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Abstract As an important part of smart materials, the volume, mass, or elasticity of pH-sensitive polymers can shift with
pH values. Based on the feature, the pH-sensitive polymers can be used in many fields such as biology, chemistry and micro/
nano electromechanical system. Previous researches are based on the development and utilization of the known properties of
functional smart materials, the mechanism of pH-sensitivity at the single-molecule level is still unclear. Based on the single
molecule force spectroscopy, the single-chain mechanics of a typical pH-sensitive polymer, polyacrylic acid (PAA), in the
buffer solution with different pH values have been studied. In order to reduce the influence of other factors on the experi-
mental results, the buffer solution used in the experiment is disodium hydrogen phosphate citric acid with adjusted salt ion
concentration of 0.5 mol/L, and the pH value is the only variable in the experiment (from 2 to 8). PAA is dissolved in deion-
ized water (DI water) to a concentration of 5 mg/L, then used for the polymer physisorption on a silanized glass substrate,
which has undergone piranha solution cleaning and then immersed in the (3-aminopropyl)- triethoxysilane (APTES) solution
(2 mmol/L, CH2Cl: solution) for 20 mins. After that, the sample is rinsed with abundant DI water to remove the loosely ad-
sorbed polymer and dried by air flow. The single molecule force spectroscopy experiments were carried on a commercial
atomic force microscope (Asylum Research, MFP-3D). The experimental results show that as the pH value increases, the
single PAA chain undergoes from collapsed conformation to fully extended conformation, and the energy required for the
transformation between different conformations during the stretching process is calculated. In addition, according to the chain
shrinkage rate under different loads, the shrinkage work of single PAA chain under the change of pH is calculated. Based on
the characteristic of the conformation changes of single PAA chain with pH value, a new molecular motor (switch) design
concept was proposed. It can be expected that the result of this work can provide theoretical basis and data support for the
design of multi response polymer and novel smart sensors.

Keywords single molecular force spectroscopy; pH-sensitive polymer; conformational change; molecular motor; molecular
switch; smart sensor
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Figure 1 (a) Typical single-chain F-E curves of PAA obtained in
n-octylbenzene; (b) the normalized single-chain F-E curves of those
shown in (a)
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Figure 2 Normalized single-chain F-E curves of PAA obtained in
n-octylbenzene (blue line) and the QM-FRC fitting curve with /,=0.154
nm (yellow dotted line)
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Figure 3 Normalized single-chain F-E curves of PAA chains. (a) The
disodium hydrogen phosphate-citric acid buffer solution with the concen-
tration of 0.5 mol/L. pH=2 (black line), pH=3 (red dotted line); (b)
n-octylbenzene (blue line), pH=3 (red dotted line)

2.3 BT PAA HY pKa Eii iy fiahsk

2 pH fH/NT pKa FIBHE, MEE AR ERIE 4115 2
Jfi F A5 N-COOH, i 85 I 5 & ¥ 2 18] i %
JIHR, BN RA T RARE. BE5 pH (I A,
TEBET PAA ) pKa I, PAA IR G IT 46 & B4R, tnfE
4a fli7~. PAA 7E pH=3 MR B F-E k5 pH=>5
v S X343 (F> 600 pN)A] LR UFHh 4, {H 2 7R
X4y F-E M7 pH=3 R348 1) dh £k W AR T/
pH=S5K}. X ULHTES I/EF N Hifd PAA HEE 75 ELHFE
FIREELE pH=3 L MK T pH=5. X2 HTHi%E pH
B3GR, MGE R PR 3t T R A Ay b fel, 7ERR A

Acta Chim. Sinica 2021, 79, 500—505



F F R

TERE, [FREEA MR K 32 4 W B 2000 L [ |
TS AR, 456 /K AE 288 U HE AT T UK M, 76
PAA BER IR, T 25 A /K I E T HES A 75 40
AN FEER > fEE, [HILTE pH ETH I RERI e R %
WAL, 7E pH=3 I}, PAA BB TIRAIRA, HE
pH #NEIEL pKa MHL(pH="5)8EF 42 47k, dEm S
Ak, BIE 10 g 1R R IX 584y,
PAA 1E pH=3 I 2K T-7£ pH=5 /), 7£ PAA
Pt b, 76 pH=>5 tb pH=3 NNt EE L. &
THE 28 2 1B A TR 22 AT, PAA M pH=3 FIIRZHIRES
F pH=S5 FIVIP B ERAS, g G/KEHSENReE
54 0.9 kaT/unit (2.2 kJ/mol).

W 4b iR, By ik scin g R, 48t
WETH pH fH, PAA FHBEHIE 2 4k 4k A A 1L
PAA HUEESE pH=5 ZZPHH 1Y F-E IR AEK ) X AR T
pH=8 FfihLk. XU &R T pKa) FHifi
PAA TREMIReR T & A R BEE pH BT,
PAA ] L B FE BE AW, 4546 55 52 e 2 () 1 i fELTE
FH3 5, BESS M INET IR, REIR B TESE AR B K o
T2 L. BT/KSTFASZ AW EAMHEAEH,

12004
(a) /
% 8004 —-- pH=5 [
3 £
= .
S 400- /!
ot
0- ,_ﬂ.w.mw"d"'
0.7 08 09 1.0 1.1
Normalized Extension
1 ® f
12004 —- pH=5 ;
Z | -~ opH=8 ]
~ 8001 /i
o L
83 . o
400- P ya
O-MM"I"’

07 08 09 1.0 1.1
Normalized Extension

B4 JH—1LI% PAA TE 0.5 mol/L BERR Sl 4 AP IR 2 i IY) F-E il
2k, (a) pH=3(Z e 2k), pH="5(&¢ 0 S %I%k); (b) pH=5(&% 0 kI Zk),
pH=8(% 4, = S ik

Figure 4 Normalized single-chain F-E curves of PAA obtained in the
buffer solution with the concentration of 0.5 mol/L. (a) pH=3 (red dotted
line), pH=35 (green dot dash line); (b) pH=5 (green dot dash line), pH=
8 (purple three-dot dash)
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line), pH=28 (purple three-dot dash); (b) a novel molecular motor can be
proposed according to the variation of single-chain mechanics of pH
sensitive polymers; (c) a novel molecular switch based on pH-sensitive
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um/s, JEANERQS C). EAILEY, BHirma T4
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References

[1] Stuart, M. A. C.; Huck, W. T. S.; Genzer, J.; Muller, M.; Ober, C.;
Stamm, M.; Sukhorukov, G. B.; Szleifer, I.; Tsukruk, V. V.; Urban,
M.; Winnik, F.; Zauscher, S.; Luzinov, I.; Minko, S. Nat. Mater.
2010, 9, 101.

[2] Schmaljohann, D. Adv. Drug Deliv. Rev. 2006, 58, 1655.

[3] Qiu, Y.; Park, K. Adv. Drug Deliv. Rev. 2001, 53, 321.

[4] Gil, E. S.; Hudson, S. M. Prog. Polym. Sci. 2004, 29, 1173.

[5] Qiu, X.Y.; Hu, S.W. Materials 2013, 6, 738.

[6] Bae, Y.; Fukushima, S.; Harada, A.; Kataoka, K. Angew. Chem.-Int.
Ed. 2003, 42, 4640.

[7] Hu, W.; Zhang, Y. Acta Chim. Sinica 2010, 68, 1855 (in Chinese).
(W16, TRB, 15 4R, 2010, 68, 1855.)

[8] Lu, T. T.; Liu, J.; Li, H.; Wei, T. B.; Zhang, Y. M.; Lin, Q. Prog.

Acta Chim. Sinica 2021, 79, 500—505



F F R

Chem. 2016, 28, 1541 (in Chinese). (G2Mkbk, X418, 258, LR,
TKATHA, WA, LR, 2016, 28, 1541.)
[9] Galaev, L. Y.; Mattiasson, B. Trends Biotechnol. 1999, 17, 335.

[10] Dai, Y. N.; Li, P.; Wang, A. Q. Prog. Chem. 2007, 19, 362 (in Chi-
nese). (W e, =¥, £RE), F#kE, 2007, 19,362.)

[11] Lutz, J. F. J. Polym. Sci. Polym. Chem. 2008, 46, 3459.

[12] Hu, J. L.; Meng, H. P,; Li, G. Q.; Ibekwe, S. 1. Smart Mater. Struct.
2012, 21, 23.

[13] Zhou, H. W.; Ding, X. B. Prog. Chem. 2016, 28, 111 (in Chinese).
(A%, T/, &, 2016, 28, 111.)

[14] Kim, Y. J.; Matsunaga, Y. T. J. Mater. Chem. B 2017, 5, 4307.

[15] Guan, X. L.; Li, Z. F.; Wang, L.; Liu, M. N.; Wang, K. L.; Yang, X.
Q.;Li, Y. L.; Hu, L. L.; Zhao, X. L.; Lai, S. J.; Lei, Z. Q. Acta Chim.
Sinica 2019, 77, 1268 (in Chinese). (G¢HHk, 2EK, T4, %
W, EHUk, B, A, SN, RN, RTE, B A,
53R, 2019, 77, 1268.)

[16] Guan, X. L.; Wang, L.; Li, Z. F.; Liu, M. N.; Wang, K. L.; Lin, B.;
Yang, X. Q.; Lai, S. J.; Lei, Z. Q. Acta Chim. Sinica 2019, 77, 1036
(in Chinese). (CBERK, FAK, Z53E7K, XL, IR, MK, #
SEEE RSP R AR, K FIR, 2019, 77, 1036.)

[17] Maleki, R.; Khoshoei, A.; Ghasemy, E.; Rashidi, A. J. Mol. Graph.
Model. 2020, 100, 107660.

[18] Shi, Z. Q.; Li, Q. Q.; Mei, L. Chin. Chem. Lett. 2020, 31, 1345.

[19] Kanamala, M.; Wilson, W. R.; Yang, M. M.; Palmer, B. D.; Wu, Z.
M. Biomaterials 2016, 85, 152.

[20] Meng, F. D.; Sun, J.; Li, Z. B. Chin. J. Chem. 2019, 37, 1137.

[21] Zhang, D. J.; Liu, J.; Chen, B.; Wang, J. X.; Jiang, L. Acta Chim.
Sinica 2018, 76, 425 (in Chinese). (FK R, XI5, PRik, FHid,
VLT, 54K, 2018, 76, 425.)

[22] Chen, X. M.; Chen, Y.; Liu, Y. Chin. J. Chem. 2018, 36, 526.

[23] Yu, Q. L.; Li, Z.; Dou, C. Y.; Zhao, Y. P.; Gong, J. X.; Zhang, J. F.
Prog. Chem. 2020, 32, 179.

[24] Miao, J. K.; Shi, Y. Y.; Zhu, H. F.; Gao, M. Y. Chin. J. Chem. 2020,
38,719.

[25] Richter, A.; Bund, A.; Keller, M.; Arndt, K. F. Sensor. Actuat.
B-Chem. 2004, 99, 579.

[26] Shaibani, P. M.; Jiang, K. R.; Haghighat, G.; Hassanpourfard, M.;
Etayash, H.; Naicker, S.; Thundat, T. Sensor. Actuat. B-Chem. 2016,
226, 176.

Acta Chim. Sinica 2021, 79, 500—505

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[27] Zhang, C. J.; Cano, G. G,; Braun, P. V. Adv. Mater. 2014, 26, 5678.
[28] Scarpa, E.; Mastronardi, V. M.; Guido, F.; Algieri, L.; Qualtieri, A.;
Fiammengo, R.; Rizzi, F.; De Vittorio, M. Sci. Rep. 2020, 10, 10.
[29] Li, J. Y.; Li, H. B. Nanoscale 2020, 44, 22564.
[30] Neuman, K. C.; Nagy, A. Nat. Methods 2008, 5, 491.
[31] Rief, M.; Oesterhelt, F.; Heymann, B.; Gaub, H. E. Science 1997,
275,1295.

[32] Rief, M.; Pascual, J.; Saraste, M.; Gaub, H. E. J. Mol. Biol. 1999,
286, 553.

[33] Benoit, M.; Gabriel, D.; Gerisch, G.; Gaub, H. E. Nat. Cell Biol.
2000, 2, 313.

[34] Janshoff, A.; Neitzert, M.; Oberdorfer, Y.; Fuchs, H. Angew.
Chem.-Int. Ed. 2000, 39, 3213.

[35] Kilchherr, F.; Wachauf, C.; Pelz, B.; Rief, M.; Zacharias, M.; Dietz,
H. Science 2016, 353, 9.

[36] Cai, W. H.; Xu, D.; Qian, L.; Wei, J. H.; Xiao, C.; Qian, L. M.; Lu,
Z.Y.; Cui, S. X. J. Am. Chem. Soc. 2019, 141, 9500.

[37] Zhang, S.; Qian, H. J.; Liu, Z. H.; Ju, H. Y.; Lu, Z. Y.; Zhang, H. M_;
Chi, L. F.; Cui, S. X. Angew. Chem.-Int. Ed. 2019, 58, 1659.

[38] Cui, S. X. Acta Polym. Sin. 2016, 1160 (in Chinese). (Z2 &, &4
F 448, 2016, 1160.)

[39] Li, H. B.; Liu, B. B.; Zhang, X.; Gao, C. X.; Shen, J. C.; Zou, G. T.
Langmuir 1999, 15, 2120.

[40] Luo, Z. L.; Zhang, B.; Qian, H. J.; Lu, Z. Y.; Cui, S. X. Nanoscale
2016, 8, 17820.

[41] Bao, Y.; Luo, Z. L.; Cui, S. X. Chem. Soc. Rev. 2020, 49, 2799.

[42] Zhang, Y.-H.; Wang, Z.-Q.; Zhang, X. Acta Polym. Sin. 2009, 973
(in Chinese). (7% X1, FiA5%, kv, &% F 5K, 2009, 973.)

[43] Zhang, W.-K.; Wang, C.; Zhang, X. Chinese Sci. Bull. 2003, 48,
1113 (in Chinese). (3K3CHEL, T, 5K, #5288 R, 2003, 48,
1113))

[44] Yang, J.; Petitjean, S. J. L.; Koehler, M.; Zhang, Q.; Dumitru, A. C.;
Chen, W.; Derclaye, S.; Vincent, S. P.; Soumillion, P.; Alsteens, D.
Nat. Commun. 2020, 11, 4541.

5] Yu, M.; Qian, L.; Cui, S. X. J. Phys. Chem. B 2017, 121, 4257.

6] Wang, K. F.; Pang, X. C.; Cui, S. X. Langmuir 2013, 29, 4315.

7] Oesterhelt, F.; Rief, M.; Gaub, H. E. New J. Phys. 1999, 1, 11.

8] Cai, W. H.; Xiao, C.; Qian, L. M.; Cui, S. X. Nano Res. 2019, 12,
57.

[4
[4
[4
[4

(Cheng, B.)

http://sioc-journal.cn 505




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


