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Abstract

Gold nanoparticles have attracted significant attention in the fields of spectral enhancement, food
safety, and pollutant detection due to their unique localized surface plasmon resonance (LSPR) ef-
fects. These effects enable remarkable enhancements in optical signal transduction, charge transfer
regulation, and photothermal conversion during light-matter interactions. This article systemati-
cally elaborates on the physical essence and enhancement mechanisms of the LSPR effect of gold
nanoparticles. It focuses on analyzing the regulatory rules of key factors such as particle size,
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morphology, surface modification, and surrounding media on the LSPR enhancement characteris-
tics. Furthermore, it comprehensively reviews the latest application advancements of AuNPs in ar-
eas such as biosensing, photocatalysis, biomedical diagnostics and therapeutics, and optoelectronic
devices. In response to current challenges such as stability, biocompatibility, and scalable prepara-
tion, this review also outlines future development directions, providing a reference for in-depth re-
search and practical applications of the LSPR effect of gold nanoparticles.
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SAEN— MG R BT IE, R T RIS E KA A BT, B2 R4/ 2 1~100 nm Y5 H &
PR AR RORLIN ,  HH A5 R AR RE AR, PR T S 2 BURAN F R RS RS R RS SO
SR, Hod, RIEERINAE BT R (Localized Surface Plasmon Resonance, LSPR)W A& & 4E 4 J& 4K
FIURL IR — AN 2 BRFAE, 45 JB AN KBURL 5 N SHOGIFAR ELAE RN, £E K R0RE R 2R T 2 T BT = 1Y)
WK, T PIE IR G GRS — S0, g2 T LSPR 248 1].

H 2> 70 DY 120 35 5 M S0P 8 3 < A oK URE SEE I A S B R R DA, N SR < R ORI 25 P PR 4R
TMNARATFER . IUARHE IR A AR O RE HE TR 4% S 40 KBTI F) LSPR R, Al R AG55 5 1 58
DR S F AT e R AR T RE . CAEAEY B R AL O VR T S AU R I H BRI R Fa(2]-[4].
AT IRV T RE, RGPS G0K PR LSPR W 5RRFME (A BT 545 A, SR 28 kg
IR R R R, AU KB S IR B 10 5 S B S 4

2. ENKERL LSPR R NARSHIE
2.1. LSPR 3R BY4FR 7S R

SR AR R T 5 = SEA SO BN R AR BIR,  WRIZE IR ADCIR RS, 8
At MBLRZIIESRIG SR, AUOKBURLR I IR 2 gagsR, RIACZE LSPR ILR, Wil 1 P e Egl
KAURL LSPR 24 R B o 55 2 0 < Ja 2 1 (14 4R T 55 B Be AL T AN TR, <R AR PR = 4 52 PR 45 ) 1l
X IR ¥ 10 SR A AL 2 T K <0 DX S GH 8 O U R U 992K, Toid i S i A% 4%, R SR I Ry dsiqe
FFIE

LSPR 0N (1 ELFE R BN S 9K URLAE 5 78 AT H Lo R AR R MO I, R < 0 KDL R Wi e 7. -
520 nm PHE[5], EARTE B9 K BRI Wi 7 T 600 nm BT, H AT AARHE S )R #EAT P42 ( 6]
TR AE R SCAN A < R TRV VR 2 DR B R (MG LR R AT, B B AR AE RIS, MOk i
AT RE LS R 1~3 DR R R, Dt S AR ARt TR A .

2.2. LSPR #3aFH4894% DML I8

SEENKRIURL A LSPR 48 55 4 3 B8 ik = ML S, 23 il oot AN [ ) 82 FH 3 55t
(1) JRss B L] X2 LSPR SR A g s L . AESLIRICAT T, BORLR T A i 7 A4
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W5 T RSB ZL AR AR AR s ORI/ 2 THD X 42k 1) PR 7 5 FEE S35 3R T 7] 3K P 189 5t L 137 W 2t v Jo)
I3 T BOCRCERE A R R SR 2 UM (SERS)HY,  HAR > TR T e K Bk R i 5, hr @45 50
BEHOR 105~10"2 4%, SLHUIRE SR .
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mmol-g *h™!, % CdS/Au 1k R 4.7 {5,

(3) JEAFEAFALH]: LSPR UK M H i TiB I 5 SRR A, IR e e m A FeE, A
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Figure 1. Schematic diagram of the LSPR effect in metal nanoparticles [1]
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PR 252, R H £ & LSPR W& 101-[12], 4l 2 Bros AN R 350 0 4 4 K ki T S
B RO RS 2 . hn, — 4RGN K R R R m AR B, T I A R A SR A ), T
SRV AL T AT WL DX ) g [ SR UG, 2 ) HE AR 08 ) AT 3 T 45 KA U AE 500~1500 nm J8 ] Y ESE AT I,
S HAEUT LA U A BRI A s FIRG goRORE DR A 0 () T B 20087, AR DX 38l P T ik
W i) R I Y, 3542 T SERS Al R G [13].
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Figure 2. TEM images and absorption spectra of gold nanoparticles with different morphologies [1]
E 2. TEIFMEESMKERL TEM 255 E R RIS i 1]

3.2. REIEIHSLERM

S AR IURL [ 2 THI AL 27 IR AS BB A 3L 70 U 8 1 5 LSPRRFIE o ARAB M (1 S 9 K BORL 5 e A= A1 5
FHLSPR WEFE AL S 5RAE N, M R A R AT R EL . PVP. L B BT E (i =k
fiE), T I8 I 2 (AU B B A PR A FH R O 23 5P, RIS SR O R T A RS . i, 2 A
WHEAE NSO BUR AN R 3T, HREIE S BIE A BREEYS T, WEEADG
A ST [14]-[16]

P A% e A5 M B G 42 45 K 2 Y45 LSPR AR A 2T Bt W1 Au@ReS 74514, Au #% 1) LSPR 2
LA T L F ) ReSy 72 HEH, TR T 1) Aus™ i, Mg S g # R 5 71 Au-Pt & & 40K
L) A E TP AR 4 B I L, SCBL LSPR ALK HERYE, RIS 45 S Rl & B I M, BRIk
AL PERE
3.3. AEfrREFALEEE

YKL LAY ST 4T3 28 BN LSPR Wz, 4 S 3SR, JEHRIE I KIKTT 288, X
R LSPR ARRIRZ QIR BN, HegekBkS HisdY 0 745G )a, BN BT R R
e, A LSPR VAT A% B AT SN H AR 71 (52 B2

VR 1] F) R AR A VE F A LSPR MY SR ACR UM R 2 o UKL ] B RS DS, Rp 2 /N B K RS

IR AR IORL F AR TR BRI 54, F LSPR % A ROR AT SIS AT OGN ZL AN BOG 2245 4 1 P [R] 14
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EYIARRURIFK) LSPR 3545 1408 2 MUK BOR R 7T RE,  FEE 9K & BRI Pk A J
EYUKRBRLAEE AR . SE2A it B 2 EMRPR A7 8 07 T A RO B AR e

4.1. e RS

YL A Bh A K BURLIK LSPR R, BRI 72803, Wi BORGE. B, REUERE
Z£[19][20]o CRCAIREAD > TRMM EZE T . HAN R 25 AWM. —2FH B 74455
HEL ) LSPR WA (i 8% HEAT & &40 A, mT TR bR bm 600 o A AR BR S5 AE bR 64 — /286 T LSPR
(1) FEL RS 3 5 RSB TR S 5, 40 SERS RIS, T8I H bR T T S 9K R R TH 1Y)« #s”
X3, SEPLX IR B 21 1) e R s

LSPR 7 taill 5 SERS il (A% 0 53 A H A X 7. LSPR AL ABAG I A% CoaB 4R 2 “ 47 i 0K 5
PIETENI RS 7 o BN S 6 AT T L 4 J8 9 K U 3R THT ) PR T PRI AR PR IR 3 AT I, 2 T PR 1 R A Ve
HPRBURLR B IR RE e YRR e S AR oy 456, 22 U RIORE R 1 1) R 0T 56 22, 01T 35
REAE IS I A AR AT RS A RS, I A7 A B (1 K /NED AT SEE B AR TR E F BT . 10 SERS A 1 1%
BRI B RIIRSUE SR o BIE RN KRR R TH 1) 55 28 TR BUT S TENSHREUR TR
SR SR IR R AR P AR RIURE R THT 1) 2 hr B U S IOR 100~10™ £ AR5 B BER B)
BN, 2= A — = Wh S arEE, kT seIl Hbs o 7 1 M E B

B MR FrrE. BRAEE AT PUTIRAE . MG B A AR 25 N AN EE X L LSPR Az A A&
Lj SERS #5594«

(1) REE. LSPR M FAT I REBUE AL T 5K, FHASTIBRIE R E nM 2251, RBUS ks B K
4 R AR UKL IR RS 38— Ve R0 o 7 456 5 R AT S AR AR B, M H AR 2 FIREE IR AT, Hrst 284k
s, MELLREHE AR AN - AT L e e R . T SERS AN LA R BUE, KT 4 Rk BRIk
Ui B[ LA 1) 057 FRLREA I B R, AU PR Pk ) M R E aM R, REGE SIS T 0 IR R A
W, REE A R IR B TR R AL RR SR IR B AR 43 T IR 75 5K

(2) FrFetk. LSPR AR AS I RIRE 1 58 4 R TS MR R Jo A Cn ik . &) v, HES A
GARBE S TR —— AR T456 Ja v Re 5| R AR J5 3 55 22284k, 75 5 DR AR5 S 1k IR B 7=
A PRI 2 5, TR A S MR AL 43 o T SERS ASrll (A S5 12 DU T HL e 1 o 2 48 SR Ak
ANFED o7 B2 vl RN . WETERISRE FAAE R ES, MURRX A ARFIEM ST, ERERHE
VMR 3 SR R . ABAL S AN [ 0 B 1 0 R e 91 22 S AR P B, e PR ze s - LSPR AR .

(3) BEAER LS. LSPR M BACM A E MR R 2, & T Sbmic R lEE R, JEFE xS H bR 7 73k
FORLEEATAAMEM, R TR R oA B [ e FE QR O R T, (5 5 SR U 75 SE 50 = 0 ML 5840 - mT AL
SIEREETE, SIS, SR N AR L IS EOR MK, 1 SERS AN ERVE B A AR B, g
RFRIC B RITER I B P IS AR B I 75 et B0 hr 2 3R T 1) SERS REF, TREFMHI &L 1B
MANALAC D IR EE . TR LA U X SERS ¥75 14 55 X 34 s vk BE I 30 2 — PR B R A v, HLAS S L
e B L2 AN, A AR AR AN M B B K

(4) PUFHEAEST . LSPR LA BT T HRe 718055, AEMRE S S A B (s R i A . £
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HARFE 5 RAER, P REE S IR E MR, R RS W AT AE 75 B R S AT B0y 20
WEEFALFE . T SERS Rl FIHTFHLae I AL T a5k, Hr 8 frguidesehe G X 7 Bbn sy 7 585+
PGS, A APIRE P AE R IO R (NI AL B R A A R ) = AR BRI R e 5,
ES LRSS, R T BT LA A B T SO KRR G X — )

(5) AL  LSPR A A A I ARSI T P52 BB, Jai s 2 R (AR A 5 26 W 3 (45 Sl RE R0 R A
PR T ASEI BB 2 T REh & Es Ad i, iR - PUikm g G, R RS ¥ 8, 7
TR B DO, A PO 5. 17 SERS Al FRIAS I B AR, 206 IE 5K
SIS 18] — A ZE B g, JUHOR TOARIC AR I, 5 BRI 75 0 R BEAT SR LA I L RRAE WA P A 4
o BlE A RERE A, X D A2 SR M A 7 5K

(6) A . LSPR ALRSALI I AR, AN - W Wt e Bt R S ih s W R &, T B AgEd
JRARRR: & mAUKRBUR K % T2y, RMBIIERER ., JEH & SRS U, SRR A A
A5 T SERS ALl A AR B, i 2ot A OUHGZ LR 2 BB i & ks & 52, Nk
o 2 B ORI PR RE S SZ PR R, L RE SERS Il PRI IR(IANK B - BTSSR . 91K IEF155)
ffl e R, HERMESMRE, Bt—DHim 7 #HEN R EA.

4.2. JSeHEL S

SYURITRL LSPR RUNE I # i N oy Ia F R 37 338 5 S 0 SN, — Mg A T e Ak 1 BE
RLRAL GE AL 708 R AR A 1 BBRASL T 38 07 8 [211-[23 ] LECHEAR T AR ST, 448K ki i) LSPR 2%
JSE R 2 I S FART A RS, W CdS/Aug s@ReSx YGHEAL AT AU %A 8.6 mmol g *h!, FMETRFE
N 35.9%, #: CdS/Au 7k RIEF 4.7 1%,

TEANA BB, SYPRFTRL LSPR b #A kR il 7E S A S5 A 18 i e L S Ak e . 9,
TEZ AR N, g ROREFE AT WG HE G Ik LSPR A58 =28 (1) Jsy il i, T B A% Ak e 32 7t
3 5L L, Bk iEthik 98%. Ak, SRR LSPR RN AT 1 58 6 HH Ab 77 %5 A BH ' AW UL v
B, Rk BOu ¥ SEAE ORI IX IR, BRI AN AN B, K BH B O i 4 XK

4.3. £EZFISTT S

SRR LSPR R AT HAE AR W R S AU STl 7“2l - 3097 - W~ — &R . ARV
BT, SRR E RS, a2 LSPR {55 A 3G st AL W 40 23 iAo LU BE, 35 B A3
WL SR ZH 23R8 B N SE RM 5 DhRE, NG g oK B DR R (1) S S Ao P 70 BT A Hh SR 30 HE A S M B 24 -
[26]

TEMIREIRITH, SeHVAYT & LSPR RN A St AN o TR ZL AN K O BIR RS, &9 KBk /e
LSPR R T 2K W A 1) ' 6 2 A s B - A A6 g X 3R B 1 28 42°C~45°C, AT RE 1) 2K yd 24t
TPV T IE 5 4 f w5 R B Ma . WFALR, A M6 22 I S oK oR nl i@k #E e R B EH = 2 T
R AL, BT RIATT ROR, FE R T R R IR B A o TSI S AV A B R R AR . A, &
YURBURLIE AT N 25 30AA, 18 LSPR Dt B SEEL 25 ) ) T R I8,  $2 m 24097 BT FRAKEIEH -

4.4. SRR HSUH

SENKIBURLIY LSPR RN Al Y50 R FE MR, FEA NG . ot Bon S A B K8
[27]-[29]. fEHHLEMAEE A, K IRIG-AuNPs 42 % F] PTCDI-C8 2847, £ 660 nm Y8 (4T 20%
(EQE)i%k 453%, AL #FETE 5 LA b, XPET AuNPs () LSPR RGN 1855 T YR EHE T B4
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TEFRMERREAR T, MEKE-AuNPs f4& £ K LSPR ZR7E A WK X (400~600 nm) B A 5 &F miAH 416
W, HIGWE ARG, AR T S BAME, =T SRS S Ay, Ak, JE
TR BRL LSPR N1 BIEEYIKIRIE, ERIMDCIRE Tl il A R4 F HA, AR W Bk
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RIORLLE AR BRI . e A e 8 R 55 T THT I AUE

Table 1. Values of gold nanoparticles with different morphologies/sizes in terms of sensing sensitivity, photothermal conver-
sion efficiency

F 1. FRIESVRT EPRTAARBRRYE, ARERIRFHFENHE

SHRBIRITESR R~ e B R BE IR LOD) HeHEEHANZE ()
10~50 pM (ZN3 /85T i)
5~10 nm 20%~35%
50~200 pM (=4 53 FA&)
SYKRER s
0.5~2 nM ("IN /3 F i)
20~50 nm ) 35%~45%
25 nM (W5 T
H1% 5~10 nm 5~20 pM (K% FEE A1)
40%~55%
KAzt 2~5 10~30 pM (F& A A&0)
SR .
E 4% 5~10 nm 2~8 pM (R A
55%~70%
KAzt 8~15 5~15 pM (& E )
it 20~40 nm 0.1~1 pM (ZERA )
EHIKE B 45%~60%
R E 5~10 nm 0.5~2 pM (M5 47046 )
Hif%E 30~60 nm 1~5 pM ("INrFA il
SYKRE 60%~80%
EEJE 510 nm 3~10 pM (4H A H 5Kl )
JEFE 1~5 nm 5~15 pM (FE &)@ 3 T 1)
Ly 30%~45%

1 1] R~ 50~100 nm 10~25 pM (B A I
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