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Abstract An N-tert-butyloxycarbonylated organic syn-

thesis intermediate, (S)-tert-butyl 1-phenylethylcarbamate,

was prepared and investigated by means of differential

scanning calorimetry (DSC) and thermogravimetry (TG).

The molar heat capacities of (S)-tert-butyl 1-phenylethyl-

carbamate were precisely determined by means of adiabatic

calorimetry over the temperature range of 80-380 K. There

was a solid–liquid phase transition exhibited during the

heating process with the melting point of 359.53 K. The

molar enthalpy and entropy of this transition were deter-

mined to be 29.73 kJ mol-1 and 82.68 J K-1 mol-1 based on

the experimental Cp–T curve, respectively. The thermody-

namic functions, [H0
T � H0

298:15] and [S0
T � S0

298:15], were

calculated from the heat capacity data in the temperature

range of 80–380 K with an interval of 5 K. TG experiment

showed that the pyrolysis of the compound was started at

the temperature of 385 K and terminated at 510 K within

one step.

Keywords (S)-tert-butyl 1-phenylethylcarbamate �
Phase transition � Adiabatic calorimetry � DSC � TG

Introduction

Protection of organic functions plays a fundamental role in

the field of multi-step organic synthesis. Amine functions

are wildly existed in a great amount of biologically active

compounds, making its’ protection a frequently existed

question in synthetic and medicinal chemistry [1–4]. Lots

of methods have been proposed to protect the amine group,

in which N-tert-butyloxycarbonylation has been the most

frequently applied method due to the easy of protection and

deprotection, and the high stability of the N-Boc group in

various synthesis conditions [5–13]. However, the ther-

modynamic properties of the protected compounds have

been rarely reported [14].

Thermodynamic properties of a certain compound are

essential for it preparation, application and theoretical

research. It is well known that molar heat capacity is one of

the fundamental thermodynamic properties. Many other

thermodynamic properties such as enthalpy, entropy and

Gibbs free energy can be obtained from the molar heat

capacity [15, 16]. In this paper, the phase change properties

and the thermal stability of an N-tert-butyloxycarbonylated

organic synthesis intermediate, (S)-tert-butyl 1-phenyleth-

ylcarbamate (Scheme 1, C13H19NO2, molecular mass:

221.30), were investigated by means of differential scan-

ning calorimetry (DSC) and thermogravimetry (TG). Its

molar heat capacities were determined precisely by means

of adiabatic calorimetry over the temperature ranges of
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80–380 K. The thermodynamic properties including molar

enthalpy and entropy of phase transition were determined

based on the heat capacity measurement. Further more, the

thermodynamic functions such as [H0
T � H0

298:15] and

[S0
T � S0

298:15] were calculated from the heat capacity data

in the temperature range of 80–380 K.

Experimental

Sample

The (S)-tert-butyl 1-phenylethylcarbamate was synthesized

according to a published procedure [17]. The sample was re-

crystallized from CH2Cl2/n-hexane thrice prior to charac-

terizations. The structure of the sample was confirmed by

means of 1H and 13C NMR. The sample was detected by gas

chromatography. GC-920 (Shanghai Analyzer Co., China)

with a FID detector and a capillary column (SE-30,

30 m 9 0.25 mm 9 0.3 lm) was used for the detection.

The carrier gas was nitrogen. The temperature of the injector

and the detector was 250 �C. The oven was initially set as

80 �C for 3 min and then programmed at 5 �C/min to 180 �C

where it was held for 3 min. The result showed that the purity

of the sample was higher than 99.0%.

Adiabatic calorimetry

Heat capacity measurements were carried out with a high-

precision automated adiabatic calorimeter which has been

described in details in literatures [18–20]. Liquid nitrogen

was used as cooling medium. In order to verify the reli-

ability of the adiabatic calorimeter, the molar heat capac-

ities of a reference standard material, a-Al2O3, were

measured. The deviations of our experimental results from

the recommended values of the National Bureau of Stan-

dards (NBS) [21] were within ±0.2% in the entire tem-

perature range of 80–380 K.

The sample mass of (S)-tert-butyl 1-phenylethylcarba-

mate used in the heat capacity measurement was

2.19975 g, which was equivalent to 9.940 mmol based on

its molar mass of 221.30 g mol-1. The measurements were

conducted by means of standard method of intermittently

heating the sample and alternately measuring the temper-

ature. The heat capacities of the calorimeter cell were

measured independently. The heat capacities of the sample

were derived by subtracting the heat capacities of the

calorimeter cell from the total heat capacities.

Thermal analysis

Differential scanning calorimetry was performed on a DSC

Q1000 (TA Instruments Inc., USA) over the temperature

range of 200 K to 380 K under high purity nitrogen

(99.999%) with a flow rate of 50 mL min-1. The heating

rate was 10 K min-1 and the sample mass used in the

experiments was 4–5 mg. The calorimeter was calibrated

by Indium (99.99%).

Thermogravimetric analysis (TG) was carried out on a

Cahn Thermax 500 Thermogravimetric Analyzer from

room temperature to 673 K with the sample mass of

22.18 mg under nitrogen atmosphere. The heating rate was

10 K min-1 and the flow rate of N2 was 100 mL min-1.

The equipment was calibrated by CaC2O4�H2O (99.9%).

Results and discussions

Heat capacities

The molar heat capacities of (S)-tert-butyl 1-phenylethyl-

carbamate obtained from adiabatic calorimetry are shown

in Fig. 1 and listed in Table 1. The figure shows that there

is a phase transition existed in the experimental tempera-

ture range. The phase transition corresponds to the solid–

liquid transition. The peak temperature of the phase tran-

sition is 359.87 K. No other thermal abnormality could be

found in the solid phase (80–330 K) and liquid phase

(362–380 K), indicating that (S)-tert-butyl 1-phenylethyl-

carbamate is thermally stable in the corresponding tem-

perature ranges.

The values of the experimental heat capacities can be

fitted to the following polynomial equations using Origin-

Pro 7.5 software:

For the solid phase over the temperature range of

80–330 K:

Co
p;mðs) / J mol�1 K�1 ¼ 215:885þ 111:039X þ 22:260X2

þ 19:661X3 � 7:933X4

� 11:638X5 � 10:983X6 ð1Þ

where

X ¼ T � ðTmax þ TminÞ=2

ðTmax � TminÞ=2
ð2Þ

N
H

O

O

(S)-tert-butyl 1-phenylethylcarbamate

Scheme 1 Molecular structure of (S)-tert-butyl 1-phenylethylcar-

bamate
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Fig. 1 Experimental molar heat capacities Co
p;mof (S)-tert-butyl

1-phenylethylcarbamate as a function of temperature. Outer part
Co

p;m from 80 to 380 K, the whole experiment. Inner part Co
p;m from

310 to 370 K, the melting process

Table 1 Experimental molar heat capacities of (S)-tert-butyl

1-phenylethylcarbamate

T/K Cp,m
o /J mol K-1

80.08 100.97

84.17 105.10

87.10 108.89

89.99 112.59

92.88 116.20

95.75 119.72

98.63 123.15

102.66 126.50

106.63 129.75

109.48 132.90

112.37 136.04

115.25 139.08

118.12 142.01

120.99 144.77

123.85 147.26

126.70 149.62

129.56 152.07

132.42 154.38

135.27 156.58

138.13 158.80

140.99 161.14

143.81 163.62

146.64 166.23

149.47 168.84

153.15 171.68

156.87 174.67

159.68 177.66

162.46 180.43

Table 1 continued

T/K Cp,m
o /J mol K-1

165.28 183.19

168.12 185.91

170.98 188.47

173.82 190.56

176.53 192.61

179.34 194.49

182.25 196.45

185.07 198.34

187.87 200.36

190.66 202.38

193.40 204.67

196.26 207.19

199.19 209.82

202.77 212.40

206.29 215.13

209.17 218.03

212.13 221.13

215.04 224.32

217.89 227.89

220.80 231.36

223.80 234.81

226.77 238.10

229.70 241.26

232.68 244.14

235.72 246.68

238.70 249.57

242.21 252.11

245.72 254.54

248.66 257.01

251.58 259.58

254.49 262.44

257.38 265.62

260.33 268.97

263.36 272.38

266.38 275.81

269.36 279.43

272.33 282.92

275.28 286.52

278.21 290.23

281.12 294.34

284.03 298.07

286.91 301.78

289.87 305.22

292.88 308.28

295.89 311.16

298.89 313.81

301.88 316.16

304.85 318.51
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is the reduced temperature. T is the experimental temper-

ature. Tmax is the upper limit (330 K) and Tmin is the lower

limit (80 K) of the temperature range. So that in the solid

phase (80–330 K), X = [(T/K) - 215]/125. The correla-

tion coefficient of the fitting R2 = 0.9997.

For the liquid phase over the temperature range of

362–380 K:

Co
p;mðl) / J mol�1 K�1 ¼ 474:134þ 4:526X ð3Þ

where X is obtained according to Eq. 2 with Tmin = 362 K

and Tmax = 380 K. The correlation coefficient of the fitting

R2 = 0.9986.

The temperature, enthalpy and entropy of solid–liquid

phase transition

The standard molar enthalpy and entropy of the solid–

liquid phase transition, DfusH
o
m and DfusS

o
m, of the sample

were calculated according to Eqs. 4 and 5:

DfusH
o
m ¼

Q� n
RTm

Ti

Co
p;mðsÞdT � n

RTf

Tm

Co
p;mðlÞdT �

RTf

Ti

HodT

n

ð4Þ

DfusS
o
m ¼

DfusH
o
m

Tm

ð5Þ

where Ti is the temperature a little bit lower than the onset

temperature of the solid–liquid phase transition, and Tf is

the temperature a little bit higher than the terminating

temperature of the transition. Q is the total energy intro-

duced into the sample cell from Ti to Tf. Ho is the standard

heat capacities of the sample cell from Ti to Tf. Co
p;mðsÞ and

Co
p;mðlÞ are the standard heat capacities of the sample in

solid phase from Ti to Tm and in liquid phase from Tm to Tf,

respectively. n is the molar amount of the sample. The

polynomials of the heat capacity obtained in ‘‘Heat capac-

ities’’ section were used to calculate the standard thermo-

dynamic functions and the results are listed in Table 2.

Thermodynamic functions of the compound

The thermodynamic functions of (S)-tert-butyl 1-phenyl-

ethylcarbamate relative to the reference temperature of

298.15 K were calculated in the temperature range of

80–380 K with an interval of 5 K. Polynomials of the heat

capacity mentioned above were applied in the calculation,

and the thermodynamic relationships are as follows:

Before melting:

Ho
T
� Ho

298:15
¼

ZT

298:15

Co
p;m
ðsÞdT ð6Þ

Table 2 Thermodynamic parameters of (S)-tert-butyl 1-phenylethylcarbamate

Thermodynamic properties Melting point T/K DfusH
o
m=kJ mol�1 DfusS

o
m=J K�1 mol�1

Adiabatic calorimetry 359.53 29.73 82.68

DSC 359.04 ± 0.095 29.76 ± 0.115 82.90 ± 0.28

Table 1 continued

T/K Cp,m
o /J mol K-1

307.82 320.75

310.78 323.30

313.72 325.87

316.64 328.45

319.56 331.05

322.47 333.66

325.37 336.29

328.34 338.93

331.39 345.13

334.42 351.53

337.43 357.77

340.41 366.64

343.35 383.70

346.30 414.20

349.28 419.76

352.19 476.54

354.89 662.71

357.10 1482.22

358.43 3641.82

359.08 7153.03

359.42 12463.9

359.63 18158.02

359.77 24048.84

359.87 29500.52

359.96 25189.95

360.41 3731.52

362.63 469.80

365.89 471.63

368.84 473.15

371.88 474.64

374.98 476.03

378.07 477.68
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So
T
� So

298:15
¼

ZT

298:15

Co
p;m
ðsÞ

T
dT ð7Þ

After melting:

Ho
T � Ho

298:15
¼

ZTi

298:15

Co
p;mðsÞdT þ DfusH

o
m þ

ZT

Tf

Co
p;m lð ÞdT

ð8Þ

So
T � So

298:15 ¼
ZTi

298:15

Co
p;m sð Þ
T

dT þ DfusS
o
m þ

ZT

Tf

Co
p;m lð Þ
T

dT

ð9Þ

where Ti is the temperature at which the melting started,

and Tf is the temperature at which the melting finished. The

calculated thermodynamic functions, Ho
T
� Ho

298:15
and

So
T
� So

298:15
, of (S)-tert-butyl 1-phenylethylcarbamate are

shown in Table 3.

DSC and TG analysis

The DSC curve of the sample is depicted in Fig. 2. A sharp

endothermic peak corresponding to the melting process of

the sample is exhibited in the figure. The melting point and

the entropy of the solid–liquid phase transition could be

obtained from the DSC experiment and the results are

listed in Table 2. It could be seen that the thermodynamic

properties of the sample obtained from DSC experiments

Table 3 Calculated thermodynamic functions of (S)-tert-butyl

1-phenylethylcarbamate

T/K Co
p;m=J mol�1 K�1 Hm(T) -

Hm(298.15)/

kJ mol-1

Sm(T) - Sm(298.15)/

J mol-1 K-1

80 100.2 -44.59 -240.963

85 106.3 -44.08 -234.696

90 112.3 -43.54 -228.433

95 118.3 -42.96 -222.192

100 123.7264 -42.36 -215.985

105 128.9202 -41.73 -209.822

110 133.9112 -41.08 -203.709

115 138.7293 -40.40 -197.649

120 143.4009 -39.69 -191.646

125 147.9491 -38.97 -185.699

130 152.3943 -38.22 -179.81

135 156.7546 -37.44 -173.977

140 161.0461 -36.65 -168.198

145 165.2832 -35.83 -162.473

150 169.4789 -35.00 -156.799

155 173.6453 -34.14 -151.173

160 177.7932 -33.26 -145.595

165 181.9332 -32.36 -140.061

170 186.0751 -31.44 -134.568

175 190.2283 -30.50 -129.114

180 194.4021 -29.54 -123.697

185 198.6054 -28.56 -118.313

190 202.847 -27.55 -112.961

195 207.1355 -26.53 -107.636

200 211.4793 -25.48 -102.338

205 215.8865 -24.41 -97.0617

210 220.3649 -23.32 -91.8058

215 224.9218 -22.21 -86.5673

220 229.5637 -21.07 -81.3435

225 234.2965 -19.91 -76.1318

230 239.1248 -18.73 -70.9295

235 244.0521 -17.52 -65.7343

240 249.0801 -16.29 -60.5436

245 254.2086 -15.03 -55.3553

250 259.4352 -13.75 -50.1672

255 264.7547 -12.44 -44.9774

260 270.159 -11.10 -39.7842

265 275.6363 -9.73 -34.5863

270 281.1707 -8.34 -29.3826

275 286.742 -6.92 -24.1725

280 292.3248 -5.48 -18.9557

285 297.8879 -4.00 -13.7326

290 303.394 -2.50 -8.50395

295 308.7988 -0.97 -3.27139

298.15 312.1026 0.00 0.00

300 314.0504 0.59 1.962866

Table 3 continued

T/K Co
p;m=J mol�1 K�1 Hm(T) -

Hm(298.15)/

kJ mol-1

Sm(T) - Sm(298.15)/

J mol-1 K-1

305 319.0886 2.17 7.195734

310 323.8441 3.77 12.42324

315 328.2378 5.40 17.64043

320 332.18 7.04 22.84122

325 335.5695 8.71 28.01837

330 338.2926 10.39 33.1633

335 Phase change

340

345

350

355

362 469.6071 45.18 130.967

365 471.1159 46.75 135.3022

370 473.6306 49.37 142.4703

375 476.1452 52.01 149.5689

380 478.6599 54.66 156.5999
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are agreed well with that obtained from adiabatic calo-

rimetry. Figure 2 also shows that no other thermal abnor-

mality exists in the experimental temperature range, which

is agreed with the result of adiabatic calorimetry.

The TG curve of the sample is showed in Fig. 3. The

figure shows that (S)-tert-butyl 1-phenylethylcarbamate is

thermally stable below the temperature of 380 K. The

sample starts to loss its’ mass at the temperature of 385 K

and the mass is totally lost within one step with the ter-

minate temperature of 510 K.

Conclusions

An N-tert-butyloxycarbonylated organic synthesis interme-

diate, (S)-tert-butyl 1-phenylethylcarbamate, was prepared

and investigated by means of DSC and TG. DSC experi-

ments results indicated that the compound started to melt at

the temperature of 359.04 ± 0.095 K with the phase change

enthalpy of 29.76 ± 0.115 kJ mol-1. TG experiment

revealed that the pyrolysis of the compound was started at the

temperature of 385 K and terminated at 510 K. Furthermore,

the molar heat capacities of (S)-tert-butyl 1-phenylethyl-

carbamate were precisely determined by means of adiabatic

calorimetry over the temperature range of 80–380 K. The

adiabatic calorimetry indicated that the melting point of the

compound was 359.53 K, where as the molar enthalpy and

entropy of the phase transition were determined to be 29.73

kJ mol-1 and 82.68 J K-1 mol-1, respectively, from the

experimental Cp - T curve. The thermodynamic functions,

[H0
T � H0

298:15] and [S0
T � S0

298:15], were calculated from the

heat capacity data obtained from the adiabatic calorimetry in

the temperature range of 80–380 K with an interval of 5 K.

Acknowledgements This work was financially supported by the

National Natural Science Foundation of China (21003014, 21075011

and 20775010), Hunan Provincial Science and Technology Project

(2010FJ3167), Hunan Provincial Natural Science Foundation of

China (09JJ3016), Program for New Century Excellent Talents in

University (NCET-10-0138, Ministry of Education of the People’s

Republic of China), Hunan Provincial Key Laboratory of Materials

Protection for Electric Power and Transportation (Changsha Univer-

sity of Science & Technology) (2010CL07), and Changsha University

of Science & Technology.

References

1. Greene TW, Wuts PGM. Protecting group in organic synthesis.

3rd ed. New York: Wiley; 1999.

2. Kocienski PJ. Protecting groups. New York: Georg Thieme;

2000.

3. Sartori G, Ballini R, Bigi F, Bosica G, Maggi R, Righi P. Pro-

tection (and deprotection) of functional groups in organic syn-

thesis by heterogeneous catalysis. Chem Rev. 2004;104:199–250.

4. Theodoridis G. Nitrogen protecting groups: recent developments

and new applications. Tetrahedron. 2000;56:2339–58.

5. Chankeshwara SV, Chakraborti AK. Montmorillonite K 10 and

montmorillonite KSF as new and reusable catalysts for conver-

sion of amines to N-tert-butylcarbamates. J Mol Catal A.

2006;253:198–202.

6. Upadhyaya DJ, Barge A, Stefania R, Cravotto G. Efficient, sol-

ventless N-Boc protection of amines carried out at room tem-

perature using sulfamic acid as recyclable catalyst. Tetrahedron

Lett. 2007;48:8318–22.

7. Heydari A, Shiroodi RK, Hamadi H, Esfandyari M, Pourayoubi

M. N-tert-butoxycarbonylation of amines using H3PW12O40 as an

efficient heterogeneous and recyclable catalyst. Tetrahedron Lett.

2007;48:5865–8.

8. Das B, Venkateswarlu K, Krishnaiah M, Holla H. A highly

chemoselective Boc protection of amines using sulfonic-acid-

functionalized silica as an efficient heterogeneous recyclable

catalyst. Tetrahedron Lett. 2006;47:7551–6.

9. Chakraborti AK, Chankeshwara SV. HClO4–SiO2 as a

new, highly efficient, inexpensive and reusable catalyst for

N-tert-butoxycarbonylation of amines. Org Biomol Chem. 2006;

4:2769–71.

10. Varala R, Nuvula S, Adapa SR. Molecular iodine-catalyzed facile

procedure for N-Boc protection of amines. J Org Chem.

2006;71:8283–6.

0

–5

–10

–15

–20

–25

175 200 225 250 275 300 325 350 375 400

T/K

H
ea

t f
lo

w
/m

W

360.75 K

359.04 K

29.76 kJ mol–1

E
nd

o.

Fig. 2 DSC curve of (S)-tert-butyl 1-phenylethylcarbamate under

high purity nitrogen with the onset temperature of 359.04 K and the

peak temperature of 360.75 K

0

–20

–40

–60

–80

–100

300 350 400 450 500 550 600 650

T/K

W
ei

gh
t l

os
s/

%

Fig. 3 TG curve of (S)-tert-butyl 1-phenylethylcarbamate

1092 J.-L. Zeng et al.

123



11. Vilaivan T. A rate enhancement of tert-butoxycarbonylation of

aromatic amines with Boc2O in alcoholic solvents. Tetrahedron

Lett. 2006;47:6739–42.

12. Heydari A, Hosseini SE. Lithium perchlorate-catalyzed Boc

protection of amines and amine derivatives. Adv Synth Catal.

2005;347:1929–32.

13. Khaksar S, Heydari A, Tajbakhsh M, Vahdat SM. Hydrogen bond

catalyzed chemoselective N-tert-butoxycarbonylation of amines.

Tetrahedron Lett. 2008;49:3527–9.

14. Ribeiro da Silva MAV, Santos CPF, Monte MJS, Sousa CAD.

Thermochemical studies of phthalimide and two N-alkylsubsti-

tuted phthalimides (alkyl = ethyl and n-propyl). J Therm Anal

Calorim. 2006;83:533–9.

15. Leitner J, Růžička K, Sedmidubský D, Svoboda P. Heat capacity,

enthalpy and entropy of calcium niobates. J Therm Anal Calorim.

2009;95:397–402.

16. Wu J, Chen SP, Di YY, Gao SL. Low-temperature thermody-

namics of Ln(Me2dtc)3(C12H8N2) (Me2dtc = dimethyldithiocar-

bamate, Ln = La, Pr, Nd, Sm). J Therm Anal Calorim.

2010;100:1091–8.

17. Keller L, Beaumont S, Liu JM, Thoret S, Bignon JS, Wdzieczak-

Bakala J, Dauban P, Dodd RH. New C5-alkylated indoloben-

zazepinones acting as inhibitors of tubulin polymerization:

cytotoxic and antitumor activities. J Med Chem. 2008;51:

3414–21.

18. Tan ZC, Sun LX, Meng SH, Li L, Xu F, Yu P, Liu BP, Zhang JB.

Heat capacities and thermodynamic functions of p-chlorobenzoic

acid. J Chem Thermodyn. 2002;34:1417–29.

19. Tan ZC, Sun GY, Song YJ, Wang L, Han JR, Liu YS, Wang M,

Nie DZ. An adiabatic calorimeter for heat capacity measurements

of small samples—the heat capacity of nonlinear optical mate-

rials KTiOPO4 and RbTiOAsO4 crystals. Thermochim Acta.

2000;352:247–53.

20. Tan ZC, Sun GY, Sun YJ. An adiabatic low-temperature calo-

rimeter for heat capacity measurement of small samples. J Therm

Anal Calorim. 1995;45:59–67.

21. Archer DG. Thermodynamic properties of synthetic sapphire

(a-Al2O3), standard reference material 720 and the effect of

temperature-scale differences on thermodynamic properties.

J Phys Chem Ref Data. 1993;22:1411–53.

Heat capacities and thermodynamic properties 1093

123


	Heat capacities and thermodynamic properties of (S)-tert-butyl 1-phenylethylcarbamate
	Abstract
	Introduction
	Experimental
	Sample
	Adiabatic calorimetry
	Thermal analysis

	Results and discussions
	Heat capacities
	The temperature, enthalpy and entropy of solid--liquid phase transition
	Thermodynamic functions of the compound
	DSC and TG analysis

	Conclusions
	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


