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ABSTRACT

Dynamics Studies on Interfacial Reaction between Nanomaterials and

Photoactive Molecules
Dewu Long (Inorganic Chemisty)
Directed by Professor Guozhong Wu

Nanoparticles have been investigated intensively and extensively in the past decades
due to their promising applications in industry and technology. However, there are
still challenges before realizing the applications, such as how to construct the surface
of nanoparticles against aggregation, to disperse them in various solvents and to
control their interactions with other molecules. Therefore, much research interest has
been paid to the study of interactions between nanoparticles and photoactive
molecules. We investigated photoinduced interfacial reactions by laser photolysis for
different kinds of nanoparticles, e.g. polymer nanoparticles, quantum dots, metal
nanoparticles, and carbon nanotubes. The results showed that binding of free
molecules to surface of the nanoparticles usually causes a change in absorption bands
of transient species, such as absorbance enhancement, prolonged lifetime and spectral
shift. This implies that physico-chemical properties of the bound molecules are much
different from free molecules. These changes in behavior of the radicals are due to
various interactions between surface bound molecules and the nanoparticles, such as
the trapping effect, electron transfer and energy transfer. Interfacial interactions
between nanomaterials and surface bound molecules and the subsequent
recombination process of the transient species are strongly dependent on structure of
the molecules and particle sizes of the nanomaterials. In addition, functionalization of
nanoparticles or carbon nanotubes by chitosan has been achieved based on interfacial
interaction between the nanoparticles and organic molcecules. The studies are
important to both the frontier of fundamental research and applications in molecular

electronics including photonics, photocatalysis and photoconversion cells.

Keywords: Transient spectroscopy, Nanomaterials, Interfacial reaction, Photoactive

molecules
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A EARB, KETEUYEEFREEE. 162 (Richard Feynman) 7
1959 EFREM—IRB A (ERIEARFIEAD ("There is Plenty of Room at the
Bottom") AU . AL YR EMMBE TR ZEHNBERMRAFIMRE T —MHH
k. NABREATTE, ABNBRFLIEZIERNAHEER, BE5—Ktt
Bl ZERE RS H MR FLMEEY MR RO EE X, TERE, X
fFEARNAT AN —ANAEH R, AR FEERFITHBTAS, U
REIRANMER? M. “BEORRER, VEEORAESHR—AEF MR
FHEEDRNTEEE.” Mgl wRAHERRERENE, FEF—RIF
BB B 1R & SR B X LN UK S MR . IR BT UMY, B 80 &R
K, REXERIUUBCELEI, WEKRERHE. FTHEMEMEs
HEWES. XEUBRETHRAMNMENRAGKREHE “RE” 0 “FE”.
IR, &R IR i i 8 ) R E R EKTEE ARG IR E S AT e, A
KHFNT = FHRAKAAR.

FRMEBEREHAKRREAR A G4, REHE. HPJXHA, B
RIEHTRNAKAT, HANEEK. BEARBEABH, BEFHMB=X=RE
it SYREENTIRAUAPPRKRER, SUIFRHREBN. FR
RIRTBTHRL, A%, #F. M2, W, DETTUEF ORI R L
+or BERTML . Eigkp el RERE—RMRTRF SR, W 2N
RAFARF. BA. LT, FF. MITMREXSTE, EBENFTHEBFRNA
FEAGEEZ O E. ZRXAMNRIFE RGP FRITFEANE, HEL
FPA KA B A BIRAN .

LR E, 29K (nanometer, #HER nm) B—MKEMME, BKRA “EH
X7, —HXZEFHILAZ—K (1 om=10"m). BHETEMAKBFHRER
M F 1 99K 20 100 Gk B A Rk . ERMLEELH AR FHERT AN
WUNERL. K ERARERT—BFRE, BHEDTARNER. 25
ARt LU T B & E h.
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Fig. 1-1 Comparison of the sizes of atoms, nanoparticles, and biological entities.
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Fig. 1-2 Ilustration of top-down and bottom-up method to fabricate nanoparticle
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Fig.1-3 Shape control of colloidal nanocrystals. a, Kinetic shape control at high
growth rate. The high-energy facets grow more quickly than lowenergy facets in a
kinetic regime. b, Kinetic shape control through selective adhesion. The introduction
of an organic molecule that selectively adheres to a particular crystal facet can be used
to slow the growth of that side relative to others, leading to the formation of rod- or
disk-shaped nanocrystals. ¢, More intricate shapes result from sequential elimination
of a high-energy facet. The persistent growth of an intermediate-energy facet
eventually eliminates the initial high-energy facet, forming complex
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Fig. 1-4 Plot of the ratio of surface atoms versus the sizes of nanoparticle
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AL T E, REBEMBHMORERGRENENE, £ZSTSEBHNSBERL.
WER LS ML, TRAXROEERE R AMEGEER, FHEGENER—
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EMYER, MAGHNEAEE. BTATRGFORERSRE R HRIENK
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T ST HGE B T AR A ATIIR M 0. A RIES BRI T H58 2K W
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FANTEELS, ALK (Kubo Gap). ARBHTLAMTRRRAKE
51,

5=4Ef/3n (1-1)
HERMASRAKRTHHEHRKES: 2~ SRAKBFHNET
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BRRKAK, HARH, MERTED, SRAERTPHETHE2ER
B, ERTRE—REN, SARRMERKNEE. FIma T R N mig
BHART R, TAERA—BEMRET, ABHEHARELKRLAN
5-10eV. (B2 SELNN THEREIEEL Y 1ambt, TASELHIETF. M
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Fig. 1-5. Schematic illustration of the energy levels as a function of density of states
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for different sized systems for (A) semiconductor and (B) metal.
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1.4.1 GORRLTF 34/ 53T R W M
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BB B ERREIARN . DRENRYIERMN, IHRH—REE
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AR BT R0 T ERAK A% RS F R AHAT 51,
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(Ru(bpy)s®) MIBEMREEZATNL, REBXFHI FERRNFREOBRH.
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TR B R AL, ZEGKRL T 2R P R B T A o B BT ek PR T ROV
K30%. TEGKEFX I3 FRRMESHKEFHRRAMHEXEN. Zhang®s
AWPHRIE T ETIO AR FRER M A R AKEEFRORBKBEXR. 4]
R, B ZHALEGKE TRZ M6 nmfE(EF1.4 nmBT, FKRFREBELY
R b 89 5 F M36% AR 213%, TIHERIUIMT4%H EEI97%. BITAKFH
X—H &K RELENPKRFRRREN, 4 FHRREEMK, RETIRTH
dELBI A, AT T REARAR, BRER, MinT KA FHRERME
(E1-6).
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Fig. 1-6. Two surface terminations used to generate a model of (a) a 6-fold
coordinated titanium surface and (b) a 5-fold coordinated titanium surface in a frame
of an anatase crystal structure.
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CTAB added, mmollg
Fig. 1-7. Effects of CTAB sorption on nominal colloidal particle sizes (open circle)
and corresponding zeta potentials (solid circle) as determined by dynamic light
scattering measurements. Silica colloid concentration is 0.5 wt %.
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FHEBNE, BAMRERT, YK TFZRTRAKEOERALH,
XFZRRK S FHIKAEEETER27°CR) (B1-8, 1.9), EHNAXHAZRR
HTHARKEANZRKS FERKRERR LB OHEEERERKSE L7

[ntensity (arb. units)

Fig. 1-8. Observed XRD profiles of water-exposed SWNT bundles at 330, 300 and
100 K. Dotted lines represent calculated XRD profiles. The water density profile
inside the SWNTs at each temperature is schematically illustrated in the figure. The
inset is the T-dependence of the 10 peak intensity. The intensity is normalized by that
of the empty SWNTSs.

Fig. 1-9. Schematic illustration of ice-nanotube structures. The left is 2 pentagonal
ice-nanotube formed inside a (9,9) SWNT. The right shows n = 6, 7 and 8
ice-nanotubes. The largest red and small blue spheres are oxygen and hydrogen atoms,
respectively. The white spheres in the left figure are carbon atoms of SWNT.
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Kinetics Thermodynamics

Fig. 1-10 Atomic-scale view of growth processes at surfaces. Atoms or molecules
are deposited from the vapour phase. On adsorption they diffuse on terraces to meet
other adspecies, resulting in nucleation of aggregates or attachment to already existing
islands. The type of growth is largely determined by the ratio between diffusion rate D
and deposition flux F. Metallic islands are controlled by growth kinetics at small D/F
values. The hierarchy in the barrier of diffusing atoms can be translated into
geometric order and well-defined shapes and length scales of the resulting
nanostructures.

1.3.2 MRRF5NF FHLERIEH

LR REGRR T REOS FREFKEFHMRE, AR FSREHF
2z AR REBTERENEFE—HE LY REMEERANTR. B2, RE
SRR TERERRA FRESBOERAGEBERRS FORESHERT
M REHTER, AR R RSB MR N LN %/ FHBENT
MEASWBRANLE, FUEIZ HEREBRAER L. KRS TFRAK
BT B K AR EET RS BB MR EBEAD. kR T 5 R
EAFRXHEREER—HEILERES T (RAKET) BRITH P2,
HREW, SRAKETR—HEHHBESERFE,

B FEABKE FHIERREY



FOKH RS Uy T8 3R R ML 3 ) S BT ST

REAFFERRBTZRGBIAHFEAEREBIREE LT HIRER
HEHFRTLE, USSR EQEERIKENNEBFAREASE, BditkgR
i, ATLMER T SR RHEIRE A MM, XFHRE S F AR FHZ
fi] (0 g B % B AR AR S AKHL T O RERA KRR,

Ghosh Z APIRR TR F &K FRE N R RETEDH TN IER
HEFMMEL. MITRAFE 5 FREBISHRNFREGE, TR
SFEMKAETZEMEREY, BUTRE TR RESRAEFMI K MR
A, T HIXH S KA TF HATLERE R RREBRYE. MR R
PEN R Hh F KR F 0 L R E AR R TR

MT DM FERRRFZRBEHEREBR IR, WAREANABHAERS
LR T EORBTHEL, ATHERARFHE LR, ERIEEANARY.,
Jennings®H AP T & 40K K FRE K R4 FRIR A BES SGKRF 20
MBEERX R I RAXHERE S T5SRAXKA T Z B RLERT &M
-BAE &Y (Persson-Lang model). X2 —F BHMRAFRKERE, X—LBHFAE
WPkl FRRA RS FaSRFER (H1-11) . EHEHFAFAForstertf 2R AL
HiXFRRERAGRITEP,

Log {Normalized Intensity)

Fig. 1-11. (Left) Lifetimes of the NP-dsDNA-dye assemblies for Cy5 relative to
dsDNA-dye controls (top curve). (Right) (a) Graphic representation of a donor
dye-nanometal acceptor pair separated by dsDNA approximated as a rigid rod of
length, d. The donor is treated as a localized dipole, and the acceptor is assumed to
have overlap at all stearadians. (b) Pictorial representation of a gold NP in an
idealized electric field of a nearby molecular dipole. All surface dipole scattering
events associated with the free electrons of the gold are shown perpendicular to the
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surface, which are predicted to be the dominant contributors to the NSET process.

PR F A FHEREE
TR TR, ERFEHRLT, MRRES FHEZNEREUMERE
T, AR AR RHT Y,

Hybrid system
Nanoparticle only

Fig. 1-12 Scheme of Az-NP hybrid system (kex = 280 nm, kem = 548 nm) (Left).
Non-conjugated species: Fluorescence emission (green) is due to the nanoparticle
only; (Right) Az-NP system: the increase in the fluorescence intensity is elicited by
an energy transfer process (FRET) from the protein to the NP.

ERKR T RENFERR ST, SR FiE0 L2 5 B BRI SHET
BB RS BE A (H112) « FIRRIR, ZHGKRF RRErsER
RERY BT BE SR THRRESHHE X, Dangar® \IFR T FRKEZ
FMSR R T HBOLBR B AACRE TR BT B . RAX—dBATN
RfEtE, MNERKMGR TR RISETRER. X FRRMBERAZKRE

5 HROERY BEREEXRTEREY Aoz, XM Ikt #Hartland
& A RE,

BN T SRR T2 IR RIEB

HETFHRRTE M TZENERERHTR, EAEBNE, HXRTE
B — M EREBHRREN, AERNF— MK THTRRES.
MaZB AP BRBEG (1gG) fENERN, BAFRARMNEHSRELUN
REEHOFHTIRRROCITe R T AEEE—R. MIRA, BidEEF,
RAET NEEREHRT S NLEREHRT AT RREBILE, MERE
MBERARFEBEER, THLEREENENE.
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Fig. 1-13 Fullerenethiol-functionalized gold nanoparticle (Au-S-Csp) (left
hand).Transient absorption spectra recorded 2.5 ps after 337 nm laser pulse excitation
of degassed toluene solutions of (a) fullerenethiol and (b) Au-S-Ceo (right hand).

SudeepBF AP KBS HHR BN EHFERIE AR FRAH R HERA
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Fig. 1-14. Depiction of the mechanisms of the assays using NRGNPs based on FRET
for thiols and FRET/aggregation for neutral and posilive_ly charged thiols.
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BREPXHAEETEBREESERKA TSR TZRHEMLERSR
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1-15) B, REBHEBAERESS,
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Fig. 1-15. (a) Light absorption may induce electron transfer from the molecular
reductant to an empty energy level of the metal, that is, from the initial Red + B( h)
state to the final Ox + B(e") state. (b) Light induced electron transfer from a filled
level of the metal to a molecular oxidant, i.e., from the B(e") + Ox state to the B(h ) +
Red state.

XHFEMETFHEERNR - EFRENTRE, BXRAE/LEPELE
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6368, xR AIMEMETER—AERN. AN TAR, TR E RN
MBI LR RAHE RN

FEA T RAAKE FHOHEE
REFERH DT RHAKETFAGHAREBHACLTRBRES  BH X

RESTFRATRELEFHEROEHIRED T M5 FRAKRTFHTH A
T 4 B LASE N 0 K KL F 33 S RO B AR AR D R s BE Al (dye-sensitized
interaction), R HI& R BAIK B ELRIT B BRI, Pant® AUIRA
Bt ) - BRI A Y IR BT AT T W ZEZrO, B K KL F R I 5 R 343K IR 1L 3)
F1% AT RIEG KR F R H Herd 4T 00 R B (6] 2 3] — 4N 0T 43 20 BT B T
B EANT BITE, X—FIER W BEAFHIRNFE—B. H2MHENHE
ARHEAEEBEFHATEESENEN, EHXBETRENF TEE B

16



B-% & @

Ak, TO BB ZESRR FRE MRS TN IR B (Stoke shift)
EB S TH=M, RtERBEERMEL16).

19

2]

—— water/acetone
—=— waler/acetone + 210

r(t)

Normalized Intensity

100 200 30 £00

Wavelength (nm)

Delay {ps)

Fig.1-16.(Left) Emission spectra for C343 anisotropy measurements, in 95:5
water-acetone solution (- - -) and at the surface of ZrO, nanoparticles in 95:5
water-acetone solution (—) . (Right) Time-resolved fluorescence anisotropy for
coumarin 343 in 95:5 water-acetone solution and at the surface of ZrQ, nanoparticles

in 95:5 water-acetone solution.

HRXFEARTRE DS THREER, TUEBTTRAKNTS
MY FZEOAERFEBERE, BTN TFHRLMMFET ™, fin
HFSAKRTFREAMES T NREAKRTFHEI—ANBFREN, CRAN
REARAES FINARH . BASAKNTRERR RN, EAFEZRERE
WERAESTHRT, NTOFRENENTRAR. Bk, T8RS
T RS RES FHRARE™ (B1-17) .

Fig.1-17. Control of charging of gold nanoparticle will enable modulation of
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fluorophore properties (A: No charged gold nanoparticle cause interfacial electron
transfer and quench the emission of the bound dye molecules. B: Charged gold
nanoparticle cause no interfacial electron transfer and no quench the emission of the
bound dye molecules)

Asbury % AV RSP AN KBRS RETR T XM R4 TF 590K
FLF 2 8] AR ELAE A CARR AR TF B4R TR B 2 B0 At ot X s 57 T PR AT %
BREM . A TTRIL, X7 50 A8 5 R E R M F RS ERAAER,
P, KRB FAGHHEREEWX—TRE. X 8hk, —EhgnansE=
FRURRLT R UL, BF AR FEPKRTAREATEMREBK K E A
k. 84S S (E 1-18).

I | 1 |
-20 80 180 280 380 480
Delay Time (ps)

Fig.1-18. Comparison of electron injection dynamics in RuN3-sensitized TiO2, SnO,,
and ZnO thin films. All samples were excited at 400 nm and probed at 2150 cm™
(TiO2, 0), 2066 cm™ (SnO»,e), and 1900 cm™ (ZnO, A).

ChenF NIRBRESHERHALERR, HRTETFH-BATEEY
(CdS-PVK) WIRERMHEBIRE. AN, EEFAREAMNSTFRERK
T ES T ARIF R StERe. HABIUEFERENAKEEYHAR
HRERT BT EMHENAKREEY.

KA TR FHIBR 8
PARRTERIBRE, HTFRREBRFEBRANER, XHZEATF
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RESBIREETES REFEBREBTFRESEB L RE AN TFREF S
FUC, FHMHSTFR—HBIFHBEFERN, EFAAKRFREREHET
BREFNEAEN, BERARS TRERFKEFPOREEET, ATET
EZHRFEREEHERE, UERFHFARINEREETF-ZROE SR
8, w119, 1208 BMRRTAEBTFRBBKRE, EREEXRY FEH, #
BEATFEERRET - MMRENBMBIERARERESK BT (Tapped
state) SRAAT I (Trapped hole) , REWEREZ AR B R A. BRKEH
B RRN---- R0 THEN, ERRETRARANEES TEHS, B
BRHETFELE BERENBRETEFYZENESIABERRFSETNE
&, MREAEFEHEEZIMES, NUEZETS5F NI 4E1L-19,E
1-20). BHLEE S FR—BIBFHZTIERT, EERPEREAS RN
KM FHIRE, ERRATHERE, BRIKAT ISR R,

——ramy o mweaw < gues

Without Benzoquinone With Benzoquinone

Benzo-
quinone

Fig.1-19. Relaxation dynamics of the transient absorption observed at S00 nm in a
time window up to 80 ps. A fast decay (350 fs) and slower rise time (16.8 ps) are
observed for the original sample without benzoquinone, indicating intraband
relaxation and trapping of the photoexcited electrons.The 2.2 ps time component was
identified as hole-cooling dynamics
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Fig.1-20. Decay dynamics of the transient absorption observed at 600 (red squares)
and 500 nm (black circles) in a time window up to 2000 ps.Without benzoquinone the
trap-state absorption displays a lifetime of several nanoseconds (g2.5 ns). After
adsorption of benzoquinone, the transient absorption is reduced in lifetime to <500 ps.
This could be due to accelerated recombination of the electron with the hole due to
trapping of the hole in the field of the BQ anion.
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Fig.1-21. (Left) Assembling nanoparticles and molecules for light harvesting
applications. Au-fullerene-aniline dyad assembly (bottom) illustrates the principle of
photoinduced electron transfer and collection of electrons at gold nanocore.(Right)
Interfacial charge-transfer processes in a metal semiconductor nanoparticle
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Fig.1-22 (Left) Mechanism of Photocurrent Generation in the Photoelectrochemical
Cell Using OTE/TiO2/Au/Chla as Photoanode; (Right) I-V characteristics of (a)
OTE/TiO2/Chla and (b) OTE/TiO2/Au/Chla electrodes under visible light
illumination. Electrolyte used was 0.5 M Lil and 0.01 M I, in acetonitrile; counter
electrode: Pt gauze; reference electrode: SCE.
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Fig.1-23. Electron transport at pyrene compounds adsorbed onto conducting
substrates. (A) Schematic diagram. (B) Energy level diagram. (C)Decay kinetics.
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Fig. 2-1 Typical decay profile (left) and transient absorption spectrum (right) of
transition species in laser photolysis
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Fig. 3-1 Chemical Structure of PS-P4VP (a), scheme of PS-P4VP nanoparticle (b) and
chemical structure of methyl viologen (c)
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Fig. 3-2 Emission spectra of 1.5X 10" mol-L" methyl viologen alone (A) and with
various concentrations of PS-P4VP polymer nanoparticles. ([PS-P4VP]: (B) 0.005, (C)
0.01, (D) 0.03, (E) 0.05 wt %). (Excited at 250nm)
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Fig. 3-3 Transient absorption spectra of 3.8 mM methyl viologen in THF after 308
laser excitation at various time scales. Inset: Kinetics traces at 390 and 590 nm.
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Fig. 3-4 Kinetics profiles of methyl viologen radical at 390 nm with various
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atmospheres (N, and O,) (upper) and in the presence of different concentrations of
1, 2-diaminoethane (a: 5 %; b: 10 %) (bottom).
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Fig.3-5 Transient absorption spectra of 3.8 mM methyl viologen in THF solution
with the presence of 0.1 wt% PS-P4VP nanoparticles. Inset: Transient absorption
spectrum of 0.1 wt% PS-P4VP nanopartice in THF after 308 nm pulse laser
excitation. (recorded at 500 ns)
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Fig. 3-7 Kinetics profiles of 3.8 mM methyl viologen in the (a) absence and (b)
presence of 0.1 wt% PS-P4VP nanoparticles recorded at 390 nm (upper) and of 3.8
mM methy! viologen in the presence of 0.1 wt% PS-P4VP nanoparticles recorded at
330 and 390 nm (bottom) after 308 pulse laser excitation.

AT HINFREEAE T A HE S PS-PAVP R &SRR T 2 Rl M FL{E
H, BT A PS-PAVP BAWAKKLF Al E FREEEMHE T A HEE 390 nm
SRR E LRI PS-PAVP BEWAKKL T /5, 7E 330 nm 5 390 nm L8]
R ERE (B 3-6). ANZEMEFITLLEY, 7 390 nm &, MAPKKF
Bi G AR R E TR EMIT AL EE EMAPS-PAVP BREMAPKKL TR,
B SRS PR S 7 7F 390 nm 42 19 E0E 3 K 4 IR « REBGIK KL T 55 FF L 4005 B
ETRMEAER, fEmiRMR (2) 5 (3) mIER#T. it M 330 nm &
BEAE ML TUE Y, X—BRAFYHI BB A RN, TRERKZ
A —NRIBM AN, 5F—E9 390 nm 48 B RS FRE 7 3k 2k 48
HEE AT L& ER, 330 nm Ak Bl PR A AL AR BR B RS 7E 390 nm AL B3 F AH
X NHIRER, BSR4 R a5 B 5 R PR B 7 R 3R Ta) KA — Bl UiHA
X — o Al P20 2 HH 390 nm 4b (B AR PRI TR T OR . Bk, 4&duimig
R PR RN RIS, BATINATE 330 nm BTS2 T RN
R Q) FARKE—MNEEFHRREEBHETFELE. INE4RRY, &
330 nm ZLBRAFEIN ZHFERMIER R (24102 X10° MTsT, 5ERER AWK
B F R R RS RS B ZE 300 nm MIERGERAEL, BRM BN TRA
G, BEKEAHENZRERRKT KA 22 F. L%, ZEMA PS-P4VP
BAMAKR TR, ATFRFEERSFERKRTREKEIRMTHRET X
dRMAARE, RM (2) BH5E, RN (3) BENiE. Eit, ENAMK
$IFJE, 390 nm HIRMIKES, MR, T 330 nm KRHCEM, FAEE.
FHFREBHET B HERERMBIKRTRER, ERRNMEEK M
Bk B R F A . XFIR BT S BUBE AL i & o Tl A BT B 34k 3C
ikt HREP

3.3.2.3 BEEBEETFERASHRERSYMIBEER
ATH—PHNFEEERETEUESREVWAKR T AHEILER.

45



BT ROYSORKT 5 THENAA AR RS TL

HATHEXMHREEDHKETHREREY EFELEHETHMAAIER, B
ANIEFTE 3-8, NEFAUEY, AFEEEERATMARBREESYE, &
BOLBUR HBH S 2 5ORE B 77 390 nm ALRIBR AR ICZ, 5% 590 nm &b
RGE A JLUFRE LW, 330 nm KRR ARRERRR S/ FEER GRS
HRALR RAT HTREDEIFREEIOKALT AN P EEE > Fr=4 iR
ZUR K, ETMMARBRRSWH AR FEEBERBRTHIREGRE, BT+
BAMEEIMAGKR T EPT5 R — RIBFAE R,

0.2- /\\
' /AAQ
0.1 "/
/"
@ 1 / \"
5 fan ™ Al usmag ut
8 0.0- 855500000335%66@0;1 5{.}5. n
— / DA =
<C Lm A\‘A\V :[/A/
-0.14 X\A\" /
A\A_a‘-
Y
300 400 500 600 700
wavelength/nm

Fig. 3-8 Transient absorption spectra of 3.8 mM methyl viologen in THF in the
presence of 0.1 wt% PS-P4VP copolymer after 308 nm pulse laser excitation.

(recorded at 1.0 (m), 5.0 (2), 20.0 (), 30.0 () ps)
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FPUT  CdSe & T/ /MRS TEEB0H FHBIFI

HME Cdse BFASMAFHARBFHBATR

4.1 5|8

B S B MER RRR /N TIEHIBER (Bohr) 2R, EHRAK
Sy H T LA f87 2 th 5 i B 2 B AR BORL A R SR i LA 03, Xk Bk Y
Sk X & F & (quantum dots). ETF R HBARFHUANMERE. B LAH
EHERSHY, EEVER. BFRGSHTEEE ZHNAY., £ETHM
HELRES, EEXARNESYITE, BRECERHE. X484, &
MAGREMUEY RN B FAROHITEREUEFHRENERE TR EH
AR ELE, AKNE T SRANS FRERFMAR TSN, £HRF,
XERANTHEROLBEEETURLESTRERRERLT S FI LIHR
MEXRTMATERMPMAE BRIBALE). BT SXES TR EE &5
BB S TEAEERAEL, mire Bl ki ag A (p 2
PAK ESR 15 S MW, RO FHERARRESEFANATE RSN,
XK FTERRERBRAREE  AAXLEREARRM > FEETARMHEL
ERWLEBT THRET SHIREMNFR S HXHMELER T,

AEMAT CdSe EF RS =MENMSFZRIFHELIER. RABTFAS
G F 2 IBi ) S BT #8512 () B TR B A A A SR SR« TR B BB D BRI
FFRGREFEETER, REFHNTTFEETRAZBREBATESGES
XTS5, T EXMRERMIRBHEWER S HENRSLERY). FEFA
REWM REERIER B 2B SOCER R, R 750 B & GIER A

R

4.2 KIS
4.2.1 R

CdSe EF S (K2 5 nm) RR KFEWE LGRS 2 R AR 2 Mg,
FHERER R =FEBBLE (Trioctylphosphine, TOPO), 7E5F BLe i+ B KK
WZE 550 nm, PERRERE () K 4.5x10° M .em™”s S PRI E AN EF AWK
EHHETAHACHEBRAE 550 nm LHRAESERELRETEME
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U7, IRiTke. HER. B, HEE Okifd, Sigma-Aldrich AF)).

4.2.2 TRIHBERE

BOEAMERBERNE —F, FTABKAEN N YAG =% (355 nm,
FWHM: 3-6 ns, 20-30 mJ/pulse); 3 HiE{L: HITACHI FL-4500; 4% 4R W5
JeFETh:  HITACHI FL-3010. B # &L a3 BB 4L A 20 min LARR Z B #
£

4.3 BRE5IHE
4.3.1 WRAHERXHERMARBNE
4.3.1.1 RABRKER
B 4-1 £ 1x10"mol.dm® #J CdSe BF /555 CHLH M MR I AL i) = Fb
B TRIBR e . NEFTTUEY, MBS EF AN EHE—
ERPERER, BEBERENNAER . KBEEKEE N BR, JERRAIKEIL
éwﬂvﬂmﬂmﬂw,E?ﬁ%%%ﬁ%%?ﬁéﬂﬁi,@ﬁﬁwgmﬁm
SHEEHNREEERKET Rk,
EAHEREMAEN, EFRANRARH & HTFRELNBREFEKH
F-AE R E AR AN B X — T R AT, MABTA
MRS REMTBE2, IR U RBFREARE RS T
R EE ARG A ILRBIFNHREFSRZTI, NifER R0
HIBTFAMTOLESE. KRR —FREHE TN, Wl umEET
BARTARSI, HTHREERMEEFAREN, HTHETFANREHEH
WAER, MR RKETANKAY, B, FFEFANRARN KL, &
SR TR RAR, BHEARMRTHRIRE A TRk
D RABE G FIERREALER.
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Fig. 4-1 Emission spectra of 1x10”'mol.dm™ QDs (Excited at 350 nm) in the absence
and presence of benzoquinone (A), anthraquinone (B) and duroquinone (C)
respectively. The concentrations are (along the arrow) 0, 0.1, 0.2, 0.3, 0.4, 0.5 mM for
benzoquinone and 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 mM for anthroquinone and
duroquinone.

XK T, K. BRSHEXNET AR CE KR BEE KR
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B, BRESTEETRAZRFRKMHE, NFEH—LHLERMNRIE,

4.3.1.2 IRMREAE

Kamat % A\FHERH T — MR EF SRR AR LR R ERT s
N TFRIBIH R AR. 1 CdSe BF AKRB, EEIIHRF Q KR M1
T

CdSe+Q—{CdSe-Q} 4-1

¥ Kapp BEUHBHRL . BARTFMARARERFAEREEH BT 2%
WIRRE (lops) BUATLARIRETRM T MK UM BT SREFTEHHIRE (Lo
FOSR B M B BT SR EAT R M TAIRE (Uem) AR

Lops = (1-0) e + Al em 4-2

EAEAM BN R SRR BRE BT AREN IR L RR S 4355
(7. IAFCEERFR, FRER IR M BRI LA S AR TR
HIRESS, RESCHAANARZRM. Bk, MAFAEKFE R K
WeIRAE T AR R SRR AWK E S EREE T MILAKERETR. « RTHER
FASTORBRFNZ G EFEE BT UR TR 3R HOR RO KB R R
7w, Bl

_ . Ky,l0

1+K,,[0]

¥R 43 RARK 424, ALUBE],
Pen/( Pem - Iot) = Pl (Pemn- I en) + P {Kagp “(Fem- T e *(Q1}
ReP Lops RMABKFEMBREN BT MRARHBRE: Lon RIMABEKFE
FHBERAESNRT ARERYOTNIRE: Uen RIMAFEKFERH T

4-3

52



WPI%  CdSe B T85! il THIB0L TFHBITI

KIKBFRREARHORNEE: [QRBEKFIMIKE: Kayp REMHRH FR
-

ME—ARITUFH, U Pen/(Fem - Lvs) ¥ VQUEBI & X R, ME&HEX
RUOBEMMBEA UG EE ko B RFERX—2K, TUHEHEFAN=
MRS FHRRMRKS IR 2.5x10% 0.7x10°, 05%x10° M. B EHTE LR
RPEFRNERARMEZTAKTNERBSHEBARM. 38 CdSe BETAES%E
R4 FHMBLER L S e MM S T HAHLIEHER.

4.3.2 BRAXIELE
4.3.2.1 ETRBRBNKIE

B 4-2 Fi7s 2 0.5 mM B CdSe BT 27 355 nm BULBUR G B A 6iE R,
7E 350-750 nm MR KTEE N, BT SMBARIGER BN HRYE, EIZE 550 nm
EREWHRE OEES) 5 650 nm LA — TR TR ZE 550 nm &b ) 7R UK
587 A REMRIEARR N (BREL). WETURE, X—RIEEHTH
MENERE, BFSPHRBBAAST SHEARBUERTEIELES. )
BB CEIRER ), 650 nm abHIBE AR A K 2 BT SR B L
BRESMEABF-ZIA=ENRARK. BARBTFAHEARRE, KEN
AP-ZFRESGRFEEREMNLRE (X—IRHE ERE—KELT KB ELA
). HRHTHRFHRENEIBM=ENEERESBTFETHWESRE—
MEXSEARHEE. HBEARREERERER -2 R E S0 AKX
B (B YR IR L B B (B 4-2 PHEED. NEESPTLEH, 7550
nm 2 HI{E ST 110 ns ML FHEFEL, B 650 nm #1417 LMY
IR R R — R BRAURE
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Fig. 4-2 Transient absorption spectra of 0.5 mM CdSe QDs recorded at 80 ns (m) and
500 ns (©) after 355 nm pulse laser excitation. The dashed line is UV-vis absorption
spectrum of CdSe QDs. Insert: The time-dependent profiles recorded at 550 nm and
650 nm, solid lines in those were the fitting curves.
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Fig.4-3 Transient absorption spectra of 1.0x10™ mol.dm™ benzoquinone (A), 1.5x10™
mol.dm™ anthraquinone (B) and 1.0x10™* mol.dm™ duroquinone (C) recorded at 100
ns (m) and 10 ps (e) after laser pulse in the presence of 0.1 mM CdSe QDs, and at 10

us (+) after laser pulse in the absence of QDs.

4.3.2.3 INFEREER

HTH—PHANETRE=ZMBRLSTHREALEMN, 2EE T MARR
WEH CdSe BT AJG, ZMEBSTHPEAYNE NFEEmiiZ (B 4-4). B
4-4A FiR R AERBUR AT 390nm LA B F SRz, MBS
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LLEH, MARTRHE, FRERES FERMENBEFO—ERIRTH, BHH
Wk 5.5ps, X EAIHEARKIRMNR 4-5. 4-6 71 4-7 RN HfE—3., BE,
MABFRE, TUEBIERRMEASEFNZINBESRKEER N, RN, B
FFer KA, FEEI KRN ENIT R, TEX—ERESME TS
WEREBTHEE. BAX—BANENEURHTMART AR, XY F
BHRMEETARE, RERETHETFASARFRS FHRGFEBENY,
B KRR AFAT B K X—FHBAEB TR T RN ET AR %
BB A F LI HRE R R — N IEFRIENEAE, FARAE L RE, T
WRER B AR B A SR TR 2R/ TOlE AP frdsin 2 1 TR,
BRADPTEETARAMBHHEBLUSER T KRR F A HE. XA Wi
SETAABHNTIHEEEMEBER— N ZHZ W, Hik, MRSt Hn
2, AILLEFIBRAT YR EG I BN, I BRRIT AN — TR E N B
ZHFEM.

& 4-4B £ BB T IMA CdSe B F mai SMARFKERTF &L)G, £ 410
nm MM ME. BPERT EXRELARANSET SMIERNT . &
IMABARAKE (0.05mM) HIEF 2B, BERE 410 nm &8I0 A R (H RS 198,
W ESERAREBEL, F— M KEGNER, A52HRIKHERN 05%. &
IREFRKER, FRZIMBESREEBRD, EKFaHERRZAREE,
WIS NER DR TR TRRY> TR ETFSRES, METAE
R FAE R . BT A AR E TR T 0 28R Se s v o X1k A BT s
A2 B R A TR SR 38 I S e/ B e T B R o AL T B R SR 25 U, B
EET RWRENHEM, MAERESEN, RSB IERNERNGE, XHAESR
WHEBEA T ERMNAETEHE. A, ERAEFEHESEFAFTERN

EROURNERE, B, ERFEMENEM, FURBNRIT LT —
KEMPIERIAZ.
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Fig.4-4 Typical decay kinetics recorded at 400 nm for 1.0x10* mol.dm™
benzoquinone (A), 410 nm for 1.5x10™* mol.dm™ anthraquinone (B) and 420 nm for
1.0x10™* mol.dm™ duroquinone (C) at different concentrations of CdSe QDs. The
concentrations of QDs are: 0 (a), 0.05mM (b) and 0.1 mM (c). Insert: The plot of
transient absorbance of benzoquinone anion radical versus the concentrations of CdSe
QDs. The absorbances were recorded at 10 us after excitation.

S ERABOR Y, & CdSe BT RN, B0 Bod 2I0R o {25
Wk, BEMNHEAREARRN (EH 44C). EFHZIEAREHRARZE SR
HEBBAST FHETRARENEMT . B2, HTHBRERTSARERH
M RERAD, EMARTRAE, FARUBRBRTHES FHRE. BT
MBEEIE LR, RBERSENEE), AR USRHB ST . B
MBI 2 KRB T ERRN,

Table 4-1 Kinetics results for benzoquinone at 400 nm, anthroquinone at 410 nm,
and duroquinone at 420 nm in the absence and presence of CdSe QDs.

Lifetime/ps - Lifetime/ps

(Without QDs) (With QDs)
Benzoquinone 55 2.3
11.0
Anthroquinone 7.8 28
12.3
Duroquinone 32 3.7

R 4-1 FPIRRIA CdSe BF S5, MBS FERRE K TRIZ) /1%
HAE (PlFYRIFRRAL). NRTTTUEY, MNERSEE Y, ENAE
F AR, PEFEDHERMEREEFR PR —ZRIT A EANEEmW. X
KEEAHERYN, EXEERPHE—ZEGASSus, BMAERFAERE, B
WA MR, Fadih 23 5 11.0 ps. SEEKH, KAERPHERHS
7.8 us, MABTAEHHMTEAFRSH N 2.8 5 123 ps. EHEETSHM
AHAE WL EE RSN Fa. =M TRIE, BFSAENARRNERLZ
HFEFAE=MRMARKAREARASEN. HTEFAESERAERKNK
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MR, BFRMAG, KESERSTERMEEFARE, #MSFHT A@E
RS, BEFKTPHATRAPREOERE HE, DFEESHURETR
REMBMA, NTSFBEREHEEMART AEEARAMARMZRE®.
SHERKE, FREERE—HN. EARUTEETAHNRMRERD, BF
AEIIAFF B B BRI M TERE, Prila) h 2 50n Pt 5 fr e
MEFREHREEE.

4.4 XBNGE

KABESOBENTT L, AT CdSe BT RE=MESTF CERR. BRAML
BE) ZMEHAER. HEEHERKLRBHORMARER, =M TEET
PR E RN P BE F7 SR 59 IR IR KR > B> MR . XM MBE NI RN EHRT =
MBS TESETATFANERATR. XRSETRAERRNRMEES, Bk
R ERD TRESEET AT FHBMAES, NTTSBHER AR E
EENFHMRE, RMASHES NTHARMEREw. BiRS5ETamME
FA TR B A R AL AR Y, BB B 7 s RE I N, R S B2 E.
TR A SR AR R B B MR RE . XA ERE, HTETIRRE R A
AN, EMABRTRE, HRANEERMARFE, A, FEBamEgEaEsy
CATMSHLRMIEATABAEE . I—EREH, BTR5 DM FHRRNE
RREEBRTENZ BEIRMEES . RISEIGORRFREN D T 5 T 59K
FRAEMIAEM: BBFHRENSTERRATRATERNMEX B, £2R
B
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EFhE BEHANERS TERREAENEEAKRKT

5.1 3|8

EHHFEZHAKRMET, SRAKNARRREHRERNNIL, XL
HAGBHAKRT 5 THIETEELGNARREET B R. — B8ORS, 7E5
E & BAXM R, REMEREEIE E—B5F LB MR Z BR324 1A
mRAERAR. X—BRESF-RERBOEEARRFTEELESANE ST,
MREZHIITERE, BE, MELGFNANTE, BAEEESSTE
RS BAKR T EFBRRBEE. AT SRBAKR T X T E+
K7 FEHE S TR, X AF MK F T UR T 4T
KGR Hit, Sl&REEEDRARDNSBIAKNT, LUENE—LE
R BT E, BChPKR T H& pi—A s,

FERA y RIBEREO TG & TR E, AR 2 2KEHNES MRk
Fo RAEMMPW UV-vis. FI-IR. TEM. XRD Ml Zeta ({) RAIMES T
REXLEGORRL T HAT T RIE. SRERITRA, FHENERERENSBAHK
KRR FRMEE, R¥ERREN pH CEAKKARTFRETE. FTH&H
SRAKKTE NaCl HHBERTERIBESH BERFHEFE, W NaNO;
#1 NaH,PO, F &5 EE AR,

5.2 LIS
5.2.1 &

FRHE (HLBBE >90%, 4+ FELHN 17, 000, WILERAEAYHBA
F]); AgNO;, HAuCl,, NaCl, NaNO;, NaH,PO; (##i4, LisEEZERHR

G

5.2.2 RRUBRERSZ

M T HITACHI 3010; {12841 440 (FT-IR): Avater
360, Nicolet Corp.; E 5 4% (TEM): JEOL JEM -1230; X 14k & AH475F (XRD):
X’Pert Pro f{i5if¢; Zeta () FAIJIE: Malvern Zeta sizer HS3000. L3
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it 7K #174 Millipore BTl & o4tk (HFE >18.2 MQ).

MMM ERA KBr [EA k. R—EBNAEEBORESBIKA
FHRUHTELR, REHTEHAM. SBAKRNTFHGELTREEZLE,
Wik L BB, R 30°C TETHT 12 DA,

BEHBENE. BHMENNERKHSBRBERKENEN L, REH
IEAAEBRERT . W EBS NEAER 80kV.

XRD fi&. XRD #ERLL Cu ] Ka ZfEASLL, TIEHRER 40kv, T1E
ML 40 mA.

Zeta (1) MMIPE, Som AHELLEM, THEHRER 100V, FTBLERES
KB AR E.

5.3 #£R5i7iE
5.3.1 ESERBEEBAKRK FHIE

XAy SEBRERESRE T UMK TR ECEB R ZHNA,
X—HENBEANRARET v STRERKERS EKEE L EENKE®
FE5EEEHESEBEEMYR (RNR 5-D. 7EME KXY RMNEREF, KB
PR ER SRR RS EERT S BETFTERAGRR T, &BR T
SERREK, BRRENSBIKET (R 5-3). LUKERTERETFHIEE
PARRAKRRLFHA KRB, REKBEHWT LSRR,

y-ray
H,0 MM\ ¢,4, OHe, etc. (5-1)
*OH + RCs5Hs0(OH)3(NH)(CH,0H) ——3p-

RCSH{OOH)(NH,(CHOH) + H;0 (5.2)
Ag' + ey — A’ + Ag AR —Ag =t ey ...~ Ag'y (5-3)
Ag," + ReC5H;O(0H);(NH,XCH,0H) ‘@‘* Ag,-RCsH;O(OH)3(NH,XCH,0H) (5-4)

FEAKRATHIGI &I, A TREMEHBHERAKAT, BEMA—E
WREERIA LN FAE R REE MR, ERBM SRR THRET, Hi¢R

63
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kR T R — P RKBARTA TR, SRR, WAKEERA R
KERTFRTHRERSBEFZI, EUSERPOEINS TR, £RE
A FREE A B, MREAHES (KX 5-2). BT Ag'/Ag MEMNEREAE L
(-1.8V) L—BFNFEHBHEEX (FR—5%), B, EBYVIMNERTR
h, HNATELUEAREIRSBETEAEBRT REESEETHKEH
FEEREBRFE, 5&RBEFERTRNSRARE (Ag") . £RETHE
HEME BB AN SRETFHENTRBAE D, Xif, 4 aEEENEN
EHEHERRE, A, AN FE5SRARRNRE, EARRTEERRE
fikese, ERRIEAKAE KR AR ATTESBEFRIBRENSR
kR F (K 5-4).

5.3.2 RRBAANSEARNFHRE
5.3.2.1 RRREANEMAKKTHOHMRRIE

B 5-1 f 5-2 2 5151 THRHEH SN RRERE N R EARNES
KU THENRGE. NEFTLIE S, BB RNRAE, o LURE MRS
BAKRLT R KN, T ERTHIBNSRIKA T AR RE B 0HtE. TRE
MERMAKNTHRERZHTREE ST LNRENSRTHEE 5 LKA
B, NEBREES THEESEE TERAKMFRE. A—HE, HTFR
RS TRIFERBNEE. EKERTRETERS AT OKBR) st
EAAT R EERRE T, AR TR AR N SRR T REHH R B
FARHER, AT RESSIE A BT KB RIS,

A T 1 | B I
Oﬂ
& s 1
"_1‘ @ "¢;ui
. e ~ >
* eog .'.._;_.. :
¢ #p °.

_iJ?I a' :L




FKEARE AN IF T (6] 3 0l 52N 0980 D) Y

» Do' :}.' Q","ff"‘

3 Satean

Fig.5-1 TEM observations of chitosan capped silver nanoparticles with various
diameters. A: 16 nm; B: 10 nm; C: 10 nm; D: 5 nm.

Fig.5-2 TEM observations of different sizes of chitosan capped gold nanoparticles. A:
23 nm; B: 13 nm

5.3.2.2 RiERIE

FRHRFSN -1 RO RAE T 484 55 H & MA RN R R B RN 4
WKL T RRRGORRL TR 57178 1 R 40 K v A A 28 KR ZE 430 nim
T, S BRRCRAE 530 nm MHiE. BfAT AR 09 /N [F) LB KR M R A5 ARk
ey, HARRE, SHEREARLE, REKEARHE, BRP LRI
EMFE. FREZRT TRAFBIA AR RAETE. ROBH T ZHH%H



BEE BHEHFES TEREECENGRERMALRT

ERER NS BAKBIR R M I BB

ATIEESRAKKFRAFTRENEE, BIEIRNSHRTHERHET
THEIHAAMEERIE (B 5-3). MEALUEY, EEEISHRKULTRESE,
FERFEFTE 1650 cm 40 H9 N-H 4R350 T LIEMTI IR B, RAESIKAT
RREATRENFER?, Fet, LM FHIR BRI LUES, EEIEHX
RFREJSE, 7€ 1650 cm™ &b# N-H MEEIRBRAET 49 10 cm™ {8 BT 1
B, XETRERHTRERSTESETHREMILERNE, Q#—HHEX
TRRBESHRATREMFE.

Transmittance/(a.u.)
s}

v

4000 3000 2000 1000

Wavenumber/cm’”

Fig.5-3 FT-IR spectra of chitosan (a) and chitosan capped gold nanoparticle (b)

5.3.2.3 XRD W&

K 5-4 RESH&TREENSFRYKHTH XRD B. AEFELUE
H, &MENERLSEE, I (11D, (200), (2200, (311) %, SFHI7E 38° .
43° | 64° HILBEFMATHIE, RBPPKRTHAKRHEESERDRME/RK

(2223
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(1)

Intensity(a.u.)

(111) B

Intensity/a.u.

~ 2-Theta/ degree

Fig. 5-4 XRD patterns of (A) oligochitosan capped gold nanoparticle with diameters
of 13.9 nm (a) and 18 nm (b) and (B) oligochitosan capped silver nanoparticle with
diameters of 18.9 nm (2) and 20.6 nm (b).

5.3.3 REREENESBRNRNTERRPIREL
5.3.3.1 Zeta ({) BAIME
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5-5 BXA2A 8 nm M RBECEWBRAKK THEBB P Zeta (O
A X pH E7E BRI E DR SCHIRE TR R B B HRAKRL T8 Zeta (D
AL X pH {HIERIR sk, BB (pH=11.2) B, BRGKHR
FEHERESAHRN Zeta () BALE (56 mV). XEMHTERREET, B4
KR TFREREBRIUEM, EREUBEREANA. BESHERELENRINKAL
FrEEA pH EANSR Zeta (§) WAL, RRBOENRAKNTAEE
MATRIRE . XA UNEM Zeta () RAEBEHIL. 7 pH 29 FIEEA, &
BEEOENRAKRNTHEAEEY Zeta () BAMHE. XRPXRBCENER
KH T AF IEBRFAHRE. WASAE, XMIEEAREE MG THREFRE
B RBEE KT R FARE R NEEAEFAE. NERTTLUES, #
pH=6.6 LA, TRECREKIBPKKTH Zeta (O BLBEZRIE . X H
FEBHEM pKa (H—MEDR7E pH 6.5 £ H . 24 pH EBMEIEH pKa (A AN,
PRI FRAEMTREHTERFUOER, MERTRE SR, FERAmmEE
FHE F 2B, M Zeta (O RALHRREIAN.

40

1 (]
> 201 \
E S~—
-~ 0""5 .....................
$ 204 %
(@) p \o
Q.
@ -40; P
N 4 0~ 0 -o-
-60- ;
0 2 4 6 8 10 12
pH Value

Fig.5-5 Zeta () potentials of 8 nm (GlcN),-AgNPs prepared in this study ( m )
recorded as a function of pH values (adjusted by NaOH-HClO,) and the variation of
potential of citrate-stabilized AgNPs reported by ref 26 (©).

68



GUREEL G R RN T 18 S ol BN BB H T

5.3.3.2 MKRRFELRE pH FHTHREN

K KL FEE P I 0 B SRR T IR ER A AR M AT L AR
¥ . BRIXFRECRA SR AH S EHPRRF FT 2 TR ) S0 T & 4 2
A, XFEESE SBAKK T HARRZE R SEE, fiin, 7 pH X
A, ERETAKE TSR SR ESE. B 5-6 AR pH | 725
FEAEN 8 nm RAKKLFH TEM B. MEBRTLUIFW, BEE pH HKMMN, B
KRLF MRAR R A RN, 75 pH INE] 9.2 B, SUKKLF AT R IR LM
& RER, mERLBERNEH. RPEX— pH £H4T, BAXKEFAH
& B BIGOKRLF , 12 BT R AL A S ARG KR T B R T UL T TE
TEERMYUE. 1€ pH 1.8-6.6 2 [a), W& pH LRI, KB B34 Hi i
m, ERMEDTUEE, SRRTFERERBREFNASHME. ARERAME S
TIRITEARTRM. XFEREIN R TS RBEN) pKa 7 6.5 /of  CAnay LB
M), WKéhn pH (HET, EHP AR FRRERIH TFEATHREER,
MTTPUARTES KR T R, 3IEBZNH M.

Fig.5-6 TEM images of 8 nm (GIcN),-AgNPs in pH 1.8 (a), 3.0 (b), 6.6 (c) and 9.2 (d)
solutions adjusted by HCIO4-NaOH, respectively (the scale bar is 50 nm in a, b, ¢
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and100 nm in d).

0.3

Absorbance

Wavelength/nm

Fig.5-7 Surface plasma band for 8 nm (GlcN)x-AgNPs in pH 1.8 (a), 3.0 (b), 6.6 (¢)
and 9.2 (d) solutions, respectively.

5.3.3.3 PRRFERBRPHOBTNSE

PKFLF HFRFERRKMLRERANBRREEWLE, EANE pH £ 4K
TR URAZRBAR, CLRABRFHKERNRETNSRREREHE
o, RAERKBARD®, IHEAERIEESFIBERYN (Salt-induced
aggregation). X RN HEXREPKA FRERME— LB HTRIE
EREOVENSBEAKRFESERPORENE, KR THZN 8 nm FIFEEE
BB RENKR TR LA, a0 NaCl, NaNO;, NaH,PO, FHifaEtE (B 5-8),
ME 5-8A FEH, ELBAXRTHERPHIM NaCl B E &3S 1) B KRIK
KA, FNEKEKKEHREHK. RBEMA NaCl /5, KT ERE
TRI%E. {82, 7 NaCl #EHKZ 300 mM i, LINRUUEAREFRITF RIS,
B KR {7 B 7E 430 nm FHiE . XRABEE MM, FOKEF R EHSHEHE,
KERAY T R FRE S B AE T I X PP A IR R B 0 2 B B TR B T 4K KL F 19
FRMMREARAERGPAMELREMGEAR. EME 430 nm HIRPKR T H
R M 1

B2, XFMA NaNO; FIGKAL FHBK B, BREEMER. EMARK
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WREE (SmM) B, GUKKAFHIRHEREER LM R, RRER T KT
RETEHER. BR, MERKENEMN, EBRKEKKBXESHA—
R ML, T LK R A S e A B BRI K T R BT I 5 . (ELAR L T TR R 40
AR TR, FriHRiREE EENAE (B 5-8B). RAG KB TERR
RXBETEFRS B IHHBEFOAREEF IR TRREEFHRAFRE B
R EANTZETH NO R, HTRRTHREM, #£18 NOy
FHIAAFHARRERTE-ANERT, MEFIIME=ANERTZM, F=
MR TFHMARE —EM B A, WaE, ERECSENRMKEFHTRA
FRERKETRE R, B, dTHBERI], NOy&RHEAHIFEHAMN
KA FRE. EHKEBRRKAE, BT NOs S9KH TR AN HAH LD,

itk B B R AT 2 AU R R GE T B LA RIS S LA 0KRR T ARE A X,
PAEGKK T ZBTERT #H8F, ERPKRTZEMERELEET R ERR.
EREEHRERIMK, BETFHRELHHE, ENMPKRTZRAEHEILAH
B, A, FEEZHAETRINBISANTREFAERRE B, AmE
KR RE B RAB, BRUAET A ENRRTRE. 29K081 XHE
RAHER T EH B TEES, BT EBRTEZE8m. 5rUER
AT I e 1l o S T B LR B KRLT AR E TR U o S AKRLF TR B 31 5
REARE, FAREMRMNRE NEFHHHOR SR B RE.
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Wavelength/nm
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Absorbance
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350 400 450 500 550 600
Wavelength/nm
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Fig.5-8 Surface plasma bands of 8 nm (GlcN),-AgNPs with varied concentrations of

NaCl (A): (a) 0, (b) 5, (c) 20, (d) 50, (e) 100, (f) 300 mM; of NaNO; (B): (a) 0, (b) 5,

(c) 20, (d) 50, (e) 100, (f) 300 mM; and of NaH,POs (C): (a) 0, (b) 12.5, (c) 25, (d) 50,

(e) 75, (f) 150 mM, respectively. The concentration of NPs was diluted from the
original solution by five times.

tF NaH,PO, K, BEEIRIKERIBE K, S0KHBF B0 R BO% BT 0655 «
TRERFAREREUS. MEXMERAMESKERINKmES R (& 5-8C).
XERA NaH,PO, BREEZRFHAE T, BHTER—MEHE, HKER
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5.4 KE/NE

FKAESTIE, MRS FERREARERENG & THRMTERKEEE
ERgKRT. 7292 TEM. XRD. FTIR. UV-vis fl Zeta I BHH LR
. & RR\ R RFERBRENEKBRPIE SBPRRT, Bl 255 &4,
A LR IF B HIK LT BORLAR . i T RE R RIK R E B S BB TR
MERERENSBAKNTRE FAFNRE. EBERKKERN NaCl #hiE
WEHE, EZERTHBEFEEGHEECREAR. XL EXH SRR T
HAEM® B HPERE, TTLUR T @R BT — PRIR I B E ALY 4 TR
5. Y HREE T ERKFENA.
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SRMAKKRTE N FZRPHELER—ARREEY S FHMAEER
— R E LT EBBTZ X, REASBYKHFELEDRN 54 s %
FEAANARY . ERAX—HEERN, M TERAT —MERF
RIS FBORFEN P FEPKRTFZBAHEAIER. XREANSBAKKT,
04 SR BN AKRL T 78 BT 00 X4 AR A e TR i e , S LR Wi & B 5 4l K T
KR R RERARBUTERST, L &K T R RN LB E L
THKRE T ZHKEH, JUKKTRER B SEER RN AL T
FEE. RE, TE9XKEFRAEMLIERRDNT TR, TERMBI9KETF
REAE, ENYEAERRESRAEREORL. AR ERI R it
B 52 e 1 T i 98 551

FE, BE THAKKFREN S FANESEAENENL, 23k R
m—EmLfE, KRHDFa5S&RBMKEZ B RKEREBRBHIEE, X
BE B BT A TS RADKK T A T HE (R R AR S F B RS, st
WERAARHREMALERNFEUN T . EFEHCERIRERE, RIS T5
AKRLT Z (8 A AR R R — e BRI BT 12, R AR ) REEZE B BIM A
HITEE A 40 Jaung 2 AIRIE T RAKR T R E RO FEEBME R
TAPRAKB TR BFEALRE. AKX B FEANLERLERE 2 ns EH
W, MTEBTHEASBERMAKHFHHR. BEHEHESSRRAETER
BRAETHSRETHRZR, R, FERBER ST LEHRH BRI KT E
Rl XA RE R 30 ns!',

mE R, SRAKRFHLRERS ML SEERRHELTEN.

Hith, ZEEENB2FEPRRFROMIERTEERALRBEBME. B2
XFARN T ERE S FAHTERSHRER/MIRX RN LIRE'S, Hartland
S NIRRT RRALZH S9N FHOBRBOCMR G, SRS 0%
MR TR, SRR M A B AR S R AE R SRRK T RR . fhi]
UWHSBX—ERNERRE T/ NEHK FRERRAWLRER, BT S FH
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BRI RABAENEE. R, ISR TS84T MR F SRR FZRER
R AR . AR, REBFHBERERMNEHESHIEAR
FZHREEEREHKATHRBTR. ITANZ R ETRIENE LS5
KRTFFHBRTAREHBINTTRRBTE XN, Eik, BEMNELE-
HTFREEERTRAFRZEBEM.

EAET, BRI T AHEERS T E5HMAEX/DRGKET 2 5 #
RBRFHBERE. RIERERER T INRIKAL T SEPE T K E B R
P L HIKE LT, RUEERSRAKNT Z BHRERFTEBIR L. #3)
NEMF R, M FEETHEBRAFHBEBRERN, PRRNAKRTS
BERZWEEROBTHEERE. EXBOTRESEAEROMALTLK, X
LA R FF) S T R 76 6 R 1 D S I KL A28 B A KR 7E 98 R BT T AR B 77 7 A
R RS,

6.2 ZWES
6.2.1 HHI5RF

RAPKRT RS LEFAFTERE, REMEN FEEREBI CRBX
/NEHTEMINE 7331 117020 nm) o P RN F B9 FE R AR AR 4 I ZE400
nmiITR, FEERERRE (e=2.0x10' M .em™) KRitEHB2 . FRRHcmk
RIE, BAKHFHBRIEABER R K T2,

R, BER: i, Sigma-Aldrich/Ad]; L3 F7 F K % Millipore
Ak REFFIRHAEK (FRFE >18.2MQ).

6.2.2 TWURS
Bot R E RS %, FrABEE R IUEMMING YAGEDE (266 nm,
10-20 mJ/pulse, 3-6 ns)o BT HE LR A1 I E AR 1S min AR LR E

6.3 ZER5iTE
6.3.1 BRI E

K 6-1 R M SEREAMMKEB 266 nm MOLE K 5§05 A6 % LUK
NEAKRLT S HIRAOL . FERESZS 266 nm BOLBRENRE, HRERE
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AR AR R T2 REBOUR B HI

BAEFHHESKERT. KEEFHERARKE 720 nm &, BEBHAET
BB KTRINTE 330 nm, BMERMAETFHIRARKE 290 nm. 2HHIHFTERR
081, M BB FHRINMBIFENEERAEF5KEBFERBTLSER—F
HEANEHE-RTFREY. ERFAATERANERLT, BHENETLR
EREEBIEE. HREEFEASFEN, 82 T2V BENAIHE S PWTHE
KEATFRAENBFSEEREHENEEY, NTTEZEEEERAHENFE
e XFEHEX—FRY, KERFRBESWHEF FHHKSFRIS,

EERERMEBRPIARAKILFE, 4266 nm BHEEN, EREKEK
180 {9 AR R ¥ R R B O T B SRR T LA 82 8. {BRTE 720 nm &K & LT HY
W I R (B 6-1). XRAEERICHBITIEALH B FEMA KRR
FLFHR, RN, BBRNEERY> TFRRAKKNTRETBFES, W
KGR F RIS K. IR, BEAEEF7E 370 nm &b B —H 2R 86 R TR
U o X — TR WU B TA S RE AR KR F BB A TR W, B bl T8 MR IR R Ak
F IR FIE AT FZERPURALF R AERRRT R 4 B RAKRLF B FRR i e o 3
55 B 1 A ) TR MBCE SCRR R 5 1R 2 1 >, 8 A TR — AR E 360 2 370 nm
Ko BT, EERER-RARKKTH TR BRNBAREPRENRIIERE
BB R A (5 400—550 nm 2 &) FIBEARIKSY), H—DiFsL TEEMREA L
VR B S B AR T b

0.3“ A -./ ,‘l!i

02{ o -~

Absorbance
o

400 600 800
Wavelength/nm
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Fig.6-1 Transient absorption spectra of (A) 1.0x10* M tryptophane and of (B)
1.0x10*M tyrosine in the absence (w) and presence (0) of 11 nm AgNPs (0.2 uM)
recorded at 100 ns after 266 nm pulse laser excitation. (N; saturated)

6.3.2 A%

AT HAEBREAERS FERMKTZBIMBTHEE, 2HWERT LM
dlal R R (B 6-2). B 6-2A RIMABRAKKN T EEERMEEFE
330 nm M FMmHL. ERBEMANRUKK T, EEBRHETHRRERR
R, —NETE 200 ns ZHRIRERRITFRE, EX-RESRES RAE 30%F
B AR BEER—A 1.8 ps BI—4 W, A ENRIHT 70%. #— MR
HEOEMEHTEERME TSRS AMATHRENE SHZIEAMTRE. 5—
AMEREHTARTEURETFSKERTHRES. BR, EMAGKKTFE,
ATLAEE], 7E 330 nm R BERIAE TEZKLZ AIH — MBI AR (4
120 ns) , REARMEFH—%zHdE, MARSREEHREEMEMN. X
— SRR TERMOEER S TREMKEFEBOTELERERE
FRPARS /5, AR JE AR GUKORL T 2R T8I it b 2 B M B T RIS ] BLARERES
FRAE (Ag,") IR KRIETE 310 nm!™, B 370 nm R B F AR Mk i 2%
UEY (B6-2B), HRELBIRMEE, RUX—LRIEFARE TR
KR TF R AR B T B AT S R . 7€ 320 nm 5 370 nm & HB# AR KCE
NRGKAL T B MEEARMAKKE FREEREABTEARERMRET
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Fig.6-2 The growth and decay time-dependent profiles for 1.0x10* M tryptophane at
(A) 330, (B) 370 and (C) 720 nm in the absence (m) and presence (o) of 11 nm
AgNPs (0.2 uM). (N saturated)

ME 6-2C FATLUEER], EREMANBIKRTFH, KEBTFERRGH—
HEEW, FFah 12 ps. (BR, EMARGKKFEZRIER, 7 500 ns BZEW
T 96%LA L, FIETFHZIKBRAREELBADTH 50%. XMHRBFEREAT
EMARAARTE, KERTHRREBIBEREATFSAHENE SR, M
WHERAEREHTNR. XM E RS R EERD FREFRPKNTFRE
B, FRAKRFHRFENLRE . XFRERHSFRPKRTREHBETFEAN
SREEZRTRTESEHENESERE, FIUSHKBSEER B4R
FHRRPORAL T FRI2, B R 3, BRANEERS FRESHETRT
HEARAKNFTAB TR REERAE T 5RAKAF PR AN, B
T BUK & T FIBE SR E R/ o

Absorbance

Time/us

Fig. 6-3 Decay profiles of hydrated electron at 720 nm generated by photodissociation
of 1.0X 10™* M tryptophane solution in the presence of 0.2 uM AgNPs with varied
diameters (a:11 and b:20 nm). (N, saturated)

6.3.3 BFEATIRARIZKERMY
MRS RTER, EERS FRRAXATFHETEAIERRGTHEK
HER. Ee-3REMRIKET, MARFRE (11 nmA120 nm) KRR T
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JFAKEHRTHIFML. NEPATLIES, BRHIKK TR FBMKE BT
HEENRANERER, PBOERT, KEQFEMBROKERTHRN100
ns), KRZARFERKERFREHI65s) . KARERSBYKKF 2 18]
H T AIT R R SRR T RIRLR R . KRR AR, M2 ER.

0.0 02 04 0.6 0.8
[AgNPs)/ 10° M

Fig.6-4 The plots of observed apparent reaction rates for typtophane (square) and
tyrosine (circle) versus the concentrations of 11 nm (hollow) and 20 nm (solid)

AgNPs.

EEBRSRPKK T2 MAFEBIRRKBIE R RE AT LN g
FHBM Y REFEETE L. B 6-4 RARARKEFKRE FS5HEEBRR
ERE R RWEEX RPN TR EHR . X— AR BRI BT
BRNEZHRVER. NETLIE S, HERRSBERKY, EIIXFE—H
TR TR R EHRKAE, RATNNRNEZZBRN. LHR Y,
ERPKRE T EEEROTHBNX—IBEP, RNERSEERNFHETLX.
B2, A—MEERMARRZHRIKATRIE, HEHMEMERK, K
REVRIKRL T SEER R MK B RN, DRI T 5EER RN

81



BORAERE BNy T IR S 0 R 3 ) F R R

FRER. MR (1lnm) MEAKEFSHMHEERZ MR EEEEHHN
11.0x10° Lmol ™ s™, KHL2(20 nm) HIR YK 4 F 5 & R BRI R SEH ZE 4 8.0x10°
Lmol's'c XRBFTRPKKFEEERZ BMAMEBIRREEHEMKAT
KANERE: RERKPKR TR FBEBEREE, MAENAXETIHR
RS R nAR .

6.3.4 REIERNE

X TR FIARRET R UL, EAKRLF IR E R R — EH 5 F A%
HIXCRE, 7T 7E 99 KA 3% T A TR B 5t B 0 R A R X — WU B A 200,
HOTREKE, SRKATREMLER (AREBRREH®E) &, X
HERAMERERENBZE A2 T 5HKAT Z B 5ERH. X SBPKRF
K, EXBIBFIEABBEEEANRR, FESECHRRREHR, KRE /N
R2MAKBEE, B EhEZ RNEEREED NS T A LESHKEA
EHESRER, AN, 27 ORRHESKEAE L XMRE/DNTFEHKH
FZRIRLERARR, REESRAKTHREESHNIRERPEHRE
1 BATAATER—HIAS, EERS T E5RIKHT 2 MM RE AR B2
B X—FABUKHK. FAEX—dREF, KERMART. RxE%RS$
) A& 7= S TE BRSO P R RATHEMN, X — TR F-AKK TR FR
MR RS R E6-5T . HAERTEREREBTMARIKNT G, EEMBY
FERPKKFREBRM GIRED, RE, WHENEERD T ERPKHTF
MRS GI722). XM AERAEBERIKHTRAERR, HREHXK
FEa P FINEER B HEELRERN GIHE3). BhiEf Rl
HAERAHBESRAKARWE S, FHESKEAR LOEFRRHERM (L2
4%N?TWﬁ%@%%EKﬁﬁ&ﬁ¢%ﬁ%*ﬂ?%ﬁﬂ%ﬁﬂﬂ%ﬁ#%
RIITHR6-1. NRFATUFS, KEBTHREFMEEEALRR TR K
TR, (B EEERRE B T AL AR (o) 20 E BEAK AL F BRI KT A
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(100 ns) 3 & AL (3-6 us)
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Fig.6-5 Schematic illustration of interfacial interaction between amino acid molecules
and silver nanoparticles. (Trp is the abbreviation of typtophance molecule; Ag, is
denoted to be silver nanoparticle; Ag. is denoted to be small silver clusters; ET:
electron transfer; frag: fragmentation.)

Table 6-1 Kinetics results for 1x10* M tryptophane and tyrosine in the presence of
various sizes of silver nanoparticles (t;: formation time for tryptophane cation radicals
at 330 nm and tyrosine cation radicals at 300 nm; t;: lifetimes for tryptophane cation
radicals at 330 nm and tyrosine cation radicals at 300 nm; ts: lifetimes for silver
clusters at 370 nm; t4: lifetimes for hydrated electron at 720 nm).

Cation radicals Silver clusters  Hydrated electrons
t;/ns to/ps ta/us t/ns
Trp-AgNPs (11nm) 120+ 1 3.6+05 40+03 1002
Trp-AgNPs (20nm) 112+2 34+0.3 3.8+£0.2 165 +2
Tyr-AgNPs (11nm) 1402 3403 3703 130£3
Tyr-AgNPs (20nm) 130+ 3 32+04 3602 187+3

T BT R AKA TR, EAHKBHAREIER N EHERS
TREMT R, E—FHENEENRT KA FRIHKRAD, a7 LR RR-
B{/K%%8 (Poisson-Boltzmann equation) 72K HP, BRIX—FEXFH L
AFERR KPR ERE LR RGBS, AERAT IR FRENA
BEER—NEHRMFREMRR /TR RIIXRR . KB/ NKRT,
PHER: MEBEKHGKAT, FHZH. Eit, WTFRLR SRR X
FLF R, DHARKRIKNTRENYT MZEEEERTRAKIRIKRT .
HEGRTHE A, EMARPKKTE, EERMEETHARIBERUTEER
SFEEMAKMTHITRTHBS, BAGRKFRE M A 5ERF 0T 86t
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2. Bk, KR TRET HENEEEERE TEERMEFEHHENERN
6], MRIZHAKKTRELEFRENT 2, REREEFAPKRAFRET
AR ARV WP P I ) A, DR BE AR R () B K F KRR AR G KR F AR &R
MEEMRHABETARNE. AR 6-1 FERATLUBE, MRHSHKEFREN
¥ EBREAARIRBIKTH 1.07 45,

S TFREBM S FEERRFEFHZRMEFHBEERE, A Marcus 712
AR HHEEAFEBHRNER ker (R 6-1) B2,

Ker = (ﬁ? )VZIVlzeXP[-g?:)'—)Z-]

B 1k T

6-1
AP hBRYEPREL: e REREEEH: TRRNERE: L\ RTFEHHE; [V}
FTRHEBRTFEERRE:; AGCRRNK A HAE.

MERTUEY, EFERMS>FESRBZAMNAHEEIRES=AIHEEY
Wk, BN A B FEHL: [VFRTIHEATEESHE: AGCERMNAHE LA,
B, A5 AG X ATLAE Al:

2
=% (_1__+_1___1_)(_1___1_) 6-2
8ng, 2r, 2r, ry €, &,
2 2
1
-AG" =—= AR LR SV I 6-3

4dreye,r,, 8y rp, 1, Eref 5

K6-2563KM, FTFEHRSRNEHERESRNYHRNERRR
R, RPN EFBROEEE. Hik, M THRNEERS T,
NRAZHIAKR T T R LB RN EZ, T SEERY FZ R AEE

6.4 BENGE
ABANRETERARTEERS TERAKZ AR BHEB R SR
RHIXFR EEERBFRT, MARIKAF RRFHFERHBEERCHEI L
Bk & TR AR . RI\FBYKRL T AR REER B = LW ART.
BWEABTE, BRAKKNFRERY, ERRFKERE, 7370 nm F=EBFAR
Wi R B BN EREET SRAKARNSESIRER HAPERI,
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FLtE ERERIFHNZERMAKRERFAODERTHBHAR

7.1 518

B M 1991 4 Tijima RIBEAKE LR, BAKEHXNHREE+ERE
TriamgRES. HRRI, RAKERARIFODBUERER HEHE,
MK R HEREHE URAEYENE G RFON AR, B, &
MKEBERBOARZL, EFERETHENEN, EMT L 5HEHH
RMEBEMHRE. B, A TRERPKENEBENSHEMEOEENYE, ¥
KEMEZEFEATIRE HERAKEHT T REBG RN KBk,
XL S BT LA AR KK, AN B S BIERMENBE SN S THSE
Wi. BiERRAUERNNTE, ERAKEHNRDRS LTRSS FLUREE
MIRMEMERE. EERRABD THABIKENALHEEMETRERE, UK
EHAREERER S REME M EEY XA S BN E
EHEGE, REMS>TFREEY, 0SS0 . DNA. PMMA. SCN%#8 K 1& 1l
gk toI Bl WE] DU SRR XK S AT — D S etE . AT/ F
T—RINEARFERDAIRPKE, HLBELFNHTRETRIE.

B2, SHEAKREHRAGHEAFRGR, RAKESKRES T2 B HEE
F IR FAR A XL /D o SCHRIRGE P OB OB AR 5 R TH 2 F 45 TLAE F AR T
RE B CBHERE S FERAKEWAREBTFERE. M. 25k, t%
SHBapKERARTLEAT, EXABKRE, REEERDDTRES M A K%
PREEBBRER T, ATIRBRAERSEE. B ERERFENKE, &L
EHRXM BN RE . BOEMFRIL, BAKE RRFMEL M
AR FRAOEN S RTKERP, MAEX—LRAFERERME, &
RAEHED, BEERAKRTEBEZREE S, TLUETRREB K &3/
FWBRYKE 5 ARz B AR TR,

AEF AR £ ERIREERB LG THTREEHRIITE, KB
THERHKBHNERE-RAKERSY. PHE UV-Vis. FTI-IR. TGA.
SEM. TEM AR, Ek T RRERBIFNMETHRAKEORE, Vi
RERESTFEOAR, FIEBHRAKENRES TEREREN. KO TEHN

87



KA F NS T (8] 91 B RERG 20 H W

FREESSHEAKERARERNKE TEERE. £LMEAN, WETERA
KERAHMRRBERAKS PR ELER, RABPRESRMERE W F
EERIINERE B ATEBRIER. E—PHBOEMLRIFL, REHEKR
MAERESREZBRET FEATEY  XFHERRE KSR (FHE)7E 20 ns
W), ERZX—BTEBIREMNREERE, NEHESKEFHEARTHES
HRNEREFTHRRERR, KO TE EH WESHEES, B TE (K
HFRRPEF AR T @ B HEY,

7.2 KIEERSY
7.2.1 iR
FRE WLEABFELYERERAT): ZBFRATHMARE (ER
BHRPEAMNTRE KN ZEBRMKRERTEN. BHERBEEH TR
R3TE (ARAEK) . RERZECIENE, REERSTES AR, a: 150,000
F1b: 17,000; HFEMEREWSFESHA: ¢ 17,000 F1 d: 7,000,
ZEBMKE ORYIGKE, KEYH 2-3uM, ERRY 20-40 nm),

7.2.2 RWNBERRHZ
7.2.2.1 XBIEHE BHmMAKE

TRAEEE: XRFHCAKNESEER. —MHHERN 500 W T2
A—ANERBERERRHFIESE CEHKDAH O =1com). FEXETES,
£ LB T B A A B AR R R SR B 3D IR S M & K At
TLR: B—EEBNERBEEZRREETEST, MA—EEN=KK (BH
AEBEEKTAER, HHESFRREERFTEMAZLKE S 0.02 mol-L' )
FERLUEERERR). RAERELRETESETEAEIH S 758, BaRagd
A 15 EUUBR KR BEMEE . RIS7E 500 W A RBR A TIER 30 min, B
SR B VR HAE 10, 000 /4 B B OHLP B OB £ R R N BT RBE, Fiig i
EDFIMAFE KGR Z IR el AR G 2 BIRAKE, A~y
ek EA RIFHKBHEMREE.

7.2.2.2 FORMERBINBESRR A%
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ERBIBEBIE (Gel Permeation Chromatography, GPC) : Waters A& . FEER
KAERE, 7640 H 38 (using ultrahydrogel 1000, 500 and 250 columes and RI
detector). LAEIRBEVE AAREE. WiENAEH 0. 05 mol-L! HIEEEE S 0. 05 mol- L' EEMG
PRIV -

A FEMBE (Scanning Electron Microscopy, SEM) : LEO1530VP, 1 [H
LEO A,

HE 4T ¥k (Thermogravimetric Analysis, TGA): Perkin-Elmer 2 7
Pyris-1. FREXZY 10 mg R E THEMRP, BR&HTMHEEH 10 “C/min,
5T 4 50-800°C.

® 7 ¥EE 3 8 (High-Resolution Transmission Electron Microscopy,
HRTEM): JEOLJEM-2011, JI& i hnis i [k 4200 kV.

UV-Vis: HITACHI 3010; %))t {X: HITACHI FL-4500:

PO E AR 8. AEHABRICIRA 266 nm #] YAG:Nd BOLHIMT
At (10-20 ml/pulse, 3-6 ns). BILFLMHEMALKTHBAR 15 H4ER
F. KBFHAKEA Millipore AKRLFTHIFHAK (FBE >182MQ).

1.3 ZR5E
7.3.1 ZREBIRHRANKEMR L E

REBER-MARREL T, ERARFHNAYHARY. K2 FERRELSE
WaFpbiEtt, HRAERSTHAEEZNAE. WEAZREE. Y85k,
OB EMEBLNM. B2, B2 TENRREEKTESRER, REE
STERRUE, 4SERRBERTER. ZXRAKOH T RRENN A,
i, A TREZRERKES. WUERRES 78 D8 mAEEEl, wis
Bk, RES. RPEUREERE —FKBEERNTRE, ERBEFNERETK
. REESRTFEATRENSHRWE 7-1 FiR.

H jn
CH,0CH,COONa
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KBRSt g) T S R LAY 5h A

Fig.7-1 Chemical structures of chitosan (Cs, left) and carboxymethylated chitosan
(cmCs, right).

KEBFHERED TEALREHT, SFERRES FELESKER
Fo RREBHEEKTHRFGATKELNHE, TERSERKNESE B HE,
mHREkE. BEAHE. RAREHESRERNMY. YEBhREER
EEEEHEN, TREEHESKERTAARGEMAER, BXMHEBRES
BARESTHRE. IRUTHTERRES THENEE, AES5TRES
T b BOTE B O A B T R BT B X R 0 T B R RE PR T 4 8 1 E SCR
hEHREL,

EXES, ERXAMBERRERRLERBNEREEEEdE, XE®H
B SRR E R 5B N 1F R T LAE I B 45 & 00 77 BB T aai Kk i
Rl FARMKEREE SR, ZLEXNBLRFIFZPOLY, Rk,
REGEREFEAHEREFERN. RMREEWE 7-2. MLHBARSFE
MR (a, b, ¢ d) BIFHEKIKE, 27ILL2a, 2b, 2¢, 2d RER.

—~ 1 Ca'emCs Bradiation

[l Ulmasomic  N-.Stimng

=01 3mun 30 min

Fig.7-2 Schematic illustration of functionalization of multiwalled carbon nanotubes
with chitosan and carboxymethylated chitosan.

7.3.2 ERBEEBNBRIKENMRIE
7.3.2.1 REREGHBRAKRENHHRRIE

B 7-3 RERBESHNSEBRMKEHHHAREENARE. ERKME
d, ATLER], METREBHHIHBAKE, EdRRECEEHRERERSE
HEANR. AL, HTFESTFZRMHLEE, EHRARPKETH R
Z¥ (B 7-3B). ERSHRERTURENNEIRAKRERANE S TES



PR RN L R MRARE R IO I LA B

BRAKEERNARE. RIESERAXENFTARRENS TR (BK) WA
M, REXREAOERBES TEQEEANENN. 27 RXERPEUTRBEER
EREBE RS TERE: 2 TREMIZRBERNKRERALROS T2
B, FEXHEFNNRBETSTFRANARES THTHRILRK, EREX
RS, MO FRAOTRE L THILRE, WRRREIHRgppKERME,
A& g2,

Fig. 7-3 SEM images of (A) pristine MWNTS and (B) 2d; and HRTEM of (C) 2b and
(D) 2d.

1.3.2.2 EREBHOBRAREN NIRRT

74A 5 B RRARBE AR EMARAKE . RFEUZTRESR
PR ERE SRR ORIN-REAT R, BPTLEE, TREH
250350 nm H—ARMIREE, XRFERENOES LT ——4HE
W, EBMHERAKERAE, X — Bl IRRE, RUZEES TE
BAKEREMOFE. A, REOREOLTURES, ERMREGEEA, K
SR AR R B AR SR R, B BACHIE N, SRR LTRSS

91



PORM R 5 BN T8 S R RIS S F B

RP\BAREEKFREBENI, BFELMATAREHRIRE.

0.84|
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Fig. 7-4 UV-Vis absorption spectra of (A): (2) a, (b) b, (¢) 2a, (d) 2b, and (B): (a) c,
(b) d, (c) 2¢, (d) 2d (the spectra of functionalized-MWNTs were recorded for
fifty-fold dilution of the saturated solution after ultrasonic dispersion).
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RRESTERMKERTMFE LT AL H LA FTIES: (&
7-5). REBEREIMASNES, BESHSTFRISENEHIE 3200-3400
cm’s C-H BHVMHAEIRS) HILZE 2930 cm™? £ 4 ; N-H BHWEIRIITE 1650 cm™;
C-O-C WX FRIRFIZE 1020-1075 cm™. BARMER (—NHy) Kif, EHISTHRM
48 55 AE SRR 4R 1 A5 H BLAE 3400-3500 cm! R IR . 1B R — R I BB 4R IR 7)) 18
RARMEIFEME, Mt ERE, FEIX—REM IR T, B LUX—X 81 ) v
N ZRTRETRRBEEUR S FRZ B MERE. NEFTUEH, SRE
EBMEIRAKERBAG, 7 1650, 1020-1075 cm™ X540 91 B B AR g,
XFARR tH SRR 7 T B9 N-H R 4 %30 #1 C-O-C HIXt BRI 3h BT = Ak g6 7],
R\PFLRE S FHRLERPKREREFE.

2b

2a

W

L]

4000 3000 2000 1000

T%

Wavenumber/cm’’
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Fig. 7-5 FT-IR spectra of (A) Cs, 2a, and 2b; and (B) cmCs, 2c and 2d

7.3.2.3 EEBEBITHBRAKENHRRKE (TGA) RIE

T ERBRELUC, H. 0. NSLEWRHEBETHNEAT, TR
K RE B RHARN, BB ENRRER. REEMSEET, %R
B SR R R R R A0 T 2 BN IR ROBRAR A T DA ok
R SRR RAR S FHRINE D, B7T-6RENT SRREEBAKE.
HEH LR R BRI AR AR M E AT MBI LUE L, Bk
B (fhZa) 7E450°CLLE A W B K B . SR by T B EF i B 08 T AR 25 44,
A A R RE R, AR () MRk ERAHRNNEHRE
K, —AME150°CBLAT, B—/E250-400"CHIR . B— R ER SR E N
G B AR R A TR 4 Sk B AR £ BB E S RN
£, EMATFRTEA THLEHKNT. KBS TESERESTHREB
55, EEERETHEHERE. REENNERBEEAHI100CUE, 4
LNATHPRENE., BoARERAREHEREN FHRL BT
By, RO 5 T A T AR, BULZEIIABI300° CLB BT 2, 2
LENEMARTAK. —ENBERELFLRNERS", EARBLEY
BAKEIOARERL (o) B, TLEH LANRESARBONIRE
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X1, 4>HIE1S0°CLART, 250-400°C LAR450°CLAE. RIZBEERSREL
FE. RIEREMNERW, ATUNERERBOHTRENE. St2a, 2b, 2¢, 2d
K, ENREBHHEY>FHESH N 188, 153, 17.6, 114 wt%

100+

Weight Loss/%
N
<

200 400 600 800
Temperature/°C

Fig. 7-6 TGA curves of (A) (a) pristine MWNTS, (b) b, and () 2b in air.

7.3.3 AR ESRABGRZRES TEMHBEER
7.3.3.1 RAKIE :

B 7-7 R AKER R SEENBHERAKEREE R
RFERROGER. HETLUAES, 7£320 mBRT, REEFRIFNFER
SHERe, TOLRSHIRKIEETE 430 nm £ 4. BR, ERMHERMHKEREE,
FRERRAKS LR EEH K RPBMHERNKE RE S K ERE S5
KEZBIRAETRIHEIIER, R FER. ARRREKE, X
MRAERIRNEE R X —FRTIMAFTRFEE W, W AR B EITR R bE
F F RN R INTO 800, R RARRKHAAD T 2T RIFAREIEH R
Bl. D FRANEXRE (3 THIEEHRHTRESD FHENRET
FRred, XMESTRBERES B TRRASRRBIRERD, W LIHENXF L%
RKRENRERESTFERMKEZ MPHELIERERERBRAHER.
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Fig. 7-7 Fluorescence spectra of (A) a and 2a; (B) b and 2b; (C) ¢ and 2c; and (D) d
and 2d at a matching absorbance (excitation at 320 nm).

7.3.3.2 BRKE

HATHARERANERES TERREZRMALERARZMESGER
B R E RS, AR ERA T eNnbstiE (8 7-8). A
BT UE M, 2 266 nom BAEKSE, EREGEMNDSBRERE MBALIER
W FEAMF R, —ME 300-500 nom, F—AME 500-650 nm Z (8. i —MBF
AR R R BER B R, F— AR RATIA D BRI BT
ARTFER L B AR, BRFRBERBESLT 266 nm BOLEA N hs
FElp A BRRE R AR AR, BR S ERBIRAKEREDNTREN~ANA
HEEARLE, WP AR A AR AT A GRRTE HERETY
HEHITRE, BHEEHAESBREE). RREME ESHRERSREIXE R E
FAEFEANEARARAEZRES T ESHRAKREZHRLFEERAES
SRR, IXFRAT RS R — U IR K B K AR (10 min) BIBO(266 nm)E R
ERBABENRAKERS, TURAERIREAEPREZTRED TE
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250-350 nm FIHEIRERRBE K (B 7-9), RN, &P ERGEI RN
KETUE TR, FLERBIIR. RUKERANERES FRT LN MR H
EEERAEBE, RAET HER MR, MITEETEESMRBOE S o A4 TR
WEH Ko

0.24
0.18
0.12
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0.00
c.04
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0.00
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[ =

e
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Wavelength/nm
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4.
700

Fig. 7-8 Transient absorption spectra of (A) 2a, (B) 2b and (C) 2¢ after 266 nm pulse
laser excitation (recorded at 100 ns). The concentrations of the samples are the same
as Figure 1.
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Fig. 7-9 UV-vis spectra of (A) 2b and (B) 2d before (a) and after (b) long time (10

min) laser (266 nm) irradiation.

PR #% J5 B A (6 R RL A =0 i B & T DUE I I £ o [R] 7= ) B T8 ikl i 2
KmAA (B 7-100. NEBREE, SMRRHEEKNTFRZIEE —MROER
ILRE, BTRIKZAN 20 ns. EAHHGE R E T FEL 5 B & RE AR 70 2
100%. XATRER M FREFCRE S FRBEMKEFEARTE, BIEART R
HENSREZRESHEESNERE. BAERX—IBT, HEARTIHRELE
BAKERNRETE, IREMR——XNKNE S, B—MRENTRE. B,
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X FSFREFOFTRE-RAKEAEYRSE (A AMB), Lo IMEEHK
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MFZE (B C). 3 HXFh o)A M0 % b o0 FRKERINM (7FRH
wahn) sin. F=AX A7 dreb ia) P00 R B AT RER TR A BRSUKE A
RFEREARIBY, NEEEARTFSESEREREONARES FRE
BR, ZBEET HHESEFHEALE, NAERKREG=YC. X—4
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Fig. 7-10 Decay profiles of (A) 2a at 350 nm; (B) 2b at 390 nm; and (C) 2d at 330 nm
after 266 nm pulse laser excitation. The concentrations of the samples are the same as
Figure 1.



AR BN T IR B RN E8h s EBER

1.4 FENG

RAERTTE, RARBERNR PR CRREGIHRAKE, B2 T RKEHEN
REBE-BRAKEREY. UL LEFHAESHRTEORE, RALXRES
FHRBEFNBESIRMKEREFEEESTEXD, TAENEHREEEH.
BAaTENRREERERARANBEL TEERE TR TEREEN RN
BATE. BEIBEREE, RRENREKHERELFEEEK. BH
HERIES, XMAEKRHTRATREN) TEREZRNAAEBTE. B
EBERFEMAPEAEEIRERREN S THRKERX, 2 THENTRE
FRAKERIREE S, HFHEKKESYNE KT ar 106 2 5 A el ™
Yo X R YA LUB I 4R E 5 F RN KR HIRE DT 5RAKE Z BB
WABSEASRE. IMFHNLDES T-BAKERGUTENA T LYER
5%, £RER. AYRBEFIR.
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FRXRABRSAERTERR T LA TEREE N TFEBRFPH
FERN. FREREZRN, EERTHRRT 5 FZRIMBELERE LR
BB — TR TR MR R, X R E R o] A BUNY T 5K T2 M F AR
ERRAZT HIEHIMREER. XHRMERTUSBOLE LR EHBE)
(AB=ZESENEAR). HKRET 5N TFHRALERRRTENZ B KR
Mg ST. SR TRIE, HILERELRKEENENNTTFHEEE (B
FENUEAR). MH, BTHRETHLRERSHKLTFIRZMEX, FUS
BixM A HERARSHERNRAE —EIAEXNE (ABAEAR). KBHK
KK T 5 FHATMERER, MHBAKAETES>FHFOERAER. [
i, XHAEEABRERESTHREEX. KESPTE5LTFNESER, B
SFERTFHESIRNR (ABLEAR). XFURET LA ER KR T
R EIZ SO RL R 2 T B KORIZBIGUR ML 5 A T 4 F 2 [ 8 R E R
R, XA RE S TESAKRRFOFEALIER, FUENA TR
B, EMERSRN. S TR, BYRBSRIE. BURR. KIHET
EEHR. RAXRFEFRIZLEGRT 500 FZEGHEEER, 3h R
TR LRKE, KIFRFRXHHAR. ER, T 6 ELEFHIR
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