Vol. 24 No. 3

% 3 1 HoE /A R
4 3 H Mar. 2 0 2 4

Journal of Chinese Institute of Food Science and Technology

E T MXenes B SERS EJEigiai; 2240 NHE P RIEEXN

AW, FTRAT, FRET, EEE
(hBIXFRBHFEIRFR M 510641)

WWE B o). R AT MXenes(Ti3C2Tx) = 4 #1469 & 8 3 5% 45 F 3 (SERS) AR o9 KRR Beak dbml 7 ok . ik R AR &
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P2 5 K600 4 I B FL T RE R S Bk A 1 L
REFRHE— 481 &, MR {58 SERS 8
N4 J& 49K JORL (AuNPs ) , 1775 2 £F & SERS %k
JIE AuNPs/MXenes , [ L 7E SERS 43 35k 119 % B0 E &
{HAF RS, BT E SN I UEIFE MXenes
Ifi J5 07 A2 K AuNPs 9 SERS & i€ H A7 42 5 /Y
SERS ¥ ¥, i [ P9 B Hi - T A O H i,

AL HTF AuNPs/MXenes £ & SERS JLJi5,
JH SERS 5 A g 37 e B X JR 8% o 4 56 WUk 2 5%
PRSI 7 3, X P TR 8 V0 R 52 B A o o 79 A 5 8L
HEAT PO A



232 hoE

M

2024 455 3 #

1 MRlEHE®

1.1 XA S5

L1135 R (HCL) , i 254k 24850 A BR
OS] AR (LIF) MAX RTBEAAR (TiALC,) /K R
2B (MgSO,) , % s Mo FRA R P IR — 0 S 4
% (HAuCl, -3H,0) . + 7~ %6 & = 56 & 1k %
(CTAC) | ## 3% X (Thiram) A5 #E & | B (CH;0H,
s ), Ligkhr TikA A RN A, K
(CH;,COOH) , Rt & TG i Ak AR A Al 5 IEN
X2 ¢ (CNWBOND PSA,40~63 um) .C18
B3] (CNWBOND HC-C18,40~63 wm) , Anpel A
BN W 5 4 1 3K AR M P8 R T 5 5 F/Kok B
Milli-Q ¥ /K £ 48 (Milli-Q® 1Q 7000, 74 [¥ 2K 75 %
PRI, e ER R IRASER LA 301 FLNR A HIAS Tk
WA .

1.1.2 43 R rh g B EA . BIUR
IR BEEEBEAR pH R 4E A (R R REER
I i e AR R, A a0 3 08 2% A e Al
FHRT Y Kt 24 b,

1% 71 0 R £E 28 (MST-HS550-Pro ) , K g 2441
SN AR S F] 5 HL A ROF (AL204) Mg RR ST R 2
A2 7] 5 S A AT UL 4 6O BE 1 (UV-1800) , H A
8 R AR BT 5 S R O ML (TW=3021HR) , &
R SO AR %€ #8520 W) 5 8 75 I 3 YE AL (SB-50D)
TR Z AR W IR A 48 (XW-80A) , L1
KBRSk A B A A B Ik R AR B2 i Y
(LabRAM HR Evolution), H 48 HORIBA 4w ; 1
i 8 B8 (Merlin) , 48 [ - 7R 8% W) 28 W) 5 e i 2 AL
(FJ-200), IigprAAL] ; Millipore i 4l 7K {X
(Milli-Q) , Millipore (£ [ ) ,

1.2 RIEH*

1.2.1 AuNPs/MXenes il 5 76 2 DU SR £ 4 be
PTG R, N 12 mol/L B HCI ¥ ¥ i i
B 3 A P2 HEA TR PRI 1.6 g 1 LiF By K
AR, T FE MRS . R 1 g /9 MXA
WA, NP1 R A 5 A R AR A B R Bl 2
DR Z S, IR R IEE A MXA B, By A 4
IS, FEAR B a5 /AL ) O ff R filf i g 1k =
% B RN i SR R R IR 45
C, Rt 24 ho RN ZEE KR A BB
B E AT RO M 1 mol/L 19 HCL Je 2 vk

YU R RN 58 4 LiF O 58 4, 1 55
FRRE VB ES LIEW pHEZ R 6 B, UK
KU FVEASA T, S I VLR 2 ek g
) MXenes #4753 )2 1 h, 15 %]£ )2 MXenes
BIFW,AE 3500 v/min FEL 1 h BRSO 1T
W ARAEAE B N, AR R IR 4 CF
DL e 2

1.2.2  AuNPs/MXenes & & i %2 8 i JLIE 76 9%
EHEE R P A 50 mL K F 1 mL Y 5 o/L S8 42
VSR, 58 % 0 It e 2 R AT fm B b PR
BB E, (R R 5o, KRR E N
120 CHIFE) 38 % |2 min J5 A 1% 750 wL A7
BERRANA W, 2 min J5 OGN R G0, LR F5RE 14
F£ 4 min J5KAETE S AuNPs K% 055 7
# 50 mL BB OB IRAFAE 4 CF 5 BUH 20 mL
AuNPs IR W, AT SR AE S 7E 6 000 r/min
B R B0 15 min, CBF AuNPs BEAIA R 40 2 1
mL; FEIA 0.1 mL CTAC #&3%% 12 h #EF7 ekt s 5
SHCMCPE TS 9 AuNPs AR # W 100 wl 1 0,25,
50,100,200 pL ) MXenes B 1A 17 8 #4718 & 41
%, HEEFKERZE 400 wL 15 5] AuNPs/MX-
enes & A7 2 R LT

1.2.3  AuNPs/MXenes ) SERS PERERIE  Hi 2
i PR 7 R R AE MR SERS 3 5 14 8 1) 22
FEAR AL IR HL 20 L. 10 mol/L #Y R6G 5 A [F]
R AY AuNPs/MXenes 3 JiE AR % W 20 wL #F
TG, WA BB E 5 i H Bt R Eh =
FEREASOM AT SERS &, AT i
oAb, Kz hr = ik K ST F7E 400~2 000 cm™ 2Z ],
PR AR D KR A 633 nm, SR ILSE OGS AT
TR, R AR SR A I R AE U A A5 3 L e e
ISERS, TEAHIRI A 240 & T, B3N & 107 mol/L
() RO6G 7 A [ 45 fIF e A2 (%) 17 2 5638 98 B T, T
AR R K EF .

EF: ]SERS. NRaman ( 1 )

Tanan* Nsrs
T 2 Vg0 £ 385380 472 HUS 1Y ROG ¥
B, mol/L; Nes——1E 4T SERS 46 I B {1 11 1) R6G
HeFE  mol/L,
R AL L= AR BE XS H bR Ak 2 4 55 Rk
ARG, PC ] — 2R 40 e A 1 A 5 U o 1 iR
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PEAT IS o GRS S L 400~1 800 em™, 4
AWK 633 nm,, [FEE R T R AL HET T
SR B, X 100 ng/mlL AR 58 BURT L K
HIVR A VIR 20 AR & 64T SERS Rl o %
T 3R At U R I SR A N PR AT AL R b 15
21 AuNPs/MXenes & &35, BB 7 d ¥ 3 415 [#
S VI FE B AR 55 BUR 4 J5 64T SERS il W ER
(NRESNVEDA=EHY: R A GBIV B g S €l U d
H LabSpec 6 spectroscopy # 4 % i 4 15 21 (1) '
TR EAT UL 3 AnSF- i A B A

1.2.4  HRIEIPL SRR WA RS U
FHAY T R FR BUAR 9E XL 0.01 g, FH 100 mLL F B
fitt At A AE B B R A5 75 3 100 me/L A 3 XL
BEWE, W HL 40 L T B 4058 h #E4T SERS KU, 48
B 400~1 800 cm™ 3l 9 9 SERS 61, FOL 258
KR 633 nm,

1.2.5 fWEMbRMEMLmE HFRRESK 101
V14D Y% Y R 5 UUBEVR, A 3 o = vk BE 4 O o
0.2,2,20,20,2 000 ng/ml. ¥4 3& X B W, H
B AR W2 B 20 WL B L AR B o T TS 2 A G Y
20 wL. AuNPs/MXenes (200 mg/L) 44K &2 & M B} I
WHEWOR G, F B 408 RS #E 17 SERS £l
SERS Kl Z%0in 1.2.4 17, HAFE 5 REU 3 KOt
TEAUH |, B 2O YA AE R A o

1.2.6 SR AR FE i o S8 8L AR | B HORN
SERS il 1 26 {1 e 56 RUbR o 1 V80X At A
s, #2353 51 MUK MG D R0 B340
PR3 g ARG X B RE i, AEEAE 50 SRE it im s vk 2
4394 0,0.5,1,5,10x10°, 2% i BRIk | n)
2 A MG FE S A LA T In A 3 mL 9 L) il
B R G 25 5 451 )5, A 0.3 g JE/K Bt R M
1.2 g TKBRBREE , ket IR 5 BB 1
6 000 r/min 7 F B0 1 min, WH 4 mL Y15 B
B FWEW T 10 mL BELE T, BAH 150 mg
PSA 300 mg JC/K i B2 BE #1150 mg 19 C18 ZH i 1)
RAEMA PEY 2h J5 7 6 000 r/min % 3 T &L
5 min, B ELO S PR EE O TR R RET 10
mL B0 4 CORAEH . A I 20 wL
B WS 20 wL 19 AuNPs/MXenes 44K &2 & #4
BHEAREROR A, B4 WS 51T SERS £
I, SERS K il 280N 1.2.4 55, BANFE SR E 3 Ik

TRt , e A WO A A AL

2 RWHEREITIR
2.1 AuNPs/MXenes 7 8% R 14iE

AL E) MAX JF R MXenes #3 K WA 1a
JIE7 5 30 HE R A% L %) 5 A ORLIR 45 44 JB0RL
SRR AE K URLJE [ 07 o — Le 4 /N ORI RS
1M MAX J5UREZ 1 )5 45 2 9 MXenes #4 80 E 1h
JR, ST KERAR G54, 3 2 DR oy D e} e J2 v i
b 4 B Y AL JE B AR & AR LAY HE
Z0i F6 R T 5 C i A R A ] Y e o R
TR A 2R M & R A P 85, K
Rl DUE AL JE gz e e, XMEHESREZ
5] (Y 23 A AE Li+AE A 4 2 50) it P R 9 it vl LA
P Har B 1 i e Fros /Y )2 5l /0 )2 45
e

<deuNPs/Mxenés 1 TEM %

b |
e @
(¢)H )2 MXenes 1) TEM [E{%
1 #l&EFERORLE

Fig.1 Characterization of the as—prepared samples

FIFH 8 51 53 5006 BE 1140 At AuNPs 19677 ¢
fiE, 15%] AuNPs 7 300~900 nm [1] 9 W% 45 il £ 4
2a fion, TEALES A BT o Moot & k47,
P P AT R A R A SO P W ' R ot £ 0 A R A
527 nm Ab MR IE L I8N B HURAE N 29 nm, il
JEYEES € A=Y il FS

Y=0.427X+514.56

A Y——W O B il SR R B X——&
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AR FURLF- 2 RST nm™,

R YR 2 X G K A RURE Y P B R AT R A T
HOWL%E 4 40 K UKL 7E 512 MXenes 2 T 19 B 3 15
B, RO S 9 AuNPs AR AT MXenes i$
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Fig.2 Characterization and signal optimization of AuNPs

2.2 AuNPs/MXenes & &I £ 4 BEH T

ST AR E A R R 3 i LR ke PR TR AT
PSR R . % AuNPs 5 MXenes AR E 1Y
BB HEAT AR, LA R6G 1R A 12 4y 45
B, K AFR L A 4:1,2:1,1:1,1:2 Fl4f AuNPs
JE AR 5 W ) o 2 B SR AE 5 S5 R AN 2b g, AT LA
& AuNPs 5 MXenes /KB N 401 B p7 2 1458
{55 Jhf . 78 AuNPs 29K E —E GO T i %
MXenes [T A 538 0, F7 S 38 50 (5 5 e 8 K5 8
AN, ST IR R T R R A AR R R B 2 R A
JHI) & AuNPs, 7109 MXenes 7] LAf#i AuNPs %
AR B A e L A e, DA 7 AR T 2 2 AU
1M1t 22 1Y MXenes W2 G AuNPs 9% 5 72 i

L2 M i 1) A DU 3 3 3 AR 3 S 11 44 5 1R
T, ¥ 10° mol/L i R6G 5 FEJE IR A 5 3 BUH AL
263 FAREL 107 mol/L A1 102 mol/L # R6G HY
SERS Jt:i¥% , %1k % SERS Y&t inE 3 i, M
PRl LA H 10 mol/L. R6G 2 1 14 5k 7 8 6 it 7
608,768,1 178,1 306,1 356,1 506,1 654 cm™ 4t
FR L 52 R DG iR B2 A o X FE 3 450635 T T, R6G
ARG (P2 A5 5859 ,10° mol/L. R6G [ SERS St
T LA TG W A b 2 RRAE g T 10 mol/L. R6G
(1) SERS JGi%AETE BAR M R M55, fe i
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Fig.3 R6G Raman spectroscopy of different

experimental conditions

R6G F# A I Hr 2 A5 5 Rk | il 2515 2 9 AuNPs/
MXenes 3 JE X T R6G W72 (5 574 W & Ay 4 55
BOR AFTE W] Y SERS ROV, 6 HEAS R 47 & 49 56
FRAE WA B P2 35 I F 7 608 em™ Ab (1
oo R dRe e THRLA IR N 1.7x10°,

TE WU 35 % T A il 1 T AuNPs/MX-
enes i JIT 14 38 4R 28 XA T Hr 2 A 5 AR E 1
20 pL 200 ng/ml, Y 4 38 BURR HEVE 5 20 pl
200 mg/l. AuNPs/MXenes & JiS JiE 1A % TR & 25 A
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B XTI 20 AR A0 B AT A 25 2R an 1A
4a iR, ] LLR MBS0 EE 5 5 O8I
1 379 cm™ AbF7 S REAE W 19 550 B W& 4b s
RSD=7.47% ,RSD ik F 10%, 5 HE & & HIKH
S HEONTAE I Au@Ag 48K UKL -4 Ak £7 B4
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(a)BEMLIEHR 20 4~ 519 SERS i

FEJE A RSD A 13.2% , TiO/ 52 44 >k ki i RSD Ky
118%™ 3% i B3 () 0 4 7% 21 d B 2Rk
DA 52 XU, 1379 em™ b7 2 R AiF 06 (1) 55 B 52 90
B I T R A ORI R 21 d,
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Fig.4 Substrate stability test

2.3 EENHERRNHSFEIESS

A 95 XU BV Y SERS Y63 W& Sa ik,
X S SOk, XA B REAE I R HEAT T
A28, A4 SR sk 1 /R, 7E 400~1 800 cm™
J PN 48 55 XULE 437,562,1 146,1 379,1 514 cm™
Ab A B B2 R AE I, o 437 em ! R
CH:NC 28Il C-S Hifii 562 em™ T S-S Fifi
1 144 em™ T C-N F{H A1 CH, #2424 5,1 379
em™ T C-N P Al CH; XFFRAETE ;1 514 em™
J8F C-N frffFl CH; 22 .

SN T ZRAE AuNPs/MXenes 5 JiE 5 48 32 SUAY &
A I AL | B A 55 AUCRE AR 3] 0.1,1, 10,100,
1 000 ng/mL 114 48 55 XUbR 1 5 WO 6 H 4T SERS

Rl g5 R ani#l 5h s . KA LUA L 2 5E
TIE UG A2b 11 7 22 i 5 I A R R 1 356 g As i, R
TEAH G A A I B g o
24 BWENHIFREMEE

E— 2GS EE , 15 2R PL2 Ok b A
1009 em™ ZbA — BRI 2% i | A o] SCHR 2 5
50X 2 @ T i CH,OH fY i | PR H: 5 4 96 3L
SREIE I AT S B3 46 38 XU T 562
em™ Fl 1 146 cm™ &b {4 $7 2 R 06 76 JoT 1k B IR
% 0.1 ng/mL B85 SARGES |, 52 255 55 52
Wi 8 K, BOAS T A Sy i 8 i 1 40 . b b
1 379 cem™ &b A7 2 REAE 06 5 B BT, FE AR AT R
W REA B W 0 B I RV AE | BOH] A iy r 2

F1 BENGELESEIR N ENFIEEI NS R

Table 1 Characteristic peak correspondence analysis table of thiram experimental spectrum and theoretical spectrum
B A 4R Inm™! AR b #5422 /nm ™! Y REY:
437 437 CH;NC & A= C-S 224
560 562 S-S 4ifd
1144 1 146 C-N #ifp Fo CH; 42 323k 3
1372 1379 C-N b Fo CH; #F 4R
1514 1514 C-N #:A4d Fo CH; £
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Fig.5 Determination of thiram standard sample

S BE SV BE X ECE ST R PE G R SRR
%@%%@ﬁé%@ﬁﬁﬁy%%miwlﬁ&m
FE R?=0.986, 5 H e W58 T i P g RECH T, 1

5000 —
@ 1379cm™ (Thiram)
2 4000 |- R’=0.986 ®
E
=]
2
2 3000 [
B 2 g
Wz
4= = 2000 [
=}
<
g
= 1000 |-
9
0 1 1 1 1 Il
-1 0 1 2 3

lg (83 XU B )
lg (Thiram concentration)/ng-mL™"
() VL 3 L 0 R 7 HE 0
1379 em™ Kb HFAE I B 32 19 2 4 OC 5

b

i

:‘H:‘—»

B SERS 38 & 5 1 B X B nd A e & b, T LAHH
T 5 Sl 5 T4 95 WU B W e B A, HLZR A o6
& 401 6a T s o
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m

I S S
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Fig.6 The standard curve of thiram and its determination in actual samples

Dt SR IR FR A AR SE XU BR (LOD) , =

IS g S b AT i ] i e RN WS
1235,
m
fC'?:Sh éﬁﬁtﬁ]ﬂ/‘J)ﬁ%YE%,m—éf‘ré
KARMIREE,

R Al X A A 2R 4 ARG 1 B A,
FE AT R 4 0.051 ng/mlL, i /2 [ 5 Ax i % HE

A B AR 98 XU B B R AR
K

FR & 5 ng/ml 1Y %

PR AR Sy LS i, BEAT AR i 38 ok 3T
i 48 58 XU I 1 2 78 S Bn A o b i E R RICR ,
QuEChERS ¥ X} fin b5 4t 43 %1 & 10,5,1,0.5 ng/mL
(A AH ARG R A T LA B A 20 AE BRI T TS K i
T B TG K B R B 1) A0SR | /K 2 R AL TG 4y )2
RN A5 2R BT R AT RO AR R U T = T
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Uiy , (7] B 6 28 A Al A B A T R A AR A
iz BRI T BRI R B AR B Al D SR n
AT PSA F C18, X432 1 £ I $e B ik 17 4l ik,
W BtEH e G HLIR AR D R ik K Ak S W S (1]
WWESHANEN] 5 X TR B W 17 SERS
R, e A5 00 B =2 035 an /] eb iR, vl LUE H
B AH A R A A SERS Yl i v 77 A — S e 4R 4l
R BRI T

Sk YA FH AR 98 3R it ok USSR S AT
T, X AR R i R S XU e R B AT A R
W QUEChERS 12 nJ LUK FE i v 19 4 56 B4 &8 12
B R, bR A A i R S LY BT A v R R
R mg/kg , VU4 B 1 A 58 U etk B B Dy 3]

mg/kex3 ¢ _ 1000 mg
3 mL mL

AR5 I A SRS 68 R ARG A ity o A9 2 5 XLE
It Mmoot . Z5R50 T3 2 o EER B Hr,
N 245 2R JBE LU AR S5 XU A ok B2 2% 3 i i, 0T
J5 DR T R R PP A 2% R L 2 A T 2 0 6 £
S R INER I/Ek Rl

=mg/L

[4]
R2 MBHPRERENRENSNERSEKE

Table 2 Analysis results and recovery rate

of thiram residue in citrus

7 FE R AR ) 25 R
[ - =K &%
Jr R mg-ml” R E R E /ng-ml!
10 10.11 101.1
5 5.24 104.8
1 1.11 110.8
0.5 0.61 122.0 (5]
3 H#it

A SC iz H 2L B 7 3E i A& T AuNPs/
MXenes #8}, il 5 1 MXenes 71 28 4 99K 1 — 4k
AR SERS W MRS, LR SEXCH R B b, iF
5T F T MXenes (TizCoTx ) 4 #4844 8 14 26 1m0
T 9R AL U (SERS) BE IS 110 4R 5% P A6z ) 77 % |
YL 2R R 0.986, KL BR A 0.051 ng/mlL, 4% 5%
Ao R JzE AR T I G bR, hy i 82 8 ST i v A S
AR TR SERS Kl A& R84 7 2% | e i 1
SERS 5 ARTE £ it A I v iy g FH AR JE 71

(6]

& £ x #

KT Fe . b R R 25 5k BRI S 5 W (D]
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ZHANG X L. A study on the causes and effects of
pesticide residues in agricultural products in China
[D]. Wuxi: Jiangnan University, 2013.

R S B T 2 T4 R 4 Ol 3 Rl R R T e HOIR R
YRR R EE[D]. K& AR, 2021

HAO B Q. Detection of antithyroid drug and pesti-
cide residues based on surface —enhanced Raman
spectroscopy[D]. Changchun: Jilin University, 2021
TR, BB, BRA, . 45 X0 BE D 5L
JUR I B A A B AN I R 25 % B W s )] AR AR R
4k, 2014, 9(6): 1133-1140.

YU Y L, CHEN X, WEI S X, et al. Thiram af-
fects gene expression of primordial germcell and
morphological development of zebrafish embryos [J].
Asian Journal of Ecotoxicology, 2014, 9(6): 1133-
1140.

e R ANE 7 TR R iy, e AR
AERA AR R, HEWEEERER. &%
SRR E B AR 2 R RSk R GB 2763~
2021[S]. dbxt. Al ik, 2021 496.
National Health Commission of the People’s Repub-
lic of China, Ministry of Agriculture and Rural Af-
fairs of the People’s Republic of China, State Ad-
ministration for Market Regulation. National Standard
for Food Safety Maximum residue limit of pesticides
in food: GB 2763-2021[S]. Beijing: China Agricul-
ture Press, 2021 496.

ARULAR. 38 FC A Ak 24 K R G 1 4 B2 SERS A6zl E He Pk
L R R | V] R AL PN 1 B N
2017.

LI J L. Preparation of adapted nano-substrates and
SERS detection of acetamiprid and chlorpyrifos pes-
ticide residues|D]. Guangzhou: South China Univer-
sity of Technology, 2017.

ZHENG F, KE W, SHI L, et al. Plasmonic Au-Ag
janus nanoparticle engineered ratiometric surface—en-
hanced Raman scattering aptasensor for ochratoxin a
detection[J]. Anal Chem, 2019, 91(18). 11812-
11820.

ZHANG D R, PU H B, HUANG L J, et al. Ad-



238 E N W 2024 455 3 W
vances in flexible surface—enhanced Raman scatter- SERS K il B 5% [D]. &k BH . 94 db o R K A
ing (SERS) substrates for nondestructive food detec- 2021.
tion ;: Fundamentals and recent applications|[]]. WANG Q Z. Study on Azo pigment enrichment
Trends in Food Science & Technology, 2021, 109: mechanism and SERS detection based on metal-or-
690-701. ganic framework[D]. Xianyang: Northwest A&F Uni-

[8] WANG K Q, SUN D W, PU H B, et al. Polymer versity, 2021.
multilayers enabled stable and flexible Au@Ag [18] #EA&W. LT Au@Ag 99 K FE 1) 2D HE I 19 il 45 S
nanoparticle array for nondestructive SERS detection FH F % 1 34 o R K IS b i A 3R D). T .
of pesticide residues[J]. Talanta, 2021, 223 (2): LR H TR 2%, 2020.

121782. HUANG Z B. Preparation of 2D substrate based on

[9] HUSSAIN N, PU H B, SUN D W. Core size opti- Au@Ag nanorods and its use in surface —enhanced
mized silver coated gold nanoparticles for rapid Raman detection of Fumei bis in apple[D]. Guangzhou:
screening of tricyclazole and thiram residues in pear South China University of Technology, 2020.
extracts using SERS[J]. Food Chemistry, 2021, 350: [19] NAGUIB M, KURTOGLU M, PRESSER V, et al.
129025. Two—dimensional nanocrystals produced by exfoliation

[10] DEYSHER G, SHUCK C E, HANTANASIRISAKUL of Ti3AIC2[J]. Advanced Materials, 2011, 23(37):
K, et al. Synthesis of Mo4VAIC4 MAX phase and 4248-4253.
two —dimensional Mo4VC4 MXene with five atomic [20] FRENS G. Controlled nucleation for the regulation of
layers of transition metals[J]. ACS Nano, 2020, 14 the particle size in monodisperse gold suspensions|]].
(1): 204-217. Nature (Physical Science), 1973, 241 (105): 20-

[11] SOUNDIRARAJU B, GEORGE B K. Two —dimen- 22.
sional titanium nitride (Ti,N) MXene: Synthesis, [21] DAI H C, SUN Y J, NI P J, et al. Three-dimen-
characterization, and potential application as sur- sional TiO, supported silver nanoparticles as sensi-
face—enhanced Raman scattering substrate [J]. ACS tive and UV —cleanable substrate for surface en-
Nano, 2017, 11(9): 8892-8900. hanced Raman scattering[J]. Sensors and Actuators

[12] TAO Q, DAHLQVIST M, LU J, et al. Two—dimen- B—Chemical, 2017, 242. 260-268.
sional Mo1.33C MXene with divacancy ordering pre- [22] R BREE. T I o N BOR PR U 2R
pared from parent 3D laminate with in—plane chemi- POt S RURIBE TR R Bk B (D] L. R R,
cal ordering[J]. Nat Commun, 2017, 8: 14949. 2020.

[13] HART J L, HANTANASIRISAKUL K, LANG A C, SONG Y Y. Rapid detection of Thiram and Thi-
et al. Control of MXenes” electronic properties abendazole residues in fruit juice based on surface
through termination and intercalation[J]. Nat Com- enhanced Raman spectroscopy|D]. Shanghai: Shang-
mun, 2019, 10(1). 522. hai Ocean University, 2020.

[14] WU Z H, SUN D W, PU H B, et al. Ti (3)C(2) [23] SUN H B, LIU H, WU Y Y. A green, reusable
Tx MXenes loaded with Au nanoparticle dimers as a SERS film with high sensitivity for in—situ detection
surface —enhanced Raman scattering aptasensor for of thiram in apple juice[]]. Applied Surface Science,
AFB1 detection [J]. Food Chemistry, 2022, 372: 2017, 416: 704-709.

131293. [24] EVFIK, MBI, ZEBRE, AF. RSB0 Q-

[15] SATHEESHKUMAR E, MAKARYAN T, ME- A7 1) R 00 32 0 A /0N 22 A N T A TR ) AR S B
LIKYAN A, et al. One-step solution processing of ik, 2021, 39(6): 652-658.

Ag, Au and Pd@MXene hybrids for SERS[J]. Sci WANG X X, ZHOU S K, LI X M, et al. Deter-
Rep, 2016, 6(1): 32049. mination of Thiram in wheat flour and flour amend-

[16] YUE M, LI F, LU N, et al. Synthesis of two—di- ment by high performance liquid chromatography
mensional Ti3C2Tx/Au nanosheets with SERS perfor- with diode array detection[J]. Chinese Journal of
mance[]]. Appl Opt, 2019, 58(30): 8290-8294. Chromatography, 2021, 39(6): 652-658.

[17] EfFE. T &EAVERNMA RS EILHS [25] tmte, REL, A, 5. 80%NWE R - 48 58 XU i



524 % 453 B T MXenes % SERS A J& 38 5% 35 % St 45 40 0] H 4% P 49 48 £ 239

A M 0 B 28R 53 2 BT )], R T, 2019, 75-78.
33(3): 7-9. [27] MRz, RBEGE, DFTHD, 5. REGL A R - 4R
YANG A H, WU H, HAO P P, et al. Analysis of XL+ B i ] 3 A R ) R RO 3% S M) e R
80% hymexazol thiram double wettable powder by R (A SREL A AR), 2011, 20(3): 217-219.
high performance liquid chromatography[J]. Tianjin LIN S Y, WU X B, MA L L, et al. High perfor-
Chemical Industry, 2019, 33(3). 7-9. mance liquid chromatography analysis of methyl
[26] F=H, ZEEH. BB A 24 5% B R DU O i 0F 9 E R (). Thiophanate —Methyl -+ Thiram - Sulfur wettable
ERSE ) 2021, 41(9): 75-78. powder[J]. Journal of Yunnan University for Nation
YUAN Z, LI T B. Research progress on detection alities (Natural Science Edition), 2011, 20 (3):
methods of pesticide residues in fruits and vegeta- 217-219.

bles[J]. China Fruits and Vegetables, 2021, 41(9):

Detection of Thiram in Citrus Based on Fabrication of SERS Substrate of MXenes

to Enhance Raman Spectra

Pu Hongbin, Fang Tianxing, Wei Qingyi", Wu Zhihui
(South China University of Technology, School of Food Science and Engineering, Guangzhou 510641)

Abstract Objective: The development of a method for detecting pesticide residues based on surface enhanced Raman
scattering  (SERS) substrate of MXenes (Ti;C,Tx) of two—dimensional nanoparticle materials. Methods: Firstly, a single
layer of negatively charged MXenes two-dimensional material was prepared by fluorine salt etching method, and then
synthesized 30 nm of gold nanoparticles (AuNPs) modified by the positively charged surfactant CTAC, and AuNPs/MX-
enes was prepared with MXenes loaded with AuNPs by electrostatic adsorption. Secondly, the concentration ratio of
AuNPs and MXenes colloidal solutions was optimized with R6G as the Raman probe molecule. Thirdly, it is used for the
detection of thiram. Results: The Raman enhancing factor of AuNPs/MXenes is 1.7x10°, which showed good SERS activ-

' and

ity. A linear relationship was constructed between the strength of the thiram Raman characteristic peak at 1379 cm~
the logarithm of the thiram pesticide residue concentration, and the standard curve was obtained: y=888x+1 151, the co-
efficient R* was 0.986, and the detection limit was 0.051 ng/mL, which was lower than the national standard of 5 ng/mL.
The QuEChERS method was used to pretreat the citrus samples, and the SERS detection of thiram residue in the real
citrus samples was realized, and the recovery rate ranged from 101.1% to 122.0%. Conclusion: The SERS substrate pre-
pared based on the MXenes structure has potential for thiram detection in citrus samples.

Keywords surface Raman enhancement spectrum; MXenes; thiram



