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Summary 

Random copolymerization of norbornene with styrene was studied by using a series of 
late metal catalysts/MAO. The precatalysts used here are nickel complexes with b-
ketoamine ligands based on pyrazolone derivatives. The copolymers obtained here 
suggest that only one type of active species is present. Copolymers were characterized 
by 13C NMR, Gel permeation chromatography (GPC), thermogravimetric analysis 
(TGA) and FT-IR spectra. The analyses of the product by 1H NMR and 13C NMR 
spectra gave the verification of ‘‘true’’ random vinyl addition copolymer. Varying the 
monomer feed ratio controlled the composition of the copolymers. A copolymerization 
reactivity ratio (rNBE = 20.35 and rSty = 0.027) indicates a much higher reactivity of 
norbornene, which suggests a coordination polymerization mechanism. The solubility 
and processability of the copolymers are improved relative to polynorbornene and the 
thermostability of the copolymers is improved relative to polystyrene. 
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Introduction 

Interests in polymers of cyclic olefins such as bicyclo[2.2.1]hept-2-ene (norbornene) 
have increased dramatically over the past decade. Among these, norbornene is known 
to polymerize by ring-opening metathesis, cationic or radical polymerization, and 
vinylic polymerization (olefin addition polymerization) [1-4]. The vinylic 
polymerization of norbornene, yielding a 2,3-connected, rotationally strongly 
constrained vinyl-type polynorbornene, has been considerably attracted because of the 
vinyl homopolymers exhibit high decomposition temperatures, increased thermal 
stability, dielectric properties, and unusual transport properties, and they are attractive 
materials for microelectronics, optical applications, and for other potential uses in 
packing and gas separation [5,6]. The vinyl polymers of norbornene can be obtained 
by transition metal complexes based on titanium, zirconium, nickel, palladium, 
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chromium, cobalt, and iron [7-9]. So far, catalyst selection for the vinyl 
polymerization of norbornene is still a hot topic. Many nickel and palladium catalytic 
systems have been reported as being highly active for the polymerization of 
norbornene. However, the homopolymers are brittle materials at room temperature 
and their solubility in common solvents, as well as their processability, is rather poor. 
The copolymerization of norbornene with other traditional vinyl monomers is the 
usually applied method of forming stable norbornene copolymers. The copolymers 
present not only have improved solubility and processability relative to homopolymers 
of norbornene but they also have improved thermal stability and optical properties 
relative to homopolymers of the comonomer. The catalytic copolymerization of 
norbornene with styrene has been less reported. Recently, Only a few catalytic 
systems are reported as initiators for the copolymerization of norbornene with styrene 
using Ni(stear)2/MAO [10], Ni(acac)2/MAO [11], Ni-Pd(diimine)/MAO [12] and Ni 
compounds involving N- or O-donated ligands[13] systems. 
On the other hand, the late-transition-metal complexes of pyrazolone derivatives have 
been used in many fields, such as the luminescence effects and biological activities 
[14], probably due to their easy synthesis and tolerance for polar substances. However, 
to our knowledge, there are still no reports about nickel complexes with pyrazolone 
ligand being used for olefin copolymerization. Herein, a series of nickel (II) 
complexes based on β-ketoamine ligands are used for the copolymerization of 
norbornene and styrene in the presence of methylaluminoxane. The copolymerization 
reactivity ratios were determined. The composition and microstructure of the 
copolymers were also studied by means of gel permeation chromatography (GPC), 
FTIR and 1H NMR spectroscopies, thermogravimetric analysis (TGA). 

Experimental 

Materials 

All manipulations involving air- and moisture-sensitive compounds were carried out 
under an atmosphere of dried and purified nitrogen using standard Schlenk and 
vacuoline techniques. Solvents were purified using standard procedures. Norbornene 
(from Aldrich) was distilled over potassium and then dissolved in dried toluene to 
give 0.4 g/mL solution. Styrene was dried over CaH2, and then freshly distilled under 
vacuo prior to use. Methylaluminoxane (MAO) was prepared by partial hydrolysis 
trimethylaluminum (TMA) with Al2(SO4)3·18H2O in toluene at 0-60°C as water 
source. The initial [H2O]/[TMA] molar ratio was 1.3. Nickel(II) complexes were 
synthesized according to our previous work [15-16]. 

Instruments 

Infrared spectra were recorded on polymer-KBr pellets with a Bruker EQUINOX55 
FT-IR spectrophotometer in the region of 4000 ~ 400 cm-1. 1H and 13C NMR spectra 
were obtained using an INOVA 500 Hz at room temperature in CDCl3 (for 
copolymer) solution using tetramethylsilane as internal standard. Gel permeation 
chromatography (GPC) analyses of the molecular weight molecular and weight 
distributions of the polymers were performed on a Waters Breeze system with 
tetrahydrofuran as the eluent at 40°C using standard polystyrene as the reference. 
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TGA data were measured with a TG-290C thermal analysis system instrument, under 
dry nitrogen with a flow rate of 50ml/min and a heating rate of 10°C/min. 

General Polymerization Procedure 

Catalytic copolymerization of norbornene and styrene has been carried out in a Fisher-
Porter glass reactor and protected by nitrogen. MAO (0.5 mmol, solid powder) was 
added into an Schlenk flask with a magnetic stirrer. Norbornene (0.04 mol, 3.76 g) 
and styrene (0.02 mol, 2.04g) in 10 ml toluene and 9 ml of toluene were added later. 
The reaction was started by the addition of one ml of a freshly prepared Ni-complex 
solution (5.0×10-6M in toluene) at 60°C. After 1 hr, the reaction mixture was poured 
into excess of ethanol acidified with 5% HCl. The polymer was washed with ethanol 
and then dried under vacuum at 80°C for 48h. 

Results and discussion 

Heretofore, late metal catalytic systems have been reported to act as initiators for the 
copolymerization of norbornene with styrene using Ni(stear)2/MAO [10], 

Ni(acac)2/MAO [11], Ni-Pd(diimine)/MAO[12] systems, and Ni compounds 
involving O-donated ligands [13]. To our knowledge, this is the first report on 
norbornene and styrene copolymerization using bis(β-ketoamine) nickel(II) 
complex/MAO catalytic systems.  
Copolymerization of norbornene and styrene with bis-(β-ketoamine)nickel(II) (1–5) 
(As shown in Scheme 1) complexes in combination with MAO were carried out.  
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R = Benzyl(1), Phenyl (2), o-Tolyl (3), Naphthyl (4), p-Nitrophenyl (5) 
Scheme 1. Structure of nickel(II) complexes 

As reported by our group, the same Ni(II)-based β-ketoamine complex in combination 
with MAO has shown very high activity in norbornene polymerization of up to 
3.38×107 g/(molNi.h), giving vinyl addition polynorbornenes insoluble in common 
solvents such as tetrahydrofuran, chloroform, and toluene [15]. Crude polymers were 
extracted by boiling solvents chloroform. It is known that polystyrene is completely 
soluble in chloroform whereas polynorbornene is insoluble. On the other hand, 
chloroform would dissolve copolymer of styrene and norbornene. As discussed in the 
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following text, it has a small quantity of styrene segment in the copolymer. Therefore, 
the soluble fraction in chloroform is 'pure' copolymer.  After extraction, the soluble 
fraction is trace. The percentages for the soluble and insoluble fractions obtained after 
extraction of the crude polymer with the boiling chloroform for the different nickel 
complexes is shown in Table 1. This fact indicates the homopolymerization of 
norbornene and styrene is infrequent. The main process is copolymerization of 
norbornene and styrene.  

Table 1. The percentages for the soluble and insoluble fractions obtained after extraction of the 
crude polymer with the boiling chloroform for the different nickel complexes 

Complex Copolymer(g) PNBE(g) 

1 0.63 trace 
2 0.72 trace 
3 1.23 0.13 
4 2.69 0.19 
5 1.97 0.14 

a Conditions: 20ml toluene, [St]=0.02mol, [NBE]=0.04mol, [Al]/[Ni]=300, mNi=5.0×10-6mol, 
temperature 60°C for 12h. 

As shown in Table 2, the catalytic activity sequence was found to be 4 > 5 > 3> 2 > 1. 
This is coherent to the expected steric effects of the ketoamine ligand, which are in the 
order 4 > 3> 2> 1. It is evident that steric bulk has an effect on the activities. Bigger 
substituent on the imino group favor higher catalytic activity. Among these nickel  
β-ketoamine catalysts, complex 4 with naphthyl on the imino group exhibited the 
highest activity, and complex 1 with benzyl substituent on the imino group showed the 
lowest activity. Furthermore, complex 5, having a strong electron-withdrawing group 
of p-nitrophenyl, exhibits higher activity than complex 2, caused by the electron-
withdrawing p-NO2 group affording a more electron-deficient active Ni(II) center. 
This result has a good agreement with reported norbornene homopolymerization data 
[15]. 

Table 2. Copolymerization of styrene and norbornene in the presence of the complex 1-5/MAO 
catalytic systema 

Found in polymer Complex Yield in
% 

Activityb 

St (%) NBE(%) 

Mnc 
(104g/mol) 

Mw 
(104g/mol) 

Mw/Mn 

1 10.7 1.04 27.8 72.2 0.52 1.77 3.41 

2 12.3 1.20 26.7 73.3 0.55 1.89 3.44 

3 21.7 2.12 23.3 76.7 0.87 2.12 2.44 
4 45.9 4.48 6.9 93.1 1.88 4.75 2.53 
5 33.6 3.28 16.5 83.5 1.25 2.75 2.20 

a. Conditions: 20ml toluene, [St]=0.02mol, [NBE]=0.04mol, [Al]/[Ni]=300, mNi=5.0×10-6mol, 
temperature 60°C for 12h. 
b. Activity in 104g of polymer/(mol of Ni·h).  
c. Molecular weights of the polymers were determined by a Waters Breeze system at 40°C in 
tetrahydrofuran with polystyrene as standard. 
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As may be observed, the Mw values decrease with decreases of the copolymerization 
rate. This indicates that norbornene insertion is the dominant rate controlling process. 
Unimodal molar mass distributions with narrow molecular weight distributions 
(Mw/Mn close to 2) of all the copolymers indicates that the copolymerization occurs 
at the single active site and the polymer is a ‘true’ copolymer without homopolymers 
[8]. 
The 1H NMR spectra of copolymers incorporated with more than 30 mol% styrene 
were obtained in CDCl3. The 1H NMR spectrum of a styrene-norbornene copolymer 
containing 37.7 mol% of styrene is compared to a pure polystyrene in Figure 1. In the 
case of the polystyrene, Figure 1b, the aromatic region is composed of two distinct 
peaks attributed to meta and para protons (d=6.9 ppm), and ortho ones (d =6.5 ppm). 
In the case of copolymers, Figure 1a, two peaks one 7.1 ppm (meta and para protons) 
and the other 6.5 ppm (ortho protons) are also observed for all the aromatic protons. 
Compared to Figure 1b, the two peaks shift to low field is weakened sharply with the 
decrease of styrene feed content. The results are similar to those obtained for the 
bridged dinuclear diimine nickel and palladium complexes/MAO catalytic system [8]. 
This result also confirms that the polymers prepared by random copolymerization are 
really copolymers. 

  
Figure 1. a.1H NMR of Copolymer (the soluble fraction in boiling chloroform) obtained by 
nickel complex 4/MAO catalytic system at 60°C. (MSt=37.7%) Conditions: 20ml toluene, 
[St]=0.03mol,[NBE]=0.03mol, [Al]/[Ni]=300, mNi=5.0×10-6mol, temperature 60°C for 12h. 
b. 1H NMR of polystyrene obtained by nickel complex 4/MAO catalytic system at 60°C. 

13C NMR spectra of the resulting copolymers obtained from complex 2/MAO showed 
the superposition of respective homopolymers as expected (Figure 2) [13]. From the 
spectra, the backbone carbon, bridgehead carbon, bridge carbons and aromatic cycle 
carbon could be found. As discussed before, the polymers are really copolymers. 
The 13C NMR spectra also support for this conclusion. 
The variation of the copolymer composition, determined by 1H NMR and Gel 
permeation chromatography (GPC), versus the comonomer feed is shown in Figure 3. 
The copolymerization rates as well as the Mw values decrease with an increase in 
styrene content in the monomer feed. As it can be seen, the styrene incorporation 
increases with the styrene content in monomer feed and the incorporation rate into the 
copolymer chains is much slower than that of norbornene. The monomer reactivity 
ratios of norbornene and styrene were obtained from the Fineman–Ross plot to be 
rnorbornene =20.35, rstyrene=0.027. The result is very similar to that for the nickel 
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stearate/MAO system (rstyrene=0.02, rnorbornene=20.8), which results in the lower styrene 
incorporation ratio by the nickel stearate/MAO system under polymerization 
conditions [10]. The much higher reactivity of norbornene illustrates that the 
monomer reactivity order is rather unusual and is obviously not in agreement with a 
free radical or cationic type polymerization but supports a coordination type 
mechanism. 

Norbornene

m
n+

Ni Complexes/MAO

Toluene

Styrene  
Scheme 2. Copolymerization of NBE with St catalyzed by Ni complexes/MAO systems 

As shown in Figure 4, the FTIR spectra of the copolymers of different compositions 
show the absence of the vibration bands of carbon–carbon double bonds at 1620–1680 
cm-1. It indicates that the norbornene was copolymerized with styrene by the nickel 
complex in the presence of MAO by vinyl addition. This fact also confirms the 
copolymerization mechanism as shown in Scheme 2. 
The FTIR spectra of norbornene-styrene copolymers exhibit an increase in the 
intensity of the bands related to the phenyl ring, i.e., at 698, 755, 1605, 1495, and 
1453 cm-1, and phenyl ring overtones and combinations at 1942, 1874, 1805, and 1750 
cm-1, with the styrene feed content. 
The thermostability of the copolymers was investigated by TGA as shown in Figure 5. 
The copolymers exhibit higher decomposition temperatures (428°–470°C) than the 
homopolymers of styrene (≈ 390°C). This suggests that the norbornene segment in the 
copolymer improves its thermostability relative to polystyrene. From this Figure, the 

 

Figure 2. 13C NMR spectrum of Copolymer 
(the soluble fraction in boiling chloroform) 
obtained by complex 2/MAO system. 
(MSt=30.3%) 

Figure 3. Plot of Mw (□) and Incorporated 
Styrene %(■) versus Feed of Styrene (complex 
4/MAO). Conditions: 20ml toluene,[St]+[NBE] 
=0.06mol, [Al]/[Ni]=300, mNi=5.0×10-6mol, 
temperature 60°C for 12h. 
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copolymer of higher decomposition temperatures contains more norbornene segment 
in it. It indicates that the more introduction of norbornene segment could be more 
helpful for the copolymer thermostability than the less.  
THF is a good solvent for polystyrene, while a bad one for polynorbornene. However, 
the copolymers are easily dissolved in chloroform or THF. The solubility of 
polynorbornene segment has been significantly improved by copolymerization. These 
results suggest that the introduction of styrene segments in the copolymer improves its 
processability relative to polynorbornene. 

Conclusions 

Bis(β-ketoamine)nickel (II) complexes based on pyrazolone derivatives can be 
activated by MAO to efficiently catalyze random copolymerization of norbornene and 
styrene. Unimodal molar mass distributions with the narrow molecular weight 
distributions indicate that the copolymerization occurs at the single active site and the 
polymer is a ‘true’ copolymer. Determination of reactivity ratios (rnorbornene = 20.35 
and rSty = 0.027) indicates a much higher reactivity of norbornene, which is interpreted 
by a coordination mechanism. The characterizations of composition and 
microstructure also approve those improvements of solubility and processability 
relative to homopolymers. 
The study for the polar and unpolar monomer homo- and copolymerization is our 
current investigation. 

Acknowledgements. The supports by the Education Bureau of Hubei Province ( project D2006-
28004) and the Technologies R&D Programme of Hubei Province (project 2005AA401D57, 
2006AA101C39) are gratefully acknowledged. 

References 

1. Buchmeiser MR (2000) Chem Rev 100: 1565. 
2. Janiak C, Lassahn PG (2001) J Mol Catal A 166: 193. 
3. Gaylord NC, Mandal BM, Martan M (1976) J Polym Sci Polym Lett Ed 14: 555. 

 

Figure 4. FTIR spectra of Copolymer (the 
soluble fraction in boiling chloroform) obtained 
by nickel complex 4/MAO catalytic system at 
different monomer ratios. MNBE:MSt=12:1 (1); 
8:1 (2); 4:1 (3) 

Figure 5. TG Curves of polynorbornene  
(a) and copolymers containing St 7 mol%  
(b) and copolymers containing St 37.7 mol % 
(c) obtained by complex 4/MAO system. 



502 

 

4. Sacchi MC, Sonzogni M, Losio S, Forlini F, Locatelli P, Tritto I, Licchelli M (2001) 
Macromol Chem Phys 202: 2052. 

5. Grove NR, Kohl PA, Allen SAB, Jayaraman S, Shick R (1999) J Polym Sci Part B: Polym 
Phys 37: 3003. 

6. Janiak C, Lassahn PG (2001) J Mol Catal A 166: 193. 
7. Bao F, Lü XQ, Gao H, Gui G, Wu Q (2005) J Polym Sci Part A: Polym. Chem 43: 5535. 
8. Mi X, Xu DM, Yan WD, Guo CY, Ke YC, Hu YL (2002) Polym Bull 47: 521. 
9. Sacchi MC, Sonzogni M, Losio S, Forlini F, Locatelli P, Tritto I, Licchelli M (2001) 

Macromol Chem Phys 202: 2052. 
10. Peruch F, Gramail H, Deffieux A (1998) Macromol Chem Phys 199: 2221. 
11. Zhao CT, Ribeiro MR, Portela MF, Pereira S, Nues T (2001) Eur Polym J 37: 45. 
12. Mi X, Wang L, Ke YC, Hu YL (2003) Macromol Chem Phys 204: 868. 
13. Suzuki H, Matsumura S, Satoh Y, Sogoh K, Yasuda H (2004) React Funct Polym 58: 77. 
14. (a) Yoshimi S, Henry F (1983) Inorg Chem 22: 2289. (b) Cotes JP, Isabel M (1988) Trans 

Met Chem. 13: 131. (c) Zhou DJ, Gan LB, Luo CP. (1996) J Phys Chem 100: 3150.  
(d) Agnete IC, Matthias F. Rita H, Lothar H, Carl EO, Ole S. (1996) J Chem Soc Dalton 
Trans 3427. 

15. Bao F, Lü XQ, Kang BS, Wu Q. (2006) Eur Polym J 42: 928. 
16. Bao F, Ma R, Lü XQ, Gui GQ, Wu Q. (2006) Appl Organomet Chem 20: 32. 
 



<<
  /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


