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Facile Preparation of Graphene Dots Functionalized Au Nanoparticles and
Their Application as Peroxidase Mimetics in Glucose Detection

Guo, Ying* Li, Wuwu Zheng, Minyan Huang, Yi
(College of Chemistry & Chemical Engineering, Xianyang Normal University, Xianyang 712000)

Abstract Based on the reducing property of graphene dots, we developed a facile strategy to synthesize well-stable gra-
phene dots functionalized Au nanoparticles (denoted as GQD@AuNP) by one-step process at low temperature without added
protecting agent. The prepared GQD@AuNP were characterized by transmission electron microscopy (TEM), X-ray photo-
electron spectroscopy (XPS) and UV-vis absorption spectra. It was found that the as-prepared GQD@AuNP are spherical and
monodisperse with an average diameter of ca. 10 nm. Graphene dots not only act as a mild reductant to reduce HAuCly, but
also as a capping agent to endow the GQD@AuNP with good stability in aqueous solvent and monodispersity and restrains
the Au crystal growth, making the particles have narrow size distribution. Furthermore, the as-prepared GQD@AuNP
showed an excellent intrinsic peroxidese-like activity, which could catalyze oxidization of 3,3',5,5'-tetramethylbiphenyl
(TMB) by H,0, to produce a colour variation. Using TMB as substrate, we systematically studied the effect of a series of
conditions, such as temperature and pH, on the catalytic activity of the as-prepared GQD@AuNP. Results of electron para-
magnetic resonance (ESR) suggest that the catalyse-mimic activity of the GQD@AuUNP like HRP and effectively catalyzed
the decomposition of H,0, into ‘OH radicals. On this basis, a highly sensitive and rapid colorimetric and visualization
method was developed for glucose in blood samples, when combined with glucose oxidase (GOx). Under optimum condi-
tions, the proposed method allowed the detection of glucose in the range of 2.0X10° to 4.0 X10 > moleL " with detectable
glucose as low as 3.0X10™7 moleL™". Furthermore , another three sugars existing in the human serum, including maltose,
fructose and lactose were detected by this method, which indicated the little disturbance by maltose and fructose, while no
remarkable signals were observed for the lactose. This proposed method has been successfully applied to detect glucose in
serum samples with good accuracy and precision.

Keywords graphene dots; Au nanoparticles; peroxidase mimetics; glucose
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Figure 1 (a) UV-vis spectra of GQD@AuNPs; (b) XPS spectra of GQD@AuNPs; (c) High-resolution Au4f peaks of GQD@AuNPs; (d) TEM image of

GQD@AUNPs (bar: 10 nm); (¢) TEM image of GQD (bar: 20 nm)
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Figure 2 XPS spectra of Cls on (a) GQD and (b) GQD@AuNPs

AN, T GQD K& A¥edt, blm sk

Acta Chim. Sinica 2014, 72, 713—719

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

FH#ERE] AuNPs K™, Kt GQD A7 AEHl T 44
KIORE 5 R, A K B R A shE, £
ARPERE AN H 25 AR BRI A R A B AR A B
2.3 GQD@AUuNPs i3 & L iRl ER4F 14

LRSI TMB b B &), H,0, WAL
&Y, GQD@AUNPs 1E N EALT], H 5% R 15 A R
N, DA G A A A RS RO TG 11 R A s P S SR
H,0, AfgH%4 ik TMB W4, 14 0.20 moleL '
HAc-NaAc ZE W (pH 3.50), GQD@AuUNPs g1
& H,0, At TMB F=/E2 il o e v, HA Ak =4
ox-TMB & ¥ 6, 7F 652 nm AbF — ¥ 1iF W Wi s
GQD@AUuNPs {1t H,0, %64t TMB {18 iz iz KT
Fph H0, fEH T TMB W6 (B 3). b
GQD@AuUNPs 5 H,0, fl TMB [ B GBI 2.0
moleL ™' H,SO, Ji7, ¥ il (AL by s fa, &
i [ A 1 F, 5 HRP 4L TMB 5 H,0, B0 s bv—FF.
XsesE BRI, GQD@AuUNPs HA7 5 HRP 25Ut 4k
I AT

0.5
{]—H,0,TMB 277N
it
04~~~ H,0, TMB-GQB@AuNPs
B EEEEE H,0,-TMB-PAP-AuNPs \
4 \
// Y
0.3 ! %
/
7 \
/ \\
< 024 / \
/ LT T Soo-
1 / -
S
0.1 /o
....... 7
_ '
0.0

T T T T T T T T T T
500 550 600 650 700 750
Wavelength/nm

B3 GQD@AuNPs, PVP-AuNPs fi#f H,O, it TMB 115 4MR I
Figure 3 The absorption spectra of GQD@AuNPs and PVP-AuNPs
catalyzed H,0, and TMB

H TR GQD@AUNPs [RAREE, FeAi 1%L T 4H
KK R I A ALY A TR PR (B 3), BT 5
GQD@AuUNPs ¥R J& . FifRIE A — 81 5 L s e i
(PVP)FUE 49N Kb - (PVP-AuNPs). 1] LAE H, AHxT
T PVP AR FIH % & 40Kk 1, H GQD A Y
FR £ ) B AR RE 1% HoO, 48046 TMB A7 B s ) fiEAG v
P X T GQD HAT ARG U 1) .

2.4 I GQD@AUNPs BEE A E &

L HRP 281, GQD@AuUNPs [ AL 55 E 6T 14 &
pH {H AL B . 30l 5% Tk R pH i AL B XY
GQD@AUNPs It 28 A0 P B H0L i A4 A0 35 2 1R s ), 4 A4
LK 4. B 4a ] LIE H, 78 pH 3.50 BROG A RK, X

http://sioc-journal.cn 715



W F F R

FEP pH /NT 2 I 5 A sk (e i) — e i, pH K1
5 I EAL S EINE, RICESRERE . AR WO
PET pH 3.50, #MIRATIERFALAL pH b 3.50. & 4b
F2L T ROVIRE M 22~60 CTHE IR GQD@AUNPs
HEALTEYE S, 4550 % ] GQD@AuNPs 1) fidi i i
40 C.

0.35
0.30—-
0.25—-
0.20—-
0.15——
0.10—-

0.05

0.00

0.35

0.30

0.25

0.20 T . T " T ; T T T
20 30 40 50 60

TI'C

Bl 4 (a2) pH X GQD@AuNPs i S AL MMEG I SE 0. SEg 26 50
uL GQD@AuNPs, 1.00 mmoleL ™' TMB, 0.0300 mmol-L ' H,0,, W
TAEH 40 "CF 10 min. (b)lEXT GQD@AUNPs ik S A6 i i 1 1 5%
M. SE 4 50.0 pL GQD@AuUNPs, 1.00 mmolsL™' TMB, 0.0300
mmoleL ' H,0,, pH 24 3.50

Figure 4 Effect of pH (a) and temperature (b) on peroxidase-like activ-
ity of GQD@AuNPs. Experiment condition: (a) 50.0 pL GQD@AuNPs
with 1.00 mmolsL™" TMB and 0.0300 mmol-L™' H,0, as substrate at
40 C for 10 min; (b) 50.0 uL GQD@AuNPs in HAc-NaAc buffer (0.20
molsL !, pH 3.50) with 1.0 mmol<L ' TMB and 0.0300 mmol-L "' H,0,
as substrate
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Figure 5 Steady-state kinetic assay: (a) the concentration of H,O, was
20 mmolsL ' and the TMB concentration was varied; (b) the concentra-
tion of TMB was 125 umol-Lfl and the H,O, concentration was varied
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Table 1 Comparison of the kinetic parameters of the GQD@AuNP,
HRP and other nanoparticles as peroxidase mimics

K/ Vinay/

Catalyst Substance Reference
(mmoleL ™) (10 * molsL 'ss™")*
GQD@AuUNP TMB 0.033£0.029 4.1£0.034 This work
H,0, 3.3940.047 7.48+£0.041
HRP TMB 0.434 10.00 [27]
H,0, 3.70 8.71
MWCNTSs TMB 0.077£0.032 3.04£0.65 [27]
H,0, 33.1+5.6 0.56%0.12
Fe;04NPs TMB 0.098 3.44 [28]
H,0, 154 9.78
Co0304NPs T™MB 0.037 6.27 [29]
H,0, 140.07 12.1
Carbon dots TMB 0.039 3.61 [30]
H,0, 26.77 30.61

“Mean£S.D (n=3).

GQD@AuNPs Xf - H e TMB #1 H,0, I K, BT
HRP. K, {EB, SEIEERT A SE R B . 1X— 45
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Figure 6 ESR spectra of hydroxyl radical generated via the reaction of
DMPO probe in the GQD@AuNPs-H,0, systems

Acta Chim. Sinica 2014, 72, 713—719

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

»/l{
.. y..0
IMB  {uB (L
H,0,

B 7 GQD@AuNPs fi:{k TMB-H,0, & 5 ] GE I AL AL
Figure 7 Possible mechanism for the GQD@AuNPs-TMB-H,0, system
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Table 2 Comparison of colorimetric detection of glucose with different
nanomaterials as peroxidase mimics

Detection limit/ Linear range/

Catalyst ~ Substance Analytes (umol-L ) (umolL ) Reference
Fe;04 NPs TMB  Glucose 30 50~1000 [28]
Carbon NPs TMB  Glucose 20 — [31]
Co304NPs TMB  Gucose 5 10~1000 [29]
MWCNTSs TMB  Glucose 8 8~100 [27]
(+)AuNPs TMB  Glucose 4 18~1100 [7]
Co;04/RGO  TMB  Glucose 1 1~100 [27]

GQD@AuUNP TMB  Glucose 0.3 2~40 This work

Bk, B9 L TAEMIFI AT, SAh B M RE S Ay
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< |
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B9 IR AR I 5 W PR B S B0 (A AE B4 1 mmoleL ™ i
%Rk, 5 mmoleL ' 22 258, 5 mmoleL ™' SEMEAI 5 mmoleL ' FLH)

Figure 9 Selectivity analysis for glucose detection by monitoring the
relative absorbance (from left to right: glucose, maltose, fructose and
lactose)

BT 38 ST 1R 7 906k N A L7 A W e T 4 1)
BEAT TAGIN, 4505 F3 3, LAREAHT AL Be i &
A AR (), BARIE P=90%, £t K5, e s
RGP MIAAEAE B T 22, BN A RE i)
IS FH - SI2 B A ot v 2 25 B (R 4 A
23 M DA

Table 3 Determination of glucose in human serum sample

) . This method”/
Sample Official method®/(mmol-L ") . t o102
(mmol*L ")£+SD
Serum 1 3.93 3.81%0.13 1.73 2.92
Serum 2 5.26 5.41%0.17 1.52 2.92
Serum 3 4.90 4.581+0.22 2.51 2.92

“Value from the Hospital of Shaanxi Normal University; ” This method mean
+S.D (n=3)
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N T Pl WA AU A A B R T A D
T A AR AT R 5 . BT VR AN % 17 o i HL R A
JEREFEE . AR TAREAT BT GQD@AUNPs i 464k
YRR IR 2 L AR A 5 AR P I T

4 HWERS
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A, AR A LB, TMB T BRIk
FIA PR ] BRI A LRI T Sigma-Aldrich A #;
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‘B4l K (Millipore 18.2 MQecm). [LIEFE LK H B2 ITTE
KA.
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(HAH 2 F]); 2RA-n] WGk S5/ U-3900H 284h-
AJ L4366 B (H A Hitachi 2 7)) F#E4T; G ThERE
PRIAE XPS (Kratos Analytical Ltd.) 3k 7.

42 GQD H#l&

GQD [¥ifil & (48 LA R0 3 ()b A7 55445 1 761
%02 FREL 2.5 g K,S,05 H12.5 g P,Os IAE] 12 mL ¥k
H,SO, Y, In#E I, TN 3.0g A58, 80 C Rk
N 4.5 h. AHIF =R ] 500 mL B4iKFRE, R
JEVRUR, BRFREHMBRAM GRS T, ST T 5As 2T
AR S B AEEALI A SN E] 120 mL ¥ H,SO,
LUK RN 15 ¢ KMnO,, JEANWIBEEE, finse
KMnO, )&, ¥ A RTHE A 35 CRM 2 h ARG
/K 250 mL, #iFE 2 h, FIOA 500 mL HEZEKA 20 mL
30% H,0,, I RN AKR R NS, K=yt ug, H
1210 MM ERER Mt = e PR KK e 20 h i, I
SR =) o AT A K T, ok 3500 [RENTEE
BTG R 2R A B IA K. (2) GQD 1)
il %, DUSEALA S50 A R, R R A - K kil T
GQDP. B IRANR, ¥ 23.3 mg kAT SR HULE
12 mL B4tk B/ 4 h, I NaOH 55 pH 4y 8, ¥
W 2 R s, 200 'CRAY 10 h. A4
FIFI G, 75 15000 r/min %38 T 2.0 30 min, 515 EI14
b EEWOENT A, B E] GQD K 2 HHE.

Acta Chim. Sinica 2014, 72, 713—719



W F F R

| #REX

4.3 GQD@AuNPs By#I&

TR A GQD 10.0 mL (0.20 mgemL ™)
20 min J5, B TRHFEES LT 100 CF R 10
min. ¥ 500 pL (0.5%)) HAuCl, i #4 1) GQD 43t
W, ARSI EE 50 min, WIRHIOAS WL (n, B
DR LR RN GQD. Frikf3if GQD@AuNPs H i 4
BERBLK T 4 CIR A7
4.4 BEREENE

AR 2 W28 OFF 20.0 puL (5.0 mgemL ')
AR AL B (GOX) R 100.0 wL /S[R3 2 (1) 7% 25 Bl b
HEHBIMAE] 200.0 uL PBS ZE ¥ #i(pH 7.00, 20 mmole
L™ hH, 37 “C/K¥ 30 min. @FFAHIZ JF A 200.0 pL
TMB (2.50 mmoleL "), 50.0 pL GQD@AuNPs FI 630.0
uL HAc-NaAc ZE¥%(pH 3.50, 0.20 molL "), #IE&
WAL 40 C FWEE 10 min i, T 652 nm AZbHHIE
JEE. I3/ HH A 2T TR0 52 15 56 FH 5000 Da Amicon Cell 4
FEfHT 8000 r/min R HBYE 30 min. JEMBFFE 10 £, LIFG
RS WIS AR IR AR R VR A T S 56

References

[1] Maxwell, D. J.; Taylor, J. R.; Nie, S. J. Am. Chem. Soc. 2002, 124,
9606.

[2] Zhang, H.; Cui, H. Nanoscale 2014, 6, 2563.

[3] Zhang, Q.; Wu, S.-Y.; He, M.-W.; Zhang, L.; Liu, Y.; Li, J.-H,;
Song, X.-M. Acta Chim. Sinica 2012, 70, 2213. (i, S4TIE, {1
Jefth, KER, XIVE, ZERUUL, RIEW, 1L FIR, 2012, 70,2213.)

[4] Wei, H.; Wang, E. Chem. Soc. Rev. 2013, 42, 6060.

[5] Wallace, W. T.; Whetten, R. L. J. Am. Chem. Soc. 2002, 124, 7499.

[6] Chen, X.-H.; Du, J.-X. Acta Chim. Sinica 2011, 69, 745. (FRBEEL,
FLEE, 1% R, 2011, 69, 745.)

[71 Jv, Y.; Li, B.; Cao, R. Chem. Commun. 2010, 46, 8017.

[8] Wang, S.; Chen, W.; Liu, A. L.; Hong, L.; Deng, H. H.; Lin, X. H.
ChemPhysChem 2012, 13, 1199.

[9] Wang, X.; Long, Y.; Wang, Q.; Zhang, H.; Huang, X.; Zhu, R.;
Teng, P.; Liang, L.; Zheng, H. Carbon 2013, 64, 499.

[10] Du, L.; Huang, S.; Zhang, Q.; Jia, H.; Rockenbauer, A.; Liu, Y.; Liu,

Acta Chim. Sinica 2014, 72, 713—719

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

K. J.; Liu, Y. Nanoscale 2014, 6, 1646.

[11] Tang, J.; Wang, J.; Wang, Y.; Li, Y.-F. Chin. J. Anal. Chem. 2011,
39,1629, (A, i, T, 255, a4, 2011, 39, 1629.)

[12] Yin, H.-Z.; Liu, H.; Li, Y.-Y.; He, X.-W.; Chen, L.-X.; Li, W.-Y.
Acta Chim. Sinica 2005, 63, 734. (F*ikog, X, 2= G, 83,
WREHAL, 2530k, 3 53R, 2005, 63, 734.)

[13] Rao, C. N. R.; Kulkarni, G. U.; Thomas, P. J. Chem. Soc. Rev. 2000,
29, 217.

[14] Sun, X.-P.; Huang, M.-H.; Dong, S.-J.; Wang, E.-K. J. Fudan Univ.
2004, 43, 477. (PMET, BEUIME, EHR, TR, L ELFIR,
2004, 43,4717.)

[15] Liu, W.; Yan, X.; Chen, J.; Feng, Y.; Xue, Q. Nanoscale 2013, 5,
6503.

[16] Zhao, J.; Chen, G.; Zhu, L.; Li, G. Electrochem. Commun. 2011, 13,
31.

[17] Li, L.; Wu, G.; Yang, G.; Peng, J.; Zhao, J.; Zhu, J. J. Nanoscale
2013, 5,4015.

[18] Pan, D.; Guo, L.; Zhang, J.; Xi, C.; Xue, Q.; Huang, H.; Li, J;
Zhang, Z.; Yu, W.; Chen, Z.; Li, Z.; Wu, M. J. Mater. Chem. 2012,
22,3314.

[19] Xie, W.-Q.; Fu, Y.-Y.; Ma, H.; Zhang, M.; Fan, L.-Z. Acta Chim.
Sinica 2012, 70, 2169. (M 30, foeak, DA, 5Kk, Wik, &
2 24R, 2012, 70, 2169.)

[20] Ran, X.; Sun, H.; Pu, F.; Ren, J.; Qu, X. Chem. Commun. 2013, 49,
1079.

[21] Zhao, H.; Chang, Y.; Liu, M.; Gao, S.; Yu, H.; Quan, X. Chem.
Commun. 2013, 49, 234.

[22] Habib, R.; Rahim, M. R. Biosens. Bioelectron. 2013, 41, 498.

[23] Alvarez, M. M.; Khour, J. T.; Schaaff, T. G.; Shafigullin, M. N.;
Vezmar, W. R. L. J. Phys. Chem. B 1997, 101, 3706.

[24] Jaramillo, T. F.; Baeck, S. H.; Cuenya, B. R.; Mcfarland, E. W. J.
Am. Chem. Soc. 2003, 125, 7148.

[25] Zhang, N.; Qiu, H.; Wang, W.; Li, Y.; Wang, X.; Gao, J. J. Mater.
Chem. 2011, 21, 11080.

[26] Pasricha, R.; Gupta, S.; Srivastava, K. Small 2009, 5, 2253.

[27] Xie, J.-X. Ph.D. Dissertation, Southwest University, Chongging,
2012. (HFEEHN, e, VIR, MK, 2012)

[28] Gao, L. Z.; Zhuang, J.; Nie, L.; Zhang, J. B.; Zhang, Y.; Gu, N;
Wang, T. H.; Feng, J.; Yang, D. L.; Perrett, S.; Yan, X. Nat.
Nanotechnol. 2007, 2, 577.

[29] Shi, W.; Zhang, X.; He, S.; Huang, Y. Chem. Commun. 2011, 47,
10785.

[30] Shi, W.; Wang, Q.; Long, Y.; Cheng, Z.; Chen, S.; Zheng, H.;
Huang, Y. Chem. Commun. 2011, 47, 6695.

[31] Wang, X.; Qu, K.; Xu, B.; Ren, J.; Qu, X. Nano Res. 2011, 4, 908.

[32] Xu, Y.; Bai, H.; Lu, G.; Li, C.; Shi, G. J. Am. Chem. Soc. 2008, 130,
5856.

[33] Sun, Y.; Long, H.; Dai, Y.; Jing, Y.; Zhang, L.; He, Y. CN
102633257, 2012 [Chem. Abstr. 2012, 157, 389782].

(Zhao, X.)

http://sioc-journal.cn 719




<<
  /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


