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99 Y)W F 35 E Sigma 24 A 75 b ik — LR fb
B (CTAB,99 Y)W A BT Fz T 38500 47 BR A &) O [ 1
) s AR AR A AL h L S A B R A A 2k, T
E 254 B A2l A IR /) P E R 2, 5- 280
H-1,3,4-BE M (DMCT, 97 %) Wy [ % BAR ) A R
OS] CR D s S R R bR E VS WO A R KA 64
J& B WL F A R I O R E R D

15 8 RS O L WU (JEM-2100, JEOL,
H A s 28 4h 4 6 0% B 31 (UV-2550, Shimadzu, H
A s A #E A2 %I (SR-510 Pro, Ocean Optic,
EED B ai kAL (MilliQ Advantag, ERF) ,

1.2 Au NRs %l &

A SZHG Y Au NRs 18 i B 128 K kil %

AT R & B 250 L 0,01 mol/L
HAuCLiMA %] 7.5 mL 0.1 mol/L. CTAB &+,
P B FE 2 min, SR FEBFE T A 600 pL 0.01
mol/L NaBH, VK% W, BL B, T8 & 7 & 09 B €6 28 Sy
A, BEHESKRERZR FHE 2 h 521
B .

KW % 528 1.5 mL 0,01 mol/L
HAuCIL, .300 pL 0.01 mol/L AgNO; #1100 pL. AA
A 47.5 mL 0.1 mol/L CTAB H, it #£i1E &

2 min, 3 2 KIFW .

5K 100 L Pl W0 B AR I WP
FE 2 min, HAE 30 CHEERFM P 12 h IKE
Au NRs,

1.3 Au@Ag NRs B &l &

# 30 mL Au NRs % &L UEGK 3 K. SH0K
BEONEEHE 10 000 r/min B E] R 30 min, R 5 # UC
EYEST 20 mL KB F KT, # LEAER
R H] 40 mL 0.05 mol/L CTAB W iR AT A
1.3 mL 0.1 mol/L AA.1.6 mL 0.01 mol/L AgNO;,
Ml 2.4 mL 0.1 mol/L NaOH, #i#k 5 min J5 , F
AR NIE LA, F5 3] Au@ Ag NRs, Ff 7= %) F 8 4l K
VeV 3 KRG E T 4 C R4 .

1.4 Au@Ag-DMCT #J#l & Fn Hg* #i

2% Zeng % WK Iy ik, S0 SR H R
DMCT 1 2 I #ikk 5 Ag 58 & 4 RO L i #h 1)
EREEGH Ag e, Y4 Hg fE7Emf, Hg*' 5
DMCT 9 N Jii 2 [8] /) 58 L A7 AE AR Au@ Ag
NRs-DMCT R4, i i #7800, B DMCT 1Y
SERS [ 5858 . DMCTZE 1 360 cm™ v & Ab i

SR Hg™ W5 A G, 908 He®' i sk I,
# 3 uL 0.25 mg/mL DMCT #FHMA 10 mL Au@
Ag NRs W EER FHE 2 h 5, HEE TK
HUE 3 W, HET A oK, TR
I mLBREFEW S 10 pL W1 IR A& 1 H
10 min, FFEFEME#E P S AL AN, Hob hr 82 8ot
JEVE AP 785 nm BIOE WOBIRE 10, B4R I ]
5 s, HOEHHIER R300~1 500 cm ',

2 #RE545H

21 Au NRs 5 Au@Ag NRs BI &R 1E
Fl 1A & Au NRs R AMRIEEE . Au NRs 43
FAEPE A 522 A1 720 nm AL HBL T 2 4~ L AMNRRAE 0
Hoor 5JE T Au B RE [] 55 A 06 A )RR AR 040075 1A
1B Au@Ag NRs /MR LTS, Au@Ag NRs
TEUE K 386 1575 nm Ab HBE 2 AN4RAF 16, H 4 51k
Ag e R IMAF B F LR I AT Au NRs 19 3R 11 45 2
FAPRWE Hoh W Ag 585 Au NRs 1 Au
W e T RS, X JE T Au NRs 5 Ag FE il 25X
ALY, WE 2A iR, Au NRs EHEARZEH
Au@Ag NRsE B & iy #Z-5c 45 /4 (8 2B) . & 1C
HAu@Ag NRsHl Au@ Ag NRs-DMCT ) $i 8
B, Au@ Ag NRs-DMCT 43 5l ££ 664 Fl 1 360
em MAEHEE 2 ASREAE I, K45 0 JE T DMCT
C—SHI C=N WXt FRIR 3N ;380 em ' Ab RFAiF 14
JS—Ag MR, LG KW Au@ Ag NRs-
DMCTHHl # B% th. Hg®" 17 76 Bf . ¥ 4 78 664 F
1360 cm '#b Ry SERS 5% B & H M (& 1D) , TEM
FEHELSE TRERSL (K 20), 1L AT LLUIE 52
Hg™" F1 DMCT e/ 51 & 35 0 F 1 R 4E
$5 SERS {5 51458,
22 ZWHBHMRK

1) AgNO, Fl &8, K 3A & AgNO, i ] & %}
Au@Ag NRs- DMCT #i & 3 B 1 % W, b &
AgNO, & (35 I, SR EH I W AE 1 360 cm™ b 1Y
SERS {5 S AEZHHM . 24 AgNOARFUR 1.5 mL
A 35 31 e KA L Ak 238 I AgNO, 1 8 2B W
H SERSE 5B T RN, Wi, AgNO,
BAEHERN 1.5 mL,

2)DMCT H . K 3B & DMCT # H &= Xt
Au@Ag NRs-DMCT $7 & 5 B (1) 521 , 24 DMCT %)
JHE B s, SERS {5 5 2 #5378 3 pl 4b
Ik B i KAE 4k 223 i DMCT F & 5 2 H SERS {55
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A:Au NRs [ 24N 3% Ultraviolet absorption spectra of Au NRs; B: Au@ Ag NRs i 48 bW i 3% Ultraviolet absorption spectra of
Au@Ag NRs;C: Au@Ag NRs fill A DMCT &4 2 5 (3££8) Fl 2 J5 (£ (1941 2 963 Raman spectrum of Au@ Ag NRs before (solid line)
and after (dashed line) modified by DMCT; D484l A Hg?™ Z /i (2 £0) Ml 2 J5 (HE 26 (19 $7 & )63 Raman spectrum before (solid line)

and after (dashed line) adding Hg®" into the probe.
1

Fig.1

A:Au NRs 1935 51 B 8% /] Transmission electron micrographs of
Au NRs; B: Au@Ag NRs 115 5f L 8 18] Transmission electron mi-
crographs of Au@Ag NRs; C: [ #E A He? " 5 19 7 41 i 55 121
Transmission electron micrograph after adding Hg?" to the probe.

B 2 AuNRs 1 Au@Ag NRs RIE St BB RIE

Fig.2 TEM characterization of Au NRs and Au@ Ag NRs
SETEES R RmAY RS ZE NI RS T
EF SERS 55 s /EH] . Wik, 3 p DMCT 2
A AR R A .

DFE A A, 4 E A R R, DMCT K g
SEAEHE] Au@Ag NRs K BRE T Ik 3k A5 Fe i
K vERE . PRI , B 45 45 3 Y 0% I ) S+ o
. & 3C H DMCT 5 Au@Ag NRs 155 & i i)

Au NRs # Au@ Ag NRs kY 3t i & fiE
Spectral characterization of Au NRs and Au@ Ag NRs

X Au@ Ag NRs-DMCT $7 & 5% B 1 5% ) , Bl & 0
A I [E 3G, DMCT 9 SERS {5 5 78 /A Wr 4 52
i E BT EGA R 2 h B, H SERS {7 45 08 B 3k 2 &
KAA . PR BRE A S A F I [E] 2 2 h,

O RNEFE, WK 3D N He'™ 5 Au@ Ag
NRs-DMCT 4 )z I B} [a] % Au@ Ag NRs-DMCT #i1
SURER W, AR 1 pg/L W He™'
WS - DMCT 5 SERS 15 5 Fifi 52 7 B 1] S 1 4
SR, 4RV A A S 10 min B, H SERS 58 ¥ ik 3|
RMH . R, 38 f A W B [E] 24 10 min,

2.3 SERS EE#ill Hg**

W AA JIs s 5 ] 2R 35 W b in A [e] vk i
B Hg® " AriE TAER (0~100 pg/L) B EREHTEL 360
cm 'AbRY SERS 55 B Hg™ 5T ¥ B2 (4 38 i iy 38
K. UL SERS 5 BE 5 H X R (9 Hg™ " o & ik B 2 1l
PRI 78 0.1 ~10 pg/L 19 50 & 1k B2 X (1], fr 453
FrufE M 28 Y =195.49384X +1676.23663, #1 % £
Bk 0.991, B He®' W M 10 pe/L &8
BOmE] 100 pg/L W, HXF R Y SERS B B A % i
B H & TP %08 % (& 4B, R HE GB/T
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27417 — 2017 Y25 AR E DR 22 2T BAF LR EF B Zn®" (Cd*" (PH*T LA [ Cu® \ K™\ Na” i T &
K R 17 ng/L. TR IS R MR O 10 g/ L He? AR I TR
24 Au @ Ag NRs-DMCT #R$t 3¢ Hg* RE#EME 5 & R b 4T SERS £ 0. AIEL 5 7]

J TG Au@ Ag NRs-DMCT #4F%F He*t HL, 0N T THE 7 MR W SERS 55 22 1k
e R L 43 00K o BE A 100 pg/L B9 Cr*7 L AR E /N M I T He™™ i 4R R W) o s 2 Y
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A AgNO; % Au@ Ag NRs-DMCT $7 2 58 JiF i 5% 1] Effect of the amount of AgNOj; on Raman intensity of Au@ Ag NRs-DMCT;
B:DMCT 4% Au@ Ag NRs-DMCT #if 2 3 F #) 5% i] Effect of the amount of DMCT on Raman intensity of Au@ Ag NRs-DMCT;
C:DMCT5 Au@ Ag NRs A5 F i [E] X Au@ Ag NRs-DMCT 7 & 3 () 521 Effect of incubation time of DMCT and Au@ Ag NRs on Ra-
man intensity of Au@Ag NRs-DMCT;D:Hg?" 5§ Au@Ag NRs-DMCT B 52 i I [A] %} Au@ Ag NRs-DMCT 7 4 8 Bf 1 5 1] Effect of react
time of Hg?" and Au@Ag NRs-DMCT on Raman intensity of Au@ Ag NRs-DMCT.

B 3 AgNO, AZ .DMCT F 2.1 & i i8] & & 5z Bt i8] 3¢ Au@ Ag NRs-DMCT #i £ 58 & &Y 5 1
Fig.3 Effects of AQNO; dosage,DMCT dosage, incubation time and reaction
time on the Raman intensity of Au@Ag NRs-DMCT
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100 pg/L from bottom to top); B: [ Hg? " Jf i e 2 AL 4T 1 360 em P AEXJ W AY SERS 58 & 254k, SERS intensity change at 1 360 cm ™
against concentration of Hg?"
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Fig.4 SERS quantitative detection of Raman spectra and Raman intensity of different concentrations of Hg* "~
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SERS 15 5284k, £ IR E X He™" HA 1 m i %
P, JEHEE DMCT 1 N R F#0T LY He'"
e 7% Wbl 145 B fz . B N R 5 He*' B A28 il
e o L HAL & R B TR A 2 B iR
Xt He? " B A0 1 £ 1%
25 SEBREEmAEN

S A it RS SR FH N A 0l Wi v AT o BT
KRR D 2B 5 R K 3l i AR KRR I A [ AR
R Hg® ' b W0 0 459 3 B i W B2l 2.5.8 AN
10 peg/L A9 He® " T 7055 B 5 2R 58 W h A
AN BT R BE Y Hg® R DU K2 % 10 min J& 46 i
HAEL 360 e 'Ab Y SERS 55, B 1 IR Y
100.196~106.5 %0 » A X 22 {5 7 1.23%60 ~7.99%
GR D) A28 R wf BE B

1 EREMONFEERESRERE
Table 1 Spiked recovery and standard
deviation of actual samples
g At o -
N . o A B
WRE/ (pg/ 1) W/ (pg/ 1) [ 53R / % . 0
L . . R 22/ %%
Fortified Concentration Recovery
. RSD
concentration found
2 2.03040.080 100.1 7.99
5 5.3254-0.035 106.5 2.64
8 8.27040.020 103.4 1.23
10 10.290+0.040 102.9 2.43

3 i #
ASHF G A T — Fhopr B g SERS 4, A

DMCT Hifigfb ) Au@ Ag NRs [ 3 [fi 3 55 F57 & 5
TR DU W Y He' . RN T N A
Hg” " WL ALAE ™= A BR800 5| i BR BT P 2 (5
SRR AT He® M BRI, EH Au@
Ag NRs & & #BH JE IR Ry 4 95 KL L AR 40 K hE
TR PELF B[R] KL A2 1Y 42 94 K kL1 >k 1Y SERS
5T SR AR HNT IR T AR GORRL 2 L DL e gk
BT AR R O 52 19 & G b R B AR e M Ao
SERS 3 5 280 b 1 A8 #e, J& — Mg Oy BEAR Y A1 R},
Hrr, AgNO; & 1) 22 57 2 S EUREHE I Ag 72 )8
JEART, 2 Ag 723k 3| —E JEBE I, Ag %F DMCT
SERS 15 5 1 14 5 &4 N 2% 3k B e K, 4k 22 4
AgNO, By i3 & 3 BRI R AR 1 KL 5 5 7 A
WOF A A R UL G, M8 N SERS 3 5 2500 /)
M4 DMCT i f& i, i & # DMCT 5 Ag 52 k4
AL IR i B I B S AR O A — R R S W B
B Au@Ag NRs KT, FHAG R E R E, F 0,
Ag 5T HTHFEARL 2 1) 55 4 4H X DMCT SERS {551
HESRAE IS 5 SCERC15 TR Lo, AR B 92 00 A PR
1R o AELEL A 5 9 4 2 L AR IR 5 i 0 485 =X B 20k 3%
ASC A 0 P R X b 3 Sk e B R R B 2 O
I8 25 AR B A B MR BE Y Hg™ ' R WX 7
TESEPRAEEA T He® By 8835 P A6 I O 18 A AR K
BN FH 25 8], A BFF 5% 45 R 3R W R BT 7E 0.1~ 10
pg/L X H " il B A RIFMLAEXLR: Y =
195.49384X +1676.23663 (R* =0.991) , & i R K
17 ng/L AR FHEA DA ALK He™ " IR
HEOR, HZ X Hg Ak #1E. M
P T HAMAL 8 7 s, 1% 07 B B AR T A
D KR SRR AR L, 6T 2 I I A T A R B
7 1 R Y A A i v R N AR e K
XA EFEAFHER
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Detecting mercury ions based on surface enhanced Raman

spectroscopy of functionalized Au(@Ag nanorod

KONG Xiangyu'?,BAI Xiangru®’, WANG Lihua*,ZENG Lingwen'*

1.College o f Food Science & Technolgy of Huazhong Agricultural University
Wuhan 430070,China ;
2.Institute of Environment and Safety sWuhan Academy of Agricultural Sciences ,
Wuhan 430070,China

Abstract A surface-enhanced Raman spectroscopy (SERS) technique based on functionalized
Au@Ag nanorods (Au@Ag NRs) was established to quantitatively detect Hg*" in aqueous solutions.In
the presence of Hg*" ,its coordination with 2,5-dimercapto-1,3,4-thiadiazole (DMCT) on the surface of
Au@Ag NRs caused the aggregation of SERS detection probes, resulting in a “hot spot” effect,leading
to the SERS signal of DMCT increased at 1 360 cm ™ '.The increased SERS signal showed a good linear
relationship with Hg”" in the concentration range from 0.1 to 10 pg/l. :Y=195.49384X +1676.23663
(R*=0.991). The detection limit was as low as 17 ng/L, much lower than that of the Hg?" content
(1 pg/L) in drinking water specified by World Health Organization(WHO).The results of spiked recov-
ery test carried out in the actual water sample showed that the spiked recoveries of Hg’" were from
100.1% to 106.5% ,and the relative standard deviations were from 1.23% to 7.99%.The Hg’" sensing
detection technique with accuracy,rapidity and high sensitivity based on SERS has an effective applica-
tion for quantitatively detecting Hg*" in real water.

Keywords Au@Ag NRs; Hg?" detection method; coordination; surface enhanced Raman spectros-

copy
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