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G 45 wm, F AL BT (BaCl,) , 43 # 4li, £k iR
(HCI) ,36% ~38% , ik (HNO, ) ,65% , Alfa Aesar
b2 BRAS & 5 WA R (H,S0,) ,95% ~98% , 4
iR (KMnO, ) A7 4M ( CoHsNa, O, - 2H,0) , 7317
ali AbEfb T 54 R (HAuCL, -4H,0) , 43 #r4k, [
2 AL 2R B B 5 XA SE R 5 (C HyNO, )
TSPERAR ( AgNO, ) , T4l i A L A (H,0,) ,30% ,
B TR A B 5 B &AL 80 (NaBH,, ) , 43 B4l , K
HEHTHR AR TR AL 7S e Sk = W 4% (€, Hy, NBr,
CTAB) ,Zr#ral, b st i gLRHE A FR A Al L-bu 3k
MR (CoHgOg ) , 2 B2l Jb 5t FF /R 3t A= W 4 AR A B
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Zone2. 5 B A/NIRTHL, F2 [ Labeonco A FRZY
A3 PH-100 23X pH 1, LI 7 RIP VG BHE A
FRAF
1.2 GO W#HI&

FEF M B A Hummers 30145 GO, ¥ 3 g A1
SN 105 mL RERIR T, VKIEHEFE 3 h JF A 15 ¢
KMnO, ,2 h 54 4 & iK%, LA 140 mL #E2EK
ARSLAEE 30 min J5, VW N 15 mL A RS
VSR o PRI e 1, S B AR B TITUE , 6 000 1/ min
PN E.OZUGETE, £ EEBE OB ZSE
TCULTEF= A4 B P21 B T 50 °C THRAE TPk 15 2 &
58, B E A BB ECH K 1 mg/mL BRI,
PR B B WA I T3 8] GO,
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1.3.1 #HReMkETF

F B9 4 °C NaBH, % (0. 01 mol/L,0. 6mL)
I A #] HAuCl, (0.01 mol/L, 0.25 mL) 1 CTAB
(0. 1 mol/L,9. 75 mL) Y 7K W, 4R Ja PR 3 4it 1
2 min, ZE i FORAE 2 b, 15 BRI

WY I CTAB ¥ (0. 1 mol/L, 40 mL) i A
HAuCl, (0.01 mol/L, 2 mL) , AgNO, (0. 01 mol/L,
0.6mL) ,HCl (1.0 mol/L, 0.8 mlL) Fl ¥t ¥R Il fi%
(0. 1 mol/L,0. 32 mL) A3 BN A W IR G 30 s,
1R BRI .

AR KIS AN 0. 3 mL PR, RS
2 min, # B A%, B 10 mL 5 H,0,(30% ,60 pl.)
JCN 30 min, A2 B4 9K EE . TESL R 8 500 r/min T
B0 3 U, AFK 15 min, BREARSE RN K H,0,, 5%
Je ¥ TR R A G R R RO K TR &

1.3.2 F»HAMAET

M 9.5 mL 7K " il A HAuCl, (0.01 mol/L,
0.25 mL) FIAFBERR &1 (0. 01 mol/L,0. 25 mL) , #it
RATE , INAIHI A NaBH, (0. 1 mol/L,0. 3 mL) , %k
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(EEIP IR
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FEIR A, B A BB PTIR 2 (0.1 mol/L,
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B A R

¥ HAuCI, (0. 01 mol/L,0.225 mL) 7K (1. 575 mL)
F1CTAB ¥ (0. 1 mol/L,7. 2mL) B4, B 5 AT
IIER (0. 1 mol/L,0. 05 mL) , ARG A 1 mL A= K%
W, IR TR SO N R A i e T, KR AW E R
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(7 TE 4 KRR TF o B SE EoK R4
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BRIE & 4K F i T ok e H
1.4 Aw/GO BIHI&E

W45 B B AS TR 245 14 4 J& 98 KL 7 43 ol 4 R
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AN FIES W B A A BB IR - KR FE B, 41
FPEERIE BRI S ARk FE A YIC N A/
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1.5 Wik 5RIE

SKHTH AR H 7% S4800 47148 FL 1 i 348 (SEM)
WA Au/GO W R TEIE SHFFE

K 9 [ B8 8RR JR A F] Y ESCALAB 250Xi
BUX S 2O W RE R AL HEAT X SR AT 5 4 B
(XPS) , EAFE Au/GO ) ICF W5 B 4 A FE AR
25, PLALFE 1486. 6 eV 1 K B MIEOEEIR, L) Cls
) 284. 8 eV HEATIENI AL

K9 B JE A2 Al Renishaw in Via plus 7Y
HOEHE ST BT Au/GO (R 6T K ol
FEHE B AT G RE A, 514 nm OG99 70
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K BARKLTAE Tk GO B R NS A
VFZ AT AR ey B, SO RS R g Al
ANFRIESE , W E B I, AT R R [R] )
[N N1 e aF VA Rl 21 FERURZS =AUl AR R (O TR
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B2 AR T4 K kil 45 1Y Au/GOL | Au/
GO2 Au/GO3 DL K GO 1% SEM & F, M Hha] LA
A& 9URRL TR S A B T GO i, GO
HREE N R B, MTE G M GO IF W]
BRSO, & 90Kk I A 2L
HAIH T GO ByREA, [F 2 ThERIE A gk T N
£ 10 ~20 nm, J5 AL F FE KR R e K, 2k
100 nm, J& TR, Hr Aw/GO1 J& Au/GO3

(a) Au/GO1
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ek
1 IR I RERIE S 9Kk 7

Fig.1 Images of rodlike, square and ball Au nanoparticles
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(Frik 8: 1), NiFEA K Jr ] Rz, RAET
it
2.2 Au B XPS 45#f

Au TEZSEHE 84.5 eV 87 €V Fll 88. 7 eV Ak 435
TETE Audf7 Audf F1 Audfs %06 & 3 A 1,3 Ff
Aw/GO BITE Bk & kg, HA — a2, B
R WL 1, JEWE B2 BT A B m A, S T
AR A BB, 46 SCHkRAE" ", 2E Audf7
BT EPIETEAR Au’ (84.0eV) Fl Au’* (0 <6<3)
(84.8eV) , AudfS B FJZHAFTEA Au’(87.7eV) I

(d) GO

El2 Au/GOl Au/GO2 Au/GO3 K GO () SEM & F
Fig.2 SEM images of Au/GOl,Au/GO2,Au/GO3 and GO
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Table 1 XPS results for Au/GO1, Au/GO2 and Au/GO3
| WifEEARE B/ AE,Y / TR E/ AE / TR Ey/ AER® / TR

L Eg/eV eV eV H /% eV H /% eV eV H /%
417 84.5 84. 86 0.36 50. 22 85.02 0.52 53.85 84.77 0.27 50. 26
4f 87.0 87.01 0.01 11.78 86. 80 -0.20 5.69 86. 94 -0.06 8.47
4f5 88.7 88.53 -0.17 38.00 88. 80 0.10 40. 46 88.57 -0.13 41.27
a.b.c AMAFEREES Auw/GOL  Au/GO2 Fl Au/GO3 ,

2.3 PNP i) SERS 771 _ oMo,

&l 4 K Au/GO1 Au/GO2 Fil Au/GO3 3 Fhi &
BB X 1077 mol/L %) PNP fY SERS )t % X
10 7> mol/L PNP WY $L 2 3%, 10~° mol/L ) PNP
PRIV BEARAIG , R IE g BEAR 55, HAEAS 21 3 N B
0 43 AT 869 em ' 1117 em ™' A1 1343 ¢m ™!
Ab A 1343 em AR A AEFE (—NO, ) FEAETEIE, 3 F
AFJEER Aw/ GO A # BT 10 7> mol/L [ PNP
AR RN 2050 R B AR — 2, BV AE 880 em ™', 1086 cm ™' |
1118 cm™" 1277 em ™" 1340 cm ™' #1456 em ™" 4
PURRAEIE . 5 PNP 02 350 AH H 3 PR A 41 8}
AMXAE 1340 em ™" Ab A7 75 A B 3 Re AE 0%, 55 MR
1277 em ™ AbiB HBE T W AF L (—NO) B FRAE 0%, 5
K2R Auw/GO K fifi PNP )RS IA Jit, A= Bloxsf S i 555 28
1 ( p-nitrosophenol ) , 5 10 > mol/L #J PNP #1 [t ,3
it Au/GO X PNP (18l i [ i e B Jed | W] AR 3
Tl Au/GO B AR RN PNP HAT R AO ARG ISR

FIHZAZR (1) R EHE R H T 6 IER 3 Fi &

Au/GO1+10- mol/L PNP

Au/GO2+10 mol/L PNP

i Auw/GO3+107 mol/L, PNP

343

117 ;
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Fig.4 SERS spectra of 10> mol/L PNP on Au/GOI ,
Au/GO2 and Au/GO3
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Analysis of SERS characteristics of different Au/graphene oxide

materials for the detection of p-nitrophenol

ZHAO BoWen'

CHEN DongLiang”"

ZHANG DongSheng’

MA Yan’

(1. Henan Water Conservance No.2 Engineering Bureau, Zhengzhou 450016 ;

2. College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract ; Gold nanoparticles have been synthesized by a seed-growth method, and three types of gold-graphene ox-

ide composites ( Au/GO) were prepared from Au nanoparticles and graphene oxide within the dispersed liquid by

ultrasonic treatment. Scanning electron microscopy, X-ray photoelectron spectroscopy and surface enhanced Raman

spectroscopy (SERS) were respectively employed to explore the surface characteristics, binding energy, and charge

state of Au and SERS activity. The SERS tests were carried out with p-nitrophenol. The underlying SERS enhance-

ment mechanisms are discussed. The results indicate that the Au/GO materials with different particle morphologies

all have good SERS activities, with a detection limit of 10 > mol/L p-nitrophenol.

Key words: gold-graphene oxide composites ( Au/GO) ; surface enhanced Raman spectroscopy characteristics;

p-nitrophenol
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