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Preparation and performance of nano-gold as a renewable sensor for Zn?*
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Abstract: Sesame spherical Fe;O4@Au nanoparticles were prepared by reducing gold chloride hydrate on
Fes04 with NaBHa, and a recyclable intelligent sensor for Zn?*, Fe;04@Au-RB, was prepared by using Au
nanoparticles as the fluorescence quencher of Rhodamine B (RB). The morphology and crystal structure of
FesO4@Au were characterized by high resolution transmission electron microscopy (HRTEM), X-ray
diffraction (XRD) and vibrating sample magnetometer (VSM). The sensing performance of Fe3;Os@Au-
RB for Zn?" in aqueous solution was investigated. The results showed that Fe;04@Au-RB had good
sensitivity to Zn?" and the intensity of fluorescence response increased with the increase of Zn?*
concentration and the detection limit was 0.42 pumol/L. The coexistence of competing ions did not affect
the selectivity of Fe;04@Au-RB for Zn>*. Owing to the magnetic profile of Fes04, Fe304@Au could be
recovered after use by the external magnetic field and loaded with RB again to construct the sensor for
cyclic detection.
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1) FesOs il 45 B S 40 mL EG, KX
A 1.3 g FeCl3-H,0 £l 0.5 g Na;Cit-2H,0, 7 i fif
JEHI 2.6 g NaAc, 4kSEHE 7 i b B 2 56 VRS
NI ORIV ZE, E 200°C N 8 h, #
HEZR, KNSR R, &OmEMES
FKBEG 3 K. Bela, WUl G FesO PIKKLF
3 HLAE 20 mL 255 17K H (p(Fe304)=20 mg/mL).

2) FesOs@Au H#l 4%, FEHL 10 mL _FiR FesO4
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FKBEG 3 KGR T8

3) Fe;04@Au-RB f& &R H £ . FREL 100 mg
AHTHEK FesOs@Au 9KRF4& M 28T 10
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[E] s A1) 50 mL WA 1 mmol/L () RB ¥, B2
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S LT W AUBE (HRTEM) R AIE FesOs@Au 4K K+ 1
TES. WEEFEMN D HUE CEET, Sl 5
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3) WilkRE 2 HT. F ADE EV7 BYHRENEE Sl R 58
THOVSM) 2 HTRE S R G S PR e o X — BRSS9
BHE (K 7 mm), —un A, FFE a2 T H A IR,
Ty v FARAE 28 4E . M EWIFEN-20~20 kOe, UK
S8 0.1 emu, H Langevia 23 THE AR R o
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1) RIS R A FesOs@Au-RB il
H ISR AU EE, 2 RF-6000 2Y%5¢ 566 Bk
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Fig.1 HRTEM characterization of Fes;O4@Au nanocomposite
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Fig.2 XRD patterns of Fe3O4 nanoparticles and

Fe304@Au nanocomposite
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Fig.4 Fluorescence spectra of RB solution after

adding different amounts of Fe;Os@Au
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Fig.6 Characterization results of sensing properties for zinc ions
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Tab.1 Fluorescence intensity of determination liquid and re-

generated residual liquid during Fe;Os@Au-RB cyclic

sensing /cps
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I 5E FHAE TR
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5 8994 6275

6 8399 7095
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Fe;Os@Au 49KHKi 1o L Au 49K 77824 RB 17K



52 W =

UHEE: TR B AR S AR AR I ] % S LR R TT 41

JE KA, MET M. REE. TRARHT
Frill Zn?* 1) 5% At 4% FesOs@Au-RB.

2) %4 HRTEM. XRD. VSM %%} Fe;O4@Au
YRR FHAT TS S8 R HEVERERAE, #iEkTE
PR, B RRE I a2 R AR R A e R R

3) fLJK2S Fe;04@Au-RB T Zn2" EL A5 U
MERE, HWRRN RS Zo? i i IR I 2k i 5%
R, RS B T LA T ARIRNS Zn2 R FF R IR B
B TR AR R A e, (6 T 1) FesOs@Au 1]
DA REAGTHT [T, @ N RB #3547 AR SE LR ER
Ko A BOT KABHE = ) < JR AL R A S it 1 m)
SEREER, A LKA SRR

SH R

(11 KWy, SEF, FUGHE, 55 feEoRe SHEmeE R
AN FR[T]. RS fERE, 2021, 48(5): 16-23.

ZHU PP, MA Y P, ZHOU Z X, et al. Trace element zinc,
plant nutrition and human health[J]. Fertilizers and Health,
2021, 48(5): 16-23.

[2] FMiE, BIAER, BWEHRL, 55 ICP-MS 2 [ il e i % b

PR B B VIR W 85 3 T AN B B T R[], hE 2
FrifE, 2022, 23(1): 86-90.
SUN T, HU S J, GE X S, et al. Simultaneous determi-
nation of calcium and zinc ions in calcium and zinc
gluconate oral solution by ICP-MS[J]. Drug Standards of
China, 2022, 23(1): 86-90.

(3] RUZLHMg. FREEKJT b B g A BRI B[],
[ & JmiE i), 2021(9): 220-221.

LIU H M. Application of heavy metal detection
technology in environmental water quality analysis[J].
China Metal Bulletin, 2021(9): 220-221.

[4] JEZKVE, ABLLLR. ARSI 7K Hh B < R A v A
Brid]. mEzAe SRR, 2022, 32(3): 157-158.
ZHOU Y T, ZOU H M. Importance analysis of heavy
metal detection in drinking water[J]. Quality Safety
Inspection and Testing, 2022, 32(3): 157-158.

[5] a8, ZKHEIREER, . SO TR & ks

TAT g E U E R ()] & A Tk R, 2022, 43(11):
406-414.
SHI X, LUO Y K, ZHANG J R, et al. Research progress
of fluorescence spectroscopic analysis technology in the
field of food testing[J]. Science and Technology of Food
Industry, 2022, 43(11): 406-414.

(6] FHME, HEEFL, JRHEM, 55 WEMR N-1E-REmtuE & 7l
PRAEAN [R]85 6 6 38 M (0], D6 o2 5061
BT, 2022, 42(1): 147-151.

TIAN P, XIAO X S, SU G T, et al. Fluorescence spectro-
scopic analysis of N-octylpyridine acetate ionic liquid in
different solvents[J]. Spectroscopy and Spectral Analysis,
2022, 42(1): 147-151.

[71 DUJOLS V, FORD F, CZARNIK A W. A long-wavelength
fluorescent chemodosimeter selective for Cu(Il) ion in
water[J]. Journal of the American Chemical Society, 1997,
119: 7386-7387.

(8] FHibdK, kK, BIRkEE, 5. & ERATEMTRICIL K

Xt Zo? WU KA B AR D). TERLAL AR, 2022,
38(2): 368-376.
YINJ Q, AN Y L, JIA X C, et al. Recognition and cell
imaging of Zn?" by coumarin derivative fluorescence
sensor[J]. Chinese Journal of Inorganic Chemistry, 2022,
38(2): 368-376.

[9] TH*, Bant, @, & —MEa 1,2,3- =2 mE
HIK%Z FHE B AT B & B & R W L[], i
BTV R 2224k HARBL#AR, 2017, 30(3): 283-289.
DING G H, DUAN H Y, LI J L, et al. Synthesis of a
rhodamine B derivative containing a 1,2,3-triazole group
and its metal ion response[J]. Journal of Hainan Normal
University: Natural Science Edition, 2017, 30(3): 283-289.

[10] 5KkJh, TKERDE, NI, 5. Au@ZIF-8 K 5e45 4 &0
KRLT 3 A FR I 2 S FAE 5806 43 TR BUR e A I i)
RLA[I]. ToHUA 5244k, 2021, 37(11): 2059-2067.
ZHANG W, ZHANG Y Y, BIAN Y J, et al. Controlling
distribution of gold nanoparticles in Au@ZIF-8 core-shell
structures for sensing fluorescent molecules with photo-
luminescence[J]. Chinese Journal of Inorganic Chemistry,
2021, 37(11): 2059-2067.

[11] 5k, BRZARYI, AR, 5. 90K BRIRE @5 99K 5

IR AT 1 58 hr F UM A% RO T M 2 By T AR B )

I, RFIAbEE, 2021, 38(7): 866-873.

ZHANG M, CHEN D Z, REN Y W, et al. Sensing

interface based on nanoislandlike sliver film@gold

nanotip for surface enhanced Raman scattering analysis of

dopamine[J]. Chinese Journal of Applied Chemistry, 2021,

38(7): 866-873.

RAR, KR, M, 5F. STTE R A PURBRLIE A

YR IR T, B4R, 2018, 39(2): 69-75.

WU R, ZHANG Q, HAO L, et al. Au nanocomposites of

[12

—

core-shell structure in the application of biology and
medicine[J]. Precious Metals, 2018, 39(2): 69-75.

[13] 5K, EME, DEY), & 5T K% gk
4 SERS £ % £ B % 6G JRERMI[I]. 5*
HRZFEE M HIRRLEAR, 2021, 42(4): 408-411.



42

pal

44 3%

ZHANG Z R, WANG Y Q, MA Z M, et al. Trace detection
of rehodamine B and rhodamine 6G based on nanogold
SERS substrate prepared by rapid annealing[J]. Journal of
Ningxia University (Natural Science Edition), 2021, 42(4):
408-411.

[14] DARBHA G K, RAY A, RAY P C. Gold nanoparticle-
based miniaturized nanomaterial surface energy transfer
probe for rapid and ultrasensitive detection of mercury in
soil, water, and fish[J]. ACS Nano, 2007, 1: 208-214.

[15] REG, BOLE, FRFR, 5. WVEARFEL Fes04-RGO-
NHz %t Ag' W bt Ge it 7i[J]. 54 )@, 2021, 42(3):
15-20.

WU J, HE Q T, CHENG Q L, et al. Study on adsorption
performance of magnetic nano material Fe3;Os-RGO-NH2
for Ag'lJ]. Precious Metals, 2021, 42(3): 15-20.

[16] B/, &80, R, & BN LYK R MR
il 2 S FOR R K Fed* R B Itk BEWE FE[D]. REVRIA
BEARA, 2022, 36(1): 51-59.

HUA X Y, YUE X L, ZHU B L, et al. Preparation of
magnetic mesoporous nanocomposite and study on its
adsorption and recovery performance of Fe** in

wastewater[J]. Energy Environmental Protection, 2022,

36(1): 51-59.

[17] S, AHE, KT8, % Fe:04@SiO@mTiOz-Au
BE AR % S A RERT AL [T). SRR, 2022,
43(2): 1-7.

MA S T, ZHENG J L, ZHANG N Q, et al. Preparation and
catalytic of Fe;04@SiO2@mTiO2-Au
composites[J]. Precious Metals, 2022, 43(2): 1-7.

(18] MRELIA, {58 Je, KW, 5. A1 S dlHEmE I 49 K i Bt
F R ] & B MR RERIT FET]. REURFA AR, 2022, 36(2):
75-81.

CHEN Z H, YUE X L, ZHU B L, et al. Preparation of

performance

graphene-based magnetic nano-adsorbent and its
performance research[J]. Energy Environmental Protec-
tion, 2022, 36(2): 75-81.

[19] ZHOU X, XU W, WANG Y, et al. Fabrication of cluster/
shell Fe;Os/Au nanoparticles and application in protein
detection via a SERS method[J]. Journal of Physical
Chemistry C, 2010, 114: 19607-19613.

XU Z, HOU Y, SUN S. Magnetic core/shell Fe;O4/Au and
Fe3;O4/Au/Ag nanoparticles with tunable plasmatic
properties[J]. Journal of the American Chemical Society,

2007, 129: 8698-8699.

Kok ook sk sk sk ok ok ok sk oskoskosk sk sk oskoskoskoskoskoskoskoskosk sk sk sk ok ok ok oskoskoskosk sk sk sk sk sk ok koskoskosk sk sk sk ok

[ L3535 /]

[15] FUIIMOTO K, SAITO A, KOTSUCHIBASHI Y. Cicada-
wing-inspired nanopillar hydrogels consisting of poly
(vinyl alcohol) and poly(methacrylic acid) for capturing
bacteria through their flexibility and wide range of motion
[J]. ACS Macro Letters, 2022, 11(6): 727-732.

[16] YU L, YANG D, WEI Q, et al. Constructing of strawberry-
like core-shell structured Al2O3 nanoparticles for impro-
ving thermal conductivity of nitrile butadiene rubber
composites[J]. Composites Science and Technology,
2021(11): 108786.

[17] MR 55, EBERA, REMUAT, 5. 28 F 2L IR P S sk ok
TR [)]. 548, 2020, 41(1): 37-42.

CHEN Y, TAN X M, XIONG H X, et al. Study on silver
plating on the surface of PMMA microspheres[J]. Precious
Metals, 2020, 41(1): 37-42.

(18] W55, SRHIRH, e, & SRR L A BT
] R4&E, 2021, 42(4): 55-60
CHEN Y, WU M Y, TAN X M, et al. Study on silver
plating on the surface of silicon dioxide[J]. Precious
Metals, 2021, 42(4): 55-60.

[19] REYNOLDS R A, STRAMSKI D, WRIGHT V M, et al.

Measurements and characterization of particle size

distributions in coastal waters[J]. Journal of Geophysical
Research, 2010, 115(C8): 2-19.

[20] AN Y, LI S, HOU G, et al. Mechanical and tribological
properties of nano/micro composite alumina coatings
fabricated by atmospheric plasma spraying[J]. Ceramics
International, 2017, 43(6): 5319-5328.

21] bR, BHA, HR, & QMm-S XA mR

Al-ALOs B 1582 RSN B S5 IR ma L), 2R
AR, 2022, 51(1): 303-310.
LI L B, LUO H J, DU H, et al. Influence of alumina
content on apparent morphology and microstructure of
cold sprayed Al-Al:Oscomposite coatings[J]. Surface
Techno- logy, 2022, 51(1): 303-310.

[22] 3R, ALOs BUKLIR W-Cr A& ARH T 45 £ Je 1
BERTFE[D]. 7% V228 T K%, 2019.

HUANG C Q. Research on controllable preparation and
properties of Al2Os particles strengthened W-Cr composite
[D]. Xi'an: Xi'an University of Technology, 2019.

[23] ELTABONI F B, CASELEY E, KATSIKOGIANNI M, et
al. Fluorescence spectroscopy analysis of the bacteria-
mineral interface: Adsorption of lipopolysaccharides to
silica and alumina[J]. Langmuir, 2020, 36: 1623-1632.



