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DNA not only affords informational gene codes for almost all known forms of life, but also
has served as a platform for templated synthesis of nanostructures. The small size ( 2 nm in
width) and rich chemical functionality of DNA allows for assembling a range of materials of
interest into nanostructures. It can either provide a microenvironmental for metal nanoparti-
cle growth, or direct the assembly of interactive nanoparticles and molecules into functional
nanowires. The programmable nature of DNA may further facilitate control over the con-
structruction of nanostructures, often resulting in predetermined structures and properties.
Through this thesis, the author seeks to prepare DNA-templated functional nanostructures
that may also incorporate DNA’ s structural, optical and binding properties, so that the syn-
thesis needs only minimal efforts, and the resultant nanostructures are multifunctional and
suitable for straightforward applications. ssDNA strands are used for templated synthesis of
metal and metal/seminconductor hybrid nanoparticles, which are demonstrated to exhibit op-
tical properties and photocatalytic activity, respectively. On the other hand, a dsDNA serves
for templated fabrication of electrical nanowires, which are composed of metal and conducting
polymer buiding blocks.-

Chapter 1 summarizes the recent advances in the DNA-templated fabrication of functional
nanostructures, with focus on the ssDNA-templated nanoparticles and the dsDNA-templated
nanowires. This chapter also provides an overview of the research field, and inspires the design
and synthesis of functional nanostructures with predictable structures.

Chapter 2 begins with the brief introduction of the film photography using AgX (X = Cl,
Br, I), which involves photo-induced formation of silver nanostructures. This chapter also
describes the use of DNA in modulating the growth of silver nanostructures converted from
AgCl under UV irradiation in an aqueous buffer solution. The formation of monodispersed
silver nanoparticles (AgNPs) of 20 nm in diameter was observed after photoreduction for 5
min.The AgNPs were further characterized to be DNA-functionalized, and showed fluores-
cence and surface-enhanced Raman scattering (SERS) properties. Their uses in dualmodal
bioimaging were demonstrated.

In Chapter 3, a detailed mechanistic study on the formation of AgNPs is described. In this
study, the effects of pH and ionic strength the formation of AgNPs were investiagated. The
time couses of absorbance, morphology and size were recorded to discuss the photo-induced
solid-to-solid phase transformation. Finally, various commonly used stabilizing ligands were
examined in the photoconversion of AgCl to compare their roles with that of DNA.

Chapter 4 includes the preparation, characterization and photocatalytic application of
Ag/AgCl hybrid nanostructures. The Ag/AgCl nanostructures were synthesized by short-
term photoreduction of AgCl in the presence of DNA. The dependences of their structure,
size zeta potential and photocatalytic activity on DNA sequence were studied. Under visible
light, the Ag/AgCl nanostructures exhibited high photocatalytic acitivy due to the plasmonic
effect of silver nanostructures involved. The nanostructures also showed different photocat-
alytic activity in the presence of differently charged organic compounds. The higher acitivity
of these DNA-templated Ag/AgCl nanostructures was attributable to the preferential elec-
trostatic adsorption, and fast photodecomposition of the organic compounds on the surfaces
of the Ag/AgCl nanostructures. Their use in photocatalytic killing of cancer cells was also
clarified.
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In Chapter 5, preparation and characterizations of DNA-templated electrical nanowires are
described. Polyaniline nanowires, gold nanoparticle (AuNP)/polyaniline-alternated hybrid
nanowires were fabricated based on the electrostatic adsorption of the couducting building
blocks onto a stretched dsDNA template. Point-contact current imaging atomic force mi-
croscopy (PCI-AFM) characterizations revealed novel charge transport in both nanowires. The
AuNP /polyaniline-alternated hybrid nanowires exhibited a Coulom blockade effect, probably
be due to their metal/polymer-alternated configuration resembling that of a one-dimensional
array of mutitunnel junctions, while a rectification effect was observed in the polyaniline
nanowires, attributable to the formation of Schottky barrier at the interface between the
polyaniline and the metallic PCI-AFM tip.

Chapter 6 summarizes the importance and originality of this research, and the concluding
remarks.
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DNA 13EMOBCHF SIEREREFT2WE TH AN, EELT  HEDESRDI- DD TS
v MA—LE LTHRAVLR TS, DNA iFF0O/NEWH A X (I 2nm) & BRR{ESHRE
T, TBAVEREERT B 2T  HEICERE T Z L 2 REIC T3, T X 5 7pikElx. &8/
WFDOEEDT-DOWREY 52, FHERNLEEERICX Y -/ RT-00F2EE T va
Y ~LEBIFBZENTES, DNA OFalS ARReREEILT / BEOBEICHT 3
HEHE X OIZARICTTEEEZ LN, TOHED ONIAEEEELZ/ERITX 3 LS T
%o AFRILTIL. DNA OREERRE, SEUtEE U TREFMHEL -G D5 Z L T, DNA 285
B & L OHEEME T/ B 2 BRI B B DUV TR R T T3, ZOFEIZ L Y B/INEBD
ARTIERI U7/ #8513, SHeEN: & ISR ~DOBIE % >, —48{ DNA 2T,
SR LERERNATY v NF /BT EHFRAER L. T OO & i tE 2 8~
TW3, £7-, ZEH DNA #88L LT, &R LEEMESTEELT 47T uy 7
WEEEMT ) U A Y —E2fERL T B,

B 1ETIE, —AHDNA 288l Lz RIFR_ES{ DNA 28802 L=/ U A ¥—
IZEH LT, DNA %8 L Lisgett T/ #EDERIC DWW CROE £ COBIMIC DN\ TE L
HTND, ZOETIIMESBFOMELETS 2 & T, FRITE B LT/ #is0
THA ¥ L FOBRRITDOVTIRRTN B,

B2 ETI, Anﬁ/mﬁ%mwt%ﬁﬁﬁhowTV¢L BT BEONFERRIZ S
WTERLTWS, FEIOETIE, BEKRET CHEIMRBH T, HE2ET L THROT
JEEDREZ T2 DIZ DNA MEZ B Z LIZER LTV, 5 HEOBBERIGIC L -
T, B2 20 nm OBESGEORT /RIFORTED ZLEEZRH LTS, £ /8 FIZDNA
THEAROIT DILBFRER, BOERIEORMEIE T~ (SRS) EHEZH L TCWBZ L AL,
W2 U7, ZTRODOMERIC X 2 " HBREA A—T 0 T ~DISHIZ OV TERE TV S,

8 3 ETIL, B/ RTF-ORA I =X BT ONVTHRLETWD, EDHIZ, pH 01 4
SREEDMRT /) RIFDOERRICRIETTREIC OV TR, AIEIRIGARE, TR, Y1 XDBREFEL,
ERANT, B SEE~OXFREBIZ OV TER L T3, BeoREmY v FEAWT
HWALSRONEREFT, DNA OREEEFIREHBTEHZ T, VHY F~DBELHL
MLz,
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ACAPITRT L TR B AdEE 2R L=, DNA 288 U788 (LR T/ o=y
YR, BERY RS LR IR BEORE CE X 2EBMOREVNRIZES D
THY, £, HUMROAEEHR ZHA LN L,

5% 5 BETIX, DNA 288U L= EEHT /U A Jr»—@ﬂf@ékﬁ*ﬁkou YCEHRLUTWS, R
V7 =Y oRs& ) /TR BREEL L —E$H DNA EICHEMICRESEHZ 8T, &7
IRF/RYT =YV BENATY v B UL ¥ —%2/E LT3, Point-contact Bt
RFEAENEE PCI-AFMITIZ L - T, FNH0T ) VA r—OFs Blras et % 8
LWL, &7 /RiF/ RV T=YRENAT Yy RF ) VA P—iFr—ar - Tayvy
— FRE2EBR TR, £BLEENRY) ~—ORXEBER LT —RIEYAF b
BEPERLTWB ERRLTWD, RIT=Y /UL —Tik, RV 7=V v LEEH
HFUN—[EDT ay bF— - NYP—ZE5< L BONAEFRMRIZ OV TR LTV D,

BOETIX F2ENLE 5 BEE TORAGUIRIT DMEL LTS,

INEETRIC, FEIERD by F¥ O TIHEETH ST/ HBELR B CESIC K o TEK
TEBZLERL, T/ BEERCIESFRYENVNCEE TH D12 TRHLZZ
LEERLTEY, 5%DT/ #HEDRFHEENIRMT 5 L ZAKRDbORH D,
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