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Table 1. Parameters used in the text.

ZH deg/D  dro/D  yumnp/meV  runp/nm Eo/V-mT! max/fs m/fs eo/eV h2mr/eV hwo/ eV
A 3 2925 28.6 10 5 x 10° 30 20 2.6 2.6 2.6

— (1= 6ap) TappPas- (13)

Qap NEEFREINR, SN

3 B AR M FE 0 R

e L RAVA H T R G A T
EET R, 1T SRR TR F &7 Gop = wa —wp — i(L = dag)rap,  (14)
SEHOT, OSBRI, LA
ABRET, MR RBOCH @B, BN TILT s Mo 55 B REBHIE. rop A
SRR R AT, i S
FRORBALERE Rk Rz e

SRR PO, IR SIARERR S np (EZ R D). TMI%E:%WW+%HJ+@?, (15)
%IAggﬁﬁipaﬁ(ﬂ = <¢a|ﬁ(t)|¢,@>v Horp ﬁ(t)% ol
AT i 52 £ 04, BEET T .
F{;}ﬁﬁ, o, BIGBRGTANE, F28 7 ET7 ﬁiripﬁd) Syl FE
g - R R, AL (13) SR ATTT LA A9 31
gtfas = T Wapbap — LRGN B0 T R, 5T R G R A7
S a0y — vy5(B0) I KL 125500 R, o
5 5 TR A MNP SR A0 R 4 (4%
—dap Z (kasyPaa — ky—apyvy) TN Peg(t); pee(t), Z Pming(t)), FIEAMT:
vy miInJ
|
a .
apgg(t) = 27vnNP Z Pmimr(t) + % [d:gE*(t)peg(t) — degE(t)pge(t)}
ml
+—;[E:(d;pE*@nMug@)—«uﬂfxwpgmfun}, (16)
ml
0 i i
5 Peelt) = 5 [dex B(D)pge(1) — dig(D) B (Dpeg(0)] + [Z (it epemt®) = Temrpmr e (®) |, (17)
ml
0 : .
apml,n‘](t) = - ia}ml,anmI,nJ(t) + %dmIE(t)pg,nJ(t) - %de]E(t)meg(t) — Jml,epe,m}(t)
=Y Tt r k1 g (8) + T g cPmr, e () + Y Tkrrmapmrpre (0). (18)
kI/ kI/

|
T LA JE RAE MNP B3 25 2% 8 FATE L — A Pim) T m A MNP E R I 2 1 380% 3 B e
LYBLIE ¥ A, Péo) LA MNP E BB 5 F Ok ASH
Enh(™ = pt™ /p0) (19) T 478

147303-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 147303

4 HR 51k

N7 EIERGEN, ATE RIS ik
JE 7 W) AH [R] ()4 LR 23 B, IX A MNP 25 25 ot R
[E—J7 AR . BRI 50 R R R, W
O TR WS 2 B J7 18], 7 z-y ~F T XS F 26 i
B — /N MNP (& H i 0 A F5 N (10.5,10.5,0) nm),
W2 AL T B 1 (a) s, 2R H
B PR (BEsLg) Mo 15 MNP [H R KR
o T BOR S (0 e o B R AR, R DL
i o7 48 A6 BUE (B 1g(pee ) AINARTR. LEICHUK
TERT, HRA D TR, NAEZ1.4 x 107° 1 H
O B FIIBUOR S (BESLL). i1
FE, BT MNP & ST o TR K5 2,
BURBFEWAR K, fERE1EH T MNP KUK e &
R o1, R0 TRES T E 2 KB gEUL,

Y
N

e

SRR Enh® ((19) X, m = 1) EH
B 16— A MNP 5 47 [F) I 4 R i), MNP
WOR S AT SR R miE T TR, e

20.27, HH T S Hoo R FEHER, 100 s N
LEBOTLTm ek, RN RASHT,
Oy TR AS FLAT R IR B B KB I (4 2R,
Enh® = 2169 ((19) X, m = 1). H5ZMEK, T
T 8 P MNP X 5> F3EOR &S R, 7E 2-y °F
T Xof £ 28 1 5% T R A AR ECE A MINP (Ji7 0 A
Fr23 515 (10.5, 10.5,0) nm, (—10.5, —10.5,0) nm),
W 2 5l BT AL A B 1 (b) Bios. XA LR
MNP ¥R 2 B LA 7 95 (R R 328 5 T 4 F K
A, ABIAE4.9 x 1072, 55— MNP /EH I} 4L,
S5 G 2 TR A SRR B FH E AR R TR] P9 ORI L
SPASEE . o TR AS I ELAT o5 HE A B — A
PRI (3 (R 2k), B et Enh(@ = 201

<

4 4 7 7
s / 7
s/ N /7 N / N
7/ '1- ’a—/v ’CE
/ 7
s/ 7/
7 7
/ /
s X 7
Ve 7/ /
T
() (b) (c)
Y
Yy /s
Yy A
A 7 N ’
7 N ,
_
93 1
A | S
/s N - N, N
L — -I_'—>£C VAN L’
7/ = |
s y N ‘
, 4
s/
s \ R
/ // N
/

(d) (e) ’ ()

1 MNP FFH 2 B IR AL B, Gekb oy 7 B0 AR, B MNP (a) —A MNP 7 z-y P A 2
JCE; (b) B4 MNP 7E @-y T HIX A 256 T O FRICE; (), (d) FsE (b) HI—A MNP, 53—/~ MNP Z¢LL 5
T RO A K MNP 5457500 18] BE 25 2 242 00 [ 5% 3l IR e IR SR AL T (e) = A MNP JRCETE LS S O
MIE=MAIL T () WUA MNP 18 z-y S AT S S FRBCE

Fig. 1. Top view of the MNP(s) and the molecule along the z axis, the dye molecule is located on the origin
of the z-y coordinate, and the MNP(s) are around the dye molecule. (a) One MNP is placed on the diagonal
of z-y plane; (b) two MNPs placed on the diagonal of z-y plane are symmetric about the origin; (c), (d) two
typical configurations are shown, where one of the MNPs is located on the diagonal of z-y coordinate and
the other one move around the origin; (e) three MNPs are placed at the vertices of the equilateral triangle
whose center is the origin; (f) four MNPs are located on the diagonal of z-y plane and they are symmetric

about the origin.
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5T RINEORIN (40t 5 4 7% 1 MNP (R, 166
ST 24 MNP {5 F1T) 25 TBORAS 10 LA 4

Fig. 2. (color online) Evolutions of electron population

in molecular excited state (black solid line, only the
molecule is excited by external laser field; red dotted
line, the molecule and one MNP are simultaneously
excited by external laser field, blue dashed line, the
molecule and two MNPs are simultaneously excited

by external laser field).
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Fig. 3. (color online) Evolutions of electron population
in molecular excited state, where the molecule and the
two MNPs are simultaneously excited by the external
field (the black dotted line, the red dashed line and the
blue solid line are corresponding to the configurations
of Fig. 1(b), (c) and (d) respectively).
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Fig. 4. (color online) The electron population of ex-
cited state of molecule versus its energy as well as the
excited energy of external laser filed (¢, = hwo) for
different configurations where molecule and two MNPs
simultaneously excited (the black dotted line, the red
short dashed line and the blue solid line are corre-
sponding to configurations of Fig. 1(b), (c) and (d) re-
spectively).
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Fig. 5. (color online) The enhancement factor Enh(2)
versus the energy of €, = hwg for the configuration
shown in Fig. 1(b) where the molecule and two MNPs
are simultaneously excited (the blue dash-dotted line,
the red short dashed line and the black solid line are
corresponding to three different centroid distances of
two MNPs, they are 25 nm, 23 nm and 21 nm respec-
tively).
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Fig. 6. (color online) The enhancement factor Enh(3)
versus the energy of €, = hwo for the configuration
shown in Fig. 1(e) where the molecule and three MNPs
are simultaneously excited (the blue dash-dotted line,
the red short dashed line and the black solid line are
corresponding to three different centroid distances of
two MNPs, they are 25 nm, 23 nm and 21 nm respec-
tively).
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Fig. 7. (color online) The enhancement factor Enh®
versus the energy of €, = hwg for the configuration
shown in Fig. 1(f) where the molecule and four MNPs
are simultaneously excited (the blue dash-dotted line,
the red short dashed line and the black solid line are
corresponding to three different centroid distances of
two MNPs, they are 25 nm, 23 nm and 21 nm respec-
tively): (a) the centre of mass of the molecule and that
of MNPs are on the same plane; (b) MNPs are located
on the plane where the center of mass of the molecu-
lar stay(the centers of mass of 4 MNPs are on a plane

which is parallel with z-y plan and above it 10 nm).
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Abstract

Photoinduced enhancement effect of the metal nanoparticle is one of the hot topics in the field of nanomaterial.
Interaction between one molecule and a number of metal nanoparticles in different configurations in an applied external
field is theoretically investigated in the scheme of density matrix theory, where the molecule and metal nanoparticles
are excited simultaneously, and the subsequent charge transfer dynamics is simulated. Besides, the Coulomb interac-
tions between the molecule and metal nanoparticles are calculated in the framework of dipole-dipole approximation.
Parameters for metal nanoparticles with a 10 nm radius are used in the text and the polarization of the molecule has
the same direction as that of external laser field. It is found that plasmon enhancement is closely related to the relative
positions between the molecule and metal nanoparticles. Effects of enhancement due to the surface plasmon is discussed
in detail for different configurations of the molecule and metal nanoparticles, and the surface plasmon hybridization, as
well as the molecular excitation energy and the frequency of external field applied. Plasmon hybridization levels are
formed when metal nanoparticles have strong enough interactions between themselves. The blue shift of the resonant
frequency can be found for shorter distance of different metal nanoparticles. In the case that the centers of mass of metal
nanoparticles and the molecule are on the same plane, it is found that the population in excited state of the molecule at
a resonance frequency increases for a shorter distance between metal nanoparticles and the molecule. On the contrary,
in the case that the centers of mass of four metal nanoparticles are located in a plane which is parallel to the z-y plane
and above it by 10 nm, the population in the excited state of the molecule on resonant frequency will decrease at a

shorter distance between the four metal nanoparticles.

Keywords: metal nanoparticle, plasmon enhancement, resonance frequency, charge transfer
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