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Abstract 

Imine macrocyclic ligand (M1) was used in conjunction with CuBr as novel catalytic 
system in atom transfer radical polymerization (ATRP) of methylmethacrylate 
(MMA), butylmethacrylate (n-BuMA) and 2- dimethylaminoethylmethacrylate 
(DMAEMA). Two different initiators were involved such as Br-methoxypolyoxy-
ethylene macroinitiator and 1, 3, 5-(2-bromo-2`-methylpropionato) benzene three arm 
star initiator. The polymerization reactions were conducted at 90°C in toluene. The 
macrocyclic ligand M1 demonstrated peculiar behavior which was monitored by the 
GPC measurements whether with respect to the polydispersities or the molar masses. 
High molar masses than expected were obtained except incase of DMAEMA 
monomer. The structures of the formed polymers were proven via 1HNMR. 

Keywords 

Imine macrocycles, vinyl monomers, macroinitiators, ATRP, Star- polymers 

Introduction 

Atom transfer radical polymerization (ATRP) is considered as the most important and 
widely applicable controlled free radical polymerization technique. (1) Most of vinyl 
monomers have been polymerized through ATRP such as styrenic, methacrylic, and 
acrylic monomers to yield well defined polymers with various architectures. (2-4) 
ATRP is believed to proceed via the establishment of fast equilibrium between 
dormant halogen end-capped polymer chains and active propagating radicals. (5) 
Different transition metal complexes have been utilized for this role such as the 
complexes of Ru, Ni, Rh, Fe and Cu. (6-8) However, Cu(I) halides complexed by 
nitrogen based ligands seem to be extremely effective in the atom transfer radical 
polymerization of vinyl monomers. Several ligands have been incorporated in 
successful Cu- based ATRP processes such as 2, 2′ bipyridine, 1, 10 phenanthrolines 
and N-alkyl-2-pyridinemethanimines. (9-11) 
Also, disubstituted bipyridines were involved to form homogeneous reaction mixtures. (9) 
However, more reactive ligands were used as linear aliphatic amines, terpyridyl, 
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picolyl and hexahydrotriazine with three N-functionalized arms (T-triazine). (12-15) 
Branched aliphatic amine ligands such as tris(2-dimethylaminoethyl) amine 
(Me6TREN) were found to be the most efficient ATRP catalysts that have been 
reported to date.(16,17)  New type of ligands based on macrocyclic compounds became 
of growing interest because their structures provided extraordinary binding, 
complexation and self-assembling properties. Accordingly, ligands such as 1, 4, 8,  
11-tetraaza-1, 4, 8, 11-tetramethylcyclotetradecane (Me4CYCLAM) and 5, 5, 7, 12, 
12, 14-hexamethyl-1, 4, 8, 11-tetraazamacrocyclotetradecane (Me6 [14] aneN4) have 
been reported as good ATRP ligands. (18) Recently, Imine macrocycles with more than 
one active center have been prepared. Those macrocycles are suitable for the 
complexation of two or more metal atoms and can reorient these centers relative to 
each other. In close relation, such compounds could give new impulses to the field of 
homogeneous and heterogeneous catalysis, in that they may provide enzyme-like 
activity and selectivity. (19)  Hence, imine macrocycles M1 which contain (2+2) active 
centers as in figure (1) successfully performed ATRP of methylmethacrylate, styrene 
and methylacrylate by using active initiating systems with respect to each monomer. (19) 

In case of using the macrocyclic ligand M1, it was found, the importance of adjusting 
the molar ratios of the reactants to reduce the steric hindrance effect of the 
macrocyclic moiety to save relative fast initiation and controlled reactions. In that 
publication, imine macrocycle (M1) / CuBr catalytic system was used in ATRP of 
MMA, n-BuMA and DMAEMA in the presence of two different initiators such as  
Br-methoxypolyoxyethylene and 1, 3, 5-(2-bromo-2`-methylpropionato) benzene. 

 

Figure 1: structure of M1 imine macrocycle 

Experimental 

Materials 

The monomers such as MMA, n-BuMA and DMAEMA (Aldrich) were purified via 
alumina column and stored under argon. The other chemicals were supplied from 
sigma and were used as received. 

Measurements 
1HNMR spectra were obtained from Varian Mercury-Oxford-300 MZ by using 
CDCL3 as the main solvent for the all samples. The molar masses and the 
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polydispersities were determined by using Agilent-1100 gel permeation 
chromatography (GPC) columns (Guard, 100, 104 and 105) fitted with G-1362 A 
differential refractometer using THF as the eluent with flow rate 1ml min-1. Standard 
polystyrenes were used to calibrate the columns.  

General synthetic procedures 

Preparation of imine macrocyclic ligand (M1) 
A solution of 5-tert-butylbenzene-1, 3- dicarbaldehyde (3.75 mmol) in acetonitrile was 
added drop-wise over 2 h in an inert atmosphere to a vigorously stirred solution of 
diethylenetriamine (3.75mmol) in acetonitrile at room temperature. The reaction 
mixture was stirred for additional 24 h at room temperature. The precipitated 
macrocycle was filtered, washed with acetonitrile and dried under vacuum. The 
expected macrocycle M1 was produced as white precipitate in good yield. Analytical 
data to prove the structure in addition to the crystal structure can be found elsewhere 
in the literature. (19)  

Preparation of Br-methoxypolyoxyethylene (I) 
This macroinitiator was prepared from methoxypolyoxyethylene (Mn, 5000) via 
standard reported method by using triethylamine as the base. (20) 

Preparation of 1, 3, 5-(2-bromo-2`-methylpropionato) benzene (II) 

The three arm star initiator 1, 3, 5-(2-bromo-2`-methylpropionato) benzene was 
prepared as in the literature. (21) 

Polymerization 
The proper amounts of the ligand, CuBr and toluene as the solvent were added to  
a dry glass vial which was previously purged with argon then sealed and immersed in 
a thermo-stated oil bath adjusted at 90°C. The initiators were dissolved in part of 
toluene where the monomers and the initiators were successively added via syringes 
under inert atmosphere. Slow addition of the initiators was recommended for better 
polymerization rate in case of using those macrocycles. (19) The reactants were added 
in molar ratio (ligand: CuBr: initiator: monomer= 1:2:4:400) in case of Br-
methoxypolyoxyethylene (I) with MMA, n-BuMA and DMAEMA monomers to form 
comparable polymers such as MMA-I, BuMA-I and DMAEMA-I. On the other hand, 
the molar ratio of the ligand: CuBr: initiator: monomer was 1:2:1:100 in case of 1, 3, 
5-(2-bromo-2`-methyl- propionato) benzene (II) with the same monomers to form the 
three arm star polymers as MMA-II, BuMA-II and DMAEMA-II. The used amounts 
of the reactants were calculated as the following: In case of I: M1 (1.03g, 2 x 10-3 
mol), CuBr (0.57g, 4 x10-3mol) and I (41.19 g, 8 x10-3mol). Also, in case of II: M1 
(1.03g, 2 x 10-3mol), CuBr (0.57g, 4 x 10-3mol) and II (1.14g, 2 x 10-3mol). The 
monomer ratios in case of using both of I and II were 0.8 mol and 0.2 mol, 
respectively according to each monomer. After definite time interval, the vial was 
opened and the formed polymer was dissolved in tetrahydrofuran (THF) and 
precipitated in n-hexane. The conversion was determined gravimetrically. The molar 
masses (MnGPC) and the polydispersities (D) were determined via GPC by passing the 
polymer solution in THF through an alumina column, concentrating in vacuo and re-
precipitating in n-hexane. The precipitated polymer was collected and dried under 
vacuum. The structures of the formed polymers were identified by 1HNMR. The 
polymerization process can be represented as in Scheme (1). 
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Scheme 1: Schematic representation for the ATRP processes 

Results and Discussion 

In that publication, macrocyclic ligand M1 / CuBr catalytic system was involved in the 
ATRP of MMA, BuMA and DMAEMA by using two different initiators such as  
Br-methoxypolyoxyethylene macroinitiator (I) and 1, 3, 5-(2-bromo-2`-methyl-pro-
pionato) benzene (II). According to previous studies, (19) it was elucidated that 
macrocyclic ligand M1 includes two active centers. Therefore, the recommended 
molar ratio of M1: CuBr: Initiator: monomer was 1:2:4:400 in favor of higher initiator 
percent with respect to the catalyst to overcome the steric hindrance effect of the 
macrocyclic moiety which may delay the polymerization reactions. Consequently, 
relative fast initiation and controlled reactions were saved. (19) The previous ratio was 
used in case of initiator (I). However, with respect to the three arm star initiator (II), 
the percentage for M1: CuBr: Initiator: monomer would be 1:2:1:400 because the 
initiator itself contains three functional centers. Therefore, that percentage was 
considered as an adequate one for successful polymerization reactions. Generally, the 
conversion increased linearly with time. The polymerization seemed to be faster in 
case of DMAEMA than MMA and n-BuMA whether in case of initiator (I) or (II). 
Also, the polymerization reactions with respect to the three arm star initiator (II) were 
much faster than that with respect to the macroinitiator (I) as in tables (1, 2). The low 
conversions in case of MMA and n-BuMA by using I as initiator may be referred to 
the low initiation efficiency and hence the selectivity of I as macroinitiator toward 
those two monomers than that in case of DMAEMA .(19) Linear kinetic plots were 
observed in each case. The polydispersity recorded high values at the beginning of the 
reactions. The high polydispersities at the beginning may be ascribed to the slower 
initiation rates which increased gradually by the progression of the reaction. Also, 
higher molar masses than expected were observed in case of MMA and n-BuMA. 
That strange behavior was previously recorded and was attributed to the nature of the 
macrocycles themselves and their steric and electronic influences. (19) On the other 
hand, different behavior was recorded with respect to DMAEMA where the obtained 
molar masses were lower than expected and may be attributed to the adsorption of 
DMAEMA polymers on the GPC column as was previously reported. (22) Generally, 
controlled ATRP processes were obtained with characteristic variations which were 
committed under the influence of the macrocycle M1. 

(19) The structures of the formed 
polymers were further proven via 1HNMR as in Figures (3, 4). As shown in figure (3), 
with respect to MMA-I polymer, obvious signals were recorded at: δ= 0.8 - 1.3 ppm 
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(CH3 groups); δ= 1.3 - 2 ppm (CH2 groups), very sharp band at δ= 3.6 ppm (OCH3 
and COOCH3) and δ= 3.8-4 ppm (2 CH2 groups beside terminal methoxy group). In 
case of n-BuMA, higher intensity of CH2 groups appeared at δ= 1.3 - 2 ppm and three 
signals appeared in different intensities at δ= 3.6, 4 and 4.2 ppm (OCH3, CH2 groups 
of ester and those beside the terminal methoxy group). With respect to DMAEMA-I, 
in addition to some comparable signals as in case of MMA and n-BuMA, two 
different signals appeared at 2.3 and 2.6 ppm (CH3N and CH2N). In case of MMA-II, 
BuMA-II and DMAEMA-II as in figure (4), new signals appeared due to the presence 
of the phenyl group at δ= 7.3- 7.4 ppm. The characteristic bands of initiator I 
disappeared and new characteristic bands for each monomer appeared as was 
previously described. Generally, the macrocyclic ligand (M1) gave comparable results 
in case of the three arm star macroinitiator (II) as was previously mentioned in case of 
the other ligands. (21) Therefore, no need appeared for further evidences on the 
formation of the star polymers. 

Conclusion 

Imine macrocycle (M1) was successfully used to some extent as good catalytic system 
in the ATRP of MMA, n-BuMA and DMAEMA with Br-methoxypolyoxyethylene 
macroinitiator and 1, 3, 5-(2-bromo-2`-methyl- propionato) benzene three arm star 
initiator. The three arm star initiator performed faster polymerization than in case of 
the macroinitiator because of its higher reactivity which could save faster initiation 
and controlled reaction. Obvious higher molecular weights and polydispersities than 
expected were obtained due to the steric and electronic effects of those macrocycles 
that slowed down the polymerization reactions and caused that behavior. DMAEMA 
polymers showed different behavior due to the special nature of the monomer itself as 
was previously described.  

Table 1: ATRP of MMA, n- BuMA and DMAEMA initiated with Br-methoxypolyoxyethylene  

Entry 
Time 
(h) 

Conversion 
(%) 

Mnth 
Mn GPC 
g/ mol 

D 

A1 1 19 7051 8950 1.7 
A2 2 25 7652 9560 1.49 
A3 3 30 8153 10110 1.32 
A4 4 32 8353 10250 1.2 
A5 6 34 8553 10560 1.17 
A6 24 35 8653 10700 1.3 
B7 2 20 7993 9860 2 
B8 3 22 8277 10350 1.19 
B9 4 25 8704 10960 1.16 
B10 5 28 9131 12280 1.15 
B11 6 30 9415 13154 1.24 
B12 24 32 9699 14030 1.32 
M13 2 51 13167 11270 1.4 
M14 3 63 15054 13154 1.32 
M15 4 72 16469 14470 1.3 
M16 5 80 17727 15700 1.15 
M17 6 86 18670 16720 1.2 
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Figure 2: kinetic plots for ATRP of MMA, n- BuMA and DMAEMA initiated with initiators I 
(A-D) and II (E-H) 
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Table 2: ATRP of MMA, n- BuMA and DMAEMA initiated with 1, 3, 5-(2-bromo-2`-methyl- 
propionato) benzene 

Entry 
Time 
(h) 

Conversion 
(%) 

Mnth 
Mn GPC 
g/ mol 

D 

A1 0.5 18 2374 4640 1.52 
A2 1 24 2974 4965 1.49 
A3 2 49 5477 5540 1.4 
A4 3 53 5878 7870 1.35 
A5 5.30 58 6379 8370 1.3 
A6 7 84 8982 7990 1.47 
B7 1 55 8393 10500 1.8 
B8 2 62 9388 11496 1.53 
B9 3 64 9672 13810 1.5 
B10 4 68 10241 14380 1.46 
B11 5 78 11663 15800 1.49 
M12 2 54 9061 6610 1.82 
M13 3 81 13306 11350 1.5 
M14 4 83 13621 12500 1.48 
M15 5 87 14250 12960 1.4 
M16 6 90 14721 13690 1.5 

A, B, M refer to MMA, n- BuMA and DMAEMA, respectively 

 

Figure 3 (A, B): 1HNMR spectra of MMA (A) and n-BuMA (B), DMAEMA (C) polymers, 
respectively initiated with Br-methoxypolyoxyethylene (I) 
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Figure 4 (A, B): 1HNMR spectra of MMA (A), n-BuMA (B), DMAEMA polymer (C)polymers, 
respectively initiated with 1, 3, 5-(2-bromo-2`-methyl- propionato) benzene (II) 

References 

1. (a)Wang JS, Matyjasewski K (1995) J. Am. Chem. Soc. 117: 5614. (b) Villarroya S, Zhou J, 
Heise A, Howdle SM (2006) Macromolecules 39: 633. (c) Zhao YF, Fan XH, Chen XF, 
Zhou QF (2006) Macromolecules 39: 948.  

2. (a)Matyjasewski K, Patten TE, Xia J (1997) J.Am.Chem.Soc. 119: 674. (b)  Percec V, 
Barboui B (1995) Macromolecules 28: 7970. (c) Xu FJ, Kang ET, Neoh KG (2005) 
Macromolecules 38: 1573.  

3. (a)Grimaud T, Matyjasewski K (1997) Macromolecules 30: 2216.(b) Haddleton DM, 
Jasieczek CB, Hannon MJ, Shooter AJ (1997) Macromolecules 30: 2190.(c) Kato M, 
Kamigaito M, Sawamoto M, Higashimura T (1995) Macromolecules 28: 1721.(d) Ando T, 
Kato M, Kamigaito M, Sawamoto M (1996) Macromolecules 29: 1070.(e) Destarac M, 
Boutevin B (1998) Polym.Prepr. (Am.Chem. Soc.Div. Polym. Chem.) 39: 308. (f) Lutz JF, 
Hoth A (2006) Macromolecules, 39: 893. 

4. (a)Percec V, Kim HJ, Barboiu B (1997) Macromolecules 30: 6702. (b) Sumerlin BS, 
Neugebauer D, Matyjaszewski K (2005) Macromolecules 38: 702. (c) Chen S, Wu G, Liu Y, 
Long D (2006) Macromolecules 39: 330.  

5. Wang JS, Matyjaszewski K (1995) J.Am. Chem. Soc. 117: 5614. 
6. (a)Kato N, Sawamoto M, Higashimura T (1995) Macromolecules 28: 1721.(b) Granel C, 

Teyssie Ph, Dubois Ph (1996) Macromolecules 29: 8576.(c) Uegaki H, Kotami Y, 



 729 

 

Kamigaito M, Sawamoto M (1998) Macromolecules 31: 6756. (d) Moineau C, Granel C, 
Dubois Ph (1998) Macromolecules 31: 542. 

7. Matyjasewski K, Wei M, Xia J (1997) Macromolecules 30: 8161. 
8. (a)Davis KA, Paik H, Matyjasewski K (1999) Macromolecules 32: 1767. (b) Wang J, 

Grimaud T, Matyjasewski K (1997) Macromolecules 30: 6507. (c) Nanda AK, 
Matyjasewski K (2003) Macromolecules 36: 1487. 

9. (a)Matyjaszewski K, Pintauer T (2005) Coordination Chemistry Reviews 249: 1155. 
(b)Nanda AK, Matyjasewski K (2003) Macromolecules 36: 599. (c) Destarac M, 
Matyjaszewski K, Boutevin B, Silverman B (2000) Macromolecules 33: 4613. (d) Percec V, 
Barboiu B (1995) Macromolecules 28: 7970. 

10. Patten T, Xia J, Abernathy T, Matyjasewski K (1996) Science 272: 866.  
11. Destarac M, Boutevin B (1997) Macromol. Rapid Commun. 18: 697. 
12. (a)Raghunadh V, Sivaram S (2004) Polymer 45: 3149. (b)Haddleton DM, Crossman MC, 

Duncalf DJ, Shooter AJ (1999) Macromolecules 32: 2110. (c)Amass AJ, Wyres CA (2000) 
Polymer 41: 1697. (e) Krishnan R, Srinivasan KSV (2003) Macromolecules 36: 1769.  
(f) Matyjaszewski K, Xia JH (1997) Macromolecules 30: 7697. 

13. Kickelbick G, Matyjaszewski K (1999) Macromol. Rapid Commun. 20: 341. 
14. Xia J, Matyjaszewski K (1999) Macromolecules 32: 2434. 
15. Shen Y, Zhu S, Zeng F, Pelton RH (2000) Macromol.Chem.Phys.201: 1169.  
16. Xia J, Gaynor SG, Matyjaszewski K (1998) Macromolecules 31: 5958.  
17. (a)Queffelec J, Gaynor SG, Matyjaszewski K (2000) Macromolecules 33: 8629. (b) Konak 

C, Matyjaszewski K, Kopecek J (2002) Polymer 43: 3735. 
18. (a)Zhu S, Yan D (2000) Macromol.Rapid Commun. 21: 1209. (b) Yang R, Wang Y, Pan C 

(2003) Eur.polym. J. 39: 2029. 
19. (a)Gokel GW (1996) Comprehensive Supramolecular Chemistry. Pergamon, Oxford, UK. 

(b)Gawronski J, Kolbon H, Katrusiak A (2000) J. Org. Chem. 65: 5768. (c) Ma H, 
Allmendinger M, Rieger B (2002) Eur. J. Inorg. Chem. 2857. (d) Allmendinger M, Amin A, 
Rieger B (2003) Heterocycles 60: 1065. (e) Amin A, Ayoub MH, El-Ghaffar MA, Rieger B 
(2005) Macromol.Sci. J., Part A, Pure and appl. Chemistry 42: 1047. (f) Amin A, Ayoub MH, 
El-Ghaffar AM, Rieger B (2005) Macromol.Sci. J., Part A, Pure and appl. Chemistry 42: 
1329. 

20. Even M, Haddleton DM, Kukulj D (2003) Eur. Polym. J. 39: 633.  
21. (a)Haddleton DM, Waterson C (1999) Macromolecules 32: 8732. (b) Amin A, Ayoub MH 

(2006) Macromol. Sci. J, Part A, Pure and Appl. Chemistry 43: 667. 
22. (a)Zhang X, Xia J, Matyjaszewski K (1998) Macromolecules 31: 5167. (b) Zhang X, 

Matyjaszewski K (1999) Macromolecules 32: 1763.  
 



<<
  /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


