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Electrodeposition of Gold Nanoparticle Clusters on Multi-Wall Carbon
Nanotubes and the Direct Electrochemistry of Hemoglobin
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Abstract Three-dimensional structure gold nanoparticle clusters (3D Au) were electrodeposited onto multiwalled carbon
nanotubes (MWCNTs) through improved three-step method, which involves: (1) potential cycling (CV, 200 mVes"") from
+1.8 to —0.4 V was performed in 0.5 mol/L K,SOj4 solutions for 10 min in order to produce oxide functional groups (car-
bonyl, hydroxyl, and carboxyl) at the defect sites located at the ends and/or the sidewalls of MWCNTs, (2) electrochemical
oxidation of the Au(IIT) complex to the Au(V) complex from 2 mol/L K,PtCl,+0.1 mol/L K,SO, aqueous solutions by using
potential-step method (PS). The potential was jumped from 0.3 V to 1.1 V with different pulse width and this was repeated
until a steady pulse current was reached. and (3) electrochemical transformation of the Au(V) complex to Au nanoparticle
clusters on the surface of MWCNTSs through cycling from +1.0 to —0.26 V in 0.1 mol/L H,SO, solutions to the steady
state. For comparison, however, experiments were also carried out with CV in the second step (2 mol/L K,PtCl;+0.1 mol/L
K,S0O4 aqueous solution with 190 cycles: these proved to be the optimal conditions). The morphology of 3D Au/MWCNTSs
electrode was characterized by transmission electron microscopy (TEM) and energy dispersive X-ray spectroscopy (EDS).
The voltammetric behavior of hemoglobin (Hb) on 3D Au/MWCNTs-Nafion has been investigated in 10 nmol/L Hb solution
(pH=6 PBS) by cyclic voltammetry (CV) and current-time method (CT). Compared with Au+MWCNTs-Nafion (+means
mix together), AuMWCNTs-Nafion (uniform Au nanoparticle dispersion of MWCNTSs, which was obtained when the sec-
ond step adopts cyclic voltammetry instead of potential-step method), 3D Au/MWCNTs-Nafion gave a higher peak current
and better reversibility. The higher sensitivity and lower detection limit show that 3D Au/MWCNTs-Nafion can offer a con-
ductive microenvironment for the immobilized Hb to achieve direct electrochemistry. The average coverage (/") of Hb immo-
bilized on 3D Aw/MWCNTs-Nafion was calculated to be 7.65X 10~ molscm 2, testifies a high surface-to-volume ratio. Elec-
tron transfer rate constant (ks) was calculated to be 1.8 s~ !, which was proved 3D Au/MWCNTs-Nafion is more conducive to
direct electron transfer between Hb and the electrode. Hb/Au/MWCNTs-Nafion potential application towards the electro-
catalytic reduction of H,O, was also conducted to show immobilized Hb exhibits excellent biocompatibility and stability. Our
work points to a new path for the preparation of 3D Au/MWCNTs nanocomposites, which are promising as electrocatalysts
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T K % T AwMWCNTSs-Nafion b f#) Hb f#) HEfiE 4L
TWEERAEYETE, #1743 Hb/AwMWCNTSs-Nafion &4 i
W, FELE AR IE IR HoO, 77 T R B, AE 4 H Bl Tk
FEVEE A 0~15 pmolL ™" ) H,O, (pH=6.5 PBS)I& Wi T
IR Ak 22 i B 40 8. Bl HaO, 3K FE 1H 386 i,
Hb/AwW/MWCNTSs-Nafion HUARAE—0.22 V Kb [ Jr i
TGN, [ IR B A A U R R e B 2R R
o 0 AR AR, HL0, B Hb 34 J5 (1 S S HLER
Wi R Hb-Fe(Ill) #% % 4k i — Fifb 54, & XA
“compound I”, Bl Hb-Fe(lll)+H,0, — compound 1+
H,0. %X/, compound 1 5 H,0, MR Hb-Fe(III)F
0,, Hl compound I+H,0, —Hb-Fe(II1)+0, Y.

7£—0.2 V Itf, Hb/Au/MWCNTs-Nafion HiHfF pH=
6 PBS i H0, AR & S2 B,
H,0, WRPEAE 0 3 1.0 X 1072 moleL™" 2 [AJISF, Wi 3 B 37 (1)
5 Hy0, WL ([H,0,) R R, M IE]K 20 s, #R
Pl S2b, LM RE N 1=0.158840.032[H,0,] (I:
HA, [Hy,0,]: pmoleL™", »=0.998). 5 R MU% A
32 pAemmolL ™", KM A 5 nmoleL™", Lt T I —LL
BUER AL B CT B AT R m, A BRA S 5. 4
[H,0,]>1.0X 10 *molsL ™" I}, MBI T4, KI L
Michaelis-Menten 3/ JJ % 4 1E. Michaelis-Menten “# %i
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PBS). Scan rate: 100 mVes '

(Kow) [z WL B~ AE T 30 5 2% 12, 1 Lineweaver-
Burk 7 Ff568:

VI =K /Lo l/c+H 11

EKH, LA HyO, MR L, ¢ Z[H205), Tmax
A H0, 41F F IS K. 5133 Hb/Aw
MWCNTs-Nafion [¥] Ky, {i 0.86 umoleL™"(/&] 9), Lt3C#k
WIEMHILE A GERR 1 K, R, 3 Hb/Aw/
MWCNTs-Nafion 181 LA HyO, H A E 28 1 A48 Fil
J1. % T AwMWCNTSs-Nafion /1 Hb H A% &t v
AL 3G PE A A WIS P, X2 3D Au g4 oK [ R R
MWCNTs L[ 1 45 5.

-70.0 4
-60.0 4
-50.0 4

-40.0 4

r'mA"

-30.0 4
-20.0 4

-10.0 4

0.0 T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 25

[H,0,]"/(umol™ L)

B9 K, MRk

Figure 9 Examination curve of K,

Hb/Au/MWCNTs-Nafion & {1 bz H AL 27 PR i+ 4>
FGE. MEAMEEAE pH=7.2 [ PBS ¥ I, 8 JH@25
T, PHRREDRFFE T HyO, 38 i S5 N T VR I3 FEL AL
[ 90%. fHEY H,0, #JE KT 1.0X107% moleL ™" 5k
PBS #JE KT 0.2 moleL " I}, Hb 23 K AEAR 1.

244 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

3 it

FH et (1 ra Ak 27 =289 9F H Nafion VA [l e, 4%
3D Au/MWCNTs-Nafion f&4fiHitlk, 5#H TEM 1 EDS
f 34T £ 4E . A Eb AuMWCNTs-Nafion, Au +
MWCNTs-Nafion, MWCNTs, A% Hb () AL 3G
PEFIFE 2 ME, WY Hb 7F 3D AwWMWCNTs-Nafion /() 5
B4k, Hb 75 3D AWMWCNT-Nafion |5 ALI4 5
W FL L G, N ARG I FHD R TESC R, BN I,
2 R B 1) PR 3 T D HLb 75 RS PRI PR L IAE; e 5 v R
KA, VW] R A o R A R T ek BRI, vHHAS Hb
7£ 3D AWMWCNT-Nafion [~V 3R TH W AR FE (D) R
7.65 nmolecm 2, #iH] 3D AWMWCNTSs #2751 Hb 7E1&
MR A B, 3D AWMWOCNTs HLAT 8K M b £ T
B BRI B 1 L PR R R (k) 1.8 s,
PiH] 3D Au/MWCNTs-Nafion & 1fi i A% 5545 A T Hb 5
AR TE] () B v T 6 8% . Hb/AwWMWCNTs-Nafion 1571
BT HoO, I8 I s AR B R i b M .
i 10 8 R RN B A A I PR W oR T 2T 3D
Au/MWCNTs-Nafion &A1 HLH 111 Hb FLATHE =1 F fi
LI PERAE G TE, X2 3D Au 45K B1#%F1 MWCNTS
L RIVE I 45 3. 43H5E Ko {60 0.86 pmoleL ™!, HXC
BRIRIE e Au 9PKRRT I K, EAR, Ui Hb/Aw/
MWCNTs-Nafion 1 11 b % H,0, LA w2 A= 4055 Al
77.3D Au/MWCNTs-Nafion % Hb FLAT g4 g ke
YISERITE, W DAMERA Sl B Hb AT ST IL E e Ak

=

4 ZWES

AT GC HR AP AU & WIS HT B, 76
R E RN AR T A 1 mg
MWCNTs 45 10 mL H2REAHE S 30 min B 0.1
mgemL ™" B K 15 pL Bl B AE GC HLK
IR N T, I MWCNTS/GC &1 FE Ak,

R Sk i = 209236146 3D AwMWCNTs 20 (1) 7
0.5 molsL ™' K,SO0, ¥, bl 1A +1.8~
—0.4 V, FHEEEE A 200 mVes |, PR 10 min, ff
MWCNTs 5 B 1 sy ¥ 6 B 2B 1 75 40 B Be 1 (C =0,
—COH F1—COOH 25); (2)7F 0.1 molsL ™' HAuCl,+0.1
molsL ™" K,S0, (pH=4)# AT AL ER(PS), ikl
BrERia e 0.8~1.5 V, BrEksE sk 0.001 s, ELLFER
HERAE, 1 AuCly %4k; 3)FE 0.1 molL ' H,SO,
W, EHEREEE41.0~—0.26 V, TR B,
R Y Au GKITRE. P Nafion ¥ARE 2, 175 3D
AwWMWCNTs-Nafion &R, T AR, KM =Dk
A2 B AwWMWCNTSs-Nafion, K#(2)25H (1) PS
¥k CV ¥ £E 0.1 molsL™' HAuCL+0.1 molsL™
K,SO, ¥ i IR 29 CVIE(E+03~+13 V

Acta Chim. Sinica 2013, 71, 239—245



W F F R

| #REX

(YA 9 P e S 414 190 ).

Au~+MWCNTs-Nafion AR (16 & 7L~ ¥
MWCNTs 5 Au 442K ki 7 7F Nafion i 4. 75 20 min
{RIUF MWCNTs 45 Au 40Kk 740 #0345, #1537 Au+
MWCNTs-Nafion & . ¥l #41 Au+MWCNTs-
Nafion &K 3 pL i 7E GC Hb b, 228 FAR T,
#1758 Au+MWCNTSs-Nafion HLA.

Hb/3D Aw/MWCNTs-Nafion HLHS ()14 73200 R
3D AwMWCNTs-Nafion 5 0.1 mL Hb i#¥i(Hb 5 pH=
5.5 (R 22 PBS %W, Hb W5 24 0.1 mmoleL ™ )R A,
A 20 min, {RUE Hb %5 3D Au/MWCNTSs-Nafion
VREHA]. I8 T Hb/AuMWCNTs-Nafion &M, ¥
#4317 3 uL Hb/Aw/MWCNTs-Nafion &g i £ GC Hi
Wb, et B TR, Hl 45 Hb/AwWMWCNTS-
Nafion HiA%. 1 Hb/Au/MWCNTs-Nafion H Al H,O,,
H,O, 1199 5 R ki S 2 A\ 25761,

References

[1] Chi, Q.; Dong, S. Anal. Chim. Acta 1994, 285, 125.

[2] Wang, Y.; Li, Z. H.; Li, J. H.; Lin, Y. H. Trends Biotechnol. 2011,
29, 205.

[3] Caldwell, W.; Chem, K.; Mirkin, C.; Babinec, S. Langmuir 1993, 9,
11945.

[4] Zeng, Q.; Cheng, J. S.; Tang, L. H.; Liu, X. F.; Liu, Y. Z.; Li, J. H,;
Jiang, J. H. Adv. Funct. Mater. 2010, 20, 3366.

[5] Ma, Y.; Zhan, G.; Ma, M.; Wang, X.; Li, C. Bioelectrochemistry
2012, 84, 6.

[6] Lu, X. B.; Wen, Z. H.; Li, J. H. Biomaterials 2006, 27(33), 5740.

[7]1 Zhang, Y.; Zheng, J. B. Acta Chim. Sinica 2011, 69, 1903. (5K,
FRAIK, 1L F FIR, 2011, 69, 1903.)

[8] Zhang, L.; Zhang, Q.; Li, J. H. Electrochem. Commun. 2007, 9(7),
1530.

[9] Daniel, M. C.; Astruc, D. Chem. Rev. 2004, 104, 293.

[10] Hong, J.; Dai, Z. Sens. Actuators B: Chem. 2009, 140, 222.

[11] Tan, Y.; Ding, S. H.; Wang, Y.; Qian, W. P. Acta Chim. Sinica
2005, 63(10), 929. (K, T/4E, Tik, & 1P, R,
2005, 63(10), 929.)

[12] Feng, Q.; Liu, K.; Fu, J.; Zhang, Y.; Zheng, Z.; Wang, C.; Du, Y.;
Ye, W. Electrochim. Acta 2012, 60, 304.

Acta Chim. Sinica 2013, 71,239—245

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[13] Huang, Y.J.; Li, D.; Li, J. H. Chem. Phys. Lett. 2004, 389, 14.

[14] Chen,J. K.; Qui, J. Q. J. Nanopart. Res. 2012, 14, 942.

[15] Chow, K. F.; Sardar, R.; Sassin, M. B.; Wallace, J. M.; Feldberg, S.
W.; Rolison, D. R.; Long, J. W.; Murray, R. W. J. Phys. Chem. C
2012, /16, 9283.

[16] Gholivand, M. B.; Azadbakht, A. Mater. Sci. Eng. C 2012, 32, 1955.

[17] Xi, Q.; Chen, X.; Evans, D. G.; Yang, W. Langmuir 2012, 28, 9885.

[18] Dong, S.; Liu, F.; Hou, S.; Pan, Z. Acta Chim. Sinica 2010, 68(15),
1519. (HEp4e, X, R BHE, LFFR, 2010, 68(15),
1519.)

[19] Dillon, A. C.; Jones, K. M.; Bekkedahl, T. A.; Kiang, C. H.; Be-
thune, D. S.; Heben, M. J. Nature 1997, 386, 377.

[20] Collins, P. G.; Zettl, A.; Bando, H.; Thess, A.; Smalley, R. E. Sci-
ence 1997, 278, 100.

[21] Qu, L.; Xia, S.; Bian, C.; Sun, J.; Han, J. Biosens. Bioelectron. 2009,
24(12), 3419.

[22] Ni, Y.; Wang, Y.; Zhang, G.; Shen, J.; Zhao, W.; Huang, X. Elec-
trochim. Acta 2012, 69, 282.

[23] Sun, H.; Zhao, S.; Qu, F. Measurement 2012, 45, 1111.

[24] Kaushik, A.; Solanki, P. R.; Pandey, M. K.; Kaneto, K.; Ahmad, S.;
Malhotra, B. D. Thin Solid Films 2010, 519(3), 1160.

[25] Guo, D.J.; Li, H. L. J. Electroanal. Chem. 2004, 573, 197.

[26] Zhao, Y.; Fan, L. Z.; Zhong, H. Z.; Li, Y. F. Microchim. Acta 2007,
158, 327.

[27] Zhao, Y.; Fan, L. Z.; Zhong, H. Z.; Li, Y. F.; Yang, S. H. Adv.
Funct. Mater. 2007, 17, 1537.

[28] Sogaard, M.; Odgaard, M.; Skou, E. M. Solid State Ionics 2001, 145,
31.

[29] Meites, L. Polarographic Techniques, 2nd ed., Wiley, New York,
1965.

[30] Chen, Y.; Yang, X. J.; Guo, L. R.; Li, J.; Xia, X. H.; Zheng, L. M.
Anal. Chim. Acta 2009, 644, 83.

[31] He, P.; Hu, N.; Zhou, G. Biomacromolecules 2002, 3, 139.

[32] Gu, H. Y.; Yu, A. M.; Chen, H. Y. J. Electroanal. Chem. 2001, 516,
119.

[33] Huang, H.; Hu, N.; Zeng, Y.; Zhou, G. Anal. Biochem. 2002, 308,
141.

[34] Zhou, L. H.; Xian, Y. Z.; Zhou, Y. Y.; Hu, J.; Liu, H. L. Acta Chim.
Sinica 2005, 63(23), 2117. (JAUNL:, SFERAh, JET246, A%, xlut
K, e FEIR, 2005, 63(23), 2117.)

[35] Jia, N.; Lian, Q.; Wang, Z.; Shen, H. Sens. Actuators B: Chem. 2009,
137(1), 230.

[36] Fan, H.; Zhang, S.; Ju, P.; Su, H.; Ai, S. Electrochim. Acta 2012, 64,
171.

[37] Xuan, J.; Jia, X.; Jiang, L. P.; Abdel-Halim, E. S.; Zhu, J. J. Bioelec-
trochemistry 2012, 84, 32.

[38] Zhang, J. D.; Oyama, M. Electrochim. Acta 2004, 50, 85.

[39] Huang, K. J.; Sun, J. Y.; Jin, C. X.; Jing, Q. S.; Zhou, T. Thin Solid
Films 2011, 519(11), 3925.

(Zhao, X.)

http://sioc-journal.cn 245




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


