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Abstract The electrical transport and photoconductivity
of pure and iodine-doped cellulose fibers have been stud-
ied. The studies were conducted in the temperature range
293-363 K, while the electric field was varied over the
range 1-100 V cm™'. The conductivity of the iodine-
doped cellulose fibers shows significant enhancement by
more than four orders of magnitude as compared to
undoped samples. The analysis reveals that the electrical
conduction follows Ohm’s law for iodine-doped samples,
while for the undoped samples the bulk-limited Pool—
Frenkel conduction mechanism is likely to dominate for the
steady state current. Especially, the clear photoconduction
response at UV and visible region indicates that photo-
conduction is essential due to band-to-band electron-hole
pair’s generation and that doped CF is a good conductor of
photogenerated carriers.

Introduction
Electrical conduction in polymers has been studied exten-

sively during the past two decades to understand the
nature of charge transport in these materials [1-3]. The
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elucidation of the charge injection and carrier migration
processes will become essential for the future use of these
materials. The conduction mechanism is mainly charac-
terized by the transport parameters, such as charge carrier
density and charge carrier mobility. Considerable interest
has been shown on the effect of doping on the transport
properties of polymers [4—6]. Chemical, photochemical, or
electrochemical doping is used to introduce extrinsic
charge carriers into organic semiconductors [7-9]. Depend-
ing on their chemical structure and the way, in which they
react with the macromolecular matrix, doping substances
decrease the resistivity of the polymers to different degrees
[10].

The natural cotton fibers offer wide possibilities in this
regard. These cellulosic fibers (CFs) may be considered to
be polycrystalline materials with much smaller particle size
and relatively larger fraction of grain boundaries. More-
over, the CF is supposed to have different morphology with
respect to processing conditions [11]. The reason for such a
variation, even though these are made up of same chemical
units, lies in the fact that the number of inter- and intra-
weak hydrogen bonds like C-H---O, O-H---O, and N-H---O
determines the extent of ordering in the CF [12]. As the
processing conditions vary, the morphology of the resulting
cellulose fibers may change. This will lead to the change in
the physical properties of the resulting materials [13].
Many research groups have been studying these modifi-
cations using different approaches which include a variety
of chemical treatments, grafting, couplings between fiber
and matrix, and physical coverage of the fibers by a
polymer sleeve [14]. Most studies have been focused on in
situ polymerization to produce conductive cotton fabric
since this method does not require the destruction of the
substrate and provides reasonably good conductivity [15].
Its electrical conductivity and charge-storage capability can
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be markedly influenced by doping of the physical covered
cotton fabric with suitable impurities. These fabrics are
used for industrial applications, such as filters, as well as
home and business applications, including electrostatic
dissipating and electromagnetic interference shielding. The
microwave absorption characteristics of these fabrics are
also highly desirable, thus allowing these materials to be
used in military applications such as camouflage and radar
protective fabrics for stealth technology. Although much
progress has been made in studying to produce conductive
fabric, understanding the relationship between charge
transport, morphology, and chemical structure is still a big
challenge. The mechanism of electrical transport in CFs is
also of considerable interest in view of the number of
possible technical applications of such fibers. To the best of
our knowledge a photoconductivity of the iodine-doped CF
has not been reported so far in the literature, thus no picture
is available with respect to charge transport phenomena.

The present article reports the results of steady state
conduction current measurements on alkali solution-treated
pure and iodine-doped cotton fibers with metallic elec-
trodes. The purpose of this study was to carry out a careful
investigation of the steady state conduction in pure and
doped CF elucidating, (i) the action of dopants molecules
in modifying the conduction characteristics of the polymer
matrix when they are doped in various concentrations, (ii)
the mechanism of charge carrier transport which depends
on both the temperature and electric field, and (iii) the
effect of doping on the photophysical properties. It is
known that, through chemical and/or mechanical iodine
doping, polymeric materials can be generated with elec-
trical conductivities that vary over a wide range from
insulator to metallic like materials [16—18].

Experimental
Scouring of cotton

First, 1 g of raw cotton is weighed to prepare pure and
doped fibers. Cotton should undergo washing before
starting the operation for doping process. After washing,
cotton fibers are placed in bath with 20% NaOH solution
for 2 min at temperature below 15 °C. The product is
removed out of the bath, rinsed at several times with water,
and dried in standard conditions of 65% relative humidity
at 20 °C. This operation leads to an increase in stability of
cotton goods and absorption of reagents, and both these
characteristics are effective in doping with conductive
polymer processes. The isothermal immersion technique
was utilized to prepare doped samples. lodine was dis-
solved in ethanol at the 5% concentration. Mercerized
fibers were immersed vertically into the solution for a

period of 15 min. After the fibers were taken out and were
annealed in the air at 70 °C for 6 h to reach the equilibrium
state.

The specimens (1.0 x 0.5 x 0.2 cm3) with silver elec-
trodes were sandwiched between two tungsten electrodes
of a special temperature chamber. The low current of
nanoampere level /-V characteristics in the dark and upon
UV illumination (at 254 nm) was measured under air using
Keithley 617 electrometer. The measurements were carried
out on metal—cotton and fiber—metal structure with current—
voltage (I-V) and current—time (/ (¢#)) methods in the tem-
perature range 293-363 K and at electrical field range
1-100 V cm™ ', respectively. The temperature was mea-
sured using a copper constantan thermocouple in perfect
contact with the specimen.

Results and discussion
Conductivity of the pure and doped samples

Current as a function of voltage and temperature has been
studied in pure and iodine-doped cellulose fibers. Upon
first applying a voltage across a pure CF, extremely small
currents were obtained. The current never exceeded
1072 A up to a voltage of 100 V. The conductivity was
calculated by measuring the current flow through a piece of
the sample as follows o = I (I/SV), where [ (cm) is the
sample length, S is its area (cm?), V is the potential across
the materials, and / is the observed steady state current. The
specific electrical conductivity of the pure CF is found to
be around 7.8 x 107" Q' cm™' at room temperature.
The other form of conductivity can be expressed as [19]
o = X g; n; W;, where n; is the charge carrier density and p;
is the charge carrier mobility. Inserting the values of the
conductivity (~8 x 107'°Q " cm™"') and the average
mobility (~ 103 em? v! s_l) [20] into the above equa-
tion, the number of the charge carrier contributing the
electrical conduction in this bias range was found to be
no ~ 10" cm™. Given the large energy gap of about
3.3 eV, a low value ny is understandable. In contrary, the
steady state current values for doped samples are higher
than those found for pure CF at the same operating tem-
peratures and electrical fields. The conductivity of the
fibers increased on doping with iodine by more than four
orders of magnitude and was found to be 5.6 x
107° Q' em™! at room temperature. Thus, the number of
the calculated charge -carriers was also increased
from ~10%cm™ to ~10'" cm™. The conductivity
increasing can be explained as follows. When dopants
molecules are present they will start bridging the gap
separating the two localized sites and lowering the poten-
tial barrier between them, thereby facilitating the transfer
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of charge carriers between two localized states. This
behavior may occur because charge transfer complexes are
formed in the polymer effectively decreases the trapping
effects by “handing on” the carriers. From this, we can be
deduced that the conduction enhancement with increasing
electrical field is apparently due to the gradual increase of
bulk generated free carrier density.

Temperature—current characteristics

To better understand the conduction mechanism of cellu-
lose fibers, we have performed the two-point probe con-
ductivity measurement on pure and doped samples during
heating and cooling cycles between room temperature and
363 K. Figure 1 shows the current at 100 V obtained from
a pure sample as a function of temperature. The current
versus 10%/T has been plotted for the both CF samples to
evaluate the activation energies (Fig. 1). It can be seen that
the current at a given voltage increased with increasing
temperature and characterized by two slopes. In the low
temperature region below 323 K, there is a slight change in
conductivity, while in the high temperature region there is
a rapid change in conductivity. Since there is a positive
temperature coefficient of electric conductivity for both
regions, the samples have a semiconducting character. This
phenomenon has also been observed for cotton fabrics by
several other research groups [21, 22]. Cellulosic materials
are excellent electrical insulators when dry, contain a large
number of traps and exhibit structural deformations at
certain transition temperatures [13]. Therefore, the com-
plex morphology of the conducting polymers has made it
difficult to determine the intrinsic conductive behavior.
Consequently, the exponential relationship between the
conductivity and temperature is related to the charge carrier
generation, not only due to the intrinsic band transition, but
also to some other thermally activated processes. The
conductivity behavior of such fibers may be dominated by
the properties of the amorphous regions, the presence of
which gives rise to localized states. The fact that mercer-
ized CFs are considered as mixed crystalline (cellulose I or
cellulose II) and/or an amorphous cellulosic phase, the
increase in conductivity at high temperatures may be
attributed to the liberation of electrons or ions through the
amorphous regions of polymeric materials. Bailey et.al
[23] showed that the onset of molecular motion increases
the conductivity of the polymer by helping the charge
carriers to escape from and transport to localized states
such as surface and bulk dipole states, molecular ion states,
impurities, chain ends and branches, and crystalline-
amorphous boundaries. In our view, the existence of two
activation energies could plausibly be correlated with the
presence of mixed crystalline (cellulose I or cellulose II)
and/or an amorphous cellulosic phase. The electrical
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transport is, therefore, likely to be influenced by the
potential barrier and in homogeneities due to the grain
boundaries.

From Fig. 1 (inset), it can be seen that upon iodine
doping the general trend of the conductivity—temperature
dependence is similar, i.e., curves have the same positive
temperature activated behavior, like in undoped CF. The
room temperature conductivity of doped samples before
and after temperature dependent measurements remains
essentially unchanged, which shows clearly that annealed
samples are very close to the equilibrium state and exhibit
good air stability at elevated temperatures. The obtained
activation energies in the temperature range (50-100 °C)
were found to be 0.68 eV for the pure CF and 1.03 eV for
the doped samples in the same temperature range, respec-
tively. It indicates that at high doping level the I, molecules
induces the additional disorder and the high concentration
of hopping centers are created. The dopant molecules are
considered to act as additional trapping centers and provide
links between the polymer molecules in the amorphous
region, thus resulting in the formation of charge transfer
complexes. Because there are many localized states, the
release or excitation of the carriers in these states domi-
nates the conduction process. According to Dwyer [24],
there exist shallow traps of low energy range and deep
traps of higher energy range in the samples. The shallow
traps exist below the continuum of free levels, while deep
traps lie between conduction and valence bands. At suffi-
ciently low temperatures, electrons are trapped deeply, but
with increasing the temperature they get excited and leave
the deep traps to enter into the shallow traps or conduction
band and take part in the process of conduction under the
influence of the applied field. The low values of activation
energy for the investigated samples (0.68 eV) [25] are
usually indicative of the predominance of electronic
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Fig. 1 Arrhenius plot for leakage current versus temperature for the
undoped and (inset) iodine-doped CF
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conduction, while higher values at lower temperature point
to the participation of ionic conduction.

Current—voltage characteristics

The current flowing through the undoped and doped sam-
ples as a function of applied voltage was measured while
maintaining the sample at constant temperatures of RT.
During the leakage current—voltage measurement, it was
observed that the leakage current decreased about 5-7%
with time after first applying the voltage, particularly for a
leakage current level ~107'" A. A higher electric field
gives a shorter time to reach the steady state current. This
change in time dependence suggests the initial and later
current are due to different conduction mechanisms.
The temporal decay of the currents is probably due to
absorption current caused by the dipole orientation, elec-
tron traps in the bulk of the sample, and charge accumu-
lation in the vicinity of the electrode or ionic conduction,
caused by internal charge drifts, resulting in a decrease of
the effective electric field in the bulk of the sample [19].
Because relaxation time is usually independent of electric
field, the observed decay is, therefore, not due to the dipole
orientation. On the other hand, the ionic conduction also
will not be considered is due to that charge transport
requires mass transport, the supply of carriers is depleted
and the current density must be observed to decrease rap-
idly as several coulombs are passed through the sample.
Therefore, we look beyond dipole orientation and ionic
conduction for the origin of the charge carriers for the pure
and doped CF, such as electrode effects (Schottky effects)
or bulk effects (Pool-Frenkel).

The isothermal log I~V plot, at room temperature, for
the undoped and doped samples is shown in Fig. 2 and
inset, respectively. Two slopes are observed for the
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Fig. 2 Voltage dependence of leakage current in the form of
a log I-V plot for the undoped and (inset) iodine-doped CF

undoped sample. The plots show a linear behavior with
appreciable deviation from linearity at lower fields. In this
case, the slope value at low field is around 0.6, but at high
fields, is about 0.85. This indicates that the current—voltage
relationship is non-ohmic in all investigated region. After
doping (Fig. 2, inset), the log I~V plot displays on Ohmic
behavior (the slope is ~ 1) and increases linearly with V,
being consistent with results reported by other groups. For
the both samples these results cannot be explained on the
basis of space-charge limited current, as the slope for this
type of mechanism is around 2 [26]. The other possible
mechanisms are (a) charge carrier injection into the film
from the contact via field-assisted lowering of the metal—
insulator potential barrier, i.e., Schottky-Richardson (SR)
emission, and (b) release of charge carriers from traps via
field-assisted lowering of trap depth, i.e., Poole—Frenkel
(PF) effect. The current—voltage relationship for SR
emission is given by [26]

I:A*Tzexp(—(bs/kT+BSR Vl/z) (1)

where, A* is the effective Richardson constant, fgz =

(1/kT) (&3 /4n808d)1/ % s Schottky-field lowering constant,
®s is the metal electrode-insulator potential barrier, T is
temperature, K is Boltzmann’s constant, & is the permit-
tivity of free space, ¢ is the high-frequency dielectric
constant of the material, d is the length of the sample, and
V is applied voltage. Equation (1) predicts a linear rela-
tionship between log I and V'? with a slope fsr at a
constant temperature. The PF bulk-limited process also
predicts a linear relationship between log 7 and V"% similar
to Eq. (1) with fisg replaced by fpr and ®s replaced by
®p—which is trap depth. Theoretically, fipr = 2 fsg.
The log I versus V'2 for the undoped and doped CF is
shown in Fig. 3 and inset, respectively. The results for high
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Fig. 3 The log I as function of V' for undoped and (inser) iodine-
doped CF
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Table 1 Theoretical and experimental values of § for undoped and
I,-doped cellulose fibers

Sample Bsr B B

(experimental) (experimental) (theoretical)
Undoped CF 0.114 0.228 0.222
I,-doped CF 0.124 0.248

fields are reasonably well represented by straight lines,
while the data for low fields deviate from the straight line.
Moreover, the slope value of log I versus V' at lower
voltages (i.e., the deviated straight line) for the doped
sample is higher than that for the undoped sample. The
higher value of the slope at lower voltages can be explained
on the basis of space-charge buildup at the electrode, which
enhances the field at the electrode and leads to the high
slope of the log I-V'/? curve. This suggests that the charge
carrier generation is basically from the electrodes which
are indicative of SR mechanism. At higher voltages, charge
carriers injected by lowering the electrode-insulator
potential barrier because of which the field at the electrode
is reduced, and the slope of the log I-V"? plot approaches
the theoretical value. At higher voltages, the linear
behavior of log I-V'/ plot in this study points to an elec-
tronic-type conduction mechanism. In order to differentiate
between SR emission and PF effect, the values of f§ were
calculated from the slopes of log I-V"? plots, and the
experimental as well as the theoretical values of f are
shown in Table 1. For undoped films, the experimental
value of f, is closer to the theoretical value of fpg. This
suggests that the charge conduction is through the Poole—
Frenkel mechanism. In this case, the emitted current is due
to the thermal excitation of trapped electrons into the
conduction band which is enhanced by an external field. In
polymers, surface states, chain folding, molecular disor-
ders, crystalline-amorphous boundaries, and chain ends
may act as trapping sites. In addition, many polymers
contain polar groups where each dipole can act as an
electron or hole trap. The charge carriers trapped at these
sites may be excited and contribute to the total conduction.
In fact, this type of mechanism has also been observed in
other types of polymers [19, 26].

Charge separation effects in the photoconductivity

The I-V characteristics in the dark and upon UV illumi-
nation were measured under air using 30 W halogen lamp
as light source. Figure 4 shows fully-ohmic I-V character-
istic curves of the CF measured in the dark (1) and under
UV illumination (2), at RT. The measured average dark
current of the CF linearly increased to 0.1 pA as the bias
increased from O to 10 V. Upon UV illumination (254 nm),
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Fig. 4 Dark and photocurrent versus forward bias voltage for iodine-
doped CF under UV light (maximum intensity at 254 nm) illumina-
tion. Inset: Photoresponse of the iodine-doped samples under different
light illuminations

the photocurrent (PC) jumped to 0.62 pA at 10 V bias,
indicating a photosensitivity and photocurrent to dark
current ratio of 6. To stimulate the photoresponse in doped
CF, we used a set of LEDs at different energies from UV to
visible range. As seen in Fig. 4, inset under white, yellow,
and green light illuminations, PC increases less than 5—7%,
while for red and UV illumination, the photoresponse is
about 21 and 500%, respectively. Fundamental (band-to-
band absorption) takes place in the UV. This indicates that
photoconduction is essentially due to band-to-band elec-
tron—hole pair’s generation. From the technological point
of view, these results also suggest that doped CF is UV
photodetectors with response in the UV and visible region.
For the undoped samples, typical conductance values were
always below 0.1 nS, and any significant photoresponse
was observed after UV illumination. The present observa-
tion of enhancement of photoconductivity in CF upon
iodine doping can be explained by the photo-induced
charge transfer between I, molecules and the polymeric
network [27]. Such a tendency is unique to organic poly-
mers and could be related to the carrier generation and
exciton diffusion processes as well as the charge separation
processes. As discussed by Cheng et al. [28], the
improvement of the charge generation efficiency rather
than carrier transport is believed to be the dominant factor
in the enhancement of the photoconductivity. Moreover,
Khare [9] reported that the percentage of UV absorption of
the doped cellulose films becomes higher than that of the
undoped films, increasing with increase of the dopant
concentration. This suggests that the electron transfer from
CF to iodine is energetically favorable in the ground state,
which is consistent with the increasing of the absorption
spectrum and the electrical conductivity in CF by iodine
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doping. Hence, upon illumination by visible light, gener-
ation of free charge carriers takes place mainly inside the
organic matrix. The doping effect of iodine depends on the
appearance of the photoresponse at red illumination region,
can be interpreted due to photoexcitation of electrons from
the ground state of iodine to the excited state and followed
hole tunneling into the CF chain. Especially, the clear
photoconduction response at 2.0 eV indicates that doped
CF is a good conductor for photogenerated carriers.

Conclusions

In conclusion, the electrical conduction current of pure and
doped CF fibers is measured as function of time, electric
field, and sample temperature. The experimental results
were analyzed and fitted to the theoretical curves for sev-
eral conduction mechanisms. We found that the conduc-
tivity of the fibers increased on doping with iodine by more
than four orders of magnitude, and the Ohmic conduction
mechanism is likely to dominate for the steady state cur-
rent. The observed substantial conductivity enhancement in
iodine-doped CF can be attributed to two factors: the
higher conductivity of doped CF due to the increased
number of the charge carriers and the gradual increase of
bulk generated free carrier density. The dopant molecules
are considered to act as additional trapping centers and
provide links between the polymer molecules in the
amorphous region, thus resulting in the formation of charge
transfer complexes. Comparing the experimental as well as
the theoretical values of f§ for both the Schottky and Poole—
Frenkel mechanisms we have found that for the undoped
polymer fibers, the Poole-Frencel mechanism is the main
conduction mechanism. Especially, the clear photocon-
duction response at UV and visible region indicates that
photoconduction is essentially due to band-to-band elec-
tron-hole pair’s generation and explained by the photo-
induced charge transfer between I, molecules and the
polymeric network.

Acknowledgements This study was supported by the National
Research Foundation of Korea (NRF) grants funded by the Korea

government (MEST) (No. K20901000002-09E0100-00210, No. 2010-
0000751) and by the Fundamental Research Foundation of Uzbekistan
(Grant No. OT-F2-084).

References

1. Kuhn HH, Kimbrell WC, Fowler JE, Barry CN (1993) Synth Met
57:3707
2. Giines S, Neugebauer H, Sariciftci NS (2007) Chem Rev
107:1324
3. Abd El-kader FH, Osman WH, Ragab HS, Shehap AM, Rizk MS,
Basha MAF (2004) J Polym Mater 21:49
. Sarada H, Sawamura K, Yoda K (1971) Polym J 2:518
. Mort J, Pfister G (1979) Polym Plast Technol Eng 12:89
. Gill WD (1972) J Appl Phys 43:5033
. Khare PK, Chandok RS (1995) Phys Status Solidi 147:509
. Lekpittaya P, Yanumet N, Grady BP, O’Rear EA (2004) J Appl
Polym Sci 92:2629
9. Khare PK, Upadhayay JK, Verma A, Paliwal SK (1998) Polym
Int 47:145
10. Aleshin AN (2006) Adv Mater 18:17
11. Hon DN-S (1994) Cellulose 1:1
12. Abhishek S, Samir OM, Annadurai V, Gopalkrishne Urs R,
Mabhesh SS, Somashekar R (2005) Eur Polym J 41:2916
13. Cunha AG, Freire CSR, Silvestre AJD, Neto CP, Gandini A,
Orblin E, Fardim P (2007) Langmuir 23:10801
14. Boufi S, Gandini A (2001) Cellulose 8:302
15. Oh KW, Hong KH, Kim SH (1999) J Appl Polym Sci 74:2094
16. Park JG, Kim GT, Krstic V, Lee SH, Kim B, Roth S, Burghard
M, Park YW (2003) Synth Met 119:469
17. Kaiser AB, Park JG, Kim B, Lee SH, Park YW (2004) Curr Appl
Phys 4:497
18. Kaiser AB, Park YW (2002) Curr Appl Phys 2:33
19. Lee K, Murarka SP (1998) J Mater Sci 33:4105. doi:
10.1023/A:1004480531373
20. Redecker M, Bradley DDC, Inbasekaran M, Wu WW, Woo EP
(1999) Adv Mater 11:241
21. Abou-Sekkina MN, Saafan AA, Sarkan MA, Ewaida MA (1986)
J Therm Anal 31:791
22. Saran MA (1996) J Radioanal Nucl Chem Lett 213:51
23. Bailey RT, North AM, Pethrick RA (1981) Molecular motion in
high polymers. Oxford, New York
24. Dwyer OJJ (1966) J Appl Phys 37:2599
25. Abd El-kader FH, Gaafer SA, Mahmoud KH, Mohamed SI, Abd
El-kader MFH (2009) Polym Compos 17:214
26. Sekar R, Tripathi AK, Goel TC, Pillai PKC (1987) J Appl Phys
62:4196
27. Morita S, Kiyomatsu S, Yin XH, Zakhidov AA, Noguchi T,
Ohnishi T, Yoshino K (1993) J Appl Phys 74:2860
28. Cheng J, Wang S, Li XY, Yan YJ, Yang S, Yang CL, Wang JN,
Ge WK (2001) Chem Phys Lett 333:375

0NN WL A

@ Springer


http://dx.doi.org/10.1023/A:1004480531373

	Study on electrical transport and photoconductivity in iodine-doped cellulose fibers
	Abstract
	Introduction
	Experimental
	Scouring of cotton

	Results and discussion
	Conductivity of the pure and doped samples
	Temperature--current characteristics
	Current--voltage characteristics
	Charge separation effects in the photoconductivity

	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


