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Abstract: Heavy metal ions have a serious impact on water quality and its application, and the develop-
ment of a highly selective and sensitive detection platform for heavy metal ions has great significance in
the water resources protection. The surface-enhanced Raman (SERS) sol substrate was prepared by u-
sing 4-mercaptobenzoic acid (4-MBA) to modified gold nanoparticles as a carrier, which has strong se-
lectivity and high sensitivity to heavy metal ions such as Pb*", Cd*", and As*" in aqueous solution. The
experiments found that the Raman detection spectra of Pb*", Cd*" and As*" by the SERS substrate have
obvious shifts in vibration frequency bands and peak intensities near 1 046, 1 075, and 1 587 cm™!. An
optimized enhanced substrate was obtained by optimizing the sol-substrate, which can distinguish three
kinds of heavy metal ions. The detection limit for heavy metal ions can reach 0. 1 mg/IL., and it has a lin-

ear relationship in the range of 0. 5~100 mg/l.. A standard addition verification experiment was per-
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formed on Pb?" in real water samples. This substrate provides a fast and convenient method for heavy

metal identification and detection with better enhancement effect and heavy metal quantitative analysis a-

bility, and provides an effective means for the efficient detection of heavy metal ions in water.

Keywords: Heavy metal detection; 4-mercaptobenzoic acid; Surface-enhanced Raman spectroscopy;

Quantitative analysis
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Fig. 1 Preparation and detection mechanism of modified
AuNPs-solution enhanced substrate
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Fig. 2 Characterizations and Raman responses of heavy metal ions to modification SERS substrates
(a) UV-Vis spectra before and after AuNPs-sol modification; (b) Gradient response of SERS substrate to Pb*" before
and after optimization; (¢) SEM image of gold nanoparticles; (d) AuNPs-sol, 4-MBA powder, Raman spectroscopy of sub-
strate and heavy metal SERS detection in 5 mg/L.
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Fig. 3(c) The Raman spectra of As*" in different concentrations and the fitting curve of 1 045 cm™!

E 3 RN 25 v UG 7R 4 8 B T
WeBE hy 0.5~ 100 mg/L i [ I, O 4k J5 /Y ek v
SERS H:JEXT Ph?" \Cd*" | As™ HyFi7 B G iR fE 16
SR B R P BG NAR S I RAF I OCR. 1
L SRR I 4 B PO IEA A T = Ab
R ERAF AR Ak, o 1 0491 047 F1 1 045 cm ™!
oA E T =R 4 8 B SR B LS G A n B i
g, 0 A7 Al B8 B T I 2 AR AR A T ol AR
Pb*" (1. 75)>Cd*" (1. 49) >As*" (1. 21), A] W5
TG R ERE 7 T A R 450 1Y AR {7 7E B
P22 0, w] T X 40 KN R 42 8 B T 1075
em AR RO B 1) B0ER A 45 iR 2 e 1 167 AL 0
1587 em 'HJE S C-C iR ahigny i fe. &l 3
(a) 2y P B3 hr & 5635 SF AR EE R 1 049
em AR IETRZMERLS L LR 64. 00, AHOC R AL
R*350.998 7, & MHAH M R AT B 3(b) g Cd* 1
P OEHE  BR 10 mg/L IR ZEHKRAM X A A
WEETR 1047 em ' A WS (Y S MERL A HLRPR
33.619 9,R*35 0. 995 8, M R iFny Lt & K
3(o) Ny As™ [HESR BT S5 XF 1 045 em™ ! Ab U4
SRIFATEMRL G RN 43, 147, R735 0. 998 9,
S R B £k AR S

38 A B T 0 AR P ECPE SERS B
XF P Cd (AT =R 4w B 0 bR VW
HGEIN s 7 — s Ve JBE 31 Bl N LA ARG 1) IX 0 4 5
TR mAHIRE 1. TR, o] LUE H Pl SERS
LR =PI 4 5 B R DU AR A 0 i % o7 A
ST 5 35 i PR T S B 2 S (RS T ARG DAL 1)
PR, TR TR T A AL I R IE e 2
SRR, BARTE— B FREE LA TN
BOR ARARBEGE AT AT ST 4 A = 4
e B B 5 RN o, B — 8 B A

3.3 KA INERLEIE K1

R T WAy A T AT A S F L X A Rk A
K HEAT T Ph* 2 5 IR TSR 1 R 7K i
oK 53 S F 2E A B (8 ICP A Al T
As*T P CAd™T WG R, AR B T B
SOCTE IR R 45 S an &l 4 FroR. Al A SE
5 T A A B9 I M 8 34 5 LIS (I 1) X KR
Pb>" BAR SR AE 94. 5% ~110. 01% 2[4, B
A — 8 bR .

F 1 ANAREIHCK
Tab. 1 Spike recovery test

Sample Content/ICP  Add toPb*" Test Recovery
PO Jag/Ly /mg/L) JGmg/L) rate /%
As*T=0.001 1,00 0. 945 94.5
Tap water Pb%"=0
Cdet —0 10.0 10. 21 102.1
As*T=0.20 1,00 1.101 110. 01
Pool water Pb*" =0
Cdt —0 10.0 10. 12 101. 2
A\
4 & i

LS AL G W O 45 s TG T 6 348 5 L RS 1
DR G 45AE  l  PL AR T R CR 1 2 ek
P 2R T B B RS, o G i RIS PhPT
Cd™" AST = MELERE T T TIREMER 2
RE  ARAT T AR 06 2 S SR B — iR AL C R
FUA R =P 4 8 25 I A B8 ) 5 R A 4 5 3L IS
K BRIk 2] T 0. 1 mg/L, HXF Pb*"  Cd®" | As®*
SRV A R B FAEWREE 0. 5~100 mg/L ¥k B3
HRIRTG TARGFI LG R B BRI E & 0
Brie Sy At A7 v N F 8 4R B 110 R
PRI T R XA B — S
H. HAE, REEmEIE 2 E 4R & I
() DX AT e —ROMERS , T 8 4 25 1 | S R Ak

015002-5



% 58 &

v K FRCH KA F O

%14

W 22 S /1N o A 1 LA ISR AR DA 5 I X LA X
o3 ARRT SRS ARG 207 1 0 HR 5 B R IR
AT B« SR 22 T V7 R BT B A 4
INak & AR TR RS B AT IR S R A
JR SR Rt — A AR,

SE 3k

[1]

[2]

(3]

[4]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

XME, EIOS . ZEBL S GURADRH R TEAK IR
EAIE N SRR AR 5L,
2017, 23. 7.

R, FHIEIE, RIRAME. S TR IR RARS
SRR M ARER LT ]. IR 4R AK
Bl R, 2019, 56 1125,

Fu F L, Wang Q. Removal of heavy metal ions from
wastewaters: a review [ J]. ] Environ Manage,
2011, 92. 407.

Wu Q, Zhou H, Tam N F, et al. Contamination,
toxicity and speciation of heavy metals in an indus-
trialized urban river: implications for the dispersal
of heavy metals [ J]. Mar Pollut Bull, 2016,
104, 153.

Bartrem C, Tirima S, von Lindern 1, et al. Un-
known risk: Co-exposure to lead and other heavy
metals among children living in small-scale mining
communities in Zamfara State, Nigeria [J]. Int ]
Environ Health Res, 2014, 24. 304.

JEER. TR OGS A A K 4y 1 v
W] BB H A, 2018(3); 112

EcAE, R, FRK, O ERRE T RO
iy gk ] ARG S ARG, 2019, 38 1.

LY. TR E SR B AR R B Y kR L
JNAE T, 2018, 48 15

Li S, Zhang C, Wang S, et al. Electrochemical mi-
crofluidics techniques for heavy metal ion detection
[J]. Analyst, 2018, 143, 4230.

Kim H N, Ren W X, Kim J S, et al. Fluorescent
and colorimetric sensors for detection of lead, cad-
mium, and mercury ions [ J]. Chem Soc Rev, 2012,
41. 3210.

TRMG, HHE . 8. QIR SRIE G SR S HUH IR
WO 5 3k R L], V8 % Tl K% % 4, 2015,
35: 947.

Ahmed A M, Shaban M. Nanoporous chromium
thin film for active detection of toxic heavy metals
traces using surface-enhanced Raman spectroscopy
[J]. Mater Res Express, 2020, 1; 2.

PALRE, B 5. SERS ZE 47 ic S e kil rb i Iz
(). il 5k 34, 2004, 24 547.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

015002-6

E RN FRTHG RSSO T B S A i BT
JELT]. B TR, 2019, 40. 322

ARbELE, IRIRAR, LEAMR, S5 REHGRAL SO
BORTEAT S22 A0 b g o T ek Je D 1. 43t
M4, 2018, 37, 1174,

RERYN . 5K, ARG, AR FRImIG R OEE
N FRIAJRELT ] R Ffk=, 2018, 35: 984,

Zhou Y, Zhao H, He Y, et al. Colorimetric detec-
tion of Cu*" using 4-mercaptobenzoic acid modified
silver nanoparticles [ J]. Colloid Surface A, 2011,
391. 179.

Zhou Y, Zhao H, Li C, et al. Colorimetric detec-
tion of Mn®" using silver nanoparticles cofunctional-
ized with 4-mercaptobenzoic acid and melamine as a
probe [J]. Talanta, 2012, 97: 331.

FOAl, SR, PR, fF TR R 2
M E AR TR ] & E R R,
2006, 27. 2140.

S, BT, WIRT, & RENRAZO0E
XK e G e R B A I LT . 7 N AR, 2016,
44, 154.

Tan E, Yin P, Lang X, et al. A novel surface-en-
hanced Raman scattering nanosensor for detecting
multiple heavy metal ions based on 2-mercaptoisoni-
cotinic acid functionalized gold nanoparticles [ J].
Spectrochim Acta A, 2012, 97. 1007.

XVHEEL . Begrer, sk, 4%, HidEIIRefba gk
FERERH & K ILXT P I A1 CACHT ) f9 W B A i)
L. epriideg4f . 2018, 37. 839

GG, FMESC, SRS, . MR R A
SV e SN Py L AR i 2 LT 1.
BHERSC, 2015, 10: 1455

TRBRE, FDEW, TRBAL, SF.OHRUBOR G 4 K
PEIL IR A 25 S fr SO R pr e ). Jeir 5
YeiE AT, 2018, 38: 1741.

L. WY B E 4 8 b SO R 7y ik
WHRLD]. & BRIGE RS, 2015,

Zhou M, Han L, Deng D, et al. 4-mercaptobenzoic
acid modified silver nanoparticles enhanced electro-
chemical sensor for highly sensitive detection of
caet [T B: Chem, 2019,
291: 164.

IR, BR/NHE, P . SF. R [RJE A4 9K L
T B T JF 3% 1 4 5 L IR 0N B SR LT .
Jeier 5Ok M, 2017, 37: 7.

B, TR R SR TR TR IR 2Ot
TERRM D], J5dH « JRdH K%, 2010,

T, JARE, R, AF. XSO IR A4 3 1 Y

Sensor Actuat



WO, o O R @R R R E 2 % 6 A

[30]

[31]

SRPLEOGIELT]. A Hrfk, 2004, 32: 1050.
Turkevich J, Stevenson P C, Hillier J. A study of
the nucleation and growth processes in the synthesis
of colloidal gold [J]. Discuss Faraday Soc, 1951,
11. 55.

Frens G. Controlled nucleation for the regulation of

the particle size in monodisperse gold suspensions

[32]

[J]. Nature, 1973, 241 20.
Guselnikova O A, Postnikov P S, Erzinaa M, et al.
Pretreatment-free selective and reproducible SERS-
based detection of heavy metal ions on DTPA func-
tionalized plasmonic platform [J]. Sensor Actuat B;
Chem, 253, 2017, 253: 830.

LRSS

Pop Scs WM, XU E, FILAS, S MR AR RS R LA T A E s AL ). PUNIe . AR

i Wi, 2021, 58: 015002.
; P& X: Tan X, Liu X B, Bai HJ, eral. Quantitative detection of several heavy metals by modified surface enhanced +
% Raman substrate [J]. ] Sichuan Univ: Nat Sci Ed, 2021, 58: 015002. +

015002-7

e e SRS





