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— % InO KM AR B AW ABR KGR K EZ—,
#Lsh— 4% ZnO 2 KM A B AR A RILR RAE TR
MEFAFRERAIREEFTOTFRET AL A, ZXH
2B RAFEARH E 4T

L. RBETAHASS FARRERRELA METR
B E AEE InO AL RSB METATRSY
W & R4z 4] ZnO 94 K 5 R fe A KARA

2. oA RRA G ThAE-AMEKRE Y TSHE 5
BRAEKFRESTFERE BEEF AL LBLE, R HE
AT InOHRE., ARAREL ST IHRREGRELER
e

3. ARG TRAMM . LELARFAKILREF
sF— 4 ZnO 2K 4 MAtAL T S b F A 09 W MR, 5F
A ENEIFET R,

4, AR T BKB ZnO 4 K & 69 5 245 A3 BOR S5t
B RETENERELERLE . & TH LR RHAK
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— 4 ZnO 9y K A DAL HT A8 A 38 AL A A A F A L
BAENKBHTWBERRRN LAHKRERNFT RN,
i — MK EH ZnO B AAM KR AT B EA RN A K E
HUERFANERFRG AL RN, LRNER G LA NARLR
EMAFEENEN., AXLHEERT B AME—4% ZnO 4
AREMMHEHE ERANATANFRLR FRT —%
ZnO ok MM B AR A BRBEAR KRV ERIE .5 7 A
BARESH EEHR A, BITT — % ZnO 4K SR8
HEREAEMEE, FETHTHRELER:

1 REH A4 RENBENELEARRmAEK
IO HKREWF k. ZHERBTRAB TS S K HHE
KHE IO PAMBENFREBE, BLT R WE 7 RESH
ZnO Hk B R AR ZnO 49K S £ K HT # ZonO Sk &4 B 4
REKBE —REPWNERBEER., ZRBETEEXTE S
EMERAR S ZnO/F o4 F (W PVA) B kT R E, U
PVAEHRRUBGLFHEARLAF R LY AAREAK BLH
AF-LBRRMEESRE  HHEEF I DHELEFTL TN
#LMABmLFPVARELE T RERRSH, Ho T8
MEFHXEHENRA TN E > T RKNE, BTEA R
SZERENXRMBER TR MEREHIE. £ ZnO &
KEREERFUEFRREYNERBKE X EER T, T H
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Bt RE¥H— i FH ZnO AKX %, HEA R
AR TUEAHEENAKFEFTER IO A TR S
HEERTBERGRH, EAAKENERKSHTRTEALSE
e, B B 7 AT A S LA R IR BROE T B # &

2. A BTFAARBNERRAYNERREKER, 2
HRABATFEAAHEKE B TLE BREKEFTR
DFhE RELEMEARERT A FREHNKLE
HERTHHHE KEE—RFHIRE 4L K ZnO AL/ %
S _BMmKkEMMR. IO P KEL/BHERLAL N 20~
150nm, K EH 0. 5~6 pm, EF N T HEHEFT RELEM, B
[o001]F MM mAEK, HAAKRES YA XHBENRKEL R
MY,

3. AMHER T Bl & ZnO A ZE WA R R+ 4. #
FlEEfRGERENEHEHER., XKL, ZnO K EH
WEHASAKEHERBAEKKAENE S FHEERRER
Mok Eth, BfAEKLEUN IO HXEHH YN EERBLE
HZnOMEFAEKETELABEARF RO KREZAN, X
BARR W% ESMBLEm InO 4k 24 th # 4, #l B PVA,
PAM % & 2 FHRHE N 4% 47 T UREIH 4 EE K ZnO 4 X
%, T A BB A B4 (TSC) #nx T ¥ # 1 i (HMTA) %
INDTFARHE K %8 A 7 T 2 5175 2] ZnO 45 K 6. ZnO A X A
Futk ke ZnO gk AV TR B0 FEREABORE, THEH
ZnO 45 K R} oy b 42 Fo o0 A 5 45 ] 3 B 55 A M B % 6 % ) pH
EA AT ZnO H kA 0001 R A K, EFREBAT 5
BEKER IO P KL, TEBRREARF ZHREN ZnO
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BkBUERR., A OB RTEL FEEAE=MITEX
InO GRHHEBH. KAXRABGL THE-BREKENT
AFRA-BEFBEN IO WX EEEARAY. E5 2T
B BREFHENPAKEGHBET R} EZIANE ARKE
H;TIRABATHA-AHEKENHBNAKREKENTEELE
KWBEEWREN LA GREKRBEDFEMRE A
FHBBBET InOPKREHBERE &N RE.

4, HRT —% InO HKE MW LB K L H ., KR K
Mk foob R, BAE ZnO A KL E IR T 325 nm # K
ATHABER A EETEATNE: —/N & 383 nm M3 B E 4
HEESNRGE, FFHEH 30.82nm; F — MR 445 nm £ K H
BB R ST 506 nm AW H K LK ATE, EAK4HES
InO W E KT e, TERE InO M P o FRhR XA
B4 ME-RLEHETH IO P AR EHERE 4
HEETI R, ML REATEERE, A AFHES Y
XM RELERMEY,

B ZnO &4 FF (£ 4 Rk 1% 373 nm) A8 L, P78 & 8 — 4
ZnO 99K 45 # 4 BBy % 4h W & A ~ 360 nm &, EH T ~
13nm; HE KRR EEREEREANE X, A ZnO K EH
BN EPRBERAES, EAEERETFRTHE,

— % InOPKEMMRERE AN B TR F R
AR H L EEER AR 120 min J&, 3t F F 4T oy &
MR LTk 100%, —% ZnO 41k S H B AF 0 L Ltk d,
FEHEBEEMNAAREAMEEBLERENKE  BEAEA
{7/
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5. RAETHABERFDOSOMRTEL T4 REE
HEZIOPKEWNERB A XL ERAAFHTTHR . H#
BERESHHEFEN . 1—X, = exp(—7.475x107%1%), 3F
ARAKRETOMURER, B AL BRI, FHT KM A F
- £ E_S. 76><1023 —21340.8/T 2.8 48 U
HB = PR (1—a)*%, NTIFFE T ¥
REEEHEE R EMRERLAXR.

6. XA ZnO 4y Kk & /B4 H AR K AR FH 1E T 4% ZnO
GRS BG EETER TR RE. HFEXEXKNA,XH ZnO
HKEMEARR IR, EFBEFH2.2V  pm ™!
B, BT E] 10 pA « cm 28 K ST E E, B WA X ZnO
WAL R ARENRELER TEATHRAABKART
B,

7. REAMKKREREAR, EAHETHR ZnO K&/
BHERLKEREAR AR TBLAEAREERNE W,
HRELW, XBEAK IO KB W R EA RFHE AR ®
REHEMEREL ALERAHERE T EHIRE, L
ABAMPEHES 21 2%, YXFRFHAX ZoO W 75 An
BN EATE 0. 06208, 41K o fb M R iR BBV IR AKHE T R
F 40, 3% TR TR B 32. 6% v Al TR E 18.3%0. %
HEE RS AT 2%, E R A MR E RE,

XEA —SEANERKEH BUR. FLTEE AKX
Ko 3 KA HUH e KRR AR



Abstract

One-dimensional (1D) zinc oxide (ZnO) nanomaterials
have received intensive interests due to their novel physical,
chemical, and biological properties as well as the potential
applications in nanodevices. Large-scale, cost-effective,
simple and practical synthesis and assembly of one-
dimensional ZnO nanomaterials are of importance for the
fundamental research and application. In this thesis, the
research progress in the preparation, property and
applications of one-dimensional nanomaterials of ZnO was
comprehensively reviewed. The self-assembling preparation,
characterization, formation mechanism, kinetics and
application attempt of 1D ZnO nanostructures were throughly
studied. Moreover, their unique photoelectricity and photo-
catalysis have been discussed. A series of new results are
obtained:

1. A novel process was reported for preparing oriented
ZnO nanowires on various planes of silicon substrates by using
polar polymer (such as PVA) as self-assembling complex
medium.  Well-distributed and uniform-diameter ZnO
nanowires on a (111) or (100) planes of Si substrate have
been successfully self-assembled and an ion complex
transformation mechanism and polymer grid backbone
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localization model have been proposed. The self-assembling
growth behavior of ZnO nanowires was well explained by
polymer-controlled nucleation and crystal growth based on
polymer grid backbone localization model. The key of the
method allows us to synthesize highly regular stable nanoscale
quantum dots because of PVA containing well-distributed
ligand radicals on chain and the polymer chain with winding
mesh structure in PVA subconcentrated solution, which limits
impacting and growing scale of ZnO nanowires core. The
well-oriented ZnO nanowires self-assembling grew on Si
substrates by itself polar growth peculiarity and the polymer
localized ZnO growth model. This technique has the
advantages over the other reported methods because it solved
the lattice mismatch problem of the ZnO to silicon, and was
more economically feasible.

2. Based on the ion complex transformation mechanism
and polymer grid backbone localization model. well-
distributed and uniform-diameter ZnO nanowires/nanorods
on a Si substrate have been successfully self-assembled by
using polymer as the medium via polymer complexation-
vapour growth, polymer complexation-liquid growth and
polymer complexation-sintering respectively. The ZnO
nanowires/nanorods, with diameter in range of from 20 to
150 nm and the length from 0.5 to 6 #m, evenly distribute on
Si substrate and possess a hexagonal wurtzite structure which
is consistent with the better results reported in the literatures.

3. The influence of preparation condition on the growth
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behavior of ZnO nanostructures has been systematically
investigated in detail. The investigation on the self-assembling
formation mechanism of ZnO nanostructures revealed that
the growth of ZnO nanostructures- was in well accordance
with the polar growth behavior and polymer grid backbone
localization model. The effects of process conditions on the
ZnO nanostructures were achieved by controlling the ratio of
ZnO nuclei to growth units, as well as the sizes of ZnO nuclei
in the precursor solution. The ZnO nanostructures can be
tailored by using different complexing materials. The regular
wire-like, flower-like, flake-like and club-like ZnO
nanostructures were obtained by using polymer (such as PVA
and PAM ), ammonia, trisodium citrate ( TSC) -and
hexamethylene tetraamine (HMTA) as complexing media,
respectively. Polymer kind and concentration ‘are the key
factors controlling the size and spacing of the 1D ZnO
nanostructures. The weak base of the complexing solution at
suitable pH value promoted the [ 0001 ] oriented growth of
ZnO in the self-assembling process thus leading to the ZnO
nanorods/nanowires. And the morphology of the ZnO
nanocrystal prepared at different experimental conditions is
different. It is found that only in polymer complexation-
sintering and polymer complexation-liquid growth process,
especially the polymer complexation-sintering process, the
top of the ZnO nanowires appears smooth and the wires show
hexagon columnar structure. Apparently, these nanowires
show no layered structure compared to the others produced by
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polymer complexation-vapour growth process. The formation
of the layered structure ZnO nanorods was explained by
crystal growth theory.

4. The optical properties of the 1D ZnO nanostructures
were studied by photoluminescence spectroscopy and UV
absorption spectroscopy at room temperature. The room
temperature PL spectra of the ZnO nanomaterials prepared
by polymer complexation process, excited with a wavelength
of 325 nm, exhibit a strong UV emission of about 383 nm
related to the band to band transition, and a weak blue
emission of around 445 nm or a weak green emission of
around 506 nm. The near band-edge UV emission might be
attributed to a well-known recombination of free excitons,
and the blue/green emission might result from the oxygen
vacancies and zinc interstitial defects in the ZnO
nanomaterials. The bands recombination is dominant in our
samples, which indicates the integrity of the ZnO
nanocrystal. The optical properties of our samples are
consistent with the better results reported in the literatures.

The UV-visible absorption spectra at room temperature
show a well-defined exciton band at approximately 360 nm,
which are blue-shifted about 13 nm than the absorption band
at 373 nm for bulk ZnO. And with decreasing the nanowires
diameter, a blue shift of absorbtion peak appears because of
the quantum size effect of nano materials.

And these nanomaterials have a photocatalyzed
degradation of an organic dye, methyl red, under sunlight
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irradiation. The obtained results demonstrated that after
about 120 min of irradiation, there is a nearly complete
degradation of methyl red at the presence of ZnO, and the
degradation percentage is about 100%. It suggested that by
~using 1D  ZnO nanomaterials as photocatalyst, the
environment can be purified with the degradation of the
poisonous organic waste under sunlight or common light
irradiation.

5. The kinetics of the crystallization of ZnO nanowires
obtained by using polymer complexation approach and the
thermaldecomposition of the complex PAM - Zn?’" were
investigated by means of differential scanning calorimetry
(DSC) and thermogravimetry ( TG), and the kinetics
equations were 1 — X, = exp(— 7,475 X 10 ?¢1?) and j—;, =

BI8XI0% nsurq

between the reaction rate and time, concentration and
temperature has been realized. The calculated results are in

) »®, respectively. The relationship

accordance with the experiments.

6. The application in photoelectric nanodevices of these
1D nanomaterials was investigated experimentally. The field
emission of the ZnO nanomaterials obtained by using polymer
complexation process has been investigated. It was found that
the ZnO nanowires have a good electron field emission
property. The turn-on field of the ZnO nanowires is around
. 2.2V« pm™!', which is consistent with the better results
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