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Collectivity indices of electronic excitations in silver cluster cations
evaluated by TD-DFT calculation
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[ Abstract] Optical responses of silver cluster cations, Agy', in the size range of N = 9-35
are analyzed by quantum chemical calculation based on TD-DFT. The calculation derives
electronic transition energies and oscillator strengths associated with each transition, which are
compared with optical absorption spectra measured by photodissociation spectroscopy
combined with cavity ringdown measurement for absolute cross sections. The results of
calculation well-reproduce size-dependent increase in the oscillator strength (per 5s electron)
observed by experiment, which becomes larger as the size grows and approaches a value
reported for silver nanoparticles at N =35. The computational result is further analyzed to derive
a collectivity index, n*, for each transition to evaluate the effective number of elementary
excitations involved in the transition. The increase observed for n* at N = 20—30 is consistent
with experimental results, suggesting emergence of collective excitation in these sizes.

[FF] SRIETFOXIE, R FiuEROE FERICERL, e —2r b, —
Ji. R R E, BT T AT B H T DRI AR RV EIRL, 2
DK TITE L K DFERENEFEE L TVWDHEEZ LN TWS, 2D X ) RE T
DE R 72 AL R8> B E B D 7 T A X —FEIR TRt 2 5 & & 2 THFFEICER
DA TND, FaxDNINETIAToT2RY 7 A X —1EA 42 Agy O FREE B
F O CIAD K[ DFER NS, N =20-30 THIEZFEOELARIBE I TV D,
CNEHERANC G EAT S 72012, TD-DFT #HE 21T\, hiElcE £ 5 A 2hFE i
¥k 5 2 % collectivity index, n*[2] % F\V N TEFhil DEMME DM &2 7 2~ 7=,

[FiE] BENBEEGEICE S EHEFHEIZ L -5 T Agy OXRFINEZHR ., &
B DONT 21T o Ty WFISE BT YE ST » THIEHE L OERINBRRT v v L
& LT Lanl2DZ, AZHaFAEAILEE% & L C B3LYP Z AW iRk 21TV, 561
TR ICB LT, RiRBECoORHUAE AAEM % IEfEIC B B 7 AE 7 CAM-B3LYP LB %
W72 TD-DFT {EIZ L D | B RV —, EBIRERS X OIRE) FlE 2RO, 15
DITAERITHEDN T, MBS L O EFRERITKHET D 4 eV ITFEOKE ERD
ERRIRIE OMEHNT 2> 5 collectivity index Z 3K, i OEMMEZFHL L7z, HEEOZE
FEENS LN E1E, RZERES L IEEEA X7 FLoRE2 B HHHT5
s A3 A T A REIEE R SR LT,



[ER - B

(1) FEBFER - 9 2 F TG b et~
X7 FIVORIEREFIZOW TR D, RFEA 75
F& Fig. 1 1R T X912, N<23 Tl A XIKAF
PEDORENART MIVBNBRI SN T-DITx L.
24 < N <35 Tld4eViEfFIZWT S EALL L72hE
mﬁf~7ﬁﬁméMKoé%m%%Dﬁ®%%
AT CHRIim i 2 €'k L, &A1 AT
SRRV B — 7 OHREN IR EE 2R 6| 5s B DEL
THEIL LIRERZ 72>y LT, Fig. 2 D& 9
(ZHRE) IR O A kA (@) #157-, i
T, A XEEhITREL 2D 35 BIKTIZT
KT DORME T 7 A€ ALIB[3] L RIRED 0.3 2%
L7z WU AT bV EIRE) 58 OV A RKAT
P2 R 2 b OFEERFE RS N=20-30 T&E
DOEEFHFHE DFEBLH RS S 7z,

Q) REh FIRE O BEAER - Z OFERZ BRI
HHT 57291217 7- TD-DFT #HETH LN
BT XX — LIRE) {2, Fig. 1 IZH T
R, FFIZ N>23 D RE YA XA TITEB XL
F—OFREIZEREN 00T T ez,
Ko xR X —MOEBERBICIER LT, WINEIZE F
NDEROREFREOAHELZEL Lz, Rk
DFFNT % A REITAT > T2 R % Fig. 2 (CH TR
T, SFREEA RS MV%EAE@%W:N: 11, 12
Ti %%kﬁﬁnﬁﬁn+ F%ﬁ‘ El/j gﬁzb
t@m®#4x1i%%&ﬁ O—FIFILT LY
T2 o T2, YA R THRE) 158 B
ﬁ%m¢6@ﬁﬁﬁﬁéﬂko

(3) Collectivity index, n* D&Ml : = 512, Fig. 2 D
ﬂ§3%5?3§E§0)§%tHCCFﬁb\fé%§f§$§GC’Db\'C\ Jahie
B?‘]’%‘Lfé R AR TEE 2 iR/ L,
Fig. 3 12, n*OXWHEZ VA AR T, fERIC
1T A XEEBITRELS RDMEMD A S, HRE)
THREOH N LB DOET 2R L TW\Wb, 207k
D PREFREE ORI - TEFOLEHIMED X
DEHFEIZ /> T D EHEER LT,

DX DI, HRE) 5RO B IME A 2SR S 1
-9 A RFEEICE R LT TD-DFT #HEZ1T-7-
FER L IREN 5RO B RN L o £ [ oD 38 B,
(n* D) > TWD Z ENH LMD,
TR TR I NI s E O 2 b & X FFT 5
AR RS B MS BTz,

[2%53CHR]

Oscillator strength

(2]

6. 157 Agy* 1.0
X
S = 104 f%

:‘%é 5 *)4‘0.5
50 54
o @

g ? 0- | ‘| 0.0
5 80+ Agys" 1.0
f 60+
‘E 40+ 0.5
8 20+ ’

g O_”.H.I.u|y‘ ‘Mmhdu_o'o
é 204 Ag,,t 1.0
s 154
T 10 0.5
o
5 5 |
;g 0- JJP| .TvJﬂLth.l' ,nw 10.0
5 404 AgSO _1'0
2
& 0.5
20+ [
=L |
0L h’MJ]LM\ an l\l _0_0

36 38 40 42 44 46
Photon energy / eV

Figure 1. Photodissociation spectra of
Agy' (@) and theorical transitions
indicating oscillator strengths
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Figure 2. Size-dependent oscillator
strengths of Agy* per 5s electron (@:
experiment, l: TD-DFT)
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Figure 3. Size dependence of average

collectivity index, n*, of Agy" calculated
by TD-DFT

[1] A. Terasaki, T. Majima, C. Kasai, and T. Kondow, Eur. Phys. J. D 52,43 (2009).
[2] T. Yasuike, K. Nobusada, and M. Hayashi, Phys. Rev. A 83, 013201 (2011).
[3] T. R. Jensen, M. D. Malinsky, C. L. Haynes, and R. P. Van Duyne, J. Phy. Chem. B 104, 10549 (2000).



