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Selected examples showing the influence of molecular shape and 
volume (including chirality) on mesomorphic properties, mesophase 

structure and physical properties of metallomesogens



3rd example: Dirhutenium carboxylates: 
Molecular design of columnar LC order

Building Blocks for
Coordination Polymers
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Stereochemical Aspects of Metallomesogens – Example # 3

Metal-Metal bonded systems
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IV - Magnetic Properties of Ru2(O2CR)4X

III – A model for the ColH mesophase of the Ru2(O2CR)5 series

I – Molecular Structure / LC properties relationship

3rd example: Dirhutenium carboxylates: 
Molecular design of columnar LC order

Building Blocks for
Coordination Polymers
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Stereochemical Aspects of Metallomesogens – Example # 3

Metal-Metal bonded systems
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II – Model for the Lamellar Crystalline phase of Ru2(O2CR)4X series



V – Thermal Decomposition / Stability

Ru0 + CO2 +  ...
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Stereoch. Asp. Metallomesogens – Ex. #3   (Stability of Ru2(O2CR)4X)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Stability of Ru2(O2CR)4X)



VI –Supramolecular Structure in ColH Ru2(B3OCn)4Cl 
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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3 independent estimations for h ≈ 6.1 – 6.4 Å

Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)

V = S.h = p Vo

Vo = Vpc + 12 (n VCH2 + ∆VCH3)

S = (p/h) [Vpc + 12 ∆VCH3] + (p/h) 12 n VCH2

hest ≅ Voest / SXRD

Voest ≅ V Ru2(O2CPh)4Cl + 12 ((n-1) VCH2 + VOCH3)

Checked against results from 
dilatometry and flotation experiments
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3 independent estimations for h ≈ 6.1 – 6.4 Å < 7.4 Å (Σd)

What are the molecular and supramolecular structures 
giving rise to this ColH mesophase?

Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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Is the molecular binuclear structure preserved in ColH?

LOCAL PROBES:

1) Molecular Magnetism (SQUID)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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LOCAL PROBES:

2) Resonance Raman
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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LOCAL PROBES:

3) EXAFS (basics)

Kr (g)



Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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LOCAL PROBES: 3) EXAFS (basics: signal extraction)



Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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LOCAL PROBES: 3) EXAFS (basics: signal analysis)

χ(k) = Σ Ns (fs(π,k)/k Ras
2)  exp(-Ras/λf) exp(-2σas

2k2) sin (2kRas +  αas (k))



Stereochemical Aspects of Novel Materials UCSB – ICMR Summer School 2005

Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)

LOCAL PROBES:

3) EXAFS (Results)

1 2

1 Shell 2 Shell

Element O Ru

N 4,04 0,84

R 1,99 2,29

∆σ 1,4*10-4 1,2*10-6

∆E -0,67 -2,6

χ2 5*10-6 6,1*10-6
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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retained in the mesophase



Proposed Model (2001)

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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Proposed Model (2001)

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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Binuclear “Molecular” structure 
retained in the mesophase

* Orbital overlap

* Packing efficency

* Microsegregation



Proposed Model (2001)

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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* Orbital overlap

* Packing efficency

* Microsegregation
Role of coordination bonds



Proposed Model (2001)

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)



Proposed Model (2001)

Chaia et al, Mol. Cryst. Liq. Cryst. 330, 213 (1999)
Rusjan et al, Langmuir 18, 10116 (2002)

Crystalline structure of a short 
chain homolog (2004)

Persello, Gómez, Fagnola, Baggio, et al (to be sent)

ϕRu-Cl-Ru = 116º
h = 6,4 Å
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Stereoch. Asp. Metallomesogens – Ex. #3   (Model for Ru2(B3OCn)4Cl)
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Stereoch. Asp. Metallomesogens – Ex. #3   (Chiral centers in Ru2(BmOCn)4Cl)

VII – Chiral centers at ReqCO2 : Preliminary results 
Chiral equatorial ligand:
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Stereochemical Aspects of Metallomesogens – Example # 4

4th example: Lyotropic polymeric
dirhutenium carboxylates

Stereochemical Aspects of Novel Materials UCSB – ICMR Summer School 2005

Supramolecular changes by solvent addition
Aims:

- Decrease melting
temperatures

- Decrease viscosity

+ C12H26 Rusjan et al, Langmuir. 18, 10116 (2002)



Stereochemical Aspects of Metallomesogens – Example # 4

4th example: Lyotropic polymeric
dirhutenium carboxylates

1st observation:

Progressive decrease of
melting temperatures
with added solvent
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Supramolecular changes by solvent addition
Aims:

- Decrease melting
temperatures

- Decrease viscosity

+ C12H26 Rusjan et al, Langmuir. 18, 10116 (2002)



ColH

NCol

Stereochemical Aspects of Metallomesogens – Example # 4

2nd observation:  Phase diagrams and sequences
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ColH

NCol

Stereochemical Aspects of Metallomesogens – Example # 4

2nd observation:  Phase diagrams and sequences
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3rd observation: Swelling
of the ColH phase



Stereochemical Aspects of Metallomesogens – Example # 4

Assuming additive volumes: 

V=Vo+VoΦ ⇒ Sh=Soho+SohoΦ

and h = ho ⇒ S/So=1+Φ linear (slope = 1)
Stereochemical Aspects of Novel Materials UCSB – ICMR Summer School 2005

C vd

(1-C) vc
Φ =Φ = volumetric fraction of added sovent

4th observation: Structural analysis of the swelling process



Stereochemical Aspects of Metallomesogens – Example # 4
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40oC
70oC

100oC
3,4,5-B3OC14 3,5-B2OC14

3,4-B2OC14

Structural analysis of the swelling process
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Stereochemical Aspects of Metallomesogens – Example # 4

Structural analysis of the swelling process - a possibe
explanation: change in poymeric chains conformation

+ Orbital overlap

+ Packing efficency

+ Microsegregation

Added solvent might relax last 2 constraints, allowing the
orbital overlap taking its best value
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

5th example: Columnar mesophases in 
rhodium “neutral” coordination polymers

Molecular shape and volume based design of
thermotropic columnar “neutral” coordination polymers
Previous attempts to obtain columnar M2(O2CR)4BL- polymers 
(Attard, Serrano, Van Hecke, Cukiernik, Chisholm): unsuccesful

Strategy (again!):

Intracolumnar filling
of the intermolecular 
space by using
bulky equatorial
carboxylates



• Job UV/Vis
• elem. an.
• FTIR
• NMR
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

5th example: Columnar mesophases in 
rhodium “neutral” coordination polymers

Molecular shape and volume based design of
thermotropic columnar “neutral” coordination polymers
Previous attempts to obtain columnar M2(O2CR)4BL- polymers 
(Attard, Serrano, Van Hecke, Cukiernik, Chisholm): unsuccesful

Strategy (again!):

Intracolumnar filling
of the intermolecular 
space by using
bulky equatorial
carboxylates
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

5th example: Columnar mesophases in 
rhodium “neutral” coordination polymers

Molecular shape and volume based design of
thermotropic columnar “neutral” coordination polymers
Previous attempts to obtain columnar M2(O2CR)4BL- polymers 
(Attard, Serrano, Van Hecke, Cukiernik, Chisholm): unsuccesful

Strategy (again!):

Intracolumnar filling
of the intermolecular 
space by using
bulky equatorial
carboxylates
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

Rusjan et al, Chem. Mater. 14, 1564 (2002)

I – Mesomorphic behaviour 
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S=(p/h).[Vpc + 4m.∆V CH3] + (p/h).[4m.VCH2].n

3,4-B2OCn Colr
h/p= 1,95Å

3,4,5-B3OCn Colh
h/p= 7,2Å

3,4-B2OCn Colh
h/p= 3,95Å

Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

II – Supramolecular models for the precursors
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

Rh2(3,4,5-B3OCn)4 Series

h/p = 7,2(4)Åh‘ 4h
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

Rh2(3,4,5-B3OCn)4 Series
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

Rh2(3,4,5-B3OCn)4 Series
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

Series LC behaviour 

Rh2(3,4-B2OCn)4pz ColR   //    Cub 

Rh2(3,5-B2OCn)4pz NCol 

Rh2(3,4,5-B2OCn)4pz ColH 
 

 

III – LC behavior  & Supramolecular models for the polymers

h = 8.7 Å
correl 80 Å (9 units)

h = 7.6 Å
correl 130 Å (17 units)
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

Series LC behaviour 

Rh2(3,4-B2OCn)4pz ColR   //    Cub 

Rh2(3,5-B2OCn)4pz NCol 

Rh2(3,4,5-B2OCn)4pz ColH 
 

 

III – LC behavior  & Supramolecular models for the polymers

h = 8.7 Å
correl 80 Å (9 units)

h = 7.6 Å
correl 130 Å (17 units)

Lipophylic Hydrophylic

Ncol



Proposed Model
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Rh2(3,4,5-B3OCn)4pz series
Experimental h = 7.6 – 8.8 Å

Calculated Σd = 9.7Å

Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)



Proposed Model

Crystalline structure of a bis-adduct

Castro et al, Acta Cryst. C58, m393 (2002)

Stereochemical Aspects of Novel Materials UCSB – ICMR Summer School 2005

Rh2(3,4,5-B3OCn)4pz series
Experimental h = 7.6 – 8.8 Å

Calculated Σd = 9.7Å

(N(31)-Rh-Rh’) = 174,57(6)o

(N(32)-N(31)-Rh) = 175,28(6)o

(N(32)-N(31)-Rh-O(21)) = 18,5o

Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)
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Stereoch. Aspects of Metallomesogens – Ex # 5 (Rh2(BmOCn)4pz polymers)

IV – Chiral centers at ReqCO2 : Preliminary results 

Rh2(3,5-B2OC9)4 Cr1 • 107 • Cr2 • 119 • I

Rh2(3,5-B2OC18)4 Cr • 45 • ColH • 90 • I

Rh2(3,5-B2OC*8)4 Cr • 160 • I (racemic  ⇒ CH3 steric effect))

Rh2(3,5-B2OC9)4pz Cr1 • 69 • Cr2 • 110 • ColN

Rh2(3,5-B2OC18)4pz Cr1 • 57 • Cr2 • 68 • ColN • 126 • I

Rh2(3,5-B2OC*8)4pz Cr1 • 90 • Cr2 • 135 • ColH • 190 • I      (racemic)

Role of coordination bonds
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Stereoch. Aspects of Metallomesogens – Ex # 6 (Helicity by chiral ligands)

6th example: Helical columnar metallomesogens
based on square-planar β-diketones

Helical columnar metallomesogens with the chiral center 
at the aliphatic chains

Serrano, Sierra, Chem Eur J 6, 759 (2000)
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Stereoch. Aspects of Metallomesogens – Ex # 6 (Helicity by chiral ligands)
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Stereoch. Aspects of Metallomesogens – Ex # 7 (Helicity by chirality at M)

7th example: Helical columnar metallomesogens
based on octahedral β-diketones

Chirality at the metal center: spontaneous resolution of ∆
and Λ domains in columnar systems

Swager et al, J. Am. Chem. Soc. 121, 4518 (1999).

lockedColR 65ºC ColH 108ºC IC12H25Cr(III)

lockedColR 61ºC ColH 104ºC IC12H25Co(III)

fluxionalColH 62ºC ColH 107ºC IC12H25Mn(III)

fluxionalColH 91ºC ColH 111ºC IC12H25Fe(III)

Phase sequenceChainMetal
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Stereoch. Aspects of Metallomesogens – Ex # 7 (Helicity by chirality at M)
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Stereoch. Aspects of Metallomesogens – Ex # 7 (Helicity by chirality at M)
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Stereoch. Aspects of Metallomesogens – Ex # 7 (Helicity by chirality at M)

Fe(III)

Co(III)
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Stereoch. Aspects of Metallomesogens – Ex # 8 (chirality at M and HTP)

8th example: Chiral dopants for nematics based
on octahedral β-diketones
Chirality at the metal center: Large Helical Twisting
Power for ∆-[Ru(acac)2L] calamitic dopant for NLC

Hoshino et al, J. Am. Chem. Soc. 125, 1718 (2003).
Plots of the inverse helical pitch (p-1) versus 
weight percentage of the dopant (x') for solutions
of ∆-[Ru(acac)2L] in ZLI-1132 and MBBA. 
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Stereochemical (at M) and regiochemical (at L) control of
HTP in nematics

Stereoch. Aspects of Metallomesogens – Ex # 8 (chirality at M and HTP)
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Hoshino et al, J. Am. Chem. Soc. 127, 8453 (2005).

Stereoch. Aspects of Metallomesogens – Ex # 8 (chirality at M and HTP)

ICD spectra for MBBA* materials doped with ∆- and Λ-enantiomers 
of 1-12 (0.1 mol %, left) and 2 (0.3 mol %, right). Each spectrum 
was recorded at 30º C in a glass cell of 25-µm gap at normal 
incidence. 
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

9th example: Cubic phases in poycatenar
metallomesogens

Key factors in Cub phases occurence

Lα : Calamitic S

H2 : Discotic columnar

V2: Bicontinous cubic ?

I2: Micellar cubic ?

Lyotropics – Thermotropics analogy

Bruce, Guillon et al, J. Mater. Chem 11, 2852 (2001)
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Polycatenar compounds

Broken lamellae
with aggregation

ColH

SmC
Also aggregation
behaviour?

Cub
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

N: not “ionic”
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

N: not “ionic”

Calamitic with lateral chains ⇒ N, not S !
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

N: not “ionic”

Calamitic with lateral chains ⇒ N, not S !

Cub: with DOS bot not with OS
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

N: not “ionic”

Calamitic with lateral chains ⇒ N, not S !

Cub: with DOS bot not with OS
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Polycatenar sylver metallomesogens

N: not “ionic”

Calamitic with lateral chains ⇒ N, not S !

Cub: with DOS bot not with OS
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Pt and Pd polycatenars

All N (also ND?)

N, Sc (not Cub)
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Acetylide, DOS: similar length, ≠ M-L electrostatic character

DOS, OS: similar M-L electrostatic character, ≠ length

Both interactions and microsegregation play a role in 
Cub formation
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Acetylide, DOS: similar length, ≠ M-L electrostatic character

DOS, OS: similar M-L electrostatic character, ≠ length

Both interactions and microsegregation play a role in 
Cub formation

Specific interactions in Cub formation

(R,S) or (S,R)
not (R,R) or (S,S)
but (R,R) + (S,S)

Aggregation
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Stereoch. Aspects of Metallomesogens – Ex # 9 (Cubics in polycatenars)

Why

did not exhibit Cub but
aggregation for “Col”?

“Bulky” Cl avoids aggregation



Stereoch. Aspects of Metallomesogens – Ex. #10   (Cub in Cu2(B3OCn)4)
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10th example: Cubic mesophases in copper
derivatives of B3OCn ligands

Chaia, Guillon et al, Mol. Cryst. Liq. Cryst., 330, 213 (1999)

Unexpected way of “aggregation”
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Stereoch. Aspects of Metallomesogens – Ex. #10   (Cub in Cu2(B3OCn)4)

Crystalline Structure of the B3OC2 derivative

Hexameric “globular” molecular units!
Vega et al Acta. Cryst. (2005, sent)
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Stereoch. Aspects of Metallomesogens – Final comments

Stereochemical aspects of
Metallomesogens: Final Comments
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Stereoch. Aspects of Metallomesogens – Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

The promising potential of
metallomesogens has so far
exceeded the actual results
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Stereoch. Aspects of Metallomesogens – Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

The high viscosity of metallomesogens
is responsible for the high electric fields
applied
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Stereoch. Aspects of Metallomesogens – Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

Orientation under magnetic fields: 
requirement for high fields prevents this
method to be used
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Stereoch. Aspects of Metallomesogens – Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

Applications for lanthanide metallomesogens:
depend only on the structure of the
compounds and LC is not essential
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Stereoch. Aspects of Metallomesogens – Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

An important variety of new structures has been described, 
inconceivable with purely organic compounds.

Enormous potential as “testing-bench” for structure-activity 
studies 
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Stereoch. Aspects of Metallomesogens – Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

The formation of well-ordered supramolecular
assemblies of macroscopic dimensions, like helicates
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Stereoch. Aspects of Metallomesogens – Final comments

Stereochemical aspects of
Metallomesogens: Final Comments

Lyotropic metallomesogens as templates yielded nano-
and mesostructures with applications for catalysis
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Metallomesogens “Community”

Stereoch. Aspects of Metallomesogens – Final comments
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Stereoch. Aspects of Metallomesogens – Final comments

Acknowledgments

Zulema D. Chaia Inquimae

Marcia C. Rusjan Inquimae

Andrés Zelcer Inquimae

Ma. Ana Castro Inquimae

Diego Martín Inquimae

Ma. Angeles Persello ICI-UNGS

Rosana Gomez ICI-UNGS

Augusto Fagnola ICI-UNGS

Martín Blasco Inquimae

Héctor R. Gallo ICI-UNGS

Conicet  - ANPCyT  - UBACyT  - Antorchas  - UNGS  - SETCIP-ECOS$





Stereochemical Aspects of Novel Materials UCSB – ICMR Summer School 2005

Pitch measurement

Grandjean

Cano



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


