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Molecule-directed Assembly of High-performance
Surface Plasmonic Devices
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Abstract Surface plasmon-based devices exhibit exceptional light confinement and enhanced light-matter interac-
tions at subwavelength scales, offering a promising route to overcome the diffraction limit and enabling breakthroughs
in nanophotonics and optoelectronic integration. Chemically synthesized noble metal nanoparticles, with their
intrinsic subwavelength dimensions and outstanding plasmonic properties, have emerged as ideal building blocks for
high-performance surface plasmon devices. To realize this potential , high-throughput, cost-effective, and structurally
controllable self-assembly strategies are essential. This review focuses on DNA-directed assembly approaches,
highlighting their applications in constructing strongly coupled, nonlinear, and low-loss plasmonic devices. Based on
the fundamental physical processes of surface plasmons, we emphasize how the structural precision and programma-
bility of DNA molecules empower optical phenomena, aiming to establish a new paradigm for the precise construction
of advanced nanophotonic devices using biological macromolecules. Finally, this review summarizes the key

challenges currently faced by self-assembled photonic devices, including cross-scale fabrication, structural defects,
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and loss control, and, on this basis, proposes future key research directions and feasible solutions. DNA-directed
assembly demonstrate broad prospects in the development of high-performance and multifunctional plasmonic struc-
tures and devices, with potential applications in optical communication, quantum information, artificial intelligence
and disease detection.

Keywords Surface plasmonic device; Metal nanoparticles; DNA-directed assembly
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Fig. 1 Schematics of second harmonic generation, as the representative example of the non-linear optical processes
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Fig. 2 Schematics of the loss pathways of surface plasmons
(A) The radiative and non-radiative loss of localized surface plasmons, involving the relaxation of interband and intraband excitations ;

(B) the loss of surface plasmon polaritons, where the scattering loss represents the radiative loss, the inherent loss and propagation

loss represents the Ohmic loss and Landau damping in non-radiative loss, respectively !,

Copyright 2021, Wiley-VCH GmbH.
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Fig. 3 Schematics and morphologies of assembled nanostructures

(A) Schematics of different assembly methods: from left to right, evaporation-induced assembly, molecule(DNA)-assisted assembly
and DNA template-assisted assembly; (B) schematics and SEM images of the evaporation-induced assembled films (Scale bar, 100

nm); (C) schematic of the evaporation-induced assemble method at the liquid-liquid interface(top) , and the assembled nanopar-

ticle films with ligands with molecular weights of 2000 and 12000, respectively(Scale bars, 100 nm) !,

(B) Copyright 2006, Springer Nature; (C) Copyright 2020, Open access.
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FNEVCIC , 45 2% [0 S5 1 <5 7 T R S5 AN [ 2 350 118 49 K JBOR 50 48 g 37 5 55 75 07 AR B 52 2% T AR 45 4
[E14(B) ], /RBL T DNA FCAS:-5F 42 i AN K UKL I 254 42 g

DNA GfihE B AN L R 7 BB 58 73 T B S5 M nT B, I E B By | IRy
A 23 1) 73 A S AR A 2R AR 2 B R A I A A R TR RE i B (IR AR A, TS AR RE i i IR A
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Fig. 4 DNA-assisted nanoparticle assemblies

(A) Schematics of nanoparticle surperlattice engineering with DNA , and TEM images of assembled surperlattices with fcc and hep
lattices (Scale bars, 50 nm) ¥, (B) Schematic of DNA-mediated nanoparticle assembly (top) and TEM images of assembled

nanoparticle cages with different symmetries (bottom) 64,

White overlays indicate the positions of the cages, and orange
outlines highlight their corresponding symmetry and geometric features. (C) Left: scheme of AuNP assembly driven by a DNA
strand-displacement catassembly circuit; right: SAXS patterns for aggregates, disordered structures vs. 0.5-nM catassembler-
assembled structures'®”. (D) Left: schematic for catassembler-triggered conformation rearrangement ; right: pH depended switch
between FCC and BCC crystal form™®. (E) Schematic and SEM images of the gold nanoparticle arrays on DNA origami .
(F) Schematic and AFM images of the DNA-framed nanoparticle assemblies, with the insets of zoomed-in assembled structures
(scale bars, 200 nm). (G) Schematic and TEM image of the gold nanoparticle helices (scale bar, 100 nm) 74 (H) Schematic
and TEM image of the gold bowtie nanostructures based on DNA origami templates' ™,

(A) Copyright 2011, American Association for the Advancement of Science; (B) Copyright 2017, American Association
for the Advancement of Science; (C) Copyright 2020, the PNAS; (D) Copyright 2023, Open access; (E) Copyright 2010,
American Chemical Society; (F) Copyright 2016, Springer Nature; (G) Copyright 2012, Springer Nature; (H) Copyright 2018,

Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.
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DNA J3 -3 T A3 3 W SR AT AR R 28 52 2 P RN B3 F- 20 T b sl A A SR, 5 | e TE
ARGYKITRL AR F A T Or B 2H e . e T 3X— 5 HE , Ding BREZH N4 B2 R 5, 100 15 nm Y42
YRR 41 B E — AT DNA Y408 i 7 ELEI4(E) ], BUkzA]FE t DNA Btk B B
JRYE , AR R 90 nm , AHEBA AR R]FE/N T 10 nm, 5 BH450 RO & E—2, BB T
DNA JrACEARTEAG R AR URL 548 E R RS JT . Gang TR A2 R 10 nm A 9K FURL K
AMEHAL A DNA PraCHESR , #4507 T HAG 45 n) S 45 5 RE 1 B9 K B0k - DT 4RHEZRAS R | AT 2L T DNA
PraCHESR I 25 SRR, AR BURLA 3 7 . BRI . ZF IR S MBS LK 4(F) ], ha)E
YRR ZERE) ) T G R B FAIE TR R B

B 7P T 2H 2k, DNA JrACH AR 1975 0] 38 7 58 ) Ry T4 i 280 (0 m 42 il e S ARk 1 Fi il 7,
Ve A AR TAE, Lied A4 ™ DL —4E DNA Hr 4RSS FKE 10 nm A9 440K Bk 21255 S BA e T
PERIETELEA [ 4(G) 1, FFal i i B 00 s I TR 4158 ™ R 42 5 28 86%, 76 1T WL T 3R i R — (it
(Circular Dichroism, CD) 5t al. thAh, i@l X DNA 41 2Bt b1 & m o ae 4k, Bl ans1 At
L7 pH MR T B T A RE AL, AT AR SR BN AS S B EOTAE ), DASEIUAR [F] TS R S DR B
SRR . X TAEAUE R T DNA SR S S 2% B = 4R 250 i e (e, Bt 7 A
A HE Tl R g oG D RE S T TR )

Ding PRIZH 75 T4 J& TE A 55 DNA SRR I 25507 i Z RN AT ARVERL , SR T DNA BH 44K
ORL A EE LRE T, 7E DNA i 40BEAR R M2 2% 304K 80 nm A4 — MAARANK IR , 43K T S5/ Al
5 nm (RAREEZEF [ 4(H) |, JETT, 384 —AR DNA SUEERE SR ER o> T3l A Bk R B rp , JEF i
AR AR i Y R R 3 (FLRE I R T2 R 2. 3x107) , FE R TKF ISR T HREN o T
AR (L& IR 7292 10°). M TARIEN], % V-8 i)/ NalEE | 2% 0] SR R 5 A TEAZ I
Ay ) S5 S EL AT TS 1

HHT, DNA TR L2 0 F TR0 ARG B 228, (H A2 PR T 20 e AR A 3 18 S 1) A E A
FH e LA S SZH e 548 f) ] 3 e s S AR A B SR . D X X —[RIRE, AT LGE A 5 | AHE B S
W 21 2 B S il i ) ZH R AR DT R TR 709 77 4N, Lu DREH ™ 4 Y T DNA T 4CHY “ ™ il
VR " SRS, A B A SR G AN K URL I 4 TSR R T, i ok 3 IR0 S BB [B] Y 2H 2% . T,
TSRS SN, K 2 2R S 1 A R SBORE ARSI AR SR T A 25, I S AR R T ) UL B s . BT X — 2
TR, A THF B AOKBRAORLZH B AN A BE | 23 (B R S5 8, [RIINHZHRe ipR o S B 1 A s A i 1Y, e
I8 T RZRRIEAR A T 0 AT A P 2H 2 B AR A AN K AU 2 20 Ky T Hh (R 7

EAFTE A2, 8 DNA B CAE R B S D RE i BRI B e, (HAZBR T B — iR R
S 30T ME LU T 92K 2 OK RORSEAR ARRAE R B A i 2 JHOK 2t B 2 0 R IR 27 B3] . TRt
A DNA A3 4125 5 125 i ME LA g P ER AT oK . it TR i TR AR 9 2= Rl BRISVE AT 51
N OKATUREAE 2 TS R 57 18 Ak () 1 2 25 Sy S AN DK AR P KRS o7 P 428 2 b B A1 1 T A7 gkl
40, Brugger BRUEIZH > LA SE 3 28 5 | AN ASBORE IS VR, 1 PV TED B 240 T B FRAS G 9 R T 7 ik RS 5

Chem. J. Chinese Universities, 2025, 46(9), 20250133 20250133(8/20)
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KA IT AL D . i AR S R TR Y BB A, RT RURR 9K AR B0l % 1 B2 TR 4 22 2° LAY
I T KIRARESN S [ 5(A) ] BE— 204, Sl R N BRI T — A, Woll PRARZL K5 44
KERIIURL LR A AASIURL 81, BN PR S BT IK 3 wm [ B 5(B) |, [H52 BARZH e P 2, 24
R 58 BESE NI, RS 2% 6] S PN R BORL L R S B IR RE A B %, S 34 M S 2 B 5 7
ZARTMERE Z 8] A A EL AR 24

h 4
¥ 67nm

ap\2 9008 Fepeses. - »snpes,
S A L S RS

i

Patterned HMDS/SiO,

Fig.5 Template-assisted nanoparticle assembly

(A) SEM images of nanorod arrays assembled by template-assisted capillary assemble method (scale bars, 250 nm)'™’. (B) SEM images

18] (C) Schematics and SEM images of template-assisted DNA-mediated multi-layer

){87

of assembled gold nanoparticle lines in the templates

architectures of heterogeneous gold nanoparticles (scale bar, 300 nm . (D) Schematic and SEM images of precise 2D arrangement of

DNA-functionalized nanocubes assembled in shallow templates, with zoomed-in inset(scale bars, 500 nm, inset, 100 nm) (s8], (E) Sche-

matic and AFM images of gold nanoparticle array directed by template-assisted DNA origami (scale bar, 500 nm)'®,

(A) Copyright 2016, Springer Nature; (B) Copyright 2007, Springer Nature; (C) Copyright 2018, Open access; (D) Copyright 2020,
the PNAS; (E) Copyright 2009, Springer Nature.

N TR —F i, SEILAS AR B E (5 R AR IRIE N ES &, T 2O AR S DNA 73140
YURARLE A, F5T DNA 715450, 757 1] BRI R AR 0 Ji 20 K B0 2 2B 45 M O TE A s 25 1] . 41
an, Mirkin PREEZ T AE RN | AR FREE DNA MBI 51, I 04O A AN DNA HgE(E
W P 5 1) S Ak N KB , AT FEASEAR AR 28 21 2 T 45 TR AT i 2 IR e & [ 5(C) 1. A
I, RN A R TR PP P i T 4R A M R, B T 22 BRI E A Ui HEST . i
— P, AR e R 2 R TR R I AR AR T B T T s ] BRI, , o K O 1 2
RS PR ER A ) i % 4 TR 40 2 10 nm AN, A1 B DRS00 TR0 28 27 LAY, SEBIL T 6 45 i) S P R AU 4
R B H ) RS T T IR, TR TR ARSI [ 5 (D) |, JERHBURIIE S i
2\ A THASESE ARG, O 45 o A R ORE 2 B 235 R 7R RS e - it v ) P B A8 1 o S A b
LA .

DI, W] LURE i s ) BRI AR 5 DNA BEH A S 2B ARZS 5, IFIdad 15 DNA B 5 iR it
[ A AR LA, T DNA RS A 8 0 BRI G BETHRE T, 7 TR RRE RS R TR R 57 14 [] e 52 B2
OKATORE 2H 2 AT S A SRR IR 1Y . Tk — SR, Cha DRAZL™ L7 H L ik U0 W ik 2R 47 B 7K A

Chem. J. Chinese Universities, 2025, 46(9), 20250133 20250133(9/20)
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H, JF LU T R A TR AL PR R K B S AR DR, i 5 T HAT SR B K 22 5 1 R S AL RN
2L DNA R 5 2 7K DXl ] (9 2058 S i AR ELAE ), SE3 T DNA B AE 181 S AL BRI X B A
FP MBS . ISR T, R S 0K BURLAE DNA Fr 4045 2 TH ARG HELE 2 , R T R AR HESI G
Fe K OR8] [ 5 (E) . 28 1 91 € DNA 2R UL | 52 BHLE JIe 2 ThIE 7 4= 1 =4 DNA B Al i
Gang PRAZL " 5 SefE bR IR T ] 25 B S AL RO 62, 1 MT7E B AHB iR AL H5E DNA RIS A DNA
AR I AL, RE AR R X, fi it 28R KL B A AR . BT — Tk, B TTHE
JEE R KL JEE S T ol 46 1 BB AT 2 1) =24 DNA R f s, 9 vl o 42 <6 3 T A6 B 5% DN A 1) P 5103
PEAAR AR T 1) . X SE TARJRZR 1 DNA [ 214l # S LD REATT A= 45 AL AL BEAL 1l it -5 SR AT )
L5 LTI, AR LR RS AL L R P 4R | 25 (8] B g T SR 7 LA A R A% . *) T
DNA A LT, SR HAREE BAMFI AR S5 e 8 G R AORS HEPE , RT LSEBUXTORE a] B | 571
XIRRPESS = 4RI ARSI PR, SCHEAS M2 B RS B L T Sl i i R 26 . TR, ol
DNA A FAUEHA I AN T AN THOR,, DNA BN SR =2 | 224100 5 T4ty S FrEL5 kg n] LATE
TN AR 1515 B I — P SRR, FEB SR AL e 3 — il i bR e R R R AT )

3 REFBEHITHFRERERE

F 21256 Ty i AR A2 2% 4 T A R 5 A T () D 38 R s e 0 2R T 25 B WU TR R Th BB IR AL T &
B PR . BN, TR A0 9 A B0RE X Bk P 5 1) B el A ey duk A S oo A A X | B RO S ) O EAE
FH, TR 5 L S50 (R e By | SEBURRE Y D RE ., A1 H A TR LR A M s b A VE R AE
g o aE (AEZet: | IRBFEALHESE) i FVE ) .

RGP B E R B R OR | TR AE L RO AL . B TR S YRR R AR
TR/ TR AT PN, R1 0 e 2 15 SR A A B S A AR Ak, AR AT RE A% S 25 R 1A VR R R L e,
Reich ALK EAR N 59 nm (Y & 9K FIURLAL 2 R FURLET B 2 nm PSR I B 6 (A) A2 . BlE 2
B, WSO Z A R P Rabi B2 AFAE [ K 6(A) ], HiRabi 3LRAER K5 3.35 eV, i KIH—
RS A TR A 1. 83, W R T e Sk B Bl 6 (A4 ], AEE A T 28T R 3 1 55 2
WOT ST RN A, BUET, e S YR AR A R B T AR A B S BT, DT T
TERE WAL, (54 S AN K R 254 B JE 2SR S R A T 0 . SRR R LA B 5 IR T A 5
B, AR 59 nm [FEZE 25 nm B, A 5E AR HU 1. 83 FRAREN 0. 95, F 14 Bifi W AU 33 5 55 A AR A1
B TR . XSS, 4R YRR ZH R S R (R R IR T IR S W R A, AR
T Purcell RN 5| & MR STHFE , S T AL BOCH Ay, A IRIRFE . M EREMI RO F R R T
SRR,

FEDLIERE I, Verbruggen BRI A ZUEE R RST M &, REWEIE T S 90K BRI AE 58
S EAE R A0 B o e 6(B) 1. WFFE L PR, Y9N KBk E) BE /N T HOE 24 BAR T, Al
&4 R AN K BURL I 2 11 45 B O R AR SR ARG, TENG SR I R S s B (W [RIB, fLIR IR A,
FRI RO IS LIRS 5 Bl S0k 1B A 3G, 4K SO IR Ao T 1%, Ryl 37 BE R A1
TE I O G 2R 77 101 U 2 IS N RO ot 1o R A . X — 78 f S e T 2H 2 23 ) w28 1 2 B o oA
SRR 2 1) B SRy A R A T A B, HER T AL S R X SR 3 0 A Kot 1 R E R

AR A T X K TR R P A R SO B A AR , et 5 A SR A | TR T s
2R AR Y A AR i 57 . T A X 2 2R 8 ) v B — 7 S ARG A TR, DO S A SO A Y 4 R
W . XX —PkiK , Wang Fl Chao %™ A AE, SET98 K BRI SRS SEBE T 4237 D 115 4 K BRIBURE 5 5
SERIE 2 %E , FEAE ISR RUBE ST T HOb2Ema N ARAE . BRI S, A58 A A 1R TR K kL
FE DNA Jr4CR i 4B AR s, B B, | (L8 . U A DNA PREEZS [A)HE S UG 52 31| 4 40K ST iR
FIPFREE N E . SET, IR EDRS 490K 37 7 R R4S 1) S A 45 G Re i, 45 4 e 2540 2 (] A AH
XFZSEE ], FIEN T 3 A AN [EFES AT Fano 2544 . AT R IR, W54 9K BRE 426 7 4 4l K 7

Chem. J. Chinese Universities, 2025, 46(9), 20250133 20250133(10/20)
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DR TIUR, | AR b, SE 3 385 SR LR A8 S 0P, AR A R e A S R R A I O
HETTSEEL T X6 5 A B FR AR L& 6(C) ). ZE T . B A, JOURE ] (g #0 s DX St At
g4 5k H] 80, T0 IS0 F% . 5 ZAHXS R, LR MH RIS RAL T, AR B P22
G K 435904 3..92 x 10°(THAR ) , 3.91 x 106 (ki) Fi12. 49 x 10°(TH ) [ 6(D) . iX—45 KA T
SER T A B HOTR AR R R DI DE R, WIEM] T ARG B2 (1) DNA A AL SSH XA SR g
A D RESSHA AR DL RIS -5 0 R 75 5 B2 AR TIPS BE T

2.0 1 .
o
£
Q
8
1.5 4 g
%
R IO
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2
8
0.5 4 g
g
=
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Fig. 6 Optical responses originated from the light-matter interactions in nanoparticle assemblies

(A) Left: TEM images of assembled monolayer and multilayer films. Middle: absorption spectra of 30 nm gold nanoparticle
films with 2—6 layers. The dash lines indicate the Rabi splitting. Right: benchmarking of the coupling strengths of ref. [92] and
ref. [91]. (B) Schematic and SEM images of assembled gold nanoparticle film in the attenuated-total-reflection configuration, with
the absorption spectra of gold nanoparticle film with gap distances from 1 nm to 64 nm, respe(:tivelym]. (C) STEM images of the
AuNC-AuNP nanostructures with continuous position variation along Y-axis by every 10°%%) (D) Left: the schematic of AuNC-
AuNP nanostructures with three ROX Raman probes at different morphology. Right: comparison of six sets of Raman spectroscopy
taken from these three types of AuNC-AuNP nanostructures *"’.

(A) Copyright 2020 and 2019, Springer Nature; (B) Copyright 2022, Open access; (C, D) Copyright 2021, Wiley-VCH GmbH.
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YRR RO 2H 2 S5 R NI O S Y B BAE S R S R L B T SRR | SR SRR A
T, BB AR B s AR FIURL 2 e S5 R0 ARG R 9140, Zheng TR 44 1 44K otk
LB RN K R R ASURAG LB KRR N LT 7(A) ], DUJR B3 5 F 0 E 264 Aot e 3G o 1
6x10* 4%, FORF AN R AR % 1 3 MBS, SE3 1 E. 50 ns FER TR 44050

(A) .
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S

®)
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3
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| S S S——
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Fig. 7 Nonlinear response of assembled nanoparticle structures
(A) Schematic and time-resolved luminescence spectrum of the tilted-nanocavity-coupled UCNP™*; (B) schematic, TEM image
and SHG spectra of assembled nanoparticle structures, with dependence on the excitation wavelength™®”; (C) schematics of the ori-

gin and polarization distribution of the second-harmonic signals[‘m ; (D) schematic, SEM image and SHG response of double-gap

nanoparticle structures with sub-5 nm gaps of double-gap structures'®’.

(A) Copyright 2022, Springer Nature; (B) Copyright 2024, Springer Nature; (C) Copyright 2021, Open access; (D) Copyright
2015, American Chemical Society.

TERGR A RO 2 A, Mirkin SRAEZH 71 FH DNA FCAAR 5314 B 55 g A BURLZH B (A 25 (1]
XIFRME, 4 TR RSO 20 2 R O XS FREEH [ 7(B) 1, (g R 0 21 e 254 AT AL 1 — By
L PR3 . 7E900~980 nm KFMEOGIE R T, DNA 21258 1 48 K kL A% 77 28 1 B S 10 — Uik
W, HIE S0RE SRR LT RR, BiE 715500 Brpgebbivk . 78Rl miss 2o
BESREIGTERT , f S I R A 3 1070, IR AL ZE 5 3. 44 pr/V , L TAE SR
MBI S AL R (B S S5, T3 THOR R S5 F i ARt 1, 34 AT LA 32 8l i s
FAFLIETCIRIRRIE . 140, Lei PRATLH 838 1k 9H K 0 - 4 BB A2 B B AU T HF TR T G RSSO 254 1) rh
OXTFRPEE 7(C) ], B8 T 9K BB Z5 4 i UCR MY . Yang TR 20 1 i — 254 4 40 K ok
FESCANR AR PN EA T2 2R, R AR T LA JOURE ] B 55 A0 A5 AR (] Bt i) BRI B A [ 1 7(D) 1, S 253 5
T AR B TSI . T ORI R Bk 1L 8x107, IR R AL R R 6. 1 pr/V, H AR
TE . RS GAR R RN 2 L X gk SR T i o 2 2 2 ) B R AR JRy SR L 3 0 A
TiksnRTs , T R T AR M e N, IR T 4K R, 21 25 SR s AE o I E L Mo 5o
I 2 0 S A 1 S 0 g 00,

BEAN , AHORIBURE 21 25 45 Ky 1) Jrg 358 2 T 45 B e e ARt S A SF0I0 0% K D R R 4 T T RE
Schmidt ST DL —2E DNA $7 4045 44 S B , B ELAR M 42. 2 nm 19 4 40 K J50RE 20 256 Ay R[] B
1.5 nm () —4E MR [E 8 (A) | FEHLFHIRREIE b, FEHI 2540 S HE 2 Fh 3¢ 45 B O A A
T AT DA 285 48] 2 i FE) A\ S R ik 3 i 28 5 A0 A o, T U0R B 9OK S RIA 12055 . el
% AE R A2 o R Y A /X R 0T 5K 62 nm, A TAEBE R A 1/10CRPA/10) , [, A4 K 24N

Chem. J. Chinese Universities, 2025, 46(9), 20250133 20250133(12/20)
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Fig. 8 Applications of plasmonic nanoparticle assemblies in energy transport
(A) Schematics and TEM images of the 1D gold nanoparticle waveguides (scale bar, 100 nm) ") ; (B) dark-field scattering
spectra of electromagnetic and magnetic responses of the nanoparticle chain, with simulated side-view magnetic field distribution of

assembled nanoparticle chain''®; (C) measured, simulated energy loss and electric field distribution along the quasi-infinite

nanoparticle chain, with the schematic of the energy structure!'®’; (D) energy schematic and the plasmon transfer dynamics of the

trimer nanostructure , with the insets of TEM image the structure (scale bar, 40 nm) 1107,
(A) Copyright 2018, American Chemical Society; (B) Copyright 2019, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim;
(C) Copyright 2019, American Chemical Society; (D) Copyright 2017, Springer Nature.

RN, A2 AT WL/ LTI B 22 11 A B PO L I I S i SE b i F PP, Aedanid 75 P A BE R URE 2 il
AAIEREIR T ISR R . 7R RUETS , RIS B EOC DL R AT R it — 4R T} T REEAYIE
FRAURE, BRI T HCRE I AL A R B A R T S BRI A ek . DR, Sl SR BT R IR RE R AE | B2
THRE TR 18 RO R IX JE R A5 B WO T T A AZ Lo RN . BT IX — [RI R, Ke PRASALH 0 i H 42
SR HOCH AL RE B s i FEARE A SIS . AT DNA BEHORE 6 40 K 3R 2R BROPR 4 K0k
fiE 2%, AGSHY R AP RS FL A5 S A O, anlal 8 (B) AHIUH LB (4 X7 (R Lo
660 nm ). FAEASLLAr 2 IRE 3 10 45 B A AL IO TAE 45 A LR SRR RS, B T AR, AT LA
AR T A B Ao T P ARG . IXRI], T DNA SRR AR S AR, R DR I SRR
AR RIS AU T B

Fery PR 5l 1 M S BA AN R BE R — 4G 90K BRIGE S, BIFSE T im0 5 B HoThe R SRk
REREIRBIRERY G R . TR BEAIARERIES T, SR URL A AR IR B0 7 B 1 SR s =, Bl
BRI CHEER T 10 WKL), i (R AR A Oz s (o 2 155 o ey 1B 2e g [ 8 (C) 1, JF
7R AT AR RO W, B RRAR T RE R AL R R R ARSI . ST B0, %A
RE R A IFERE 2. 5. 2 dB/pm , dR/ M RIIAZ 260 nm, PRI T 4 250 (1 R AT AR IE X AR 5 i 1o 72
SN . 5 Z AR e, Lied] BREZH 7 H) ] DNA BRSSO B IR 25 RE 0, FASR0 T S o ) -4
GO RAS [ 8(D) ], $ih TR T S M S5 s o CRE ML R ALE] . i TR AOKBORL A R
AT 25 B WO TR RE SR 35 5 T B ORI, 0 BE R T i A v () ORE ™ AR 3, e DU SR 5
AT . X — ki A ORI 1 Fp (UL A AR S AR A, AT, B nT DL R AN UR
SR RIS AT T, AT IO 7R P A G AR ORE 2 (B 44388 , T SR THE R ACR . AT T 34
KLY R B 2H e 454, S Rt AL i By R AL SR T P DO A AR AR RE AR B A, P AR
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TR, X — S AR O 4544 i BE R R 220 2. 7 dB/pm .
FERLRES | BRARAYINS 23 20410, HAT I 2100 5 BMOTIAE | $RTH R RE A EE 2T

i LTRSS G R GOKIURL RS | HE9 7 305 A RS 3T 5 R AR, ik
WAL S Y A EAE S R R e AR T A i A R SR AR AL
FRAANEE=E R R RN, il e AR SR A A, B T X MR A TR B R AR A S IR RIL R Y
EBhE, MRS . R TERENL B ARt L il SR TR AT A

4 REFHEHITHREFRRIEH

P4 TR BHOCT | R Rzl , ANRIORE B LR A5 FU R 2 ] T i s 5
A ARSI 100 0L R SR TR SR A PO P2 R R ) 2 1T L 5 1 Rl o1 AR 2
SHES, IWIHETHE S 1 R BUE SRR, B0, Dong PR 44/ \ THI A9 K oA 2 2B il — 4 A
PP L 9 (A) T, DA g b 5 JBURE 2 S P Joy Jok L 30 80 58 1 X e SR AR ) 0 (4-ATP) 9 7 245
5, BRI TRk 1. 95x10°, FFEZR RUE FIGIE T HE SR IERE RIS — 1k . Tian PRI PE 2
VIRZFE AN AU, RSB 1R W RS 1~ | 2400 P15 5 B AR 25 0 e REBUEEASIN . X — D7 IR TE R B 4
R N K ORI 2% THT AT 377 DX Sl ) R S i FL 37 A RIS R 105 4 i I ) B A 2 IR R R AGIN A5 ot
AR . TETRE RS AR R I SR 2O AR AT T A RS L0 A IR SRR, SR X
ﬁi%ﬁﬁ$ﬁ%1 S RBUE S HUTIRRELE 9(B) | Ak, Li BRI L4 40 K 0k:
LHREAR- A1 S S TR K S TR AR BT 1 R DM D 07 5 A S 15 801 7 2 ) SERS -5 . T X Al R B By 731
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Fig. 9 Applications of plasmonic nanoparticle assemblies in sensing
(A) TEM image of the tip-on-tip gold nanoparticle film, and SERS spectra of the 4-ATP probes on films with different polariza-
tion angles"*>'; (B) in situ Raman spectra obtained from different spots of an yeast cell on gold nanoparticle assemblies (I-I11) ,

) [112]

background without cell (IV) , and only yeast cell (V ; (C) in situ Raman spectra of the conversion of 4-NTP on the

nanoparticle assemblies-graphene interface with different number of layers of graphene"*; (D) DNA origami chiral nano-
probe- 4 (R) logic-gated plasmonic nanodevices' '),

(A) Copyright 2024, Wiley-VCH GmbH; (B) Copyright 2010, Springer Nature; (C) Copyright 2021, Wiley-VCH GmbH;;
(D) Copyright 2018, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim; (E) Copyright 2020, Chinese Chemical Society.
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(4-NTP) BRI P2 505, DILHE A A oot 3 AR 53+ (DMAB)VE AR RN, JEAiFSE T
S YRR 5 A SR PR B PR TS I R, SEP TN ST SO e AR ) i IR S A e [ I 9 () 1.

DNA /1541 25 114 4 J 491 A SR 235 4 [ Bh EL AT 8 22 B0 2 1T 45 B OC RN R RE 5 1) DNA 7 T 4545 g
71, I E SR AL RS (B Y . BN, Liedl S8 A EE T 5T TM4 B 9K R R 5T,
FIFH B RNA 51 & 1 DNA MG A8 Ak, oA T F-PE 2 1 55 BT 45 M 11 CDEL, AT SR T 5 R A
R GG , A5 FRAG 2 100 pmol/L[lzl9<D>] FUFAARBIER , 4R OKFIURL A B (AR T S ATP
AR RAR A H AR ARSI ST Ding IR S UE— AT T IR T DNA 12 45 H 0 2R 10 5
BIWOTYK R . B DNA B A DNA MR BIIRTE | 4B H ke DNA 8555 H g, JRRR51
FFEE S DNA B A G AR e, TORIEZEANX ) CDME S [ 9(E) |, JEFiX — 5w, i i1
T —ERYAL A KRBT T8 (YES, NOT, AND, OR), Jfik—# 8 T — A EES AT “OR-NOT-
AND” T /RIS 2 =i A8 LK

BRACHE E =7 1) 2 JR ket AR B AR AR 1 B g (%) 2 () RIS () 20 96 0k . B, SR it AR F AR g
% DA e B 25 23 B3 48 s R — FEUR A I AR R DR 3R 55 B 4 T 1) S ol . OO A B i i 4
KT & AR A K d8 S48 K B 7 -5 AR AL I AT B S B i i % B9 75K, DNA &
Vi1 4 TR A KR 1) 2 ThT A5 B o T Rt R I B . BR T B UL R e AR 52 B L TS
SORL 4> BER I KA UR Z A1, IX LYK IR RS 75 20 N R 25 i SR AR 1R I 5 | & 2 1hi 45 B ot bk
{55784k, /R FeE B 25 55 T R AIRA TR . Tk — RS R MOGIERAE, Li SR F R e i
4 DNA 52J2 19 50 nm G QUOKRFRAE RERES , 456 RO RS-0 CRUE , Ha7R T 20 PR AN ] DX 38 g s 2R
SRR BUSOR B T AN MRS R S A 2% 5 /N IRERIRBERL /A TR IX. 5 TR SR AR A o T
A Az A X3 10(A) .
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Fig. 10 Applications of plasmonic nanoparticle assemblies in bioimaging
(A) Representative dark field microscope(DFM) and fluorescence microscope(FM) images of spherical nucleic acids(SNAs) in HeLa
cells(scale bar, 1 pum) (197, (B) rotational and translational dynamics of AuHDs during different stages of endocylosisrlzow; (C) single
cell plasmonic imaging of membrane camouflaged nan()parti(tles[m].
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T BRAE LR A AS , Tian THEEZH 2] F DNA 61 (149 35 J3t 4 40 K Sk — B4R (AuHD)E J 4%
T S 1) T 55 B SRR, S B T N A A P R 2RV e R Sh A AR A R . BT AaHD Y
FEATR ) T LAn] g TR Ry 32 1 4 B VT AL IR P AR R, AuHD AT DASRIEZY 2° ) 1 B A B LIGE 5 H bR
PR ERE 555, o T B AE AN N AR R Tl o 2K o DL S ISR, 28 8 T & 1) Sk
B OTHRET TR AT A W sh S R T S [ 10(B) 1.

PE— 2 1 X QK ORI T A S REAL B M, R LUK A= R 500 A R S 5 3 1 45 B SO e R G v
SrHRRAGE A, SIS DI RE . 1A, Chen BREZL 2V FF % T 9 40 MBS F0 7 1) 4 40 oK S5k (CMC-
NPs) , SEEE T X6 s 4 B ) A S P 1) (11 10(C) 1. Bk m, R PR 2000 55 B8 SOT LM%, 7 4 i k7 1
FAET CMC-NPs 5 g 4 e i AH BAE T . 255 2R, 20 it 5540 7 £ CMC-NPs 114 [R] 514 41 i s 6 %%
PR T 765, AN R AR T TIPSR S, TR T R A A 1 e R A S R B3 TE
CMC-NPs S5 A R0 H & #4 0) ese A

25 A, DNA S8 A9 00 A 2 171 55 B SOT A R R B HA ™ S i g e sl A, 3 o A= i o
P T R R ARG, O A TR ARG . BT S R B Iz N A L ke
PrJE 3 1 S5 SO CAS AN SE B T 55 SRR, IR T AL SR 5 AR B A R | b2
Oy R RGP B RE SE T BRG] . RN, AT BB A M RE R T A A S A S I OT A R )
BREMI LK. Ak, Bl K ITRL A LA | A iR ) 3w S 2 W B AR i AW & %, DNA
A T ) R 5 B WOTHOK EE A AT SR — D HE SRS HE R T L) A 1 8 A B A IV S R e

5 REERE

FTERB G AR X RT | VERE S D REAE BUEE ARG SRS T AP RHR S AR R I A i . BTy
I B AR BURE Y 2 1T 55 B O ARIE 5 DNA S5 70 TR RIRTEN S 24%E, mT LUK HER ST RAT I
5 nm FFAL AL 0 2 101 25 BEROCES Y S8 F . 3K —J7 IR O AE MR T 5 D RE A 2 AN RERE R BAL Sl
ZNIN T3 3R 0 B B, 3 i LS B R ) M BRI 5806 S W O B, FEARZetiolsy | &
TRERHODE: | SR | RO HHE 5 N SURJR B T ORIV T . W EAR IR, ART
W LWL 27 1%, DNA 23R 00 B0 1R 2 S 52 2T G R S5 A WA 1 5 A0 0 PR X 2 e iy 24
W, BT | Fano SEX FRVEB AR A5 S AR L KOG RE AV E BIEAL , d o E~AIhBES | S RIS
S5 EHOTAH R AL TR

JEERK, $2T1 A 4R M AR (1125 RS M SRURE 1475 A S A0 R U ZE 2R A e 1 S PR AL A9 2
FUAT, 25 TR0 TR 5 DNA A AR A&, n] DLSEBUEOK RO 48 (81 (9 il 4 . SR, — 7
1T, DNA 24 731 5 Al BE-2x il 29 ORE -5 JL IR AR5 50 5, BRI T2 Retk s | 105 iy &
J&; 53—, N T AEAL R SIXT PRS- 2 454 , 5 208 8031 ] I A IR AT DNA A
PREVFFAE R 9 J BB HROR B . (HX T H AR DNA 25, AR RO IR B8ROk 4k, 1E4E
ACRESR A R PE i, Ak 1 B0 Ak N7 25 18] S hE SR B A RE 7 5 T IOMURSE B e 5 R SR A S
SRR AT S BRI 1S 6] SR RE T, (H32 IR TR E A, MR AR AE RO EAEAE L AR LA, ik
— YR BRORRB A R B N R 19", $l29 T 352brn Al fe. Bk, £xRkt
Pl 2 EE b, T E A | AR IR DNA BEAR 4R Hems A TR R, AP 93Tt | 43 56 1
FAE, FEH RAFIE N T S 25 S 2 B IR, FREAIRhBE | RT1 A SILRI , Gl R 2T i 1
AR AR AT PRI 11 4R SRS 5 DNA 205 AR IR EERRA 1, ol DIZEARIYE DNA SR ™ A FZ5 1
SIRBERIZRAET , FEAR DNA BRI 51 B 2 B XE L, BETT$2 THA R e S A R TR AR ek, it
e B A 2 M 5 R IR AR TR 1) 2 RO CAS A . X — 2 SR B ) A AL 305 20 Bt — 2 R A
DNA B AR RS 55738 B, by i 1] 52 FHAL B9 A KOG~ R i S T ) A DR A

I, X TR R | wT UL IELLAME B T | ARG A, RIS RO S AE R E
BB A TR — M. AR SF S HoT R Y BERE el IB S, e n] WA 20N B, B
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JEA R LR BRI SR BT, S ECIERR BN . Ak, X TR BRI 5 nm YRS L JELR
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