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1. INTRODUCTION

Organic materials offer new methods and tech�
niques for solving unusual design problems in modern
industry and technology [1–8]. Among organic semi�
conductors, of particular attention are new phthalocy�
anine complexes. A wide class of materials including
such heterocyclic compounds as subphthalocyanine
[9] and supraphthalocyanine [10] which find wide use
in modern micro� and optoelectronics. Naphthalocy�
anines, as well as erbium phthalocyanine complexes,
strengthen the photovoltaic properties of multiwalled
nanotubes [11, 12]. In particular, this is facilitated by
an extra system of π electrons due to four additional
benzene groups [13]. The ability of silicon naphthalo�
cyanine complexes to form triplet states upon the
absorption of light photons in the red spectral region
and the reversible reaction with oxygen molecules
allowed naphthalocyanines to be used as singlet oxy�
gen generators [14]. Detailed description of the prop�
erties of naphthalocyanine complexes requires an
analysis of their properties and their dynamics of
change in that inorganic matrix whose characteristics
can be modified or strengthened. In this research, the

physical properties of naphthalocyanine complexes in
an external matrix are studied by infrared (IR) spec�
troscopy. This method for examining the state of
naphthalocyanine complexes has one important
advantage over chemical and ion–plasma analysis
methods: the system exposure does not lead to its
destruction.

The main objective of this research is the detailed
study of vibronic states in organic semiconductors
based on non�metal naphthalocyanine using IR spec�
troscopy and Raman scattering (RS).

2. EXPERIMENTAL 

Non�metal naphthalocyanine molecules were syn�
thesized according to the standard method described
in [15].

Finished phthalocyanine complexes were applied to
silicon and quartz substrates by liquid�drop adsorption.

The vibronic properties of organic semiconductor
structures based on phthalocyanine complexes were
studied by RS and IR spectroscopy methods. The RS
spectra excited to the wavelength 514 nm (Ar+ laser)
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were measured using a Horiba Jobin�Yvon T64000
micro�Raman spectrometer. The wave�number spec�
tral resolution was 1 cm–1. Measurements were per�
formed using the geometry of backscattered light nor�
mally incident on the sample surface at room temper�
ature.

The transmission spectra in the mid� and far�IR
spectral regions were measured using Bruker IFS 113v
and Tensor 26 Fourier spectrometers. The wave�num�
ber resolution was 2 cm–1.

To study the behavior of phthalocyanine complexes
in a flexible dielectric matrix, synthesized naphthalo�
cyanine complexes were adsorbed within an organic
porous matrix of microfibers. A tetrahydrofurane
(THF) solvent was used.

3. EXPERIMENTAL RESULTS
AND DISCUSSION

In the range 2830–3028 cm–1, three transmission
lines are observed, which characterize carbon–hydro�
gen bonds of peripheral molecular groups. As shown in
Fig. 1, the spectral positions of these lines are 2959,
2906, and 2866 cm–1. According to [16–20], two sym�
metric and two asymmetric vibrational modes can be
located in this range, however, the low�frequency
asymmetric mode may not appear (Fig. 1) in some
semiconductor structures based on phthalocyanine
complexes [16].

The line at 1943 cm–1 corresponds to C=C stretch�
ing vibrations of benzene rings closest to the molecule
center. In the Raman spectrum at 1938 cm–1, a low�
intensity line may appear, which also characterizes this
mode.

The absorption lines at 1830 and 1803 cm–1 can
correspond to vibrations of the naphtha group (an
additional benzene ring attached to the isoindol
molecular group). C=H bending vibrations and pyr�
role ring stretching vibrations can also contribute to
absorption lines.

In the region of 1770 cm–1 in the transmission
spectra, we can see a low�intensity line corresponding
to C=N stretching vibrations of the isoindol group and
muonic atoms (Fig. 2). Absorption lines at 1761, 1751,
and 1750 cm–1 can also appear in this region, which
characterize the C=C stretching vibrations of benzene
rings belonging to the naphtha group. It is difficult to
unambiguously interpret these lines, since they are
characterized by low intensity.

The naphtha�group vibrations also exhibit their
vibronic properties, significantly contributing to the
absorption line at 1720 cm–1. C=N stretching vibra�
tions of the pyrrole ring and bending vibrations of
C=H bonds arranged along benzene rings also con�
tribute to this line.

The absorption minima at 1712, 1669, 1651, and
1569 cm–1 correspond to stretching vibrations of ben�
zene rings arranged closer to the molecular complex
center. The absorption minima at 1545 and 1530 cm–1

characterize the coupled mode of muonic atoms and
the isoindol group, and vibrations of the isoindol
group itself.

In the range 1500–1400 cm–1, isoindol stretching
vibrations are observed, to which the lines at 1509,
1497, 1432, and 1415 cm–1 correspond. The absorp�
tion line at 1365 cm–1 corresponds to the same modes.
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Fig. 1. Spectral characteristics of the transmittance for an
organic semiconductor based on non�metal naphthalocy�
anines in the range 2831–3020 cm–1.
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Fig. 2. Spectral characteristics of the transmittance for an
organic semiconductor based on non�metal naphthalocy�
anines in the range 1647–1818 cm–1.
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In the region of 1460 cm–1, the transmission spec�
trum of the organic semiconductor based on non�
metal naphthalocyanine contains an absorption line
characterizing the stretching vibrations of isoindol and
bending vibrations of C–H bonds. The low�intensity
line at 1431 cm–1 is of the same origin (Fig. 3).

The line at 1415 cm–1 corresponds to the coupled
mode of bending vibrations of the pyrrole ring, bend�
ing vibrations of C–H bonds, and C–N stretching
vibrations of the isoindol group and muonic atoms
(Fig. 3).

Isoindol stretching vibrations exhibit their vibronic
properties at 1407 cm–1.

The line at 1324 cm–1 characterizes the bending
vibrations of all C–H bonds arranged along the perim�
eter of the naphthalocyanine molecule (Fig. 3).

The absorption minimum at 1253 cm–1 corre�
sponds to the bending vibrations of all C–H bonds
arranged along the perimeter of the naphthalocyanine
molecule (Fig. 3).

In the region of 1211 cm–1, we can see the contri�
bution of naphtha�group stretching vibrations and
C–H bond bending vibrations to the vibronic spec�
trum of the naphthalocyanine semiconductor (Fig. 3).

The mixed mode of naphtha group bending vibra�
tions and pyrolle ring C–H and N–H bonds is in the
region of 1058 cm–1 (Fig. 4).

Near this line, in the region of 1052 cm–1, there can
appear the mixed mode of naphtha group bending
vibrations and isoindol and azo�atom bond stretching
vibrations.

Stretching vibrations of the isoindol group are also
present at 543 cm–1.

The line at 936 cm–1 (Fig. 4) can correspond to
bending vibrations of the isoindol group.

The line at 613 cm–1 characterizes stretching vibra�
tions of the phthalocyanine ring.

In the region of 604 cm–1, the mode of the isoindol
and naphtha group torsional vibrations is observed.
This mode can also manifest itself at 571, 568, 565,
562, 516, and 503 cm–1.

The breathing mode of the phthalocyanine ring is
responsible for the lines at 493, 484, 445, and 175 cm–1.

The out�of�plane vibrations of the åðó�naphtha
group are responsible for absorption lines at 439, 428,
and 424 cm–1.

In the Raman spectra, maxima at 1629, 1596,
1538, 1407, 1356, 825, 767, 717, and 679 cm–1 are
detected, which also fully describe the pattern of
vibrational and rotational transitions within the
organic semiconductor under study (Figs. 5–8).

The maxima at 1629, 1596, and 1538 cm–1 corre�
spond to stretching vibrations of benzene rings (Fig. 5).

The RS lines at 1407 and 1356 cm–1 correspond to
stretching vibrations of the isoindol group. The signal
at 1365 cm–1 is the mixed mode of the naphtha group
and pyrrole ring stretching vibrations.

The RS lines at 1305 and 1321 cm–1 characterize
the mixed mode of C=C stretching vibrations of the
pyrrole ring and stretching vibrations of benzene
groups (Fig. 6).

The maximum at 1278 cm–1 corresponds to the
complex mode of stretching vibrations of the benzene
group and bending vibrations of C–H bonds. Bending
vibrations of C–H bonds also manifest themselves at
1219, 1178, and 1086 cm–1 (Fig. 7).
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Fig. 3. Spectral characteristics of the transmittance for an
organic semiconductor based on non�metal naphthalocy�
anines in the range 1160–1473 cm–1.
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Fig. 4. Spectral characteristics of the transmittance for an
organic semiconductor based on non�metal naphthalocy�
anines in the range 878–1111 cm–1.
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At 1143 cm–1 (Fig. 7), the mode of breathing vibra�
tions of the pyrrole ring is observed.

The RS line at 827 cm–1 corresponds to bending
vibrations of C=H bonds out of plane.

The RS maximum at 767 cm–1 corresponds to
stretching vibrations of the phthalocyanine ring.

The RS line in the region of 717 cm–1 corresponds
to torsional vibrations of the phthalocyanine ring.

The RS signal at 679 cm–1 corresponds to the
breathing mode of the naphthalocyanine rings.

All data obtained in this study are in good agree�
ment with published data [21, 22].

Having used detailed information on the vibronic
states of an organic semiconductor based on naphtha�
locyanines, we can give an informative [I’m not sure
which adjective works best here] description on an
organic heterostructure consisting of microfibers and
phthalocyanine molecular complexes. As the main
method for inspecting the heterostructure, IR spec�
troscopy is used. The reason for choosing this tech�
nique is the conventional geometry of the sample posi�
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Fig. 5. Spectral characteristics of the Raman scattering sig�
nal for an organic semiconductor based on non�metal
naphthalocyanines in the range 1490–1744 cm–1.
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Fig. 6. Spectral characteristics of the Raman scattering sig�
nal for an organic semiconductor based on non�metal
naphthalocyanines in the range 1227–1476 cm–1.
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Fig. 7. Spectral characteristics of the Raman scattering sig�
nal for an organic semiconductor based on non�metal
naphthalocyanines in the range 952–1200 cm–1.
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Fig. 8. Spectral characteristics of the Raman scattering sig�
nal for an organic semiconductor based on non�metal
naphthalocyanines in the range 472–856 cm–1.
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tion with respect to the radiation source. Figure 9
shows the spectrum of the dielectric matrix consisting
of microfibers. We can see that the dielectric matrix
spectrum is quite difficult for analysis, since it contains
many absorption lines in the range 7000 to 500 cm–1.
To prove that the choice of method for examining the
heterostructure was the correct one, a structure of
microfibers and lutetium diphthalocyanine is taken as
a reference sample (Figs. 10–11). Figure 10 shows that
IR spectroscopy allows the detection of intracenter
transitions in the microfiber type matrix (6400 cm–1)
in the lanthanide shell (Fig. 10, curve 7). A compari�
son of curves 1 and 2 shows that this method for ana�
lyzing the complex heterostructures makes it possible
to avoid methodical error. In particular, in the study of
a heterostructure containing a naphthalocyanine
semiconductor, there is no absorption minimum at
6400 cm–1, which correlates well with features of the
chemical composition of the phthalocyanine com�
plexes introduced into the matrix. An analysis of the
presented spectra shows that the behavior of phthalo�
cyanine semiconductors in the microfiber system can
be quite accurately described using IR spectroscopy in
the range 600 to 1600 cm–1 (Fig. 11). It appears that
the main absorption lines characterizing this sample
are a set of vibrations of the isoindol group, pyrrole
ring, naphtha group, and C–H bonds. The range 600–
800 cm–1 including vibrations of the phthalocyanine
ring is not appropriate for interpretation, since absorp�
tion lines of a phthalocyanine semiconductor are modu�
lated by intense absorption by matrix molecules.

4. CONCLUSIONS

The spectral dependences of the absorption in the
mid�IR region for organic semiconductors based on
non�metal naphthalocyanine were measured and ana�
lyzed. It was shown that three transmission lines are
observed in the range 2830–3028 cm–1, which charac�
terize carbon–hydrogen bonds of peripheral molecu�
lar groups. A series of lines, corresponding to torsional
vibrations of the naphtha group was detected. Further�
more, the spectral dependence of Raman scattering
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Fig. 9. Spectral dependences of the transmittance for the
heterostructure based on microfibers in the range 500–
7000 cm–1.
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Fig. 10. Spectral dependences of the transmittance for the
heterostructure based on microfibers and phthalocyanine
complexes in the range 5800–7000 cm–1: (1) lutetium
diphthalocyanine and (2) non�metal naphthalocyanine.
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Fig. 11. Spectral dependences of the transmittance for the
heterostructure based on microfibers and phthalocyanine
complexes in the range 500–1700 cm–1: (1) lutetium
diphthalocyanine and (2) non�metal naphthalocyanine.
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was interpreted in detail; it was detected that the phth�
alocyanine ring exhibits its vibronic properties as lines
at 767, 717, and 679 cm–1.

It was shown that IR spectroscopy allows adequate
analysis and examination of the state of complex het�
erocyclic molecules in heterostructures based on
microfibers.

It was found that the main absorption lines charac�
terizing the states of the phthalocyanine semiconduc�
tor in the complex matrix are in the range 600–
1600 cm–1 and correspond to vibrations of the isoindol
group, the pyrrole ring, the naphtha group, and the
C–H bond.

ACKNOWLEDGMENTS

This study was supported by the Russian Founda�
tion for Basic Research (project no. 09�02099698�a)
and the Ministry of Science and Education of the Rus�
sian Federation (contract no. 02.740.11.01319).

REFERENCES

1. L. Donaldson, Mater. Today 13, 8 (2010).

2. L. Donaldson, Mater. Today 13, 9 (2010).

3. J. Agbenyega, Mater. Today 13, 13 (2010).

4. Ch. Pool and F. Owens, Nanotechnologies (Tekhnos�
fera, Moscow, 2006; Wiley, Hoboken, NJ, 2003).

5. J. Agbenyega, Mater. Today 13, 10b (2010).

6. Yu. Al’tman, Military Nanotechnologies: Potential
Applications and Preventive Arms Control (Tekhnosfera,
Moscow, 2008) [in Russian].

7. J. Patterson, M. M. Martino, and J. A. Hubbell, Mater.
Today 13, 14 (2010).

8. L. Donaldson, Mater. Today 13, 10 (2010).

9. D. D. Diaz, H. J. Bolink, L. Cappelli, C. G. Claessens,
E. Coronado, and T. Torres, Tetrahedron Lett. 18, 4657
(2007).

10. N. B. McKeown, Phthalocyanine Materials. Synthesis,
Structure and Function (Cambridge Univ. Press, Cam�
bridge, 1998).

11. L. Cao, H.�Z. Chen, H.�B. Zhou, L. Zhu, J.�Z. Sun,
X.�B. Zhang, J.�M. Xu, and M. Wang, Adv. Mater. 15,
909 (2003).

12. W. Feng, Y. Li, Y. Feng, and J. Wu, Nanotechnology 17,
3274 (2006).

13. P. A. Firey, W. E. Michael, and A. J. Rodgers, J. Am.
Chem. Soc. 110, 7626 (1988).

14. S. Hayashida and N. Hayashi, Chem. Mater. 3, 92
(1991).

15. R. T. Kuznetsova, N. S. Savenkova, G. V. Maier,
S. M. Arabei, T. A. Pavich, and K. N. Solov’ev, J. Appl.
Spectrosc. 74, 485 (2007).

16. I. A. Belogorokhov, M. N. Martyshov, D. A. Mamichev,
M. A. Dronov, V. E. Pushkarev, Yu. V. Ryabchikov,
P. A. Forsh, L. G. Tomilova, and D. R. Khokhlov,
Semiconductors 44, 766 (2010).

17. I. A. Belogorokhov, E. V. Tikhonov, M. O. Breusova,
V. E. Pushkarev, L. G. Tomilova, and D. R. Khokhlov,
Semiconductors 41, 1204 (2007).

18. A. V. Ziminov, S. M. Ramsh, E. I. Terukov, I. N. Tra�
peznikova, V. V. Shamanin, and T. A. Yurre, Semicon�
ductors 40, 1131 (2006).

19. F. Lu, Q. Cui, and X. Yan, Spectrochim. Acta A 65, 221
(2006).

20. M. Bao, R. Wang, L. Rintoul, D. P. Arnold, and J. Jiang,
Vibrat. Spectrosc. 40, 47 (2006).

21. X. Sun, L. Rintoul, Y. Bian, D. P. Arnold, R. Wang, and
J. Jiang, J. Raman. Spectrosc. 34, 306 (2003).

22. F. Lu, L. Rintoul, X. Sun, D. P. Arnold, X. Zhang, and
J. Jiang, J. Raman. Spectrosc. 35, 860 (2004).

Translated by A. Kazantsev

SPELL: OK



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice




