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Abstract

Abstract

The near-field coupling effect of metal nanoparticles has great influence on the
far field spectra and the near field distributions, particularly on the enhanced ‘hot
spot’ for the surface-enhanced Raman scattering (SERS). The main focus of this thesis
is to theoretically study the quantitative dependence of the linear optical properties
and electromagnetic (EM) enhancement mechanism.

The linear optical properties and the SERS effect of spherical palladium and
silver nanoparticle dimers are analyzed theoretically using generalized Mie theory,
firstly. The calculation results demonstrate that the near-field coupling effect greatly
influences the absorption, scattering, and extinction spectra of nanoparticle dimers.
The surface plasmon resonance wavelength red-shifts dramatically as the separation
between nanoparticles decreases. Because of the near-field coupling between
nanoparticles and the size effect, the averaged SERS enhancement factor over the
entire nanoparticle surface of Pd dimer is in the range of 10°-~10°. The deviation
between the position of the peak in the extinction spectrum and the wavelength for
maximum surface-averaged enhancement for the Pd and Ag nanoparticle dimers
indicates that localized surface plasmon resonance has different influences on the far
and near fields. These theoretical results may help to reveal the relationship between
the far and near fields, as well as understand the mechanism of electromagnetic
enhancement in the surface-enhanced scattering of noble and transition metals.

Secondly, the available software DDSCAT which applies the discrete dipole
approximation (DDA) method has been introduced and improved, in order to study
absorption, scattering and electric-fields of metal nanostructures with arbitrary
geometries. The modified DDSCAT can be used to calculate the averaged scattering
spectra of arbitrary nanoparticles which are randomly distributed. And the near-field
distributions corresponding to plasmon bands of the scattering spectra can also be

simulated to further study the EM enhancement mechanism. Because of these unique
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Abstract

advantages, the calculation results of DDA method are more instructive for the
experimental works than other numerical methods.

The calculation results of gold nanocube dimers by the improved DDSCAT
reflect the great impacts of surface plasmon resonance (SPR) coupling effect on the
far field and the near field. As the separation between nanoparticles decreases, the
longitude plasmon band of the dimer with a fixed particle size red-shifts dramatically,
and the maximum electric field at the gap cross-section gradually moves from the
corners to the center region and forms ‘hot spot’. The optical properties of
nanoparticles (e.g., the intensity and position of plasmon resonance peaks) are also
critically dependent on the size effect. At a fixed separation distance, the SPR band of

gold nanocube dimers red-shifts gradually with increasing particle size.

Key Words: Metal nanoparticles; Optical properties; Near-field coupling effect;

Discrete dipole approximation (DDA)
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WA SN Bt s 1 s B, RN —UN T Inme BERASY)BLT
WU Bt 1 201 B AR EENR, RSF— KT 100nm. 7E3X
N0, AFAE— D EER RSP X, HVEED) 1—100nm. 751 R e N
5T, TEAT h 0 o BEAN R ) B AL R ke, tANREEIR & B PLE . X
sy, LR TREMABIEIR T 201 Bk Aenin, WA GRRA
FOIREE L BGOSR REAT o BT EARWMAFAEAT AT 0 Ak o i, (AL g 7T A
AR AR R I TR BORTE Bl N 32 5l o X Ee A T LA A B )T B3 R AR A R AR AL I 5
UESEFE7/DpTAINE 7B d TN O A =8 T T 1] 4 SN = o2 YO £ 9 < W e o B SN QTP
PEAE, B RO IR OB T A AR AR A o 3 K — 223 B o 2 /D AT — B AL T 9K RS
YU HE (1—100nm) FRIBIFFEN S B HT AKX Bl R A 5 1 B Te by BT 70 52
PRAIARE R  EATEA /NS 3R G 57 RO Az U 7 bR DU K2k
Io fs (A YRy, XSRS R T LAy o =2K: (1) F4Eion, S =4ER
JERIFEGIK RO, goKhi 7o %S (2) —4E90s, Bl 4EAL T4
KIGE, gk AUkbe. 9ok, 9eKmgids; (3) “4i¥on, g —
YEAb TAEGR G, WM, 220, s SE. By o A =1
PR, FTLARIRYE. —4Ef “4e AT AR T AL BT, B TP,
PRAR RN S FEA AT B RST Gik) R BAE RS DA R o B0 )
KRBT, 308 SR ARAR R RN B934 -

A% (cluster) sZfad LA JLHA T 20 TR R B AE 1—10nm
ISR AR AA

KK (nanoparticle) JE4FSTVAMAE 1—100nm HUEAHKL T, AfLLE
SR SR DI NIUE | SIVTHD AR SN AP v S AL ENETY WAm o

24 (nanocrystal) ZFEAAK RG] P [ A 5 SR 1

a4k g5 8 Rl (nanostructured material )« 29K R ~F#E (nanoscale
material) BRZUKAIFS KRl (nanophase material) #FETEE /DA 4kt Tak R
VS N T AL
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1.2 ARBRHER

19 2t 60 FARBEA B4 (Colloid Chemistry) MJEAL, By FATTHL
TFHE T 4T HARN 1~100 nm (R RGERIFTIEIRK (Colloid) MY, {HZ
I RS GATT R 8 A2 8 £ BEAE S AR ZR ) A IR AT A 5 o 5 [l 1 DL
IRBEIRAGH BB AL 1959 AFEHWIUHE R 150437 (0 R B Ll ags b4 BRI 2811
AT B AR . S K. Kimoto 45 AFHIES L7~ A Be (TEMD WSS 5T A, A
MR T “HMR 4507 FMHe. 1962 fEALR (Kubo) MIHLAVEHE X4
JE R T IR ST T 38 4 0 AR BRI, st R R (1) 1 7 PR s B R Tl
RSN, TS T SR A 5K ) AR R MR A TR &R . 20 Al
70 SFEARAKF] 80 FEARHT, FFFZ NS — LK ORI (K45 H . TESFIREIEEAT T LA
RGWEIC . R 4 BORL 2 K T B I HL 7 RE SRS T A ORBE 1R H 8k 56 3%, 7EH
B RS0 AR R A HURE (1) B S P I SR A58 T o 20 HHE40 80 4 AR LA 4 K A4
BEARHE AT BB A, &R FA AR HE H R BEE s (ST, R
TIRWEE (AR, FRE 00 AR (SNOMD . ZLAMGIEAEE — R Ak R
MERA, X AAKFEHR N SR 5 SR T AT FERHOR PR R . 1991 AFEAE3E
] ELR B BE A T B 5 — IR 4K B BOR AR, S BUEER H T 40Kk
T WUKAERE . DUOKHL T UK SN, T PuE IR Zi ki kL
KA~ AP TE AR T NG KA R E 208 EREAHEOR
(ISES, TERE T RERTERT “40K4 7, 1994 4F7E 26 [E P 00 4 T MRS FZE2 i
IR TR R TR . BRI BHIF TR U, SRR BT
BEfilt B AR s AN I B B (R KPR, I 38 I 9K x4 G a4
BEEAT ECvE, 97 RAUKAPRH R VG L, 4T 5F 7 ZRREAIET0RI N FH AT 9T I FAT R R
Bmim. BEA 21 AL, GUKRHECERE RN AL, BHIIAME
G PP A R M A SR N b R AR T RAR A R AT MRS PR AE R,
LB N AR SN 507/ = SN v R o TR o b T S IR b IR 2 LD 5 N
JIHNAE, AT TR TR R IPE ST G54, BRI JSURI 25 R AH FLIRC R 1
PAERU A TR 1) s 58 0 T 2RI R % . BIETOOT IR AER, AR H
WEIT e DUORBHECIGHES) 2 SV B GIHT, Ke A N SAb 25 10 J bk # FE KR4
141,
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<53 B AN KORL TR A (R D6 2 PR ST/ EAR S ARt 5 DR T AN i e i T
4~ SHASETARIT (Lycurgus) #, MTRERAIRAS (RIGKERD, 7F
KOG RLLEATMETTHE N Rt JERRAARRBUE R BNIE . B B85
KL (R I3 N 4 0 B 3B 5 o o EBAR 4 B 4 KoR 1 (F ) 2
AF RN T, AEE AT H BRI — oA o YRR A A VLRI A4
G MBIV SN, 3 B2 BT AR T SR ARk 0 6 2 M (5]« 19084FMi e I3
G T B R B ARRE,  AIE I A B AR AT K idMaxwe 1 15 RREH AN
gyt T % ) [R) VR ERTE A INRL TR G ISR U R B (6] . BRTEAE 1 5 00 AH HLAE
FI, HBEREERL 7 RS A Ve 508 ) B J5 0 A VL 00w ] DA M e 310 1t
IT3RAR o ZBLRAE) V2 IE TS ER TR 10 LR 5O T, T 4 B gk
BT 2 e B B A T 2 — (7, 8). fh TMieFig &M —HEX & K7 1%
LIEAT A HCF RN SR AR 7V, TR B A R 0 e 5 T I SR (R v 557
i B RIHER PR ) AR . 191247, GansXiMieBRiRRHT THiRE, M TRk
IR 7~ X G IR B S G IR (9] o AT T VR AR TR R BR T RL 1 IR Hi
S o) S AT AN R o SRTIBE A 2K R R e, AoKARE G B AR 1
AW R, AKORL T TR AR 2 AN T BRI T BROR A OIR o 38 o P 3 sl f e 27 75 7%,
IAHE B RS K AR AT # IR A AL 5 T AN U 588, R U320 F 48 A T B
i, CEARAE TR AT I 7 SRR 22 so i H 7 e . RIS, B S A 1
B (TEMD. AR WGt (UV-VIS), KM HH 2ok (SERS) ZEH AR
RIE, SJBAKRLF R E TSR RSE IR A IR EE 2R 2R  5C R T
TH2ERG . SERTAORAE . Ik, S T MERS F RN M B 4 8 4 Ko 1 1R 2
P DL HAT R i PR TR AR 1R e A SEBR I, AEROKRE 2 (R Bl
AN EAE T VAR AR R . H AT, TR IR S A KR 2 M T B A
JPETEEA . THEREVE (T-matrix  methods) [10-12]. #BRJciE (Finite
element methods, FEM) [13-15]. i15Jti% (Boundary Element Method, BEM)
[16, 17]. B HEUBHUTLL: (Discrete dipole approximation, DDA) [18-22]
MR A PR 224072 (Finite differential-time domain, FDTD) [23-28]4%. I
DDAV AT WAV S N, R A RAC faf o, N FH RAE RS s, IR H AL
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XAERTEARAT BT RGP iT OB 5N DA 7 A AT F 5
T4 SRDDA T 152 B TSR V2 16, TR B RAEAT =GR 4
JER AL T e T ) T B B ARMAR . 9ok 1 & BB A 1
BEA ISR HEG S I SR I IE A, AT B b T VEAS B et . ANKKE 1S5 K%
S AL SRR KR B IR N O R G FORL T (R R T AR
JOST 55 FOG 2 0 1 1 2R B0 T R s (1 A

GARL T s RAE SRR R R G Pk BT RAF SEA0 N. F Ok 2 4 4K AR
FH— AL 3 A 20 AT 90 AEARLLR, B AKRLF O 5 Y TR i 5k
JETINIRIE . & FPEARFIZE M IR 6 B KR T CBRIR, KMk CIOBIRD , =
i, PUTHAR, FBS&, SLITPR, #ocdity, JERGEHAE) ARG p, IX LRk
TEAR 4 B O KA B2 B2 JavE (294110 528 E AR B al s KA L (1
BN, AT LR TEM & UV-Vis SEERAET-BA Gans B THE I AN H 2k
PEOGZEE BT R 5T Horr, S aKbeb 1 HATRRR 25 84 I H I RBORT U
TEAERLAG I IALEITLLAMX, Wei AT E1-Sayed 25 ANAEEATTH T2 G REEAE (1)
VYT (42, 43]. Halas WF50/NHAEAA FOMRL B85 0028 — 2 8 Jm il ik 7 45 14
IGKRL T, 38 i 2 A R RN 46 6 2 ORIl AR5 FH e i) S a7
(44, 45]. Schatz I VR 1 BB MU AL A I 22000 <62 8 4 oK 52 (K1 2 1 )5
T VRGPS 20T (461, Xu WIN T Mie BES XA M A BT R CLEAE 4 R N A%
IR SSRGS T BT T BRSO B TR A S R (47 R
FULH R FH I 4 O U e G5 MR ARG R T 8 A0 X, g SO SE S F R B
w b (FDTD J592) WHFST T AN R 258 2 500 HOG 2 PE i) s i [48, 491 .

<52 JE AR AR BT H AT IR O LR AP s 2 T A A BN, 1y LA
FEIE IR AR IR . R B 2O R R LRI YT . DRI A B S T T
WAHTZHINH [60-54] o G, H5ibr 8 OiBORTE R A5 2 AT
A R RS RIDR: . GURBR A GU R AT B R L, HOR RS2
B ACE L AR R R R A SR R R Z RN SR O, T

%G (Surface Enhanced Raman Spectroscopy, SERS) [55-57]1, 4taeigmdy
SEGEE (Tip Enhanced Raman Spectroscopy, TERS) [58-607, Ly g
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SHUHGIE (Hole-Enhanced Raman Spectroscopy, HERS) [61, 621155 2 ka4
g K kL 19 5 7 2 % % (Shell-Tsolated Nanoparticle-Enhanced Raman
Spectroscopy, SHINERS) [63]%%. #3771 Nie, Kneipp, Xu 2 NfEHI;T
SERS (Single Molecular SERS, SM-SERS) J7 i FF8 1 T4 [64-66]1, SERS
2R A AT B3 AT 1B — AU i R BOG ISR . 5N, B PR
BT K SERS B TUHh e B — RAN AU & @A R, R eIk T
SERS H BEMN F T M e 4 i A4 2 (1 BRI 167, 687 o 412 154 & B4 (Tip Enhanced
RamanScattering, TERS) F AN A ve il SERS 155 H AL H kb T-H Uk 2 1 sk gk
Fif EERE G 7 1B i, A BYEF R S5 AR IR R T R G R, WA PR R T 3R
HWORET 7> T IO RIS 5 . T TERS W) 78 20 A FH 43 18 B S ikt 2 17 40 7%
s, B EAME B 4% SERS my RO AUFF AL 1 H AT G SERS BEAE DG
W23 )50 3R (69, 70] o FERFSEIF R T TERS [UEARS, HI P BF 2R 90 4l fee il
S T —FhRAAZ A IS TERS BT A3 27 1 it g A Rl 76 S22 B 4 9 oK bE 5~ H iy 2
;3 SHINERS [63]. SHINERS A A% 5 45 14 (1) 40 AKRL 1~ a7 BT AT A% M SR A3 B0 it
R ST IR G s 2O S, ARORAT B il 55 SERS T TERS H Kb 7R 1)
R e R B SR 2 A o FL I SR A U P T IR A R R AR MR R

BT IOC LR 1 AT T R B2 3T 1 DT o AR RN B R R
FIURT R et A S LA 1) 4 JeB T 11 6 D63 9 (Extraordinary optical
transmission, EOT) MWBEHLEIFER A& [71].

1.4 RS EARK T LM FIERFTIAIE R B B B9FIE X

AL T IR R NE iU O S5 A S VI G R, T IRGKAD R OUL 45
(APSRINTALIL YIS/ R ST IOER 6 A IVASE I 7 SRS DO LP S BT AR R G e
LSRG RL R E TR 2 — o FEAR D IR A T Be o, w22 i — 1,
R ARG AR, A AREN O S5 M A5 6L, 3wl BA T R4 KA VF
2L R T . b, AN — AT (Ul traviolet-Visible,
UV=Vis) W2 gRA ARG 2 0 BT I SEA T B IR OVA R H0t 1T 534 TR
Jai s R PO LS BIUR (K RE R B Hh KD o 1206 HRRBL T ) 4l
KR F I e i B, BRI ). e 2R A R IR RS,
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B FL A ) BRAT AN L AR AR 3 [72] o JL TR ER DAL (55 & IR g Kb 1 fig
S5 5 IR RE A S RARALL, FEOUR T d BRI T RIT BIE BOK RE
Ry sp oy, HOGIEOSOR KR AT R AE H . WBOGIE IR - ZEUTER Sk A T
HLFARAOE BRI o 0 TR A R« B8 48 A Bt 6 IXRE 4 JE A T (M Kok
SRR IAT AR B AL, BRSO A ORI AR SRR
G B AR YR Y (Plasma Oscillations). 4@ 40KRLT (105 B T4 4R %
AL T s SEAM BTS2 MO MR L) o I )2 f 5, X4 B i
W AE A —PUE 7, Wt R R R A0t (Surface Plasmon). K
A5 T ARSI AT LUTE S50 BT B 4 e 0 0 1% rh AL Sl I HL e 4 Kok
RIS B T WOT IR G 1% b (A7 B 5 S Ja R I A I, RS L TEZRA LR
BHHUImBR 72,

A RS) BOBAR 14 J8 A K KL (1 )6 FRAER AR S LR Bk 1 2 1 i 5 i
TRWIE CAER (R m B, 90 ARAXHh 5 A LLRVE Z RIS AN [R) T VA AH 4k 4%
TARFRSFRIEAR CRETERIR. BRIk, AR, MEER. SR %K4 )8
GKKL T [73-78] 1M UV-Vis Gl ph R BERAET-Be, UV-Vis JGilw LA
S A AKAYORL R T O AR, I Hoam it FE S BOR T SE4h 5, RBMEIRAT G TR
RLIE | 5645 D5 T RV 22 0 A R o e — e R B0 wT DU B8 o 6 %
BEAT T, X S50 B AT R A AT Y0, BETTHR 35550 b4 s i 45 A
RN I g LIPS YA Al

WRF(RAT7 00 A0 2 4 JRAKRL T 18 o — AN LR L. FRATI%E, SERS Mo
(1) 35 TR 1 T-HREN 23 1 BT R B 1 4 S8 4 oK S M I H g 3 i i . 6T 1
o AFH R R R AR I A, BRI ATy S AR A R .
TIRH

2 2
M = MLoc (CUL )MRad (CUR) ~ |ELOC (w§)| |Eliz(a)§)| °
Inc

| Inc

I Ho 1 T4 2 B8 T % BN AR @, = @, T3 SERS B9 A il i U& 7R

Jo g =B @0y Sors warp 7 s T AR (79, SRy

| Inc

ARLT (IR T S I I 5 T A ot K L 3, W] DLEE NS St LA B 2. OF



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

