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Abstract

i1, R, SOERLEOF /HFE., TR-EAXREBEHICBERE S AT HK(LSPR)EFEF N
PHBRIRZERL, TORPBPRIVERZEARNFH A APER, TREKICKHUTELT S,
LAL. RFHAZXFINmATOEELENET /I FAX—(NC)BEFICH [T HLSPRIGHER, &
FUENERBNEEFBENREEROERLIC L > TEMILL, B HAEHIF TR
JSZENTET, TOBRBROBRICIEENBZERIROS NS, TITEARRTRE, &
ENCOLSPRIGEMREDERTFMEZENE LT, [KHERETARL LB R E£-BEENC(AunAg
m; nmEBREFR)E. TOFAXEEBZE—CLTARERLICH-CREBREEE. 2
DHZISBEZ2NRFHEF DN EQPPES)ICK > TEFHMEL 7= £-BEENCHAUIAgI2ZHRE L
T, SECHVTE-REEEZ—TY NZAVLEEERENCE—LRICTERL, BEEERITS L
THE—HBONCZRER KEERUL L, 8L EAUIAg12IE 75 —L >(C60) TF HRMEMEEHL
EFEWRICVYI RS OFao T8, BRPHE. BRECEORBRIIBID YA X HEOEL
ZBHVE, CORNZESEZZRIFE B IREBT2PPESY ATAICHIEL, 2R AEZIT 1=
o TR, EI1RFEHRL ZAUIAg12TIE3SONMIBE NIE LA KEEHICH VWV THRINIC L BE
SEBEMCICHAL 2. BUBRREFHROMIENCAgI3) TR, CORRBEHTESERNEA
chBEVlErS, FMULEERFIERDEFENOFH BRI RBEE Nz, i, EFLF
AELSEZAKXRBEICE TEIRRY, ECRELMLEEBTHAENTREN, FMLEER
FICERIZEFEMENBNCOLSPREARTIZ CETHESREBENLENEEASND, C
DHEREF. EENCTR., KFSERUENERNICENTIOTREL, FREEMEIRIICHEE
enhdlEzRzLTVS,

Nanoparticles of coinage metals such as copper, silver, and gold exhibit optical absorption, called
localized surface plasmon resonance (LSPR), in the visible-ultraviolet (UV) light region, where the
absorption rate and absorption wavelength vary with particle size, shape and elemental
composition. However, the LSPR properties in the alloyed nanoclusters (NCs) with a particle size
of less than 1 nm cannot be treated by simple classical electromagnetics because the quantized
electronic structure becomes complicated by alloying with different metals. Thus, to establish the
theoretical system for LSPR of alloy NCs, quantitative and precise experiments are required. In this
study, gold-silver alloy NCs (AunAgm) synthesized in a gas phase were uniformly surface
supported on an organic substrate keeping their size and composition, and the optical response
was measured by two-photon photoelectron spectroscopy (2PPES).The enough Au1Ag12 NCs
generated using a high-intensity NC beam source with a gold-silver alloy target in a gas phase
were precisely mass-selected and soft-landed on the substrate pre-modified with fullerenes (C60)
to prevent their size and composition changes after deposition, such as burial, dissociation and
aggregation. The sample substrates were transported to the 2PPES system under ultra-high
vacuum conditions, where the spectroscopic measurements were performed. As a result, a new
signal enhancement was observed in the near-UV light region around 380 nm for Au1Ag12. In the
pure Ag13 NCs with the same number of constituent atoms, no signal enhancement was observed
in this wavelength region, suggesting the formation of a new electronic level due to the substituted
Au atom. Even in quantum chemical calculations, since the absorption in the near-UV light region
is estimated as an Au-localized transition, the signal enhancement could be derived from the
resonance between the elementary excitation of the substituted-Au atom and the LSPR of Ag12
NCs. This result indicates that the optical properties in alloy NCs do not change continuously, but
rather change independently through forming new electronic levels.
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Evaluation of optical response for gold-silver alloy nanoclusters with defined number of constituent atoms
1. HREREEDOHRE
8, R SOEBLEDT /HTIR. TR-BHNEBICHERE 75 XE VHIF(LSPR) & IHEN 5 IR E R L.
Z DIRINEPRICERR EDNRF 4 ZPHIRK, THREKRICHLCTELRTZ, LHL. FFHA4ZIHT nmLTFOE
ibINF /U589 —(NC)EIKICH 1T BLSPREFMEIF. EF LS NBBNALEFERENEBEEDERILICEL >
THMLEL, BMOEAEHIFTIMYRD ZENTET. ZOERERROBRICIEENRERIROLNDG, %
CTCERFRTIEE, EENCOLSPRIEBZEMEDOFEEFMZEME LT, IEMRIRETENLLBFERLE-RE
ENC(AunAgm ; nmIZBHEFH) %=, TOH A XEMMEZE—IC L TAREREICH—ICRERESE., 20XF
6B & 2HFHEF D IERPPES)IC & > TFHME L 7z, £-REENCODAUTAgI2ZXRE LT, [IMICBVWTE-IRE
Y —7 v NERWEEBENCE—LARICTEMRL. BEENT I & TE—MEMDNCEREE - KEGK L. &
R L 72Au1Ag12id 75— L V(C60) TFHREBE LI-ERICY 7 MU T4 v o3, BEVHRE BRELEDE
BRICBT2Y A X - HROELEBWE, CORMEZBEEZ L2 RIS ERET2PPESY AT AICHKEL., 2
HREET o7, ZTORER, RICTEFEHLZAUTAZ12TIE380 nmIZEDEEAFHEEICHE W THRINC K 215
S EFICEA L, AUBRERERFHOMEENCAg13)TIE., CORREBTESEBRIRAINBEVW EHD,
RIMU-RBRFICKL 2EFEMOFRERDIRB I N, /o, EFLZFEDL SFRANLEEICH T BRI,
EICRAELLIBRTHS I N TEN, FIMLAERFICERY 2B FRMEHIRNCOLSPREHKIST 252 & TIE
SEEBINLBDEEZIONS, ZOFERIF. EENCTR., AELBRFUENERNICELTZ2OTIERL, FiFA
ERL A MILICHREIND 2 &EERLTWD,
2. MABRREEDOHE (F:R)
Nanoparticles of coinage metals such as copper, silver, and gold exhibit optical absorption, called localized
surface plasmon resonance (LSPR), in the visible-ultraviolet (UV) light region, where the absorption rate and
absorption wavelength vary with particle size, shape and elemental composition. However, the LSPR properties
in the alloyed nanoclusters (NCs) with a particle size of less than 1 nm cannot be treated by simple classical
electromagnetics because the quantized electronic structure becomes complicated by alloying with different
metals. Thus, to establish the theoretical system for LSPR of alloy NCs, quantitative and precise experiments are
required. In this study, gold-silver alloy NCs (AunAgm) synthesized in a gas phase were uniformly surface
supported on an organic substrate keeping their size and composition, and the optical response was measured
by two-photon photoelectron spectroscopy (2PPES).The enough AulAg12 NCs generated using a high-
intensity NC beam source with a gold-silver alloy target in a gas phase were precisely mass-selected and soft-
landed on the substrate pre-modified with fullerenes (C60) to prevent their size and composition changes after
deposition, such as burial, dissociation and aggregation. The sample substrates were transported to the 2PPES
system under ultra-high vacuum conditions, where the spectroscopic measurements were performed. As a
result, a new signal enhancement was observed in the near-UV light region around 380 nm for AuTAg12. In the
pure Ag13 NCs with the same number of constituent atoms, no signal enhancement was observed in this
wavelength region, suggesting the formation of a new electronic level due to the substituted Au atom. Even in
quantum chemical calculations, since the absorption in the near-UV light region is estimated as an Au-localized
transition, the signal enhancement could be derived from the resonance between the elementary excitation of|
the substituted-Au atom and the LSPR of Ag12 NCs. This result indicates that the optical properties in alloy
NCs do not change continuously, but rather change independently through forming new electronic levels.
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