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Recent Advances in SERS (Surface-Enhanced Raman Scattering)

for Deep-Tissue In Vivo Cancer Imaging

WU Hong", XIAO Xingin, HU Yujun, YANG Jiang*
(State Key Laboratory of Oncology in South China, Guangdong Provincial Clinical Research Center for Cancer,
Sun Yat-sen University Cancer Center, Guangzhou 510060, China)

Abstract

analytical technique, has demonstrated tremendous clinical application potential in biomedicine, particularly in early cancer

SERS (surface-enhanced Raman scattering), as a highly sensitive and high-resolution spectroscopic

detection and non-invasive in vivo imaging. However, the effects of light scattering, autofluorescence, and absorption in
biological tissues significantly impair the performance of optical imaging techniques in deep tissues, leading to misdiagno-
sis and incomplete surgical resection. With rapid advances in molecular imaging, SERS probes have attracted widespread
attention due to their unique advantages of high sensitivity, molecular targeting, and multiplexing capabilities. In recent
years, the combination of SERS with emerging specialized Raman techniques such as transmission Raman, near-infrared-II
Raman, and SORS (spatially offset Raman scattering) has achieved significant progress in cancer imaging. Such advance-
ments provide new insights and feasible solutions for non-invasively imaging tumors buried deep in tissues. This review
comprehensively overviews the latest developments in SERS cancer imaging in living subjects and discusses their appli-
cation prospects in clinical translation, multimodal imaging, and theranostics. Furthermore, future research directions are
envisaged to focus on interdisciplinary and clinical investigations. The aim is to pave new paths for early cancer diagnosis,
surgical navigation, and personalized therapy, ultimately improving patient outcomes.

Keywords  deep-tissue imaging; in vivo cancer imaging; surface-enhanced Raman scattering; NIR-II (near-

infrared second window) Raman spectroscopy; spatially offset Raman spectroscopy; clinical translation
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Fig.1 Schematic diagram of deep-tissue Raman imaging (prepared by BioRender.com)
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hancement, EM) 14, %35 (chemical enhancement,
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EF ] LUA 2] 10'~10°0%2, [ 45 & 2 S8 BRI A
AR 2 B R 77 SRR, SERSHE J938 X% i 4 1
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[FINF, 42 8 9K RIORL ™ 28 1Y) SER SV B 3 5% SORS
FE I8 BSOS BRSNS 5, bbb 8 2 T 38 5 2 (1)
TR 2 1% (surface-enhanced spatially offset Raman
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The first report of SESORS
MATOUSEK P, et al®”)

Discovery of TRS
BERGMANN G, et al*?

The Raman effect
RAMAN C V, et al®

The first report of in vivo
Raman spectroscopy
using an endoscope

WILSON B C, et al*¥

The first demonstration
of SESORRS

FAULDS K, et all*!!

The first commercial
Raman spectrometer

The first observation
of SERS

FLEISCHMANN M, et al’**

The first use of Raman spectroscopy
for in vivo imaging

GAMBHIR S S, et al*!l; NIE S M, et al*!

The first report of
in vivo
SESORRS imaging
KIRCHER M F, et al™

The first report of
spatially offset
Raman spectroscopy

MATOUSEK P, et al®”
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Fig.2 Timeline of key historical milestones and discoveries in Raman spectroscopy
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PR SE R . S5 REoR, BEAYREYH R B
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BRI . FLRIE . T A e R P R A At
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F7 2 AR H AR AR F AL A 80 W o 5%
ARMIRE A AT 9 SR AR At I R PR 5 T 2R
o MAh, QIUAE B 1 — b [H] B 3 5ik i) i 2 R
£t (gap-enhanced Raman tags, GERTs), H B & R
BORE . AR A IR, HERRRT I FE T B T
AT FE ik B N AL B DR T Sl vh
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SRAEIE TS GERTsA4 R} SER S 5 Ty g A I 1] P AR
AT L P g A B R e, (R B R R R R
R . R G, AR FUAE B 2 W R AR AN PR AIS
JHRg 52k #7120, AR ROR B R FE 4
fit 7 SRR , JFA HES2 T k. SR, X
TIRZHLIMNE, H 2GR U 75 45 & B IR
FIEREMECAR, WSORS. TRSHINIR-1I%% .

4 RRALREEERIGEIRHIHE
ST, HE TR AR I 2 D, 24
BN ERIOE TR IR T R 5%
L T o A SR 2 e B O MR
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TR . Bk, WEMRE S BRI K IUN SR
8. B IR BE T- B A HL B RS i R AN AL
EIEREA TR M DASEIAR Hp ST PRI A% 55 1n) 7
1M TRS. SORS. NIR-IIEFH B iR e AAE kA= 1)
MR RRN G D SCHE A E ) T8 7 T
BAETERS, NI BRI HE T AT & . 8
it SERSEHERET 5 TRS. SORS. NIR-IIZ547 2
KRGS, ATk T R Z IR R /e T, N
REHEIZ I ANGETT 77 R AR R A .

5 TRS

TRSE AR AAT M CIRTFIGE, EaEK, HAE
AR AR T PSR R, R N B
TRSHEZIA N E SORSI—FPRFRILE . S5EGME
Bl pr 2 AR UM B, TRSHEIE & F%mA 57 P A5
PRI TRSFFRAK T oK B R JZ 11 5o B e m 1
K EHIRJZ IS B L (signal-to-noise ratio, SNR), K K1
IT ARG, TR LECK, AH EGE ) SO 5
(ZA)A BFEHEGEE, XAEER AR iR
07, R AL 2 WUER X 43 AL T4 b R
A, ) FE G DU AE 5 PRI, R A R B A L
JEK 25T, RIRE ARG BRI AR . —
GHITASE SRS |1 RARFAR 2 4 2 TRS 3
ARSI B ARIOR K, DA R FLIRAA SR JZ 2
I R, SZIL T 4~5 e RFRE , JFEIS A
FURA R AR T AR TS S E R, N
I PRIGAG R FHER (I T R 7 %€ . STONESE I j 7R
T—FPRAGH) TRSHAR , GEGE 7RI FL B4 2 A
FRBNREEIA 2.7 em PG RAH G404, @i ) &
0.9 mm A RIS AL FLART) A IR AL, A TR 3R EL
T IACFIIALES ) 23 B 2., 9 FL I I 2
P T e SR AN, FLRTH TRSFE 2 X3
WAEHETE 4 eoR IR ZL P A I 3] 5 B 3 FE A 4TS
PR AR AR, R T X 2 A S MR
U 77 X — R AR 5 T ORBE RS LU &
ANSFHOEThR , 55 8E LSRR THEIE SRR, DL
KH B BOCHRIE R RE MR, B BTzt
ARG, BT et N ARG R B,
5.1 SERSEA&TRSHI 2%

BT R 2 WU A SR —MREES, I
T i B P S5 DR 3R () R, MO HR A Bk b, &
HIREESH#TE, HANRIIEE & S8ES

g Lk, B GI N ARG 5 SR A5 0y
%Z. GARDNER%: R TG i, /£ H TRSEOA
BEAT A SRR I, CEBRIIR B35 3 J UK N, G5 2
PR E IR . R, SERSHREN 1) 5 R U AR
b, A5G TRSHIZA SIS IR L, A3 I 1 ik S
$i 2% 1% (surface-enhanced transmission Raman spec-
troscopy) A — Fh A R AT T B

A, BRI TRSEOAR, 3145 & SERSHR
B e RS RIG BRAREE , FE IR 2 SR T T EY
137 REFEHRE . BUEEANRTE EIEEL )22 em™,
ZHANGSE I i35 I HIAE JE 5 14 em BSR4 4
M S 70 SERSHREH ) TRSE I, iX— )5 E
B (RN GRS bR IR R . hAh, A
iz U 5t B2 LU ) AR 0T 3805 T AR VR T T R 2
PER AR, AL T — P A I R 2 458 IR ) E HITRS
RGN, %R GR FHSERSEUR bR LR Z £V H 4
HIE AL, BRIDAE B AR %A T HERAAS I B FEF8AE 6 cm
JREE AL S emFE AR AP HIRAL . X
TP L AR BRI AR, Oy S A i R ) s R 12
WrAne T St VIR R AR E M TR, B —E
IR FEACTE /7. BPTHEHRIC T SERSPKAREN 2
A TRSHUAE, W LATET. 1 em A P020 23 P i 21 /) B
e, X — &5 RRET AT AR = A 2 A g
3K o 5 LRI, TZAIUR P 5 R e R Y NS R (2
FUBE . SREURAD H B S5 ) 0 MR R — B, K
LT B AE R I R AL A Y. ZHANGES iz
FITRSEAR, fEZ 4 MMPEF, RINTE 1.5 emE £
P/ ARSI TR IR B TR B AR AR
52 RFRMARELRIEE

TRS5 SORSH T Z X H#£ T : SORSH X /)
ANTFR B J2 Iy 245 5, T TRS U 52 BB AN
(1735 0 845 5 o XA SORSTE K I FL i Jess AT i
A g 77 T BE B AR H . H T TRS UG R 2 ) R i
WA A FH TR P 3 T R Al T, HRE
J5 A0 ZRAE R 2 A 5 e U A PR Rl Y o A
JDNER L PAHMPRIN &5 RBUE, BESRTITRSI AR JZ
PRI EE 77, {52 B AT TRSHA M A 578 4 R
Ik P FF) J5- B2 PR ) o L Ab, O T FE TR S H A% KR AL 1,
AR AR 5 52 D02 R 3R 5 71 ) B AR AL o) i R e 6 4
FRHIT, ARR T AL SRS A B T A AR R, FLAROE
TAEA SN (B AR AT Ny, LSS 5 i
MEE.
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6 NIR-IIFI 2 m1%

SERSTEAMIEE IR A, FEE R ET] W
(200~700 nm)F1IT£L4h—[X (NIR-I, 700~900 nm), H
TR X 3 B A R 2 H SR B ke, A8
LN B IR E R Z KGO . Nk, K 2r sk
— X AE BT 2040 X, SRFRARA A & 1) 5 O0ME
5, AR FERE, RV ARG ]
A7 5 o AR, & FNIR-TI(1 000~1 700 nm)Hiz 2 %,
BAEFERE ST MR 2 ] A0S 7 T 1T 98 A
TR EE R, R NIR-ILE A R 5 R 5%
A7, AR A I R B TAR AR, RIS A Dt
KRKZIRTm R 456 SERSTREN ) = R A K
AR A, 5 NIR-IA G AR LR, (5%
T SRS, A SEILE AR IR 2 2 MR A4
6.1 [EREMABLONEST WFFBE LA ER

H 7 SERSTEIT £LA1M g 1 1 BAG A2 W 5 T 2
g —wdtE. i, AL E KRR T
PSR AR AT 236 6 2 PR A T AR L SR K 5B IR B,
SR 0T RS b g8 A AT B2 . BEE AR
FEA JE BEMIIE 0, A5 R b AS BT 38k G PG, 3X — 3
FAE L ANATE] WL X 35 (200~700 nm) G A BH &2 168,
AN B 2T 40— X (NIR-D) K (0O 5 4 40 348
NI K A AT HAE R, oo i a2 IR = 4 21
5T . B, KOG AT LA Rk s>k 5 A4
VIR ) U AR, BRIRA R B R K IEES
(T4, AT Inhr & A R FE . AHELZ R, F
FINIR-ITIX (1 000~1 700 nm) IR G, AL AHE
SLHEAM B RO, b R 78 2 2 ) RN
BUR, T AEHAS R FERE . XX TR
ML G W B E 2 . & BT A NIR-1TH,
SR 4 AR R =2 G AR T K, SERSTEVR
J2 1 2 RS A B N S 0T R o 3K LS T i
JEAT BB HESSERSAE Iin R H R S H , b geg 3] L e
JEH RN % R RN R I B A B RS TR
FAEAIR ST, FEER AT AT B 7 =7,
6.2 HALEM

I R SERS BUAR I I 7 o5 — A L ZE B R R
T A R R, OGS 75 A8 22 A ) BV LN
AT, DUk Gt IE 8 H 20 O B EE R 0 . AR
¢ B B K bR #E 2 (American National Standard for
Safe Use of Lasers, ANSI)fill & 1€ 35 [F [E K 0t %
AL B HED, B K fC V% B2 & (maximum permis-

sible exposure, MPE)#% & Ly A] g A5 2 A HR 58
Bk BT AN 51 AT AT AN R AR A 850 (1) e K R
BRI ), FEF AR FE o R O R, 3
N H A T MPE( MPE), DU i 75 21
L. A, 4ET LT R A TSR SERS U
ARSI 71X — 2 b 707 R
I I B RO Th e R B4 A R G B[R] T
PUIXBIMPERE, {HIF RIS HAR MR, KV SERS
(A5 e L 2> Bl 2 2 35 PRAIK, st g = 7 5
FUE NIR-TAH G, NIR-ITH7 2 %44 1) MPEFR il 55y
ks o N, FEREGRT A3 10RP IS IL R, IR
fEHET 064 nmIBOE I K KMPEFR#E 910.0 J/em?, 1
785 nmiFEIN A 3.0 J/em?, X B MPETEIR KFE
& EERTFBOB A ThER % R R G R[] 1)
T R SERSHOE 22 A 1 1] i, ¥ 8 i O
£ NIR-IIX 2 —Fp a7 [ 5K 0% . NIR-IIE 1 X A
e . R MPER(E . HEERLLZ
FIERE ST BRI BRI UK E T
B HER S AR, 8 NIR-TITE i 2 22 4 fE
MIHTHE T, Rese gt s i 2 R ZHA B . B
W, FF 5 v I NIR-TIRE 2 4R 59 4 BT A 9
orio BT, DENGSE BT T — il m R BUE
NIR-II SERSHKAREL, H Bk H R H T i PR i
KRB RI e g R 7L s A O 0 i I Ik £
4k (sentinel lymph node, SLN). Hitt, %58 I8 &
B 2 MPET 12.5%, KRFEE T 47 2 28 B Al 1)
WOt Ak, R SR 4E 55 T = (5 e L i BB A5
Fo X EURE Y, NIR-TIX SERSYNKARE 781 &
WOt 2 BRI T, B&IREH S R
B 7.
6.3 FIRMFARFK L RIEHE

5 NIR-DE 2 A& 1 5 1B R (<1 em) A EL, NIR-
1622 R AS B B TR SR v RIS SR 2
HGIERE S, B lik3 em. ART, NIR-IIBAZFAR
TEAE LR R 1) 28 35 TR P ATDAS 2 LIS B % )2 95
o N T IRPGX— A, A B — P40 F% NIR-ITY
WOR A DA S B T B W i 28 TP I [X, DA
PEDCEEALT IR . AL, A A REIEE
FAGHBE AT DURFES F IR 3. il T & ik
14 (photoacoustic imaging, PAI)F] 27 7514 & 54T g 1
=YERTRLAL , 4K 15 P SERS I R R BUE AE T RIS FE
H S IR N R SO 731, [, 2 RS AR o
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WA BT TR — U EAR 1 JR R, SR AL 4 i A
AW E R . T S m B YA 1 S B NIR -
T4 B TG R T Zh8E B8 7, v LR SR
SUEFI T REAC I 7V N, DR O e
[F1) 3663 35 (1) AR U)o g s B ) (bR . %
JRAZ IR )5 NIR-TI55 2 TRl 456, T SEI s 3
R R sk . BRAh, AR AL RO AT RETE AR K
BIF 5T A (I 3 B [ 3 3 1) — PP R SE 7%k B
A, NIR-II SERSHRET (1) g ek 105 R s = 2L T EPR
RURL, SR, X Fiskik 7 IR AR, HAREHEd i
AH RGNS BRI RS . Rk, ARskrwr R
FHTPWITIH: — 38w SERSHRET (1 g i 1% 2, —
JE s SERSTREN BT Ay AT 78 4 P A 4 M sl o 5 ik
AU BHEH T, AT B K PR S s FLAA P e
B, M BRI CE (R AR

7 SORSHIZ4

20054F , MATOUSEK %5 PO g (U2 Hi T SORSHY
MR, 12 AR BTN N T 48 53R 2 N AR 1 43
ATUTL FLAREE S A 1 P e 5 e A 0 U781 A % H A 2 975
(2 WiAF 78 . SORSAXH (18 THEE A A2 F L PR AR
T 38 2 1) 23 B AR DAL R0 G U R, Aok
H R 2 16T e 5 4% 17k 2158 2530k X 3k, A 2L
HAHIRE RN 5SS, IRIHREE S HISNR,
TELZAPHOC RS 5 T, MATOUSEK 1 BA 7 & ik
SEHL T RIR 2 B LG 2 A . X5
T PR AR R 7R T SORSTE I PR IR 2 4 LG it
KIS0 AU 43 B0 X 4 R AR
FUIRR AR B AT BB X, 1 SORSTE AR ARRA
P X 73 TR R TIRLAT A, AS IR FBE 7 326 JEE K 8 ) 7
N, G FLIR X & R B AL, il
WA A H AU A BERS FLEVRAZ, 1T SORSH;
ARAALSZIL T TR, 98D 1 Fp B 4 S A TE A
St B3 3 R AN 06 A
7.1 SERSIR$t£5ESORS

FLALK SE SORS BRAG AT M LA S B 5 R P58 A
PN =Y A SO 4 S A A RS MR e - 4
P12 A5 5 HOK 1) SERSHREN & HE— 25 52 i SORSYE f4¢
Ji 9B SR () — AT RE 7 %6 o NICOLSONZE P14
PR =4 2 41 i BR (three-dimensional multicellular
tumour spheroids, 3D MTS) A ST FLIR IR,
B F-#F X SORSHE 1A, LN E] T R EIA 1.5 em

(1) SERSIREHE 5. Bt4h, A —IREA LI K& 17 B%
Z AT AE T IRES , B IRAE AL B A s T
1 cm¥FJZHISORSZ ML, Bi)5, 454 1 SERRS
F1 SORSH SESORRSHZ A B ¥R 5.1l N2 A T+ /) B Fii
IR IR 2 A % 7. SESORRS4E & 1 SERRSIY]
5 RABEFISORSIIR Z LG ERE S, BERTLT
ZEEIREE, AT LLE A FE 8 . SESORRSH K If
SEEMYR T, HETEIE S BUR O AR A UL
B, 7= AR LIRS, AT R v 7R BRE Y o 27 0
REE™T, SESORRSH—ANE B H7E T H AR N 9E
AR N A G U R 0 e B BRI R 7, R R FR S AN
I R B2 TR AL 1 052 S () LAl
7.2 BERMFRRLZEEE

TEAT B2 U IS, A0S MO e,
DU B3/ 20 23 R 5 Ol HURT 38 S s B ' i R Ak 0
S, AVLECHEOLE K ] R S BUR ZAH RS
Sh e, AN, KK AT B PR 2 B
WHORCR, Semifs 5 am i . Rk, 76 REUE A 5 EE
J5E 2 [ 3R B T4l 2 AR R E . B AT
Fr 2 EAR AR O A 45785 nm 1830 nm. AT,
TESE BRI, BN RAEAL R A8, B A4
(AR FEE 30 5 A L RN, (FLAE SRR I R A, g s A2
MR R AN B E AN AT RURT, B ARYDUR FE R R
BOPERE N T RS B R A, XGRS R B
T ERESR. N T ROX — ), MOSCA%EPUiE
o Sk B AL B AN, K E b B T )R A
P T10%. RS ER G b 2 75 v, 2
AREE W TTT M), A B R SIR AL H R
(e LR, {23k SORSE ARTE I FRIZ Wi b 1 B2 FH
WA, A5 5 55 40 AR P 0t 2 T AR R 11 )
b5 R IR BE RSN, P25 T o RIS, T &=
W FE O] B S S e AR T, Ak, SRR 255 1)
EF, JF & 5 i 20 (1) SERSYKARES , DL il A5 5 b
FREIAR, HRRE AT IR R TT 5 o

8 MIKEH#RI
8.1 SERSIREtHIEMIR LM

A W 22 G M R W A 5 A B T B SR T 1 % B A
.o HIRSERSRET BILEMIARZ M, Do/ DT A B 1,
DA%l AL I PAC I ) M SR, e HE Bl B R
S = E MR I D B2 F . REHUS T B3 1t
J&, {H 54 SERS A4 F fe PR % A0 AT THI I 5 2K 1) ¢
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PEPRAR, T EARBE Y 2 T . AR
For, SERSTREF R4 N RS I8 5 75 2250 i i ke 5
K HLGI NG, BEJS 2 HARMA & 5. 2RI, 40K
IOREAE A ) ZH 23 (0 2 JFE AT B I ) rh AR 21T
RE 5| BRI AE I A=A 4 1) R, 451 G 2 1P s I R 1y
B, AT PR 1) AR NG R R R e — 2Pk e o DALt
X IESEIT 5, SCIUm AL e & B im0 4, A
I MEAEARFE S8 B IR B, RIS TR R 5 e
% 77 (A T ARV B sl i AR AR TE R, J2 W35k
R ER T AH S A 2 4 v i ) SRR SRE 2 — o
Ab, U A 251815, ¥ SERSTRET B H:E 5 &2 H brihL,
AT DU P A SR R B3, B i 22
e B, TR, B BRI
FITETAR A O FL D5 P X3, SAL GRS K E A
[, o RSV Sl A, 1 AR URLAE SR S R R 1 A
£, IRt T A AR 22 B, IX e i E
SHNEAUED T RZGERIER, B35 T 40KK
BHAE H bR DXL, 358 T BB BUR
8.2 SERSIRFHESHITREM

SERSHRET 4ot 6 1 A a1 L 422 52 Wl i Jed J A5 A
CWTHERPE S AT 5E M . & BRI K BRI 5 T
A R H B A TR ZL B LSPRACSE, i 45 FH T I PR I B 44
IR SR TR . SRTT, % ) 4 8 4 K BORE 76 A
[F] IR 2 (8] ] BEAFAE 2 35 22 57, RBURB NS 45
AT EEEZ R0 . X AR A A — S0 3
BLRT 9K BORLAE RS TR AR A PR i )
B N TR — R, RN TR T BA
KRN B 5 B8 TR ey, IR BeEE M et 7 AR 38 5]
PSS, H RS S AT R Rt &, A
T B e s I B0 RS AN AT St o AR VA B o 1) T4
BTG OL T , 3X et JRAE AL ORIRE it 18] 2 B HH v B2 1)
AP ME, R FIR R 55 BT A 1 ) 5 S P
ARG B, AH SRR RUASEAL 1) 2 3 R TS AR T I — 2R 1)
Ptk , 30 5 75 R I ST VA% R ey B 1) B AR
X TCHERR ] H IR N H o

FHEEZ N, - RARSEIEE B BHE N SERSH TR
FA B IR E AR 2 s 1, R 32 S s AL )
NGRS BT ARG RN ALY, 1X 5 H AR
ARAERFEA . et SR mE & Y)(2D transi-
tion metal dichalcogenides, 2D TMDs)[A H Jii T 251
PRI, AR TSI A R 2 g 5E . SR, HT
H B R Tk B A 0R, fr 2 R KON

10'~102, BRI 1 HAE & 7 BRE Rl v () B2 FH 590, 4
J& —A HUHEZE (metal-organic frameworks, MOFs){fE N
—FE AL LA RL, B R s ) LR
ghit . ST A I A D Re Az, SR I AR
JNSERSHS I BT 7187, X e A R o iR 1 4%
4t SERSH IR IIAE , AR EE M. HRKELRR
B &5 m B HE T2, DLACHE 98 5 53 A v B
RE T, 1S I B K P ey A A 45 B8 1IR3 i 7 TR 3R
L PR, ThERAL I & G ARG SR e E L35,
REEL 25 5 R B AN AT PR ) < qi >, R R
HE PRI AR, B EON AR B T
ATy, AERY SN 2 DhRe e 1 J7 5 75 i3k — 28
R o ARV FE N H TR N B IX L8358 4 S
PIPER AL R, A L S5 M5 1T, LA FHSERSIE 5
) 5 B2 ARG e M, HE B FLAE VR J2 2 23 IMoed e 1)
IVASE
8.3 SERSIRETHIIZIRZR

H AR )2 4 2R 5 1) R B 2 /2 SERSTR 4T )
HRARIEA IR B s . BT AEMEE S HE
FtE. LA RFCFEZHRRATIN, TFRES
R 1 SERSTRE! tH 2 R U 2R 58 3B IR FEAS J2
)z — 1, SERSHREF— M i saiz.0 . fi 2
& A FRIRE DL AR T A . H
H, BRI H R T E R E S,
TR B 1 () AR 5 R AR et o e 43 LI
P IR A F SER SRS & S 3 B v SERSHY 5 A%
RA BRI, FIH K 2w 14 & 7
¥, B R R B 7 A LR RSN, fe 3R A B
SRR €7 KON 1 | N i B U - X1 % ol I A g 2 2
()2 ) B TRN BRSNS =2 B bl e I ER AR R BN,

NI 378 e RBEUEE , 32 Al R 2 S R P SR PRV (15 2%
SRS o GIRRIURL 1Y) 22 FLAS A B ] 77 A2 3 i 10 R a2y
R FE AR 7 () SERSHE 9 1, — & fLkE. PEGS%
TRAF 2 55 K T LASRE 5 SERSHRENE A= W4k 9 I
P, fHEAHSERS W] £E A2 R T Hp 2k A e B 5 o
8.4 RUSIEE RIS

FEI PRI o, BRI BAGAR ro 70 7% 26 A2 M PR 1=
AEREAE H AR SR, BUA B R SR HE DAAEIX Y
7 T [ A SHE T - ol T e 18 2 S A e P2 W I 1]
A REH L fe FEIR YT IR AL, BETT AN A R
A RMTREFEOR SN L, 45 & W RA L
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. RAEIA NBLE SR EARE—E R Ehe
AL 2GS, (e R mIG EAPE, mAk
FEATH AR NGIR TG R B0, fr 2 A8 R 145 BE B
A, N TR EER  HER, S5 R ARk h
BT R ARG /), XK W K R (] A B
T, fr BT UG T RS B S UG E, (A
HoHe R 5 BUR IR BE 18] 8 A B 29 . /£ SORS
BB, 2 A e PR BB, AR IR BRI, (HAH
R HER N 2 BAR, N 7 3RBGEIR ZA LN E 5, i
W A — B R R PO AL, s 2 R
RIS FE R R ZWOCOEBR RN, B
HBEBEN, R . BT NIR-TTH 2 55k H
BEPEREK, MERBEKSHERERIELR,
DA, NIR-TTH 2 BRI 23 9% 20 8 3 AR T 0] ot hr
B8 Rt 2 U R — MR TR, B
I S5 A R 2GS MU R R AL, BB A
JEROM R X S B PR iy =2 R, T TE TR B AU,
M S T RS R P, B 5, SRS AT DL B
FSAG AN e 73 HEZR P RS, AR R ER FE AT 98 32 3]
BELA1, A DL S IR B R J2 IR I AL 23 AR B
8.5 BIWEBRISTT—IRK

SERS U4 1) &) BR 22— & HAE 2 23 1) 28 3 R
AR s K% SERSIE 5 I =i 7 1 Al PATAK
BERIZH L EFHENS, TFkROH 2 W EEC)
T RIS IE R, F 2R T I8 s g ek ™
& PAL. SERSHIMRIB & I JH T [F— & H AR, f
B TR 2 84S SERSHRET BT, HEEZ IR AR
WA, i1, NEUSCHMELTING S5 P93 i 64
BT — R AL () & g oK BB ES i R 7, TR B S
7 SERRSHIZ ' 75 Wi 2 494 (multi-spectral op-
toacoustic tomography, MSOT) % . 44 K#s (gold
nanorods, GNRs)&Z 7 — K REHE R ik 5 SERS{E 5 Al
CIREREDIU e i, N v p s N g B bR
TR AR AT AL, DAL AE(E S P it
Gh, BT 1%- TR GK G516 1) — Fl B Ze B DU AR 16 5
i, AMLEENS B ARG b SIS R I S P 280
JIe TR AR e DT 48 R P AR R SRR (H20:), 180 H
T SE 1B ER PR VR IT Bk P

MRUWEN—FhDnfeth ey TR, BA Sir %
AU ECRE , Re AIAETEAL IR . SO AR 4544 7
MR 4. KIRCHERZ: W R | —F14 4 MPR
() =S B AR IR e, H— 1Rk 45 5 7 MRI,

PAIFI SERSIEFLHIA , BEOE7E TG4/ B A s IR iy
52 AN R A F R Bif b2 i G P8 )32 9, S B RS
PG o8 A% S DT o R4, SUNZE BAL i 1 —Fil
PR 95K Bk AUND-TPP-ICG@MCM, %454t
AEfsfs Z IS R (B 459% 6. PALL SERS). T4l
AR X T IE IR LA — X 6B ST AR S A
N TIERE I BIRIT « ZREF RGEIHE B IFHY
AWM E . Z RIS EE ST, DLRAEIE AL ANEOE R
B B RV R, ONREE (I PR R R AN IR T 4R
(T A NP T
8.6 laKRFEL

SERSIH H s bk . REUE AR ANER)
RS i, NG R AL SRAE T BRI AT Rt . 2R,
122 B AR AE I AR FH R AT T I v 2 Bk, 32 22
AR A . A, ATRREEME . A AT ), DA
FOBOCIER DR 2 A E . T2 U A 5 2
—FISE SIS, £ 1 0005 & Ma A s s 1
HAS P A — AN RS U 6 T, X PR T AR IR R
2 N . B SERS. SORSEEH Ay 2 il %
BB BRI AL, $r B % 1 76 1 PR N2 5 T
BT KB — TR RE DGR T2
ZAVALETAZ: U5 F T IR R 10 Rz i s 2
WELBE. %N BRI hREL I 2 B SERSHKFL
TAER T G IE R, A5 P 0 B 25 U A % B [X
Sy IEH SR R A 44 . 8 P B4 00 B
NEE . bR, BRSO NIRR G L
WAL T B 1, L AR AR N PR 5 1k R 55
I RS $R 4L T w479 . kA, PENCESS "8I7E 5344
S P IGAE T RS N BB X 0 4R I D
20174, — WL T &4 KR 7 17 SERS A T 1 Jfs %
PRAN e Jee 2 W (I PR ER H0E , 30F— 53R W SERS/E
I RFEAIS W A ERHT S . WANGEE % 8
LR AR AT 0 B R R T T 4 AR
(extracellular vesicles, EVs)Z& B840 F 2 m) W5l , &
LT 5250 25 R AR 2 EVs il , [k
T EVsRAS e MG TT OB 7 TH 7 /1. b,
YUZEIOUERGT T fd FH SERS 45 & MLA% 2% 1 J7 VA6 I e
IR PHEBR I (Alzheimer’s disease, AD) Wb EVII
ATV, BRITHT FU0 AD B SIS R B VA 2%
BT, TEREEIENE, HT B %E e s )
SERSEREF AT LU# L (AR B 4 BB Ja 48 24, AT sk
DIPREE BR, B Sk N MVE3E R 48, XAl fe G B T
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Table 1 Other major Raman techniques
K fa Rz Jaj B I EE PN
Name Short definition Advantages Limitations Application Reference
CARS Two laser beams; higher Fast imaging; high Non-resonant back- DNA; protein; small [104]
energy “pump”’ photons and sensitivity ground; autofluores- molecules
lower energy “Stokes” pho- cence
tons; resonates with
the chemical bonds
of a molecule
TERS Raman enhancement only High sensitivity; high  Difficulty of precisely =~ Materials science; [105]
occurs on the sharp pin to the spatial resolution control the tip radius;  environmental moni-
nearest atoms toring; biomedical;
chemical analysis
SRS The energy difference matches ~ Does not exhibit non-  Complex system; Lipid measure- [106]
the vibrational frequencies of resonant background  achieving a wide ment; drug delivery
the molecule spectral range and monitoring; tumor
high resolution simul-  cell detection; flow
taneously cytometry
TR’ S Simultaneously providing High sensitivity; time ~ High sample re- Molecular structure [12]
molecular structure and kinetic ~ resolution capability;  quirements; signal analysis; molecular
information ultrafast transience dynamics analysis
FT-CARS Combines the principles of High-speed scan- High costs; complex Chemical analysis; [107]

Fourier-transform spectros-
copy of CARS; the resolution

ning; high sensitivity;

superior resolution

system; complex data
processing

biological imaging;
flow cytometry; cell

is inversely proportional the
length of the Fourier transform

sorting; multiplexed
cell analysis

CARS: AT S W FE 70 #7457 2 HUH; TERS: Jbm o5 2 UM ; SRS: A2 8 f; TR® S: A 1] 3 LR K7 8 6 i FT-CARS: 8 L2844 T

R A O

CARS: coherent anti-Stokes Raman scattering; TERS: tip-enhanced Raman scattering; SRS: stimulated Raman scattering; TR® S: time-resolved reso-

nance Raman spectroscopy; FT-CARS: Fourier-transform coherent anti-Stokes Raman scattering.

Iig G RN o Be4h, A T 3 SERSHUE 51 5 1)
SAREF ARV, FER RS SET . PRad 4 K T AR 2
LN TE P2 R RSt e B R EEN,

FAR T WU N PR 2 ' 1% 27 f 1 B RF 0 7
. RN R R T 5iEt s s b a4, 1
TR A L2 B FL R, HL45 & SORSH AR Hi
SEFARYI BRI A2 7L I G0RES, HAEHEN S
o o R TR AR A TR AR AL, AR 2
15 82%" ., kAl TF AR B s HME DL AT RLAK i e g
(1) LS A% 2 5 B R R TS AN R 3 R
K2 —, NIt KARABEBERZ%: USR] ] F 5 A f 8
AL, TESERSYKIRLIN 51 T T, MIhisAl T i
AN R kL . 2, SERSHUE 51 S TR AR A
i EGRTAAL DD B 58 iR, B BRI R
REAAE . e )a, FAhRL 2 BARTE I RAS I A2 Wy
W R I T I R R R A A AL
SIS 3

9 BREERE

AR, AL GERL 2 AT AR HE R T 3 Bt 2 A
W RS et 3B S Bt AT s —
X Fi & AR NG AR A, R Ak N Ah
K BUGFRIT IR T 2R HA RN F B, 45
B IR AR 1) & B AR R R 1R 2 AR SRt T
FIAIATAT IR TT 28 . SERSHK Bk 45 £ ol i (1)
RIPPEFRE TV, DR SR 15 S 3 5mUR , A s
2 W FE TSR AL T oA IR TR . X RTEHE
WML % RV NE L 5l RFAR
IR LB Rl R A 45 7 BB EH . 56
i), SERSY SORSHIKA M FHHES) | SESORS & 4il1)
K, TR AT A RAR I % 5% A 71 AR R
. SR, SERSTEIG IR AV A2 A 3T I 45 AR ) 22
AT T EE KPR 9N R IURLE A P 13 7 B
FAE A S ), PR T AR I PR B AR i ik —
R NI, W ATAS AL 48 K ORE 1 A
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Jige, IR RS AR . Biltn, SRAJZL40
RS A0 B R KON, 3 e FL A AR A O PR AR S
JEE. SRSk, BN RTRL R R, (L e s i
FEHEHE, R — Nl AT (SR , A7 BT 08 AR A
W, IR

JE SERS YRR N A5 7 X s R i 1k
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