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A Ag ™ B 5 0r FRAIIC A  , SERS FHF
W it 2 B LT 2K BB A0, N Tan 452106 2- 3 4k
SRR (2MNA ) 38 i3 7 - 4 B 45 A 76 & 90K Uk %
I, Ag Al R ECALAE S 2MNA ZAEVER, 5]
HEC A N T 2 B O A 5 0 B AR, X AT A
BRAK 28 25 nmol/L. & LTk, T RHME S F
WIERRITT, HAT Ag 1 SERS #: 77 2 Z 50k 18
GUIXRFAE 315 5 1 0 Sfe SIS I, X6F 52 B
M, YRR P IR E 240, L AE Y Fe 8CIX 7 hiE
SESWYSHES TR 2ES LK EES, KiFE
TIT % P AR A T R A T 4 SR 1) v A
Yo PRI, 38 VI BT & — Fh R L R A R
SERS #5075 3, SCHUR B Ag ™ g PRk Al

AW ST A H — Fh SERS K il Ag ™ (4 15 B3
T7 i, SR — 2D ik G R R AR Y 4 9 K
WL, 38 3T A - 4 B X S R R (MBN) 1217
FE 4 YN R JIURE 2 T8, 5230 4 4 K UKL 1Y) T B Ak 5 ik
F MBN H i 55 Ag™ 19 e A7 7 FH 52 38 ) e 1k 4
i TR TAICTIE R =5 I | 7 W @ VAN
MBN 4% B 76 A 9 “ F 3R IX 7 B 2 05 5 Bl Ag ™ ik
FE YA AL O R SE B Ag B TR AR I, &5 A 4 455X
K% 4%, B 78 M B vh Ag™ O P37 E B AG T 42
A — bR S o B ARG N kL

1 RS

1.1 KA 5LEE

A4 R (HAUCL - 4H,0, 43 7 45) W [ 1 ¥ o0 4
Y ARAF], 4-SHOR G (CHNS, 434746 14 [
2% 1 Sigma A A, ZK GBI —4h (CH;Na,0O,
2H,0, 43 #r4f) \NaH,PO, . AgNO, 4 J 43 b4l , g [
[ 24 48 A Ak 22 i 0 A7 BR A ], PbSO,  FeCly  FeCly.
NaCl .K,S0O,.ZnS0O,.CaCl, MgCL, %%, i [ % B3
AR,

AN AT LIRS G 1% (UV -vis spectroscopy ) , H A%
5 ¥ 20 7 Shimadzu UV-2550; $i7 £ 56 3% 4 % 4 78
Renishaw 23 7] inVia B 2 R AR SR FE T, R
JH 632.8 nm He-Ne i 4w, 20 5 KA B . 90K HF
R 7 5 T B 4E (TEM) R4E % H 78 JEOL 24
F] JEOL JEM-2100 i 5 H1 5% . 3 [E Millipore 23 ]
Direct-Q3 ## 4li /K 2% | 7 1 8 L i 3 1250 B L 3 E P
i
1.2 HS8XERW

KA 8 mm 1 50 f5 K R AW 5L, IR Bl R

2 pm X2 pm; OGR4 He-Ne BOEE  MUE I KA
632.8 nm, FOL I FE N 17.2 mW; B 338  Olympus
BX 41 &85, e 43 ¥ % R 2 em ™' 2R H Peltier-
cooled 1 02415 X 256 18 2 ) CCD A #8 F1 28 S 4
WOt 8 e R 1800 g/mm; Fir S AL 48 M 5% 55 1 N
100 pm, £HLR/NA 1000 pm
1.3 EWMABFRATERITRERFBREE

57 FH B & A K UK R A% A 30 nm, >R 8 BLAY 5
AT BRI R A SR T IE A . HARG b 3R
2,29.9 mmol/L A5 4R 1 mL i A %] 99 mL 1 #8
afizK i, s I RERE , 1 A im A 38.8 mmol/L
(R R = 4RI 1.4 mL, FAASEHE 20 min J5 %
AR LT 68 . WOH BET A5 1R IR PR S R
ARG H B0 . B R R A B 4 90K B0k 10
mL, A 50 pl. 2 mmol/L ) X % 3 4 B g £ B i
W, E 20 G, — SRR R, B0 31K, SR
T3 BULE pH Ry 7.5 B BEIRR 22 vh s i h AR AF T4 °C
UKFE
1.4 Againl

HU 80 L b3 i 0o A BT Ay 4 0 KobE TV TR, 40
SN 20 L AS 5] 32 110 i 1 A0 YA, 5 T3 20
min AT 5 S SO R AT . MCRE LB R
AR AR, BEER [H] 10 s, B4 DR, AR FE
Z Y e BOF- 3 A

2 ZEREHH

2.1 Ag'RYH R B8 R 4H X R AE

Ag " SERS i B BN & 1 B /R , B — 2 s 6t
Fi LA (MBN) B (14 4 90K Bk, Ag IR ,
FHAR 4 g Kok i i Ag ' 5 B4 e H R 1 A9 MBN
RABEALAE T, T 8 -CN-Ag -CN-4544 , #4048 4
YRR T R R Y AR S5 4, LA 2 A R R
oAV RN, BER 25 A K R R K
I BE AR A BT SR 1) TR 8O0, B W 7 4 4 0K
BiF 21 A9 MBN 749 “#BRIX. 72 228 em ™ Mb 1Y)
SERS 15445 5 B B i R, EAZ R & h L7y 15
X E5 T

WE 2A FT7R 24K A 2 Ag R BE M 0.
0.1.1.10 nmol/L i}, Fi#E Ag " ¥ B (4, MBN 7
2228 cm 'Ab Y SERS B ISR B F TG K. A lEl 2B
i S T B OB (TEM) B BIE s, 25 A8 1 iR & o
Ag " He B R 0 nmol/L B, T B 4 49 K 0k 52 5y
BOIRZS, 24 Ag W EEREH (0.1.1.,10 nmol/L) , X W &
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Fig.1 The detection principle

BUAE AR S5 R i BE (] 2C-E ) B e A ; 18] 2F X 1
Ag ¥ E A 100 nmol/L, A6 44 2 T B ) B IR 25 44
KEET K, SERS Kl £ A i 8 804 Bk F 3R 4 1
S AR, X B TG R T B A X AgT W

B

A

SERS &I 5 58 i 1 BE T PR A BER S5 4, 7™
A e JEE AR A R RN, B B E B A
U ARG T AR S, A9 SERS Kl Ag ™ i 5 1k LA 5
o A4 T SRR T R B T ARSI 45 SR A MR T

32000p .
o] o ey %6
- ——0.1 nmol/L .
= %Onmol/l]7
5 — L
£ 16000} e 8 F et
- .
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A SERS Y% Kl SERS spectra; B-F : 3% 5 B8 5% [4] Transmission electron micrographs; B: [ Ag"” 1=0 nmol/L;C:[Ag" ]=0.1 nmol/L;
D:[Ag"]=1nmol/L;E:[Ag” ]=10 nmol/L;F:[Ag" ]=100 nmol/L.
B2 #ilMERPAREREAQ IR SERS L E (A FIESTEEE (B~F)
Fig.2 SERS spectra(A) and transmission electron micrographs(B-F) of the detection
system with different concentrations of Ag*

2.2 Ag'tl SERS #illl & 4k

ML A5 201 MBN Y FH 5 2% ps i) ok
K pH | 2 o7 B [0] 25 4 A~ 2 5000 S 0 1R 28 00 #6200 4%
TEEAT AL . BT MBN BEAE 15 540 F R %
B3 TR 28 Ag A, BT L MBN HH £ X6 38 56
gL RA I . AN A FIER, 24 MBN &k
T 5 pL/mL B}, SERS %47 58 B JF if 20 15 58 | 3
& F MBN i i (i 3 B g ok ok i R 4L . B
U, A8 i 7E 4 98 KR 2 18 19 MBN S A &2 5

pL/mL. Ani& 3B Fios , 92 w22 vhiig 01 5 vk
JE R IE L, SR T 4 2% v i VA VR B2 K T 10 mmol/L
B, 235 S T BE fb 4 40 K JORE ) SRR | BT DL 2% o s
W 114 e A3 v 2 10 mmol/L., H &l 3C fran , 2% o
VS VTR M 3 58, ) T T B Ak 4 40 K 0B 1Y) SR A
iR e I B, Ag T B B AR K S G5 A 2 R ALV, 28 b
W pH R 7.5, W& 3D i, Ag i A K
1K 25, BE 2 BF 1B] 36, MIBN 5% 45 5 J32 328 7 18 K,
M Ag 5 MBNAEH B [E] 8 52 20 min, SERS 371 %
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B3 MBNHAZEA . EHBRREB EHAERpH(C) R AR IE (D) Xf# 4k 2 SERS 1545 58 FE Y 31
Fig.3 Effect of MBN amount(A), concentration of buffer solution(B), pH of buffer solution(C) and reaction time(D)
on SERS intensity of the detection system

FEAS R A& 0 ks, L, Ag 5 MIBN fe s
B8] 2R 20 min.
2.3 Ag'HYSERS EE#&il

FE IR RAC IS R I 250 T ST Ag T iR T
£, FIH MBN 7E 2 228 cm ' i & i £ 4k SERS 4k
558 S BEAS [R) MR B A 184k, #E 57 SERS & 2 4
Ag™ bR E T ME B £k o an & 4A TR, #E O~
1 mmol/L WV BE X [B] N, Bl Ag V& BE A 35, 75 T £
Rl o, AR KAV BE A, B 4B A E 4A
Hh K IO VA B A% AR T RS A4 R 1 58 A1 R DL IOk i
&, H B 4B B] 0L, #E 0~30 nmol /L B9 3 & X 6] N, £
WA 22 7F 530 nm 2247 (149 W' BE AR ARS8 36l /0N, R A%
P ¥ B #E78 5 30~100 nmol /L 4 € J& X 8] P, 6 1 44
F1E 530 nm A2 AT 1O B B8N, R AE/NL RS
H 700 nm LS5 H B0 B 126 97 48 R Wi i LA
T SCHRARE SRR 3R SR AR FE RGN, B T4k
AR AR AT 45 R A URE 1l K P R A, 5 350k DU
VS WA 1 5 DTS 210 3) i 5% (0 i B AR, L
& ARV IS AE 530 nm 2 A7 1 W6 BE U1/, 700
nm DU (WO BB . SR, A58 T AR 2
() AT R AE RN, , BE 1 8 T 4 4 bR 4 oK &5 4 1 4y
A, AN ) A% G0 R A A R P T o, S 000 7 YR €

KA B LAY . BE Ag T HEE AV N, MBN 1E
2228 cm b SERS T 5 B AW K, HLAE 0.5~
100 nmol/L By ¥k £ X 8] ¥ (¥ 4C) , MBN 7 2 228
em AT SR BE A K 5 Ag R BE I N S L O
F . MRS MBN B SERS i 417 58 B 5 Ag ¥k B 2 1]
(ARA , ST AR ifE TAEN S (1 4D)  ArifE TAE 22k
M5 B - y=12414.950+3796.85, H | Ag™ iy 24
A nmol/L,x A%t Ag™ ik BE O BUE , i Ze bty
FERY A SE R BN 0.948 9, ELXT Ag™ By e fICAS: H vk JiE
J70.1 nmol /L, ik F 3¢ I A8 A 47 8 B TR /K v
Ag W R/INT0.93 pmol /L FBR E Bk 120,
2.4 SERS#ill{k &3t Ag Bk 14

h T S ST (1) SERS K 5 B Ag T R e
P (A HE ) SERS A% S8R 4 22 X6 PR 858 v & WL 1)
&E B IR . &8 B PhYT L Cot
Cd** .Ca®" \Fe*" .Fe" K" AP’" Mn*" \Na® .Cu*",
Ni*7 .\ Zn*" (CrP " 4 i g0 2 72 vp 404 o 1) e B
3 pmol/L, Ag " # & N 3 nmol/L. A& 5 /R, [R#E
AR I 45 15 F L 24 3 nmol/L Ag ™ A K I 4K 2 1f
Ag HEBIHE MBN [ 1 4 4 K 0L 14 T 45 4 | i
FEREH T Ag 5 MBN A —CN 7 & AR R 1R
Be A7 A R i, i HoAth 42 )8 2515 MBN &M 4
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RS i /em”  Raman shift FiE i #/em™ Raman shift
4 SERS#illAg'ERMWEBE T (A ESMAT RIS E (B) \SERS HiE B (C) KtrE TIEMZ (D)
Fig.4 The color change(A), UV-vis spectroscopy(B), SERS spectroscopy(C),
and standard working curve(D) for SERS detection system of Ag”
6000} o 7 v ELAT B v A R B
F1 SSBREE A AR E KA 4 R
» Table 1 The spiked recovery for actual samples
E 4000F
5 R X
z i/ Gl /mol/L) /v L
J;z( (nmol/L) Detected amount Recove /%
= Additive amount ° 2 RSD
2000f
1 1.0140.02 101.0 7.23
10 10.140.05 101.4 5.64
or 30 29.92+0.04 99.7 1.28
R R EEEEREEEE: R 50 49.8340.07 99.7 2.46
43 J& B T FhZE Metal ion
R . . 3 ‘-\j- SA
B 5 SERSHNAGHZRMEEY W

Fig.5 The selectivity for SERS detection system of Ag”
YK BORLAE TN, , MBN 1 SERS 15717 58 B I 5 &
AU o DR A R I T X Ag T B
SRR
2.5 EEREFEMGN

SRR RS ISR R DSk 64T o BRSEG E

FIRIKRE  ZEIL I AR ) i Ag ™, 15 BIVR B2 43 51 K
1.10.30 F1 50 nmol/L i Ag ™ 5 B &t , 3% T Hy # 1Y
SERS A& JEAG I 77 VAR I DA E ARG ity , G2 235 2R DL
1, WMFE1PR, SERS Kl Ag' iy SRk i 45
5 IR S5 R W) A BT UE AR TAE ST ) Ag”

AT SR T — R A SERS £ 184G Ag ™
Ji i, BT MBN & i ) D RB AL & 9 K ik 5 Ag T2
(R SRR VR, S T Ag iSRG TG T3 R
RGN o AH AR 4 40 oK B0k 38 1 H 3 i & 4 MBN
—CN M5 Ag™ Z [ FL AR AR, 51 4 48 K i
R A 4 AR A T RN, B MBN T 2 228
em” Ak 1 SERS 3 7 36 B Rl Ag Tk A 3G i 3
KL HETSEE Ag e A . NP2 155 07
MBN (1% FH 5t 5% i W ) v 15 S pHL L R I 15 [ 4
SRR AR Z2 BRI SR HEA TR AL, TE et S 4L
T, #H#r AgT B SERS Kl 28 M 56 F 5 SR IR BNl
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P A TR FERE S A TR, SERS K Ag ™ i
BRUN SRESE S it /e 8 SO

AN TR) T 4% G A 0 A5 SRS T 1 | AR5 T
() Ag " [ SERS 15 AN 7 ik AT W R AL, — 4
20 K BURLIE B B T 458 118 40 DK Bk B R ] 458 11 < 44
SUUBONE MR TE TR I A AR Y B B s = MBN
TE“HERIX "2 228 em ™ AL S FAF IRy RE AR
SE L FLE TR R P B QAR R SO F S R 1Y
T, ARSI &5 5 BAT B I HER B . 1% SERS 1R 8%
R 7 3 % Ag™ 1R B A AT A H ¥R BE R 0.1 nmol /L,
TE AT 38 AL O B 8 B TR K H A e /N
T0.93 pmol/L Ay B2 23K o (H A5 50 I A9 2, %
AREAE TR B FERT B0 R o RE S R D 4
A 4 SR I A, A R L B 3 R T A S B

TS o
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Accurate and interference-free SERS detection of Ag” based on
functionalized gold nanoparticles

BAI Xiangru, TAN Jinlong, LUO Wei,ZHOU Wenyu, GUO Xinling

Department of Pharmacy, Xinyang College of Agriculture and Forestry, Xinyang 464000, China

Abstract The silver ion (Ag" ) poses serious threats on the environment and the health for human.
Therefore, the accurate and interference-free detection of Ag” is of great scientific significance with practi-
cal value of application. The surface-enhanced Raman spectroscopy (SERS) sensing detection technology
based on functionalized gold nanoparticles was established to realize the accurate and interference free detec-
tion of Ag". When Ag" was present, adjacent gold nanoparticles were connected and underwent controlled
aggregation to form a chain-like structure based on the coordination effect between Ag' and cyanogroup
(—CN) in merhydryl benzonitrile (MBN) modified on the surface of gold nanoparticles, generating a “hot-
spot” effect. The SERS signal of MBN at 2 228 cm ' in the biological “silent zone” was enhanced, and
the degree of enhancement increased with the increase of the concentration of Ag®. The results showed
that the SERS sensing technology established for detecting Ag™ had a good linear relationship in the concen-
tration interval of 0.1 nmol/L. and 100 nmol/L.. The minimum detectable concentration of Ag" was 0.1
nmol/L, much lower than the limit requirement of the US Environmental Protection Agency that the con-
centration of Ag" in drinking water should be less than 0. 93 pmol/L. The detection with Ag" spiked re-
covery was performed in actual water samples, with a recovery rate ranged from 99. 7% to 101. 4%.

Keywords surface-enhanced Raman scattering ; functionalized gold nanoparticles ; merhydryl benzoni-

trile (MBN) ; silver ion detection
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