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Ultra-sensitive detection of terbutaline based on magnetic
SERS-active Fe;0,/Si0,/Au—MNPs substrates
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Abstract: In order to detect terbutaline (TB) quickly and sensitively, a nuclear-satellite
nanostructured Fe;0,/Si0,/Au-MNPs magnetic substrate was prepared for surface enhanced Raman
spectroscopy (SERS) detection. The linear relationship between the concentration of terbutaline and
the intensity of the Raman spectrum was investigated by magnetic separation andpH adjustment of
the system and a calibration curve was drawn. The experimental results showed that the detection
limit of TB using the core-satellite magnetic SERS substrate was 3.77 x 10" mol/L. The detection
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had a linear relationship with the concentration range from 5%x10 " mol/L to 5x10° mol/L. The

linear correlation coefficient R* obtained by least square fitting was 0.996. The preparation method

of the composite material was simple and easy, which provided inspiration for the synthesis of other

nanocomposite materials.

Keywords: surface enhanced Raman scattering( SERS) ; nanosatellite structure; core-shell

materials; magnetic probe; terbutaline; label-free detection
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B 5E F ] Fe;0,/Si0,/Au-MNPs 1 5% 45 14
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Fig. 1 Flow chart of nanosensors preparation
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1.3 AuNPs By#1%

SRR T IE AT RANE IR =K & H TR
s Y BRI AT B RR AR A I
FIHl 2 S AURRT o 1 JE7E 250 mL BEdRHin A
100 mL K& F/K RS dili ;. SRS A 370 uL
i Ok 10% MRS MRS RS, I
I E WS, 46220 A 10 mL 38.8 mmol/L
() K G FPETR IR, T WOE AR BB 21 £,
RF U E 30 min; RIGRHEZRE, W&,

1.4 Fe;0,/Si0,/Au-MNPs g%

# 1 mg Fe;0, MNPs i T 5 mL Jo/K & P
o OB AEUS, FIMA 0.3 mL (2K 30 uL
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18 h(3# 4 200 v/min) . EHSERUR, FIHRETE
BEGARRLTF Bk, I SR Uk S E B il
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P 8 h(F53# K 200 r/min) , A RCHEI—/ . H53
WO A EIEAB M 1Y Fe;04/Si0,— NH, 44K i
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AT, ISR 21 h(%3 R 200 r/min)
e RE, RGBT ok, 1
LIEEVE LR 6 mL.
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1x10 * mol/L. 1x10” mol/L. 1x10 * mol/L [
W HIHC 100 pL ELHY Fe;04/Si0,/Au-MNPs
VAT SN 100 pL S [ B (110 mol/L
1x10° mol/L. 1x10 ° mol/L. 1x10 mol/L. 1x
10°° mol/L) 4 TB v, Tt iiZvk B2 43 31K 5%10°°
mol/L . 5x10 °mol/L. 5x10 'mol/L. 5x10 *mol/L .
5x10 " mol/L VAR . G i AT IR KIS RE 0%
thE Y 21 h(55 3k 200 r/min) . Z ¥ 58 WU ,
FHREE 53 B8 0R) 7 03 T S e R P X A KA
W, SRIGH LB TR RBEZR60 L, H STk

[3]1 7T, FEMRVYERIE T X TB A I R0 R 50 4,
HOK R R H SR pH R 5.5,
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W4 S uL, FF4r 3l mEd: v BT &
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B RO R 10 4%, SIS 1Y B G i
6] A 4s, BEYCURECH 29K, PR4ETERE 30 um,
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LA AuNPs il Fe;0,/SiO,/Au-MNPs [
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2.1 Fe;0,/Si0,/Au-MNPs FFR{E
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SLIEFRI, SREIZTTE RGO, R
F S BB IRE LA K SERS YGapimte . FIFH % 5t
H1 458 ( TEM) X 400 K 0K A6 R /N B Stk A7 7 3%
fit, 255 nE 3 fron. B 3(a) ol i
PR BN 38 JFL 9 5 I AuNPs, HOSFE 2K/l 13
nm. & 3(b) N EIKIEM FesO4 WhH%, 7B
U, RiAR KZN 150 nm, HIE Fe;O, HiA% 2
)2 Si0,. &l 3(c) MEERIRAY Fe;04/Si0,
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& 3 Au, Fe;O, MNPs, Fe;0,/Si0, 1 Fe;0,/Si0,/Au-MNPs i TEM B
Fig.3 TEM Images of Au, Fe;0, MNPs, Fe,0,/SiO; and Fe;0,/SiO,/Au-MNPs

WK 4 fif7x, AuNPs 78 520 nm 3 KACA B B AY
WU, 3SR B T AuNPs fY 28 10 25 35 1 i 4
W S B, 2 Fey,0,/Si0, 72 1 WL it AuNPs
J& ., 1E 650 nm Zb AT DUER B — A s i, 5
AuNPs A, FEFIE KA T B WL, X&
T 490Kk T1E Fe;0,/Si0, MNPs i & 4= T

1.2

540 uL APTES
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0.2 . ; .
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Fig. 4 Extinction spectra of Au and Fe;0,/SiO,/Au-MNPs at
different quantities of APTES
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i, MRS Fey0,/Si0, 2 18 W i 1 42 J& 4 K
LT, X W B %) 4 g R T AT 1 — 2
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JERR ), SR SRR AR &
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SEMIENR A& FIRAE S, FRATR FIZILIE
X} TB HHFE RS, 235X 5107 ~5x10 mol/L
WEERSBE T /) TB #5417 SERS Kl . FEER MR
T, BEALBER 15 A s dbfrAa i, ~F34561EE -y
RN TB Pr2(5%, WK s Fis. Sk
A RFAR G AT 5 AL SEAG I G TB I 47 A —
H"W, k1 piR, BARABIAE 1600 cm '
C=C R4, 1034 cm ' J&C— OH 1 1T 1%
M, 780 cm | & C—H HYFRIEIR SN, 400 cm |
J& CCC HYAEIEHT o 3 BRI I 36 B AR 5210 1 G
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Fig.5 The Raman spectra of TB at different concentrations
(5%10~° -5x10"° mol/L).
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Tab.1 The fundamental vibrational wavenumbers

of terbutaline
RSk /em | HREM 430
1 600 C=CHufip
1034 C—OHIZ
780 C—H#Z4R
400 CCCAIE

P, L TB7E 1034 em | Abii & i f5 =

SR LR NALRR . TB MR B 8% UE A Ak Ak b 22

HAgHEM 2L, WK 6 s (70— 1babH) ,
REER A ERE 2 N 37 = N oy o S O

To3a = 671.6+71.11gC (1)

ki R°=0.996. 45H R, 7E 5%10° ~
5x10° mol/L3i il 4 TB 19 SERS 15 53 B AH %
TUWRBE RS 2B R4 R . MW 3-
sigma 0] 3240 f A RS 0 BT nR PR I 850~
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2322
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Fig. 6 Linear plot of intensity of the 1 034 em’' peak for
various concentrations of TB
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10" mol, 2 MREfifb Akl L& 255

R2 BHhtHREEBEER

Tab.2 Linear fitting results of terbutaline

JE Kt
JEa y=a+b x
Py 5

M Unweighted

i 671.6+16.3

EEES 71.142.54

B2V 0.069 7
ST PN 0.998
R(COD) 0.996
TRIGIR 0.995

T ATAG I R 3.77x10 " mol/L

3 4 i
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AR SiO, KM I, R —FhK LA
NGB o P T S 2 SR DS b S A o
BOEAR, AR Z (a4 9 20 A A GRS B 1A
TEG IR T Z RIE SO R, RIIZEE IR R
ALY SERS 1. R B b FE Al 1 1 5+
HIREPE Y B IIRE,  IXERRIN 1 R4 T HRid w4
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