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Rapid detection of Ag" in water by surface-enhanced Raman spectroscopy sensor

based on 4-mercaptobenzoic acid/polypeptide modified gold nanoparticles

RONG Pei-Sen, LI Hao, GAO Han-Ming, XU Qing-Peng’
(Guangdong Testing Institute of Product Quality Supervision, Foshan 528300, China)

ABSTRACT: Objective A 4-mercaptobenzoic acid/polypeptide-modified gold nanoparticle modified surface enhanced
Raman spectroscopy (SERS) sensor was developed for rapid detection of Ag” in water. Methods A Ag’ surface enhanced
Raman spectroscopy sensor was constructed by combining a specific Ag™ peptide recognition sequence (RFPRGGDD)
with 4-mercaptobenzoic acid, and data was read using a portable Raman spectrometer. Results In the concentration range
of 10~850 nmol/L, the linear relationship was good, the correlation coefficient (+*) was 0.98345, the limit of detection
was 36 pmol/L, the standard recoveries were 95.28%~102.9%, and the relative standard deviations were 0.79%~3.73%.
Conclusion The method has high response speed, good selectivity and low detection limit, and is suitable for rapid
detection of Ag” in water.
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1.1

SEED 3000 fH 4 2 h7 2 ik A (g it St v B4 A R
2 E]D); TG16W A E sl B0l (KU U AR A BR 2 7));
Zetasizer Nano ZSP &I 21 25 G HUI oGk AL (9 [ 5 /R SeqY
#r/3H)); JEOL-2100 AU i F 0 B (H ASH F iRk 254h);
UB-7 % pH i1 (32 E LA ); MS-100 BUIE TS (BT 5
BEALERA BRA D), AL-104 BRI F K (&g 0.1 mg, [if1E
Rl — FLR 2R AT,

NIKERFEIR =80 (fb2eal, SEE Sigma A d]); &4
(feali, EZ%EELFRR AT RAR); 458 iR
(4-mercaptobenzoic acid, 4-MBA, fb2z4l, g7 sobkAE (bR
HAWRAF); oKk, S, HEREE . FALH . BEIRES .
SRk nEmREy . SUALEE. MERSR . MEERET. SR . ASERE
HBRAR LA S e 3h R . WRAF IR . =UAAbAN . KA BEIR — 40
T KRG BERR A AN (el , F 2R AT R R A DD,
SEEHACH AR (A, HBHE 182 MQ - cm),
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121 2WMEAETASRBIFA A ERE SRS

SR IR AG R = B3 Bk ) 4% K 249 30 nm 9 4 Kok T 1,
H 4°C NEEEIRAE. 128, T &R TR I Z Ik hefk
B0 1, R R B O R IA 0.9 mL &40k, Sk
JEMATFFN R G &R — RN AR — I 2 — A &R — =
fi—H &R — K& R IR— KR (RFPRGGDD) AYZ£ ki

Wi 100 pL Fl— 5 ¥ BE 1 4-MBA 197K ZBv 10 uL, ik
TEMEIRIR AR (20°C, 600 t/min) 2 h, i385
T F (4-MBA) WA BV ELE 20 pmol/L, FH 12 h, SR)5,
7E 4000 r/min, 15 min ST, LB 3K, BRI KRB
B KR TR E I Z KA 4-MBA, E&A B0 8 2 50
10 mmol/L, pH=7.0 WIBERRELZ% i v} il f 78 e, HEE
WY Z KA 4-MBA HIEE/R LLAS SRR FL B0 [ 2155 Ag™ ¥4,
TR A B BRE 44 A R/M-AuNPs,

1.2.2 SERS #:]

10 pL FERR FISE R, E TEW G L, &
HERAEAE S, T PSR A A 2 G TR (2% SO,
BRI (785+5) nm, WK IER: 800~1800 cm™, BEYEHTIA] 65,
U REL S IR,

12.3 S IAT 69 7T 47 oA

S A CEUEHOCR AL . R 2 G BT
T WA WX A Ag” B JEIREHAR R I T RAE
124 ShEM4HHEL

SRR ZIK R 5 M (4-MBA) ByHB] . SR R T4
B 490 pL AYHRETRI, A 10 pL AS[RI S O RH BR BRI
(SR AR AR 500 uL, 8 10 min, HY 10 pL RNJE
TRA TR TECIR R AR, MR G i o v 5 119 0 i ) L 5
TUA—fbAb 3, SERS FHXI5#)% (normalized intensity, NI) (5%
AITEIA (1):

~

NI=ly/I,.. (1

e, I A O AR A XS N A SERS HRRE, 1. M
SR B = DA =L Y3
1.2.5 AREwH &G TF Ag AN

XA [A #e BE (0. 10, 50, 150, 250, 400, 550, 700,
850 nmol/L) MHREMARIEAT SERS 55 R4 .
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ERAEEMT, B 5HM4&EE T (P, Mg, K,
Fe''. Ni*', zn™"| Hg"'. Cd*. Cu™) 5 Ag" & B X L 4 #re
R EHT, BERSRE T (P, Mg™, K, Ca*, Fe’',
Co™'. Ni*', zn™, Hg’'. Cd*'. Cu®) X Ag" HfER T,
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i Orgin 8.5 FRAXT 52 56 v (i F 21 () (8 485 0 R 2 i
SHAS YGRS A 7 i 2 ) SRR B 20 13 2 A B
AT, i Excel 2003 il 3 .
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2.1

& 1 RIAGE K SRR REE Ag' MRS NI HTHE A,
SERS i mE 2 i, B2 a. by c /%t E 1 H A,
B. C. BR4FHE B SERS S £ 4-MBA {37 F 1076 cm’'
A 1580 em™ FFAFUEAY5REIFA B3 (1&] 2a), X2 FoHCR
BT IAYIKKLT () SERS MisRAE k5, Xit—LHRMUT £
BRAG AN S50 A A Kok ke vk U ZEIA Ag )5,
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Fig.3 Transmission electron microscopy image
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FIUN L R Ag” VE TN FLRERSE IS iR 42 . 4-MBA S5 HL 54K
& (pI=6.88) " s LB 4-MBA USRI 4 1R E
P A REE N R i 55 S, (28t SERS
(e g 5 AR5, A ARBIERARACR . R 4 FiR, (REEZKR
5 4-MBA B EEIRHERE N 20 umol/L A2, LIZJIK R 5 4-MBA
B EEJR HE B R/AML A R Ak b, ARV SERS 38 BE 22 [ (1-1) /1] U,

Particle size distribution diagram
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Fig.4 Relationship between the relative SERS intensity difference
and the molar ratio of polypeptide/4-MBA
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MiZk, 7€ 10~850 nmol/L WIFE I MR Ag ¥R FHE, SERS
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Fig.5 Time dynamic process diagram of system response under

different silver ion concentration
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Fig.6 SERS spectra of different silver ion concentrations
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Fig.7 Standardized curve chart
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i BRI Oy 35 4 Ag” ik B 4 50 nmol/L 1 500 nmol/L ()
TARFE SR AT R I, 25 R AN 1 B, = AR el i R A
95.28%~102.9%, AT b5 U (i 22 4 0.79%~3.73%, i 1% 7 i
A LU EORAK R g Ag BRI, R T HE— B IR
DERTE, SR H B A A5 B R R SIS oy B I A
M 50 nmol/L A1 500 nmol/L ¥ JE Ag™ AUIsK, HE4IFESE
13 UOFA I 2, W5 45 R BCE (8, gk 2 fik 3 iR,
25 BN B A S B TR & SO (AT 25 A SERS A
T A A R AR — B, UL T RO B B A R A T A A
HERA P

1 Ag’
Table 1 Ag’ detection results in tap water
H kK Ag' bR Ag' K o AR X A

(i) (nmol/L) (nmol/L) s 2 (%)

1 50 52.9 102.9 2.81

2 500 514.8 114.8 1.45

2 Ag’
Table 2 Ag’ detection results in lake of water

Wk Ag Jibrik Ag Kuih [l *E‘Xﬁ/ﬂ’ﬂf
(nmol/L) (nmol/L) (%) 2% (%)

1 50 50.8 100.8 0.79

2 500 476.4 95.28 2.42
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Table 3 Detection of Ag” in lake water by inductively coupled

plasma emission spectrometer

, Ag' IbriE  Ag KR AHXS i
N P11 = 00
LR (nmol/L) (nmol/L) EECA) 2= (%)
1 50 46.4 92.8 3.73
2 500 482.6 96.52 1.77
3

ARG T —Fh Rz K B Ag” 1987 Y SERS #£ 41,
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YR, %R A BRI T R BV o
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