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Abstract. Reaction of N-(phenyl)-2-pyridinecarboxamide (HL') and N-(p-tolyl)-2-pyridinecarboxamide
(HL?) ligands with MnCl,-4H-O affords complexes [(HL')>MnCl,] 1 and [(HL"),MnCl,] 2. The structures
of 1 and 2 were determined by three-dimensional X-ray crystallography revealing that the Mn" ions as-
sume distorted octahedral geometry with coordination by two HL'/HL" ligands providing two pyridine N
and two amide O and two chloride ions. Notably, secondary interactions [C—H---Cl (pyridine 3-H hydro-
gen) and N-H---Cl (amide NH hydrogen)] triggered by Mn"-coordinated chloride ions acting as hydrogen
bonding acceptors generate self-complementary dimeric tectons, which lead to 2D supramolecular
architectures.
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1. Introduction

The basis of crystal engineering,' "' a sub-discipline
of supramolecular chemistry, is the identification and
exploration of reliable synthons” that can control the
dimensionality of the molecular assembly and thereby
lead to controlled supramolecular architectures. In
the context of inorganic crystal engineering,’"'' the
combination of coordination chemistry of metal—-
ligand coordination units with non-covalent interac-
tions, such as hydrogen bonding,'” provides a power-
ful method for generating supramolecular architectures
from simple building blocks (synthons/tectons). The
advantage of using transition metal complexes is
that the geometry of the central metal ion controls
the shape of the synthon. A typical geometry can
then be extended throughout the crystal if suitable
ligands are chosen/designed that carry sites suitable
for participation in non-covalent interactions with
nearest neighbours. In addition to the bench marked
C-H---N/O/S hydrogen bonds,"" the existence of C—
H---Cl hydrogen bonds'*'* triggered by terminal M—
Cl bonds*”'* have been well recognized in recent

*For correspondence

times. It is noticeable that terminal M—CI bonds are
distinctly directional acceptors of hydrogen bonds.
Because of our continued interest in both explora-
tion of coordination chemistry with pyridine amide
ligands" """ and inorganic crystal engineering focus-
ing in the creation of interesting supramolecular ar-
chitectures of various dimensionality using M"Cl/
MHCIZ/MHIClg-containing simple coordination com-
pounds as tectons via primarily C-H---Cl hydrogen
bonding interactions'*"’ we were motivated to focus our
attention to mononuclear pyridine amide complexes
[(HL")MnCl,] 1, [(HL*)MnCl,] 2 and [(HL*)MnCl,]
3 [HL', N-(phenyl)-2-pyridinecarboxamide; HL®, N-
(p-tolyl)-2-pyridinecarboxamide; HL’, N-(3-chloro-
phenyl)-pyridine-2-carboxamide] (figure 1).">'"***!
In these complexes the ligands coordinate in their
neutral form providing coordination by pyridine ni-
trogen and amide oxygen.'” In this report, we dem-
onstrate the existence of C-H:--Cl and N-H:--Cl
interactions as six-coordinate motifs of 1-3 act as
tectons leading to self-complementary dimers, which
eventually afford interesting 2D network assemblies.
To look for generalization of observed non-covalent
interactions and also for possible rationalization, in
this work we have analysed the secondary interac-
tions of the reported complex [(HL’);MnCl,] 3.%'
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2. Experimental

2.1 Materials

All reagents were obtained from commercial sources
and used as received. Solvents were dried/purified
as reported previously.”” " The ligands HL' and HL?
were synthesized as before.'>'*°

2.2 Physical measurements

Elemental analyses were obtained using Thermo
Quest EA1110 CHNS-O, Italy. Conductivity meas-
urements were done with an Elico type CM-82T
conductivity bridge (Hyderabad, India). Spectro-
scopic measurements were made using the following
instruments: IR (KBr, 4000-600 cm™), Bruker Vector
22; electronic, Perkin Elmer Lambda 2 and Agilent
8453 diode-array spectrophotometer. Magnetic sus-
ceptibility measurements on solid samples of 1 and 2
were done with a locally-built Faraday balance'>'®
equipped with an electromagnet with constant-gradient
pole caps (Polytronic Corporation, Mumbai, India),
Sartorius balance M-25-D/S (Géttingen, Germany),
a closed-cycle refrigerator, and a Lake Shore tem-
perature controller (Cryo Industries, USA). All
measurements were made at fixed main field
strength of 6 kG. Solution-state magnetic suscepti-
bilities were obtained by the NMR technique of Ev-
ans,”* in MeCN with a PMX-60 JEOL (60 MHz)
NMR spectrometer. Corrections underlying diamag-
netism were applied with the use of appropriate con-
stants.**

2.3 Synthesis of complexes

2.3a [(HL').MnCl,] (1): To a stirred solution of
HL' (0-05 g, 0-25 mmol) in dry MeCN (3 ml), solid

R=R'=H; HL!
R =Me, R'=H; HL.2
R=H,R' =Cl; HL3

Flgure 1. The ligands used for the synthesis of
[(HL )>MnCl,] (1) and [(HL*).MnCL] (2). The complex
[(HL*),MnCl,] (3) is reported in the literature.”!

Wilson Jacob and Rabindranath Mukherjee

MnCl,-4H,0 (0-025 g, 0-125 mmol) was added por-
tion-wise. The light yellow solution that resulted
was magnetically stirred for an hour. The light yel-
low precipitate that formed was filtered, washed
with a mixture of MeCN and diethyl ether and air-
dried. X-ray quality single crystals were grown by
vapour diffusion of diethyl ether into a solution of
the complex in EtOH (yield: 0-059 g, ~91%). Anal.
calcd. for C,4Hy0N,O0,CIbMn 1: C 55-14, H 3-83, N
10-72%. Found: C 54.90, H 3-52, N 10-97%. IR
(KBr, cm', selected peaks): 3345 v(N-H), 1640 v
(amide I) and 1550 v(amide II). Molar conductance,
Ay (MeCN, ~1 mol dm™, 298 K) =22 Q' cm” mol ™
(expected range” for 1:1 electrolyte: 120-160 Q'

cm’ mol ™). Absorption spectrum [Ama., nm (g, dm’

mol™' cm™)]: 240 (26 850), 290 (18 400) (in EtOH).
Here (solid, 300 K) =5-95 up. perr (MeCN, 300 K) =
5-85 up.

2.3b  [(HL?)-MnCl,] (2): The complex 2 was syn-
thesized following a closely similar methodology as
described for the synthesis of 1 (yield: 0-06 g,
N9O%). Anal. caled. for C26H24N402C12M1’1 2: C
56-70; H 4-36; N, 10-18%. Found: C 57-12; H 4-18,
N. 10-67%. IR (KBr, cm', selected peaks): 3340
v(N-H), 1630 v(amide I) and 1540 v(amide II). Molar
conductance, Ay (MeCN, ~1mol dm”, 298 K)=
8 Q' cm® mol™' Absorption spectrum [Am., nm (e,
dm’ mol™' em™)]: 250 (26 200), 280 (17 700) (in
EtOH). uer (solid, 300 K)=5-92 wp. prerr (MeCN,
300 K) =5-90 .

2.4  X-ray crystallography

Single crystals of suitable dimensions were used for
data collection. Diffracted intensities were collected
on a Bruker SMART APEX CCD diffractometer,
with graphite-monochromated Mo-K,, (1 =0-71073 A)
radiation at 100(2) K. For data reduction the ‘Bruker
Saint Plus’ program was used. Empirical absorption
correction (SADABS) was applied to data sets. The
structures were solved by SIR-97. expanded by Fou-
rier-difference syntheses and refined with the
SHELXL-97 package incorporated in the WinGX
1-64 crystallographic collective package.”* The posi-
tions of the hydrogen atoms were calculated assuming
ideal geometries, but not refined. All non-hydrogen
atoms were refined with anisotropic thermal parame-
ters by full-matrix least-squares procedure on F~. In-
termolecular contacts of the C—H:--Cl and N-H---Cl
type were examined with the DIAMOND package.”
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Data collection and structure refinement parameters for [(HL'),MnCl,] (1) and

1 2
Molecular formula C34H30C13N403Mn C36H34C13N403Mn
M, 522-28 550-33
Crystal colour, habit White, block White, block
Temperature (K) 100(2) 100(2)
Radiation used (A/A) Mo-K,, (0-71073) Mo-K,, (0-71073)
Cryst system Orthorhombic Orthorhombic
Crystal size (mm) 0-2 x 0-1 x 0-1 0-2 x 0-2 x 0-1
Space group Pbcn (no. 60) Pbcn (no. 60)
a (A) 13:268(5) 13-318(5)
b (A) 9-534(5) 9-501(5)
c (A) 17-368(5) 19-328(5)
17 (A% 2197-0(16) 2445.7(17)
7z 4 4
D.(g cm**) 1-579 1-495
4 (mm™) 0-875 0-791
F(000) 1068 1132
No. of reflns collected 13682 15308
No. of indep reflns (Ryy) 2720 (0-0522) 3040 (0-0515)
No. of reflns used (/ > 20 (I)) 2303 2335
Goodness-of-fit on £~ 1.077 1-141

R (R, (> 20(1)3“’
R (Ry) (all data)®

0-0476, 0-1085
0-0597, 0-1226

0-0520, 0-1290
0-0779, 0-1669

"R = 2(F| = [FVEIF. "Ry = (ZIw(Fo = [FY VR

C-H and N-H distances were normalized along the
same vectors to the neutron derived values of
1-083 A and 1.009 A, respectively.'? Pertinent crys-
tallographic parameters are summarized in table 1
and selected metric parameters are presented in table
2. Further details on the CIF files are available from
the Cambridge Crystallographic Data Center, 12 Un-
ion Road, Cambridge CB2 1EZ quoting the deposi-
tion numbers CCDC 648787 1 and CCDC 648788 2.

3. Results and discussion

3.1 Synthesis and properties

The complexes [(HL'),MnCl,] 1 and [(HL*);MnCl,]
2 were prepared by a straightforward stoichiometric
reaction between HL'/HL* and MnCl,-4H,0 in
MeCN. IR spectral data confirm that the ligands have
coordinated in their neutral form (scheme 1). In MeCN
the complexes behave as non-electrolyte.”> Micro
analytical, solution electrical conductivity and IR
spectral data conform to the formulations of 1 and 2.
The geqr values (~5-9 ) of 1 and 2 both in the solid
state and in MeCN solution are in conformity with
S'=5/2 state of manganese(Il). As expected, light
yellow solutions of 1 and 2 exhibit only metal-
perturbed intraligand transitions.

(A LAk

\ _
M— M_O
I I

c?”

O

Scheme 1. Resonance forms of metal chelates of pyri-
dine amide ligand coordinated in neutral form.

3.2 Crystal structures of [(HL').MnCl,] 1 and
[(HL?)-MnCl,] 2

Perspective views of the crystal structures of 1 and 2
are shown in figures 2 and 3, respectively. Selected
bond distances and angles are collected in table 2.
The manganese(Il) ion in both complexes sits on a
two-fold axis and is coordinated by two chloride
ions and two HL' ligands in 1 and two HL? ligands in
2. The two bidentate neutral pyridine-2-carboxamide
ligands are coordinated to the manganese(II) ion
through pyridine nitrogen and amide oxygen. The
geometry around the manganese(Il) ion is distorted
octahedral (table 2). The two chloride ions are mu-
tually cis to each other (table 2). The ligand bite angle
is 70-93° in 1 and 71-24° in 2. The Mn-N(pyridine)
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bond length is longer than Mn—-O(amide) oxygen
bond length by 0-063 A in 1 and 0-054 A in 2.
Shortening of M"-O(amide) bond lengths must be
due to better stabilization of positive charge on the
amide N atom and in turn gain of electron density
(and formal negative charge) on the carbonyl O
atom (scheme 1, resonance form II). This is sup-
ported by C-N and C-O bond lengths (table
2)."722% For a given ligand the angle between a
pyridine ring and a phenyl ring is 12-791(9)° for 1
and 12-347(8)° for 2. Thus the bidentate ligand is
almost planar. The bond lengths and angles in 1 and

Figure 2. Perspective view of [(HL'),MnCl,] (1).
Hydrogen atoms are omitted for clarity.

Figure 3. Perspective view of [(HL?),MnCl,] (2). Hy-
drogen atoms are omitted for clarity.
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2 are comparable with similar kind of complexes re-
ported in the literature,”*° including the structures
reported by us very recently.'” It should be men-
tioned here that the structure of [(HL’);MnCl,] 3
[HL® = N-(3-chlorophenyl)-pyridine-2-carboxamide]
is reported in the literature.”’ Within the complexes
1, 2 and 3 the Mn-O(amide) [2-244 for 1, 2-234 for
2 and 2-2158(14) for 3] and Mn—N(pyridine) [2-306
for 1, 2-291 for 2 and 2-2821(15) for 3] bond lengths
(A) follow the trend: 1 >2 > 3. Thus the amide oxygen
in 3 carries maximum negative charge and hence the
C-0 bond lengths (A) [1-238(3) for 1, 1-234(4) for 2
and 1-234(2) for 3] follow the trend 3 ~2 > 1. In line
with this the C-N bond lengths (A) [1-344(3) for 1,
1-341(4) for 2 and 1-336(2) for 3] follow the trend
1>2>3.

3.3 Secondary interactions

As part of our continued activity in inorganic crystal
engineering'®'’ involving C—H---Cl hydrogen bond-
ing interactions we have investigated the non-
covalent interactions in the crystal packing of 1 and
2 and also for the reported complex [(HL’);MnCl,]
3.*' For all three complexes 1-3 we have identified
discrete dimeric units, formed due to bifurcated® C—
H---Cl [C-H of pyridine ring 3-H] and N-H:--CI [N-H
of amide group] contacts. The case of 1 is displayed
in figure 4. In these dimers, the Mn---Mn distances
are 8:1691(25) A (for 1), 8-1798(25) A (for 2) and
8-1940(19) A (for 3). Notably, out of two Mn-
coordinated chloride ions only one is involved in
this dimer formation. These dimers form 2D-network
structures, utilizing similar C-H:--Cl and N-H:--Cl

Table 2. Selected bond distances (A) and angles (°) in
[(HL")>MnCl,] 1 and [(HL*)>MnCl,] 2.

1 2
Mn-N1 2:306(2) 2:291(3)
Mn-O1 2:244(2) 2:234(2)
Mn—Cl1 2-4582(10) 2-460(11)
C6-N2 1-344(3) 1-341(4)
Co-01 1-238(3) 1.235(4)
N1-Mn-O1 70-93(7) 71-25(9)
N1*-Mn-O1 107-75(7) 105-23(9)
N1-Mn—Cl1 88-80(6) 89-64(7)
N1-Mn—CI1* 92.26(6) 93-21(7)
01-Mn-Cl1 91-61(6) 91-24(7)
O1-Mn-Cl1* 156-37(5) 157-73(6)
Cl11-Mn—Cl1* 101-48(9) 101-42(9)

*Denotes the symmetry operator: —x + 1, y, —z + 1/2
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Table 3. Hydrogen bonding parameters for [(HL'),MnCl,] 1, [(HL*),MnCl,]

2 and [(HL*)>MnCl,] 3.

D-H---A H--4, A DA, A D-H---A
[(HL');MnCl] (1) _ . )
C4-H4---Cl1 2:3993(6)! 3.4819(9)" 178-698(21)"
N2-H5---Cl1 2:3506(8)' 3.4003(12)" 162-809(18)"
[(HL*),MnCl] (2) _ . )
C4-H4---Cl1 2-5137(6)! 3-4636(9)" 179-041(23)"
N2-H5---Cl1 2:5739(9)' 3.3899(12)" 167-077(21)"
[(HL*),MnCl] (3) .
C4-H4---Cl1 2-5246(6)™ 3.453621)" 176-81(12)"
N2-H2---Cl1 2:5102(8)" 3.3468(18)™ 164-365(98)"

Symmetry code: (i) 0-5+x, -0-5+y, 05—z (i) -0-5+x, 0-5+y, 0-5-z
(i) 1-5-x,05+y,z;(iv) 1-5-x,-05+y, z

Figure 4. View of the formation of self-complementary dimer via C-H---Cl and N-H---Cl in-
teraction in [(HL"),MnCl,] 1. All the hydrogen atoms except those involved in hydrogen bond-
ing have been omitted for clarity.

hydrogen bonding contacts of both chloride ions.
The case of 2 is shown in figure 5. Relevant hydrogen
bonding parameters are collected in table 3.
Compared to unsubstituted phenyl group in 1 and
electron-releasing (4-methyl substituted) phenyl group
in 2, due to the presence of 3-chlorophenyl group
the amide hydrogen in 3 is most acidic and in turn
takes part in strongest N—H---Cl interaction (table 3).
Within 1, 2 and 3 the strongest C—H---Cl interaction
observed is also for 3, implying that pyridine 3-H

hydrogen is most acidic (table 3). In other words,
the Mn—N(pyridine) bond distance is strongest in 3.
The observed C-H--Cl (2-3993-2-5246 A and
176-81-179-04°) and N-H--Cl (2-3506-2-5739 A
and 162-81-167-08°) hydrogen bonding parameters
are in good agreement with literature tabulations
(2:569-2.944 A and 119-3-169-2° for C-H---Cl).”’
Thus compared to literature values, C—H:--Cl inter-
actions in these complexes are quite strong (inter-
mediate contacts: 2-52-2-95 A; distances <2-52 A
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Figure 5. View of the formation of 2D network (ab plane) in [(HL*),MnCl,] 2 via C-H---Cl
and N-H---Cl hydrogen bonding. All the hydrogen atoms except those involved in hydrogen
bonding have been omitted for clarity.

are termed ‘short’)."* The strength of N-H.--Cl inter-
actions is reasonable'”>*® and in 1 the N-H---Cl in-
teraction is quite strong.

4. Conclusions

Using two bidentate pyridine amide ligands, two
manganese(Il) complexes have been synthesized and
structurally characterized. Structural analysis reveals
that the complexes have distorted octahedral geometry.
Examination of non-covalent interactions of these
complexes and also for that already reported in the
literature reveal that in these complexes strong in-
termolecular C-H---Cl and reasonable N-H:--Cl hydro-
gen bonding interactions are present. The secondary
interactions result in the formation of self-comple-
mentary dimers, which in turn lead to 2D supra-
molecular architectures.

Acknowledgements

Financial support received from the Council of Sci-
entific and Industrial Research (CSIR) and the De-
partment of Science and Technology (DST), Govern-
ment of India is gratefully acknowledged. WJ gratefully
acknowledges the award of a fellowship (SRF) by
CSIR.

References

1.

10.

11

Desiraju G R and Steiner T 1999 The weak hydrogen
bond in structural chemistry and biology (Oxford:
Oxford University Press)

Desiraju G R 2002 Acc. Chem. Res. 35 565

Moulton B and Zaworotko M J 2001 Chem. Rev. 101
1629

(a) Desiraju G R 1997 Chem. Commun. 1475; (b)
Desiraju G R 1995 Angew. Chem., Int. Ed. Engl. 34
2311

Aakerdy C B and Seddon K R 1993 Chem. Soc. Rev.
397

(a) Braga D 2003 Chem. Commun. 2751; (b) Braga D
2000 J. Chem. Soc., Dalton Trans. 3705; (c) Braga D
and Grepioni F 2000 Acc. Chem. Res. 33 601

(a) Aakeroy C B and Beatty A M 2001 Aust. J. Chem.
54 409; (b) Brammer L, Rivas J C M, Atencio R,
Fang S and Pigge F C 2000 J. Chem. Soc., Dalton
Trans. 3855

Brammer L 2003 in Perspectives in supramolecular
chemistry — crystal design: Structure and function
(ed.) G R Desiraju (Chichester: Wiley) vol 7, pp 1-75
(a) Brammer L 2003 Dalfon Trans. 3145; (b) Bram-
mer L, Swearingen J K, Bruton E A and Sherwood P
2002 Proc. Natl. Acad. Sci. (US4A) 99 4956; (c)
Brammer L, Bruton E A and Sherwood P 2001 Cryst.
Growth Des. 1277

Burchell T J, Eisler D J and Puddephatt R J 2004
Chem. Commun. 944

Aakerdy C B and Beatty A M 2004 in Comprehensive
coordination chemistry-II: From biology to nano-



12.
13.

14.

15.

16.

17.

18.

19.

Two-dimensional supramolecular networks via C—H---Cl and N-H ---Cl interactions

technology (eds) J A McCleverty and T J Meyer (vol.
ed.) A B P Lever (Amsterdam: Elsevier) vol. 1, pp
679

Steiner T 2002 Angew. Chem., Int. Ed. 41 48

(a) Aakeroy C B, Evans T A, Seddon K R and
Palinko I 1999 New J. Chem. 145; (b) Thallapally P
K and Nangia A 2001 Cryst. Eng. Commun. 27 1
Aullon G, Bellamy D, Brammer L, Bruton E A and
Orpen A G 1998 Chem. Commun. 653

(a) Ray M, Mukherjee R, Richardson J F, Mashuta M
S and Buchanan R M 1994 J. Chem. Soc., Dalton
Trans. 965; (b) Patra A K, Ray M and Mukherjee R
1999 J. Chem. Soc., Dalton Trans. 2461

(a) Patra A K and Mukherjee R 1999 Inorg. Chem. 38
1388; (b) Patra A K, Ray M and Mukherjee R 2000
Inorg. Chem. 39 652; (c) Singh A K, Balamurugan V
and Mukherjee R 2003 Inorg. Chem. 42 6497; (d)
Singh A K and Mukherjee R 2005 Dalton Trans.
2886; (e) Singh A K and Mukherjee R 2005 Inorg.
Chem. 44 5813

Jacob W and Mukherjee R 2006 Inorg. Chim. Acta
359 4565 and references therein

(a) Balamurugan V, Hundal M S and Mukherjee R
2004 Chem. Eur. J. 10 1683; (b) Balamurugan V,
Jacob W, Mukherjee J and Mukherjee R 2004 Cryst.
Eng. Comm. 6 396; (c) Balamurugan V and Mukher-
jee R 2005 Cryst. Eng. Commun. 7 337; (d) Balamu-
rugan V, Mukherjee J, Hundal M S and Mukherjee R
2007 Struct. Chem. 18 133

(a) Balamurugan V and Mukherjee R 2006 Inorg.
Chim. Acta 359 1376; (b) Mishra H and Mukherjee R

20.

21.

22.

23.
24.

25.

26.

27.

28.

453

2006 J. Organomet. Chem. 691 3545; (c¢) Mishra V,
Lloret F and Mukherjee R 2007 Eur. J. Inorg. Chem.
2161

(a) Zhang J, Liu Q, Duan C, Shao Y, Ding J, Miao Z,
You X-Z and Guo Z 2002 J. Chem. Soc., Dalton
Trans. 591; (b) Dutta S, Bhattacharya P K and
Tiekink E R T 2001 Polyhedron 2027; (c) Das A,
Peng S-M, Lee G-H and Bhattacharya S 2004 New. J.
Chem. 28 712

Yang Q Y, QiJY, Chan G, Zhou Z Y and Chan A S
C 2003 Acta Crystallogr. E59 m982

(@) Evans D F 1959 J. Chem. Soc. 2003; (b)
O’Connor C J 1982, Prog. Inorg. Chem. 29 203
Geary W J 1971 Coord. Chem. Rev. 7 81

Farrugia L J 2003, WinGX ver 1.64, An integrated
systems of windows programs for the solution, re-
finement and analysis of single-crystal X-ray diffrac-
tion data, Department of Chemistry, University of
Glasgow, Glasgow

DIAMOND 1999 ver 2.1c Crystal Impact GbR,
Bonn, Germany

Morsali A, Ramazani A and Mahzoub A R 2003 J.
Coord. Chem. 56 1555

(a) Taylor R and Kennard O 1982 J. Am. Chem. Soc.
104 5063; (b) Prabhakar M, Zacharias P S, Das S
2005 Inorg. Chem. 44 2585

(a) Rivas J C M, Prabaharan R, de Rosales R T M,
Metteau L and Parsons S 2004 Dalton Trans.
2800; (b) Khripun A V, Selivanov S I, Kukushkin
V Y and Haukka M 2006 Inorg. Chim. Acta 359
320




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


