576

600 0.6948 2.303 645 0.6646 2.730 630 0.6561 3.136 540 0.6418 3.465

H0 = 3.501 J (25 �C), 3.096 J (30 �C), 2.757 J (35 �C), 2.369 J (40 �C)

H0 is the total reaction enthalpy, Ht the reaction heat in a certain time, dHt(dt)-1 the exothermic rate at time t

Table 5 Kinetic and thermodynamic parameters of the reaction of formation

T/8C K /103 s-1 n r E/kJ mol-1 lnA/s-1 r DGh
6¼/

kJ mol-1
DHh
6¼/

kJ mol-1
DSh
6¼/

J mol-1 s-1
r

25 2.158 0.9986 0.9998 33.21 7.249 0.9990 88.236 30.67 -193.2 0.9988

30 2.637 0.9995 0.9999 89.253

35 3.310 1.0006 0.9999 90.184

40 4.082 1.0005 0.9999 91.144

k the apparent reaction rate constant, A the pre-exponential constant, n the reaction order, r linear correlation coefficient, E apparent activation

energy, DGh
6¼ activation Gibbs free energy, DHh

6¼ activation enthalpy, DSh
6¼ activation entropy
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The experimental data were presented in Table 4. The

energy change of the reaction system depended on the

reaction progression. Based on the thermodynamic equa-

tions [19], the thermodynamic parameters and kinetic

parameters of the liquid reaction were obtained and listed

in the Table 5.

In general, when the apparent activation energy of a

reaction was less than 63 kJ mol-1, the reaction proceeded

feasibly. Therefore, the reaction (1) was easy to proceed.

The effects of the complex on the thermal

decomposition behaviors for HMX and RDX

The DSC curves of each system (complex/the main com-

ponent of solid propellant, mass ratio 1:3) at heating rate

10 �C min-1 were listed in Figs. 4 and 5 and the results

were listed in Table 6.

The above results indicated that when the title complex

was used together with the main component of solid pro-

pellant (HMX and RDX), the peak temperature of thermal

decomposition and the activation energy of the mixtures

were decreased, respectively, and the decomposition heat

was increased [20], showing that the complex accelerated

the thermal decomposition of HMX and RDX. The com-

plex possessed good application prospect in the catalytic

combustion of HMX and RDX.
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Fig. 4 DSC curves of HMX and mixtures (b = 10 �C min-1)
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H
ea

t f
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232.67
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Fig. 5 DSC curves of RDX and mixtures (b = 10 �C min-1)

Table 6 Thermal decomposition parameters of the main component of solid propellant and mixtures

System b/�C min-1 Tp/�C 10 �C min-1 Eo/kJ mol-1 Ek/kJ mol-1 ln[A/s-1]

Tonset/�C DTp/�C DH/J g-1

HMX 5 287.89 285.86 – 502.21 572.03 592.24 53.84

10 292.12

15 295.82

20 297.52

Complex/HMX 5 283.40 283.71 4.95 1061.84 354.77 363.66 31.99

10 287.97

15 288.21

20 289.31

RDX 5 228.68 220.27 – 588.25 142.67 141.35 12.52

10 241.22

15 243.61

20 248.36

Complex/RDX 5 224.95 219.61 4.50 882.14 115.86 113.35 9.57

10 232.67

15 239.37

20 250.26

b heating rate, Tp maximum peak temperature, E activation energy, DH decomposition heat, A pre-exponential constant, subscript ‘‘k’’ for data

obtained by kissinger’s method; subscript ‘‘o’’ for data obtained by ozawa’s method
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Conclusions

In summary, we have prepared successfully the title com-

plex. X-ray diffraction analyses indicated that each Cu(II)

was five-coordinated in a distorted square pyramid geom-

etry. The complex was thermodecomposed in three steps

and then converted to CuO. The reaction enthalpy change

of the liquid phase reaction at 25 �C was obtained with the

value of -47.905 ± 0.021 kJ mol-1. Based on thermoki-

netic data of liquid-phase reaction at different tempera-

tures, the thermodynamic parameters and kinetic

parameters of the liquid reaction were obtained. DSC

experiment revealed that the complex accelerated the

thermal decomposition of HMX and RDX. The present

study can projected the probable application of the com-

plex in solid propellant field.

Caution

While all hydrates of H2bta salts are insensitive to shock

and friction, the anhydrous H2bta salts are very sensitive.

Safety equipment such as leather gloves, face shields and

earplugs are necessary.

Supplementary material

CCDC 695671 contains the supplementary crystallo-gra-

phic data for this paper. These data can be obtained free of

charge at http://www.ccdc.ac.uk/conts/retrieving.html or

from the Cambridge Crystallographic Data Center

(CCDC), 12 Union Road, Cambridge CB21EZ, UK; fax:

?44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk.

Acknowledgements We gratefully acknowledge the financial sup-

port from the National Natural Science Foundation of China (Grant

Nos. 20771089 and 20873100) and the National Natural Science

Foundation of Shaanxi Province (Grant Nos. 2007B02 and SJ08B09).

References

1. Feuer H, Nielsen AT. Nitrocompounds: recent advances in syn-

thesis and chemistry. New York: VCH; 1990.

2. Nielsen AT. Nitrocarbons, polycyclic amine chemistry. New

York: VCH; 1995.

3. Chavez DE, Hiskey MA, Gilardi RD. 3,30-azobis(6-amino-

1,2,4,5-tetrazine): a novel high-nitrogen energetic material.

Angew Chem Int Ed. 2000;39(10):1791–3.

4. Fraenk W, Habereder T, Hammerl A, Klapötke TM, Krumm B,

Mayer P, et al. Highly energetic tetraazidoborate anion and boron

triazide adducts. Inorg Chem. 2001;40:1334–40.

5. Jones DEG, Armstrong K, Parekunnel T, Kwok QSM. The

thermal behavior of BTAw, a high nitrogen fuel. J Therm Anal

Calorim. 2006;86:641–9.

6. Klapötke TM, Stierstorfer J, Weber B. New energetic materials:

synthesis and characterization of copper 5-nitriminotetrazolates.

Inorg Chim Acta. 2009;362:2311–20.

7. Chen SP, Li N, Wei Q, Gao SL (2009) Synthesis, structure

analysis and thermodynamics of [Ni(H2O)4(TO)2](NO3)2�2H2O

(TO = 1,2,4-triazole-5-one). J Therm Anal Calorim. doi:

10.1007/s10973-009-0400-1.

8. Yi JH, Zhao FQ, Ren YH, Xu SY, Ma HX, Hu RZ (2009)

Thermal decomposition mechanism and quantum chemical

investigation of hydrazine 3-nitro-1,2,4-triazol-5-one (HNTO).

J Therm Anal Calorim. doi: 10.1007/s10973-009-0416-6.

9. Gavazov K, Lekova V, Boyanov B, Dimitrov A. Some tetrazo-

lium salts and their ion-association complexes with the molyb-

denum(vi)–4-nitrocatechol anionic chelate DTA and TGA study.

J Therm Anal Calorim. 2009;96(1):249–54.

10. Loebbecke S, Schuppler H, Schweikert W. Thermal analysis of

the extremely nitrogen-rich solids BTT and DAAT. J Therm Anal

Calorim. 2003;72:453–63.

11. Geetha M, Nair UR, Sarwade DB, Gore GM, Asthana SN, Singh

H. Studies on CL-20: the most powerful high energy material.

J Therm Anal Calorim. 2003;73:913–22.

12. Li N, Chen SP, Gao SL. Crystal structure and thermal analysis of

diaquadi 1,2,4-triazole-5-one) Zinc(II) ion nitrate. J Therm Anal

Calorim. 2007;89:583–8.

13. Friedrich M, Gálvez-Ruiz JC, Klapötke TM, Mayer P, Weber B,

Weigand JJ. BTA copper complexes. Inorg Chem. 2005;44(22):

8044–52.

14. Ji M, Liu MY, Gao SL, Shi QZ. The enthalpy of solution in water

of complexes of zinc with methionine. Instrum Sci Technol.

2001;29:53–7.

15. Kilday MV. The enthalpy of solution of SRM 1665 (KCl). J Res

Natl Inst Stand. 1980;85:467–81.

16. Sheldrick GM. SHELXS-97, program for X-ray crystal structure

determination. Germany: Göttingen University; 1997.

17. Sheldrick GM. SHELXL-97, program for X-ray crystal structure

refinement. Germany: Göttingen University; 1997.

18. Norris WP, Henry RA. Cyanoguanyl azide chemistry. J Org

Chem. 1963;29:650–60.

19. Gao SL, Ji M, Chen SP, Hu RZ, Shi QZ. The thermokinetics of

the formation reaction of cobalt histidine complex. J Therm Anal

Calorim. 2001;66:423–9.

20. Zhao FQ, Chen P, Li SW, Yin CM, Liu ZR. Effect of the burning

rate regulator on the thermal behavior of RDX/AP/HTPB pro-

pellant. J Propuls Technol. 2003;1:80–2.

1002 B.-D. Xue et al.

123

http://www.ccdc.ac.uk/conts/retrieving.html
http://dx.doi.org/10.1007/s10973-009-0400-1
http://dx.doi.org/10.1007/s10973-009-0416-6

	Synthesis, crystal structure, and thermodynamics of a high-nitrogen copper complex with N, N-bis-(1(2)H-tetrazol-5-yl) amine
	Abstract
	Introduction
	Experimental
	Materials and measurements
	Synthesis of complex

	Results and discussion
	Crystal structure of complex
	Thermogravimetric analysis
	Enthalpy change of the reaction of formation
	Thermodynamics of the reaction of formation
	The effects of the complex on the thermal decomposition behaviors for HMX and RDX

	Conclusions
	Caution
	Supplementary material
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


