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Abstract

Abstract

Electrochemiluminescence (ECL) is a new kind of detection approach, which has been
widely used in biological, pharmic, chemical and environmental applications due to its
continuance, sensitivity, reproducibility and relative easiness to be automatically controlled.
In ECL research, ruthenium complexes have been widely applied well. Solid-state ECL,
which immobolizes ruthenium(Il) complexes onto a modified electrodes, became attractive
in ECL studies and applications. Since the discovery of carbon nanotubes (CNTs), much
attention has been paid to them. The one-dimensional tubular structure of CNTs has greatly
stimulated studies of this novel material in the field of physics, chemistry and material
science. Depending on their atomic structure, CNTs behave electronic properties suggest that
CNTs have the ability to promote electron-transfer reactions. In a recent review, attention has
been paid that the CNTs composite material has electronic, adsorption, mechanical and
thermal properties. In this thesis, two kinds of CNTs and the CNTs composite material
modified electrodes have been fabricated to immobilize ECL active species of ruthenium(II)
complexes. Then, their applications in solid-state ECL have been studied in details, and
sensitive methods based on the study results for the determination of some samples have
been made.

This thesis includes three chapters, and the main research work is summarized as
follows:

In chapter I, the principle of ruthenium(Il) complexes being used as ECL reagent and
the development of approaches of solid-state ECL on tris(2,2’-bipyridine)ruthenium(II)
[Ru(bpy)32+] modified electrodes were reviewed. Furthermore, the structure of CNTs and
their modification as well as their applications were described in detail.

In chaper II, tetramethoxysilane and dimethyldimethoxysilane were selected as
co-precursors to form an organically modified silicate film for the immobilization of

multiwall carbon nanotubes wrapped by poly(p-styrenesulfonate) (PSS), then Ru(bpy)s*"

I



Abstract

was successfully immobilized on glassy carbon electrode via ion-exchange. PSS was
employed to increase the conductivity of the composite material film and disperse the cut
MWNTs, which were cut and shortened in a mixture of concentrated sulfuric and nitric acids,
in the film. It was found that MWNTs could adsorb Ru(bpy)s*™ and acted as conducting
pathways to connect Ru(bpy)s>" sites to the electrode. MWNTSs also played a key role as
materials for the mechanical and thermal properties. The ECL detection limit (S/N=3) for
methamphetamine by the modified electrode was 1.5x10® mol L', which indicated a
suitable sensitivity for practical applications. In addition, the ECL sensor presented excellent
characteristics in terms of stability, reproducibility and application life.

In chapter III, immobilization of bis(2,2’-bipyridine)-5-amino-1,10-phenanthroline
ruthenium(Il) (Rull) was carried out by functionalizing the multiwall carbon nanotubes
(f-MWNTs). Treatment with nitric acid and sulfuric acid mixture (1:3) leads to the
functionalization of nanotubes as observed from Fourier transform infrared absorption
spectroscopy (FTIR) measurements and transmission electron microscope (TEM). The
strong hydrophobic interaction between f-MWNTs and the surface of glassy carbon
electrode could make f-MWNTs immobilize on the electrode firmly. Rull was coupled with
the solution of N-hydroxysuccinimide and 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride and then immobilized on nanotubes. The reaction of complex containing Rull
can form a covalent bond with f-MWNTs as observed from FTIR and energy-dispersed
spectroscopy (EDS) measurements. Because the -MWNTs on the electrode surface had
open structures, large surface area and excellent conductivity, the modified electrode
exhibited good electrochemistry activity and sensitivity with ECL detection limits of

8.8x10"mol L™ tripropylamine.

Keywords: Solid-state electrochemiluminescence;  tris(2,2’-bipyridine)ruthenium(II);
bis(2,2’-bipyridine)-5-amino-1,10-phenanthrolineruthenium(Il); carbon nanotubes; modified
electrode

v



b
n
=
il

¥
ot
=k
i}

HIEE24 Rt (Electrochemiluminescence or ECL) F ¥l k2% F B, FIH
A4 3R T I S S A AT A 2% OB P AR AR E 1 FL IR T RS, ORI
R IT [RIHEZS N ™= AR 6 A, R A S Al Al 27 S R A2 (R i ) i B 1) LAEA T
TR (K58 o BT ECLa R Y R AR B R MR T 7™ A i e A 3 S ) o 5 3
2RO, P AR B MR AL 2 RO S AT S B o R ILPEGE . W EAT SR (in
situ) KOGAERS R R AR T A L AR R A A A A AL 2 RO RN
SR RS i A, 2 H TR 2 I A AME 2 RO D R 2 —

HRHEECLI) S NV JREE, 5 W REAT P 24 D) DX A2 7 P A 3 1T - 905 79 A BT 4 B ) S v
Jrirb, IR ARTR I TS 2 R B A RO S N I BEAT o DRl AR AR A AR
FiAR, w5 Bk R B R B R s BB, AT e ECL )y V& (K1 40 #Ts
P 19754 Miller[ 1]1F1Murray[2]55 514k & 7103 N k6 v 78 B AR 2 T BEAT A 2B AT 1)
W, bR BB B E S, TR T AL 2R B A ) i AR 3 T
SRR AR . 8T T AR AR AT IK 43 7 B3, TR (K R 4 R TUE (S RE, LA
7R BT PR M BEA T DT B K S, 7R 23T /K B SEI AR Dh e Bt [3]. A
W 5 TR A B FE A7 S B I PR AR S 25, oA 288 & SRRk =
HAIT A — I AR R, A U s )RR IR R T R, R mT AU 2 A i i A
L2 B IEAE A2 AN A OCE RT3 — S BRI 783 A5 B (KI5 Sl

VTR, BECLIWRFCAI R H 2332 BTG, BAkiESl (Ru(bpy)s™ D K ILAT
LR P AR R THI ) [ s A B A ECLAF A M B ZE J7 1) . Ru(bpy)s™ HAA KW MELF, iR
FtaE, FMOEIRRY, Kotk s, A A R AR,
I TECLIMHST[4]. ABAEBEAT RSN R (RBOAHECLA I S F v, B Bt R IR e 7 £
N SRR TR R BV FE, 38U IR 2 BT A R PR G IR V5 B o R FH IBIEBE £T /EECL
S W RTAEER P A KPR, REAT Ru(bpy)s™ T8l 5 7 FLAR L (0 ] A i 350p 2% R 0 AT 48 1
A, R, JFSCILECLALAS K/ Ak o A Ok KR SOk IS TR A AR A 4 1
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R IR I £1 1] 5 £ FI AR AR T, A2 JRE T N P T A 40 A0 ) A S st ANAE s 280U € 35 A e
BN E K S B BORAE R 5 2 BT 9 E[5- 7]

1.1 BXMREST R B F R R

19664 Lytles A [8]1K HLLE SR 3Bl 1T R u(bpy)s> W88 oI N5 75 e, T 50 Rt 41 8,
[f)% 6. BardfERu(bpy)s® IWECL I N ALHE 7 i 7 K& TAE[9-12].

1.1.1 B AELFERE

— A I Ru(bpy)s” ECLJE H T-HUR & fRu(bpy)s” P2 AEFTEL, R EHK h610
nm[12]. FEF - Ru(bpy)s” /R AR E LA, i ko6t 7] — F AR B DX BRI 67 bk, 5
FE AR BRI 1 A A 4 S I AN R LT, Ru(bpy)s™ BT HLAG 2 S B 7 A 4
L JEASRu(bpy)s” FLEF =Y Ru(bpy)s” (UWIE 1.1,

CRU(WY);
) =
Ru(bpy);** (jpi/(j NIK:;
Cll O
Ru(bpy);** \EJ
( Ru(bpy);***
Ru(bpy);** <

hv (610 nm)

. Electrode

_—/ﬁ

B1.1 Ru(bpy)s™ HI4i# X Ru(bpy)s™'/ Ru(bpy)s & ECLHLH
Fig. 1.1 Structure of Ru(bpy);’" and proposed mechanism for Ru(bpy):**/ Ru(bpy);"
ECL system
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Ru(bpy)s® 5 Ru(bpy)s 2 i) 7= £E B 1568 TE BOOR A TIRu(bpy)s™ ™, R IGHLE 1R [8,9]:
Ru(bpy);” — Ru(bpy);” +¢ E®

Ru3+/2+

Ru(bpy);  +e — Ru(bpy), E°

Ru2+/l+

Ru(bpy);” +Ru(bpy); — Ru(bpy); "+ Ru(bpy);’
Ru(bpy);” — Ru(bpy):" +hv(610nm)

ECL S N7 A [R)3 k Z5Ru(bpy)s™ 580K (Photoluminescence or PL) 77/E[K]
BWORASEPL EEBUh & EBCA R 7% (MLCT) [13,14], -7 ARulfjdr¥lid
ook BIRCAA I PUB AR G 2L R 1A 8T R E Ru(bpy)s” S 30k — A, ARGE
RASTFRu(bpy)s™ (¥ 0 33 A5 ol A2 DU 3 T 20 BB BE13,15] T EECL A 58 s
0 AR ) LT R B A (g U8 R RS AEMLCTIRIT IR 2, BiRIRu(bpy)s™
AR A Ru(bpy)s” A W R BUR G K9]

=+1.2 Vvs SCE
=-1.4Vvs SCE

1.1.2 SUERBEBEHUFELL

R SR el SN 0BT X7/ IR N S G N 1 S ST SN E W AT AT I S e
Ru(bpy);* fECL: Ru(bpy)s™ 15 2671 B Ak 4484 I Ru(bpy)s”™, Ru(bpy)s® L5 5iids J5i 5
IS A O A Ru(bpy)s T = A e hm it . SR B T 8] MH16]. NoHa[16]« NaBH4[16]-
HORI10] MEWIIE[17] MEIAIE[18]. ZHEMR[19]. NADH[20] $AEILJHRu(bpy)s® 74
K. HECLINALEE .

Ru(bpy);” — Ru(bpy);” +e¢’

Ru(bpy);” + Reductant — Ru(bpy);

Ru(bpy);” + Ru(bpy); — Ru(bpy);” + Ru(bpy);”
Ru(bpy);” — Ru(bpy);” +hv

)= FiRu(bpy)s”*" ECLF A i85 /38 i — 44k 7 R

Ru(bpy);” +¢” — Ru(bpy),

Ru(bpy); + Oxidant — Ru(bpy);’

Ru(bpy); +Ru(bpy);” — Ru(bpy);” + Ru(bpy);"
Ru(bpy);” — Ru(bpy):" +hv

WAL PSS E AL S,067 1], IR RAA R A 43 TRk 2 v (1 R AR 3 A B
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ST ARE 4, 3 BRI Ru(bpy)s™ HIECL R N HLERS A ANE], HF2 5L
YE& BT 1XJ7 i 9[10,12,17].

1.2 BXMERESTIZIFRARAE N F %t

19804F-RubinsteinflBard[21] 1 YK} i& T Nafion/lEA 1 Ru(bpy)s* 1 i L 1% HE Ei Ak 2%
R LA30FMBIT S K,  H 1T SCHR AR IR BE £ 718 1 PR (14 1] o TG EE e 7
JNEFEAA VYRR, RlLangmuir-Blodgetthi AR, HARHIAR, SBE B AT -
BERHEA, LU T2 4 &M i 73 SN H

1.2.1 Langmuir-Blodgett¥ K
Langmuir-Blodgett (LB) BiE[22] 15 H A [ i /K st B K S R (R0 40 T4 T
FERAEROTEAID SRR 0/ — R L, VA R WK TR 6 G o — 52 £
HI I, SRV A T T B S HE D A 7 204 T R S RPN 00 43 s
BRI, A4 T a2 4 T, /3 BB AU k. SR LBR 7
VR BRI AT RO IEH], AR tE N 4T 0 T 14 EIR KBRS .
5 OB 4T Bk R ST KA SRR, [N L6 Fl B R S i FEE AT AR AT
Bard A [23,24] ¥ S5 43 T HILBH A _
e L 5 5 2 TR i 7 74 “ﬂ@%”**w<:}_§:>*m
LB B . TR ILBEANE [ 1.2 bpy-Cho LA E
W W AT 9 4 T b R % 47 A 4y Fig 1.2 The Structure of bpy-Ci
Ru(bpy)a(bpy-Cio)2 T EZELULAE (ITO) HIFI G AL 1, ¥4 ¥ TR it
[ e T A TR 1 A 25 P I — T P B B AT 2 ECL . ST v R T 1
LB A, SawaguchiZ A [25] )& Zh [f] f Ru(bpy)x(ndbpy)** [ndbpy=4,4’-dinonadecyl-
2.2 -bipyridine] [ 5E £ SnO, ML L, SLAE A o AR FH T 2SR 2, ek 9 [l 7
1x10°~1x10* mol L' 2 [, 3t & W B2 (04 LBHE A B FI T AR s B0 22 5008
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HOEEIRE AL/

LB oAl — B — DB 1 72, s ieima s, i L et
o T INEEARS, e EARAE R AR I (3], $RAE TR LUR A (5 21w R
FEECLIN 5% M T LB AR PO AR (I BRI B, R FH X R0 7 vk B R A5 1 Fe B 2%
TR IEER I REVEAN AL, W R 5 B WL RIS, AT R T LBEEAAE A
B PO IR

1.2.2 BARHEK

531 B AR [26,27 /2 i 43 1 5 B ) (1 23 U, AN 431 R
B [ R Y B T RS BRI A B . BT AR E I RS YA
PP R IEEAR . J3 1 HA BRI HI & TvA R 8, IRk AR B 30y 1 IR
WP, HRE R T ERE LA LR, B 1 i R R 2 R B 5 1R A S
HHFRSF)m. Hi T B ARBEEOR S & T LB 735 - PERML 2 B R A3 e
PE, DUREAR B — e vk CUnAT LIS . BT IR RS, i o (5 A — ek
IR

Bard%5 N\ [28] 1 Jeiid | H BABH AR EAER  He (CH,)),SH
A L 3 T B - IR e £1 #T 2B )2 ECL. A ATTH]
C 3 7 K5 B MR IR ML E 57 43 rp 1K) — S b g 24 DA

\N/ \N Vi

p, e , &l 1.3 bpyHI 4t B
FIPIEI T Ru(bpy)a(bpy)™ [bpy=4-methyl-4'~(dodecyl- Fig. 1.3 The Structure of bpy

1-thiol)-2,2"-bipyridine], #RJailid A 4 BF AR I [ 2 FEITOM B AR R i [, KX e
FIRu(bpy)2(bpy)*" B 43 1- ZAE Ak 1 Fa AR 45 A B R 1 Hl A 2 s mp it o — 1 H
BUP=4 TECL. 20044F, 3244255 N[29] 8 IRHRIE T B4y 1IE LI Ru(bpy)s™ A5 7 LT
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