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Electropolymerization
of polyaniline thin films

Ashwini B. Rohom', Priyanka U. Londhe', S. K. Mahapatra?,
S. K. Kulkarni® and N. B. Chaure'

Abstract

Polyaniline (PANI) thin films have been electrochemically synthesized onto conducting glass substrates. The current study
demonstrates that the properties of PANI films depend on the concentration of dopant acid. Well-adherent PANI coat-
ings were obtained under potentiodynamic conditions during sequential scanning of the potential region between —0.35 V
and + 1.7 V with respect to silver/silver chloride. The structural, optical, and morphological properties of PANI films were
studied with the aid of X-ray diffraction (XRD), Raman spectroscopy, ultraviolet—visible (UV-Vis) absorption spectro-
scopy, photoluminescence (PL) spectroscopy, and field-emission scanning electron microscopy (FESEM). Current—voltage
(I-V) measurements were performed to study the electrical properties of PANI films. The XRD peaks observed at 2 =
15.4°,24.2°, and 25.1° confirm the synthesis of emeraldine form of PANI. The strong absorption peaks observed in the
UV-Vis absorption spectra at 317 nm (7—=* interband transition), 371—427 nm (polaron band transition), and 750 nm
(bipolaron band transition) confirm the formation of emeraldine oxidation state of PANI. A broad peak attributed in the
PL spectra around 395 nm is related to the transition from polaronic band to the 7 band. All the intense bands attributed
in the Raman spectra are associated with the emeraldine oxidation state of PANI. FESEM images reveal the formation of
fibers and belts of PANI. Highly conducting thin films of PANI deposited at higher concentrations of dopant acid were
confirmed by I-V measurements.

Keywords
Polyaniline, electropolymerization, Raman spectroscopy, emeraldine salt, FESEM

emeraldine base (EB) form of polymer is generally an insu-
lator. Among these, the protonated emeraldine has higher
conductivity. The EB form of PANI can be protonated
(doped) to form emeraldine salt (ES) by an acid, and the
EB form can be dedoped back using a base. The doping
process causes a conductivity variation approximately from
107"%t0 10 Q' em™"."* The conductivity of PANI films
mainly depends on the oxidation state, pH of the electro-
lyte, and the type of dopant used for protonation.'

Introduction

Polyaniline (PANI) is one of the widely studied conducting
polymers due to its high mobility, good environmental and
chemical stability, and its application in various areas like
solar cells,’ sensors,2 electrocatalysis,3 supercapacitors,4
rechargeable batteries,” electrochromic displays,® light-
emitting diodes,” and anticorrosion coating.® The differ-
ent nanostructures of PANI have been prepared by various
techniques, namely electrodeposition,’ template synth-
esis,'” seeding,!! and interfacial polymerization.'? How-
ever, electrodeposition is the most attractive technique
because of its simplicity and ability to tailor the morpho-
logical and electrical properties of materials either by

! Electrochemical Laboratory, Department of Physics, University of Pune,
Pune, Maharashtra, India
2Department of Applied Physics, Birla Institute of Technology, Mesra,

varying the condition of bath or growth potential and/or
the dopant acid.’

PANI basically exhibits three allowed oxidation states
characterized by the ratio of imine to amine nitrogens.
Their fully reduced state is leucoemeridine, and fully oxi-
dized state is pernigraniline. The emeraldine form is asso-
ciated with partially oxidized or reduced state. The
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3Department of Physics, Indian Institute of Science Education and
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Figure |. CVs (10 scans) recorded for polyaniline thin films in the
presence of (a) | M and (b) 2 M concentrations of HCIO,4 with
respect to Ag/AgCl reference electrode. HCIO,: perchloric acid;
CV: cyclic voltammogram; Ag: silver; AgCl: silver chloride.

Here, we report the effect of dopant acid concentra-
tion (pH) on the structural, optical, morphological, and
electrical properties of PANI thin films prepared by
electropolymerization.

Experimental details

Analytical reagent grade aniline and perchloric acid
(HC10,4) were used for the electropolymerization of PANI
in an aqueous (double-distilled deionized water) bath.
Three-necked electrochemical cell was employed for the
deposition of PANI thin films. Fluorine-doped tin oxide-
coated glass substrates, silver (Ag)/silver chloride (AgCl),
and platinum were used as working, reference, and
counter electrodes, respectively. The electrolyte used for
electropolymerization was composed of aqueous solution
of 0.05 M aniline and different concentrations of dopant

acid. The protonation process in the benzoid rings was
controlled by HC1O,4. PANI thin films were electropoly-
merized by sweeping the potential between —0.35 V and
+1.70 V versus Ag/AgCl reference for 10 numbers of
scans. All the experiments were performed at room tem-
perature without stirring. Well-adherent, greenish-
colored thin films of PANI were deposited for 1 M and
2 M HCI1O,. The samples were dried in open air, and sub-
sequently, various properties were studied. Cyclic voltam-
metry was carried out using potentiostat/galvanostat
AUTOLAB, p3AUT 70762 (Metrohm, USA). The pre-
pared thin films were characterized by means of X-ray dif-
fraction (XRD), wusing a Bruker D8 advance
diffractometer (Bruker, Billerica, Massachusetts, USA).
Optical absorption measurements were carried using a
JASCO ultraviolet—visible (UV-Vis) spectrophotometer
(Tokyo, Japan). Photoluminescence (PL) spectra were
recorded using a JASCO photometer. The surface mor-
phology was studied using HITACHI, S 4800 field-
emission scanning electron microscope (FESEM; Tokyo,
Japan). Raman spectra were obtained with Invia Renishaw
Raman microscope (Renishaw Plc, Gloucestershire, UK)
coupled with Philips charge-coupled device camera (Philips,
Amsterdam, The Netherlands) with 785 nm excitation laser.
The electrical measurements, that is, current—voltage (I-V)
characteristics, were performed by two-point probe measure-
ment with Ag wires attached to the Ag contacts made on
PANI film by thermal evaporation.

Results and discussion

The PANI films electropolymerized in the presence of 1 M
and 2 M concentration of HC1O,4 were characterized using a
range of characterization techniques to study the structural,
optical, morphological, and electrical properties.

Figure 1(a) and (b) shows the cyclic voltammograms
(CVs) of electrolyte containing aniline monomer with
1 M and 2 M concentrations of HCIO4. The CVs were
recorded for 10 successive cycles at a scan rate of 5 mV
s! for potential range from —0.35 to 1.70 V. The redox
peak attributed around —1.30 V and —1.20 V for the first
cycle of CV in the presence of 1 M and 2 M HCIO,
are associated with the oxidation of aniline oligomers.">
The decrease in growth rate upon repeating the potential
cycle is explained by the poor electrochemical activity of
the PANI film formed on the electrode surface due to the
difficulty in maintaining the protonated and doped struc-
tures of the polymers.'® The successive anodic scan shows
the presence of three distinct peaks marked as “a”, “b”,
and ““c” are assigned to the oxidation of fully reduced form
of PANI (leucoemeridine) to its polaron form, oxidation of
intermediate species, and final transition from delocalized
polaronic state to bipolaron or quinoid form, respectively.'®
The peak potential of peak a is shifted toward higher anodic
side with successive scanning could be due to the
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Figure 2. XRD pattern for polyaniline thin film electropolymer-
ized in the presence of | M and 2 M concentrations of HCIO,.
XRD: X-ray diffraction; HCIO,: perchloric acid.
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Figure 3. Optical absorption spectra of polyaniline thin films
recorded in the presence of (a) | M and (b) 2 M concentrations of
HCIO,. HCIOy: perchloric acid.

degradation of PANI deposited in the previous scan. After
completing 10 cycles, greenish-colored thin films were
deposited which confirms the formation of ES of PANI.
Figure 2 shows XRD pattern of doped PANI thin film
obtained from different concentrations of dopant acid.
Intense bands observed approximately at 20 of 15.4°,

24.2°, and 25.1° confirm the synthesis of ES of PANL'” The
crystallinity of PANI thin film deposited in the presence of 2
M HCIO,4 was found to be improved due to the change in
surface morphology and compactness. The values of full
width half maximum, 0.06° and 0.04°, were calculated for
PANI thin film deposited with 1 M and 2 M HCIOy,. Indeed,
we observed the change in the morphology as well as com-
pactness for the film grown at 1 M and 2 M concentration of
HCIO,. The optical absorption spectra are useful in order to
investigate the oxidation state of PANI. Figure 3 depicts the
optical absorption spectra of PANI films obtained during the
electropolymerization at (a) 1 M and (b) 2 M concentrations
of HCIOy, at a fixed scan speed of 5 mV s~ '. Three strong
absorption peaks attributed at 317, 371-427, and >750 nm
correspond to the formation of PANI in ES form.

The peak observed at 317 nm is attributed to the transi-
tion of electrons from the highest occupied molecular orbi-
tal to the lowest unoccupied molecular orbital which is
related to the 7—7* electronic transition.'® The other two
absorption peaks observed at about 371-427 nm and above
798-887 nm are associated with the polaron and bipolaron
band transitions of PANI, respectively.'® Basically the
polaron and bipolaron are the charge carriers in conducting
PANI. In our study, it is observed that at | M and 2 M con-
centration of the dopant acid features related to both the
polaron and the bipolaron are attributed, while at 2 M
dopant concentration the formation of bipolaron increases
due to availability of more hydrogen ions required for the
protonation. This indicates that the optical properties of
PANI are affected by dopant ions. Figure 4 demonstrates
the PL spectra of PANI thin films electropolymerized for
(a) 1 M and (b) 2 M concentration of HC1O,4. The samples
were excited at 270 nm wavelength. In both PL spectra,
four peaks are attributed with slight variation in wave-
length. The peak centered around 395-397 nm and 463—
466 nm originated due to 7*—r transition of the benzoid
units and de-excitation from polaron band, respectively.'®
The origin of the peak attributed at 607-613 nm is
unknown. The weak peak appeared at 722 nm is associated
with the bipolaron de-excitation. As the concentration of
dopant acid increases, the relative intensity of the peak ori-
ginated due to the de-excitation from polaron band also
increases.

The resonance Raman spectra of PANI at different
dopant acid concentrations were recorded using 785 nm
excitation are shown in Figure 5. The bands that appeared
in the wave number range of 1100-1700 cm ™" correspond
to the stretching modes of different bonds. Raman band at
1600 cm ™! is assigned to the C—C stretching vibration of
benzene ring. The band at 1510 cm™! is assigned to N-H
deformation vibrations. The band at 1341-1352 cm ™'
yields information about carrier vibrations in PANI in
C-N" polaronic structure. The band at 1245 cm™' can
be assigned to the C—N stretching mode of polaronic unit.
The intense band observed at 1170 cm ™' is related to C—H
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Figure 4. PL spectra of polyaniline thin films electropolymerized
in presence of (a) | M and (b) 2 M dopant acid concentrations. PL:
photoluminescence.
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Figure 5. Raman spectra of polyaniline thin films electropoly-
merized in the presence of (a) | M and (b) 2 M dopant acid
concentrations.

vibrations of aromatic rings. The band from 1000 to 400
cm™ ! gives information about deformation vibrations of
the benzene rings. The bands at 874, 812, and 424 cm™!
are in plane and out of plane vibrations of ring of

EHT = 5.00kV Signal A = InLens

WD = 4.7 mm Mag= 1424 KX

Figure 6. SEM images of polyaniline thin films deposited in the
presence of (a) | M and (b) 2 M HCIO,4. HCIO: perchloric acid;
SEM: scanning electron microscopy.

protonated emeraldine form of PANL?° The band
observed at 1375 cm™!, is generally present in the less
conducting form of PANI, which disappeared for the
PANI films deposited with higher (2 M) concentration
of HC10,4. The morphology of the PANI electropolymer-
ized in the presence of 1 M and 2 M concentrations of
dopant acid is shown in Figure 6(a) and (b), respectively.
Long fibers with few microns length and approximately
50-100 nm diameter are observed in SEM micrographs
of PANI films electropolymerized in the presence of 1
M dopant acid, whereas the microbelts and microrods of
diameter approximately 300 nm are formed in the pres-
ence of 2 M dopant acid concentration. Both films were
compact; however, the only film grown at 2 M dopant acid
concentration fully deposited all over the substrate could
be due to the high current flow from electrolyte to the
electrode.

Figure 7 shows the current density—voltage (J-V) curves
of PANI films electropolymerized in 1 M and 2 M concen-
trations of dopant acid. The J-V characteristics of the PANI
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Figure 7. J-V characteristics of polyaniline thin films deposited in
the presence of (a) | M and (b) 2 M concentration of HCIO,. J-V:
current density—voltage; HCIO,: perchloric acid.

films recorded at room temperature were shown to be
ohmic in nature. The values of conductivity calculated for
PANI film electropolymerized with 1 M and 2 M HCIO,
were 1.89 x 102 and 2.11 x 1073 Q" em ™!, respectively.

Conclusion

PANI nanofibers and belts were successfully electropolymer-
ized in the presence of HC1O,4. The effect of concentration of
HCI1O, on various properties of PANI was extensively stud-
ied. The XRD peaks observed at approximately15.4°, 24.2°,
and 25.1° confirm the formation of ES PANI. Highly crystal-
line PANI films were electropolymerized in the presence of 2
M dopant acid. Optical absorption spectra showed absorption
peak for m—7*, polaron, and bipolaron transitions. A broad
peak attributed in the PL spectra around 395 nm is related
to the transition from polaronic band to the 7 band. All the
intense bands attributed in the Raman spectra are associated
with the emeraldine oxidation state of PANI. FESEM images
reveal that the formation of two distinct morphology long

fibers and belts of PANI depend on the dopant acid concentra-
tion. Highly conducting thin films of PANI are obtained at
higher concentration of dopant acid.

Funding

The financial support received from Defence Research and Develop-
ment Organisation, New Delhi, India under the major research project,
ERIP/ER/10003866/M/01/1388 is gratefully acknowledged.

References

1. TanF, Qun S, Wu J, et al. Electrodeposited polyaniline films
decorated with nano-islands: characterization and application
as anode buffer layers in solar cells. Sol Energy Mater Sol
Cells 2011; 95: 440-445.

2. Zeng FW, Liu XX, Diamond D, et al. Humidity sensors based
on polyaniline nanofibres. Sensors Actuat B: Chem 2010;
143: 530-534.

3. Mallick K, Witcomb MJ, Dinsmore A, et al. Fabrication of a
metal nanoparticles and polymer nanofibers composite mate-
rial by an in situ chemical synthetic route. Langmuir 2005;
21: 7964-7967.

4. Shaikh SM, Lim JY and Joo OS. Electrochemical supercapa-
citors of electrodeposited PANI/H-RuO, hybrid nanostruc-
ture. Curr App! Phys 2013; 13: 758-761.

5. Grgur BN, Ristic V and Jugovic BZ. Polyaniline as possible
anode materials for the lead acid batteries. J Power Sources
2008; 180: 635-640.

6. Mortimer RJ, Dyer AL and Reynolds JR. Electrochromic
organic and polymeric materials for display applications.
Displays 2006; 27: 2—18.

7. YuG, Gao J, Hummelen JC, et al. Polymer photovoltaic cells:
enhanced efficiencies via a network of internal donor—accep-
tor heterojunctions. Science 1995; 270: 1789-1791.

8. Chaudhari S and Patil PP. Inhibition of nickel coated mild
steel corrosion by electrosynthesized polyaniline coatings.
Electrochim Acta 2011; 56: 3049-3059.

9. Baba A, Advincula RC and Knoll W. In situ investigations on
the electrochemical polymerization and properties of polyani-
line thin films by surface plasmon optical techniques. J Phys
Chem B 2002; 106: 1581-1587.

10. Wang CW, Wang Z, Li MK, et al. Well-aligned polyaniline
nano-fibril array membrane and its field emission property
Chem Phys Lett 2001; 341: 431-434.

11. Zhang X, Goux WJ and Manohar SK. Synthesis of polyani-
line nanofibers by nanofiber seeding. J Am Chem Soc 2004;
126: 4502-4503.

12. Huang J and Kaner RB. A general chemical route to polyani-
line nanofibers. J Am Chem Soc 2004; 126: 851-855.

13. Salavagione HJ, Sanchis C and Moralln E. Friendly condi-
tions synthesis of platinum nanoparticles supported on a con-
ducting polymer: methanol electrooxidation. J Phys Chem C
2007; 111: 12454-12460.

14. Focke WW, Wnek GE and Wei Y. Influence of oxidation
state, pH, and counterion on the conductivity of polyaniline.
J Phys Chem 1987; 91: 5813-5818.

Downloaded from hip.sagepub.com by guest on September 1, 2014


http://hip.sagepub.com/

646

High Performance Polymers 26(6)

15. Hong SY and Park SM. Electrochemistry of conductive poly-
mers. pH dependence of polyaniline conductivities studied by
current-sensing atomic force microscopy. J Phys Chem B 2005;
109: 9305-9310.

16. Stilwell DE and Park SMJ. Electrochemistry of conductive
polymers II. Electrochemical studies on growth properties
of polyaniline. Electrochem Soc 1988; 135: 2254-2262.

17. Chaudhari HK and Kelkar DS. X-ray diffraction study of
doped polyaniline. J Appl Polym Sci 1996; 62: 15-18.

18.

19.

20.

Abdulla HS and Abbo Al Optical and electrical properties of
thin films of polyaniline and polypyrrole. Int J Electrochem
Sci 2012; 7: 10666—10678.

Banerjee S, Sarmah S and Kumar A. Photoluminescence
studies in HCl-doped polyaniline nanofibres J Opt 2009; 38:
124-130.

Nascimento GM and Temperini MA. Studies on the
resonance Raman spectra of polyaniline obtained with near-
IR excitation. J Raman Spectroscopy 2008; 39: 772-778.

Downloaded from hip.sagepub.com by guest on September 1, 2014


http://hip.sagepub.com/
https://www.researchgate.net/publication/264716188_X-ray_diffraction_study_of_doped_polyaniline?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/264716188_X-ray_diffraction_study_of_doped_polyaniline?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/279555784_Optical_and_Electrical_Properties_of_Thin_Films_of_Polyaniline_and_Polypyrrole?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/279555784_Optical_and_Electrical_Properties_of_Thin_Films_of_Polyaniline_and_Polypyrrole?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/279555784_Optical_and_Electrical_Properties_of_Thin_Films_of_Polyaniline_and_Polypyrrole?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/6933974_Electrochemistry_of_Conductive_Polymers_36_pH_Dependence_of_Polyaniline_Conductivities_Studied_by_Current-Sensing_Atomic_Force_Microscopy?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/6933974_Electrochemistry_of_Conductive_Polymers_36_pH_Dependence_of_Polyaniline_Conductivities_Studied_by_Current-Sensing_Atomic_Force_Microscopy?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/6933974_Electrochemistry_of_Conductive_Polymers_36_pH_Dependence_of_Polyaniline_Conductivities_Studied_by_Current-Sensing_Atomic_Force_Microscopy?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/6933974_Electrochemistry_of_Conductive_Polymers_36_pH_Dependence_of_Polyaniline_Conductivities_Studied_by_Current-Sensing_Atomic_Force_Microscopy?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/225387770_Photoluminescence_studies_in_HCl-doped_polyaniline_nanofibers?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/225387770_Photoluminescence_studies_in_HCl-doped_polyaniline_nanofibers?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/225387770_Photoluminescence_studies_in_HCl-doped_polyaniline_nanofibers?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/278895512_Electrochemistry_of_conductive_polymers_V_In_situ_spectroelectrochemical_studies_of_polyaniline_films?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/278895512_Electrochemistry_of_conductive_polymers_V_In_situ_spectroelectrochemical_studies_of_polyaniline_films?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==
https://www.researchgate.net/publication/278895512_Electrochemistry_of_conductive_polymers_V_In_situ_spectroelectrochemical_studies_of_polyaniline_films?el=1_x_8&enrichId=rgreq-3456265afe2d4e1b4eb355e35102b18e-XXX&enrichSource=Y292ZXJQYWdlOzI3NTU1NzQ4MTtBUzoyNzk5OTYxNzk0NjgyOTBAMTQ0Mzc2NzY5OTYwMA==


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


