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Abstract

Raman probe detection systems typically consist of a laser, a lens system for focusing the laser onto
the sample, and a detector for measuring the scattered light. Raman detection is a technique that an-
alyzes the composition of a sample by measuring the scattered light of sample molecules. At present,
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significant progress has been made in the design of substrate materials and the development of op-
tical detection systems for surface-enhanced Raman spectroscopy (SERS), which has significantly
enhanced Raman signals. However, during its research and development, there have been problems
such as the difficulty of ensuring the uniformity and reproducibility of enhanced substrates. Addi-
tionally, in biological monitoring applications, autofluorescence from biological samples (such as pro-
teins, nucleic acids, and metabolites) or fluorescence from the probes themselves can obscure weak
Raman signals, particularly under near-ultraviolet to visible light excitation, limiting the application
of Raman probes in complex biological systems. Raman detection technology still has significant
room for development in aspects such as the analysis of disease markers and the precision of sur-
gical guidance, making further development and exploration in these areas worthwhile. This article
systematically reviews the research progress of Raman probe imaging, focusing on the principles,
performance, and application scenarios of surface-enhanced Raman spectroscopy (SERS) probes,
organic polymer Raman probes, DNA self-assembled Raman probes, and other types. It discusses
the current technical limitations in substrate uniformity, fluorescence interference, and other as-
pects, as well as prospects for future development directions such as new material design and mul-
timodal imaging.

Keywords

Raman Spectroscopy, Laser, Biomolecules, Medical Detection

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 55

P2 OEHE T BRI DAL 2 NN R R SR I 2 TR ALEOR, A5 5 R T 70 7 R AN
¥z AFFPTEA A FRRE 1, KT COE R 8 uilEEE v, [RNAR SR FOE L 2 5L
SYSRESIRF L, WA E B, IR, Both E0GERAREN TS E . T A,
TR, BEoeRgy. EMMEEE. Bl REAEE . AR T ROBER i A MU R
SR GURAAG ] 7T Z N, BORESZ T T BB AL 1]-[5]. ReAl BOt 2 6 T BORTC 75 R i
SRR TEBIRMBOAR . EEKEB T WA E MR, O RBSARIUHIZDIHRN A, Rig
o RS EEECR A T HOLE 6 SORDI FI I RN 5 S R o 10 204> K 2 355 rh 75 T T AR
i ERET, HT N RS BOR B RS T A AE R KR .

2. ARHR

P12 G — P T 2 TR A B S e AR AR . 2 UG AT A A= M g BT IR K
PRI, SRR 2 U I FE SURFE A B T8 S G EIRY A5 5 10T, Bkah, Hr2sufae
HHOGE AR, ST AL Z ARG . B At FiE AR i SRk B TE
THI I 4 2 (SERS)FIJEEE . SERS #Sk KA TN & @AM R Au. Ag Z5)VERFEAR, PoiE 3T & 5 7t
PRBBE, AFHAR R = L) A5 50 R 5 . R sh 2otk (SERSRETf & & SERS R4+
TS BYPREERIN Aus Ag) RIS S TSRS, Hah 2[5 55580 100~10 fi5, & HATR & 2
(R S PREN AL LM R T O TR R 4 8 3R 1R JE BT 9K BE A (i Ko . 9l Keist) Je 5245 4
I Av@SiO: 7)), BERTH TETIMRACE. B, AgNPs/SiO, G KMiEE K TE 2 0 75 KA Il o &
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P AL ) R B S E G M. SR, SERS JEERMIAIME SHERE F D) & F 2P, =TI, T2
DURSEH AR BTSSRI, (BB AL P~ K . TEAE IR B, SERS #REFEI B P &
FCARSERE ] 27, SEEL T R bR S A JEATA I o H 48 9 KA R AR AR 28 5 A QO e R ) 1 LI R
Al ——Au YR BURLLE (A A K ST B8 T RE S R S OB, 1 Ag AL ff 2 sema (5 5 A e PR 6] [7].

AIREMEA RIFAEMMEENE, Oz AEE R BUR B9 BUE IR ET o (H T IX S H B o
TR PO T m, LA RBUENRL2ES, BilEa TR 2 SGHRLR D ikiE . H
TR MR, RN RE T REREI S TR, FFREERISOE KA AN B 2 R B
B HARALE R R A PRSI RIRSL UR IR R A T 5 s KA — B AR, X IR
TEHRRBIPL2AE SAZRNH A S/ LR POCHI T B, 2R SRR RSO K AR i K 2 1) B A B
PR, XX IR AR P A SR P T IR N 215 5 o 1ZIRET IR T A ML S 2 FARHR T 99k
TP e LA A v R B 2 A5 5 S, 76/ SRS e A v o SO B P PR R A7k N it S
T 5 SERS #REMH MM AR 43 HERAE 1 BRI HEAT T eI RS . W FEHT 0 T H AT b2 kst
SIRIERAVRA, NI R RESE . AR AT A R A Yh 23 k3R 7 B B [8]-[10].

AR IE R FE T A R AR e, B A IR K ST A AR e AR R, T
BT A BT, R “HESIE T A RS I R B2 HU (SICTERS) ” HLEE, 75/ R &5 e i 8 vp sk
BT 5 SERS #REFAH AR G 7 HE e . ZIRET O SR AR, @ % T A E MRS, Hendid
ST RSB B AR, IE IR SRS TR R

T SRR SAE B R T 3T K AR DNA A 4L R 2 3R e ik, @it it 3
Pl B AN RIS 77 41 (1) 2538 DNA, FFiE I &S M S 90K BRLR H 12538 DNA, P4 AEYEgik
TN, BEAE DNA fA7E Mk, FAMEES RS DNA #£1) DNA 881 DNA #&, it # DNA #
5 —AH 4N DNA 40T BT BT BCW AR 2 ) DNA 8%, Mififilik — 251 DNA {0 H 41354, 535
Aoy AR I LALGKER, BT R 80 S ERET Fr s 16, 3@ FRFIEA Y DNA 22 FRIBE 3%, mTRlg K=
P25 5 FRIGUK S LS AR, WMTRTRL2(E S HATHOR . X T RACKE AR R &, R
A= Wb A R R R MR AL T & A SR

IAESR, Woth 8 Y61k 7T T 2 M AR G K AR K R 5/ F0 pH B, F TR 70 3 i
EESWATRERI SR [EAEMRGIIFE T, R RS BN AT LB S /KD 7 7 1 45k
KA, MHAERED, SHATNEMEICAAHEMSE . A SRR R 2 BRI T E IR R
B RRESTEA. S R T AR DT RIS 20, 8 7R 2R B st T ] T
A USRI FE A S B BRI, W] LA B B ER S B Ik R P R G b B O IR () ARk, R /N AR R 25 ok
TS S E, SR 2K 2R (B VA F vk SIZA RS S a6 e HEAT SR BRI, 49 B SR 6 o 40  TR) A 5%
FEXFHIE o =R /IN 7 0 AR 5 3 T 199 PR A R B ) P 2 T 398 i 22 B i AT 7 VR IR R R0
WHot. PR FICERER 7 SMEEERIIEE, it DA SBRE B E T 5 ill. Vergote {3 A& AR
Hobi B (5 REN S AR T M EI A G RR . SEI6 45 SRR B B AR b B Ok % — R Th
R 53117 [12].

L2 G LL AR, (R ARIA TR 7 /I 41, fEh 8 6l dh R I H s 2 e .
i, A8 ARG T DA I KV P (R B, SR 06 {8 B 2 Rl Ak 25 A AR, TS
S NWEFE T L2 B 7 e (1) Lely 79242 KM SIC B 5 15 &, A ATTIORE Sh 4544 6H-SiC, #EFh
35 4H-SIiC SRS . HIKERAE SiC 100~400 em ™! 35 Bl (14 2 il . Nakashima 105 FH 47 25U SR 5T
SiC f ik A BB EE K IR G . SiC AR AR N BZE 1 HH B FE A X SH2RSedt . 4. T DU B 74
T AN SRS (6 RE AT ARSI . FELT e B OGIERF 7T T C60 RTAEY. C60 ATAEMIINHLE eilh Bon L
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ST %

HAEHIAAAE R BT C60 77 T a5 MR, R WK% . Prabaker i | Cd0.6Zn0.4Te 2 i i I K]
Fr Z U S AT A5 o BB U SIS I IR R T B Te SR BRI AL, MRS5S XPS WAL, R —5[13]-
[15].

B CCD #RKFICAF R Bt A ek @ 61E rh R, M S a B RS TR RMiE & .
BA O 2 @ E R ZS T L4 FT 2O AT 2040 FT F 806l i Pudi R J&g: 1M 2 7ot
TIERIN R 2Tl N T R IR AE A, BB RRER SR E S s, —
WAL FH AL G R L S R A WIAH A 1, $RBNJE X TR AR AR A1) Rk B A TR F A T 4o
B LIRS 4k FT-Raman AHICOUHE A] DU I e 4580 5C 5C 58 KA 1€ % Fh 401 18] I AH HLAE
FAAR G0 R ARAR AR S AR 2 (B B SG 2R, BFETKIR VI S S 254, AR T 4¢
PRAHEAE FHAIM S RS S, B T AR ME RSB R R [16] [17].

PG T B S0 52 WAL 10 A &, MWLIERER N BRI H rEaE 5 %, Hd ot sust
FOFEEEFmALS . BEMA S RE RN AT SRR ESIH AR R 2O, B A
i 2. R LRI S RATE — e R RAESE T 4 2 6 Re 68 X000 B, (HA SCHRRIE [R1 B
KA EArhr 2 AR AR 2 6 i 7T B s 2 2

Her gl R 32 B OGLF AR 8IS 45 St B 22 50 B 20 — SO B2 A 55 A 2
IWHAEMA S b 2 TS T+ L, (HR8ORIE N T IRt 78, HEERMib it B2 A S
W@ BAENEE, A TR BEAR S EEHLAX IR, UUREERE 7N 1A
wEE . WETAR. SREERUEMRERARHIWARTE, AR W BRAREVR S T4 SH2rE, NMizkH
SOCTER SR BT E BT 0. O STIRGE R H 2 oStk o trhn 80, iz ik T4
T I IR SR L 20 A6 4 b 2 e vl AN B Aoy 2 e e B A 1 e 4L 4RI IE R A LA T S 2
WTBIEFE o Tl A W2 U M B I PR 2 FH 5 2 AAARIOWL 2 4K it 2 3 P A b A B 2 LR R D) o S0 T 3R E 1 it
2ok, SRS, B RGUR B A TEE BAE N R, N IR AR 2 E 3T 42K,
LRI 2O R SIS R [F, AR a2 I 1 e M I PR R ) — Bk .

3. MRAERELRAE

JER SRS R TIRKKBERE, HIEReA TR KRR &, (AR SRR R A AR A 2

(1) FT-Raman A BEIEAS, IRXFERE B GG EMIR: (2) SERS: FEAfHEAN: 5RuEEMELAER]: (3)
RRS: P64, AN, ZROGIERT: (4) LRERSMIOCTI: (5) milbi=. A4
FRoE k. &P SIRET BN . 1 RE S A I TE LRSS T35 1.

Table 1. The mechanisms, performances, and application scopes of various Raman probes
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g

AHREYHRE TS SRR JUIERS FE ARG AR 2

DNA FAVEHREE  OUKGHIAFASE  DNA-SOKEN 7 G EME TR, 4T
RRS $ekt TSR3 REOEST  BODETH) A TAERIIT . 2R I
o= A /7
—gepratpe ST F;ﬁﬂsﬂ% T MoSs 4 A R AR
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KJETTI): PRFCH I HL 2 S VARG SR AL, AnTT A B S v L 2 5 A 1 205 BRGK AT KL
W78 5 4 SR B AR WA MR U (AR E BRI [ 18] [19] 4R 13 28 1K 24 5 24 Bt 1 136 T2 U8 B AR B AN
WSS (I B B B S R A A 2 R 1/ 1, SRIK “HER A T LT A A MG SR 2 K
SF(SICTERS)” HLHE, SAveit AW 4 i) R @ SR REHR L 73 8 BE. $R B e et Bt AT
KA T FEfR . JCRE R BARET, FRAREAE LM P BB AE KU R A AR 2 P F v 20 4
BLECR AR A 0 T R EBB RS, B8 TR S B EAT R AW 2 MR BRI R BT (5
SRUEESERME: AR OH & TZMLRXM, RaESReEtEmER k. R, KEE
5 S AL BRANRAE S A, oD AR SR ZOHE 5 (s, S g B A e P . e 2 R 2 R AR
LB PR EOR, WS FO N BUFE(STED) AR . G5 GBI RROR(SIM)AE, 3t — PR m b 2 K5
MR R R, B AR AN A ) 20 1 SEAG AN B BB A E R o M. B UB SR BAR : R s =2 1R %
HHAN G BRI TR . BIHRUR . BT BB ML S, TR RS MRIETT%, TR KR
BRI, RO A fredhfE B . soh, AT LSRR A BRG], SR ) PR
ARERAT B EA . B AE S Bahtk: FIFINTRRE. Plas 580K, THRR BEAL AT 2 6 7 ik
P, eSS E SN AR ICIERFAE,  SEIU RAAE b (PRI . HEF AT [, HfEshhn 2 B GEs 1 A
AR, S R E I AR

4. &t

P IRE G BORIEIE MR (5 SRR L AR N R UG T Bt R, JTHRANES
YIREN S DNA HABH AR T, Nff e 5t SERS BREF I AE VAR Inl AR (L T BT B8 45 . ASKHIE A
REMMMBBIT . ZRESREEARBEG LB G RGUT R, SR SIREHERHELT . WG iRshas
M S U I R A o A TR o RS . AW 2k 5 AR GGE R S REHE R, D02 12U A%
LT H AR

E&WE
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