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Structural, dielectric and magnetic properties
of superparamagnetic zinc ferrite nanoparticles synthesized

through coprecipitation technique
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Abstract

Nanosized spinel zinc ferrite was reproducibly synthesized via coprecipitation technique,
and effects of variation in digestion temperature on the structural, dielectric and magnetic
properties were studied. The crystallite size was found in the range of 4.4–15 nm. X-ray dif-
fraction results revealed that the synthesized materials were of pure normal spinel structure. A
very small value of coercivity was observed corresponding to the superparamagnetic behavior
of the samples. The dielectric constant measured at 300 K in the frequency range of 600 Hz
to 1 MHz showed an exponential decay with increasing frequency. It was observed that the
particle size increased with an increase in digestion temperature while saturation magnetiza-
tion (Ms) decreased. These particles are suitable to be used as Magnetic Resonance Imaging
contrast agent.

K e y w o r d s: spinel structures, zinc ferrites, coprecipitation, superparamagnetism, dielec-
tric constant

1. Introduction

Recently, ferrite nanoparticles (NPs) have attrac-
ted great attention due to the controllability of super-
paramagnetic and magnetic single domain behavior
[1]. The current interest has been to make nanosized
ferrite particles to reduce energy losses associated to
bulk powders. ZnFe2O4 is an important member of
spinel structured ferrite family [1]. The synthesis of
nanocrystalline spinel Zn ferrite has been investig-
ated extensively in recent years due to its physical [3],
chemical [3] and magnetic [4–6] properties. They have
potential applications in electronic and telecommu-
nication industries [3] like magnetic core [1, 7], high-
-density magnetic recording [6], photoelectrochemical
cells [2, 7], photoinduced transformer [2, 7], mag-
netic fluids [2, 7, 8], high frequency usage [9, 10], gas
sensors [11], absorbent material [10] and MRI contrast
agent.
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When the particle size reduces to nanometer scale
some new amazing mechanisms emerge such as super-
-paramagnetism, quantum magnetic tunneling, spin
canting, etc. [6, 11–13]. The magnetic properties of
nanoferrites depend on the particle size and the pre-
paration route that result in superparamagnetism at
room temperature [6, 9, 11–13]. The synthesis route
plays a pivotal role because samples prepared by dif-
ferent processes show different magnetic properties
[14]. Due to small size, ZnFe2O4 NPs exhibit inter-
esting magnetic properties which are significantly dif-
ferent from those of the bulk, such as inversion para-
meter, magnetization, superparamagnetic relaxation
behavior, surface effects that may lead to spin-canting
structure [6]. The magnetic properties of spinel-phase
oxides are rich and complex [2, 4, 15–17]. Different
magnetic ordering exists in Zn ferrites due to various
kinds of superexchange interactions between tetrahed-
ral and octahedral site cations [13, 17]. Zn ferrites ex-
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hibit magnetization of different orders of magnitude
even if having the similar size of particles due to the
inversion of Zn and Fe ions over tetrahedral and octa-
hedral sites [9]. Some reporters have shown the coex-
istence of antiferromagnetism and ferromagnetism in
nanosized Zn ferrites while others showed the form-
ation of superparamagnetic domains in nanosized Zn
ferrites at room temperature [9].
Spinel structure is made up of a close-packed fcc

array of oxygen atoms in which tetrahedral and octa-
hedral interstitial sites are occupied by cations [2, 13,
18]. ZnFe2O4 contains two different cationic sites such
as 8 tetrahedral sites and 16 octahedral sites while
zinc ions occupying the tetrahedral sites and all the
ferric ions occupy the octahedral site [2, 12, 18–20].
ZnFe2O4 is paramagnetic at room temperature having
Neel temperature of 10 K [2, 9, 18, 20]. Redistribution
of cations in zinc ferrite results when the particle size
approaches nanoregime [9, 11, 13]. The transforma-
tion from normal to the mixed spinel structure af-
fects the properties of Zn ferrites particularly during
the reduction of particle size [9]. Neel temperature,
degree of inversion and interaction between octahed-
ral and tetrahedral sublattices of zinc ferrite depend
upon particle size [5, 21]. In special synthesis condi-
tion, some Fe3+ ions may occupy tetrahedral, as well
as octahedral sites forming the inverse spinel struc-
ture. There are three types of superexchange interac-
tions in spinel ferrites which are due to interaction
between the two metal cations keeping oxygen in the
middle. These interactions are namely A-O-A, B-O-B,
A-O-B [2, 18]. Pure bulk ZnFe2O4 has only B-O-B in-
teraction because Zn2+ sitting at an A site does not
have magnetic moment [14, 21]. The Neel temperat-
ure of the spinel ferrite depends on the strength of
all the three superexchange interactions. In spinel fer-
rites A-O-B interaction is the strongest and A-O-A
interaction is the weakest [14, 18]. Cation inversion,
i.e., shifting of Zn ions changes the magnetic behavior
of the system and the structure of zinc ferrites [8, 9,
18]. In contrast, the nanosize ZnFe2O4 with the mixed
spinel structure has a much higher ferromagnetic or-
dering temperature that in some cases can reach the
value as high as 450K [2, 21, 22].
Magnetic properties, such as the saturation mag-

netization, remanence magnetization and coercivity,
primarily depend on the method of preparation of
Zn ferrites [24, 25]. In recent years, ZnFe2O4 NPs
prepared using varied methods, such as liquid phase
chemical [7], hydrolysis in polyol medium [12], nitrate
method [9], ultrasonic emulsion and evaporation [11],
chemical coprecipitation [8, 17, 20, 26], coprecipita-
tion citric acid method [3], traditional ceramic syn-
thesis [27], facile self-propagation combustion [21],
aerogel procedure [1, 13, 20, 28], pulsed wire discharge
(PWD) [10, 29], low-temperature hydroxide coprecip-
itation and hydrothermal synthesis [16], high energy

Fig. 1. SEM image showing the fine uniform distribution
of particles.

ball milling [15, 18, 25, 30], electrodeposition tech-
nique [25], hydrothermal reaction [14] have been ex-
tensively studied. Of all these techniques, chemical
coprecipitation seems to be the most convenient for
the synthesis of NPs because of its simplicity and bet-
ter control over crystallite size and other properties of
the materials. Current research efforts are being dir-
ected to synthesize superparamagnetic Zn ferrites by
coprecipitation technique and to make detail studies
of effect of digestion temperature on their magnetic
and dielectric behavior.

2. Experimental procedure

The chemical coprecipitation method was adop-
ted to synthesize superparamagnetic Zn-ferrite. The
metal ion solution was prepared by adding chlorides
of zinc and ferric into distilled and deionized water.
A 1 molar solution of NaOH was prepared separately
in deionized water. The solution containing the metal
ions was mixed drop wise into the NaOH solution with
rigorous mechanical stirring on a magnetic stirrer. The
solution thus formed kept under isothermal static con-
ditions in a preheated water bath for digestion treat-
ment. Each sample was treated from 40◦C to 95◦C in
steps of 20◦C for constant time interval of 150 min.
The precipitates were filtered and washed with deion-
ized water and dried in an oven at 60◦C. The powders
were pressed into pellets 8,000 psi pressure.
Zinc ferrite samples were characterized for struc-

tural and compositional properties at room temper-
ature using PANalytical X-ray diffractometer system
with Cu Kα (λ = 1.5406 Å) in 2θ range of 10 to 70
degree. Surface morphology was observed by scanning
electron microscopy (SEM, Hitachi S-4700) which gave
ultra fine uniform distribution of particles (Fig. 1).
Magnetic properties were examined by Lake Shore
735 Vibrating Sample Magnetometer (VSM). Small
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Ta b l e 1. The particle size D, lattice constant a, X-ray density ρx, measured bulk density ρm, specific surface area S,
porosity P of samples

Sample T (◦C) D a ρm ρx P S
(nm) (A) (g cm−3) (g cm−3)

T1 55 4.4 8.463 2.54 5.44 0.5331 250.67
T3 75 6.6 8.457 3.26 5.399 0.60382 168.38
T5 95 15 8.416 2.48 5.445 0.54454 73.462

Ta b l e 2. The temperature T, particle size D, coercivity C, retentivity R and saturation magnetization Ms, magnetic
moment Mm and concentration of charge carriers nc

Sample T (◦C) D (nm) C (Gauss) R (emu g−1) Ms (emu g−1) Mm (Bohr magneton) nc

T1 55 4.4 131.18 16.29E-3 0.47266 0.0803 1.2684 × 1022
T3 75 6.6 26.93 3.16E-3 0.451873 0.00687 1.6280 × 1022
T5 95 15 16.02 1.54E-3 0.439 0.00764 1.2385 × 1022

volume of the prepared compositions was applied on
the sample holder in the magnetic field of the coils
for VSM to calculate the magnetic properties. For the
measurement of dielectric constant of the samples, sil-
ver paint was applied on the flat surfaces of the pellets
and air-dried to have good ohmic contacts. The capa-
citance of the samples was measured using a WAYNE
KERR 4275 LCR Meter Bridge at room temperat-
ure and then the dielectric constant was calculated
with changing frequency in the range from 60 Hz to
0.1MHz.

3. Results

The structure and crystallite size of prepared zinc
ferrite samples were determined by XRD analysis. All
the observed peaks correspond to standard spinel dif-
fraction patterns with no extra peak, which confirmed
the single phase cubic structure. The XRD pattern
showed that the strongest reflection came from the
(311) plane for all the samples. The particle size, meas-
ured bulk density, specific surface area, porosity and
X-ray density were calculated by Eqs. (1), (2), (3) and
(4), respectively:

D = 0.89λ/β cos θ, (1)

ρm = 8M/Na3, (2)

S = 6000/ρxD, (3)

P = 1− (ρm/ρx). (4)

Equation (1) represents the Sherrer’s formula,
in which D is the crystallite size in nm, λ is the
wavelength of Cu Kα (0.15406 nm), θ is the corres-
ponding diffraction angle, 0.89 is the Sherrer’s con-

stant, and β = B – b, where B is the full width at half
maximum of the peak in radian, b is the instrumental
line broadening. Particle sizes were cross confirmed
by scanning electron microscope. In Eq. (2), M is the
molecular weight of the samples, N is the Avogadro’s
number, a is the lattice parameter. In Eq. (3), D is
the crystallite size in nm and ρx is the X-ray dens-
ity in g cm−3. In Eq. (4), ρm is the measured bulk
density and ρx is the X-ray density. Table 1 shows the
particle size, lattice constant, X-ray density, measured
bulk density, specific surface area and porosity.
Magnetic properties were examined by VSM as

shown in Figs. 2a,b,c, which showed very small re-
manent magnetization of ferrite particles. The B-H
curves at room temperature showed the ideal soft fer-
rites with extremely narrow loops and very low hys-
teresis losses. Under optimal conditions, a very small
inversion has been observed in the samples leading to
superparamagnetic behavior. The shape of VSM line
showed the considerable magnetic ordering at room
temperature [18]. The sample shows a saturation mag-
netization of about 0.439 emu g−1 at room temperat-
ure.
Magnetic moment and concentration of charge car-

riers were calculated by Eqs. (5) and (6), respectively:

n = (MsXMol.Wt)/(5586ρm), (5)

n = (NρmPFe)/M. (6)

In Eq. (5), n is the magnetic moment of the samples
expressed in Bohr magnetons, Ms is the saturation
magnetization and ρm is the measured bulk density.
In Eq. (6), N is the Avogadro’s number, M is the mo-
lecular weight of the compound, PFe is the number
of iron atoms in the chemical formula of the ferrites,
ρm is the measured bulk density. Table 2 shows the
temperature, particle size, coercivity, retentivity and
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Fig. 2. VSM showing the superparamagnetic behavior of
(a) T1, (b) T3 and (c) T5.

saturation magnetization, magnetic moment and con-
centration of charge carriers.
The capacitance and dielectric constant of all the

samples were measured in the frequency range of 60
Hz to 1 MHz using Eq. (7):

ε′ = Cd/Aε0. (7)

In this equation, C is the capacitance of the pellet
in F, d is the thickness of the pellet in m, A is the cross-

Fig. 3. Variation of dielectric constant (ε′) with increasing
frequency for T1, T3 and T5.

-sectional area of the flat surface of the pellet and ε0
is the permittivity constant of the free space.

4. Discussion

Dielectric constant was measured in the range of
600 Hz to 1MHz, which exponentially decreased with
increasing frequency and this variation in dielectric
constant is due to the space charge polarization. This
result is in agreement with the results published by
Ghatak [13, 33]. In the frequency range, the dielec-
tric constant initially decreased with frequency, then
reached a constant value at higher frequency range
[34] as shown in Fig. 3. The value of dielectric constant
was much higher at lower frequencies and it decreased
with the increase in frequency [35–37]. At very high
frequencies, its value became so small that it became
independent of frequency. The variation in dielectric
constant might be due to the space charge polarization
which was produced due to the presence of higher con-
ductivity phases in the insulating-matrix boundaries
of dielectric [35–37]. Localized accumulation of charges
affected the electric field. Polarization decreased with
increase of frequency, reaching a constant value at high
frequency, beyond which the dipoles could not follow
rapid variation of alternating electric fields. The as-
sembly of space charge carriers in a dielectric took a
time to line up their axes parallel to an alternating
electric field. If the frequency of the field reversal in-
creased, a point was reached where the space charge
carriers could not keep up with the field and the al-
ternation of their direction lagged behind that of the
field [13, 31–37].
The equilibrium distribution of cations in the

spinel structure depends on ionic radii, electronic con-
figurations, electrostatic energies and polarization ef-
fects [2, 9, 15, 18, 20]. It was observed that the distri-
bution of cations in octahedral and tetrahedral sites
changed as the crystallite size decreased and that this



H. Farooq et al. / Kovove Mater. 51 2013 305–310 309

fact led to the unusual phenomenon of superparamag-
netism [4, 21, 23].
The particle size increased from 4.4 nm to 15 nm

with increasing the digestion temperature from 55◦C,
75◦C and 95◦C, which is well in agreement with the
previously reported work by Singh [9], Chinnasamy
[30]. The particle size increased with the increase of
digestion temperature while the coercivity decreased.
This result is in good agreement with the results pub-
lished by Li [3] and Mozaffari [38]. Surface morphology
was investigated by SEM which indicated that the zinc
ferrite has a narrow ultra fine uniform particles shape
and size distribution of the surface is almost free from
defects. Hysteresis loop with zero coercivity shows
that the nanocrystalline zinc ferrites have superpara-
magnetic behavior. This result is in agreement with
a previously published work of Chinnasamy [30] and
Kumar [39]. A direct correlation was found between
particle size and saturation magnetization, that finer
the particles, more the saturation magnetization [6,
16, 40]. The variation of saturated magnetization can
be explained on the basis of systematic cation distribu-
tion and super-exchange interaction [41]. Small anti-
ferromagnetic particles can exhibit superparamagnet-
ism and weak ferromagnetism due to uncompensated
spins in the two sublattices [29]. The magnetic prop-
erties in nanostructured zinc ferrite system are be-
lieved to arise due to the formation of superparamag-
netic domains, coexistence of ferrimagnetic and anti-
ferromagnetism [12]. Crystallographically the sample
has a single phase [18]. At 300K, the absence of hys-
teresis, immeasurable remanence, coercivity, and the
non-attainment of saturation indicate the presence of
superparamagnetic behavior [10]. The magnetization
is found to increase as the particle size decreases and
its large value is attributed to the cation inversion
associated with particle size reduction [30]. The oc-
currence of tetrahedral sites by zinc atom increased
with the decreasing particle size [31].

5. Conclusions

The crystallite size was controlled to a certain de-
gree by the coprecipitation synthesis technique. The
synthesized NPs exhibit the pure cubic spinel phase.
VSM results showed the existence of typical super-
paramagnetic nature of the ZnFe2O4 NPs at 300K
having an average particle size ranging from 4 nm
to 15 nm. The magnetic properties correspond to
nearly ideal soft ferrites. Saturation magnetization in-
creased with decreasing the particle size which fur-
ther strongly depended upon digestion temperature
and preparation technique. The magnetic properties
of nanoferrites depend on the particle size and the
preparation route. Particle size increased by increas-
ing the digestion temperature, and saturation mag-

netization increased as the particle size and digestion
temperature decreased.
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of Physics: Condensed Matter, 18, 2006, p. 9055.
doi:10.1088/0953-8984/18/39/032

[13] Ghatak, S., Sinha, M., Meikap, A. K., Pradhan, S. K.:
Physica E, 40, 2008, p. 2686.
doi:10.1016/j.physe.2007.12.030

[14] Roy, M. K., Verma, H. C.: Journal of Magnetism and
Magnetic Materials, 306, 2006, p. 98.
doi:10.1016/j.jmmm.2006.02.229

[15] Bid, S., Pradhan, S. K.: Materials Chemistry and
Physics, 82, 2003, p. 27.
doi:10.1016/S0254-0584(03)00169-X

http://dx.doi.org/10.1016/j.jmmm.2009.09.068
http://dx.doi.org/10.1016/j.ssc.2006.03.023
http://dx.doi.org/10.1016/j.matchemphys.2010.07.058
http://dx.doi.org/10.1016/j.materresbull.2005.10.011
http://dx.doi.org/10.1016/S0921-5093(03)00412-X
http://dx.doi.org/org/10.1016/j.cattod.2012.01.028
http://dx.doi.org/10.1016/j.jmmm.2012.03.045
http://dx.doi.org/10.1016/j.matlet.2006.04.061
http://dx.doi.org/10.1021/jp055024c
http://dx.doi.org/10.1088/0953-8984/18/39/032
http://dx.doi.org/10.1016/j.physe.2007.12.030
http://dx.doi.org/10.1016/j.jmmm.2006.02.229
http://dx.doi.org/10.1016/S0254-0584(03)00169-X


310 H. Farooq et al. / Kovove Mater. 51 2013 305–310

[16] Mohai, I., Szepvolgyi, J., Bertoti, I., Mohai, M., Gu-
bicza, J., Ungar, T.: Solid State Ionics, 141–142, 2001,
p. 163. doi:10.1016/S0167-2738(01)00770-6

[17] Ehrhardt, H., Campbell, S. J., Hofmann, M.: Scripta
Materialia, 48L, 2003, p. 1141.
doi:10.1016/S1359-6462(02)00598-5

[18] Kundu, A., Upadhyay, C., Verma, H. C.: Physics Let-
ters A, 311, 2003, p. 410.
doi:10.1016/S0375-9601(03)00509-7

[19] Lie, C. T., Kuo, P. C., Hsu, W. C., Chang, I. J., Chen,
J. W.: Journal of Magnetism and Magnetic Materials,
239, 2002, p. 160. doi:10.1016/S0304-8853(01)00538-8

[20] Choi, E. J., Ahn, Y., Song, K. C.: Journal of Mag-
netism and Magnetic Materials, 301, 2006, p. 171.
doi:10.1016/j.jmmm.2005.06.016

[21] Li, Y., Li, Q., Wen, M., Zhang, Y., Zhai, Y., Xie,
Z., Xu, F., Wei, S.: Journal of Electron Spectro-
scopy and Related Phenomena, 160, 2007, p. 1.
doi:10.1016/j.elspec.2007.04.003

[22] Tung, L. D., Kolesnichenko, V., Caruntu, G., Car-
untu, D., Remond, Y., Golub, V. O., O’Connor,
C. J., Spinu, L.: Physica B, 319, 2002, p. 116.
doi:10.1016/S0921-4526(02)01114-6

[23] Liu, S., Yue, B., Jiao, K., Zhou, Y., He, H.: Materials
Letters, 60, 2006, p. 154.
doi:10.1016/j.matlet.2005.08.008

[24] Naseri, M. G., Saion, E. B., Hashim, M., Shaari, A.
H., Ahangar, H. A.: Solid State Communications, 151,
2011, p. 1031. doi:10.1016/j.ssc.2011.04.018

[25] Hu, X., Guan, P., Yan, X.: China Particuology, 2,
2004, p. 135. doi:10.1016/S1672-2515(07)60040-2

[26] Shahraki, R. R., Ebrahimi, S. A. S., Ebrahimi, M.:
NanoTech Conference & Expo, Santa Clara, CA, 2012.

[27] Lee, P. Y., Suematsu, H., Nakayama, T., Jiang, W.,
Niihara, K.: Journal of Magnetism and Magnetic Ma-
terials, 312, 2007, p. 27.
doi:10.1016/j.jmmm.2006.09.004

[28] Yang, J. M., Yen, F. S.: Journal of Alloys and Com-
pounds, 450, 2008, p. 387.
doi:10.1016/j.jallcom.2006.10.139

[29] Li, F., Wang, H., Wang, L., Wang, J.: Journal of Mag-
netism and Magnetic Materials, 309, 2007, p. 295.
doi:10.1016/j.jmmm.2006.07.012

[30] Chinnasamy, C. N., Narayanasamy, A., Ponpandian,
N., Chattopadhyay, K., Guérault, H., Greneche, J. M.:
Journal of Physics: Condensed Matter, 12, 2000, p.
7795. doi:10.1088/0953-8984/12/35/314

[31] Bardhan, A., Ghosh, C. K., Mitra, M. K., Das, G. C.,
Mukherjee, S., Chattopadhyay, K. K.: Low temperat-
ure synthesis of zinc ferrite nanoparticles. Solid State
Sciences 2010, 12:839-844.
doi:10.1016/j.solidstatesciences.2010.02.007

[32] Ajmal, M., Maqsood, A.: Materials Letters, 62, 2008,
p. 2077. doi:10.1016/j.matlet.2007.11.019

[33] Ghatak, S., Chakraborty, G., Sinha, M., Pradhan, S.
K., Meikap, A. K.: Physica B, 406, 2011, p. 3261.
doi:10.1016/j.physb.2011.05.036

[34] Shenoy, S. D., Joy, P. A., Anantharaman, M. R.:
Journal of Magnetism and Magnetic Materials, 269,
2004, p. 217. doi:10.1016/S0304-8853(03)00596-1

[35] Batoo, K. M., Ansari, M. S.: Nanoscale Research Let-
ters, 7, 2012, p. 112. PMid:22316055
PMCid:PMC3305512. doi:10.1186/1556-276X-7-112

[36] Batoo, K. M.: Journal of Physics and Chemistry of
Solids, 72, 2011, p. 1400.
doi:10.1016/j.jpcs.2011.08.005

[37] Batoo, K. M.: Nanoscale Research Letters, 6, 2011, p.
499. PMid:21851597 PMCid:PMC3224598.
doi:10.1186/1556-276X-6-499

[38] Mozaffari, M., Arani, M. E., Amighian, J.: Journal
of Magnetism and Magnetic Materials, 322, 2010, p.
3240. doi:10.1016/j.jmmm.2010.05.053

[39] Kumar, N., Khurana, G., Gaur, A., Kotnala, R. K.:
Materials Chemistry and Physics, 134, 2012, p. 783.
doi:10.1016/j.matchemphys.2012.03.069

[40] Hochepied, J. F., Bonville, P., Pileni, M. P.: Journal
of Physics and Chemistry B, 104, 2000, p. 905.
doi:10.1021/jp991626i

[41] Deraz, N. M., Alarifi, A.: International Journal of
Electrochemical Science, 7, 2012, p. 3798.

http://dx.doi.org/10.1016/S0167-2738(01)00770-6
http://dx.doi.org/10.1016/S1359-6462(02)00598-5
http://dx.doi.org/10.1016/S0375-9601(03)00509-7
http://dx.doi.org/10.1016/S0304-8853(01)00538-8
http://dx.doi.org/10.1016/j.jmmm.2005.06.016
http://dx.doi.org/10.1016/j.elspec.2007.04.003
http://dx.doi.org/10.1016/S0921-4526(02)01114-6
http://dx.doi.org/10.1016/j.matlet.2005.08.008
http://dx.doi.org/10.1016/j.ssc.2011.04.018
http://dx.doi.org/10.1016/S1672-2515(07)60040-2
http://dx.doi.org/10.1016/j.jmmm.2006.09.004
http://dx.doi.org/10.1016/j.jallcom.2006.10.139
http://dx.doi.org/10.1016/j.jmmm.2006.07.012
http://dx.doi.org/10.1088/0953-8984/12/35/314
http://dx.doi.org/10.1016/j.solidstatesciences.2010.02.007
http://dx.doi.org/10.1016/j.matlet.2007.11.019
http://dx.doi.org/10.1016/j.physb.2011.05.036
http://dx.doi.org/10.1016/S0304-8853(03)00596-1
http://dx.doi.org/10.1186/1556-276X-7-112
http://dx.doi.org/10.1016/j.jpcs.2011.08.005
http://dx.doi.org/10.1186/1556-276X-6-499
http://dx.doi.org/10.1016/j.jmmm.2010.05.053
http://dx.doi.org/10.1016/j.matchemphys.2012.03.069
http://dx.doi.org/10.1021/jp991626i


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [5952.756 8418.897]
>> setpagedevice


