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Development of Optical Nano-antennas Based
on the Coupling between Gold Nanoparticles and Functional Molecules

Keisuke IMAEDA*

Plasmon resonances induced in metallic nanoparticles confine electromagnetic fields of light spatially
as well as temporally and generates dramatically enhanced near-fields in the vicinity of the nanoparticles.
To implement plasmonic near-fields in various applications, active control of the near-field enhancement
is indispensable. To achieve this, extension of the plasmon dephasing time is essentially significant. However,
the plasmon dephasing time is seriously degraded by the inherent ohmic loss of metals, and therefore it is
great challenge to extend the plasmon dephasing time of single metallic nanoparticles. In this study, we
proposed the coupling systems composed by plasmonic nanoparticles and other materials with unique
optical functionalities, such as photonic crystals and J-aggregations. From the ultrafast time-resolved
spectroscopic measurements, we confirmed that the longer dephasing time was realized in the coupled
systems.

1. ¥E

B« TR X[ EZ RIS 2 E O A X =2 BRI T 5 Z I EEAMETH . oW E LY b/
ER&IRT I RTE, EDROICHET 277 & L THIET 5720, ok F MM B e LTRER ST
L. &R kA R =B R L CERALT D0, &R R oxT v iR L sw s b
WIEFICEIE L 2D, BFT /RFORT 7 FHEREIE, T/ R INERICOEENE S 5 B BB OEMER (77 X'
L) 12XV, R X —Z R - ZEMICHCIAD D Z EICERT D, LR - T, &t JhroYT o7 T 1%
RelE, Jez 122 Ui DH%EE) & TREMIAICPA CiAD 288RE) O “DIZH T 5 2 &N TE 5. 1EROWIE T,
&g T ki1 O TZERI072 6 CIADISEE |l ICEE L, T/ ki FORROEE 2 FEBUCHIET 2 2 & T, BT/ A—1D
BWNEMIOE RV X —% RfE S, RN CIAD R E Cr LT 2 EnmiEanTng. —7F, &7/
B -0 TSR CiAORERE ] & ) E SV 720F90I3M D TR0, 2, 77 XE U AHEERIRERIZIZ &R O E
RIS L 0 KT 2 ER M ERRAFEL, &RT /R ORTIEZIO EREBZ SN ERFENE LTEZ LS.
TR 72 R CiADRERE | 2 B L, FAUBICR DT T e Z R T 5 7201218, Z MG ERZBZ 585 L
WREDOHESIN AR R Th D, AL T, BEROERE T 2R+ Tidel, T 2R ERIOF 2 WEen 1R E &M A
TEHESEAZ LRV I Re v ORFEMEAIEB L, BT k7o NREH7 M CiAokiE) 2 EsEs2 L%
A& Lz, @87/ ki rMoMEEH, & ) kité 74+ b=y 7 ®— NOMAEIERZERME L TT T AT OREHFam
{bEEBRTLHZ LTI L.

2. 2B/ HFORYRIEEEFNALELTSZEVDESHE = T s
R K ORI, /K705 A T S S

ML, B{EDF 7Rkt &38R R Z2 T, R, TR0 7 7 X% \JL/

S R DB (£ F44 %) 1SE5< &, e 0T/ kroumys ) P

WAL E AR T L, 75 2T L B0 EHMLANIG STV, a1

SOBMEICER L, [ 1 OBRRICRT LS 2d T 7 a v s ko E \X//

YIKiE BT Y I T 74— /U7 A TIBEIZLOERI LT,
E1 44/ 70y 7 “REOFYRF OB,

20244E3H1H 28
B A A T —
IO AR B BRI TE B LA 3



&R LT OMEAEM 2 RN L7287 ¥ 7 TR O RSE 65

JEFBEMEE A VT2 BE AT MVIED D, By TP A XUKIFL T T XA RORARY bLign 24k
THZERDNoT. ZOMERIL, By TV A Xk 7T RENARERRR ZHE TE 5 Z L AR L 5. HE
2OV A L — (FLERE 800 nm, 2L ANRER20 fs, #0 i UEEH 80 Miz) % AW iziFfnfatilic v 77 Xe
NAHRRFD & A F 2 7 A Z WERREI CRIA L7245 58, ¥y F 9o X203 500 nm & O & |27 T e NAFRRFIRME N EL 25
:kﬁ%%#&ﬁot Z ORAHFEFNRERI O &y T o ZIRAFYES, BAEEICR T 2 TRa S L<EBATH L
Nbomoiz. £z, URTFT I al—ya r THLERERLLICHETEL 2L, RV T XE BRI 2 7~
mﬂ%ﬁmkmfﬁ&%ﬁgmﬁ%L%kﬁé:&ﬁbmot.uﬁ®ﬁ%m%,é@%/ﬁ%@ﬁﬂ%%ﬁ%%ﬂmﬁ
58T, B—=DF JRAIZHRTT T RE VGO RHEMEEZERL, b7 7 THREOSIE(EZEBETE L2 &0
RSN

3. ERT/HFLEARE—FLEOHEMERICLKS T AEVOESFHIL
Hp 2 RPN A WAICES L SR TH D7+ b=y Z I

i, BEDREEDONDEENEIESNE 74 b=y 7R ¥y v 7
BIEFEETD. 2074 b=y 7 X0 REX v v FIEICB O TR S
JEREL 25 2 e Ty, RRMIChE s T WA EHAE
HESELZENTEHZEMBHERINTWS., 22T, LRTZ7+ b
Sy IO T =y I N REERT /G EMAGDED Z L
T, I RAEHEBORFMLE AT,

B 808 mm 274 h=w I N KXy v T H b0 vF 7 4 H—

W&/ 7ay 7 TEEREEEER L. 22T, 74 b=y sy
Ky o7&t/ 7uy s “BEODT T e HREEN—%79 25 X
IR L2, WRAE SV A L= =% N TH U 70 1558
AT MAVERELTZEZ A, 74 b=y 70 RX vy v TUEIC
BNWTEO TIFRIECBENFEZE IR SND Z ERbhole. Ziuk
T4 b= 7N RERCB W TOROREE M T L, BREIZHIZ-T . 5 = 2 2 e
SEMGE ST A CIRERHAEEA L EICERT S EE LN Time (fs)

%, BRSNSV A L —H — % AW TR i I s K OVEE RSV R R
B, HTAEREED S ) v F 7 42— BICBWT T T XE L Db
DELRDZEDHERTERL (K 2). ZORRIE, 74 b=y 7RO RIHCBT 2ROEEEE 2 b2 AR —F A

MZEVW T TR OEHEMENERTEZZLERLTND.

FEOT7+ h=w ZiEgE OMEERICNZ T, L7 40V oHF0 ] &eEEERT I EEDH v 7Y v 7 RITD
WTHI AT, J &A= v bR /#ED T 7 X BT — NP o L—L > MIHEAEHL, 78
FEGIRIE L PRI AT LW YEN. (KT U R UHERD) BRSNS, WEE L —F —& HW i 2227 S VllE D
O, MEAEGIREBICERT 2R T Y AN TFET DI EaMR LIz, £, I REERORNHART hn, AT YU hv
YERL D AL MOVERME A I L CER SN D Z L BNbhvoT-. &5, B MEIEN S B0 &) / #iED 7T Xe

I ART, BRIV MMM OFEMNELSRDZENRHLNE R -T2 LD, JEAERREOSTREERET /1
LkmﬁFAh EAHET 52 LT, YIRXFVORFMEEFITE DL LD,

. (HBMERIRE ~10 fs

Near-field intensity

K2 + I NVoBXRE T T XE AL

4. ®#E

AT, &BT  KFOINT T THRED I L&D 7212, Bix R CBEREM B O 2RI LT 79 Ae v
DOEFFmAL AR AT BRI THIRIC X0 &R T/ s ARSI ER U, SeREREM R & RSk c o v 7 ) v S %
ZLT, BEMART T AT MBEFERT L ISR L. T AT COEMMEWVT 1L, EREIChIEoTOEEY
BOMEMEMEZFECTELILEZERLTEY, Lo —0E=fHIcHFEcE 2 L HfFInD.

PRRAMFEIL 2023 AEFE B HEF A B T — 4T ki1 & 0 FOMBEERZRH L7237 v 7 MBI OB%E) kv %
SNzt D THD. ZOWEMEY TEGHHR L EFE9.

REFERENCE
1) H. Takeuchi, K. Imaeda, S. Ryuzaki and K. Ueno, J. Phys. Chem. C, 128 (2024) 2567-2576.



	064
	065

