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Abstract

Abstract

Plasmon-enhanced photocatalytic/catalytic reactions have become a very
interesting and active direction of research due to the capability of plasmonic
nanostructure for high-efficiently harvesting and utilizing solar energy into chemical
processes. When gold or silver nanoparticles absorb visible laser irradiation of a
specific wavelength, it triggers electrons in the metal nanoparticles to osciliate with a
certain frequency of the electromagnetic field. When the excitation frequency matches
the characteristic frequency of metal nanostructures, it creates a phenomenon known
as surface plasmon resonance (SPR), which brings several significant benefits to the
surface reactions. Taking the advantage of SPR, plasmon-enhanced heterogenous
catalysis has recently come into focus as a promising technique for high performance
solar energy conversion.

Despite the plasmon-enhanced catalytic reactions have been observed in a series
reaction systems, the fundamental physical picture is still unclear. It was
demonstrated from surface-enhanced Raman spectra (SERS) studies that both
aromatic amine and nitro compounds adsorbed on plasmonic nanostructures can be
selectively converted to the corresponding aromatic azo compounds. The reactions are
strongly influenced by the solution pH, the electrode potential, the irradiation
wavelength, the irradiation power, the substrate materials, and the surrounding
atmosphere. However, the reaction mechanism is still debated, especially lacking of
the thermodynamic and kinetic data. In this dissertation, we carried out systematic
researches on the surface specotroscopy and surface reactions of two typical aromatic
compounds, p-Aminothiophenol (PATP) and p-Nitrothiophenol (PNTP) on gold and
silver nanostructures. My dissertation includes two major projects: plasmon-enhanced

Raman spectroscopy and plasmon-enhanced heterogenous catalysis. Density



Abstract

functional theory (DFT) calculations are proformed to investigate the chemical
enhancement mechanism and chemical reaction mechanism.

The first project addressed in this dissertation is related to the theory of chemical
enhancement mechanism in plasmon-enhanced Raman spectra of PATP. We focus on
the influence of photon-driven charge transfer and ground-state charge transfer on the
intensity enhancement and frequency shift in the surface Raman spectra of PATP
adsorbed on noble nanostrucutres. To make a comparison, the electronic structure and
transition property of free PATP are also studied. The present theoretical study shows
that application of DFT calculations gives explicit physical pictures in understanding
complicated processes of charge transfer and chemisorption interaction involved in
SERS spectroscopy. This can be extended to investigate the chemical enhancement
mechanism of other molecules.

The other project addressed in this dissertation is related to the theory of chemical
reaction mechanism in plasmon-enhanced heterogenous catalysis of PATP and PNTP.
Theoretical models are proposed to study the electrochemical, photochemical, and
surface catalytic reactions of PATP and PNTP adsorbed on gold and silver surfaces.
The influences of solution pH, electrode potential, irradiation wavelength, irradiation
power as well as surrounding atmosphere on the reactions of PATP and PNTP are
discussed. Present results have drawn a fundamental physical picture in understanding
plasmon-enhanced heterogenous catalysis. The critical thermodynamic/kinetic data
obtained from our calculations are helpful to optimize experimental conditions and
improve yield and selectivity. We believe that the plasmonic nanostructure catalysts
have promising application prospective for aromatic azo dyes synthesis as well as
other important industrial reactions.

Key words: Surface Plasmon Resonance, Surface-Enhanced Raman Spectroscopy,

Electrochemical Reaction, Photochemical Reaction, Surface Catalytic Reaction



@ik

F M 1972 4E Fujishima F1 Honda & 31 TiO, 754N 6 B 5 R T BR B 7K 43 fift I
RIFEAE AR L-2], RGBT SR AT ERA BRIR R AN EE Ak RO P RE,
FARFF LA BN T RERRIEBOTTI6REFI A SGREL SEHEAL SR
BT [3-6]. SRTIE Jis Ay I SR BT, 0 Tio, A1 ZnO,  HAEAIH]
BRI ASE KK B R S T2 EA T 48 AP X T, S K BH 6 BRI MR SO 3 Pl 1 sk 28
SRR R SRR R AT . AXEORPEGRE H~5%[1 584k (K 200 % 400
nm) , ~43%MA WL (P 400 22 800 nm) ,  BAK~B2%IML MG (BEK K
T 800 nm) o HI T T W EAEEEAN K BH G b o s A R A, R R RIAE
A G IX ) BAT e AR IR A FRURRL R i A BT 7 b i R B R [ 7-8]

54 B PR R T B A A — R ARG IR B, I SRR R 4 T A
6 B EE A I B ¥ Rl 7R I B ' i 0 LA i 1 D M s R AL [9-12] o LR i e v LA
T AR AR T [ RS RIS AT 4%, AR 1 O T G R KR T ) R 3
TR (Local Surface Plasmon Resonance, LSPR) #ii%[12-15]. 153
T4 BAKKLT LSPR AUNEXS 6 1 i RO, 5 RS i A VB —FiB e (¥
RO B AR BT 516 T I 7835 40 v JE OQVE[16-19], XV 2 B B2 (1 S B # R IR H
R IG ARG, ek I Mi[20-22]. Yeffk CO,iRJR[23-24]. HiFS O,
H Ha R 25125-27] et AL ML N [28-32] « LA 4% il 9K i A= K [33-35) 4545

SEG I SAOCHALELEL, 5 BT A i L E R —MRRIE 2 AT LA
K LSPR, TP A & Al 2 W BRSOV AR G AL OBL . 58, Aus Ag. Cu 5§
G JBYNKAL T LI I 250 RS L T30 AR & BT A o0 BS54 L SRR IR AT e
TR A B AT WX A HEAT 8 [9-11] ik, LSPR W] LA 35 Hhdth 5 4% 7 (e
fEALF) (10 Fe 03D (AT WG AE F1[361F1 5E BT RE (4 TiO) (I 4k
e 7I[37], X — PR 3R 59RO AR M RE A ARRHE BY . TR, S 9IKRL
ORI RE IG5 48K 2 BN IR AR T T 132 CRZ) 10 nm) BT,
DR SEETE 4 J A s P B 0K 1 Fl - Bl s o B & R AR TP B B AR A [11] e X —
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VBT AT AR R R LTS R ). BRJE, LSPR TE & R R M= AL B RIS 58 ¥ 5]
Hotl, FLhEE — RIS RREHAIER . B, BERBESRM REOE B
AR T 1 & A B A R RO 3, IF HAR G AR B 18 O T
Ji%[10, 38], LSPR [ 4E4 5 sth 74 ok T 7= A 1 B8R T LA DB Ab, 2% S I 538 2 4 I
it F#£[39-40].

§1.1 REFRH TR

Ja 5P A BAE T — B DRI R S BT oG, G H R W B A R R
F/NTECE T NSOGB K. FAE 19 tH4D, Michael Faraday i %X — R
FERIEMUREAT T 1 IR IR AR Z o At R IV rh R 2K RS 1R 40 RORSE 1 70 €2 222 41
A RYOR G M, FLAT Do i o Rios: (0 RO B8 v i e [41] .
XA UL G AT LB Maxwell 75 REHEAT R, SR 10 ELE 1908 4 Gustav Mie 4
S 1RSSR AT R RT BRI UKL (0 b 77 %6 [42] . Mie 7] BLTH S AR SRS
BRI & @i R BTH 6 (RO AU S 2 A o J8id Mie BRI AT DR
I RV 2 SR B I R A0 37 Faraday SE6 HOWLIN B R 2B R S IR . LA A kA
S AT EA G S 9K R B R UKL A IR, — TR 2 B R A ——5%
BTG5 (Plasmonics) o 3X — 45U 1 A% 40 1) 380 Agf /2 35 THI 45 55 0T JE 4R

(Surface Plasmon Resonance, SPR) : 4 J& 57 FL - 7E NSO FLZ HEUR TR 72 A2 1Y
TR o

MOEPERIAA L, RIS B oC ] LR EE T2 i 2 BN UR 1[15]. 24—
IR 5 BT HAP AT AL E N, KR IR A AR Bl 2 AT AR 7 & B f AL
o VW IR T AE A T T B T~ 7 B 5 4 4 B 1 o2 e 7 s Pk i ) B 2 44
ARAEFHJE BIE I Rt Lo BEJE A1 P AT DL I e o 20 99% 7 F b i e ik 24 4h
715 CAIESZ U R A N, 22 DA AE — MIRERAE A3 RAE K — 5 TR T 1R
RIS B K o X —HFPR IR FRAE LRI, & T 8 R T IR A R T
PRI DBl o 7 AR I — B G SR TR 2 2l 8 A0 5 5 4R 1 A [ A0 — S, 4R
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