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1.1 #R5iH

HA4&m, (HAuCl,-3H,0) . HUIRINLAR (Ascorbic
acid, AA) AL BR (KT) \Z A AL 84 (NaOH) , o [E [
2y L ALK A | () JE ® 2% A(Nile Blue
A,NBA) . & 1t (Trichlorfon, TCF) , Bl 7 T 4k 2% 3k
FIA R A (P o ke i = H LS4k (Hex-
adecyl trimethyl ammonium chloride,CTAC),Sig-
ma-Aldrich 20 &) (FE ) ; BT (15 77 b hL ), 24
bR T ; 4K (18.2 mQ) B 36 [H Millipore 17K 5
4t (Direct—Q3) il £ 42 1l .
12 NHB{5EH
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Yk SRR T BB, HAMKRS S H LR
AR ;LabRAM HR 800 3 5 £ & faf i 2 L 14X,
#: [ HORIBA A7,
1.3 KEH*
1.3.1  AuNTs By & L R4S Chen SEMI J5 12
£ AuNTs, S 7E 8 O BUR B A 8 mL i 2l 7K
A1 1.6 mL 0.1 mol/L. CTAC, FJFIRKIMA 75 uL
10 mmol/L KI,80 pL 25.4 mmol/L. HAuCl, #11 20.3
pL 0.1 mol/L. NaOH , ¥ W 28 i % ¥ €4, T A 80
pl 0.064 mol/L. AA I, I W AS W Tt )5 , Tk
HA 10 pl 0.1 mol/L. NaOH, it $F , %5 ¥ i JC (748
WL A A, 10 min N ZENAE Kad #E .
1.3.2  AuNTs ik Btk 5 & By AuNTs
B WAE 8 000 r/min FZ 3 T 250 10 min, 2B 1,
FE L TN 3 WL WK 107 mol/L /) NBA T35 1
i T S i = ) [ AT A N [ B R
#(2,4,6,8,10 %) iy AuNTs ¥ ¥, %5 16 T4 K
Jiets B PR N S AR R B W, JF
(RELA=RIEEWN

IR AR W B0 S B BT
KA 785 nm, FH G 200~2 000 em™, 4 B2 i
KAGEEL S0, FATEIE ] 5 s, FEIR AL 3 Wk, B HE
dn L BEALEERC 10 A5, JE i 8 A 3 WK,
FRHCEH SERS Y6l
1.3.3  AuNTs/iE 7 SERS 52 Y =1 300 1 i 58 i 1k
FAE AuNTs/ZHF SERS JE ) M PEAL . ¥ 3
wL 7 B 4 107 mol/L B9 NBA ¥ W% 21 I 5 1 2
PR L, SR, BN 3 wL W E ARSI
AuNTs W, THR S B B 2601 1 5 T R 0 e A
BB Y L BEALEE I 10 A4S A5, #E T hi &
Mk, wEE 3K,

AuNTs/[iEH5 SERS JE % R M vEAf . o 3 pl
A IF R (2x107,4x107,6x107,8x107,1x107, 2%
107,4x10°,6x10°,8x107°, 1x10~° mol/L) £ NBA
Ve YR B sy AR L SR T ZEBE A LR
3 pL WAL IR B9 AuNTs %30, TG | 8 s
FHVE R RS GRS AN B i L, AT R
2, TR 3K,

P2 SHES 1.3.2 TR HE

1.3.4 X} TCF AR #EF W SERS &2l ¥ 10 pl.

N [ R e (1,2,4,6,8,10,50,100,250, 500,
750 pg/mL) Y TCF Ay i W0 2 ey ki -
T e AEBES LN 10 wL Bk AL G /Y
AuNTs W, T0R S B 266 1 T 50 T R 0 e
EHAMRIE A L, TRk, AW TCF

(A BE IS M 28 FIRE b

R B 2O A S B E T
WA 785 nm, FHAEE 300~1 600 em™, 4 B2
KATEC 50x, AT ] 20 s, EFRUCER 1 Wk, B EE
dnr L BEATLIE I 10 AN 8 . E A B2 3 K,
FRULF-) SERS St
1.3.5 SESRAESF M TCF B3 BURAS I 855
FAHVETEEH A, IR ETIA 1x1 em?® B IE
JIE, 10 pL AR SR EE (1,2,4,6,8, 10,
50,100,250,500,750 pe/mL) FJ TCF 7% 8 2 5 f
T, TR KRR R G B B b R 158 JR
IRRRREY, TEREAL BN 10 wL BT it ik LA S
(1) AuNTs ¥, T8 5, e 2P T 51 RS I
AL AU Y b, #E TR E‘?}ﬂJﬁt 5 TCF
B 2 Y v T A 3 A B R R AT
LR N i R (V€ eI TTP O faﬂﬁ&%&i

PESHUEES 1.3.4 MR, @it EE I
3K, ARECE-¥ SERS Sl

2 ZBR55H
21 RGEE

Bl 12 AuNTs/BHT SERS 3 Ji A6 52 Fr
B il 2 TR SR 0 R R R el ok G % =X
FH 375 B i s 266 P T O 4 S R 2 ) AR A A
J&i, TN AuNTs BRH L T3 a5 2 55
SR I 48 e 0 1 T T T A A R B AR Y B
L B HOE RS R 2 AR T T AT
S BN A Ak B S A
2.2 AuNTs B3R AE R i in 2 B o B K L BIRE
R

B 2 2 AuNTs 1) 5 4h -l U ok 3% & #l TEM
Kl IR 2a 0] PIFE 3], AuNTs 78 641 nm £ 47 3%
KA —FfiEVE, & 2b SR AuNTs 2 K/h
S =B ROk, RSFZ 0 60 nm 2247, TESLRL
N C =S
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Fig.1 Schematic illustration of AuNTs/tape substrates for detecting TCF
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Fig.2 The UV-vis spectrum (a) and the TEM image (b) of AuNTs
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Regulus 3.0KY 10.6mm x40.0K SE(UL)
(c)
B3 KRTERKLEARARERKERN AuNTs X NBA 1532 SERS EiZ (a); NBA 7£ 600 cm™ 4bi&58 & BE AUNTSs
RENEZH (b); =B SEM BIEE (c);# T AuNTs R # ) SEM B iEE (d)
Fig.3 SERS spectra of NBA with different concentration of AuNTs (a); the relationship between the SERS intensity
at 600 cm™ of NBA and concentration of AuNTs (b); SEM image of blank tape (c); SEM image of tape with AuNTs (d)
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Kl 4a Fi7 30 2k B AT BT 26K | NBA B9
Tk P R AR 06— 350, B JS 6 NBA 7E 600 em™ 4h ) 4
fIE W i B A7 2 481, 19 2] &l 4b,RSD fHH
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Fig.4 SERS spectra of NBA acquired from 30 sites of three batches of AuNTs/tape substrates (a)

and the corresponding intensity distribution at 600 cm™ of NBA (b)

J T PEM AuNTs/BE 3 SERS 2 iK1 R bk |
FEAS[R) Ve BE 1Y) NBA 5 VR EL 22 T 7F ey L A
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FEl P 2 I Bt A JE R M C & (T8l 5b), 24 NBA bRifE R Jr 02 1y = 2.673x10°x — 4772.665,R* =

W JEAE 2x107~1x107° mol/L 7 FEl N ,NBA 1£ 600
em™ b ERAE ISR B Sk B R AR (K Se),

0.9824 . 45 B W] AuNTs/EHF SERS )8 HoA %
U 1) R A |
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(e)
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NBA R R E /R 5 H7E 600 cm™ 4 SERS EE Z BHZ&MEX & (c)

Fig.5 SERS spectra of NBA with different concentrations on AuNTs/tape substrates (a);
concentration and SERS intensity at 600 cm™ of NBA (b);
SERS intensity at 600 cm™
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Table 1 Extraction efficiency of tape on actual sample (apple)
Vi 9 SERS #% & (A4  SERS %% & (A ik .
o PR R )% RSD/% F¥ /%  RSD/%
pg-mL i ) B b WA

1 415.8 212.1 51.0 16.4

2 663.5 313.2 47.2 5.7

4 1178.0 598.8 50.8 8.0

6 1507.0 771.6 51.2 3.6

8 2074.3 1 046.0 50.4 9.8

10 2542.4 12084 47.5 12.7 50.9 3.7
50 3225.0 1626.5 50.4 13.6
100 3836.8 1769.2 46.1 12.5
250 42445 2212.2 52.1 10.3
500 4739.1 2534.1 53.5 7.5
750 5458.8 3276.5 60.0 9.8

1443 cm™ Xt 0 CH; #9285 A0 DL TCF Jit
W (1~750 pg/mL) J 8 4 45, TCF 7E 757 em™ Ab
SOES TRy LY 7 s 1 DONE S R i )
A T BT, S AN E 6, 6¢,6e,6f TN 7E
R VR B (1~10 pg/mL) 75 BBl P9, TCF 7€ 757 cm™
Qb B AR AR DA iR B 5 J5 R RE S 2R G R (B 6 )
L Ay AR T B R oy = 226.370x +

SERS 5 %
SERS intensity/a.u.
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TCF [ i e i
The mass concentration of TCF/pg-mL™
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193.861,R* = 0.9960,
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B 6 TCFE#ZEBERT LAt SERS XikE (a); TCF REXRESHE 757 cm' RIEREZ HHX R (b);REEKE
(1~10 pg/mL) B 5 HFE 757 cm™ AMIERE R LR R (o) ; AR H M RREHTHENE R INE SERS 2% E (d); TCF &
ERESHAET57 cm AEREZEHXR () RREBRE (1~10 pg/mL)K 5HFE 757 cm™ A IERBEMLIEX R (f)

Fig.6 SERS spectra (a); relationship between concentration and SERS intensity at 757 em™ (b); linear relationship
between low mass concentration (1~10 pg/ml) and SERS intensity at 757 em™ of TCF with dropping directly on the tape

(¢); SERS spectra (d); relationship between mass concentration and SERS intensity at 757 cm™(e); linear relationship
between low mass concentration (1~10 wg/mL) and SERS intensity at 757 em™ of TCF after extracting from actual sample ()

2016) 015 B 0 A LB 2) %07 A SERS R AT AR R — A T A7 BORE bR S A
P B R IR RE  JT RE 8 S I PR EUE B . DAY A ORE 7R AR Bk B8 3 A I rh 2L A AR iy iz
PRI KI5 AR e R RE Sk (] 6f) .y =115273x W 1,

+88.654,R*=0.9940, Lk I 455 =0 ,i% AuNTs/JiE

®2 ABEFE®RNTCFHICE
Table 2 Summary of different methods for detecting TCF

He ) 77 ik XX Al PR B LR

% A AChE 4 4 1% & % 0.0206~2.06 pg/L 0.001 pg/L [21]

55 P ik B AR F B AR a 0.05 pg/mL [22]

T EARIEH AR E S E a (0.32+0.033 ) pug/L [23]
MOFs % 4 1% & % 0.25~20 ng/mL 0.082 ng/mlL [24]
T A B AR IS i AR ARAT 80 3 e & 0.0001~10 mg/L 72.20 ng/L. [25]
TR R et R B 0~250 ppb 4.63 ppb [26]
AuNTs/B 3 SERS 2 J& 1~10 pg/mL 0.781 pg/mL A7k
TE e %7 N TR B AR R i Y R A E
3 i W TCF Jot i v B2 55 0 AR AE e i 2 52 2 PR &

AT G A A J 4 6 Gl ¥ AuNTs % LOD A3k 0.781 pg/mlLL IR XF 5 PRk i 2
I B s ok £ —Fh 22 AuNTs/EHF SERS 3 T TCF #EAT R BU 2 | 32 BURN 50.9% , A7
JEE, R T A B MU LIV S s BTl AR JORE, AR S T A I L 5
B, WATLME A BRI AR T TR, L R
NBA 1E K i & 15 % 4> 7 X AuNTs/fi 7 SERS 3
U ) B B P R R MR SR AT RAE X NBA A ) vk 5 % X #k
JEALZE 2x107 mol/L, i AuNTs/JEH SERS 3K
%t TCF ﬁ/ﬁf’{& #4T{yl|jﬁt: T 1~10 ug/mL PiENGE| [1] BOULANOUAR S, MEZZACHE S, COMB?S A, et
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Fabrication of Gold Nanoplate/Tape Based Flexible SERS Substrate
and Its Detection for Trichlorfon

Xie Jie"?, Ma Xiaoyuan"*, Wang Zhouping'?
(“State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu
*School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu)

Abstract Trichlorfon (TCF) is a highly effective and low—toxic pesticide. However, it can be converted into dichlorvos
under alkaline environment, which increases toxicity. The detection of TCF is of great research importance. A flexible
gold nanoplates (AuNTs)/tape based SERS substrates was fabricated. The target pesticide was extracted with adhesive tape
from sample surface and then covered with AuNTs solution for SERS measurement. The AuNTs/tape SERS substrates was
first assessed with good reproducibility and sensitivity using Nile Blue A (NBA) as Raman signal molecule. The intensity

of TCF’s Raman characteristic peak at 757 cm™

showed a good linear correlation with the concentration of TCF solution
ranging from 1 pg/mL to 10 pg/mL (y =226.370x + 193.861, R*=0.9960). The LOD was calculated to be 0.781 pg/mL.
The proposal of AuNTs/tape SERS substrates provide a novel method for pesticide detection.

Keywords gold nanoplates; tape; flexible SERS substrate; trichlorfon



