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Abstract Carbon–nitrogen nanorings with formulae

(CN)2n and in the form of [n]pyrazine cyclacenes appear

either as closed-shell singlets (SCS) for n = 5, 10, and 12,

or open-shell singlets (SOS) for n = 6, 7, 9, and 11 at

restricted and unrestricted broken spin-symmetry density

functional theory (DFT). All of their corresponding acyclic

isomers, which are called [n]pyrazine polyacenes or

nanoribbons, appear as SCS for n = 5–12. As a result,

nitrogen substitutions alter the electronic ground state of

cyclacenes and polyacenes and appear to increase their

viability, which invites further experimental and theoretical

realization and exploration.

Keywords Cyclacenes � Polyacenes � Nanoring �
Nanoribbon � Pyrazine

Introduction

Belt-shaped conjugated systems with radial orientation of

p orbitals are geometrically regarded as attractive synthetic

targets. Typical representatives of this family are [n]cy-

clacenes (1) as well as cyclo[n]phenacenes (2, n = 10)

which are termed nanorings (Fig. 1) [1]. They are of

interest for their possible utility as cylindrical cavities in

host–guest chemistry and have the potential of serving as

simple models for nanotubes [2]. Several attempts to

synthesize [n]cyclacene (1) have failed [3–10]. Conse-

quently, the current knowledge on [n]cyclacenes is

contained in several density functional theory (DFT) and

semiempirical investigations [11–18]. According to some

computational studies, cyclacenes are predicted to possess

triplet (ferromagnetic) ground states [2, 13–17]. In contrast,

Chen et al. stated that ‘‘along with strain, the radical

character of the open-shell singlet with antiferromagneti-

cally (AFM) coupled electron spins may contribute to the

difficulties in synthesizing [n]cyclacenes’’ [19]. They

introduced [n]cyclacenes as the shortest four-layered (n,0)

zigzag carbon nanotube models, and showed the AFM

characters for the six-layered models. Very recently

Sadowsky et al. [20] stated that modeling based on a

combination of DFT and multiconfigurational wave func-

tion theories is indicative of an increase in diradical and

eventually polyradical characters in [n]cyclacenes with

increasing n. Consequently, this character also increases as

the cyclacenes are extended to form finite-length (n,0)

single-walled nanotubes.

As pointed out, the bending of a ribbon of annulated six-

membered rings into a torus and the high intrinsic reac-

tivity of larger cyclacenes are two main obstacles in the

synthesis of these species. One approach to get around

these is the incorporation of eight-membered rings as

shown in structure 2 [21, 22]. The bending problem could

also be avoided in different types of cyclacenes containing

sulfur and nitrogen atoms which are predicted to be ther-

modynamically stable macrocycles [23].

On the other hand, polyacenes are acyclic variants of

cyclacenes, which are viewed as zigzag-edged graphene

nanoribbons (ZGNR) with a width index of two [24]. They

have attracted wide interest from both theoretical and

experimental scientists [25, 26]. For instance, pentacene

has received much attention as an active semiconducting

Electronic supplementary material The online version of this
article (doi:10.1007/s00706-010-0398-x) contains supplementary
material, which is available to authorized users.

M. Z. Kassaee (&) � H. Aref Rad � S. Soleimani Amiri

Department of Chemistry, Tarbiat Modares University,

P.O. Box 14155-4838, Tehran, Iran

e-mail: kassaeem@Modares.ac.ir

123

Monatsh Chem (2010) 141:1313–1319

DOI 10.1007/s00706-010-0398-x

http://dx.doi.org/10.1007/s00706-010-0398-x


material in field-effect transistors owing to its high charge-

carrier mobility [27–29]. Recently, functionalized heptac-

enes have been synthesized and crystallized [30–32], while

larger polyacenes remain elusive. Several theoretical

studies have attempted to explain the high reactivities of

large polyacenes by designating their electronic properties

[11, 33–40]. Houk et al. [13] have predicted a triplet

ground state for acenes with n [ 8. Others have suggested

an open-shell singlet ground state for those with n [ 6 [41–

43].

There has been much interest in zigzag-edged graphene

nanoribbons (ZGNR) which can be viewed as parallel

cross-linked polyacetylene chains [44–50]. Since polyac-

enes are practically the narrowest ZGNRs, it is suggested

that they share a common ground state with wider analogs

[24]. In other words, the AFM ground state of ZGNRs

agrees with that reported for polyacenes [44, 51]. More-

over, the appearance of the AFM phase can be used as an

indicator for cyclacenes’ and acenes’ chemical reactivity.

Some studies have focused on heterocyclic cyclacene

and polyacene derivatives, where the potential of nitrogen-

containing oligoacenes as n-channel organic semiconduc-

tors has been demonstrated [23, 52–55]. Besides, the

successive replacement of the CH moieties by nitrogen

atoms in these structures offers a number of opportunities

to manipulate and control the molecular electronic prop-

erties, stabilities, and crystal structures of these materials.

‘‘Thus, improved stability toward photooxidation or Diels–

Alder dimerization (two major degradation pathways in

pentacene semiconductors), can be expected, and depend-

ing on the heteroatomic substitution pattern (polarity),

improved solubility might be achieved as a basic pre-

requisite for solution-processing’’ [53]. Perhaps the most

interesting question is: how does substitution of CH by N

modify the electronic ground states of azacyclacenes and

azapolyacenes?

In response to this question and in order to make the

effects of nitrogen atoms more conspicuous, we scrutinized

carbon–nitrogen cyclacenes and their analogous polyac-

enes in the form of pyrazine nanorings and pyrazine

nanoribbons at a reasonable theoretical level (Fig. 2).

Actually, we have been encouraged by the fact that some

acenes which contain pyrazine moieties are already

synthesized [56, 57]. So we hope our N-substitutions may

bring about changes in the electronic structures of the

scrutinized species [58] and lead to a decrease in their

reactivity, opening the way for their possible synthesis, and

become instrumental in furthering our understanding of

CNTs and ZGNRs in the long run.

Results and discussion

In order to alter the electronic ground states of cyclacenes

and polyacenes we made an attempt to calculate the effects

of nitrogen atom substitutions, forming pyrazine nanorings

and pyrazine nanoribbons (Fig. 2). More specifically, the

pyrazine nanorings consist of carbons and nitrogens with

the general formulae of (CN)2n without any hydrogen.

The two possible electronic ground states investigated

are triplet and singlet. The latter is described with the open-

shell (OS) UBS (unrestricted broken spin-symmetry) the-

ory, and the restricted closed-shell (CS).

The wave functions appear unstable at the RB3LYP/6-

31G* level of theory for all structures except n = 5, 10,

and 12. Trying to find stable ground states leads to the

triplet states for n = 8 with rather small triplet–singlet gaps

(DET-CS = -8.54 kJ/mol) (Fig. 3a).

Reoptimizations using the unrestricted broken symmetry

B3LYP method (UBS-B3LYP) [19, 41] shows open-shell

singlet states (SOS) for n = 6, 7, and 11 to be 129.32, 7.06,

and 55.69 kJ/mol, respectively, lower than their corre-

sponding closed-shell (SCS) (Fig. 3a). Hence, these species

have open-shell singlet ground states displaying rather

large spin contaminations (hS2i = 1.07, 2.25) and emerg-

ing with radical characters (i.e., antiferromagnetic, AFM)

[19]. The AFM ground states are pictured in a way that the

a-spin electrons are mainly localized on one edge, while

b-spin electrons are on the other edge of the cyclacenes

[19, 24], resembling the electronic structures of rectangular

polycyclic aromatic hydrocarbons [69] and tetramethyl-

enebenzene [70].

The DE(SOS - SCS) values for n = 5, 10, and 12

approach zero indicating that the open-shell singlets relax

to the closed-shell singlet ground states (Fig. 3a) [19].

Increasing the size of the nanorings in the odd and even
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Fig. 2 a [8]Pyrazine nanoring, representing one of the eight scruti-

nized nanorings. b [5]Pyrazine nanoribbon, a sample from eight

scrutinized nanoribbons

21 3

Fig. 1 Three types of nanorings: [8]cyclacene (1), cyclo[10]phena-

cene (2), and [6,8]3cyclacene (3)
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series is noteworthy. For instance, in the even series, an

open-shell singlet is found for n = 6, whereas a triplet is

seen for n = 8. Further stretch to n = 10 and 12 shows

closed-shell ground states. In the odd series [5]pyrazine

cyclacene is a closed-shell singlet, whereas n = 7 and 11

render open-shell singlet ground states appearing similar to

that reported for cyclacenes. For n = 9 open-shell and

closed-shell emerge with the same energy [DE(SOS -

SCS) = 0]; at this point in conformity with n = 7 and

n = 11 one may assume an open-shell singlet ground state

for n = 9. On the other hand, squeezing the size of the

nanorings to n = 4 gives an unusual and unstable structure

with an imaginary frequency (NIMAG = 1).

The natural bond orbital (NBO) charge analyses of the

pyrazine cyclacenes show significant p electron polarization

from carbons toward the more electronegative nitrogen

atoms. Specifically, for odd nanorings the absolute values of

charges on carbon and nitrogen atoms appear inversely

proportional to the size of the ring (Table 1). Such p electron

polarization induces the lowering of the energy levels of

pyrazine cyclacenes compared to unsubstituted cyclacenes

(Fig. 4; Table 2). Larger band gaps (DELUMO-HOMO) are

encountered for the former, compared to the corresponding

cyclacenes. Apparently lowering of the energy levels mostly

in the even pyrazine nanorings has compensated the pairing

energy required for their observed closed-shell electronic

configurations (Table 2). Such lowering of the energy level

increases with the increase of the size of the nanorings due to

the higher frontier orbital perturbations by the greater

number of nitrogen atoms. So, for the even pyrazine cycla-

cene the ground state alters from open-shell in n = 6 to

closed-shell in n = 12. As for cyclacenes and odd pyrazine

nanorings (n = 7, 9, and 11), the observed open-shell anti-

ferromagnetic ground states stem from the electron–electron

repulsions which are not compensated by the energy levels

lowering [44]. Therefore, the highest impact of N-substitu-

tion on the ground state multiplicity is observed for the even

nanorings.

For nanorings with odd n, the DELUMO-HOMO drops

from about 2 eV (insulator-like character: n = 5, 7) to

around 1 eV (semiconductor character: n = 11) (Table 2).
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Fig. 3 Energy differences between the (UBS) open-shell singlet

(SOS) and closed-shell singlet (SCS) states, DE(SOS - SCS), and the

energy differences between the triplet (T) and SCS states, DE(T - SCS),

as a function of n in a [n]pyrazine nanorings and b [n]pyrazine

nanoribbons

Table 1 NBO atomic charge of the [n]pyrazine nanorings and

[n]pyrazine nanoribbons at the B3LYP/6-31G*//B3LYP/6-31G* level

n [n]Pyrazine nanorings [n]Pyrazine nanoribbons

C N C N

5 0.39 -0.39 0.332/0.335 -0.362/-0.364

6 0.35 -0.35 0.334/0.336 -0.361/-0.364

7 0.37 -0.37 0.336/0.338 -0.359/-0.360

8 0.35 -0.35 0.339/0.341 -0.359/-0.360

9 0.36 -0.36 0.340/0.343 -0.358/-0.360

10 0.35 -0.35 0.341/0.342 -0.358

11 0.36 -0.36 0.343/0.345 -0.357/-0.359

12 0.35 -0.35 0.343/0.346 -0.357/-0.358
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Fig. 4 Lowering of frontier molecular orbital energy levels due

to nitrogen atom perturbations: a [5]pyrazine cyclacene versus

[5]cyclacene, b [6]pyrazine polyacene versus [6]polyacene
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In contrast, for n = 6–12 going from the lower to higher

values of even n makes the corresponding DELUMO-HOMO

decrease very slowly (semiconductor character, ca. 1 eV).

The geometrical parameters of closed-shell, open-shell,

and triplet states of pyrazine nanorings are instructive.

Except for the triplet odd pyrazine nanorings which

show C2v symmetry, all singlet ground states and even

triplets show Dnh symmetry. Specifically, they have two

distinct bonds: the peripheral CN bonds whose lengths

(1.344–1.356 Å) fall in a range between the reported C=N

(1.293 Å) and the C–N (1.470 Å); and the C–C bonds

(1.461–1.506 Å) that connect the two trannulenes by

sp2–sp2 single bonds. For the case of [4k ? 2]trannulenes in

the odd pyrazine nanorings, each trannulene is aromatic and

stable. Hence, there is no coupling between the two tran-

nulene chains. Coupling of the two [4k]trannulene moieties

through C–C bonds gives aromatic stability to the resulting

[2k]cyclacenes (Fig. 5).

The nucleus-independent chemical shift (NICS) values

are often calculated in order to obtain a feel for aromaticity

in the nanoring cavity centers (G) [2, 21] and on the surface

of the benzenoid rings. Our nanoring centers of the cavity

(G) show significantly negative NICS values, with the

exception of the largest odd nanorings n = 11 (Fig. 6). The

NICS values of the benzenoid rings appear also substan-

tially negative for the even pyrazine nanorings, while no

aromaticity is encountered for the odd ones. The maximum

NICS value is obtained for -1.0 Å. This is consistent

with the inner p-electron density, which appears more

conglomerated. Moreover, NICS decreases in going from

-1.0 Å below the benzenoid ring centers (inside the

nanoring) to 1.0 Å (outside the nanoring). In fact, such

difference in NICS values on the convex and concave sides

of the nanorings should not be associated with aromaticity,

as this difference rather is a manifestation of different

electron densities in the vicinity of the surfaces.

Nanorings exert a strain on their constituting benzenoid

rings which is decreased through the increase of their size.

Hence plotting the [n]pyrazine nanorings energy/n against the

number of benzenoid rings (n) indicates the gain of relative

stability attributed to the release of strain from the constituting

benzenoid rings per se, in going from n = 5–12 (Fig. 7a).

In contrast to a previous report which suggests open-

shell singlet diradical ground states for the large polyac-

enes [41–43], nitrogen substitution gives closed-shell

(nonmagnetic) ground states for [n]pyrazine nanoribbons

with n = 5–12, showing zero spin contaminations

(hS2i = 0). This conclusion is manifested through the

results obtained from plotting the changes in energies of

Table 2 NBO-calculated energies (eV) of the frontier molecular

orbitals (EHOMO, ELUMO, DEHOMO-LUMO), for closed-shell [n]pyra-

zine nanorings and [n]pyrazine nanoribbons, compared to their

corresponding carbon analogues (from Ref. [19] and [41]), at the

B3LYP/6-31G*//B3LYP/6-31G* level

n [n]Pyrazine nanorings [n]Pyrazine nanoribbons

EHOMO ELUMO DEHOMO–LUMO EHOMO ELUMO DEHOMO–LUMO

5 -7.180 (-4.299)a -4.968 (-2.449) 2.212 (1.850) -6.932 (-4.60)b -4.614 (-2.39) 2.318 (2.21)

6 -7.107 (-3.782) -5.747 (-2.558) 1.360 (1.224) -6.989 (-4.41) -4.941 (-2.61) 2.048 (1.80)

7 -7.341 (-4.054) -5.292 (-2.394) 2.048 (1.659) -7.038 (-4.27) -5.198 (-2.78) 1.841 (1.49)

8 -7.412 (-3.891) -6.253 (-2.775) 1.158 (1.115) -7.076 (-4.16) -5.405 (-2.91) 1.671 (1.25)

9 -7.394 (-3.918) -5.881 (-2.775) 1.512 (1.143) -7.109 (-4.08) -5.576 (-3.01) 1.534 (1.06)

10 -7.522 (-3.918) -6.526 (-2.911) 0.995 (1.006) -7.142 (-4.01) -5.718 (-3.10) 1.424 (0.92)

11 -7.421 (-3.838) -6.243 (-3.014) 1.177 (0.823) -7.171 (–) -5.841 (–) 1.329 (–)

12 -7.565 (-3.938) -6.694 (-3.027) 0.871 (0.911) -7.194 (–) -5.947 (–) 1.247 (–)

a Frontier molecular orbital energies (eV), extracted from NBO-calculated data on the optimized structures of Ref. [19]
b Molecular orbital energies are taken from Ref. [41]

Fig. 5 Frontier molecular orbital for a [n]pyrazine polyacene, where

n = 5, showing two –(C=N)5– interchain intractions, b [6]pyrazine

nanoring showing two trannulene interchain intractions

1316 M. Z. Kassaee et al.

123



the triplet and SOS (relative to that of SCS) for [n]pyrazine

nanoribbons against the number of the fused benzenoid

rings (n) (Fig. 3b).

Similar to the case of nanorings which was discussed

above, the NBO charge analysis for the pyrazine nano-

ribbons is instructive (Tables 1, 2). It shows p electron

transfer from carbon to the more electronegative nitro-

gen atoms, inducing a partially negative charge on

nitrogen. Again, such p electron polarization is trans-

lated into the lowering of the energy levels of

N-substituted polyacenes compared to unsubstituted ones

(Fig. 4; Table 2). Larger band gaps (DELUMO-HOMO) are

encountered for the [n]pyrazine nanoribbons compared

to the corresponding polyacenes giving closed-shell

(nonmagnetic) singlet ground states for n = 5–12.

Moreover, the DELUMO-HOMO decreases moderately

from n = 5 (insulator-like character) to n = 12 (semi-

conductor character) (Table 2).

Closed-shell and open-shell structures have very similar

geometries. Neglecting the terminal benzenoid rings, they

resemble two non-alternating –(C=N)n– ribbons arising

from a lack of Peierls’ distortion in each ribbon, which are

joined by sp2–sp2 single bonds and show very weak p
interactions. This pattern has been rationalized previously

for polyacenes [11, 41]. The interchain couplings between

the MOs of two –(C=N)n–ribbons appear in the MO shapes

(Fig. 5).

Similar to polyacene all the pyrazine analogues are

aromatic (negative NICS values) with their inner rings

being more aromatic than the corresponding outer ones

(Fig. 8) [71]. The changes of the energy of [n]pyrazine

nanoribbons/n reveals instability in going from n = 5–12

(Fig. 7b).

Conclusion

A computational account of the electronic and aromatic

characters of N-substituted cyclacenes and polyacenes is

presented. The even [6]pyrazine nanorings appear as an

open-shell singlet (antiferromagnetic), while the [8]pyra-

zine nanoring has a triplet ground state (ferromagnetic).

Further stretch to [10]- and [12]pyrazine nanorings bring

about closed-shell singlets (nonmagnetic). On the other

hand, nanorings with odd n (except n = 5) appear with

open-shell singlet ground states. Rather large [n]pyrazine

nanoribbons are found to possess nonmagnetic closed-shell

singlet ground states. The energy gaps for all the scruti-

nized odd and even pyrazine nanorings appear inversely

proportional to their corresponding diameter. Similar to

polyacenes, all the pyrazine analogues are aromatic with

their inner rings being more aromatic than their corre-

sponding outer rings. Moreover, the DELUMO-HOMO

moderately decreases from n = 5–12.

Finally, the pyrazine cyclacene and pyrazine polyacene

systems invite experimental explorations, with the potential

applications including utilization as organic semiconduc-

tors, organo-magnetic materials, and molecular electronic

devices. Moreover, replacement of CH moieties of cyclac-

enes with nitrogen atoms induces partial positive charges on

the carbons and negative charges on the edge nitrogens.

Such point charges raise the storage capacities of pyrazine

cyclacenes and increase the possibility of their usage as host

materials [72, 73].
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Computational details

The geometries of all structures were optimized without

any symmetry constraints at the B3LYP/6-31G* DFT level

[59–63], using the Gaussian 98 program [64]. The NBO

population analyses [65, 66] were accomplished at the

same level of theory. To derive the NICS data, single-point

GIAO-NMR [67, 68] calculations with B3LYP/6-31G*

were carried out. Harmonic vibration frequency analyses

were also performed—at the same level of theory used for

optimization—to check whether the obtained structure is a

minimum on its potential energy surface.
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52. Türker L, Gümüs S (2004) J Mol Struct 679:143 (Theochem)

53. Winkler M, Houk KN (2007) J Am Chem Soc 129:1805

54. Tonzola CJ, Alam MM, Kaminsky W, Jenekhe SA (2003) J Am

Chem Soc 125:13548

55. Nishida J-I, Naraso MS, Fujiwara E, Tada H, Tomura M,

Yamashita Y (2004) Org Lett 6:2007

56. Miao S, Appleton AL, Berger N, Barlow S, Marder SR, Hard-

castle KI, Bunz UHF (2009) Chem Eur J 15:4990

57. Tang Q, Liu J, Chan HS, Miao Q (2009) Chem Eur J 15:3965

58. Yu SS, Zheng WT, Wen QB, Jiang Q (2008) Carbon 46:537

59. Parr RG, Yang W (1989) Density functional theory of atoms and

molecules. Oxford University Press, Oxford

60. Koch W, Holthausen MC (2000) A chemists guide to density

functional theory. Wiley, Weinheim

61. Becke AD (1993) J Chem Phys 98:5648

62. Lee C, Yang W, Parr RG (1988) Phys Rev B Condens Matter

37:785

63. Krishnan K, Binkley JS, Seeger R, Pople JA (1980) J Chem Phys

72:650

64. Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA,

Cheeseman JR, Zakrzewski VG Jr, Montgomery JA, Stratmann

RE, Burant JC, Dapprich S, Millam JM, Daniels AD, Kudin KN,

Strain MC, Farkas O, Tomasi J, Barone V, Cossi M, Cammi R,

Mennucci B, Pomelli C, Adamo C, Clifford S, Ochterski J,

Petersson GA, Ayala PY, Cui Q, Morokuma K, Malick DK,

Rabuck AD, Raghavachari K, Foresman JB, Cioslowski J, Ortiz

JV, Baboul AG, Stefanov BB, Liu G, Liashenko A, Piskorz P,

Komaromi I, Gomperts R, Martin RL, Fox DJ, Keith T,

Al-Laham MA, Peng CY, Nanayakkara A, Gonzalez C,

Challacombe M, Gill PMW, Johnson B, Chen W, Wong MW,

Andres JL, Gonzalez C, Head-Gordon M, Replogle ES, Pople JA

(1998) Gaussian 98, Rev. A 7. Gaussian, Pittsburgh

65. Carpenter JE, Weinhold F (1988) J Mol Struct (Theochem)

41:169

66. Glendening ED, Reed AE, Carpenter JE, Weinhold F (2010)

NBO version 3.1

67. Schleyer PvR, Maerker C, Dransfeld A, Jiao H, NJRvE Hommes

(1996) J Am Chem Soc 118:6317

68. Schleyer PvR, Jiao H, Hommes NJRvE, Malkin VG, Malkina OL

(1997) J Am Chem Soc 119:12669

69. Jiang DE, Sumpter BG, Dai S (2007) J Chem Phys 127:124703

70. Du P, Hrovat DA, Borden WT, Lahti PM, Rossi AR, Berson JA

(1986) J Am Chem Soc 108:5072

71. Chen Z, Wannere CS, Corminboeuf C, Puchta R, Schleyer PvR

(2005) Chem Rev 105:3842

72. Zhou Z, Zhao J, Gao X, Chen Z, Yan J, Schleyer PvR, Morinaga

M (2005) Chem Mater 17:992

73. Mpourmpakis G, Froudakis GE, Lithoxoos GP, Samios J (2006)

Nano Lett 6:1581

Carbon–nitrogen nanorings and nanoribbons 1319

123


	Carbon--nitrogen nanorings and nanoribbons: a theoretical approach for altering the ground states of cyclacenes and polyacenes
	Abstract
	Introduction
	Results and discussion
	Conclusion
	Computational details
	Acknowledgment
	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


