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WE GFk, RIEA—FEEAGEMSRT MK ZRE. 24581k, T RmMEEH 26 (Surface-enhanced
Raman scattering, SERS)] Hg? "6 I 5 92 IR EoAE AN [R] AAG I 75 35 7 LA 1o RABUE T 46 32 60, T “turn-off” HL#I, &
116 B — BT Fe;0,@Ag (FA)ZUKA BT He® 1t SERS Rl #5555 T AL IR AR BRI 45 & 7 RIS IR AN 88
PRI, WA T RS mE BN RE T8 SERS K. 8 i 1847 1F B0 3R 0 79 2k — R SR A fh
(PDADMAC, PolyDADMAC, PDDA)JZ, Fe;O,@Ag F TR i 147 47 b () IR ABIREL 40 7, 16 He” FEAE B IL R, 7T LA
MEEF| SERS 55 REML. T He''5 Ag 9PKBUR S PUE R N IFE Ag K BURL R T R — 2 K57, s T
Ag YK IR 1) 2% TH 25 38 F 4 JL 4R (Surface Plasmon Resonance, SPR)E:fE, S8 HLIGIZ 58 Z ka5, RN, XA 2SS
Ag YPRBRLIIR T Zeta HALRIFEAR, I B R2maR 23R4 I H R T RN, M —20 230 SERS 155 B FFK.
B, E85H He TS UL T, SERS SR MBRCE NN T He* 5 AgNPs FIAEAER. @i ARSI AT DEED, & T
“turn-off” HLHIKE I He* i 75 MR IR AT MR R 107'° mol/L. ASSZE& 31T SERS 4K A% Ik 48 7T F T bR A% I #1485
W Hg®", M 48 BT SERS 9KAL ARt T BRI A,
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A SERS Approach for Rapid Detection of Hg?t Based on Functionalized
Fe,O,@Ag Nanoparticles
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Abstract Mercury is an important pollutant, which has attracted wide attention in recent years. Up to now, based on surface
enhanced raman spectroscopy (SERS) strategy for detection of Hg”* is very attractive due to its high sensitivity among vari-
ous detection methods. Based on the “turn-off” mechanism, we synthesized a magnetic Fe;O,@Ag nanomaterial for SERS
detection of Hg”*". The magnetic-plasma resonance nanoparticles, which combine magnetic and plasma resonance properties,
can be used for SERS detection of mercury ions with high sensitivity and selectivity. Firstly, the magnetic nanoparticles were
prepared by solvothermal reaction, and silver nanoparticles were coated on the surface of magnetic nanoparticles after modi-
fication of amino groups. By modifying the positively charged PDADMAC, polyDADMAC (PDDA) layer, the negatively
charged methyl orange probe molecule is adsorbed on the surface of Fe;0,@Ag, and in the presence of Hg*", a significant
decrease in SERS signal can be observed. Due to the short-time reaction of Hg** and Ag nanoparticles, an amalgam is
formed on the surface of the Ag particles, which affects the surface plasmon resonance (SPR) characteristics of the Ag nano-
particles, resulting in enhanced attenuation of the electromagnetic field. And the short-time reaction of Hg>* and Ag nano-
particles also leads to a decrease in the surface zeta potential of the Ag nanoparticles and affects the adsorption of the Raman
probe molecules on the surface, resulting in a decrease in the SERS signal. Therefore, the decrease of SERS intensity in the
presence of Hg®™ is mainly attributed to the interaction between Hg?" and Ag nanoparticles. Through our experiments, it can
be proved that the detection limit of the method based on “turn-off” mechanism for detecting Hg?" ions can be as low as
107" mol/L. In addition, this method also shows high selectivity for divalent mercury ions. The SERS nanosensor designed
in this experiment can be used to detect the specificity and ultra-sensitivity of Hg*" in the environment, and it also provides
great potential for the construction of SERS nanosensor for heavy metal ions.
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1E Fe;0,@Ag NPs SERS FJiK I, AKILXKT P-ATP [faril]
FRAEFAR, tHAEMSIE I Fe;0,@Ag NPs 1] DUE A R &
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FAERITEGT, Ag GURBR R R A NI R — E 7K
5, MNIMSZIE T Ag 9K RO 1) 38 T 55 25 7 LR (SPR) 1
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M) PR A5 73 6 LR T PRI B, PR A 2 1 AR SR 3 T
B R, MM S8 SERS il fE 5 1 PR, X
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1) A,

2 HR5WE
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I FE FesOq 9K RN 21 S A 5 SR TR 1 IV Jie
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SritELF. SERS TERETR. HEE NS A &Y
PR RS FR T 35 W] DB 43 47 L S AUBE (scanning elec-
tron microscope, SEM)HIm; 53 #%i% it 45 (High Resolu-
tion Transmission Electron Microscope, HRTEM) &4 K
AT RAE. BARMERoP R T B e, i Ar iR
TR AgNOs, TEINFATHEFIR T Hl 4 Ag PUKATRL. it
HFH) Ag AKBURL SRS & 1 fros, A 1a o
ATDAEH, 8 BRI Ag 99K B0RL ELAR S
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SR FesOg 9K B2 18— 2 7K H i) 2% B
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TESRSE KN —, 9K okL 1) RS BLAR 4R R 43 A 7E
350 nm ZEAq. 4 Fe;04@Ag 9K BRI E BN T 4k
Fl PEI 1&1fi Fe;O4 9 KBURI K , [ FesO4 9KFRI R
A RER LN, SRR B % PEL & —FhH
BT REY, Kb A2, fIEER WA R
(14 1F FELAmf AT DA 2 R B A A5 TR — 30 i P 3 T i 7 P A
ff) AgNPs, MIMif# AgNPs w] LLAL7B/E1&Mi T PEI K
Fe;0,4 20K BRI 1.

a

Bl1 (a) Ag 2K BRI SEM K. (b) Fe;0.@Ag A9k T0Ri T SEM &,
() Fe;O4 K BURE ¥ TEM EIAN(d) Fes0.@Ag 44K TR [¥) TEM
Figure 1  SEM image of (a) Ag NPs and (b) Fe;O,@Ag microspheres,
and TEM image of (c) Fe;0,4 microspheres and (d) Fe;0,@Ag nanopar-
ticles

TN R T RSB AL BT 2% 7= 1 () o A 5 1 R0 A
aipg, SHARFEET T X HEATH (X-ray diffrac-
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BEATHNIEZILE 300, 35.4°, 43°, 56.9°1 62.5°, Xof R F37 77
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Fe;0, ] XRD i B AN B B AARAR, (HIE 38.2°,
44.3°, 64.5°F1 77.4° 40 HIUHT IATH G, AT T Ag
(KISEIT AR, S BIALF-(111), (200), (220), (311)&TH, 1M H.
felis 5 Ag HIbRTE R A (JCPDS card No. 04-0783) b 45
fiFie——%F S22, 8 2C Jy Ag NPs [f] XRD &, 7 38.2°,
44.3°, 64.5°F1 77.4° b HIATHIE, HEES Fe;0,@Ag
XRD 75 B b (R for BN B, Fes04@ Ag NPs 4R
W7 S5 UG 588 P55 AR B84 N TR R B T Ag 9K BURLAE FesO,
NPs Jii [l (1) 2% S 7.

NTAEMIIIN He*'J5 FesO,@Ag 9NK ok i) &5 44
Fam AR AR, BATH AR Ag GRBUR N
107> mol/L Hg ' J& (7= #) il Fe;0.@Ag 9K BURL A A
10° mol/L Hg”' JGIF=#iltAT 7 XRD ALK S2.
M S2a FTLAE H, £ Ag 4K BikiH A 107 mol/L
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Figure 2 XRD patterns of (A) Fe;O4 microspheres, (B) Fe;04@Ag
microspheres and (C) Ag NPs
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Figure 3 SERS spectra of different concentrations of P-ATP by

Fe;04@Ag as SERS active substrate
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B 4 A Hg™' 5 Fe;0.@Ag 9K BRI TG R 25814347 B Fe (a), O

(b), Ag (c), Hg (d)
Figure 4 Elemental mappings showing the spatial distribution of Fe (a),
O (b), Ag (c) and Hg (d) in Fe;0,@Ag microspheres after adding Hg**
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TE Al R A X )
Figure 5 EDS data of Fe;0,@Ag microspheres after adding Hg?" (the
Cu signal is from the Cu grids of the TEM sample)

Zeta HLALFFIK; Fe;O4@Ag NPs [1] Zeta HLAZM 26.4 mV
FEAKE] 15.9 mV; Fe;0,@Ag-PDDA-MO ] Zeta HLAZ
33.3 mV FEMKE] 23.5 mV. XTI Hg* 52 Zeta HLAL
HIFEAR, — 7T AT Ag BT 7R 55 TR B SR AR Bk %
T 47 38 ) i 75 AT A BR AR (CsH,05CO0 ) AR 94 K Rk
(2 TH M SR . RN, He® 5B IR R L TF il 2%
BV FE Zeta AL NI, 55— J51H, WTREM R A
SR B> B AR DTIE, RPN R T, WS
G RRK. R SR 2 R T 2 B NI TS,
S — P T R S AR AR R R P. HT
SERS {55 KI5 ER KFERE FH R THRE 2 TR R 3R
TR, FTLL AgNPs M Zeta B [ Rt /2 SERS
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Figure 6 Zeta potential changes after addition of Hg*™ to AgNPs,
Fe;0,@Ag NPs and Fe;0,@Ag-PDDA-MO
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Figure 7 UV-Vis spectra of Ag NPs colloid without (a) and with (b)
Hg2+
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i MO #47 Raman #R%H7r T IhRELL, & AL ILE 8.
%, W IE R B PDDA HEAT R, FREPHE
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Figure 8 Synthesis route of FA-PDDA-MO microspheres
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Figure 9  SERS spectra of Fe;O0,@Ag, Fe;0.@Ag-PDDA and
Fe;0,@Ag-PDDA-MO
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Figure 11

(a) SERS spectra of FA-MO with Hg*" concentrations from 1X 10~ *~1X 107" mol/L, (b) the SERS spectra of FA-MO substrate placed for

1, 10 and 15 d, respectively, (c) selectivity of the FA-MO substrate toward Hg”>™ (on the characteristic Raman band at 1111 ¢cm™ ") in the presence of other
metal ion species in a solution containing and (d) SERS spectra of FA-MO with Hg*" in river water, running water and DI water
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