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Abstract This article reports the chemical deposition of
silver shells on the surface of hollow glass microspheres.
This was accomplished by using titanium dioxide, derived
from titanium (IV) tetra-n-butoxide, as the surface modi-
fier. Two routes of formation of thin titanium dioxide
layers on the substrate were compared in terms of com-
position and properties: photochemical approach and
atmospheric hydrolysis. The structure and composition of
the samples were characterized by atomic force micros-
copy, scanning electron microscopy, IR spectroscopy,
electron paramagnetic resonance spectroscopy, X-ray
photoelectron spectroscopy, and X-ray diffraction. The
resulting thickness of uniform silver shells on the surface
of microspheres averaged out at 1.0-1.25 pm.

Introduction

Composite particles with the core—shell structure consist of
microspheric cores covered with nano- or micro-sized
shells. Novel materials based on such composite core—shell
structures have attracted extensive attention lately due to
their unique properties that could be tailored by varying the
diameter of cores or the thickness of shells. Recently a
great number of composites with dielectric core—metallic
shell structures have been synthesized. Such particles could
be used in catalysis [1], sensory and optical devices [2, 3],
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and for surface enhanced Raman spectroscopy (SERS) [4].
Silver-contained composite materials are especially prom-
ising for medical application. For example, silver-coated
glass microspheres have been used for the development of
a new diagnostic technique for cancer treatment [5].

There are several methods to generate composite
nanoparticles with metallic shells, such as chemical
reduction [6], sonochemical approach [7], synthesis in
reversed micelles [8], and sol-gel technique [9]. However,
sodium tetrahydroborate, glucose, and potassium sodium
tartrate used in many of these methods lead to non-auto-
catalytic metal plating in the bulk solution and result in
coarse suspensions that cause major metal precursor con-
sumption and necessity of their regeneration. Due to the
fact that metal reduction takes place in solution the final
thickness of shells is insufficient.

Peeling of metallic shells from ceramic or glass
dielectric substrates remains the problem of common use of
the composite nanomaterials. To achieve durable metallic
shells with high adhesion characteristics some preparatory
modifications of dielectric surface should be done. There
are two main routes for such modification: (a) mordanting
of the surface with fluorine containing compounds
(hydrofluoric acid or sodium tetrafluoroborate) so the sur-
face of glass or ceramics becomes uneven, (b) attaching of
bifunctional organic agents with an affinity to both a
dielectric core and a metal of use (for example, treatment
with 3-aminopropylnrimetoxosilane [10]), or (c) applica-
tion of promoting tin- [6] or palladium-containing [11]
agents that enhance metallic shell deposition by vigorous
redox reactions between Sn*" or Pd** and metal ions in the
near-surface region of substrate.

Dielectric microspheres doped with metals have been
obtained using a sol-gel [12] and an electroless wet-plating
methods [13, 14]. Novel reliable techniques for producing
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composite particles with dielectric core-metallic shells,
however, still need to be developed.

We propose an alternative method for the preparation of
composite nanoparticles: photochemical approach. It is
relatively simple, neat, environmental friendly and can be
applied at ambient temperature. This method for producing
nanoparticles allows to study the reaction mechanism
(unlike most other abovementioned methods).

Previously [15], we have shown that photochemically
induced excitation of transition metal complexes at the
ligand-to-metal charge regions results in a one-electron
reduction of the central metal ions. These low-valence
metal forms are unstable and display strong reductive
properties which could be used for initiation of metal ion
autocatalytic plating [16].

Therefore, searching for the new photoactive precursors
with high adhesive characteristics is of great interest for
researchers whose work focused on surface chemistry.
Acting as substrate modifiers and seed-mediators, these
compounds would make synthesis of composite nanopar-
ticles with core—shell structure easier and more effective.

Our preliminary experiments indicated that certain tita-
nium containing compounds (e.g., titanium (IV) alkoxides)
exhibit desirable properties. Besides, these alkoxides have
the ligand-to-metal charge transfer band at 260 nm and that
enables the use of commercially available low-pressure
mercury-vapor lamps with the wavelength of 254 nm.

Considering the abovementioned, modification of the
surface of dielectric substrates with titanium (IV) alkoxides
for further metal deposition are of utmost interest.

Herein, we report a simple photochemical synthesis
route for deposition of silver uniform shells on the titanium
(IV) tetra-n-butoxide modified surface of sodium borosili-
cate hollow glass microspheres, thus producing highly
reflective materials with the conductivity of the precious
metal but without the high cost or weight.

Experimental section
Chemicals and materials

Hollow sodium borosilicate glass spheres with the size range
46-100 pm were used as substrates for silver shells deposi-
tion (“MicroComposite,” Russia). Prior to use, all the sub-
strates were cleaned by boiling in 30% hydrogen peroxide for
10 min, then rinsed in bidistilled water and air-dried. For
modification of microspheres titanium (IV) tetra-n-butoxide,
Ti(OC4Ho)4 (TTB), (Aldrich, 97%) and 2-propanol (Aldrich,
HPLC) were used. Silver nitrate (Aldrich, 99.9%) and glu-
cose (Aldrich, 97%) were used for silver shells producing via
simple chemical reduction. All the chemicals were used as
received without further purification.
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Substrate modification

2% solution of TTB in 2-propanol prepared by dissolution
of 1 mL of titanium (IV) tetra-n-butoxide (p = 1 g/mL) in
62.4 mL of 2-propanol (p = 0.785 g/mL) was used for
production of TTB layers. This solution was applied to the
portion of microspheres on a funnel, air-dried, and stored in
a vacuum desiccator.

Formation of thin titanium dioxide layers on the sub-
strate was achieved by two routes. The first route implied
watering of Ti(OC4Hy), on the surface of glass micro-
spheres for 5 min. The second route—atmospheric hydro-
lysis of Ti(OC4Hy), on the surface of glass microspheres in
the open air for 15 h and then its photolysis with the
monochromatic UV light. All the experiments were con-
ducted at constant air humidity (55%).

We used glucose as a reducing agent for silver deposi-
tion on the surface of glass substrate. For metallization of
1 g of microspheres 20 mL of 10% silver nitrate water
solution was added to 20 mL of 0.5% solution of glucose
under constant stirring.

UV irradiation was carried out using a TUV 4W/G4 05
Philips lamp, which produces a monochromatic 254 nm
radiation at 4 W of power. The intensity of light was
4.0 x 10'® quant/cm? s.

IR spectra were recorded between 3500 and 500 cm™
on a Schimadzu IR-21 Prestige Fourier Transform Infrared
Spectrophotometer, using the KBr pellet technique [17].

Thermogravimetric analysis (TGA) of microspheres with
titanium containing layers was conducted using a Mettler
Toledo TGA/SDTA 851. The temperature range was
50-800 °C and the heating rate was 10 °C/min. A sample of
titanium dioxide powder, Degussa P-25 was analyzed as a
reference. All the measurements were performed in the
atmosphere of argon.

1

Characterization of the shells

The atomic force microscopy (AFM) topography images
were acquired in the semi-contact mode with Smena-A
NT-MDT scanning microscope at room temperature. AFM
imaging was performed at a scanning speed of 1 Hz using
high frequency 239 kHz silicon cantilevers (NSG10S) with
a tip radius of 10 nm and a force constant of 11.5 N/m.
Profiles of the substrates and dimensions of the produced
particles were treated using the Nova 1.0.26.1324 software.
Infrared (IR) analysis of titanium (IV) butoxide films was
performed with a MIDAC M 2200 IR spectrometer.
Polytetrafluoroethylene disposable IR cards (Performance
Systematix Inc) were used as a substrate in IR analysis of
titanium (IV) butoxide films.

Electron paramagnetic resonance (EPR) measurements
were performed using a Bruker ER200D instrument
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operating in the X-band using a double T-type cavity.
Irradiation treatments were carried out for 15 min at 77 K
by placing a quartz cell with the samples in an Dewar flask
filled with liquid N,. This low operation temperature is
crucial for increasing the sensitivity and stabilizing labile
species.

The scanning electron spectroscopy (SEM) was con-
ducted on a Carl Zeis EVO-40 microscope.

Reflection of the silver-coated glass microspheres were
measured using Shimadzu spectrometer UV-2550 PC.

For chemical analysis of synthesized shells X-ray pho-
toelectron spectroscopy (XPS) was conducted on a Perkin-
Elmer PHI 5400. The Mg K, line (hv = 1253.6 eV) was
used as an excitation source.

To reveal detailed information about the chemical
composition and crystallographic structure of titanium
containing layers X-ray diffraction (XRD) layers was
performed using the Rigaku MiniFlex benchtop system.

Results and discussion
Formation of modifying titanium containing layers

AFM images of modified glass microspheres (Fig. 1) show
that the structure of the titanium containing layer produced
by hydrolysis was non-uniform and loose. The roughness
of the sample profile varied up to 100 nm. The layer had
low adhesion characteristics and peeled from the glass
surface as a result of attrition between microspheres during
storage and maintenance. The titanium containing layer
obtained via long-term atmospheric hydrolysis (15 h) of
titanium alkoxide was smooth and the level difference was
5-30 nm. This coating is nonuniform, tended to rift during
drying, and peeled from the glass surface in the course of
maintenance of the samples. To eliminate these surface
defects photochemical approach was applied. Corre-
sponding AFM images shows that selected route led to the
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formation of a smooth uniform coating with level differ-
ence not more than 2-20 nm (Fig. 1).

IR spectroscopy results (Fig. 2) show that after UV
irradiation of the samples with TTB layers for 30 min, the
intensity of the band at 1005-1205 cm™' attributed to
valent vibrations of the C-O bond (NIST Chemistry
WebBook. http://webbook.nist.gov/chemistry) decreased,
as well as the intensity of the bands at 951, 1463 cm~ ! and
at 2863, 2933, and 2968 cm™' associated with valent and
deformation vibrations of C—H bonds, respectively. The
intensity of the valent vibrations of C—C bonds in C4H¢O
groups of TTB with the band at 819 cm ™' also decreased.
Several bands associated with deformation vibrations of
Ti-O bonds were detected at 500-670 cm™'. These chan-
ges in the spectra indicate that UV irradiation of the sam-
ples resulted in elimination of C4HoO and/or C4Hg groups.
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Fig. 2 IR spectra of a single-layer coating of TTB on the glass

microspheres (a) initial, (b) irradiated by UV light for 30 min, and
(c) after 15 h of atmospheric hydrolysis
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Fig. 1 AFM images of the surface morphology of the titaniferous layers obtained by a hydrolysis of TTB, b long-term atmospheric hydrolysis of

TTB, and ¢ photolysis
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Simultaneously with the changes in chemical composi-
tion of the titanium containing layers improved hydrophilic
characteristics of the surface, and the intensity of the band at
3100-3500 cm ™" attributed to O-H vibrations increased.
This effect based on elimination of non-polar organic
groups from TTB molecules with eventual formation of OH
groups on the layer’s surface. TiO,-nH,O structures are
formed as a result of hydrolysis. In IR spectra of TTB
modified microspheres irradiated for 30 min we detected a
band at 930 cm ™' associated with valent vibrations of = Si—
O-Ti= bonds [18]. This fact proves that UV irradiation of
the samples induces formation of bridged complexes, which
are the products of photolytic reaction between TTB and
silica constituent of glass. Thus, high adhesion character-
istic of the final titanium containing layers is due to their
chemical photo-induced linking with the glass surface.

During storage in air, TTB layers on the microspheres
underwent similar changes confirmed by IR spectra (Fig. 2,
after 15 h). The intensity of IR bands at 1005 and 1133 cm ™"
for C-O valence vibrations, at 951 and 1463 cm™! for
valence vibrations and at 2863, 2933, and 2968 cm ™! for
deformation vibrations of C—H bonds of C4Hy¢O groups in
TTB decreased; absorption bands at 500 and 1560 cm™ ! for
Ti—O bonds appeared. Obviously, the process of hydrolysis
occurred due to the presence of water molecules in the
surrounding air. In contrast to the dark hydrolysis of TTB,
which occurs without any changes of an oxidation state of
the central ion, photo-induced hydrolysis is of reductive-
oxidative pathway. At room temperature the rate of photo-
induced hydrolysis of TTB layers is two orders of magnitude
faster than in case of their dark hydrolysis, even using low
intensity light (10'° quanta/cm? s). This fact is important for
the practical use.

IR spectra of hydrolyzed TTB layers show only bands at
760 and 736 cm ™' attributed to the deformation vibrations
of =Si—O-Si= bonds in SiO, and =Ti—O-Ti= in TiO,,
respectively, as well as growth of band intensity of O-H
bond vibrations at 3100-3500 cm™'. No bands for =Si—
O-Ti= bonds for unirradiated samples were detected.
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Fig. 3 EPR spectra of the TTB layers irradiated in aerobic conditions
(a) at 77 K, (b) melted to 170 K, and (c) 298 K, respectively

g1 = 1,978 and g, = 1,924 (Fig. 3), attributed by [19-21]
to alkoxy-titanium complexes with a distorted tetrahedral
geometry. Air melting of the samples resulted in rapid
oxidation of tetrahedral Ti(IIl) into Ti(IV) forms, with
hydroperoxide Ti'V—"0,H radical as an intermediate
(c g1 = 2,032 and g, = 2,015), derived from superoxide
radical O3~ [22, 23]. No EPR signals from free radicals
were detected in the irradiated TTB layer, which indicated
that oxobutyl radicals (*OBu) had reduced titanium (IV)
ions from the photodecomposed complex:

hv
[Ti"V—(OBu),] - - - [Ti"V —(OBu),| S
{Ti"(OBu);,” OBu} - - - [Ti"(OBu),] —
[Ti"(OBu),] - - - [Ti""—(OBu),] 4 C4HgO + H*
New experimental data suggested the following mech-

anism for photo-enhanced and dark hydrolyses of TTB
layers in aerobic conditions:

[Ti™(OBu),]-[Ti"(OBu),] —AY_5 [Ti"(OBu)s}-[Ti"(OBu),] — 2 [Ti"-0,]

H,O

H,O

[(H,0),(OH)s., Ti"V-O-Ti" (H,0),(OH)s.,]

EPR is a sensitive, specific method for studying both
radicals formed in chemical reactions and the reactions
themselves. Organic and inorganic radicals can be detected
in the materials exposed to UV light. EPR spectra of the
irradiated at 77 K TTB layers show an anisotropic signal at
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TGA shows that there was substantial mass loss in the
titanium containing layers, obtained either by hydrolysis or
by photochemical approach (Fig. 4). Concurrently, TiO,
content of the samples, calculated by taking the difference
between masses before and after heating, was strongly
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Fig. 4 Thermogravimetric curves of the titaniferous layers on the
glass microspheres: (a) fresh-prepared layer, (b) air-dried for 15 h
layer, and (c) 30 min UV irradiated layer

Table 1 Thermogravimetric analysis results for the glass micro-
spheres with titanium containing layers

Sample Mass loss (%) TiO, content (%)
a 42.00 58.00
b 30.08 69.91
c 27.17 72.83
d 11.7 97.83

(a) Fresh-prepared layer, (b) air-dried for 15 h layer, (c) 30 min UV
irradiated layer, and (d) standard Degussa P-25

dependent on its synthetic route. Table 1 shows that heat-
ing of the samples with hydrolytic titanium containing
layers resulted in low TiO, content (58.0 wt%). UV irra-
diation of TTB layers for 30 min provided 72.8 wt% TiO,
in the samples. Heating of the samples with air-dried
hydrolytic titanium containing layers showed a similar
result—69.91 wt% of TiO,.

TGA shows that the main mass loss of the samples during
heating occurred at 220 °C, which can be attributed to the
elimination of water molecules adsorbed on the titanium
containing coating and OH groups produced by photo-
enhanced and dark hydrolyses. Further heating up to 700 °C
led only to insignificant changes in the thermograms.

Thus, modifying films in question proved to be oxo- and
hydroxoforms of titanium.

Metal shell formation
For silver deposition on the glass microspheres both

chemical and photochemical approaches were tested using
several identical sets of substrate samples.

Photocatalytic activity of titanium dioxide enabled the
use of photochemical route for metal coating formation.
Small amount of glass microspheres samples were placed
in water solutions of silver nitrate, forming monolayers,
and then irradiated with monochromatic UV light. Photo-
chemical cells were placed in the shaker for uniform irra-
diation of the samples and hence uniform metal coating of
the glass substrate. The images of these samples after
irradiation show that by that route continuous silver layers
on the surface of glass microspheres could not be obtained.
AFM image analysis indicated that the surface coverage of
silver on a single microsphere was not more than 5%
regardless of the modification method applied. Formation
of scattered metallic patches on the glass microspheres
surface was caused by two main reasons: first, the titanium
containing coating we obtained was not the pure titanium
dioxide modification but contained different byproducts of
TTB hydrolysis, which considerably depressed catalytic
properties of TiO,. Second, microspheres tended to dis-
perse light substantially.

Application of standard method of ammoniacal silver
nitrate solution reduction by glucose on the glass micro-
spheres led to uncontrolled metal reduction in the bulk
solution which resulted in black precipitate at the bottom of
the cells.

To avoid abovementioned problems and obtain uniform
metal deposition on the substrate, the next set of micro-
spheres underwent preheating with glucose at 60-70 °C,
then water washing to remove an excess of the reductant
following an injection of ammoniacal silver nitrate solu-
tion. Removed excess of silver compound could be reused.

Glucose as a reducing agent furnished uniform shells
with metallic luster only on the surface of glass micro-
spheres modified with titanium containing coatings
obtained by photo-induced hydrolysis of TTB, resulting in
chemical linking between the modifier and the glass sur-
face (Fig. 5). Metal shells on all the other samples
(obtained by hydrolysis and atmospheric hydrolysis) flaked
away during heating process of ammoniacal silver nitrate
solutions with microspheres, forming black bulky
agglomerates on the bottom of reaction vessels. The sur-
face coverage of silver the microspheres with a hydrolyti-
cally induced layer of TiO, was 30-40%, for the
microspheres with a titanium containing layer produced by
atmospheric hydrolysis of TTB—50-60%.

There was a dramatic difference between the silver-
coated microspheres with hydrolyzed and photolytic tita-
nium containing layers. The images show that after
hydrolysis of TTB most of the samples contained con-
glomerates made of 3-5 microspheres. By contrast, the
samples of microspheres obtained from photolysis, did not
agglomerate (Fig. 6). Thus, the further characterization of
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Fig. 5 Schematic sketch of the
metallization process of the
hollow glass microspheres

Ti{OCHs),
hv, H,0

Fig. 6 The microphotographs of the silver-coated glass microspheres modified with (a, b) hydrolytically induced titaniferous layers and

(c, d) those obtained upon the photolytic route

metallic coatings was performed for the glass microspheres
modified by UV irradiation.

The average thickness of synthesized metallic shells
estimated by SEM analysis of chips was 1.0-1.25 um that
corresponded to the previous data for silver coatings on flat
surfaces originated from ammoniacal silver nitrate solu-
tions (2 pm according [24]). Obtained metal shells had
good glass adherence and were tenacious as opposed to the
coatings deposited on unmodified glass microspheres.

According to XPS analysis, the magnitude of 3d electron-
binding energy for Ag in electronic shell Ag 3ds,, 367.2 eV
corresponded to those of the bulk metal. XPS spectra also
show signal for O 1s at 530.9 eV corresponded to the Ag—O
chemical bond in silver oxide (NIST X-ray Photoelectron
Spectroscopy Database. NIST Standard Reference Database
20, Version 3.5. http://srdata.nist.gov/xps/Default.aspx).
The oxide content was 7-10%.

XRD spectra of metal-coated samples of glass micro-
spheres contained two intense peaks at 20 = 38.44° which
attributed to silver cubical lettuce (111) and (200). Calcu-
lated lattice constant was 4.0862 A in agreement with lit-
erature (X-ray Powder Diffraction File JCPDS-ICDD (Joint
Committee on Powder Diffraction Standard-International
Centre for Diffraction Data, Swarthmore, PA) 04-0783, fcc-
Ag). TiO, peaks were not present in these XRD spectra.

Reflectance of as-plated silver coatings was 50-60%,
after air storage for the first 24 h reflectance receded for
5-10% due to oxidation.
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Conclusions

Effectiveness of the silver coating process on microspher-
ical glass substrate depends on the following characteristics
of a modifying agent: adhesion capacity to the substrate
and the degree of adsorption of a metal precursor’s ions on
its surface.

UV irradiation of modified microspheres resulted in
intermolecular cross-linking between the modifying agent
and glass surface that yielded in high adhesion character-
istics of titanium containing layers. Unirradiated samples
exhibited low adhesion with the glass substrate and peeled
off during metal deposition procedure.

Although a requirement of high adsorption degree of a
metal precursor’s ions on the surface of modifying agent
for successful metal deposition considerably limits the
range of suitable reductants, similar results were achieved
using dextrose for the reduction of AgNOj; in ammonia
solutions as well as p-fructose and p-maltose. Furthermore,
our technique offered the possibility to avoid the usage of
expensive palladic activation dopants.

Suggested route for metal deposition on glass micro-
spheres modified with titanium containing layers resulted
in production of uniform and bright silver coatings. Syn-
thesized composite material shows high stability and
granularity, which facilitated its further utilization. The
main physical characteristics of the final product corre-
sponded with all-metallic silver microspheres.


http://srdata.nist.gov/xps/Default.aspx

J Mater Sci (2011) 46:693-699

699

References

10.
11.
12.

13.

. Ung T, Liz-Marzan LM, Mulvaney P (1999) J Phys Chem B

103:6770

. Oldenburg SJ, Jackson JB, Westcott SL, Halas N (1999) J Appl

Phys Lett 75:2897

. Pham T, Jackson JB, Halas NJ, Lee TR (2002) Langmuir 18:4915
. Freeman RG, Grabar KC, Allison KJ, Bright RM, Davis JA,

Guthrie AP, Hommer MB, Jackson MA, Smith PC, Walter DG,
Natan MJ (1995) Science 267:1629

. Lin AWH, Loo CH, Hirsch LR, Barton JK, Lee M, Halas NJ,

West JL, Drezek RA (2004) Proc SPIE 5593:308

. Kobayashi Y, Salgueirino-Maceiraa V, Liz-Marzan LM (2001)

Chem Mater 13:1630

. Pol VG, Srivastava DN, Palchik O, Palchik V, Slifkin MA, Weiss

AM, Gedanken A (2002) Langmuir 18:3352

. Lianos P, Thomas JK (1987) J Colloid Interface Sci 117:505
. Shibata S, Aoki K, Yano T, Yamane MJ (1998) Sol-Gel Sci

Technol 11:279

Jiang Z, Liu C (2003) J Phys Chem 107:12411

Wang G, Li N, Li DJ (2007) Univ Sci Technol Beijing 14:286
Kawashita M, Toda S, Kim H-M, Kokubo T, Masuda N (2003)
J Biomed Mater Res A 66:266

Jiang Y, Whitehouse C, Li J, Tam WY, Chan CT, Sheng P (2003)
J Phys Condens Matter 15:5871

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zhao W, Zhang Q, Zhang H, Zhang J (2009) J Alloys Compds
473:206

Loginov AV, Gorbunova VV, Boitsova TB (1997) Russ J Gen
Chem 67:175

Smirnova N, Boitsova T, Gorbunova V, Alekseeva L, Pronin V,
Kon’uhov G (2006) Thin Solid Films 513:25

Hannah RN, Swinehart JS (1974) Experiments in techniques of
infrared spectroscopy. Pekin-Elmer, Norwalk

Jing C, Zhao X, Han J, Tao H, Liu A, Zhu K (2002) J Wuhan
Univ Technol Mater Sci Ed. doi:10.1007/BF02838418

Berger T, Sterrer M, Diwald O, Knozinger E, Panayotov D,
Thompson TL, Yates JT (2005) J Phys Chem B 109:6061
Coronado JM, Maira AJ, Conesa JC, Yeung KL, Augugliaro V,
Soria J (2001) Langmuir 17:5368

Fresno F, Hernandez-Alonso MD, Tudela D, Coronado JM, Soria
J (2008) Appl Catal B 84:598

Krukov Al, Kuchmiy SYa (1989) Photochemistry of transition
metal complexes. Naukova Dumka, Kiev

Kuchmiy SYa, Korzhak AV, Krukov Al (1986) Ukrainskii Chim
Z (Russ Edn) 52:158-162

Sviridov VV, Vorobyoeva TN, Gaevskaya TV, Stepanova LI
(1987) Chemical precipitation of metals from water solutions.
Universitetskoe, Minsk

@ Springer


http://dx.doi.org/10.1007/BF02838418

	Chemical deposition of silver shells on the surface of hollow glass microspheres
	Abstract
	Introduction
	Experimental section
	Chemicals and materials
	Substrate modification
	Characterization of the shells

	Results and discussion
	Formation of modifying titanium containing layers
	Metal shell formation

	Conclusions
	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


