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Summary 

A novel bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic diimide (NTDA–
OH) monomer was prepared through the condensations of 1,4,5,8-naphthalene-
tetracarboxylic dianhydride (NTDA) with p-aminophenol. A series of ternary 
copolymers derived from NTDA–OH were further synthesized by the nucleophilic 
substitution reactions. Both the monomer and the ternary copolymers were 
characterized by FT–IR, 1H NMR, and inductively coupled plasma (ICP). The 
characterization results showed that, the imide groups were successfully introduced 
into the prepared monomer. The differential scanning calorimetry (DSC) and the 
thermal gravimetry analysis (TGA) were further performed on the produced polymers. 
The thermal stability of the polymer increased with the content of the NTDA–OH 
increasing. 

Introduction 

Poly (ether ether ketone) (PEEK) are an important class of industrial plastic materials 
developed in the 1980s which have been widely used in the fields of traffics, 
aeronautics, astronautics, and medicines, etc., due to their advanced mechanical 
properties, solvent resistance, insulation properties, and flame retardation.[1-3] The 
glass-transition temperature (Tg), the melting point temperature (Tm), and the thermal 
decomposition temperature (Td) of PEEK are 143°C, 334°C, and 530°C, respectively. 
To enhance the thermal stabilities of PEEKs, various functional groups have been 
introduced into their backbones and branched chains,[4,5] through further 
copolymerizations,[6-8] blends, and multiblocks.[9,10]  
Polyimides are one of the most successful classes of high-performance polymers 
which are widely used in industries. Because of the rigidity of the imide ring, most 
polyimides possess high thermal resistance, high tensile strength, and high 
modulus.[11] Copolymerization is an effective approach to the synthesis of polymer 
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materials, which could enhance the properties of the homopolymers and produce 
various polymer materials with new structures. Introduction of rigid imide rings into 
the PEEK backbones through copolymerizations could resist the inner-rotations in the 
polymer chains, which might be an effective way to increase the thermal stabilities of 
PEEK. Here, we describe the synthesis of a new bisphenol monomer with imide 
groups from 1,4,5,8-naphthalenetetracarboxylic dianhydride (NTDA), and further 
a series of bisphenol A-4,4’-difluorobenzophenone-bis(p-hydroxylphenyl)-1,4,5,8-
naphthalenetetracarboxylic diimide ternary polymers through copolymerizations. The 
purpose of this paper is to increase the thermal stability of the PEEK and explore 
novel thermal plastic with excellent properties. 

Experimental 

Materials 

1,4,5,8-naphthalenetetracarboxylic dianhydride (NTDA, Shanghai Institute of Resin), 
p-aminophenol (Huludao Chemical Plants), bisphenol A, and 4,4’-difluorobenzo-
phenone (Yinsheng Chemical Plants) were used as received. Potassium carbonate was 
dried at 180°C for 10 hours before use. Other reagents and solvents, such as N,N-
dimethylformamide (DMF), dimethyl sulfoxide (DMSO), m-cresol，  were obtained 
commercially (Beijing Chemical Plants) and used without further purification. 

Synthesis of Bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic Diimide 
Monomer 

26.8 g of NTDA, 22.4 g of p-aminophenol, and 350 mL of DMF were added to 
a completely dried 3-necked flask equipped with a mechanical stirrer, a reflux 
condenser, and a nitrogen inlet. Toluene was used to remove the produced water. The 
reaction mixture was stirred at room temperature and then heated to reflux under the 
nitrogen flow at 120°C for 4 hours. After removing the water that produced in the 
reaction, the reaction mixture was reheated to 120-140°C for 5 hours. When toluene 
was evaporated out, the reaction mixture was cooled to room temperature. The solid 
product was filtered and thoroughly washed with boiling water and ethanol to remove 
the residual p-aminophenol, dried at 80°C for 10 h, and then gave 45 g of yellow 
powder solid, which was the bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetra-
carboxylic diimide (Yield: 92%). Scheme 1 has illustrated this process in detail. Anal. 
Calcd for NTDA–OH (C26H14N2O6): C, 69.34%; H, 3.11%; N, 6.22%; Found: C, 
69.75%; H, 3.05%; N, 6.20%. 1H NMR (ppm, DMSO-d6): δH1 = 9.71, δH2 = 8.70, 
δH3 =7.20–7.22, δH4 = 6.89–6.91. FT–IR (KBr, cm-1): 1683 (–CO–), 1340(C–N), 1255 
(C–O). 
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Scheme 1  The preparation of the bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic 
diimide monomer 
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Synthesis of the Polymer 

A typical procedure for the copolymerization is shown in Scheme 2. To a 3-necked 
flask equipped with a mechanical stirrer, a reflux-condenser, and a nitrogen inlet, m mol 
of bisphenol A, n mol of bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic 
diimide, (m+n) mol of 4,4’-difluorobenzophenone, K2CO3, DMSO, and toluene were 
added. After stirred at 140°C for 4 hours， toluene was evaporated out. The reaction 
mixture was heated at 180°C for 6 hours, and then poured into distilled water. The 
product was cooled to room temperature and washed carefully with distilled water.  

 
Scheme 2  The preparation of the copolymers 

Measurements 

Specific viscosity was measured at a concentration of 5.00 g/L in DMF at 25°C using 
Ubbelohde viscometer. IR spectra were recorded on a Nicolet Impact 410 FT–IR 
spectrometer for the monomer and the polymer powder as KBr pellets. 1H NMR 
spectra were recorded on a Bruker Avance 500S spectrometer with dimethyl 
sulfoxide-d6 (DMSO-d6) as a solvent and with tetramethylsilane as a reference. 
Differential scanning calorimetry (DSC) was performed with a DuPont TA–910 
instrument at a heating rate of 10°C /min in N2 flow. Thermal gravimetry (TG) 
was measured with a Netzsch Sta449C instrument in air at a heating rate of 10°C /min. 
The inductive coupled plasma (ICP) analysis was conducted on a Jarrzall–ash 800 
Mark–II ICP instrument, and the elemental analysis was performed on a Perkin–Elmer 
240C element analyzer. 

Results and discussion 

Synthesis and Characterization of the Monomer 

As shown in Scheme 1, the bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic 
diimide monomer was prepared via the nucleophilic substitution condensation of 
NTDA with p-aminophenol in the DMF/toluene solvent system. The composition and 
structure of the resulted monomer were confirmed by the 1H NMR and the elementary 
analysis. The elementary analysis results and their theoretical values for this 
synthesized monomer were in good agreement. The 1H NMR spectrum of the 
monomer is illustrated in Figure 1. All of the hydrogen atoms were well assigned to the 
supposed chemical structure (δH1 = 9.71 ppm; δH2 = 8.70 ppm; δH3 =7.20−7.22 ppm; 
δH4 = 6.89–6.91 ppm), and the integration ratio of the peaks were in good agreement 
with the expected monomer compositions. No residual amide and carboxylic protons 
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were observed, which indicated that the imidization was complete. Both the 
elementary analysis and the NMR spectrum result suggested that we had synthesized 
a bisphenol monomer with imide groups as shown in Scheme 1. 

 
Figure 1  1H NMR spectrum of the synthesized monomer. 

Synthesis and Characterization of the Polymers 

A series of polymers were obtained through ternary copolymerizations of 4,4’-
difluorobenzophenone and various ratios of two kinds of bisphenols by nucleophilic 
substitution reactions. K2CO3 was used as the salifying reagent, and toluene was used to 
remove the water produced during the reaction. The synthetic routes are showed in 
Scheme 2. Table 1 lists the results of elementary analysis, viscosity analysis and DSC 
analysis for polymers with different molar ratios of bisphenol A and bis(p-
hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic diimide. Polymer ‘a’ denotes the 
homopolymer synthesized by bisphenol A and 4,4’-difluorobenzophenone; polymer ‘k’ 
denotes the homopolymer synthesized by bis(p-hydroxylphenyl)-1,4,5,8-naphthalene-
tetracarboxylic diimide  and 4,4’-difluorobenzophenone; polymer ‘b’ to polymer ‘j’ 
denote the ternary copolymers synthesized by 4,4’-difluorobenzophenone and different 
molar ratios of the two bisphenols, and the ‘m:n’ denotes the molar ratio of bisphenol 
A and bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic diimide. The viscosity 
factor η showed that the polymers we synthesized were of high molecular weights. 

Table 1 The results of elementary analysis, viscosity analysis and DSC analysis for different 
polymers 

Polymer  m:n* ηsp/c Tg/°C t5/°C t10/°C 

a 10:0 1.15 146.2 510.2 535.5 
b 9:1 1.08 161.8 527.0 545.3 
c 8:2 0.97 170.3 536.6 557.1 
d 7:3 0.92 176.5 542.3 565.9 
e 6:4 0.85 184.1 550.4 577.3 
f 5:5 0.80 196.6 561.4 586.0 
g 4:6 0.75 214.5 574.9 597.7 
h 3:7 0.77 231.0 586.0 608.4 
i 2:8 0.73 248.7 598.7 615.6 
j 1:9 0.68 268.2 603.6 625.2 
k 0:10 0.57 283.9 620.2 644.3 

*: ‘m:n’ denotes the molar ratio of bisphenol A and bis(p-hydroxylphenyl)-1,4,5,8-
naphthalenetetracarboxylic diimide 
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The IR spectra of the polymers with different ratios of the two bisphenols are shown 
in Figure 2. For all the polymers from A to K, the adsorption peaks at ca 1235 cm-1 
could be found, which corresponded with the –O– vibrations. For polymer A, there 
were adsorption peaks at 2968cm-1 and 1363 cm-1, which could be assigned to the 
vibrations of –CH3 groups, while no peaks at 1340cm-1 were found corresponding 
with the vibrations of N–C bonds; for polymer K, only adsorption peaks assigned to 
N–C bonds could be found, while no peaks could be found corresponding with –CH3 
groups; for polymer B to J, both the adsorption peaks corresponding with the –CH3 
groups and the N–C bonds could be found. 

 
Figure 2  The FT-IR spectra of the polymers with different compositions. 

We took the polymer C as an example to illustrate the 1H NMR spectra of our 
synthesized polymers. Figure 3 shows the 1H NMR spectrum of polymer C. The 
chemical shifts δH at 1.69–1.75 ppm were assigned to the hydrogen atoms of methyl 
groups; δH at 8.78 ppm was assigned to the hydrogen atoms of naphthalene; δH at 
7.91–6.90 ppm were assigned to the hydrogen atoms of benzene rings; and δH at 
2.79 ppm was assigned to the hydrogen atoms of DMSO molecules. Table 2 lists the 
elementary results of the synthesized polymers. The experimental compositions of the 

 

Figure 3  1H NMR spectrum of the polymer C. 
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polymers were in good agreement with the theoretical calculated values. The IR 
spectra, 1H NMR spectra, and the elementary analysis results indicated that we had 
successfully synthesized a series of ternary copolymers with different ratios of 
bisphenol A and bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic diimide. 

Table 2  The elementary analysis results of the synthesized polymers 

  C (% wt) H (% wt) N (% wt) 

A Exp. 82.51 5.27 0.00 
 Calcd. 82.74 5.46 0.00 
B Exp. 80.98 5.03 0.62 
 Calcd. 81.53 5.13 0.65 
C Exp. 80.23 4.56 1.20 
 Calcd. 80.45 4.83 1.24 
D Exp. 79.15 4.42 1.59 
 Calcd. 79.46 4.56 1.78 
E Exp. 78.51 4.36 2.25 
 Calcd. 78.57 4.31 2.26 
F Exp. 77.71 4.05 2..65 
 Calcd. 77.75 4.09 2.71 
G Exp. 76.32 3.49 3.12 
 Calcd. 77.00 3.88 3.11 
H Exp. 76.21 3.56 3.41 
 Calcd. 76.30 3.70 3.49 
I Exp. 75.00 3.61 3.49 
 Calcd. 75.66 3.52 3.84 
J Exp. 74.56 3.22 4.03 
 Calcd 75.07 3.36 4.16 
K Exp. 74.38 3.08 4.39 
 Calcd. 74.52 3.21 4.46 

Solubility of the Copolymers 

Table 3 lists the solubility of the synthesized polymers. The solubility of the 
copolymer decreased rapidly when the ratio of the bisphenol A and bis(p-hydroxyl-
phenyl)-1,4,5,8-naphthalenetetracarboxylic diimide increased. This was because that, 
the decrease of the content of the flexible bisphenol A or the increase of the content of 
the rigid imide rings caused the increase of the order of the degree of the backbones. 
The movements of the backbones were more limited in the copolymers with lower 
m/n ratios, which made the solute molecules more difficult to diffuse and decreased 
the solubility of the copolymers. 

Thermal Properties of the Copolymers 

The DSC results of the copolymers are illustrated in Figure 4. The glass-transition 
temperature of the copolymer increased with the content of the imide rings. The Tg of 
the PEEK with only imide groups was high up to 290°C. This was because that, after 
the introduction of the bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic 
diimide into the backbones, the number of rotatable single bonds in the backbones 
decreased, and the rigidity of the backbones increased, which raised the glass 
transition temperature. On the other hand, the ternary copolymerization broke the 



 357 

 

ordered arrangement of the backbones, which caused the glass transition temperatures 
of the copolymers lying between the homopolymers. 

Table 3  The solubility of the copolymers 

 A B C D E F G H I J K 

Water – – – – – – – – – – – 
Chloroform +h +h – – – – – – – – – 
Acetone – – – – – – – – – – – 
Toluene +h +h +h – – – – – – – – 
Methanol – – – – – – – – – – – 
THF + + + +h +h +h +h +h +h – – 
DMF + + + + + + + +h +h – – 
DMAC + + + + + + + +h +h +h – 
DMSO + + + +h +h +h +h +h – – – 
NMP + + + + + + + + +h +h +h 
HCl – – – – – – – – – – – 
NaOH – – – – – – – – – – – 

(+):soluble at room temperature , (+h):soluble under heating , (–):insoluble 

 
Figure 4  The DSC results of the synthesized copolymers. 

The thermal gravimetry results of the synthesized copolymers are illustrated in 
Figure 5. The temperatures of 5% and 10% weight loss were all above 520°C and 
540°C, respectively. The thermal stability of the copolymer increased with the content 
of the imide rings. The temperatures of 5% and 10% weight loss for the PEEK with 
only imide groups were at 620.2°C and 644.3°C, respectively. Both the DSC and the 
TGA analysis results indicated that we synthesized a series of copolymers with high 
glass transition and thermal decomposition temperatures. 
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Figure 5  Thermal gravimetry of the synthesized copolymers 

Conclusions 

A new bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetracarboxylic diimide monomer 
were prepared. A series of copolymers were further synthesized by the ternary 
copolymerization of the synthesized bis(p-hydroxylphenyl)-1,4,5,8-naphthalenetetra-
carboxylic diimide, bisphenol A, and 4,4’-difluorobenzophenone. The compositions of 
the copolymers were confirmed by the elementary analysis, FT-IR, and 1H NMR 
spectra. The DSC and TG results indicated that the PEEK we synthesized had high 
glass transition and thermal decomposition temperature. The introduction of the imide 
groups increased the thermal stabilities of the polymers, and gave them potential 
applications in more fields.  

Acknowledgements. Financial support of the National Nature Science Foundation of China (No. 
20320120169) and Nature Science Foundation of China (NSFC20433060) are gratefully 
appreciated. 

References 

1. Attwook TE, Dawson PC, Freeman JL, Hoy LRJ, Rose JB, Staniland PA (1981) Polymer 
22:1096 

2. Moulinié P, Paroli RM, Wang ZJ (1995) Polymer Science: Part A: Polymer Chemistry 
33:2741 

3. Blundell DJ, Qsborn BN (1983) Polymer 24:953 
4. Zimmermann HJ, Könnecke K (1991) Polymer 32:3162 
5. Shibata M, Yosomiya R, Wang J, Zheng Y, Zhang W, Wu Z (1997) Macromol. Rapid 

Commun. 18:99 
6. Moore S, Jansons V, Dahl K (1986) WO 86/01199 
7. Jurgen K, Rober L, Gerhand H (1989) EP 0327980 
8. Cao J, Su W, Wu Z, Liu J, Kitayama T, Hatada K (1996) Polymer 37:4579 
9. Hudson SD, Davis DD, Lovinger AJ (1992) Macromolecules 25:1759 
10. Bicakci S, Cakmak M (1998) Polymer 39:4001 
11. Bessonov MI, Koton MM, Kudryavtsev VV, Laius LA (1987) Polyimides: Thermally 

Stable Polymers; Wright WW (ed) Consultants Bureau, New York 



<<
  /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 false
  /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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


