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Palladium supported magnetic nanoparticle (Pd@Fe3O4/AMOCAA) was easily

prepared in the presence of Scrophularia striata extract and fully characterized

by FT-IR, SEM, VSM, TEM, TGA, XRD and EDAX. It was successfully

employed as an easily separable and reusable effective heterogeneous catalyst

classical Suzuki and Sonogashira cross-coupling reaction. Sustainability of the

methodology was reserved by easy recovery of the catalyst using an external

magnet and reusing it for 7 times without appreciable loss of its catalytic

activity.
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1 | INTRODUCTION

In recent years, the reactions involving cross-coupling
carbon–carbon bond formation have drawn widespread
interest due to their versatile implications in organic
transformation, especially in the total synthesis of natural
products, long-chain organic molecules for organo-
electronic applications and the development of bioactive
molecules.[1–6]

Due to a plethora of application and unique fea-
tures of C-C cross-coupling reactions, a great deal of
research has been devoted to the development of easily
isolable and renewable novel heterogeneous
catalysts.[7–12] Palladium is the most applicable metal
being used as catalyst in cross-coupling reactions, espe-
cially in Suzuki reaction that is one of the most com-
monly used coupling reactions especially in the
synthesis of hetrococyles[13] and total synthesis of natu-
ral products. The growing tendency to Suzuk reaction
is mostly due to the use of available, easy to handle
and safe starting materials.[14] Formation of C-C bonds
from this reaction is frequently the key-step of most
total syntheses of natural products[15,16] which led to
awarding the Chemistry Nobel Prize to its discoverer,

Prof. Akira Suzuki, in 2010, of course shared with
Richard Heck and Ichi Negishi.[17]

Suzuki reaction results in the formation of the bi-aryl
compounds which are often employed as appropriate
ligands and also are the key intermediates for the manu-
facture of various drugs such as antiplatelet, antidiuretic,
anti-inflammatory, antiviral (Figure 1.).[18–21]

Another type of Pd-based cross-coupling reaction is
called Sonogashira reaction is.[22] In this reaction, a Pd
(II) salt promotes the cross-coupling between a sp-
hybridized carbon atom of an alkyne and a sp2 carbon
atom of an aryl or vinyl halide (or triflate). Substituted
alkynes,[23] are the products of Sonogashira coupling and
may be useful in the synthesis of heterocycles[24] pharma-
ceutical complex molecules,[25] natural products[26] and
polymeric and optical materials (Figure 2).[27,28]

The original Suzuki and Sonogashira reactions were
performed in the presence of,active homogeneous cata-
lysts which later extensively developed converted also via
Pd- heterogenized catalyst by being immobilized over
various supports such carbon nanotubes, magnetic
nanoparticles, molecular sieves (SBA-15 and MCM-41),
metal oxides, ionic liquids and various polymers.[29–34]

Among these supports, magnetic nanoparticles have
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drawn sheer attention in last decade due to their versatile
properties like high thermal and mechanical stability,
large internal surface area, ease of separation using a
magnet bar and high concentration of surface OH groups
for secondary functionalization.[35–44]

Two main drawbacks of Pd- nanoparticles (Pd-NPs)
catalysts are their considerable leaching of the Pd species
to the reaction mixture causing the less catalytic activity
in the next cycles; and aggregation of the MNPs leading
to the increase of MNPs' size and decrease of their surface
area, thus resulting in their decrease in their catalytic
activity. Hence, using an appropriate support circumvent
the above- mentioned problems to provide the suitable
size of Pd–NPs and to avoid their leaching and thus to
increase the catalyst activity and recyclability.

In this regard, herein, we wish report the classical
Suzuki and Sonogashira cross-coupling reactions cata-
lyzed by palladium complexed with 2-(7-amino-4-methyl-
2-oxo-2H-chromen-3-yl)acetic acid modified in magnetic
nanoparticles. High yield, short time reaction, easy

FIGURE 1 Some biologically important

bi-aryls

FIGURE 2 Two substituted alkynes prepared via Sonogashira

reaction, under clinical trials for Alzheimer's disease

SCHEME 1 Synthesis of Pd@Fe3O4/AMOCAA
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separation of catalyst and reusability are the most impor-
tant features of our protocol.

2 | EXPERIMENTAL

2.1 | Materials and measurements

The chemicals used for the preparation of (Pd@Fe3O4/
AMOCAA) and studying its catalytic activity included

Iron (III) Chloride Hexahydrate (FeCl3.6H2O), Iron
(II) Chloride Tetrahydrate (FeCl2.4H2O),
3-(trimethoxysilyl)propyl methacrylate (MAPTMS),
2-(7-amino-4-methyl-2-oxo-2H-chromen-3-yl)acetic acid,
triethylamine, ammonia solution, toluene, Methanol,
ethanol, Pd (OAc)2, scrophularia striata extract, aryl
halide, arylboronic acid, halobenzenes, phenylacetylene,
propargyl alcohol, K2CO3, Cs2CO3, KOH, NaOH, distilled
water and EtOH, were all purchased from Sigma-Aldrich

FIGURE 3 FTIR spectrum of bare Fe3O4 nanoparticles (a), chloro-functionalized Fe3O4 (b) and Pd@Fe3O4/AMOCAA (c)

FIGURE 4 The TGA diagram of

Pd@Fe3O4/AMOCAA
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and used as received with no further purification. All
other materials used in this study were analytical grade.

The formation of Pd@Fe3O4/AMOCAA was con-
firmed by using various characterization techniques

FIGURE 5 SEM images of Pd@Fe3O4/AMOCAA catalyst at different magnifications

FIGURE 6 EDX spectrum of

Pd@Fe3O4/AMOCAA
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including SEM (FESEM-TESCAN MIRA3), TGA
(Shimadzu DTG-60), FT-IR (Bruker VERTEX 80 v
model using the KBr pellets), XRD (Co radiation
source with a wave length = 1.78897 Å, 40 Kv) and
EDAX (TSCAN).

2.2 | Preparation of (Pd@Fe3O4/
AMOCAA): General procedure

After the synthesis of Fe3O4 nanoparticles according to
the recently reported method,[31] 1 g of the prepared

magnetic nanoparticles was dispersed in solution contain
1.5 ml of 3-chloropropyltrimethoxysilane (CPTMS) in
20 ml dry toluene under reflux condition. After 24 hr, the
final product was separated with assistance of a magnetic
device, washed with hexane and dried at 50 �C to give
the Fe3O4 coated with CPTMS. Then, 2 mmol of
2-(7-amino-4-methyl-2-oxo-2H-chromen-3-yl) acetic acid
and 1.5 mmol triethylamine were added to dry toluene
under reflux conditions for 48 hr. The final product
(anchored Fe3O4 with 2-(7-amino-4-methyl-2-oxo-2H-
chromen-3-yl)acetic acid) was separated by a magnetic
bar, washed with deionized water/ethanol and dried at

FIGURE 7 The X-ray map analysis

of Pd@Fe3O4/AMOCAA catalyst
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50 �C. In the final step, 0.5 g Pd (OAc)2 was added to
solution of anchored Fe3O4 with 2-(7-amino-4-methyl-
2-oxo-2H-chromen-3-yl)acetic acid (AMOCAA) (1 g) in
absolute ethanol (30 ml) and refluxed for 16 hr. Then Pd
(II) ions reduced with scrophularia striata and then final
powder separated by magnetic field and washed with eth-
anol to afford the planned heterogeneous catalyst
(Scheme 1).

3 | RESULTS AND DISCUSSION

3.1 | Catalyst characterization

After successful synthesis of Pd@Fe3O4/AMOCAA, SEM,
FT-IR, EDX, VSM, TEM, XRD, TGA and ICP
techniques were used to determine the structure of
nanocomposite.

FT-IR spectra of bare Fe3O4 nanoparticles (a), chloro-
functionalized Fe3O4 (b) and Pd@Fe3O4/AMOCAA
(c) recorded in the range of 400–4000 cm−1. Figure 3
shows the O-H and Fe-O stretching vibration at approxi-
mately 3400–3500 and 580 cm−1, respectively, in all sam-
ples. In the FT-IR spectra of chloro-functionalized Fe3O4,
the presence of the characteristic absorption bands
around 2850–2950 were confirmed the presence aliphatic
C-H stretching vibration. The C=O stretching vibration
at approximately 1620, in FT-IR spectra of Pd@Fe3O4/
AMOCAA (c) was also confirmed the successful grafting
of ligand on the surface of Fe3O4.

The quantitative determination of the organic groups
on the surface of Fe3O4 nanostructure determined by
using TGA analysis that obtained about 35% for prepared
catalyst between 200 and 270 �C. The data of TGA analy-
sis was shown the decomposition of functional groups

FIGURE 8 XRD pattern of

Pd@Fe3O4/AMOCAA

FIGURE 9 Magnetization curves for

Pd@Fe3O4/AMOCAA catalyst at room

temperature
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chemisorbed onto the surface of Fe3O4 nanoparticle
(Figure 4).

The spherical shape of Pd@Fe3O4/AMOCAA
nanoparticles was confirmed by using SEM images in
Figure 5.

The presence of Fe, O, N, C and Pd specie in the
Pd@Fe3O4/AMOCAA nanocatalyst was confirmed by the
energy-dispersive X-ray spectroscopy (EDX) analysis
(Figure 6). Amount of Pd loaded on modified magnetic

nanoparticles was obtained 1.32 mmol g−1 by ICP
analysis.

The X-ray mapping of Pd@Fe3O4/AMOCAA was
recorded in order to evaluate the dispersion of Pd active
sites in the catalyst in which indicated a good dispersion
of Pd on surface of catalyst (Figure 7).

The structural and textural properties of catalyst
recorded by powder X-ray diffraction (Figure 8) which in
that the presence of a six peaks assigned to (2 2 0), (3 1
1), (4 0 0), (4 2 2), (5 1 1), and (4 4 0) reflections verified
the magnetite phase (JCPDS#01–075-0449) of Fe3O4.

The magnetic property of Pd@Fe3O4/AMOCAA was
investigated using vibrating sample magnetometer (VSM)
technique (Figure 9). More importantly, VSM measure-
ments for Fe3O4 nanoparticles (77 emu g−1)[31] is higher
than Pd@Fe3O4/AMOCAA (43.41 emu g−1). Decrease in
magnetic property of Pd@Fe3O4/AMOCAA is due to the
immobilization of Pd complex on the surface of Fe3O4

nanoparticles.
As shown in TEM images, Pd@Fe3O4/AMOCAA

nanocatalyst was made up of uniform quasi-spherical
particles with a diameter range of about 30–40 nm
(Figure 10).

3.2 | Catalytic activity

In the next step, the catalytic activity of Pd@Fe3O4/
AMOCAA was studied. Considering the importance of
the coupling reaction and the utility of biaryls for the
synthesis of more biologically active compounds, the
Suzuki reaction was targeted. Initially, a model reactionFIGURE 10 TEM images of Pd@Fe3O4/AMOCAA catalyst

TABLE 1 Optimization of the reaction conditions for Suzuki and Sonagashira coupling reaction catalyzed by Pd@Fe3O4/AMOCAA

Entry Reactin Condition Catalyst (g) Suzuki/Sonagashira Time (h) Suzuki/Sonagashira Yield (%)

1 H2O/r.t 0.02 4 3 73 70

2 EtOH/r.t 0.02 4 3 70 67

3 H2O-EtOH/r.t 0.02 3.5 2.5 86 85

4 uloene/r.t 0.02 4 3.5 74 70

5 CH3CN/r.t 0.02 3.5 3.5 71 69

6 H2O-EtOH/50 0.02 3.2 2.5 95 93

7 H2O-EtOH/80 0.02 2 1.8 100 97

8 H2O/50 �C 0.02 3.5 3 85 80

9 H2O/80 �C 0.02 3 2.5 95 92

10 EtOH/50 �C 0.02 4 3 83 80

11 EtOH/80 �C 0.02 3 2.5 92 90

12 Tuloene/80 �C 0.02 3.5 3.5 89 88

13 H2O-EtOH/80 �C 0.01 3 3 97 94

14 H2O-EtOH/80 �C 0.03 2 1.8 100 98

Reaction conditions: K2CO3 (3 mmol), Pd@Fe3O4/AMOCAA as catalyst, Solvent (5 ml).
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TABLE 2 Suzuki reaction of various aryl halides with aryl boronic acids catalyzed by Pd@Fe3O4/AMOCAA

Entry R1 R2 X Time (h) Yield (%)b

1 H H I 1.5 100

2 H H Br 1.5 95

3 H H Cl 2.5 75

4 H Me I 1.5 90

5 H Me Br 3 79

6 H Me Cl 4 75

7 4-Me H I 1.5 99

8 4-Me H Br 1.5 96

9 4-Me H Cl 3 79

10 4-NO2 H I 1.5 98

11 4-NO2 H Br 2 96

12 4-NO2 H Cl 3 78

13 4-Me Me I 2 95

14 4-Me Me Br 3 60

Reaction conditions: Aryl boronic acid (1.2 mmol), Aryl halide (1 mmol), K2CO3 (3 mmol), Pd@Fe3O4/AMOCAA as catalyst, EtOH: H2O (5 ml), 80 �C.

TABLE 3 Pd@Fe3O4/AMOCAA catalyzed Sonogashira reaction of various halides with terminal alkynes

Entry R1 R2 X Time (h) Yield (%)b

1 H Ph I 1 96

2 4-Me Ph I 1.2 91

3 4-MeO Ph I 1.2 90

4 4-NO2 Ph I 1 92

5 1-naphtalene Ph I 2 79

6 H CH2OH I 1.5 89

7 4-Me CH2OH I 1.8 93

8 4-MeO CH2OH I 1.8 91

9 4-NO2 CH2OH I 1.5 92

10 1-naphtalene CH2OH I 2 85

11 H Ph Br 2 84

12 H Ph Cl 3 82

Reaction conditions: alkynes (1.2 mmol), Aryl halide (1 mmol), K2CO3 (3 mmol), Pd@Fe3O4/AMOCAA as catalyst, EtOH: H2O (5 ml), 80 �C.
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of 4-bromotoluene and phenyl boronic acid was selected
to optimize the catalyst amount, solvent, and the reaction
condition. H2O-EtOH (1:1) as the solvent showed the
most favorable results among other tested solvents,
EtOH, H2O, Toluene, CHCl3 and CH3CN (Table 1).
Besides, the best results were found in the presence of
0.02 g of the catalyst.

In the following, the catalytic activity of
Pd@Fe3O4/AMOCAA was investigated for Sonogashira
coupling reaction in the absence of copper co-catalyst.
The reaction of iodobenzene and phenylacetylene was
selected as a model reaction and performed in the
presence of various solvents temperature, bases and
the catalyst amount. In this reaction, the use of H2O-
EtOH (1:1) as the solvent, K2CO3 as the base, and
0.02 g of the catalyst resulted the high yield of the
product.

Next, the generality of the presented protocol was
investigated. For this purpose in Suzuki reaction, various
substituted aryl halides and aryl boronic acids with differ-
ent electronic properties, were applied as substrates. The
results are summarized in Table 2.

With the optimized reaction conditions in hand, the
generality of this methodology was confirmed in
Sonogashira reaction by applying different alkynes and
aryl halides. The results are summarized in Table 3.

3.3 | Catalyst recyclability

Finally, the recyclability of Pd@Fe3O4/AMOCAA afore-
mentioned model Suzuki and Sonogashira cross-coupling
reactions were studied. For the purpose, in both model
reactions upon the completion of reactions the magnetic
catalyst was easily separated using a simple magnet bar,
washed with methanol and dried (at 60 �C, overnight)
and then used in the next run of the reactions. The
results of recycling of Pd@Fe3O4/AMOCAA after seven

reaction runs is depicted in Figure 11. As can be realized
after 7 runs no appreciated in loss of catalyst activity
were observed. It was be found that the leaching of palla-
dium from catalyst surface is very negligible in the
Suzuki reaction. According to ICP-OES analysis, the
exact amount of loaded palladium at least for six consec-
utive cycles was found to be 1.27 mmol g−1.

4 | CONCLUSION

In conclusion, herein, we presented a new and recover-
able catalyst, prepared by complexing Pd with coumarin-
3-acetic acid derivative tailored magnetic nanoparticles
and investigated its catalytic activity in the C-C bond for-
mation reaction via two classical reactions, namely
Suzuki and Sonogashira cross-coupling reactions. More
importantly, the use of non-toxic and commercially avail-
able or easily accessible stating materials, easy recovery
and potential recyclability, high yields in short reaction
times, the operational simplicity, high activity and high
stability have made this protocol suitable for industrial
and pharmaceutical applications.in addition for execut-
ing in bench.

ACKNOWLEDGMENTS
The authors are grateful to Alzahra University Research
Council for partial financial support. MMH is also thank
full to Iran National Science Foundation (INSF) for the
granted individual research chair.

ORCID
Majid M. Heravi https://orcid.org/0000-0002-9259-0591

REFERENCES
[1] M. Khanmoradi, M. Nikoorazm, A. Ghorbani-Choghamarani,

Catal. Lett. 2017, 147, 1114.

FIGURE 11 Recyclability of the

Pd@Fe3O4/AMOCAA catalyst in the (a) Suzuki-

Miyaura and (b) Sonogashira coupling reactions

PD@FE3O4/AMOCAA:A HETEROGENEOUS CATALYST FOR CROSS-COUPLING REACTIONS 9 of 10

https://orcid.org/0000-0002-9259-0591
https://orcid.org/0000-0002-9259-0591


[2] J. Yang, S. Liu, J. F. Zheng, J. Zhou, Eur. J. Org. Chem. 2012,
31, 6248.

[3] T. Tamoradi, A. Ghorbani-Choghamarani, M. Ghadermazi,
Polyhedron 2018, 145, 120.

[4] X. H. Li, M. Baar, S. Blechert, M. Antonietti, Sci. Rep. 2013, 3,
1743.

[5] A. Ghorbani-Choghamarani, A. Naghipour, F. Heidarizadi,
R. Shirkhani, Inorg. Chim. Acta 2016, 446, 97.

[6] M. Samarasimharseddy, G. Prabhu, T. M. Vishwanatha,
V. V. Sureshbabu, Synthesis 2013, 45, 1201.

[7] M. Hajjami, B. Tahmasbi, RSC Adv. 2015, 5, 59194.
[8] H. Veisi, M. Ghadermazi, A. Naderi, Appl. Organomet. Chem.

2016, 30, 341.
[9] M. Tobisu, T. Xu, T. Shimasaki, N. Chatani, J. Am. Chem. Soc.

2011, 133, 19505.
[10] J. H. Li, Y. Liang, Y. Y. Xie, Tetrahedron 2005, 61, 7289.
[11] A. Molnar, Chem. Rev. 2011, 111, 2251.
[12] N. Miyaura, A. Suzuki, Chem. Rev. 1995, 95, 2457.
[13] M. M. Heravi, E. Hashemi, Tetrahedron 2012, 68, 9145.
[14] A. Suzuki, J. Organomet. Chem. 2002, 653, 83.
[15] M. M. Heravi, E. Hashemi, Monatsh. Chem. 2012, 143, 861.
[16] A. Taheri Kal Koshvandi, M. M. Heravi, T. Momeni, Appl.

Organomet. Chem. 2018, 32, e4210.
[17] A. Suzuki, Angew. Chem. Int. Ed. 2011, 50, 6722.
[18] J. Kim, T. M. Swager, Nature 2001, 411, 1030.
[19] Y.-Q. Fang, R. Karisch, M. Lautens, J. Org. Chem. 2007, 72,

1341.
[20] G. Bringmann, S. Rüdenauer, T. Bruhn, L. Benson, R. Brun,

Tetrahedron 2008, 64, 5563.
[21] J. Hassan, M. Sevignon, C. Gozzi, E. Schulz, M. Lemaire,

Chem. Rev. 2002, 102, 1359.
[22] L. Cassar, J. Organomet. Chem. 1975, 93, 253.
[23] K. Nicolaou, W. M. Dai, Angew. Chem. Int. Ed. Engl. 1991, 30,

1387.
[24] M. M. Heravi, S. Sadjadi, Tetrahedron 2009, 65, 7761.
[25] N. D. Cosford, L. Tehrani, J. Roppe, E. Schweiger,

N. D. Smith, J. Anderson, L. Bristow, J. Brodkin, X. Jiang,
I. McDonald, J. Med. Chem. 2003, 46, 204.

[26] V. Francke, T. Mangel, K. Müllen, Macromolecules 1998, 31,
2447.

[27] K. Sonogashira, Y. Tohda, N. Hagihara, Tetrahedron Lett.
1975, 16, 4467.

[28] T. Hosseinnejad, M. Heravi, R. Firouzi, J. Mol. Model. 2013,
19, 951.

[29] M. Melchionna, S. Marchesan, M. Prato, P. Fornasiero, Catal.
Sci. Technol. 2015, 5, 3859.

[30] J. Chen, W. Su, H. Wu, M. Liu, C. Jin, Green Chem. 2007,
9, 972.

[31] T. Tamoradi, A. Ghorbani-Choghamarani, M. Ghadermazi,
New J. Chem. 2017, 41, 11714.

[32] D. A. Kotadia, S. S. Soni, J. Mol. Catal. A. 2012, 353, 44.
[33] X. Wang, W. Chen, L. Yan, Mater. Chem. Phys. 2014, 148, 103.
[34] T. Tamoradi, M. Ghadermazi, A. Ghorbani-Choghamarani,

Catal. Lett. 2018, 148, 857.
[35] Z. K. Ghezeli, M. Hekmati, H. Veisi, Appl. Organomet. Chem.

2019, 33, e4833.
[36] S. Lotfi, H. Veisi, Mater. Sci. Eng. C 2019, 103, 109754.
[37] M. Nemati, T. Tamoradi, H. Veisi, Polyhedron 2019, 167, 75.
[38] B. Atashkar, A. Rostami, A. Rostami, M. A. Zolfigol, Appl.

Organomet. Chem. 2019, 33, e4691.
[39] T. Tamoradi, A. Ghorbani-Choghamarani, M. Ghadermazi,

Solid State Sci. 2019, 88, 81.
[40] S. Sajjadifar, M. A. Zolfigol, F. Tami, J. Chin. Chem. Soc. 2019,

66, 307.
[41] L. Zhang, P. Li, J. Yang, M. Wang, L. Wang, ChemPlusChem

2014, 79, 217.
[42] L. Zhang, P. Li, C. Liu, J. Yang, M. Wang, L. Wang, Catal. Sci.

Technol. 2014, 4, 1979.
[43] P. Li, L. Wang, L. Zhang, G. W. Wang, Adv. Synth. Catal. 2012,

354, 1307.
[44] L. Zhang, P. Li, H. Li, L. Wang, Catal. Sci. Technol. 2012, 2,

1859.

SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Tamoradi T, Daraie M,
Heravi MM. Synthesis of palladated magnetic
nanoparticle (Pd@Fe3O4/AMOCAA) as an efficient
and heterogeneous catalyst for promoting Suzuki
and Sonogashira cross-coupling reactions. Appl
Organometal Chem. 2020;e5538. https://doi.org/10.
1002/aoc.5538

10 of 10 TAMORADI ET AL.

https://doi.org/10.1002/aoc.5538
https://doi.org/10.1002/aoc.5538

	Synthesis of palladated magnetic nanoparticle (Pd@Fe3O4/AMOCAA) as an efficient and heterogeneous catalyst for promoting Su...
	1  INTRODUCTION
	2  EXPERIMENTAL
	2.1  Materials and measurements
	2.2  Preparation of (Pd@Fe3O4/AMOCAA): General procedure

	3  RESULTS AND DISCUSSION
	3.1  Catalyst characterization
	3.2  Catalytic activity
	3.3  Catalyst recyclability

	4  CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 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 /HighResolution
      >>
      /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


