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Abstract—By an example of Eug33;Zr,(PO,); phosphate, the possibility of predicting the luminescence in the
framework of the time-dependent density functional theory (TD DFT) was demonstrated. The theoretical
emission spectra of Eu®" were computed on the basis of the cluster approach with the use of the sequential
growth technique. The optimal cluster [Equ2P6024ng]Hl and optimal basis set EuyMWBS52], ZrfMWB2§],
P[MWBI10], O[6-31G(d,f)], H[6-31G] were determined. The deviation between the calculated and experimental

wavelengths was less than 1%.
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The Eu’" ion is known to be an active component of
phosphorescent materials. In combination with other
emitters it is widely used as a phosphor in, e.g., plasma
displays, fluorescent lamps, and light-emitting diodes.
Also, compounds based on Eu’" find application as
materials for luminescent labels. In recent years, there
has been an increased interest in europium derivatives
as candidates of biomedical markers.

Synthesis and experimental study of the
luminescence of europium-containing compounds have
been the subject of much research. At the same time,
preference has always been for methods of
investigation which enable the predetermined
architecture of the material to be implemented in order
to obtain a phosphor with the desired characteristics.
The prediction of the emission properties of
chromophores leads to fewer stages in exploratory
chemical experiments and thereby to lower costs of
research work. In this connection, the growing
importance is attached to the theoretical prediction of
the excitation spectra of new materials.

In [1-11], experimental studies of the Eu’"
luminescence were carried out, while theoretical
studies are much less in number. In this respect
europium complexes based on various ligands, e.g.,
cryptates, and crystalline, in particular nanocrystalline,
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inorganic matrices incorporating the Eu’" ion were
intensively studied theoretically.

An approach widely used for calculation of the
theoretical luminescence spectra is based on the crystal
field theory. Techniques for building the effective
Hamiltonian of the crystal field theory for Eu*" doped
into various crystalline matrices were described for
oxide (Gd,0; [12], In,O5 [13], Sr;,MoOy [14], ThO,
[15]), fluoride, and phosphate (LiYF4, YPO,) [16-17]
matrices. The energy levels and theoretical
luminescence spectra are calculated using empirical
parameters. In some studies, theoretical ab initio
calculations are combined with empirical calculations
of the energy levels, e.g., for Ba,L.nMOg (Ln =Y, Gd;
M =Nb, Ta) and (Cs,Rb)(Na,Li)Eu(NO,)s [18, 19].

A similar approach was applied in [20] for a
quantum-chemical study of the crystal field and
determination of the charge transfer energy for
nanocrystalline Y,0s. Ab initio methods were used for
calculation of the ground-state (4/") energy and one-
electron crystal-field parameters for Eu’" in all the
clusters simulating the local environment of Eu®* in
cubic Y,0;. For some levels the energies significantly
differed from the experimental data. The best results
were obtained for (EuY12022)5 "~ cluster with 35 atoms.
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Greater opportunities, compared to the crystal-field
theory, are offered by the density functional theory
(DFT) [21] which finds application in theoretical
studies of the Eu*" luminescence both in combination
with empirical approaches [18—19] and independently
[22-24]. In [22] the crystal-structure parameters for
YsW.Mo(_»O1, were calculated, as well as the
electronic structure and the orbital populations with the
convergence of 1.0-1.6%. The calculations were
performed for Y¢WO;, and Y¢{MoO;, matrices, and this
was followed by calculation of the excitation spectrum
of the Eu’" ion in the matrix. Local environment of
Eu" in clusters was not considered in that study.

In [23], the DFT technique with the use of the
supercell approach was applied to the calculation of
the DOS diagram for Gd,0,S crystals. A DFT
calculation of the absorption spectrum of Eu’" for
europium-doped aluminum nitride  ([EuAl;)N,]**"
cluster) in [24] gave the results that showed only qualitative
agreement with the experimental observations.

Among relevant theoretical studies, the all-electron
calculation by the Hartree-Fock self-consistent field
method of a system with an open shell configuration of
the EuOg cluster in a Ba,GdNbO, crystal [25] is worth
mentioning.

One of the most promising methods that is
currently used for estimating the excitation energies is
the time-dependent perturbation theory (TD DFT). To
the best of our knowledge, the only instance of
application of this theory to Eu’" luminescence cal-
culations was in the case organic complexes of
europium [26]. As to inorganic compounds, the TD
DFT calculation of the electronic spectra of CoZry
(PO4)¢ with application of a cluster approach was
carried out in [27]. Thus, the calculations of the
luminescence spectra are mostly performed by empirical
approaches, crystal-field theory, while quantum-
chemical calculations using DFT, in particular, TD
DFT, methods are scarce. The extent of quantitative
agreement between the theory and experiment is
hardly discussed in those studies; the clusters selected
not always adequately represent the local environment
in the crystalline matrix.

This study was concerned with a Nasicon-
structured europium-containing zirconium phosphate
Eug33Zr,(PO4);. Compounds of this structural type are
well-known for their high cationic conductivity,
radiation resistance, chemical and thermal stability
[28]. Their most interesting feature is a high

isomorphic capacity and the respective possibility of
adjustment of properties [29]. Cationic substitutions in
certain framework sites can produce changes in the
photoluminescence characteristics of these compounds
[30].

Here, we explored the possibility of theoretically
predicting the Eu’" luminescence in a Nasicon-
structured inorganic crystalline matrix using the TD
DFT method. Our purpose was to determine the
coordination sphere to which we could restrict our-
selves when selecting the cluster model. To this end,
we carried out calculations for clusters of different size
in which either the oxygen environment only (the first
coordination sphere) or also the phosphate tetrahedra
(the second and third coordination spheres) were taken
into account.

When studying the emission properties of Eug 33721,
(PO,); orthophosphate in which the Eu’" ion is in the
singlet state we used several approximations.

As the first approximation in the calculation of the
excitation spectra all the cluster model components
were treated as ions on the assumption that the Eu®*
ion will give a certain electrostatic contribution and
that the nearest local environment corresponds to the
ionic crystal lattice structure [31].

The second approximation consisted in passivation
of the broken bonds by hydrogen atoms. Otherwise
broken bonds will lead to a cluster whose properties
will differ in multiplicity from the real system and
thereby introduce distortion of the desired geometry
and all properties of interest. However, bond
passivation by hydrogen atoms also may affect the
electronic state in the cluster and distort its wave
function. Hence, there is necessary to choose such
cluster model that the distortion will be minimized
[32]. The optimal cluster is that having the smallest
size though most accurately describing the desired
properties. There exist two methods to construct
clusters. In the first method, a smaller crystal system is
cut out from a larger crystal system and then used in
quantum-chemical modeling of luminescence. However,
in this approach the choice of the smaller system is
controversial. Therefore, we used the second method,
in which the cluster is generated sequentially by
building up the nearest environment around the
emission center (Alexandrowicz method) [33].

The excited state calculations were carried out in
the framework of the time-dependent density func-
tional theory. The suitable functionals and potentials
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Europium ion (A) and clusters (B, C, and D).

were sought to provide agreement between the
calculated and experimental wavelengths. This proce-
dure is possible because the europium ion exhibits
bands of two types, where the first type bands can
change under the influence of the ligand field, and the
second type bands always remain unchanged [34, 35].

Next, we proceeded to building up the nearest
environment around the emission center. As new atoms
(O, P, Zr) were incorporated into the cluster, new basis
sets were added for each type of atoms, so that the
necessary set of potentials could be obtained. The
results of each calculation run were compared with the
experimental data, and the calculation-comparison-
adjustment procedure was continued until the
calculated data agreed with the experimental results
within 1%.

After the calculations using a number of functionals
and basis sets were performed, we selected the
parameters that yielded a numerically computed best
fit with the experiment. Here, we did not perform
assignment of wavelengths based on spectral terms.
We selected BILYP, B3LYP, and PBEO functionals and
MWB52, MWB53, MHF52, MHF53 pseudopotential
basis sets for each of them.

The best agreement with the experimental data was
achieved for BILYP functional with MHF52 and
MWB52 basis sets and for PBEO functional with
MWBS52 basis set (Table 1). The use of BILYP
functional leads to fairly good results, but with PBEO
functional the computational time is 1.5 times smaller.
Therefore, we chose the PBEO/MWBS52 pair. To make
the cluster geometry optimization faster we applied the
molecular mechanics approach with the universal force
field (UFF) potential [42, 43]. The figure shows how
successively larger clusters were generated until
adequate description of the emission properties of the
crystalline compound under study was achieved.

By gradual transition from the smallest to a larger
cluster after each procedure of sequential addition of
atoms and optimization of the cluster model we
performed calculations of the luminescent properties in
the framework of the TD DFT theory using a
combined basis set [44—46].

With the view of accelerating the calculation, as
new types of atoms were incorporated into the system,
we applied for each element a new basis set so that
each system had its own basis set. For example, for
lighter atoms we used simple basis sets, which allowed
faster calculation and more flexible representation of
the features of the structure calculated. It should be
noted that the system growth in size is accompanied by

Table 1. Wavelengths calculated by the TD DFT method
with different functionals and basis sets for Eu’"

Functional Basis set Wavelength, nm

BILYP MHF52 373,525
MHF53 288
MWBS52 404, 459
MWBS3 306

B3LYP MHF52 488
MHF53 254
MWBS52 576
MWBS3 268

PBEO MHF52 370,516
MHF53 284
MWBS52 400, 453
MWBS3 307

Experiment 270, 297, 304, 375, 393,
415, 465, 525, 577
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Table 2. Luminescence wavelengths, nm

Calculation Experiment
B C D [48]

1753.8 838.2 462.1 462.9
1582.6" 788.5 430.9 441.9
1510.1 768.0 424.0 412.9
1509.4 728.3 414.6 400.0
1360.5 699.8 389.8 391.9
1293.3 677.0 379.4 380.7
1291.8 634.1 375.5 -

1285.4 594.0 371.5 -

1236.6" 584.6 357.7 361.3

# Zero intensity.

Table 3. Average experimental and average calculated bond
lengths, nm

Bond | Experiment [49] | Calculation | Deviation, %
Eu-O 0.260 0.230 -11.5
Zr-0 0.203 0.212 4.4
P-O 0.149 0.169 13.4

conjugation of the outer shells of atoms with those of
other atoms, and the electron density is redistributed
on the atomic orbitals, in particular, on the emitting
center. Therefore, we introduced a correction to the
pseudopotential, allowing the occurrence of interaction
of all molecular orbitals [47].

The number of electrons in the cluster should
correspond to that in the analogous segment of
Eug33Zr,(PO,); orthophosphate, and so we assigned
formal charges to the clusters using the ionic bonding
model.

We calculated the excitation spectra of [EuZr,Og] ™
(B), [EuZr,P30¢Hs] ™" (C), and [EuZr,Ps04H 5] (D)
clusters and compared the results with the
experimental data (Table 2). As the cluster was built up
sequentially, the spectrum underwent significant changes.
The optimal cluster is [Equ2P6024H18]+11 with
51 atoms, providing the most adequate description of
the luminescent properties observed.

The reason for a slight deviation of the calculated
from experimental data is most likely twofold: a well-
chosen pseudopotential for the emitting center and a

well-chosen force field such that the global or near-
global energy minimum was achieved. This, in turn,
allowed obtaining the optimal geometry for the cluster
corresponding to the Nasicon-type crystal structure
under study (Table 3).

Unfortunately we did not have sufficient computing
power for calculating the optimal geometry in the
framework of the DFT theory. However, considering
the emission features of the central atom as the focus
of our study, we proceeded from the fact that it is only
affected by the field of the neighbor atoms. A good
agreement between the experimental and theoretical
results is indicative of good performance of the
truncated model, cluster D, which takes into account
not only the nearest-neighbor oxygen atoms but also
the phosphate groups and in which the broken Zr-O
bonds are passivated by hydrogen atoms.

Thus, we demonstrated the real possibility of a
quantum-chemical calculation of the luminescent
properties of Eu*" in a Nasicon-type matrix using the
cluster model. The algorithm found can be applied to
other compounds, which opens prospects for
predicting the luminescent properties of new materials
and allows determining the range of potential emitters.

The calculations were performed using the
GAUSSIAN 03 program [50].

ACKNOWLEDGMENTS

The authors are grateful to S.V. Zelentsov and
S.K. Ignatov for the participation in discussion of the
results.

REFERENCES

1. Huang, J.P., Li, Q.X., and Chen, D.H., Mater. Lett.,
2010, vol. 64, no. 21, p. 2334. DOIL 10.1016/
j.matlet.2010.07.039.

2. Li, B, Gu, Z.N,, Lin, J.H., and Su, M.Z., Mater. Res.
Bull., 2000, vol. 35, no. 15, p. 1921. DOI: 10.1016/
S0025-5408(00)00404-9.

3. Shang, MM, Li, G.G., Kang, X.J., Yang, D.M., Geng, D.L.,
and Lin J., ACS Appl. Mater. Interfaces, 2011, vol. 3,
no. 7, p. 2738. DOI: 10.1021/am200534u.

4. Pin, S., Piccinelli, F., Kumar, K.U., Enzo, S., Ghigna, P.,
Cannas, C., Musinu, A., Mariotto, G., Bettinelli, M., and
Speghini, A., J. Solid State Chem., 2012, vol. 196, p. 1.
DOI: 10.1016/].jssc.2012.08.003.

5. Pang, M.L., Lin, J., and Yu, M., J. Solid State Chem.,
2004, vol. 177, p. 2237. DOL: 10.1016/].jssc.2004.02.031.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 3 2015



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

QUANTUM-CHEMICAL PREDICTION

. Morita, M., Rau, D., and Kai, T., J. Lumin., 2002,

vol. 100, nos. 1-4, p. 97. DOI: 10.1016/S0022-2313(02)
00445-3.

. Georgescu, S., Toma, O., Chinie, A.M., Gheorghe, L.,

Achim, A., and Stefan, A.S., J. Lumin., 2008, vol. 128,
nos. 5-6, p. 741. DOI: 10.1016/j.jlumin.2007.12.005.

. El-Himri, A., Perez-Coll, D., Nunez, P., Martin, LR.,

Lavin, V., and Rodriquez, V.D., J. Solid State Chem.,
2004, vol. 177, no. 11, p. 4213. DOI: 10.1016/
j-Jssc.2004.08.004.

. Cao, F.B,, Li, L.S., Tian, Y.W., Chen, Y.J., and

Wu, X.R., Thin Solid Films, 2011, vol. 519, no. 22,
p- 7971. DOI: 10.1016/j.ts£.2011. 05.010.

Cao, F.B,, Li, L.S., Wu, Z.J., Wu, X.R., Zhu, J.H., and
Liu, WM., J. Display Technol., 2012, vol. §, no. 3,
p- 127. DOI: 10.1109/JDT.2011.2166374.
Wawrzynczyk, D., Bednarkiewicz, A., Nyk, M., Strek, W.,
and Samoc, M., J. Nanoparticle Res., 2013, vol. 15,
no. 6, p. 1. DOI: 10.1007/s11051-013-1707-1.

Smith, E.R., Cruber, J.B., Wellenius, P., Muth, J.F., and
Everitt, H.O., Phys. Status Solidi B, 2010, vol. 247,
no. 7, p. 1807. DOI: 10.1002/pssb.200945602.

Xiao, Q.B., Liu, Y.S., Liu, L.Q., Li, R.F., Luo, W.Q.,
and Chen, X.Y., J. Phys. Chem. C, 2010, vol. 114,
no. 20, p. 9314. DOI: 10.1021/jp102592q.

Yang, W.Q., Liu, H.G., Liu, GK., Lin, Y., Gao, M.,
Zhao, X.Y., Zheng, W.C., Chen, Y., Xu, J., and Li, L.Z.,
Acta Mater., 2012, vol. 60, no. 15, p. 5399. DOI:
10.1016/j.actamat.2012.06.052.

Yin, M., Krupa, J.C., Antic-Fidancev, E., and Lorriaux-
Rubbens, A., Phys. Rev. B, 2000, vol. 61, no. 12,
p- 8073. DOI: 10.1103/PhysRevB.61.8073.

van Pieterson, L., Reid, M.F., Wegh, R.T., Soverna, S.,
and Meijerink, A., Phys. Rev. B, 2002, vol. 65, no. 4,
p. 045113-1. DOI: 10.1103/PhysRevB.65.045113.

Reid, M.F., van Pieterson, L., Wegh, R.T., and
Meijerink, A., Phys. Rev. B, 2000, vol. 62, p. 14744,
DOI: 10.1103/PhysRevB.62.14744.

Li, W.Y., Ning, L.X., and Tanner, P.A., J. Phys. Chem.
A,2012, vol. 116, no. 27, p. 7337. DOIL: 10.1021/jp303626v.
Tanner, P.A., Li, W.Y., and Ning, L.X., Inorg. Chem.,
2012, vol. 51, no. 5, p. 2997. DOI: 10.1021/ic202330h.
Wen, J., Hu, L.S., Yin, M., and Xia, S.D., Curr. Appl.
Phys., 2012, vol. 12, no. 3, p. 732. DOI: 10.1016/
j-cap.2011.10.010.

Kohn, W., Rev. Mod. Phys., 1999, vol. 71, no 5,
p- 1253. DOI: 10.1103/RevModPhys.71.1253.

Li, H.,, Yang, HK., Moon, B.K., Choi, B.C., Jeong, J.H.,
Jang, K., Lee, H.S., and Yi, S.S., J. Mater. Chem., 2011,
no. 12, p. 4531. DOI: 10.1039/c0jm03656k.

Wang, F., Chen, X.M., Liu, D.C,, Yang, B., and Dai, Y.N.,
J. Mol. Struct., 2012, vol. 1020, p. 153. DOI: 10.1016/
j-molstruc.2012.03.042.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No

531

. Yin, LY., Zhu, Q.Q., Yu, W., Hao, LY., Xu, X,

Hu, F.C, and Lee, M.H., J. Appl. Phys., 2012, vol. 111,
no. 5, p. 053534. DOI: 10.1063/1.3692810.

Visser, O., Visscher, L., Aerts, P.J.C., and Nieuwpoort, W.C.,
J. Chem. Phys., 1992, vol. 96, no. 4, p. 2910. DOLI:
10.1063/ 1.461987.

Guillaumont, D., Bazin, H., Benech, J.-M., Boyer, M.,
and Mathis, G., Chem. Phys. Chem., 2007, vol. 8,
p- 480. DOI: 10.1002/cphc.200600669.

Frolova, Yu.V., Andreev, V.I., Ruzankin, S.Ph., Zhido-
mirov, G.M., Fedotov, M.A., and Sadykov, V.A.,
J. Phys. Chem. B, 2004, vol. 108, p. 6969. DOI:
10.1021/jp0363500.

Alamo, J., Solid State Ionics, 1993, vols. 63—65, p. 547.
DOI: 10.1016/0167-2738(93)90158-Y.

Orlova, A.L, Radiochemistry, 2002, vol. 44, p. 423.
DOI: 10.1023/A:1021192605465.

Hirayama, M., Sonoyama, N., Yamada, A., and Kanno, R.,
J. Solid State Chem., 2009, vol. 182, p. 730. DOL:
10.1016/.jss¢.2008.12.015.

Burnham, C.W., in Rev. Miner., Miner. Soc. Am.,
Washington DC, 1985, vol. 14, p. 347

Zhou, Z., Brus L., and Friesner, R., Nano Lett., 2003,
vol. 3, no. 2, p. 163. DOI: 10.1021/n1025890q.
Alexandrowicz, Z., Chem. Phys., 1971, vol. 55, no. 6,
p. 2765. DOI: 10.1063/1.1676491.

Souza, A.P., Paz, F.A.A., Freire, R.O., Carlos, L.D.,
Malta, O.L., Alves, S., and de Sa, G.F., J. Phys. Chem.
B, 2007, vol. 111, no. 31, p. 9228. DOI: 10.1021/
jp070336w.

Kitaigorodskii, A.L., Molekulyarnye kristally (Molecular
Crystals), Moscow: Akad. Nauk SSSR, 1971.

Casida, M.E., Jamorski, C., Casida, K.S., and Salahub, D.R.,
J. Chem. Phys., 1998, vol. 108, p. 4439. DOIL:
10.1063/1.475855.

Gurskii, B.A. and Gurskii, Z.A., Ukr. Fiz. Zh., 1976,
vol. 21, no. 10, p. 1603.

Dolg, M., Stoll, H., and Preuss, H., Theor. Chim. Acta,
1993, vol. 85, p. 441. DOI: 10.1007/BF01112983.

Goedecker, S., Tener, M., and Hutter, J., Phys. Rev. B,
1996, vol. 54, no. 3, p. 1703. DOL 10.1103/
PhysRevB.54.1703.

Kerker, G.P,, J. Phys. C, 1980, vol. 13, p. L189. DOI:
10.1088/0022-3719/13/9/004.

Kharchenko, V.., Cherednichenko, A.l., and Aleksei-
ko, L.N., Fundament. Issled., Ser. Khim. Nauki, 2013,
vol. 6, p. 1391.

Rappe, A K., Casenit, C.J., Colwell, K.S., Goddard III, W.A.,
and Skiff, WM., J. Am. Chem. Soc., 1992, vol. 114,
p. 10024. DOI: 10.1021/ja00051a040.

http://avogadro.openmolecules.net/wiki/Main _Page
(accessed December 9, 2011).

. 3 2015



532

44,

45.

46.

47.

48.

49.

50.

SHVETSOV, KORYTTSEVA

Stratmann, R.E., Scuseria, G.E., and Frisch, M.J., Chem.
Phys., 1998, vol. 109, p. 8288. DOI: 10.1063/1.477483.

Bauernschmitt, R. and Ahlrichs, R., Chem. Phys. Lett.,
1996, vol. 256, p. 454. DOI: 10.1016/0009-2614(96)
00440-X.

Casida, MLE., Jamorski, C., Casida, K.C., and Salahub, D.R.,
Chem. Phys., 1998, wvol. 108, p. 4439. DOI:
10.1063/1.475855.

Frisch, A., GAUSSIAN 03, 10ps Reference, 2003,
ISBN: 0-9727187-2-9.

Saradhi, M.P., Pralong, V., Varadaraju, U.V., and
Raveau, B., Chem. Mater., 2009, vol. 21, p. 1793. DOI:
10.102/cm900309p.

Sekita, M., Haneda, H., Shirasaki, S., and Yanagitani, T.,
Appl.  Phys., 1991, wvol. 69, p. 3709. DOLIL
10.1063/1.348959.

Frisch, M.J., Trucks, G.W., Schlegel, H.B., Scuseria, G.E.,
Robb, M.A., Cheeseman, J.R., Montgomery, J.A.Jr.,

Vreven, T., Kudin, K.N., Burant, J.C., Millam, J.M.,
Iyengar, S.S., Tomasi, J., Barone, V., Mennucci, B.,
Cossi, M., Scalmani, G., Rega, N., Petersson, G.A.,
Nakatsuji, H., Hada, M., Ehara, M., Toyota, K., Fukuda, R.,
Hasegawa, J., Ishida, M., Nakajima, T., Honda, Y.,
Kitao, O., Nakai, H., Klene, M., Li, X., Knox, J.E.,
Hratchian, H.P., Cross, J.B., Adamo, C., Jaramillo, J.,
Gomperts, R., Stratmann, R.E., Yazyev, O., Austin, A.J.,
Cammi, R., Pomelli, C., Ochterski, J.W., Ayala, P.Y.,
Morokuma, K., Voth, G.A., Salvador, P., Dannenberg, J.J.,
Zakrzewski, V.G., Dapprich, S., Daniels, A.D., Strain, M.C.,
Farkas, O., Malick, D.K., Rabuck, A.D., Raghavachari, K.,
Foresman, J.B., Ortiz, J.V., Cui, Q., Baboul, A.G.,
Clifford, S., Cioslowski, J., Stefanov, B.B., Liu, G.,
Liashenko, A., Piskorz, P., Komaromi, I., Martin, R.L.,
Fox, D.J., Keith, T., Al-Laham, M.A., Peng, C.Y.,
Nanayakkara, A., Challacombe, M., Gill, PM.W.,
Johnson, B., Chen, W., Wong, M.W., Gonzalez C., and
Pople, J.A., GAUSSIAN 03, Revision B.03, Gaussian,
Pittsburgh PA, 2003.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 3 2015




<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


