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Au@Ag MK K AR ISRFIZRFR"
FTim KEHEE

(HERIME R, KR OCERF S SEARERE AL, B 200241)
(2025 4E 5 A 7 BUkE]; 2025 4F 5 H 26 BYEIENH)

S HARTE (Au@Ag) 9K ORI R & R EE | A YR 2 v SR A0 00 S ol B i) 17 R R AROK IR 2 L 3R
B AR | A5 ORI 2 25 AT B B N . Au@Ag 98 KA 5 14 PRI 485 0 19 4% 1) S e e S 2 9 T 450 8 0
JCILPR (SPR) B0, 78 SE A} 22 B 58 vh 9y 1o 5 0 28y €. ASHIF ST 2 SRR, BIDAE KR P i 958 Au 99 K B T
M RF . K ARH (AR) & Ag RTORAH &=, fil 4 TIES . RT 50k B T4 19 Au@Ag 9K K 5 ik S25 3k
B, 2 Au 4R B EHAR KT 100 nm BT, Au@Ag 4K 5 R T00A 1 3T ; 4 Au 29K A2/ T 100 nm
W, Au@Ag 4K K7 PRI T0 Ff B Aw 99 KB AR 9 080/ AR 75 B4R (~90°). (A5 R, 24 Au 99K H: 1Y
AR 7 —EEFEN (~1.39—3.15) B, WA AERKIEH R4 (ARG 19 Au@Ag KRR IR, X — BB IR
YRR TR TR AR T — 2%, 5040, OKRK IR B (~110 nm—141 nm) 5 58 f (~60 nm—
104 nm) A3 5 IR A R R 1Y ek SRS ME R . AT BT SRS SRR WY AT FAOR BTN 5, Au@Ag 4Kk K
TR EA F 5 1 29 SPR B, HAR Ml =4 BRI . AR o0k — 0 e T Hae 24w Rk

ol H R R

SR TR, Au@Ag DK KPR, TSR, G BHOTIHR
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R (0 AL 2 R E PR R, TR BE
HEAL ALK A U R BT W A E
Hib, 845 (Au@Ag) Ak Pk AT 45 5 R
G548, AMUSENR T 2B AR AR AT E N B, ik
FHA W A WA AN S A 0 5 2 B OT R .
BEAt, HATSRBE T A A5 A8 B AR UKL AESE i skt 7
B RN S G R SRy R 7 (O, i TR SRR Y
B8/ N S — 2 A T AR AR R, BAT AR B
AR Au@Ag GUERRURE (s 77 K IT IR FEIR
PRI N HIASE) RGBS A AR BT A AL,
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W 2 3 TR 3 5 7 2 F8UHT (SERS) 1 HAH JEJIE B9,
WA S IR R EEHE TOLRT AR 1. b, Au@Ag
YRR A T A R B R 8 R B AR 3T ST T R 2
), FAEXTFR LI AR AT [ &R 2 Fh 45 s ot
P= (SPR) #2001 AT AL RAR RN A S5 52
Zeainly, FL A Oy SO R B AT 4 TR AR SRS
e, EAE b mT E A PR e D2 R, IR A
HARBTMAE Au@Ag KK 7 R #& 7 it
SEPEHOE S RS vE DR A B R X RS
Avu@Ag ZNKA T AN FH ) S, 0T R S TN
KB BT AT I

FHFATCALE, Afhk 10RO E K Au@Ag
YOKRK TR E k2 —. A 2010 4F Niidome
T2 U8 B R SEBRAE Au Aok ] #5842 K45 1)
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SHARFIRLOE, #il% Au@Ag WK KT RIS
TR AR LT J T 38 5 4 2 1 R
JSE ] pH (BRI B A5 A5 R il AR e R I A 19);
PRI [ 2 T PR 0 R e 2 A K A il A ] 20
W5 Ag HTSRIA S Au HBEIR LEXTAR 5T )2 A8 K EURE
1R S ] (1121281, PRG0 TH LARy 70T 0 A AR e i 52
Wi 24 WF5E Ag T IKARTE A Rl FE R iR 3l ) 22 AT
Shy L g e R R A [t AR TR
FHIEHLE TR Av@Ag GUOKBURL, Flan: LA &
Au 9K R, AR K {100} SRR B Au@Ag
YRR DURAR T Aw 9K R, AR K
{111} AR AR 1 Au@Ag 9K 2k 261, SR, &
THUT Au GUORER IR E T Au@Ag KK
JrARTI AR AR BERE () sEma L, 756 = RGEHERSE.

AT, £ Au@Ag AR KT IR
JEE R4 32 O TR T Ag SRR i 20221,
SRIMT, 4 Ag BTSRRI I BLAIRAT, Au 9K {0
] FAE KN Au@Ag KR ITE R 7 R 2544 .
I, R TA A KB R e 7. 5
ZAHL, A SCHRIE — R G LU 245 R gl Sk
A RGO IORL AL TR AT, AT IR AHBARSE T
Au KB KA L (AR) MK Au@Ag 4K K
D5 R T A R0 B (5 T A B A i R4 L e o
PaFE RN, BT 25 SR R A GOR K I R AR
A 29 SPR B, IF HHARMAL L E KA
Yyt [FEE, (2R RAE AR T Au@Ag
YRR T R4S 1 SR AR KU 25 b, AR &
RS R HBE B T A Y Au@Ag 40K K7 IR T
— S, T TR ARKIETE S A R YRR E
SRR T R .

2 EET

HAE~3 nm & HH%E . Au KR Au@Ag 94
KT R85 02 % H L4 ) Murray
WF5E2H 27 Konig F1 Fery HF7E4H 20 B4 751,

HAAY 3 nm S HRHI&: B —E 811K
fdh = WAL SR (CTAB) 558 F/KIRA (27 C
K, B —E m M E &R (HAuCL,) FIELEC A6
AAAN (NaBH,) IEWARUNA, 154+ 2 min /5 #
B2 h (BRI WANTEA KL (online)).

Au RIS Fr—E 5 CTAB AR
# (NaOL) 528 F/KIRA) (30 C /K¥), FH&Um

A—E R IRE (AgNO;) I (& 15 min).
HAuClL i (BE$E 90 min) ., $h82 (HC) %W (1
$£ 15 min) . PR IMAR (L-AA) W 3k 30 s), i
JE A —E fEiY~3 nm 4 FFER, Hifk 30 s 5
e 12 h(EAR S50 5518 e 2 80 W3R S1(online),
FAFEE WA S1(online)).

Au@Ag KK IR §l 85 fE— 2RI,
{GEA P —NSEL, AT 7S bt — S5
e (CTAC) BYHREE  AAbEh (NaCl) B | L-AA
BRI L ARTE AR B Au 90K K AgN Oy FIXT I
L-AA WUHREE (BARSEE 264 M S8 W S2—
S6 (online)), MEHXE K Au@Ag Gk KT IRIE
SRR RZIE (FH N AR BRI WL S2—S5 (online)).

SEM & ih % 7 A& 5 434 Fo - i S5 (S-4800,
HITACHI, Japan) S(H4HL+ 345 (Sigma 300,
Zeiss, Germany) #F4T3RAE. FF 5 A9TH OGS 8 i
SHM-AT DR LTAM OB EETE (UV1800, J3H &t
Nl M BT WA (TEM) . 365 5t
B 5B (HRTEM) & X B FAT4 (SAED). &
1 BE PSR WG 747437 5 i % (HAADF-STEM)
AER (L X BFEREIEY (EDS) FAE K4 #r i
1 S B %E (FET Talos F200 X, Thermo
Fisher Scientific, America); SEM 1 TEM [&]3# i
Digital Micrograph #4174 3R . FERAERE )
b B AT TR R AN (15 B S W AN FSEA B (online).
Au@Ag 9KA T7 (R 11 i R 5 L 485 SR A BR e i
B (COMSOL Multiphysics) 718

3 SLE AR FATiE

A R AV R B4 A AN R BRI
Tz —. AR R R AR Uk e 2B A Y
NG 2 —, EAMEN KB IR, 515525
& @ AT P UURR AN S AR ) Tl A ) e 2l
S U A0 e S S R 2 AN i 2 o S L IR
A ) A A DA IR N SR A5 T )i (191,
ARG R Au K BEIE AR T AEK Au@Ag A
b/ SR LN (anE 1 Fr7R), Au A KE H HAE~3 nm
SRR (APt DB AW ) A KSR, VR i P
JiE, H2s¥ AuC. &l 1(a)—(e) 20N A FIREE
JETIAf (Fh TR EE) 19 Au@Ag 99Ky
SEM K. Au@Ag PIAK T IKRUGE T FEAF] AR
1) Au KB (Au®) bl AR Ag MBI, i f
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AR AR B9 Au 9K EEXT K Au@Ag KK 7
PRTIA R 52 0 DL S5 (a)—(k) (online), THff 940
JE5 AR 4uEUE R LA S5(1) (online). g Au
YOKFER) AR H/NVER, 43510 1.39, 2.35, 3.15,
4.23 1 8.20, Au@Ag KK IRAY AR AR I
K, Sk 1.18, 1.45, 1.69, 2.19 1 2.69. Au 44k
P LA K T AR AE AR I AR5 2 R TAT{ 100}, 33K 28§y
T EL AT AR A F T g, 1XFRE R A T Y 2 7R T
T Ag® PRy I, IR ATEIR2emy A B,
AgNO; $2fI1) Ag B mR (L-AA) i& )5 Ag”
i S A ) TR e AR X SR i T TR, S EUR X
ey s A, TR #E Au@Ag ZHKKTT A
PRI IIE L. Ag tfiilln] F76 Au 9K g SEet
R RE A AT PL ST, 3T R R i 2 T g 4t
TR ZAIE PRI 3 b, RIS M ) m s v 7 1Y)
VEPE RN BE | S A B s ) GIREE L RN B ]
pH 1B DL K S5 o e e ) B IR A Jot (s 710 B G
S I e BE) LRI S, 2 Au 9K
(A KA TR Au@Ag KK 7 IR iy e 2%
8. FIMIEPEFIEE K Au@Ag DK D5 A1 5
TR DGR 0, AT A [] MR R A 2 iy
I b, P T AR K, B8 Ag TERBE N
i 1B BRI A TR T iR TR 28, SR
PEF] (CTAC) B BEXT K Au@Ag 9K K7 K
H 5200 UL S2 (online). J2 i & & ) FLABL &S 0
F (KRBT Br, Cl) A0 Ag 4KH 1Y
TEAR. S LTS INFA AT LAAS Agt i Jir S 3 a5 i)
L2 T ) FLAmf 20T, 2 T 5 ) A A= 061, 9%
TnF) NaCl #8354 K Au@Ag 94K K5 1R 1) 5%
M) BLIEl S3 (online). 34k, pH E X 4K Au@Ag
Y KA T7 AR 0 5 A BOR 20 DLl S4- (online).
Kl 1(a)—(e) MG I 5351 Au@Ag 94 K K 5 1k
TEM E. & 1 T, Au@Ag 99K K 7 (A7) T £
FERE 1(a) b BLA T, & 1(b) Hh de R B, T 7E
Bl 1(c)—(e) FBE Au 4K AR A8 K | ELARAE/N
R AR Bl X R Y Au 40K B B LA N T
100 nm Y, FEE Au POk BRMIGEK, HRmS
BT SU IS B i e AT T N TR RS e L S A<
e FR A T 5 R T 7. 7R R WG R CTAC
i (CLIREET ), REE MR A S CL[R] s 1 B
T Au YRR, HAEAS[F] 125 B 5 1 Ak i B 7
JEARTA]. CTAC BERTER S AL (4 Au oK%
At ) HEATFi G, T B 5 114 Je oA (] 3 3 5031 g

CIOLFE MW B T {100} i o, i 25 AP 3R T g 1201,
BT, Ag 288 (AgCl/[AgCly] %) thAele
iR D (P ) M e i (an{110}, {111}
M{520}) it AR, HEBA 6 Mo ks 5k
Al ({100}), B A SAEARFRE SR I A1 203234,
PR, 7E RIS ML R BT IR 2 ERT)
SRS FERE T, HARRK . AR BU/MY Au 40k
PR 1 4 D T A 5t T AR ATE B3 B, ZE K1 Au@Ag
GORK TR B A TEREIR M. 2 Au POKEE AR
KT 100 nm BF, - PUTAEIAR Au 20K 00 7S A
SETAL (8 ) TR HE BT, — - DU AR AR =
A PR Ag A YIRIR s AT S
A SC—3, Ag PR AeTEdRui A e Fa B i |
b BE AR TTIE U R T . 0 T Au 90K 4%
HARE R, SETUAL Ag T ok A m TR
R, M AT S ) (AL LA 2).

K 1(f) BE 1(a)—(e) H Au@Ag Gk K Ik
AT ETE R, Au@Ag 9K KT IR ATt g
FEH SPR AN G, A A T AR
54 @AM A i FEEIRG A AR, HE
YA T AR ZER 1 R AR DL e A5 A
MBI EAER. 3T Au@Ag 9k KI5, HH
ST A I AL B DL R G B ) K
B SPR B ML TE Av@Ag FKK TR
KA 7 0 O B, 1 ER R W ) A A
P, W AEBC AL IR IR, RIGATT] SPR 14,
o TR BB B Au@Ag 40K K7 1K AR 1
FEORMIHG 9%, K SPRIEREZ ZL8 B il T R 8%
B, BESh (a) B9GhIE SPRIGTE B T8 . A&, #F
ft (b) AER AT 0] VTR AN B &2, TRE S (c)—(e) 1Y
Zh1a] SPR I (~620 nm, ~610 nm FfI~670 nm) fifi
KK AR B84k (~1.69, ~2.19 Fl1~2.69) i &
AR AR, BB Au@Ag KK A AR Bk
SeR MRS, BB, HAP RS (o) PR
FAAHXT ARG (d) BEAR, T Ak 1) 5 Jm) 337 38 4 3
DA G R A AR AR, BRI T AR B K D
RO YIEUHT Au@Ag ANKAT5 1A ) S il 7 16
A B, 3 E R B IR A Y B AR 0, R i)
SPR . #4dh (b)—(e) MA# M SPR I (~520 nm,
~460 nm, ~425 nm Fl~435 nm) FEK 5 A% 1 i
AL (~92 nm, ~55 nm, ~37 nm 1 ~33 nm) T
KA AR L, BB Au@Ag AR iR K B
SN RN BB AR TN EARE A IUES I S DY 22
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Bl 1 ARFKAEL (AR ) Au GOKEEE DT T4 R Au@Ag 99K K7 1 AR R 6B E (a)—(e) 203 AR 4 =~ 1.39,
2.35, 3.15, 4.23 1 8.20 KKK ARy =~ 1.18, 1.45, 1.69, 2.19 A1 2.69 1) Au@Ag 41K+ Jr f& SEM E M B A9 TEM (i B);
SEM & (a)—(e) H B4 400 nm, TEM i & (a) H I A 150 nm, TEM # & (b)—(e) H X444 80 nm; (f) [ (a)—(e) X i

NP R

Fig. 1. Synthesis of Au@Ag nanocuboids using gold nanorods with different aspect ratios (AR,.wr) as seeds and their correspond-
ing extinction spectra: (a)-(e) SEM images of Au@Ag nanocuboids with ARa,neg =~ 1.18, 1.45, 1.69, 2.19 and 2.69, grown from
AR wr = 1.39, 2.35, 3.15, 4.23 and 8.20, respectively, along with corresponding TEM insets. Scale bars in SEM images (a)—(e)
are 400 nm, with the TEM inset in (a) being 150 nm and those in (b)—(e) being 80 nm. (f) Extinction spectra corresponding to

panel (a)-(e).

TE~37 nm(kE S (d)) kb, ATRED M EE S (d) 1 (e)
5 AR R BGH (~10 nm Ml~11 nm), K5E 4
PR I A AR R SPR.AIBHIENE T, Hick
] SPR U4 Fifi 4 31 )38 KSR il B I 2085 B9 1
AN 3 5 T ~390 nm Fl~340 nm &b, X7
Au@Ag GOKK Ty AR i/ \ B SPR 52 3],

ZE LAMER H, Au JOKREESFT I AR K —
ZINASEEE, BRI Au@Ag 99K 5 AR T f
AR ABAHR &A= T 284k, 24 Au 99 KB SR )
AR 16 ~1.39—3.15 JE Bl , [AIIHO0 4k Hofth 251
I LR T3R50 Au@Ag 49 KA 75 1 14 T £ 5
22 (K 1(a)—(c) 1K) H AR tWEAE. Au 9K
i A 18 TR R R RS AT DA e e 8 40 K 5 4
Au@Ag KK ITIRIITEASD, dbFh e R4 Bl
i AL SR IN D R 3 N T B 2L By N T
Wik Av@Ag KK TR A K I )T, 88
ARAIAS LI Py [T 4i 2 17 7™ . S o A o
P Au G BR TE SO TR Au@Ag 99K K5 1A
TOUFF 2 B30 B85 79 SR s g it A i G s T 490 oK R 2
P T —Fp .

TE Au ZK R4 K Au@Ag 99K K 71k

PR, AgtEEXT Au@Ag AOKRK T7 R A K1)
S EARIAETE A | B DA S e 2 R
AR =AEE . 1, Ag kR E AT, W T
B BRI 2, A S A K Au@Ag
YORK TR T Z “Fh77, (At i Ag il g S
SR RSB AR, RN Au@Ag 44
KT REEIE . R, fEREHERIAE T,
Ag VR B 2353 ) 2 T T35 4 790 X6 A T A ER K
R AERSHS AR WL, MR Agt o msin
J RN, A R ] A, T RE IR BB R kB Y 44
KT, A Agt Rt A=, AR T9h10
Z0h T AT REIE B A 0 A 200, [/ 3(a)—
(e) HAE[— Au gk (K 1(b)) EAERKAF M
JE Ag ) Au@Ag KK ik SEM . fEfE5 AL
A —E WO, S A R AgNO; AR
(Ag ) M5 pL, 10 pL, 15 plL, 20 pL i1 30 pL
WIS KAET, Au@Ag GKAS T A i K BE AR
M~110 nm HEZFE~141.3 nm, GEEM~G9.7 nm HEZE
~103.7 nm, [F] A} AR tHAH N HY ~1.85 [ %2 ~1.36.
GERRY, B AgNOs IIABIE K, SN Au@Ag
YR T IRTE SR 3R (~74%) BERTK
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Aut%

d < 100 nmf

Agit  « AgliF — UIBEZAg — DIBEDAg --> PHECE Ag

AWk KTtk

AudpkHE (T A (i falile)
e® =
o I |ev
- ~
~
% D D-d
S 2
oGl
¥
g d < 100 nmf Agpk Ko7tk
Q@ | Aokt (— ) (T Fa %)
fm
f Y NI
~
= = =S
; ke
= "o [ D D Dd
2 2
d > 100 nmff Agf kKT
AudpkHE (=il (T FaRIbN)

& 2

sy Sur::

A TR) 0 T 2 Y 14 A B9 KR AR S 0 70 A2 K Au@Ag B9 KK T7 IR T (9 52 AL, 18T R d D B ol Au 40K B AR A

DAL A K A AR 78 B Au@Ag 9 K K IR 58 B MK DR Lo A K 45 BT Av@Ag 94 K K 7 TR 58 B K B, Hoop

(D-d)/2 >(L-h)/2

Fig. 2. Growth mechanism of Au@Ag nanocuboid corners mediated by Au nanorod seeds with different crystallographic facets. In
the figure, d and h represent the diameter and length of the Au nanorod, respectively; D' and L' denote the width and length of the
Au@Ag nanocuboids immediately after the initial growth of a silver shell layer; D and L correspond to the final width and length of
the Au@Ag nanocuboids after complete silver shell growth. Here (D — d)/2>> (L — h)/2.

JE ERIGHE (~28%), LT MK Au@Ag
KA T IR B SR B R Au@Ag K K7 ik
EAZ, H Au@Ag DRI T BRI RE TR i 25
Hy (G I HEE 90°).

K 3(f) MIE 3(a)—(e) H Au@Ag KK ITIRRY
THOLIEE. T RSFRO, YA SPR I KB IE AL
FALTE 1), XFar Ry O 1 R TE SPR
W, KA (a)—(e) P Au@Ag K KT SPR
1§ (~517 nm, ~505 nm, ~511 nm, ~520 nm Fl
~538 nm) FEK AR (~60 nm, ~71 nm,
~84 nm, ~92 nm F~104 nm) HI I EB G
A, 38 HBAE~T1 nm(FES, (b)) &b, [FFEY
B L(E) 2ol X2 TR (a) IS Au@Ag 91K
KRR 7R (~5 nm) B8, Kigd et
i AN B2, R ] SPR IR B B i

Bl AR (b)—(e) T Au@Ag 9K K 7 ik 0
5T R 3G R, WK T SPR A ZE W8 K Ag
YRR R IERC . PRI, FEAT (b) A7 SEAH
BOPREG (a) A —E RS, TEHE Au@Ag 99K K
i WA FE G OR, M) SPR U4 8 M £ 159,
SOLBHT Au@Ag 9AKRA T3 VA J il A Bl x4
27 1Ok Y SPROBEE™ AR I, 38 R A S
FELPACA AR, RIS\ SPR B0, +
i (a)—(e) T Au@Ag 9K K T R A~ /\ i
SPR i 15 (~400 nm Fl ~340 nm) [F]FE K FE K
TR RAF B kA B & WS, 25 BINE, Agik
JEE L SR A% | AR AR | SR PR R LA K
ZIhid B2, R AR E Au@Ag PR KIT RIS
FIEZS. Ko Ag ke B R SE R 5 B3
AHEH) Au@Ag KA T5 R
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(a) V: 5 pL AgNOs
ARgigyik ~ 1.85 e

(d) V: 20 uL AgNOs;

ARk ~ 1.45 ARpggtk ~ 1.36

(b) V: 10 pL AgNOs3
ARupppk ~ 1.67

(e) V: 30 pL AgNO3

Extinction/a.u.
>>>

300 400 500 600 700 800 900
Wavelength /nm

K3 18 AufikBE (8 1(b), AR 4 = 2.35) W T INAKRIRE TR AgNO;, AR AF T 1Y Au@Ag 94 KA J5 1A KA R 19315 5
HiEE (a)—(e) 5 uL, 10 pL, 15 pL, 20 pL A1 30 pL AgNO5 A= K 1 Au@Ag KK 7 (& (R 19 ARy gy =~ 1.85, 1.67, 1.52,
1.45 F1 1.36) SEM [, HA A (a)—(e) HBIR I 700 nm; (£) Bl (a)—(e) XF B AT EIGIE B, O T ik I, #5465 8 T 3 Wi
Fig. 3. Growth of Au@Ag nanocuboids with varying sizes by adding different volumes of AgNOj; to the gold nanorods solution

(Fig. 1(b), ARpwwr = 2.35) and their corresponding extinction spectra: (a) —(e) SEM images of Au@Ag nanocuboids with
ARpgnes = 1.85, 1.67, 1.52, 1.45 and 1.36, respectively, synthesized using 5 pL, 10 pL, 15 pL, 20 pL and 30 pL. AgNOy correspond-

ingly, where scale bars in panel (a)—(e) are 700 nm; (f) extinction spectra of panel (a)-(e), with spectra curves vertically offset for

clarity.

J TR Au@Ag KA T R G 55 B i oT
[z, ik COMSOL A THI AR, 15, it
X 3(a)—(e) 1 5 > Au@Ag 9K K7 ARE L BT
g AT TR, A 4(a) iR, i Au@Ag
YORK T IRBTH OIS EA 3 A AL, X
5 3(f) F Au@Ag 9K T 1A S 55 0 (AR
WG, AT — 23 AR R 1.45 1 Au@Ag
gy >k K J5 RTE 499, 445, 399 nm i 3 I O Ik
(&l 4(a), ZREETIT), MR HE 70T (K 4(b)).
B AP 28 S S 0 499 nm 4RI AE I & T 9N 16) 1 B
SPR #, 445 nm A1 339 nm 4b &5 GEWE AT T A T
LM SPR . R & KEE Au@Ag 9K KT
i Ag FEJEBERYIE R, Hhm) SPR &Lk A T W
WA, 339 nm A2 SPR R R IE7 E L
PURREANAR, FEELTA R S TG0 BE R RE 2 R
ST B 35 M3 K. [R>S0 499 nm 42\ 1)
SPR ], Au@Ag AR T RIS kb 3L T BA
WIS (K 4(c)). BT ik Au@Ag KK
D R IR THUff 1 FRL 7 B s AR ), dl A TOUA A 2142 (1)
SYORK TR (L) 9 HE1E R A T A 2R 40
FERISB AE AR N 1.45 595K K05 PR T5 f Ak imi
—ANA, SR GEAEY), R BRI

A2 (K S6(a) (online), /R J175S% Konig
S BT IRIESY). LAAR R D R i 1380 411 S — 4> BR T
PEFE 5z ek B 432 0.1, 0.2, 0.5, 1, 2 nm
0 S AE NS % 5 5 % /LA 0.2%, 0.5%, 1%,
1.5%, 2%, 3%, 4%, 5.4%, 7%, 8.5%, 10% F1 11.5%
IR T AU (8 S6(b)—(f) (online)).
gEIL R, B S S I AR, IR A
BN X TERANSH G E, BE r/L 135
B, FLAL 708 B e K Dl N .
MSH SRS /L4518 0.1 nm F0.5% B
i 37 1 5k R de g (1 S6(b) (online)). 18 i #4
To i 282 5 R IR BE LU BB B2 Al (r/L =
0.5%, 5.4%, 11.5%) ) Au@Ag A K 7 ik =4t
R W T SPR FEME S JLADESLR SCHAILTE (1& ST
(online)). Z5HR R, FEPW K 499 nm BUE T, JR
HL R (|E/ Ey|) FETVUA 238 AR 0N 2 90 ) 2
LR K 24 /L N 11.5% W8/ ZE 0.5% B, B
KGR T 1 ~5 5 SR T 2 ~40 £, X
R 2 4 T G oK S5 B TRA i R AR N (R B
A, L 1A H fur o0 A &R B AR A AR 2
P, ST I H oy 25 B 2 Bl A SRt 3R A 14 R
R, BIIEACK R, SR iy e th R T =
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18 1(a) 185 (b) 339 nm 445 nm 499 nm
w6l 499 nm 167! S +
gg\ / — 1.52 o~
14 — 1.45 !
s 1ol ——1.36 g
c b 4 °
< 10 ’ ‘ <
& 339 nm 445 nm 499 nm
2 9
2 af
2L 445 nm 1F W E
0 ' ' ' 5
300 400 500 600 -
Wavelength/nm

K4 (a) A AR 1 Au@Ag 24K K7 (RTG53 45
LRGP (TR R

) AR 2 1.45 [ Au@Ag KK 5 IR TE 339, 445, 449 nm 4b 11

i (c) AR M 1.45 19 Au@Ag 49K K 75 R AE 339, 445 449 nm 4k WY A TS

Fig. 4. (a) Calculated extinction spectra of Au@Ag nanocuboids with different aspect ratios; (b) charge distribution of Au@Ag
nanocuboids with an aspect ratio of 1.45 at 339, 445, and 449 nm; (c¢) electric field distribution of Au@Ag nanocuboids with aspect

ratio of 1.45 at 339, 445, and 449 nm.

FE U200 [z X I R 4R, T A F 1o 25 B AR
{H. Ff7 SRR T B A v BT 7 A A R P v 7 285 E A
JE (BRI 25 PN F i 8 EE AR AR, ITTT S | K R B
RSB RE . A GIOR A5 BT, B
L SRR 5O G R D, R Xl
o5 By o BB 2 SO I 2k A . ARSI T
T, LA B R B OC, AR R
SRR IHLATE S0 DI BV SR 3 A LAar o fift
A5 HL 1% B B 2 220 AT ARSI BT 118 /N RUBE T R Y
NI RRA s Gt plie 77y A i N AP S 1Y 4 12
IR B R 2 3 SPR IR AYAE AL, X Fh AR fE X6}
Jridel FL S G R 25 AR ARG i) %),

TE R AR K Au@Ag 9K K5 R my )y,
T DR METE Au GRS RST e AR SRA R
= Av@Ag PR KT IR TARBUE. I T iE—2
kG 25 S B Au@Ag AOKK T A,
KT HRTEM, SAED } HAADF-STEM %5 ¢
AN RS AR (AE 5 R, A
BEHUE 1(b) 19 Au@Ag 9K KR Akt 3%
fERFSE. K 5(a) S Au@Ag KK I iAE 1M TEM
K, HA R Ah~133 nm, ##H1~91 nm(K5EH~1.5),
HEE MR 90°, r/L ~ 5.4% + 0.4%. & 5(b) K
Kl 5(a) H—4M3 A9 HRTEM &, Hodf ) & 2
X} i 0 L AE Y OKR. AH# T TEM, HRTEM 1)
A% JE A TR FH B o S i 1 A
BT SHUN TSRS BT IR AT, B
AT SR IR, 308 3 A 7 Aot BB JA0Ks L U8 A A 7 2
SRR TR R 22, I ZEAG T TR U 120 53 HE A ]

B A T HI A AR SR, R AR 2E i i F v
ST Z ARV, SEGES - SHU BT
A RE TR REAIG, T IR . Xk, £ HRTEM
PE] o LA 21 B S R AT S 45 80, BSR4,
AREMLZEE] (200) FhHTAAYATSARRIE. H ffAs 280
#3{200} 5 1 18] K 0.204 nm (B Ag 577 fh &
PDF ~F EAY%LE). 1ii SAED WJL:;M‘E%%‘@%
ST RS AEAE RIS B, HAR SRR X
SEB AR R R RS R, B Au@Ag 9K K TR
FE AR, AHTHLONT T 45 (fee) RS FRIEST |
KFEA TR, SO SAED B2 45 5 05 4 175 1
SAED K (I8 5(c)) JE/R T Au@Ag 9K K J7 k4%
Tr) i TR 3 AT RRAIE, PR AT S B RS T [100] A %
A REL RIS X FREE S, FLBE SR EEXT R (200) &
T [A]#E (0.204 nm), TR A9 {200} & 1w = S K5
RIEZS. Hid (020) 5 (002) & A7 5 BE S o B
2[RI SCAEAE (022) 1 (024) 5 T AR AT S B 2
IR RY] Au@Ag YK T IRLE 1) & T HES ) 15
FEA . (A E BN, SAED F {111} 5 1 (1)
B gE— B UE T Au@Ag 99K K 7 1A 1 T AR oK
KAV AT, SIESE T R BEE REEAE) f
HIRABITE Au@Ag 94 K K J5 1K 1 25 i
P, il it HAADF-STEM(JE 5(d), (e)). EDS Hfifd
(I 5(f), (g)) 1 EDS 543 (& 5(h), (1)) FFRIETF
BoX Hotk— 2200, T HAADF #3023 A0 4
= AR BRI 20k A R Y
SRR, HLE A0 K S 5 A i
FZ AR, X A SR L A RO RE 7 T, SR g A
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Energy/keV

(a) Au@Ag 40k K 75 R A9 42 1) TEM & ; (b) Au@Ag 45 K 1 J7 7R 59 42 1 il it

HRTEM [&, v A7 0 1B 52 % i 0 f 2R HE B K5 (¢) Au@Ag KK 7 PR B9 4% ) SAED &, 32 %2 & 1 24 (002), (020), (022)
(024); (d), (¢) Au@Ag 44K K 7 7K i % 1] 55 4% 15] HAADF-STEM 85 (f), (g) Au@Ag 44 K K 7 1K i il 6] 5 4% 15 EDS T 49 4] ;
(h), (i) Au@Ag FKAT7 (R il T 5 4210 EDS s 35 BT £k

Fig. 5. Characterization of the Au@Ag nanocuboids (Fig. 1(b)): (a) Cross-sectional TEM image of the Au@Ag nanocuboids;
(b) cross-sectional side-view HRTEM image of the Au@Ag nanocuboids, with the right panel showing a magnified view of the blue
dashed region; (c) cross-sectional SAED pattern of the Au@Ag nanocuboids, with the main crystal planes being (002), (020), (022)
and (024 ); (d), (e) longitudinal and cross-sectional HAADF-STEM images of the Au@Ag nanocuboids; (f), (g) longitudinal and

cross-sectional EDS surface scan maps of the Au@Ag nanocuboids; (h), (i) longitudinal and cross-sectional EDS point scan integ-

rated spectrum diagrams of the Au@Ag nanocuboids.

BEBNRE5 o, R RN T LA AL Au
IR F R (79) KT Ag WY JEF P8 (47), B
K 5(d), (e) A2 BER R R A 2%,
BARI IR AR5y AR E, W R T Au@Ag
KA TR I 4 AR FE S M RRAE . Hoh Au 94K
195 ity A0 30 450 78 1) 1 56 R 2 43l S ~14.4 nm I
~24.5 nm, I 214R 7 B . EDS 1 i 4 I ke
i L SRR R RRAE. X SR BB R X 43
JCE. ANIRITCE M 2450 B e 1 TR R
G, PR X SRR B ME—E. 7E 5(6), (g)
R ARER Ag TBE, HIE AugtE, Ag THE
Bo) Au o g, HERSEMEZ TR mIgAR

5E 5(d), (e) 5Ee—5. K 5(h), (i) #/7~ T Au@Ag
UK TR TTR 3 A FRAE. Hoh, Au TR N,
M, Lo fil L3 £ R i 1§ (~0.28 keV, ~2.10 keV,
~9.70 keV Fll~11.44 keV) 5 Ag JGEM M I L £k
R iEIE (~0.29 keV Fl1~2.96 keV) 14 fE MR 5.
734k, B 3(f) OGS AT LIE 1 Au@Ag
PR K T7 T SPR LG, YA 1m) SPRIELLHE &
~700 nm (BRI WORLAE 400—420 nm), HIEIE H
B A FREE, BI ) Au@Ag 94KK D5 IR (1945 7] 53
PEAT 2. FIRRIEG RUESE T AW A& iy
Au@Ag G KA Ty U RS A AL Au Ak R 1Y
B-re R KT IR G5 1, oA 4 S B 4% 1] e 1
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Abstract

Au@Ag core-shell nanoparticles have emerged as a promising platform for photonic applications due to
their synergistic integration of gold’s biocompatibility and silver’s exceptional plasmonic properties. And
nanoparticles with sharp corners exhibit electron accumulation at the tips under electromagnetic fields,
generating enhanced localized electric fields. This phenomenon facilitates their applications in fields such as
surface-enhanced Raman spectroscopy and strong coupling interactions. So, when Au@Ag core-shell
nanoparticles possess sharp corners, they will exhibit excellent performance in trace molecule detection,
biosensing, and catalytic applications. By using gold nanorod (AuNR) seeds with different dimensions and
adjusting the volume of silver precursors, the seed-mediated synthesis of Au@Ag nanocuboids with adjustable
morphology, size and surface plasmon resonance is systematically investigated in this work. Key synthesis
parameters, including AuNR diameters, aspect ratios, and AgNOs; volumes, are modulated to realize the
morphological, size and optical control. In experiments of adjusting the size of AuNR seeds for synthesizing
Au@Ag nanocuboids, as the diameter of AuNR decreases from (136.5 + 5) nm to (11.2 4+ 2) nm and its aspect
ratio increases from 1.39 to 8.20, the aspect ratio of Au@Ag nanocuboids increases from 1.18 to 2.69. Notably,
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when the diameter of AuNR is below 100 nm, the sharpness of the corners of Au@Ag nanocuboids is
progressively improved with the increase of diameter and decrease of aspect ratio of the AuNRs. However, when
the AuNR diameter exceeds 100 nm, the corners of the synthesized Au@Ag nanocuboids exhibit truncation.
Meanwhile, the extinction spectrum reveals that apart from the broadened and indistinct peaks caused by the
size effect, Au@Ag nanocuboids can primarily excite the longitudinal plasmon resonance mode, transverse
plasmon resonance mode, and octupolar plasmon resonance modes. Furthermore, the plasmon resonance peaks
exhibit corresponding shifts in response to changes in the size and morphology of Au@Ag nanocuboids.
Meanwhile, neither the characterization results of high-resolution transmission electron microscopy nor selected
area electron diffraction shows {111} crystal planes, indicating that the Au@Ag nanocuboids with the sharpest
corners are not truncated and exhibits an exceptional morphology. And the results from high-angle annular
dark-field scanning transmission electron microscopy combined with energy-dispersive X-ray spectroscopy reveal
that the silver shell exhibits anisotropic growth features on the gold core, with its transverse thickness being
significantly greater than the longitudinal thickness. Besides, Au@Ag nanocuboids’ dimensions are linearly
regulated by the volume of AgNO; (100 mmol/L) from 5 pL to 30 pL, yielding tunable lengths ((110.3 + 7.8) nm
to (141.3 + 5.5) nm), widths ((59.7 £ 2.1) nm to (103.7 + 5.6) nm), aspect ratios (1.85 to 1.36) and
corresponding plasmon resonance peaks as validated by SEM and extinction spectrum. The simulation results of
their extinction spectra are in better agreement with the experimental measurements. For the nanocuboid with
an aspect ratio of 1.45, as the sharpness of the top corners decreases (r/L = 0.2%-11.5%), the strength of the
electric field at the corners shows a trend of first increasing and then decreasing, with the maximum electric
field enhancement observed at r/L = 0.5%.

This work synthesizes Au@Ag nanocuboids with controllable sharpness of corners and dimension by
adjusting the size and aspect ratio of AuNRs or changing the quantity of silver precursors. The method
proposed in this study for synthesizing sharp-cornered Au@Ag nanocuboids provides possibilities for customized
fabrication of Au@Ag nanocuboids, thereby expanding their application prospects in nanophotonics, catalysis,

sensing, photothermal therapy and other fields.
Keywords: seed-mediated synthesis, Au@Ag nanocuboids, morphology, surface plasmon resonance
PACS: 81.16.Be, 78.67.Bf, 81.10.-h, 73.20.Mf DOI: 10.7498 /aps.74.20250602
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