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Internal Standard Method-based Surface-enhanced Raman Spectroscopy
for Quantitative Analysis
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Abstract  Surface-enhanced Raman spectroscopy (SERS) is a spectral detection method that has been widely used
in the fields of disease diagnosis, drug screening, and biological analysis, ete. It can not only provide rich chemical
fingerprint information but also has the advantages of high sensitivity, resistance to photobleaching, and photodegra-
dation. However, due to the poor uniformity of its enhancement matrix structure and the uncertainty of the number of
chemical molecules adsorbed, the reproducibility of SERS detection results is poor, which makes it face many
challenges in quantitative analysis. The deployment of internal standards could eliminate the external interference
factors, thus achieving accurate quantitative analysis. We set out this review with a description of the mechanism of
internal-standard methods, followed by introducing their main types. Thereafter, we introduced explanations of the
applications of internal-standard probes in environmental analysis, food and drug analysis, and biological analysis.
We conclude with an outlook of challenges and future development directions of internal-standard SERS.
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5, AR IX Rl s 5 R F R ARRN, . 1977 4F, van Duyne 55l Creighton 25443 51|t ~7. i DA S 16 F1 B
W XX — MRS R A R R I G T TGN RS, JF AR 2 O T SR = HUR (Surface-
enhanced Raman scattering, SERS)Z(N . Bfif5 , Moskovits 253 o SCIGUERH , HIKE Ag B 2 75 2] 7Y
IR A S TR SF BWOT . 1997 4, Nie % Fll Kneipp 57735 1 K ARGE T SERS FH TR 4R
TRk TR BRI . AT A B, TR TR ST, PR SR s T LR, X
Pl RS ARk SERS BOMFFR 298 TaLAt . Ak, SERSBIAR T 12 &%, HB i &g h—14
ST BTG .

FI SERS KL ZE 4, BHIFA G E H R SR AL Iy A 1 S Y SR R S pE T, B 32 kaT
B 14 5 AL A PRl . H G 338 58 (Electromagnetic enhancement, EM) F14L 2% 3 5 (Chemical enhance-
ment, CE)™. EM J T 158 B 0 A Rtk (Clnpb R AL | RSFRTEARSE)S, 8l He R 1 Rl
AR AESGEME ] . BRI RIR AR, I BAE s BB AREREMERY . W), X
SR HA AR GR A 20 BTy B B MO PR, B RCA B Jm R b B 5 I 4 R R Y 2 1 A BAT Y iR Ak
TV CIE RO A2 38 3 R B R 0 3 5 4 S RN R 1T = (B AR 2= AR T Aoy i Ak A . Rt
R AR EE AT LA o 20 B 7 4 SR A T 114 43 BT ) X BB R AR TR A S B, O SRS A e AR B vy Ak 2
FHIEDOE . TEIXPRIBLEI T, H G373 5 SERS (55 B A i i) F- X DTk .

B A ) SERS PREF 32 4Lty DU ER 4 2H A - 4 J@ AN K JR IS | P& el o 7 L PR e A 1) oy -
(B D). T &R R RTICT, &R E PR E ] DUy R Rt e fih—@ iy g (55
B2, SIEAZRALE RSy . RFFZE A 2R H 5200 SERS 15 55855 , I HLIX AR 454011 FhHE 43 Bt
KT 1) SERS #RET 10 W HAT RS E 22 I oy B R S5, S BUHUE 585 5 32 3 A B R T4 . Dt
WA DR AP R XS T B R BT I A AR A AN D HA R R S R 2 B SR AL O L. A, B i ) 41
A SERS #R4 th A TS BUAR S o A SR I . 5 R USRS I AR L, SERS K Ty ik HAT LU
TR (1) RS REUE . OV YR, SERS B8 T AR 05 5 0m S 28 AR
s (2) 5HOEIEM L, P2 G505 JA 1~2 nm, A] ISSI 2 EAGI 5 (3) $7 8 HUR O 5 A by i
VELAB PR SR IR HUL RE . il SERSAH S BEHOLREMBOLEE T, JFEA RO E M (4) FTLLE
{1 PRI 2141 (NIR ) i S f5e KRR B2 i s/ D A B AN AL U0 | 0O T4 . Ikah, FLGIEARR, s
LA R KRGS TR, AR IEG TAMIKR 31T
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Fig. 1 General steps and criteria for the fabrication of a typical SERS probe
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TS AR SR X ARSI 25 SR A s ) . B, KGR B SO S BRE /NG SERS B AR A . iR A 2=
AN CORERE R I SIS AE AL, AR TR B A U S R A KO BE . Ak, SERS 5 B 5 LIS 2R 1
W2 B S~ A 280 S B 3 A DL VTR O . 24047 B R, A B DI i S B LR
K, SERSE 538 Al RE AT JLANEUR F s sh >, W, FUA 3 Hriab e 35 i T 3L i 22 1 i 3R shis =X
A RER RIS IO, AT 3R R 2 Com B 55 L B I0 R I Y. T, — AT SR e
S 3 A T RORIR ] 20 AT AU Slioke £ R SERS A6 1 1 544

24 SERS I Y HE A A& R B, BT T RS A AT e fp e e s, XTRE S B B 5
RSB ARAG Iy S5 AR AR AT, T A SERS A5 S Ay 1 RE SR S R) 5, AT LAZEA I AR
JE VA (UK . ZBESE) wh e | it o e o7 50 P i 2 A0 401 CANBR PR 2 | R G | s 7 ) i
Tl B AT B, MU vk O R B4 v e A [ 21 28 S5 ot v 0 K R 3R 18 1)
ZRfft, 3B EHEE T SERS JGRE Al B2

MRk B R (O 2 — U T B R I A () A e X Ak, RS T S A Y A
B ISR VAN A BT B AR B EE W b B 5 1 . AN, e £ S A I S5, WAZI0RG B 1 A A e 2% R B8 TR
FIFNR AR BR . AR BE A BT RGN T, 20T ARG RE AN T 5142 A IV TA i ) S S AR Wb B Y
Sra . SR, TG A M, SERS BE BTk sEimi kAR, 30 VI BRI HAE
LN RS b s R . PRSI B AS LA S ATy TS B 2 . a5 IS i
SANEZ B ICTE G ER M I E TR, AR S BT DS G R A 35, P Ty
TR AT DR B i e IR R, Gl v A 4 0 88 B T LA s o AN 1) R B AR e L[]
i, PRR AL 5 AP AR ST 1T DA IE— RS RRE 2 ARSI 45 L 401401 R SE 56 25 138 50
4 TN SERS $EAE F R HERE J1, AR BAG I 25 SR B HERM PE A T S8k . bk, i AR AR RS
WBR ST R BT 0 B B AEAN [ ) e B, — 5 T AR > T AN SZ PRS0 , ) — T sk G 48 1 1] 1)
e, AT DI R i A v (5 R AR SRR A 7 R0 5 | B 5 sl ) 2R T R bR
FRALIE SERS 155 19 592« RIREIAIA I 25 S E A U0 —4k , S R 515 5 i B 2 (Rl AR i 2, DA
T4 5 SERS K 26 0 0 R ff 2 1 ] Sk

1 SERS AtriiE=HRIE

Bl 243k T SERS WARIEE R SEEA L . AR 2200 1R Rl W45 5 9 B 5 AR 70 1155 9
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B, RIS 7T N AR 14— BT SERS Sl ir, L & oA R g s o e . ol TR 70
T E AR LT[R — PR, PR eI o [N A [R) . AR AR U — PR B RE X o8 B2 A9 7 S, A
k= L/ L R L AL IR RS 70 T RN bR T I3 3 7 2 155 ). FIH Yoshida %6278 H XL

Iis Raman scattering
of internal standard - =

M Irr Raman scattering

of Raman reporter

Laser

1
o

Normalized relative
intensity k=Ixr/Iis

x

| 1 1
1000 1500 2000

Raman shift/cm™!

* Internal standard * Raman reporter

Fig. 2 Schematic diagram of internal standard method
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ARG, AP A — PRI

J = Lm‘a _ [Ml(wlt)} '[MZ(C‘)R)} 'U;{RNRRIO = k = Nyea (1)

I [M](wlt)}z'[MZ(wR)jr 0Nl
K M, (wL) Ry i3 55 2 A ™ A2 1 EM 7358 K 5 M, (wR) R HLREHR S 55 25 IR R Zeny g
RS ARG T, A R A RIA K MR M EEAR 5 o 5 oo RS 2 T 5 R TR
$r S R T 5 N 5 Nis 20 5 A0 F 5 BOS Ah B i4 o AN AR 3 T3 E 5 1, 0 A 658 B
a WL U S SBAFTEE, R EE SIS 0 FEE A G, AR T BRI 51
FEE TSR R, DURF e o

b AR (5 P A ke S A I SR k) Iz R . BT, O R R SERS WAREE A
L3RR, (1) SERSHEIRM A BESERNIR; (2) TR R INAYS Bis o+ HA M b2
IR (3) B PR T IE M TE SERS JEIC R 1 5 i AJLE.

1.1 BEBEWNRE

PLSERS LI 14 B B 15 5V R I FR A 5 AR A [T AT PRIBRIE 00 1A PR R 30 o 1 i JE T
AAESERS 5SS M, ANTFnshkdy, HAHa RS . nlfsthom | foe vk m M S M SR8
[ RLEE T AR5 bR Z A A Sa PR R, 45 1 L SSHE i SERS S H A 45 S 7% 2 0P Ao
P . 1% SERS LR LA RBMATE UA7AE , AngPoR SRR . GOKRTIERSE . Popp %5V B T —Fh
FEREF b AT 1 B A T £ A AN K BRI (Au-FON ) SERS 2 3 F TR A [R] B b Aok PR R B 240 &
i, Hir, ok BRI R 2455 N, SEE TR LR R, P 2RI . Rinnert 52 F]
FHIET SRR 1 R OE 20 (PS) AR IR EE T —FP bR SERS JEJIE, HF IR 250 i
30T . ZITIELLPS LS G SRR, SEBL T RZETE 1~20 ppm (1 ppm=1 mg/L) ¥ B85 ] P4 A9 2 i
M. Tan G2 R B A TRUE DL 205 5 194 SBY9UKRMEME IR, £ 2 )20 A B 0OK IR R
TSGR, # A S TCT s TR P2 3% T 2 P B(RhB) 1 5t 431, 2 90 LR A o= A o
WAPER R B . Sl Zhang %R B S BA B 2055 1R LA 854 SERS ZE/IE (G-SERS) , 3L T
TE 107°~107° mol/L FAHE Y0 B N X RhB FN4E i 28 (CV) IR E AT B 3(B) |. B T FIRBLRA B

5 T LIRS AT NARSL, — S5 S AR RIS R TWFR & 1248 . 1, Jiang S5 & T —
b 22 T BE B TP L TN S 18R Y G- /26 0 AR AL Bk /EE (PMIMA-Ag/g-C,N /A g) ZR AL S , DL PMMA AU A Fir
B SAE bR, SCIL T SFEEAL BRI (TBZ) FIIR IS ZL R (CA ) () 22 5 e A
1.2 SMInAERE

FE AT I A S R BT AT AR AR 2 B A I bR - RO NI A AR . A N AR [RTRE
AR | PR R REE = SRR R, BARST5 N 255 KA sh A A fsa P I
XA RES SRR BHPEZE R, SR ERAPEREAR . S AT RE ke p X P, vl SE e Bk 4 2 v i
AR Bl BRI R AR R ) 22 A/ N BTV E R bR i, Li S5 R) ARSI A4 2 B R A
P, WA T — R TGRS SERS RGEH T2, A NAR S 438 SERS W) HUARL S 3L 11l
PREGYIRIN B 2 140 Hr . AFUR:, %07 k08 AT SR A B AT O 40 Irir i SERS 5. SATwT, 1R
ZRMIA 2R AT F AT BE TG SERS 15 5 8 A B (1) SERS 5 SRS , S80% 7 =103 TG FE 2B . 1k Ak,
1 DNA | 555 A2 450 1 SERS 1% 15 Z2 4%, 44 RENf 1k HY A BHR PR IR0 AR INARHs A R T
W DANEBR R T, MITEE A I 25 S R HER I . 51201, Ren S5 3 T —FPAI B T B 10 Ag 9K
UKL (Ag-IMNPs ) /E h SERS B C RGN 5 1%« K018 8% 19 SERS AR SN bR, SRR HE SR L 1Y
SERS{F 8., LA AT SE I DNA £5#4[ & 3(D) J.

FAR B AR HAT 5 B AR BT S AT BeAR LR At i, o, [W = Anic BAT SRR 4y
TILFAHE AT, (A EATTH SERS YIS AA7E—E 25 5% . FET I, AT DA A B RO = Anic i E N
PRI E AR R . Davison 50T & T — o () [FI; 28 G AR 1 (TEIS) 53k, % T L T1E
T e FEVE A X 2 PR 6G (R6G) 47 2 & SERS AN, S fiie 13538 SERS J56 JFAG I 245 S 2 9014 22 1) ik
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Fig. 3 Main types of SERS internal standard methods
1,

(A, B) Intrinsic internal standard method®*'; (C, D) external internal standard method ¢ ; (E, F) embedded internal

standard method ™32, (A) Copyright 2023, Elsevier; (B) Copyright 2017, John Wiley and Sons; (C) Copyright 2018, American
Chemical Society; (D) Copyright 2015, American Chemical Society; (E) Copyright 2015, John Wiley and Sons; (F) Copyright

2022, American Chemical Society.

R, A RAF AR FI IR . Guo S5t FHAH R 7 ik T B | PR | (IR AS B S T % AR AT R A
SR, R R LO/MS 5k . [RINEZRARIC N bRIE e 1 IR BE ) 22 5 S R I5E R 3 028ty R A
SRS, BT —E R IR, Qnid i RS R S Rl PR AN IS, XS A o BRSO . A,
[ 57 Z AR i B ARMESRAT B A& B ot , BRI Tz ey iz
1.3 #AWERE

B NFR 7 FETE SERS ISR A B ik AJL N ER I —Fh 0 L) 2 19 SERS INARI: . & Al LA
Wb AN bR T4 0 W SRR R, Wl [FE 5 J5EF I AN BRI, & LT gk
iR, B NAR T AR S5eZ ], T B AR TR MHERR R 15e R H, BIAZ-5r 52 (CMS) 4
KA ZR . R AR I8 B — 2k 5 70 W RR AR e HL A 22 5 A A LA, 4- B SR ik g
(4-Mpy)"“ | 4-ZFR B B (4-ATP) ' HIR6G 45, DIR TS24 7 400 . i A AR L TR I INAn ) 5
A5 FARMERE , AT BAn sl . 20 i s an s . (1) FRRA S AR TS A24E, BEAT
P (2) FRFCIZ MR E R bR 05 S5 A SZINE AR 5 m ; (3) AZ5)2 0 AR T HAT %
Y SERS {555 1#-47",

AR5 5 1] LA BCHA OE f A R SR AR RS R 45 5 | IR A5 508 8 . i T2 290K S5 B IR
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POREE IS, CMSGORTRL nl DLy A R E | SR IPI2 (55 . Nam S5 FIHE FE S 9K Fok %
119 DNA FE KRR, 52 A8 T HA 1 nm Fh2s [RIBR & QOKRI0RE, [RIBR HR 2 4011 SERS {55 55 5
B T2 B0, FESZBT I S AR AN AR S 0 TR . Duan %5 F & L& 445
T B K S AN LA S AR G T B R K i () P P BE ISR Y, B T — R B A e R Ok . i
BB EYRZEEE, TS5 TG YER SERS BRET I I 40 g i 4 R UG . 2 )5, Ren 14
U R A R (4-FFEMEE ) A 8 T CMS 40K Bk Au@CA+Mpy@Ag FF 517 % & SERS 43 #r
[EI3(E)]. BT5e)2 e, Z bR B SERS 34 5 I S RE A &% A 1 DR 7~ 11 58 25k £ 272
BB SERS (5 5 8l . R, 52 2310 A TE AL X al SRR A EAE R, A KM = TR R
5% . %07k SERS G = HrH 446 T8 S .

AN, AR TF R T —FFRZ N Au@4-MB@Au NPs (9 CMS SERS 2%, 7E1Z 5L IS i 4-3i SL 28
HIE (4-MB) RE AT 1753 Au 72 )2 ITE R, o mT SR 45 i 2R 4 il v 2 DT BR X (1800~2800 em™ ) 55 . i 4%~
FERRGUKR G ARG SR P2 A5 S W RS, JLTIEER T s, UL A W (S b . tesh, s
ZEFR L 4-MB 7EA: FREREE b 652 AT RE A MR RN A . ADTERIXAR 5 AR Y SERS BRI A B T35 30
F A L E T . Ye S VIRGE T —Fh 1, 4-2K BRI (BDT) ik A A PIFR B 4 J& SERS 1% 5¢ 44 K ik
Au@BDT@Ag@MPBA , T AANAITE41HE 1 H,0, AR S B JCHAGI . — 5T, Au@BDT@Ag SERS 2
I A 30 o VA A R 2 R S SERS A 5 nT R 5 53— i, % BDT 4r F-5 SAE M NAR{E 5, ol LIS
SERS ¥RET W5 5 I sl Il A, DA 7 48 Ry vl 58 1 A M b v . I, Zhang 652 L) 4- 5 JE K F G
(MPBN) JNFRY , ST T AKAEIR % 5¢ SERS 358 BL I8 Au@MPBN@Au, FF7E5T)2 Au R IRMBIAE W
55 H,S S Y 4-Ai SR AC IR B (4-NTP) [ 3(F) |, Bli#E HLS AU, 4-NTP 8538 J5 A 4-24 FE a0 2R
(4-ATP), 5 HH—PHAb R 4,4 - ZHEMA R (DMAB). 7EA H,S Ayd #2Hh, MPBN7E 2223 cm’!
Rb A5 SRS i DMABZE 1139, 1387 F11433 em™ &b H P 3 A7 I ERAE G . LT 3 rp AN e 14
FUARL (1, 30/ D00 ) AT SEFR HLS (0 RGN, 4G BRAK 22 0. 24 pmol/L. X — G . H&A ) SERS il {4
A BT R AT T AR

WA WBRIEARTTE WA F 5507 B 28U 43450 , 1 FLAT L i S 88 [l 7 2 A mi
Oy F B AR Ay FAEAZ L R R A B 35 R LA AL SERS 20 AR AR 15 o 05 S5 . R, b F
SEIEM AR T EARZANFRZ T, HA SR T35 S 0 B, RE A% I 25 48 =0 I s 45 SR i v ff
PE.ER, ZFMEIRHI AR 4, HUBIRTEAAETE, TR 252 AL . A, bR FIEMR Y —
JERTAT M H AL, IR R SN — | o P41 SERS Kl {4 7 .

2 SERS AiREE S IR AR R A

SERS AU BEHR ML F & 1 T 8., 11 H A RIS B . v DATCH S R4 S 7 0% i
OB 2 N FEREE NI | B S e 40> A fn Rl 50T SR itk .
2.1 FEIME S M UE R M A

AR, I AU SRR, IR YR H 3 28 . PR IS ey N s it L A B | SO
P S BURE SR S0 S AR AR B AN A P TE i i 1 B U Y. SERS i RLHAT R SR R L AT L
S AN A S D R 2238 () A ) A6 A A A PR e b s R B T R ) oy FH R 5

TF & e R 50 A0 2 H W 2 A< A I8 B A R0 0 RGN 30 T il s 25 S ik L TR R85 ¢ 3 1
T3 N BRSSO T . Pina %5506 Au@Ag@ZIF-8 TR TTFREFHAY SIO/SikfE |, JF& T —FRhfE
g Xt 25 SR AL RGR (CWA) SR T AT 5 | Pk | 22 B AGI  #E R A SERS 2 - & [ 4 (A) ], Hirr,
ZIF-8 HEBEA[UAH AR CWA M, FLAE 685 em™ A M RFAERL 2 WA v A S A I i A, 38 3k L 238 mT A SR
XA BT CWA B 5E A . AT HLEAR 2 (OCPs ) J&— 2 R ] A= W [t HL 5 X ko i 75 e A HIL TS Y
P, Chen 25V F 1A 41255 25 55 TR AR 4 M HCkE (AuSP)AE g SERS JEE4) LA bz [ iR LA 42 B, 528 T
XF 7K H OCPs iy I [ 4(B) . il 1T /e SERAB H 19 4: 40AKKEF (Au-ODA) I 15 5 AT LAVE A Y
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R SR A HE % 0 19 OCPs 55, AT DIARFE 4045 (P @ I st Z dAG I . A FHg ik, & F
AuSP -5 HAT B BT TP RE 1 R 58 19 2 B L, RBAS R S Wi nl 58 . Liu SR H N
Frgr T2 B TR 5 AgeMnMo, JGHL SERS JEJIE, SEEL T X MR85 75 4oy N, H, Z8 U ff B . Jehmic A
o RGN . Ag MnMo, 7T S 455 R, fasg, HE2FLE5HA TR S m a0 FRHEERH. iR
EA BT Mo—O 76 945 om™ Ab I (3 515 Ag'Tie 37 FF 88 8% S8 A0 78 5 PR 8 AR5 | T2 /\ i MR
P10 Mn—0 Jz Bh 7E 630 em™ 4bJ2&: SERSHEMEY . LT 106, MRS L5/l 15 5 HEAT LSBT NLH, 19 78 5
SERS Wil .

A)

600 700 800 Y
Raman Shift (cm™) L

ZIF-8 peak
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~
)
7]
M
~

Synthesis of SERS substrate SERS detection of neurotoxic DMM‘P- diffusion through
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Fig. 4 Schematic overview of Au@Ag@ZIF -8 SERS substrates for gas-phase detection of neurotoxic
agents in air(A)"™ and schematic illustration of simultaneous in situ extraction and self-assembly
of AuSPs for SERS detection of OCPs in water(B)'*!

(A) Copyright 2021, American Chemical Society; (B) Copyright 2021, American Chemical Society.
22 HERMIBRSTTISEINA

Bl TP ER ARG | ARTESS IR | B IR ISR R A R AT YL, R A A R
3 SR — PR B 48 SOR BN TCHINE AR , SERS REUS X £33 2 18 A5 P kA TR A, I
AR H i KRS R ik —.

FRSERUE—Fh AU Y BRIR A ), % HEACRRIB SR BB ], ARG R bk B e A
AR . Chen %5 ff I S5 45 % HIORBE R ET 4 38 (CTSA) (148 35 BUR 4 AuNP /> SERS V-5 , i 31 5% £
Py B DCMUE ) 728 R A, o B R PR ARG DN - 48 | /K R AN Sie Hh A 5 XU B L IRT 5. (A) ] R
CTSA W5 5B A N AR A AL HEAR 58 DU 46 X% SERS 58 B, 327 15 RE A% 52 30 P 48 ELOC 5 1% 31 S PEAG I
Li 55450 o fef AT DU G 9K BURL XS 59430415, HLAE 1066 em™ 2 B FRAEHL 245 51 i Bedb R R
(4-ZIFFEMERE , PAVP) , il 4 T —FBi AU AR SERS LIS . FIIFHIZ SERS - A S8 8L T & i h i i A
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67, FHF ARSI+ SR K . DL PDMS HEZLAE 2905 em™ &b B 1176 $7 S 455 FE AR, $Em T
TR A RTS8 . SR RJRAE S — sk ) & Bl e 28259, AR G AJETL 25, X3 T 2543
A KU, XA A ft A7 FE Y E U . Yin AN A B T — A X 25 K e HL AT R 2 A T B NHL,-MIL-
101@AuNPs SERS #K Ak, FF2r KR R s [ 5(B) | Hirfr, S5 KJEAE 1000 em™ 4b HATHFAIE
P70, TR R AE 958 em™ MRS WEAE y INAR , 8 3o A FH 7 U oik 5 1) LU AL, S B T X2 KB TR
5~200 ng/mL ¥ BE G BB AL ARSI, LOD(3 S/N) FIAHE 2 %X (r) 435124 0. 46 ng/mL F10. 99.
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Fig.5 Schematic representation of simultaneous in sitfu extraction and fabrication of SERS substrate

in the detection of thiram residue on irregular samples(A)'* and schematic illustration of NH,-
1671

MIL-101@AuNPs preparation and its application in multiple complex samples(B)
(A) Copyright 2018, American Chemical Society; (B) Copyright 2023, Elsevier.
2.3 EEWMSTEUSEIER
AW R a5 T A= W) o5~ (AN P 5T . AR AN 1) e [ A A ] AR5 | o3 Al A BLAE
R EhAAEM . B B AF R 50 K AW o703 i | Bz SO RE SR A5 U . ST T SR e
JE RS2, I xS A= Y 03T OC Y s S A AR M RGN AR 284k, BT
Uil T fif A A D R RN A R i R AR LA
Xu 25 FH L HE S (4 4 @R /B AL A7 5208 (Au@AgNPs/GO) JEJiE , DL 4-NTP 43T R b5, T
FE A SERS A WM& IS, /MR R 2 Al . AR E R A0 A B o 7 (EpCAM) FIAFE f2 A= K
FZ K 2(HER2) 2 M i 2 5 I ANMARE V IE XUEE DNA PR BFF5 1 & se 4 [N . FESMNIMAAEAE 1 i
T, T VIEXUE DNASNBASE 41, VIE B DNA 1] LU SERS IEH 438 ik, 37 Smfs i i &
FHIX 1 SERS 5508055 , iiE4) I 4-NTP [ SERS {5 SRR E . HL SERS SEMEAE NG PRIMLIEFE i (145000
FE VA SCFLRIE 0 2 Wb R B AR TS . Ye S0V G T LA 1, 4-28 B (BDT) S AR 4+
) Au@BDT@Ag@MPBA G IZFCAURIRE , S5 G HLERE I, [RIB SEBE T AR SMA i A i b 1,0, TR
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CE5) P2 5 S WMAEILIX ], P ol REAH B &, &% skl sl—& T4 ST, HaTrhie
DUER X B4R A5 FAE N ARG T, BT LA 4R s A A v i 1 5 T 5EPE . Chen 5L 2 R INFR, JF
BT — R hBEAL B AT 580 T 2 90 K A (AGIAN ) SERS 9K 84t , I T OB Bl (ALP) it 2 1
ST . Rk BRI B R R e R 2 R X R H Ay s ok, M SAYRAES
B 5, TR A5 B A S (0 BT 45 21, A SERS 78 AE W4 2 19 2 i 086 T — i 5 0 i ol 6
Fan S5 7 & T — R T AR 2R SERS KRB IR [T 6 (A) ] PR LS i 43710 70 F 5
(MBs ) [7] Bsf 48 72 70 W IR 4 4K A1 7% (AuNCs) b . HEAT S 26O (HEX) A9 TK 1 MBs T4 4R i
FRi&E#H TKI mRNA, #47[5(6)-FRIL5EE JFAM () GAPDH MBs A 2 4L4NIE NS5 5 . R HR 2
e (Lol SEFR T X TK1 mRNA fOFEE (85 2800, 3%) | = R AE (R FR 3. 4 pmol/L) 2 e 45 5 (BE
S IRN BARR I A ) A . it — 20 R AR PR, 3R AT e = B R A R DK 40 B e A i 5 1 4
JHL, 7 BT S IR A M R . W R T 5 AR N AR XA AR SERS K I B BE R L, FF)
ZIE T 2R EY R A4
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Fig. 6 Schematic diagram of the testing principle of intracellular and extracellular multiple ratio gold

SS=====

nanoprobes(A) " and schematic illustration of the self - referenced renal - clearable synthetic
biomarker(Glu-RR-AuNC) for quantitative urinary monitoring of cancer development(B)”"

(A) Copyright 2021, Tsinghua University Press and Springer-Verlag GmbH Germany, part of Springer Nature;
(B) Copyright 2023, American Chemical Society.

T, ATl A ITE G T A NARE S (2154 em™) , BERE I THRAE P2 W R E
G0 4y e 17 35 U7 2 A (Glu-RR-AuNC) [I# 6(B) |, 3ZAREH W] #3314 B- Al 1 AR I (GUSB,
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5 B ARG (pAw) VEH SERSTEVEIRY) , TS A 4-5i BT RR (4-MPBA ) Tl 4-35i B 281 (4-MBN) ()
TRA B 2 2 (SAM) 184 pAu (TRTFR SAM/pAu) , LUJT 85 R BRI ¢ B 8 15 U S a8 Kk 1
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T1te SERS - 15 W2 RN T A F 5%, THBR TWEZE TR0, 32 TR A P8 p , Al [T s o] S b Al AR Ji
N FEHRTH B 4 AR ot R P AT TR L O 20 PR R B RS 1 P B R S A T B ik Li Y
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Fig.7 Schematic illustration of Au@PB NPs and their Raman signals compared with cells and the FA
functionalized SERRS tag used for HeLa cell imaging(A)”', PB as a background-free internal
standard for probe profiling in live cells(B)"”, and schematic diagram of the detection and
elimination process of bacteria based on the multifunctional SERS platform(C)""

(A) Copyright 2017, American Chemical Society; (B) Copyright 2020, American Chemical Society; (C) Copyright
2021, American Chemical Society.
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