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£ SERS LI, Wit SERS FRAEMAAS TN H b4 5 1 W B 5 B ; 2009 45, Kantarovich 4544
S FERI 4 AR SERS HARMEE G, X HAR - F AT R RS, A B-3Z 14 BT 51385 289 /KK 5 2010
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F AL o FED IS, it 4r T BNl S SERS BRHE A4 T 2S00 4 BA% 5 2013 47, Li %74
SREOE T 2 nm JERYEDIEHRE, #0557 SERS FERA XN A AR ST ; [F4E, Chang 55" R AHPUIR
I PR3 J5 2 P 4 i B T SO AR R, X0 20 2 Y R st BRAR 21 107 mol/ L, 2hy SERS AR A (1)
FBEE T IR, G T EN I H AR B M T L B B T i B s, &2 i 5P, RS
WERPE 2 BRI BN SR A4 ( DMIPs ) J&: FH 5 H AR5 F 2540 2L KB SO AR 7 7 1R B B AR o T,
SRk | sSBAIFE SRR T AR AW 5 SR L5 BRI B AR T A R0k S s o T4t
)R, 2014 4, Chen 55" & R KB BT 73 IR MR 707 45 i 58 5 i -7 R B SLEE, SE T
IR AT R R ORI, ERR AT BN SERS 3R FH B AR T R A0 I S5 S T —E YRR, (HE
HERLSrF-ERiE 5 SERS BRFHECAR MR 5EA RN L, 5 Kt TAETR ZdE— 0583, W XA [l A6 il
P I 1) R AR AR 23 B e 8 | R DU HLER A F 9 55
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5 HbRor LA LML (S5 1 FR) |, I
H¥%&A SERS 7% , A SR ST , A it Fig.1 Structures of malachite green(A) and
ARSI HAE O SR 731 T3 TR UL SR 5 abietic acid(B)
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1.1 iH 5NEE

AR (ANO, , ST, RBALEIRI ) 5 FPRERR (A0HFat, T it XUl AL 5 i 50 BB A7 PR 2
F1) 5 UV ILRR T SE TS BRI (BT, R BT KA 20 ) 5 3-C TP T M I L) T 3 = I 3
iR (MPS) R FBEPI AR 2~ BEE (EGDMA) (4344, Alfa Aesar 2AF) ; ZME (5374, Kififl
AR 5 R TS THECAIBN, SB7at, KEiRHERL A A F) s IR (A Hisl, b
i Aladdin 4 (LR G A RS F)) 5 FLAE A% (96% , L3t 1T A BAHE A IRA ) B FH] 6G(Rh6G,
fb2#40, Waldeck GmbH & Co. KG.).

S-4800 %441 F T 3. 855 ( FI X Hitachi A7) ; D8 ADVANCE % X $Z2H7 4 (75 Bruker-AXS
/AT 5 EX-250 % EDS RE3% ( H A Horiba 27 ) 3 H-7650 7% 41 iy T~ #0880 4 Hitachi 4 7) 5 in
Via confocal ﬂjﬁ%)'ﬁﬁ%ﬁ(( YL[E Renishaw 227l ).

1.2 SKIgid#E

120 Ag AT M H & BISCIR23] )71k, RAVEIE LS 4 Ag BR. 76 10 mL 258 77k
A1 mL AgNO, AT 0. 1 mL TR, 7EVKKI SARPE DR TEA 1 mL HUR M R, ¥R
A P TG 605 SRR (6, Y R T IO 8 L R, TR G VA M AT R VR TR, 7930 Ag 3K
BT

122 AgMPS BT #9H %  7EFF{H Ag BRI IEAT OIS U] 4 BRIK Ag-MPS, JE-5 5 B 45 76
Ag-MPS I R EN L e, AT ] 25 UL ENSIE S5 1. BRI 500 mg Ag BB, MA 40 mL £/
RAERABUL ] 4: 1), BHAW, BAKRS, T 40 CRIHT, BWMA 4 mL Fb 1%
F 3-( S TR PO = W LRk b ( MPS) VAW, FUV 24 h. Ve, T4, 153 Ag-MPS k¥



No.8 LERE. EMyToidhs R @migiRis MR A AN TILE B LG Z 446N 1349

1.2.3  JEBLE L 3 & 4 SERS 2R (Ag@ DMIPs) B9 %1 & R M DLEN S 1Y U7 ki 4 Ag@ DMIPs: f4
1 mmol FEFUEEAR 53 FFATE R FI 4 mmol F L PRI BE AL (DN REFAAK) ¥ T 20 mL G WD, 00k S0
20 min, filA 200 mg Ag-MPS %7 F1 20 mmol EGDMA (ZZHEF) , #7438 30 min, & T 70 CAHIEHA
b, AR, IIA 20 mg AIBN(51&R)) 50 24 h. #1509 Ag@ DMIPs B0 A3, finA
H BRI AR (B 4 1) 3R, BB, DAVEBRIEA T, B2 BO 5 0 12 0 G
AE BB 7>+, FHIOK Rk, W, BT 40 C 12 TR & H.
1.2.4 PR 44 SERS # K (Ag@ MIPs) B % & R SERS B AR 5 BRIl 5 AR A 456 19 7 i il 4%
Ag@ MIPsIF 5 il Ag@ DMIPs HEATX L, A0 5T AL, LIFLE A Ve i+, 530
RESA . 51 AR LA R ACHRRITE Ag-MPS (IR THATR G, VERRENR > 7 515 3] Ag@ MIPs. B T IR
o FALEA G BRI T ERRIN, AR LIRS Ag@ DMIPs A A,
1.3 SERS 8RR

Fil 251 SERS FEIEE T AR B L A SRR, IR 2 h, MITOKCEER Bk, LBk
R AR, KU E TR b, AR T, RA 633 nm P KABOLIR, DIHOGR
0.1 mW P44, RS g AL

2 H#R5iTiE

2.1 Ag@DMIPs £& SERS EJEHIRIE

E 2(A) FHEE 500 Ag BRBLT-(%) SEM A1 TEM B8 -, 7T LA H #1409 Ag b 7530k th 40 K 2
FRPE [ BT B R TR (UERTE , SRR 200 1.2 wm, M AE34), IF HA 0 B A B 2(B) Fif
17351 Ag@ DMIPsHL 5~ SEM HI TEM FE A, 5 Ag BRAALL, SRmTENAEE, 4 7 —)JZ29°5918.5 nm
JELFY R UL BN T TR | R -5 SR, Ag@ DMIPs 3% 1 £, 78 14 K 0 108 T4 s AT LA 55030 7l /) A%
Ag BRIV AL, fif SERS ) B MR R E M, HbRsr+ 7T LA &0 B 7E Ag@ DMIPs R8T, DT 2 5
SERS #a il 2 £ .

L

Fig.2 SEM and TEM (inset) images of Ag particles(A) and Ag@ DMIPs particles( B)
3(A) ~(C) 251N Ag BR . Ag@ MPS Jz Ag@ DMIPs ki 1) EDS BEIE K. K 3(A) W Ag i) HAni
B, RINBLH B Al 18 3(B) il 1 Si JUR AR, BEIITE Ag BORL 7R 1 ik ot AL B
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Fig.3 EDS spectra of Ag particles(A), Ag@MPS particles(B) and Ag@ DMIPs( C)
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i; B 3(C) Ry Si TR MFHEEIE A T, USRI E 7 — 2 B EN il i, KU Ag@ DMIPs il £
AL
KT HE—E Ag@ DMIPs #1453, %t Ag Ki ¥ K Ag@ DMIPs FiFHEAT X SR ATHT 0T, 45
mE 4 Fos. WL, Ag BRALF5 Ag@ DMIPs R 1 5 A3 ZU A FFAEAT 5 0607 B 58 AR W], 2 3 F
38.21°, 44.35°, 64.68°, 77.58°F1 81. 63°4k, X JCPDS( No.04-0783 ) bR~ - Ag 1L 37 5 1A 1Y
(111), (200), (220), (311)F1(222) fbifAFIERT S04, IR Ag BB £ 2. Ag@ DMIPs hi ¥
() XRD J5 SR AR SS | W B J0AR M, ULAH XRD RRIEUEIRE B T NAZ Ag R, A0 2400 E3 -
UM INAX Ag R F-HUZE e, B (7504 o 8 A P i 83
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|
(200 X || & .
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Fig.4 XRD patterns of Ag particles (¢ ) and Fig.5 Raman spectra of Ag particles (a) and
Ag@DMIPs particles(b) Ag@DMIPs particles (b) in a 10 mol/L

solution of malachite green

2.2 Ag@DMIPs £4 SERS ERWMILERE

K5l Ag BRKL T Ag@ DMIPs K. F7E 10~ mol/L HIFLAE f1 4% 2 FE IR W P O Hi 8O3 | it it
BRNFLE A GAE 1623 em ™ Ab53 LA Ag@ DMIPs Fl Ag 1 g LI5S (05 FE AR 1y 8.2, BEHATE Ag BK
3R 1AL UL SR A RS SERS 4SRRI AT B4 It

H T RS Ag@ DMIPs Fi T A SERS F&JiC A I FL28 A S M PR MR 1, 85 Ag@ DMIPs ki 8 T A
[l B A FLAS e, TR b 2 25 R 6 R, I 6 (A) AT RIE ), Bl FLAE A1 4R WO FE 1Y
ST AR, ERAIE 04 8 BE TB MRS | 7 437, 803, 917, 1174, 1372 Fll 1623 cm™ ' ALHRH L T FLAE £7 4 i 4
FEIE . R L 107" mol/ L AYFLAE £ 4% 1 Ag@ DMIPs % T SERS JLJE A2 55, K
107" mol/L Y& & N5 B HL A5 SRR AR st 2l [ 4n1& 6 (B) Fran |, SRR 3 H bR o3 ¥ B FRAE 14
SREARSS , (HAERIEIEAT VS M Al 0L, I, Ag@ DMIPs ki ¥~ SERS LIRS AG I FL A 77 43431 4 e ECAG: I e 2
107" mol/L, SEBLT XFFLAE Ay 45 (1) 8 72 Aok .
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Fig.6 Raman spectra of malachite green with different concentrations(A) and
malachite green(10™"" mol/L) (B) obtained from the Ag@ DMIPs
(A) Concentration from top to bottom/(mol - L™'); 107°, 1077, 107, 107'°, 107!,
M TSGR EN R 5 SERS HEARMAZ, A #1451 SERS FC A 1 R THL M, AHE T4k,
F Ag@ DMIPs T E T 107" mol/ L BIFLEALKIFWCT , SUEBRIE AR 7> T IA IR Ag@ DMIPs 4&
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JREAIVEBRIEAR 23 TFLEE A1 4% 1) Ag@ MIPs JEJiE — 7] [ 2000 units r|
HATRCE AR, G5 R A 7 k. i

55 Ag@ DMIPs JHA 107" mol/L ML A4k L A N P / |,‘
WEVET IO E (JB1 7 2k o) SR BER L, v A W/ VY
BRALAE AT BB 15 19 Ag@ MIPs FF &I (151 7 7 M ——
TEL b) W EEAN G, (AP AERHIE N, i — R4y -
M AR VEBR 15, 5% B8 AR M 4> T RE A5 2 400 fa(l}ll 300 mlun |2I{m |4ltm 1(:1:{:
SERS 155, XHL4E A & H iR srF i hr SRRk g ™= Raman shift/cm
AT VEBR BRI 73T A 2 J5 1 Ag@ DMIPs Fig.7 Raman spectra of Ag @ DMIPs in a 107"
TERI(F 7 352k o) IR h— R EHL, ToAT {24 i mol/L solution of malachite green (a),
IR, TEAS I I AR rpOt LA A SR R R DG R 3 B Ag@MIPs(b) and Ag@DMIPs(c)

M, UERAAH LUAR SR o3 F Bl R R, 405 BRI HE R Fl SERS AHZE & Al G5 5t TR, £ T
G RS

Ag BRBLF G AL, At , EHRIEE 2 BRI R AR, fff Ag 5=, RIE
T HAZENE. Ag@ DMIPs AU IRSCR E2oR A T -5t XS5 WA AFFE. SERS My AR Z R, &+
BT F I R AL A i Al B e — R AR R RO 2 T e AR e 1T AR, H
B o3 FFLAE A Sad o JE UL B3 23 v 5 LS AR B 25 /Gl IE F A Ag BB TR, 5 H A s,
FEAHI AR A g s — R BRI SR AN 5 ERET A>T AE B SERS R 147 EAR SR T L
KB P2 (5, AR AT BESK A T SERS #4800, MR85 5 IRk d b £ 2 TR Z
[ B 20 R LB 2 ) = S RS S A IR 2 AR, M B bR Tl s o Ag Bk
fb sy, BN AR 255 LA AT, Ag@ DMIPs AE R FLK 1Y) SERS 3% 5 AL B fh 27 48 o 11 L R34 5,
7 T8 PR 2R A [ S e ) 45
2.3 Ag@DMIPs fiiFHJ SERS TS5 MEaE

Ag@ DMIPs K7 7 HA R UIMERE , R BUE FPHH 6G FIH LR VE N Sa 44y 1 (45K 8 fis ),
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Fig.8 Structures of rhodamine 6G(A) and methyl orange(B)

XS PEPEIEAT TOT5E. 51 1 Bt 1L &

MEFUREAR 7R Z5FAH L, FLEE A s SN E [ 1000 units i
REAT S S5 A R/ NG AR, PRI AR AR 43 5 1 400 |’|_ a I ll
BT I sy A R DR TR, Y ol i
B ORI S R S PR P R 2 B o e
lgl 9 E/‘Jj:ﬁgﬁ:ﬁéﬁ' | I | R R AP S, ) St i R T
[P O T UL, LA 775 R 2 4 3 AL i pe NS I
B B 5m T2 FHH 6G FH BemB b g, FLAE A2k . 400 600 800 1000 1200 1400 1600
PP 6G i HT A Y 4 AF U6 5 B AH X L 29 Ry Fenm ghiftlen
10:1.2:1, o4 EB ERLEN IR JZ T 8 F A ER#E 25 Fig.9 Raman spectra of Ag@DMIPs in 10 mol/L
S5 BRI T B AR 2 [ 250 B AR 19 solutions of malachite green(a), rhodamine

PUNMERE R, 4 Ag@ DMIPs JEEXTfLAE ALk & 6G(b) and methyl orange(c)
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FFIH 6G FIH FERE 43120 B HEAT BE BRI, FLAE £7 4 ] DL B S gk AR 400 ENGEE 2 0 23 7o HURRAE
W55 B, W] Ag@ DMIPs W] LLEE - b W SRR 0, i H: SERS A5 SRR Tt

3. &5 i

K BRI R I S5 A B Ag 3B+, 456 5T BNl 5 SERS BXFHHIA , HIEAR 73 F A8
AR Hbn o LA G 2k, AT E A SERS IGTERIE Ag@ DMIPs. ENB)ZIEEZ A 18.5 nm, AIXFA
BTG e AL A s itb AT L — PR, SRR IR BE IR 5 107" mol/L. @ L XT LU 58 B, FHEEAR 53+
LG SA I Ag@ MIPs A #50AY TE My, B0 T ED b £ R i 51 A e 1 A 3 A b 75 5
eI, #2551 SERS RALSE. 754G HIBEEH, AT DR ABS TR A 2, B8R 0 A3 Y HE LB AR 4
T, SRR HLTE Y i e R AR — 2B B 12
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Ultrasensitive Detection of Malachite Green Using the
Coupling Technique of Dummy Molecular Imprinting and
Surface-enhanced Raman Scattering’

MA Fangchen, LI Xin ", REN Xiaohui
(MIIT Key Laboratory of Critical Materials Technology for New Energy Conversion and Storage ,

State Key Lab of Urban Water Resource and Environment, School of Chemistry and
Chemical Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract The coupling technique of molecular imprinting with surface enhanced Raman scattering is regarded
as a promising analysis method due to its properties of high sensitivity and selectivity. However, the traditional
molecular imprinting technique is very difficult to thoroughly remove template molecules. So, the technique
will result in strong background interference impacting the test results when it is combined with the surface-
enhanced Raman scattering spectroscopy. In this study, the Ag particles were first synthesized adopting the
method of ascorbic acid reduction. Then, the as-prepared Ag particles were silanized using 3-methacryloxypro-
pyltrimethoxysilane. Finally, the dummy molecularly imprinted polymers were synthesized using abietic acid
replacing malachite green as the template molecule to react with methacrylamide functional monomer. The

¢

results show that the resulting “core-shell” composite substrate has a more remarkable SERS enhancement
than Ag substrate. And its detection limit for malachite green can down to 10™"" mol/L. This method can elimi-
nate the background interference and improve the accuracy of the analysis results, which provide a new method
for the ultrasensitive detection of organic dyes.

Keywords Dummy molecularly imprinted polymer; Surface-enhanced Raman scattering; Malachite green;
Ag particles
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