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Abstract: Surface-enhanced Raman scattering (SERS) tags offer significant advantages, including
strong signal output, high sensitivity, and excellent specificity, making them powerful tools in
fields such as biology, food safety, and environmental analysis. However, conventional SERS tags
have critical limitations, including signal instability caused by the detachment of Raman reporter
molecules and severe background interference in complex matrices, resulting in a low signal—to—
background ratio (SBR). To address these challenges, we propose a novel SERS tag based on ultra-
thin triple-bond polymer-coated plasmonic nanomaterials, in which the triple-bond polymer serves as
both a unique signal source and protective layer. Specifically, functional monomers containing both
triple bonds (cyano groups, —C==N) and vinyl double bonds (C=C) were first anchored onto the
surface of gold/silver alloy nanoparticles. By systematically optimizing the monomer dosage and po-
lymerization time, an ultrathin triple-bond polymer layer with a thickness of less than 5 nm was pre-
cisely constructed to coat the plasmonic nanomaterials. The triple-bond groups generate intense char-
acteristic Raman peaks in the biological Raman-silent region(1 800-2 800 cm™), effectively circum-
venting background interference from biological samples in the fingerprint region (500-1 800 cm™').
Meanwhile, the ultrathin polymer layer not only preserves the electromagnetic field enhancement ef-

fect of the surface “hot spots” on the plasmonic nanoparticles, enabling an ultra-strong signal out-
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put, but also retains the near-field enhancement capability. This strategy provides a promising ap-
proach for developing next-generation high signal-to—background ratio SERS tags with broad applica-
tion potential for early disease diagnosis, intracellular molecular imaging, and point-of-care testing.

Key words: surface-enhanced Raman spectroscopy; ultrathin polymer; plasmonic nanoparticles;

bioanalysis

FETHETRRL ST (SERS) BARSEAE HAR i ORI AR . s o> FH8 L0 RE LA R T bt
S, oA B R @%ﬂ@ﬂﬂﬂzwmemﬁ&ﬂmamﬁﬁiho%TSBS
TR ORI B bR IC B E (BT SERS b5 ), wISEBlE ik 2 £ B i e etk . | R e
BTG RS, SR, SERS bRETESLFR M HH 37 5 s A T I 455 el 1 EﬂﬁM&i%ﬁE?ﬁ
AN 15

MR, TERE SERS bRZs Y 5 I b SR I AR A i 4 AN R AURE B4 JRy ek A 1 2 B OC RN, (HAR
FAEREI . H—, BEYORER RIS SN i b 5 & A AN RESTEAE, SEGHH
ﬁl%khﬁmﬁiﬁ%m,h_,iwﬁ$¢ﬁaﬁ N O | B A T Rga B (P e B = VA
5%, ME T E G SREFRREC . RESINAR T B 282 (1 Si058)2 ) 0 7E—E 21
R RaE IR, Mﬁ%mmxﬁﬁﬂr HlggsRyg, sl NN TGS, WLEES
SRR FAEVE S5 L () SCEL R ARl

ST, APFCRABE ., BS SN RSN SAUKRR S BT NAZ I TR . RS
YR A LB HEBEERIRGHIMES PR w4 INRIREE, BE R T ARk
%M%%%%ﬁmé BV LR S AT R BIRA =8 (C=N) 7ERL SR IX (£ 1 800~2 500 cm ™)

A HB B OAFAENS , 1ZDITE s WAEY oy 7P, (s B B (5 S R R, ml ok P bR
H&EEH%?E MO sh, SN SR . RN 4 JREE<S nm) W] B R PR EE b /NS 8 oeit
DR, TRPRPIAZIE R i Ve TR B bRy, SCB s R s W, 2R R
BEAR T AR SR B A T B, o] ARSIl S st BT BRI, AR B AEHI & AR
ARG LRI SERShR%, JF R H 5 HAR @ T SR PERE

1 SCIERSY

1.1 F5N=.

4-BIERE (CHBIN) . =T HROMEH (C H,Sn) . Y =FRFEBAL (C,H, P,Pd) . A 418 (HAuC, -
4H,0) . TEBRER (AgNO,) . ¥R =4 (CHNa,0,+2H,0) . HLIFIMEE (CH,0,) . 4-3K 5 HE N5 (4-MBN)#
SpsyAral, WE LR T AR B A R A A . EOK IR HNOs SR HCLHRRREL 12 38 BLRL .
EBE DMEM 35 3708 (5 L- 5 2B . Wrar, Jou) KRz ol (PBS, pH 7.2~7. 4, JoIE) ¥ H R
DURHRAE R AR PR A 1) o SE50 R /K A B4tk (B ZE>18. 2 MQ - cm)

WO R AR S IS (Horiba Jobin, XploRA plus, &P 532 nm); K4-1] WO G
(Shimadzu UV-2550) ; & 5t HL 7 24545 (JEOL JEM-2100, JIlIEEHLHE 200 kV) 3 Z4KKLEE B Zeta HLH 43
A (Horiba Jobin, nanoPartica SZ-100V2); FTIR {8 B IH A5 2 2T 4R Y %A (Thermo NicoletiN10) 5 7
By SO BEREARRANL
1.2 Z#5ESFHER

B 4-JRFEHE (1. 09 g, 6 mmol){% T 20 mL HZRH, WKIMA=T RO HFES (2. 10 mL, 7.2 mmol)
FIVY =B (138, 6 mg, 0. 12 mmol) o IRV R ZW RS R E 25 -3 N B IR 3 IR LABR 24
R, BEJETE NPT T 115 CHMA IR 24 he RVLER)G, WEELRZER, TRy a
ik (PE) 5 Z TR 208 (EA) IR A EF (R 20 1) M Beli R TRERCHE 2 M2tk 1585 646 mg ) BWIIR
W=, F=E k84, 1%,

1.3 EEHTHRTHNERK

1.3.1 &FFHEE  B50 mLBUK I 150 mLEELSHEH, FREME s IFAE 120~130 °C, 1ERE
TEFE BRI B I A5 T IR Gk (% 3 i BEE V) o N 500 wL 29. 9 mmol/L
HAuCLOKVER, FROOIEARRIE G, (R E BEHE, — PRI 1 mL 38. 8 mmol/L ¥y &R =



5511 3] AE TG ST R S BU T S5 SO AR BIRL A 8 57 Ll AR T SiRe by SR 3

W, MR AR MR R . (RSO IR S R B A . IREM, R&RE NEaf;
ARSEBEFE NI 20 min J5, BEPRIARL A 20 nm EAKIER, AR HEZIRG T4 COKFERE"
1.3.2 £FFHAEK K100 wL 204G ) HAuCLIETE M 9. 8 mLRAiKH, #KIKIIA 400 pL
SR 22 pl 38. 8 mmol/L AR =BNA U 100 wl. 0. 03 mol/L X} 2K AR . 1 PRI 60
minJ5, 5FPBIARLH 80 nm LA KB TV -
1.3.3 RBEHKF(AURAY) AR HL5 mL _FRRIAREZ)H 80 nm M4 AN F S A M Fh+
VW, TEFEE AT ERE TR 200 wL 38. 8 mmol/L AFEEIE =AM I 50 wL 0. 1 mol/L HiIk i B i
W DEREXILIE, BN 100 WL 0. 01 mol/LASERERAT , W A IER . g5,
PR 200 2 8 A8 A B, ARLEBEREI Y 15 min )5, B3] SRR TR (Au@Ag) , T4 CIKF
PRAE S
1.4 =Z#REYEBEZHITSERSIRENEK

HU5 mL SAZERISTAURE IS (Au@Ag) NG TE S e Fias . Ty S ml i 18 88 1Y 150 mL = 3ik%
L IA—E & (5. 10, 20540 mg) & WM =5 PR 1 (4- SRR NE ) LU S 2 mg PNARTR, =im T
IREEERE L he BERFHEZ 70 'C, IIANSHERE (KPS) B &, WANRTIR, SRR 2~3 h,
RV ARG, AR E 0 10 min, WCAEDLIE RIS 22450 SERShRZE, T4 CUKFE PR fF . ddiifb =
HERRMN S, AR SERSAREMEREA I . HARGI & mE 1R,

o
‘ +AgNO N ,
il “ N7 WIS )

Au seed

Au core Au@Ag SHRE
tag

K1 SERSFR&ERY T & IR R =
Fig. 1 Schematic of the preparation process of SERS tags
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Fig. 2 TEM image of Au@Ag@Polymer(A); UV-Vis absorption spectra of particles at different synthesis stages(B); FTIR
spectra of SERS Tag, triple-bonded monomer and Au@Ag(C); Zeta potential of particles at different synthesis stages (D)
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Fig.3 TEM images(A), UV-Vis absorption spectra(B), SERS spectra(C) and waterfall plot(D) of Au@Ag@M2227 prepared
with different monomer feed amounts
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Fig. 4 Raman signal intensity variation of Au@Ag@M2227 at 2 227 ¢cm™" over 5 days(Data represent the mean of three indepen-
dent replicate experiments, and error bars indicate standard deviation SD)(A); photographs of freshly prepared and 5-day-stored
4-MBN SERS tags and Au@Ag@M2227 SERS tags(B); Raman spectra of the lower layer and upper layer of 4-MBN SERS tag so-

lution after 5 days of storage(C); DLS profile of Au@Ag@M2227(D); Raman spectra of pure BSA solution and the mixture of

the novel SERS tag with different concentrations of BSA solution(E); Raman spectra of HepG2 cells, Au@Ag@M?2227 inside
HepG2 cells, and in PBS and DMEM(F)
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