R E BT 1
2018 4E 7H

mEERMISIRE
RARE METAL MATERIALS AND ENGINEERING

\Vol.47, Suppl.1
July 2018

Au 121 WO; PioR#EFE 5| Ryl & R H KR E
I 2 1853 3N
FHE BT, KHA

(HHRY PIREE SN L2 EKE QLR E, b5 100084)

W OE: I T Au B1 WO 4K R FESIAE Dy e RABU SR T 4z 2 G DR R i . WO3 94K R FE 51 R R IR K Bk A
FESRPIE(FTO) L, AR5 B I B b Au BRI T H i f R 3RS . A XRD. SEM. TEM X Ji7 il 3 i
BEAT T ARAE, WP FH (R6G) fFRIREN 7 TN 7 Au 121 WOs 94K e [ 71 e (Y 2% I 3 s b 2 0 1k . R JE 48 2R 3R
B, WOz AR BRI VAT, KIENLHaK, BRI T EAEN 6 nm £ K Au Bk, X F0 R R6G A 1R
R EUE, RIBRATIE 107 mol/L, - RSE A I H Al AT HLYS R A IR .

KB : Au-WO3 QUK FRFES], ZRiffr S50, 5 Rk, PR

hEESHKS: TB383 XHERFRIRTE: A

YEHS: 1002-185X(2018)S1-132-04

R 0] G F IR B R A WL YS G ) 4 A
T 2 —, Gn ] PR AR I A LTS e S A e BA 5
] AR SCEE — AN . R 29 (SERS) ¢
DR O A R L D B DA R FiE BN T TR AL
SR AR IRAT S B M, 24k SERS R
Wt EEERE T &8 (Ag. Au Al Cu) (B 77 123,
AR, AMTRI—2 ) SRS B H SERS &
7, 55K 100 2 1038, 1525 T e pE A gR A ik
EHEE D EER, MiERSERS5ERREMMES
5Ky AT LASRAS B ) SERS 2w,

ARSEIG % T —FF Au B WO3 99K #: [R5 E K
T R SERS i . WO 44 K A [ 51) S I L 7K #4
PFAEKTE FTO b, SR8 2 1 k5 9% b Au JBURL IR
THRMmMEP 2 REN. DS (R6G) 1ENERE
G A DN L SR TH 3 SR 2 P . MR 4 SRR AR R
HA R E 23, X T PO A A L5 A B K
(% 77 -

xR

# 1.25 g H,WO, ¥ T 25 mL H,0, 1, E 90 C/K
WG S B 1.5 h, B4 3 BV A % 2 em>@ em
SRy (FTO) RXHEE /K. LB, PIEEA
S R AR B U, SRR A MR T AE R T JS IR) FTO
L E R BT % B IR, SRS K BT AR ) FTO 7E 5 b v
400 CiBk 2h, f33%& WO3 Fi 121 FTO.

isHER: 2017-07-30

HEEeWmB.: EXRE ST RETR (“973701H) (2013CB934301)

I i T 1) % 7 VR A A RIS I, RN HA RS 60
mL, X 42 mL V%0 168 mL 2 877K, 14 mL 3 mol/L
HCI 1 0.576 g JR %, $ii$kE 20 min, #RJ5HL 30 mL &
G R E T 50 mL M, K H WOz fi 121
FTO i} 45° (EFFEK—HEAT) BT RME
o, ST RS T 180 C M 12 ho 2N &5 3R A B
HFTO Al &3 PR EE £k, 80 CT ¥ 5h, Ffi)5/E
g 400 CiBK 2 h, 5314 KAE FTO L) WO,
YKFERES o R BFRE S R385 FRR AR WAL R % Mt
FH7E7E D b 400 CaBK 2 he R FH B 7k S
J7ERAE WO5 449 K b [ 51 1 4% Au JBURLVE A9 36 T b7 2 1
3 (SERS) JEJiE.

FH X S AT S (Rigaku D/max-V2500)% 5& ¥ 4
fIE, 20 HESEEDY 102902 KA HME T 5
4 (MERLIN VP Compact, K/R%H, f#E[EH) fliE
ST BB (TEM, JEOL-2011F, H A) 8 78 #4 K1
B .

SERS Wl 7£ & 43 #F % fr & Ot 1 A (HR800,
HORIBA JOBIN YVON, E) E#t4T (633 nm), X
PP (R6G) EARE 7> F R Au &1 WOz 44
KA B () 3R TR oz 2 4 v v o U AR A [ hr = A
JRAEAN [ BE 1K) R6G WV IR 4 h, BT JEfEH 2
S A b AT IR

2 @RS

TEERN: A, Lo, 1990 44, HAAE, JEERFEMR L, J65 100084, Hi%: 010-62783685, E-mail: 838841822@qg.com



W1

ZEIF RS Au B WO3 9K R B 91 )i 26 K HL AR T oy 2 3 iR 20 *133 -

2.1 BRI

WE 1 FiR, Au-WO3z ZKEREF I ] 4 3= 21
3%, $H1SRIXMEGELEED WO T2, 52
R K AR K AN S 228 K15 3] WO3 KRR, 5
30K B IR ST 7V b Au BUORL. B 2 AR BY
BURERL I XRD Wi . 7 WO3 99K #: [ 51 K. Au-WO,
YK EERE S (1) XRD 3% 20052 3 FTO ffig (Kl
IRESEZR TR ) FI WO, g (i BR 8 1 28 ),
R A MEEE] Au (7506, T RS2 K Au 7E WO,
ke B BB K USCER 1RO E R S R R
FEs#EAT XRD MK, fiT5T 0 PDF < Jv 85-2460 #H
Fre, JBNTI iR . M WOz 94K B 51 1477 556 e th
K A KE S XRD A4
2.2 HESh

3 N WO; GIKFEREFIFT Au-WO5 91K #5471
AR B ER . B 3a BoR KR WOs 40K HEkE
FIH WO, Fh1ifs R A K7 E D A K AE FTO |,
Bl 3b I 7 X e 4 K s PR AL TR A R T, B8 BEAE LT 4K
F 200 gk 2z, @K 3b A 3¢, KRILE T
TSR Au BURLS , 48K e R TH B AR RS, HE
KB 3d B 52 T DL %2 31 3550 43 A7 /N TR

FTO substrate

WO; seed layer

Spin coating

Hydrothermal '

Au-WOj3 nanorod array WO3 nanorod array

Bl 1 iil# Au-WOs 49K 51 7R 2%
Fig.1 Schematic of the fabrication of Au-WO; nanorods array on

FTO

FTO
T o 1 g
| 8ﬂ S
| Au-WO, nanorod arra)
SR o — Y . L_.A..JJ\...M.J»«J\....M
g 1 1 |
! 1
g | | \ WO, nanorod array
[} J k-A.».JuJL..__*A_._
€ ! !
- 1
WO, powder
M ! JM%AM
|
' : e :
[ FTO
X ILJU ! J Joh "N
1 - - et 1 1
20 40 80

. 60
201()

B2 %EFTO. AR WOz WOs 49K HE 5 51 K Au-WO; 44
KHEREF ) XRD 1%
Fig.2 XRD patterns of blank FTO, WO3 powder, WO3 nanorods

array and Au-WQOj3 nanorods array
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Fig.3 SEM images of WO3 nanorods array (a, b) and Au-WO3 nanorods array (c, d)
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Fig.4 TEM images (a, b) and energy mapping (c~f) of Au-WQOj3; nanorods
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Fig.5 SERS spectra collected on the substrates with different Au-sputtering time (a); collected on the same substrates with Au-sputtering

for 6 min, and exposed to different R6G concentrations (b) and the corresponding enlarged pictures (c)
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Fig.6 Three kinds of interaction that attribute to the high SERS
activity: (a) electromagnetic enhancement between
nanorods, (b) electromagnetic enhancement between
nanorods within one nanorod, and (c) chemical

enhancement
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Au Decorated WO; Nanorods Array as Highly Sensitive SERS Substrate for Organic
Pollutant Detection

Li Yesheng, Tang Zilong, Zhang Zhongtai
(State Key Laboratory of New Ceramics and Fine Processing, Tsinghua University, Beijing 100084, China)

Abstract: Vertically aligned Au decorated WO3; nanorods (Au-WO3; NRs) were investigated as cheap and sensitive surface-enhanced
Raman scattering (SERS)-active substrates. The WO3; NRs were prepared through a simple, low-temperature hydrothermal route and made
SERS-active through deposition of Au nanoparticles by ion sputtering. The structure and morphology of WO3; were investigated through
XRD, SEM and TEM. The probe molecule rhodamine 6G (R6G) has been detected by the substrate. It is found that the Au nanoparticles of
about 5 nm in diameter are uniformly distributed on the WO3 nanorod which has a rectangular cross-section. The Au-WO3; NRs substrate
shows high sensitivity for R6G, suggesting a promising potential for application in rapid detection of environmental pollutants.

Key words: Au-WOs3 nanorods array; SERS; organic pollutant detection; environmental problem

Corresponding author: Tang Zilong, Ph. D., Professor, School of Materials Science & Engineering, Tsinghua University, Beijing 100084, P.
R. China, Tel: 0086-10-62783685, E-mail: tzZl@mail.tsinghua.edu.cn



