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Abstract Surface-enhanced Raman scattering (SERS) is a type of molecular vibration spectroscopy with numerous
applications in materials, biomedicine, and the military due to its high sensitivity, good selectivity, and
nondestructive nature. At present, the main strategy for SERS detection is using the intensity change of
characteristic peaks of Raman reporters. The characteristic peaks of the Raman reporters would shift, resulting from
the influence of various factors. SERS applications involving the shifting of Raman characteristic peaks have
gradually gained popularity due to their higher stability and more reliable reproducibility when compared to intensity
changes. In this review, we summarized the mechanism of Raman characteristic peak shifting and discussed recent
advances in SERS detection based on Raman characteristic peak shifting in cancer and disease diagnosis,
environmental monitoring, and food safety detection. These examples will provide new strategies and ideas for the
development of high-stability SERS methods.
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Fig. 1 Mechanism of shifting of Raman characteristic peaks.
07 g R AR AR AFP AT R R AIK
KPR 4 0.5 ng/mL. BEAh, i A W55 N B3 T 1%
RGBT T He' R R
FE X S 5T |, SERS 4 JiS (19 R 35 59 ¥ AS 1] 3kt
o 25 F B P2

(a) Mechanical deformation of Raman reporter’”

(b) charge transfer between molecules'”
2.1 HFRENS

P2 A5 5 T 5 PR DL R i i 45 5w s L
*Z[lz]o

PR A o= s B A SN T S E A= R S
W 538 R B9 A8 Ak TG T 47 e R AT e

R B I A TSR B R T E E BRI Gr FHER S5 E A-ATP MR R . SR, Y
BIE S M. Hu, OF5E N GO W I 0 2 RS S ER-HL PR SS S

SR QTG AV S R R A A U R = 7/ e 1 W )

T RE R AR SCEES T R LS R Y

BIL I LA B 2% 5K Wi 7 I8 AE 55 5 12 1By B35 e 0 K

Kho Z: " i E-H1 ik 5 i 8 5 5 0 1
A-XF BB RF B (A-ATP) 454, ik Z 18] 19 23 [a] i
i e, A AR 1 nl RLm it 45 A

J 22 0] 8 55 K AH B AR SR 7 IR AT 5 B0 R - iR
EEYM M E % BUE — &, 1080 cm ' Al

1580 cm ™' Ab By 4 Ta] TF R 8 5 m B2 8l 31X R B H1
0617015-2



o590 HL BiAk 9 45 6 2 BUA-ATP 1 R J) #4
i, Tang %K B S 0 1T B A BT 5 B R 2
A I 5, 5- B OB (3R 1 W -2- i 5RO R TR )
(DSNB) 55 40 T W4k 2= BR 5 09 22 4k, DT 5 3400E
AL B SERS BURAEfL o 28 M, Ma %1 R 37
B EE Rl THREASTER, SHIHERS
B EORH-SHB (ph-S-Ag) R EZ W EELIE
PR I 7E X RPOIG 0 T L 4B 8 B R (4-MBA) i 45 £C
&1 25 & Az ph-S-Ag 48 G W i AL 3228 Ak 5 RS 1Y)
T B AR AL

$r 2 AT 5 43 F AR TR W) 1) Y el S AT LA
51 SERS F- &, DA 1K B 4 e B TR . A
Guerrini 25 BT R, 8 T o-Fos-BE My UL FURTE
KA G BRIy F 2R, c-Jun AFTEME i T
S T RARECR S G W 0B B, T il B 2 A7 54
B JLAR] ) 2 2 Je) H A NI A 5 . X R AE
AR AL T BRI G b 2Otk AR 1
2.2 BETEBYLE

R LA SR 14 52 0, 43 [8] C'T A % 3% T 1
SRPLEOCIE A —E R, CT & W B 4 s &
M Z B AATE A AR . CT S8 G
Yy b B s A A B Y S TR LT Y A5 A, AT
205 WOROC A B AR RS B2 06 B b 2 0
FR

A 2R e FREMEEN, B
LR DN oy =R 4 G e N R R 7 1 IR e <
S [ A TN RE AT AR SR SE I . Wang SR

$£59% F6H/2022F3 A/HAERBFEHE

T 1A L A 5 A% X 4-MB A 3 T 14 558 17 8 iU A 52 50
e, SR R B 4-MIBA S5 T v H £ 1) 5B 43
A, T 5 0L & I (7 8% . Yu 55 WA E) L IR
55 I P R OL B A5 A SR I S {5 S > TR T
GERG AR E 1 2 A 7 bt S BN e 0 O
B o A A B 52 56 5B I WF 5 UE B H e A AR/
SURE XL W PR B R AR

3 BT REE ) SERS i 5%

i i

K5 G0 3 W i AR Ak B4 R AR EL 7 2 0
B IX — W IS T oM AR K or 1 5 Rt 4y
T, X T AE S A B b Syl i AL A S SRR
S 47 W Y KR SRS ok, B R )RR AE
MR 255 0 F W 2 AR L TR 2 1 PR Y
G3 BT EE 45 5 SN AR AR AR 1 2 G I 33 6] 9
I B RS WL o R LR W TR 1 A T
TRERPL ST A B 1Y 43 HE (A A A A [R]
T 288 1) 0 SO IS 22 0 ST B 1 25 S A Ko 9 M B
TE K I miRNA B $i7 2 % H A 0. 1~1.6 cm ',
7 Kim 2575 3% 07 3% Cr ' il e g 1746 I it
CN i 4547 W B35 64 cm ', T LLJE T4 8 16 F- R 1Y
R 2 A R R 5 E AR A — E I S B N A
(IR e o I sl R O A L RO S R AP
T, 76 PR SHURS D 95 i bR AR R BT e DA R B
O A U B R R R T BUA B A R
TR,

K1 T H S AHEEFF 1 SERS D52 o Jié
Table 1 Advances on SERS based on the shifting of Raman characteristic peaks

Category Target Raman reporter ~ Mechanism Content range Limit of detection ~ Reference
Influenza-H1
4-ATP MD 2.2 nmol/L [12]
(H1) antigen
H1 4-ATP MD 10 pmol/L [29]
c-Jun Thiophenol MD 1X10 -5X10 *mol/L 5nmol/L [17]
Protein carbonylation 4-MBA CT 0.18-9 nmol/mL [30]
Protein P53-protein 6-mercaptopurine MD 2.5 nmol/L [12]
AFP 4-MBA MD 0.5-1000 ng/mL 0.5ng/mL [13]
AFP 4-MBA MD 107 =10 ° mol/L 10" * mol/L [31]
AFP DSNB MD 107 %-10"" mol/L [16]
GPC3 4-MBA MD 107"-10"" mol/L [16]
PSA Graphene MD 0.05-25 ng/mL 0.01 ng/mL [32]
miR-223 DSNB MD 1077107 mol/L 107" mol/L [31]
Nucleic .
acid miR-223 DSNB MD 107" mol/L [33]
miR-26a-5p 4-MBA MD 10" mol/L [33]
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Category Target Raman reporter ~ Mechanism Content range Limit of detection ~ Reference
miR-27a-3p 6-thio-guanine MD 107" mol/L [33]
ctDNA DSNB MD 107%-10"" mol/L 1.2X10 " mol/L [34]
Acetone 2,6-DMPI CT [35-36]
Butylamine 2,6-DMPI CT [37]
. [28, 35-
VOCs Ammonia 2,6-DMPI CT 36]
cey, 2,6-DMPI CT [28, 36]
Farnesol 2,6-DMPI CT 7610 [28]
(+)-a-pinene 2,6-DMPI CT [28]
Mn®", Ni*', Fe*',
Rn— 2,6-DMPI CT 1 fmol/L [28]
Hg'* DASS MD 107°-10 " mol L™ 10 mol/L. [14]
Metal ions 0.1 pmol/L
Fe®" 4-MBN CT (free states) [38]
0. 08 pmol/L
(protein-bound states)
Small Melamine TNB CT 10" " mol/L [24]
molecules Glucose 4-MBA CT 107'-10 " mol ™! 10 " mol L' [26]
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