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Abstract

This thesis contains two main topics: heterojunction nano-structures and
photocatalysts. First, a series of novel p-type Cu;O and CuO; n-tpye ZnO, and their
mixed p-n heterojunction nano-structures were newly prepared mainly by chemical
reduction method. Second, the nano-structures obtained were applied as photocatalysts
and the nano-structural influence on.photocatalytic. performance was compared and
discussed.

Cu,O was prepared by spontaneous oxidation of spherical Cu nano-particles (~5
nm in diameter) in water at room temperature. Several novel CuO nano-structures were
then simply synthesized by the further oxidation of the prepared Cu,O nano-particles in
aqueous solutions. Accompanying with the oxidation process, a distinct morphological
transformations from zero-dimensional (Cu,O) to one-dimensional or two-dimensional
(CuO) was found and its mechanism is considered as the key point to produce such a
variety of CuO nanostructures including buckhorn-like rods, short rods, and flakes, in
this work. In addition, one-dimensional Cu(OH), nano-structures (~100 nm long and 15
nm in width) can also be found under some oxidation conditions.

ZnO nano-structures including one-dimensional single crystal rods, octahedra and
three-dimensional flower-like assemblies were synthesized. In addition, using
suspended Cu,O nano-particles as substrates, ZnO nano-structures could directly grow

on CuO to form a p-n heterojunction ZnO/CuO composite. Our photocatalytic
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experiment has proved that the p-n heterojunction ZnO/CuO composite prepared indeed
presents at least 45% enhancement of the degradation efficiency of organic dye,
Rhodamine B, comparing with the simple mixture of CuO and ZnO nano-structures.
Nano-structures generally demonstrate a variety of morphologies in comparison
with bulk materials. In this thesis, we illustrated a series of XRD analysis with
theoretical calculations to distinguish some frequently observed morphologies of
nano-particles, including cube, sphere, decahedron and icosahedron for metals and

sphere, cube and rod for oxides.

Key words : CuO, ZnO, photocatalytic, XRD simulation
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Cu(OH), % # % 2 = & 41 CuO = %2 3 4 » Camnes [4]% 4 BI]* CuCl, 5 #
Skt 8% 41 Cu(OH), » £ 4 # Cu(OH), 2 = Z /& & CuO 2 k5 » H F
#2584 Eq. 2-1 ~ Eqe2-2 #7757 &

CuCl, +2NaOH — Cu(OH), +2NaCl (Eq. 2-1)
Cu(OH), — CuO + H,0O (Eq. 2-2)

Fig. 2-2 [3] 5 Conghua Lu % 4 % #5232 Cu(OH), * ;2 ® % 2. CuO % F 2
SEM, TEM, ED, XRD R]:¥ -

“;f TRz o 2F S VB2 VA ed iz F RiEAR s 2 4 CuO 2k

B4k B W gz [5-6] ~ T 1 2[7] ~ % 5% [8] ~ Langmuir-Blodgette
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Vapor Deposition, PVD) 2 2 it § & 4p A 4% 2 (Chemical Vapor Deposition, CVD)
fao FIHF PopdliE s A~ WiefEe - v N H R AR 2 L g
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R SR
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Fig. 2-1 : MO model for particle-growth-for N.monomeric units. The spacing of the

im

HOMG -.

Valence
Band

energy levels (i.e., density states) varies among systems.

20 30 40 50 60 70 80
20 (degrees)
Fig. 2-2 : SEM (a) and TEM (b) images and ED (c) and XRD (d) patterns of CuO
nanowires obtained by thermal dehydration of the asprepared Cu(OH),
nanowires in the solid state at 120 °C for 2 h. Scale bars: (a) 500 nm; (b) 200

nm.



2-3 CuO % # B2 ™

FE K CuOR Kt /3 K BHH ¥ BB B T FE AL LR 2 5 > %
LPIPF L DA T AT B e f M RI[12] - % B R3] B R R
ot FL[14-15] ~ 38 B¢~ 2[16-17]14 & @1 fP4E[18-19]% % 3 % o 1 T W 4-$4Cu0
AR /AA SRR - @A
2-3-1 i fg 4

BCudip g it 2@ > CuO & CuO g ¥ A >0 F 1 F oz it ffd 1
WE B G EEA T8 FIA G dia 3 A S hp N 2R A a2 L- &

T A iR B BB R T e gl i R 1 B T
BAF A 5E- BT EhF A2 %o Adams [20]% A FRCuO 5 - BEFEHEN
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lé%’ﬁ%ﬁ?%iéﬁﬁﬁ%\K§m~ﬁ%%§?i$%é%§ﬂ0%@
L PR T AL A F R ER S LT E NEBE R v - o
2-3-2 § TRl

FIERF T FHFHOETEEEF UL AL F RS A Ty
WF ME R w2 F F »Mackawa [21]% 4 7 L 3> #-Sn0y 2L 42 32 CuO L >
TR HS F AR Rl 4 2is3E 5 e Cu0-Sn0, F MR BT T B B A
[22-26]- 15 CuO & p A% SnOz & n A= 3M - & Hff#77) = Hhpn £ Fika
§ R NT M ik g F WS F i & > CuO-Sn0,4f & Hk T 1+
Fi e SnOy AP A > £H F AR R E A ha & R F] e Fig. 2-3 [26]
% & 48 CuO-SnO, f # R Pl ~ 2 2 § MWATE R & F RPFE B RF -
2-3-3 FF st~ it

GRERERE S E E ENE Ll R PR SN N
PR ERETEI Rl R S - 2R FHT IR LD B P
AR FE 3w FFEPH > a LI GDP e @ g sdp g d 5 &
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B RARZFF A BTN BFEHDTF L T R F

EKpfda gk FIPL A FERY Bo Ll o HRNIEIRMNAE BT B 0
EFREBOLITTRMO BT BERKREE X EE-C.T. Hsieh [16]% J. Chen [17]
A 4 A KRS AR A 2 K CuOE KRS TR AN s A (2 2

B3R > Fig. 2-4[16] 52 2CuO2 F s 7|2 2 £ 7 2B -

Resistance (k ohm)

Time (s)

Fig. 2-3 © Sensitivity and response speed variation with dispersal of the CuO Catalyst.

Polymer template membrane

Well-ordered CuQ nanofibers

[ Current collector

-

Current collector

k 1. Electrodepasition at high DC voltage 3. Fiber growth in O; atmosphere
2. Template removal

Fig. 2-4 : A self-catalytic growth mechanism for CuO nanofiber arrays from Cu nuclei.



2-4 Cu~Cu0~CuO~2ZnO 2 & & ifid
2-4-1 Cu

Cut P ¥FAF? P ¥ AL 5-fAed 23 APuEBERDESE RF A2
A3 £63.54 g/mole > 2 & 8.96 g/em’ 5 %3 BE1084.62°C » * BE2562°C > T F M fi
[Ar]3d104s] » >+ @R &~ % ha f2 - « FlE Wi ET (s

Wt Ago R R AgIf BIF 5) 0 %

ek

ME AR FAPM A E o AoICPh IR

H § 88 % H 5 FCC(face-centered cubic) s #2 % #3.615 A»> 3 [ 3 (space group)
SFm3mo B3 AAE R $ - #0 deTable -1 [27)4 4 ood 11} T 0 AT 00

H " = % *2 (unit cell)2 77 &, B8] » 4cFig. 2-5%77%

Table 2-1 : Atom position of Cu-in-a unit cell

X y z B Occupancy
Cuy 0 0 0 0 1

2-4-2 Cu,O

Cu0 > A+ £143.08 g/mole > & & 6.0 glem’ » %3 8:1235°C > # 2L1800°C > % 2
F- BCu'2Cuf Mo LRBHTF Y kY S FETRT AL S F A
CuO = H 5 48 % 4 % Cubic + & ¥ ¥ #4269 A % " 3 (space group) % Pn-3m > j +
B f4oTable 2-2 [28]#7 5 o d 12+ caF 30 AP # 2 g 1 CupO2 H = ## (unit cell)

7 % B > 4oFig. 2-6477 o

Table 2-2 : Atom position of Cu in a unit cell

X y z B Occupancy
Cuy 0 0 0 0.01 1
O 0.25 0.25 0.25 0.01 1




2-4-3 CuO

CuO » A F £79.545 g/mole » % A 6.31 g/em’® » %5 B:1201°C » i 2:2000°C » &
RS54 5 H AL S (monoclinic) > s 1 % ik a=4.688 A,b=3422A,c=5.1314A, %
2k &8 L a=90° 0 f=99.506° » y=90° > % & #(space group) 5 C2/c » B+ F&4r
Table 2-3 [29]#77F o MGd 12+ enF > AP # g I CuOeHE = ) #2 (unit cell) T &

B > 4cFig. 2-7#77 o

Table 2-3 : Atom position of Cu in a unit cell

X y z B Occupancy
Cu, 0.25 0.25 0 0 1
Oy 0 0.476 0.25 0 1

2-4-4 ZnO

ZnO > » + £81.408 g/mole » % /& 5.606 g/cm’ > 5 BE1975°C » 5 M A4 5 = =
s (hexagonal) > S % #ik a=3249 A b=3249 A > c=5206 A % dha & 4 5
% a=90° f=90° > y=120° >z B #¥(space group) = P6smc > fn &+ i & 4-Table 2-4 [30]
AR oo Sd 0 R et AP E g I ZnOsnd i e (unit cell) & B > 4-Fig. 2-8

S o H- 5 BE RS ERHIE > TTF AL AW HEGE A P S0 g

B2 # 0 oFig 2947

Table 2-4 : Atom position of Cu in a unit cell

X y z B Occupancy
Zn, 0.3333 0.6667 0 0 1
O, 0.3333 0.6667 0.38031 0 1

A BRMEEE A TR T L HEd DEEHE F B2 A

HAL A B XN R RF 2 RF R S S FXRDE Y

3

< B2 FER o
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Fig. 2-5 @ Unit cell diagram of Cu. Fig. 2-6 : Unit cell diagram of Cu,O.

Fig. 2-8 : Unit cell diagram of ZnO. Fig. 2-9 : Hexagonal repeating unit of ZnO.
11



2.5 kM E R

2-5-1 skiiv & BRIz

ICERE Ad KRR F XL T UV kAT Lk
Bfo YR R EHE R T HE PN IR FlRjTor Sk i £ 0 AR
IFFERPFARARFT T TR I T TR BRFLTI/EREE
Pt g 21 S e HoONOH Oy %47 [T A Jo 2y § 14 4 /B R 5a ~ enp d (0
R LA E IR ANAGEE ) i A2 2 pd ABETIHL G
HF P AR B d Rdp T EpG A B - BA- B ARKT
FeRG A AT B - Rl G e e - AT o S R AR
Lpd TSR R G A i o BB RAOERT 5T E AT

OB LT /T A f2[31]

PRk B F BB LAt Ad hR S DiRE R o AP S AT R
FEF o FL A LR kAR 2k R L g /T R

KA 7 AL - KF]F i e

(1)Oy+e 7 —+0y
(2)H,0+h"— « OH +H"

(3)+ O,y +H <=« H,0

(4) » H,O + + H,0 < 0, +H,0,

(5) H,0,+ + Oy — + OH+OH +0;
(6)OH +h" — « OH

ERERERY o wfApd RV R AL o WD RAEELFELMZ 10T
TR ST DR REAE  R L R R TR~ ~ SR AR S @ gl
A E 3% 585 B o Fig. 2-10[31]% L. S. Zhang ¥ 4 #& * Zn:In(OH),S, *# f# Rh-B

Al KB E BT AR e
2-5-2 L APk LT fRHY

ZHRE AL G B Lk iy o T 5 2 B ES

%

(AN B ) o

1““3‘3
=3
4y
=3

7
~

EEEER I - PR S E A R I S A TR F etk
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FREH AL 2 I > @ B SR

FRehie i3 o g BHRR 5 2% sy X gk
PEerA 4 T 3 /T R 0 Flm RS R 0k

RIFIERT L - @27 »c@LL B FRR
EREY ¢
B kR MY BT FAPR AL A ARG TS RN A
LEmEY PR FTESIBEFLE > 4L ET a0 P AP
A BF  HPEEHEIRFEBEF L F =8 > 7RSS EN L EHE Sy
Mz MR, AR T ERET NP e h- A AP R
FRZERCONE S TFI GABEIBES > FHET DHN c BRI D
wARE AR A BED L JERRGR 0 RF AR WL L A2 BES
T B A?ge:;g.% ER AR = - Sl =l I F' 2R T H BHrkihe A F
AT IR FISEAER A R RS RN R
PR AR B R R e
FHEDA SN Rl e R & P RS R
AP MEEON T AR ORI GAEILIBEF Bk
it v e o TP R Bk e B I o £ e ] 0 OTIO 5 B 0 H
el 5 3.2eV Tt F i ot £ <387.5 nm kK Ras ~ KL KR Y KR A A iE
F o "‘f PU2o o GUBRA T E R ke s ik iR - koI AR <

S N FRGLEL SR EITE R O Ry WY

-

Yes FREE B Bk A R0EE e o R M) et A BEAR T I )
R B SRR g TR NTFRRFFTERE TR TFARG L
PERFRpd A58 > A A H k@il sckd & o

¥- 25 o Bl o R RS TEL 2 R /R IFTE G 0
B NTIO Z e B FEREF DR KBEL DR AT 8 kg T
FREAANT I RSB R R HBRLEF AL NT S F Bgeng
AROKAAF F oo BEBEFRELE BEF O ISR R AF BEHE RS R
Fof Bk 0% o Fig. 2-11 238> X SRl 2 e M~ o B =8 BI[32] -
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LEME REAERRF IR~ 5 pAEnAS A p A X EMI TG

A&+ e CuO NiO~CuwO %% >»a ni X ERpJ ?,—?féi?;\i—ﬁi‘—? » o

St

TiOy ~ ZnO ~InyO3 % 3 o TPt > G L FA ok B fPaeniE i v > B4 g H AR
Bz A EELETRERTRE Ko
2-5-3 Rhodamine B # #L #§ 4

AL B T BT L kA BRI B IS c S A AEd TR 2R

2R TR G RARAEE AL ESLHEA 5 FIE G pEd S

PR AR TESR LY E 2 it o

~F % “7ié¢ * 2. Rhodamine B(B A #4445 ) > 5 Rhodamine % # - & >
Rhodamine % #* i & 3 Rhodamine B > Rhodamine 6G.> «Rhodamine 123 % %44 -
B gF * ki RIE R Sk i A R %P7 * g1 Rhodamine B o A F 5
CogH3 CIN;O3 i 5 & 479.025 7330 -R & B IR# % coftiad » B & M 2y Ak

PEIFL RS FREE > FFEE € AL R E% ° Fig 2-12[33] 5 Rhodamine

B (Rh-B)2 % 7w & W -

% Rhodamine B "% 2427 - 3 P~ ¢ 3 I Rhodamine B 9 UV-vis & jz £ ¥
% Peak shift 3% > iz £ %)% Rhodamine B % & /= 7 [ #7432 [33-36] » H
Hidaka [33] % % %2 % a‘ﬂ » 1% TiO, £ TiOy/SiOx4% & #4 # *# f# Rhodamine B
PF(E 3 pH B =4.3) 1395 % @ B4l % 5 04 & 75> Rhodamine B € 7 7 I ¢
BHHES 0 F @ % TiON/Si02 4 £ HL w5 fJ 4L > Rhodamine B A+ W ¢ # & 7
¢5 diethylamino group ( N(CoHs)," ) € #% #it 3% TiOo/SiO2 48 & iz 4 6 » w5 2 #
* A TiO, f s f - > Pl EF § 0 carboxyl group(COO)sx ¥ >t fH 44 & o 2
BT R PR € AR et fREL S G R PR E[37-39] - F]2t > 4 Rhodamine B
iEA A B3 AR UVevis e k2 5 85 > DAl kpRe oA frﬂ,i,}a?
it ¢ % 3 Rhodamine B e7 UV-vis % fc k2% 5 Peak shift sk % & 4 - ",4rf g2t
Nk o A R SRR fREL S R T2 — [33,36] 0 8 UV R i iy £ T

4> Rhodamine B ¢%% fiZ criff 423 % § - = q‘F SEAE NI VAN RS S N
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PHEA LM, f2E FIF B 22 5 0k o Fig. 2-13[36] % 18 * NaBiO; it 5

LFRLHE > ¥ @ % 7 8k 5 x b+ R p5 Rhodamine B ¥ 4 577 fREL [T o

* O, and
o,
------------ -OH/OH =227 V
1
RhB in bulk
Fig. 2-10 - Sc ation of Rh-B
by
eV
0 Vacuumlevel  Band Gap Positions in Various Semiconductors  £' "
-3.0
1.0

0H"H,
+1.0
+20
— — +3.0
W W
-8.0 \}10 }\E SrTi0; MIITIO\ N ]
Rutile Anatase FeTiO, BaT103 g szosKT:;-O _
Zr0,
@pH=0

Fig. 2-11 : Band gap positions in various semiconductors at pH=0.
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COOH

“‘
(CzHs)2N N{CWHs}?
Fhodamine B (RhEB)

Fig. 2-12 : The structure of Rh-B molecule.

(C2Hs); (CzHs)2
N-de-ethylation cleavage chromephore
(insignificant) / (dominant)

H
’”:"C{_{H further degradation
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CoHgHN" CE anuczuﬁ H,
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\ Bt

R
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Fig. 2-13 : Proposed pathway of Rh-B in NBH suspension irradiated by visible light.
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2-6 sk gLiL '};}_?’E,‘t%ﬁ = F
- R F R B Y e Rl - B ﬁ%ﬁﬂ“’“*é_i
R+ 7k 2 % £ (recombination)if F i P 0 ERPF AL BV 2K A E o F R

FRFALBELEFER > TF/TW ORGP E AL 5 oo pefs

4;

CFAFRPER o5 RGBS Ao FIR G0 Bk g o
Flut o AR M L G o A S EPFE PR AT TR A RER
7 w5 8 > 4o W. Choi [40]% 4 F5d #8327 b e~ & o 1 TIO, f 4-e0 & T
FEEF o A fAH LRk o K Wang [41]% £ PHED &5 g i ? 4o r 3

Pentad S s ROFAF AL P Re vt R F T kA B 0 5 Bk

1 E R BT o B 3E Sk W s e

SRR T N S o Ve S 5 o S e et SR A At S E e S A

2-6-1 AL A &K

AR E R LR RS LS
Fl* B FoiFEGERHECHZAE > = S FE 2 Finliz L EHREA
TR AR A R AR o %ﬁé fo ETAEE W R AL L kiR
FI* FF[42] ) & B TR e 0= 0 @ REDT F T R o 18 sk
LIt 2Ti 9§ fs hfles o

HER AL T EMEREMFHEIIE L NER - F 5 R R PEREF D

LR F G R > TF ook AR Ol S 14 [43-45] 5 40 ], P.
Yasomanee [46]% 4 1% TiOyiR & CuO W& LfFLttp > £ A2 & iRl HE ki
LR > FRA]* TiO/CupO iR & ML 1% 5 KR 4-pF » sk vt H fp i * TiOy &
CuO pF { % > H. L. Xia [47]% * 41 * CuO/SnO; 2.4 & H 4L 1% 5 & fF it 4L »

s H PR TiOy & £ CuO FF{ 4P 1 1% 2 Rl iitang & Rt L 2 T
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F Rk E S Y enpE R T ec L H R 2y £ sk o
FIH A& L EMDS 2 R P LR > AT RHE A LK
BofcM A2 PNAIGEEFF > XL REA BT Favlfz 2 e
T A H R kg o P R AR hpn A X EMAFE MR LB F A AL
HHp RS9 iR fg4ek ¥ o pn £ F 426 (p-njunction)i{ § 25 - Fig. 2-14 [48] 5 =
A LhpnE FRezZaF BB 2ZHnt RE o Apn R e 22 e i
TITHNIAREE > fRAIT IO AL EHAILT A 2E Tk A
LTEBRF LR

AL ERE R > F o EH A i R B 4o Figl 2404 ()47 0 T p AL A b

TRLERNAL M REAL - N THD n A ZEMR P

_h»

BHEF FF A2 Pl AT EROEE RS AL S VIEERN TS

#8030 RS0 XA 0 A R A S SRR T T TSR
RS TN EE Y T i L IR ST S TR O

ST Al BENEE A o T 0ok 4 £ Ap SenpE o Ft HR R et
2 g fk en§lE .

F AL it FE A # 4o Fig. 2-14 (b)#77F > Bl n 3L H88H T i 7 5114
R BREp AL EREF BRI AL ERP e T p A TR gy

PIE X PIHF PN HaEes . 2 g 230 p /X FME 5 g4 % EhT

oA A2 TS TR AR & PRl o T R Bk L e % gl e
T REMAR TR SRR AR B RE N UL TS TR S

PR i@ 4 R kTR ok o

(584
X

3
¥
=
%

F ok R F A F o Fig. 2-14 (0)*77F » B #Tcd 22 3 T 0 o
AR T HF Ol L pn BFRGHT I T RO LBk g F T
Bro Flpt o R L EMERZ BT ERFEF L EMHE I AR ST

AT D AGAR R A 3F 4 sk LI 2R o
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2-6-2 A R+

iz 4% k0 4 ERELEL R PR TFZ - o H Xu[49]% A &3] > £
E R OEF T e & RS DS gk o F] TR AR it o 34 H A
Wh RS R N B R e T - AR R H ey 0 4 - fEred

kLI AT eh % o e Ho Xu £ A [49]91 % 324] NH; 22 OH % Cu® et i) » 1l &
Lmod {1116 22 NG 8 Cw0 2 #3246 d {100}5 ££2 335 Cu0 2
A o GRE o N 6 A CugO 3 ot 2 R s g 1t 2 A Cup0 & et 48
5oL XuE A[S0]R 91" WK CioO 2k F B éadz Cip0 2wt v
A e B AT o BT 4Rk B EP Y M end G A R B R

gL 3 & o
2-6-3 HHfL & Gec

REH T RS LG de g e foohRAH LR i 0 2P

PRt

WETF TR AAMBER o f MR R e B LR R

FRAAGDTIEFI L Anmin 2 £ B M= TH NI, F27F 5+

6“54

F2 g REF LS iBe ARG E RAL A JL o BT U GEE 2

hl

F-2a o F iR aRME ARy %ﬁ??ﬁééiz@’ﬁrﬁ‘ﬁéﬁéﬁ’

BH7ALLF g2 g5153] Faia AL L B Eadad o Fad
LRI R A Sl LT R S

b G EF R BHA YR L RRES T FEE AR

sf]* & o K. Awazu [54]% * 1% Ag ¢ H2 TiOy i 5 % ff 4414 » Y. Tian [55]

2 )% Auf B2 TiO, 75 L FR4LHR » F 345900 2 4p TiO, { & sk it »c

i o Fig. 2-15 [55]% Au-TiO, % i it 2. sk i 47 2 ) -
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p-type SC  n-type SC ptype SC  n-type SC p-type SC n-type SC
(a) (b) (c)

Fig. 2-14 : Proposed principle of charge separation for p-n heterojunction semiconductor

photocatalysts under irradiation.

Potential
(V vs. AglAgCl)

-1.0

00—

+1.0

+2.0

+3.0

Fig. 2-15 : Proposed mechanism for the photoelectrochemistry. Charges are separated at

a visible-light-irradiated gold nano-particle-TiO; system.
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32 FHRER

1. Ff&4F (Copper sulfate pentahydrate) : CuSO4 « SH,O » 99+% » ACROS -

2. 8L i = 8 A g(Cetyltrimethylammonium bromide, CTAB) @ Ci9H4BrN >
98% » A frf b F AP o

3. #4 it 4 (Sodium Borohydride) : NaBHy > 98+% > ACROS -

4. 3 % 1* 3(Sodium hydroxide) : NaOH > 98% > Mallinckrodt Baker Inc. °

5. A p& 4% (Zinc Nitrate Hexahydrate) : Zn(NOs), « 6H,0 > 99.9% > Mallinckrodt Baker
Inc. -

6. 7 f¥ (Acetone) : C3HsO ».99% » e % 5 FL 2 & o

7. ¢ fg(Ethanol) : CHeO 2 95% > % frvf % 3 T2 P

8. & fk(Sulfuric Acid) * H,SOz-0:5mole/L » Sigma-Aldrich °

9. #3 -k(Hydrogen Peroxide solution) :'H,O > 30% > Sigma-Aldrich -

10 ;‘3 25 .?:%%(Rhodamine B) : CysH3;CIN,O5 > 98% » f\‘ff' ? % ’ﬁ LA

3-3 e HEENH B

AL CLOARE T E R L CuMmMT 4 54 Cqpntaa > L
* CuSO4 *» SHyO & w@Rde o fH it F 8 R 2 LBRACu bk F o RiE- ik
BF i Ad CuO 2k k30 4B I ElE2L CwO 2 k5 4 oo o
Cu(OH), 22 CuO % # BHheng & o W fdcs 255 BER ~ F BER - #5453
e pH % % o & ZnO 3k i» > )12 Zn(NO3), » 6H,O 2 NaOH 5 o 5%~ > §1* 3
P SR R e L Gl R > B A R0 3 R ¢ 0 Zn0 L din

G Bk R SRR (5 g B i -
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3-3-1 Cu,0 2 F#3 Wi inde

(1) 3 CTAB 0.455g 7% 25ml -k » & %8 T 4453 3 1375 % B F A% » 2 B iR ¥
ber 2 CTABER 2 il fcre R B 50 2 i i d S 255 o

(2) B~ CuSOs » SH,0 0.0248g > 4 » (1)1 2.3 i% » {4£ 10min & 2 % 273 2 o

(3) P~ NaBH, 0.015g, 4 » 25ml k¢ » &3 % 273 f2 1535 4 » Q)@ 2 3 i »
E ] 25ml 59 NaBHy /3% 2384v = 5 ok o F] NaBHy /3% k¢ R g 21k A 2 F
o # HRRA BcrE i F)p AT B Smin P R S e

(4) #(3)# a5 2B R ME E IR A 10min> REF B Do

(5) B~ 50ml P 4e » (4)2ip0R 0 AZF R R 1-2mine 4o~ P2 P och s §lE 0T
A5 2B KRS ERBRA G 1 i BB G B o

(6) #A5)#718 2 i fas > g dodie s & 15000 rp.m.> E & 10°C PF R 15min -
oo 2 18 R B3 R B X RATRE 2R SRR AT T IE R e 0 LT

S EAF IR 25 % 0 FER A A g A ZRER .

fe #lCTAB K i3 %

i

4

4 » CuSOq4

il

4v » NaBH4 k% 7% > & & 10min

dv » PP T AZ F A R T 1~2min l

.o 15SminZ fs B~

l

Fig. 3-1 : Process of synthesizing Cu,O nano-particles by chemical reduction method.
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3-3-2 CuO ~ Cu(OH), 7 s B ® & vz

(1) #c WEk 232 CuO 2 ARFLHERFAF T > R Ep RicH L4
o nEFIMEEE 2 CuO 7 K+ o

(2) B 3mg 2 Cw0 % 3 #£3F > 42 * 50ml -k @ o

(3) B NaOH 0.2g i3> 2.5ml -k » fe ] 2M 2. NaOH -k 3 % o

(4) iEiF #(3)#T# h NaOH ki3 i 4e » 2 Q)i chrkizin? » 8 E PH &5 %73
2. PH & (12~13) »

4) B(DHzARA4&BITTEZERE > FFE20 mn B HF B o SeBEAT & ®IN L
SRR TR MR RIVER AR o bR BRI kT T g W R
g B BT R AT B R e SEIRNPE I8 STECIN

(5) F Reig d 1o B A #t B AR > 2 S HA fe w8 255 0 X iR T IEE

P

B~3mg Cu,0 » 47 *+50 ml -k |

i 4

4

fie #12M2 NaOH-k ;3 i

&

4c » NaOH K 72 ;e l

e T T2 R R 0 358 20min l

.

&< 15Sminfs B~ ) l

Fig. 3-2 : Process of synthesizing Cu(OH), and CuO nanostructures.
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3-3-3 ZnO % F B HUF m4e
(1) B Zn(NOs), * 6H,0 0.03g i3 ** 10ml -k » 345 % 273 /2 o

(2) P#+ 32 NaOH 5 £:3 2ml -k ® > 58 ()# @2 320 &35

J_u\
o

() TR F 2 QTR IR e  FRZ R AR WEIRRAEES -

(4) #3)* T2 AR H I 95°C» 38 30 A4k o S BT # ¥ L R FR
o FEFR R R R Rk AN FUFH YRR - B
ViR AT EAREEF M I F RRF

G FREACHPHHBRATE > BFSEF Yo G255 DA EadE
PR .

de xR 7§ 2 DIRASA R

S
Anamn

4v#4 1 95°C > 4% /F 30min

e

%mwmmf& l

Fig. 3-3 : Process of synthesizing ZnO nanostructures.
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3-3-4 CuO/ZnO % # BHW#% itz

(1) B Zn(NOs), + 6H,0 0.03g i3 % 10ml -k » $#84£ % % 273 f2 o

(2) B#r% 7 #£2 NaOH 3>t 2ml-k @ » F 2 (1) #1823 %R & o
B) P F 7 22 Cu0 2tk F 4 r B8 KY " RFARTIBRAESS -
(4) #2137 2 22(QuQ)TRBRAE > DI B RREI23 o

(5) #4234 A 95°C > #5F 30min o v FEART @ * aw ik ALiE TR
o FERARAVER D B LR A AA FTH G 2R - B
bR rRVEGRREEFIHE S UIF BEF

6) F g dh e MP B ERADEE  BFRAd P ooijit25 TREiSDE

"F"‘l? :/ﬁﬁ:‘:‘ 3

fic @ Zn(NO3), 2 NaOH-k 7 7% ‘

4e# 3 95°C » 8 30min |
L
#r.s 15minfs B ) l

Fig. 3-4 : Process of synthesizing ZnO/CuO nanostructures.




3-3-5 ki B HKIAR

(1) FLRURFERZARAR  NEBERRET « ARAR T 4RHAS
B TRkl WATFIREA F o

(2) P~ 10mg Rl &t # A $032 20ml -k ¥ 4z 5 A BF X 10min # 2 A 4355 o

(3) B TR PR BN RBELL Y LHEF P o

(4) #irF F R 2 A r EFY D HEERARTEF RN H IR ER
W UG AOR FIRR Gk @ R o

(5) #4273 i% B> F 845 30min - i€ FoR g FRIRIHR G A6 e R T i o

(6) -7 & F R 3RS ERa o 47 B ARSI o B A R TR PR o

(7) 51— BBt o 350 B i (5 BB DS o e Sl s HEiE 14000
rp.m. > & & 25°C o pFfE-10min-o

(8) & * UV-Visws iz £ 3 RA T (520 23 R UV s fg kg o

3% P2 §03 DK ®

4

de N %#llﬁﬁ'%&?ﬁ?ﬁ .

B F 3 30min

B R — BB R P~ T s

UV-vis w5 T € 3% P38

Fig. 3-5 @ Process of photocatalytic analysis.
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34 % B RYERE LA
3-4-1 X k ¥54(XRD)

XRD 447 5 s * Ap g R iLeha ez — o d SN EERE L PR 1 2 Fkeh
S FEE > @ Xeray B odr St E R E R B B EER LF £ ¥ad 2 = (Bragg
Law) > & Spbt % 58 & 518 441 0 H F] 5 (Structure factor)3* & {672 2 ZpF > 4 §
Flg 4 2R e e X kMR A 0 R > T 5B A 45 e
XRD B3 7 @S ERF L5 0 fat ] B A B A A B R ET
o B H A L EER AT B E st T ndE gy oo

8% et B o XRD $E5bE = Fgesg e d JCPDS card FHE 9@ (5
@ %9 Scherrer equation 3= B4 B X 3 50 BV @itz Bk <0 A

XRD 4 #74p % % * en3 E » Scherrer equation 4 Eq. 3-1 #7177 °

_ 0914 e ol
B ¢cos@ &

A4 L Tk gL ) (A)
B @ depit X% 5 (degree)
0.0 F It YEit & (degree)
A+ X-ray & £ (A)
R
Wepr A T2 PR (S KTk i AR R R Y 0 2 F lem x
lem~2cmx 2em * /] ehgh b (- ¥ P HIBA P K FITL A AT B ITHS
T#S = ERAFE Y Z G - kARG L e
S 3N
1T R 40KV

1 iFg on 40 mA
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Scan type : lock couple (6-260) / detector scan (4% &)

Step size : 0.02°

Scan mode : step scan

Step time : 0.01°/sec (D5000) / 0.04°/sec (D2)

Fodo B 0 10°~90°2 10T 0 AR 2 MEEPE R B AR
3-4-2 ¥ ¢b k-7 B ke sk 3 (UV-vis absorption spectra)

Bohkow A ku kR P 0 R B E AT L EA b - AR e P
FRo AR RIZEHZ AR I T ERICEIRRY EFRE 2 T AIONARE
PR ENREEERP c HAE I A SR G %‘1’3”1;—? LR § A
BF XD R REPF > B A G T8 r X2 RREFRLIIET 7558 £ 5 ]\
+ E3r 0 R Ri 37 eendRyiA) 0 I F R T BT KFHT (A S

¥
7~

4y

PORZET] o B R R PR b RS AR R T

A B, 7 LM,%’] N A I *ﬁ;ﬁr% A ] o Eeh e B Sk ek
HREH A ARR O PR A RS s 5 b VR R RE T -

BRI MRS R R PR ER R R EE G BRI T
Voo - K BRIPFFEA TS o 0K E R R Lﬁﬁﬁﬁﬁ’u&ék%
FREZH ”Eb%\l'.ﬁ_a‘r“%m:‘lfg#%—”#ﬁﬂz?l BETr REPEEFERTT o
RS X
Photometric Mode : Absorbance
Band Width : 2.0nm
Scanning Speed : 240 nm/min

Data Interval : 1 nm
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3-4-3 #F# 3\ T+ BikE(SEM)

SEM & BB 2 AR /2 K BHEZVREF * DREL - 0 F DR FE

—=\

TP 25 VRIMAL S - FESERELBRTF LA HI PP L

4

for gEBEY A v 24 - p ok o BT F BT F A e fgs

TFE Xray HEpAF 2R L o SEM W iR~ 53 F 972 2

L

.3;
=
=3

B G rRHT I RIS R TA L s XTSRS
B A G a R ERIEERI - F 2 TF L3P MR P e 9T A 2 s
TR PIEE AR B AT T] 0 F T A A A Hh SR L o LB
BLove g2 isd B BE o K AP S PIH A SRR AR o
Frgie:

Bert fp 7 5 05cmex-05eme & ] T BT A 5 2 HHREA TR~ TEE
FErEA%? o iFp o FHR XGHC DT F R YRR (o 2
FOB)AERE SEM B ¥ 2@ B R S b s FRE - EHE A DED AT & TR

A e A e - FE&Y £ BRAHPAG L RRABLEFR

o

5

R %
BT R 15KV
FeEFm t 10pA
1 (e E4(WD) : 8mm(JSM-6700F) / 10mm(JSM-6500F)
Ak 8 % 15000 2~200000

48 & ¥ %8 - 20mA 5 120s
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3-4-4 X-Ray it & #¢# 4 #7 R (EDS)

EDX - 454> TEM & SEM 2. }F > ¥~ Zha b 2 § 247 0 7 4k (T

CHEFER R F R AR HTFEE N IR P2 R AR 4

PREAR AT 50 %R

21»

C BT M PR R o BT 2w AR~ BT S AT

ED

gz 73 ahi ¥ o P Fe Xray & g @RS 0 @

i

W BT iE - EDX
SRR TR RIR e ) g e Xeray 0 B0t A AT DR DA R de g 2t B
g iiE~ZhXray XF ¢ A4 EHcnm g a L~ F 0T Xray 78
BRI B4 F]M EDX &2 A 1 BIE N L% 0 ¥ - 3 5 0 SEM #7F4e 2
EDX 2 & &7 cn ek~ 7+ B
R

P SEM 3# W@l iF > ke d g d > LR NR E 2 K|y .
- ES
Dead time : 30%~40%

B 5 A+ B F5000 i ~10000 &
3-4-5 % % 7§ I B ACER(TEM)

FENT S BMATEM)S i A1 2 F HR/2 4 g Hihkt 4 haje1 22
-~ #1SEM7 ks (TEM:Ag il £+ 47 5 $5R 9100 nm T if 5 JF

*
37
P B R TETIERSPANAFTARIEY > 24 F FAR THH o Sd R R

:'i
E.ﬂ:s
&
&=
oy
%
©
35‘\*
3
gi
&
@
1\3

e, B s ST RL B o ¢ A A
FHAEZ R G AF AR BRBEERT
WEgiEe
FEBLR 2 2 A PR A SR I S R R AR YRR R R H] B 20~50
ppm & & > FEF @ 200 mesh 2 ERAFREE N FF A HEZBRY £ FSP

Gk o FHER 250727 TEM 2 L% -
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yr i B¥xeiH
4-1 Cu,O
A% (SEM)

ApHr CEBREF LUE N Cut AT o bl AR R

Cuz#k+ ek fEs s )2 Cu0 2 K+ » Flpt Fk B R 216 #Bo7id

2 Cu dpF e - EEF TP EI T Cw0 2 Kk 23k ¥ g
EHEE CwO 2 F 3+ ;ﬁfd AR RA A 2R FEF RERFEE @5 B

~

©Fz2 Cu0 ket s b 2472 Som =+ o
Fd SEM BLZEH ¢ 44 XA gEd XRD Fl#2 247 0 47 5 417 F flAzs
WE2H&FEF * Fent o Fig 4-1 53 7 kW25 80d 2 Cu0 3 F ks

SEM B > ¢ 2 Cuy0-2-ffe s

i
A=

- b » BAR ARG RAAE > L] 95
200~250 nm > HE-EE S E R E S 0 @ €] 2 Q0 % KRk i f e~ B R
A Tl F et 3 95 8~12nmo RS EIIFRE 0 A Fhad e L0 et

=3
P~

AN

VAt F Y o BREBLF BEF LA 2N ety £ &

»

Sl — o d Fig 4l ¥ dwo de cpUgay 5 IR 0 7% pa g 2 s e
AU A5 S e 4 Cu0 2 F T kS B4R d N e

% €% CuO 2 CuO Fot tHF R 5 f AT AL P o s s ¢ < TR 4 6 ff

P F B2 fheng AP O R SOl L2 CwO K ket R W SR 1R

BEEL AN S R
A RE% (TEM)

gd TEM % > 7 0 { 37— H EFEA P E 22 Cup0 3 k3 chF o
Fig. 4-2 % #] & <t CuO % ##2+ 2. TEM B > o Fig. 427 15 > &9 %78
B2 CwO 7 Ak 5 #iTFIRA) > & & SEM ™ “TRER I )04 # - 32 4k
ZAETE R B o R RS TARE R R o i~ HH Fig. 422 7
FRF R A AT RS FESHE TR L 52mm 2 R AF L Ag .

Fig. 4-3 5 Cu0 # Kk F 2 R+ B HRH » S8 % RY 2408 F 2 %0
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FEER & CupO (11D % 2o fo v FFEE - FIPt { ¥ MR 2 &2 = 7 5 Cu0 2 ko
3 5 CuO (111)# 2 & & BEE™ d JCPDS Card 7 & 439 7 7 -
=AU

Fig. 4-4 % f& % 2 Cu0 7 #F .+ 9 XRD 5+ Bl3# - d JCPDS Card 7 i
Bt 18 405 36.5°5 CupO (111) 5 2- ¥e844 > @ 42.4° 5 CupO (200) & 2 Yes44 >
Ft v R T RS s AR Cu0 7 5F e o

d XRDB#ZEBF R 2RV ta @S2 12724k 0 5iE%E Eas
17 ¥ v Fig. 4-4(a) (111) % *# &2 X 3 % 5 1.18°> % d Scherrer equation # & 5 =
<+ % 7.08 nm > @ Fig. 4-4(b) (L111)m *& &2 L F & 5 0.25° > 5 d Scherrer equation

B L <R L 3345 nmeTable4-1 2 H XRD ¥ L Feazt 8 o088 4 7 4o

Table 4-1 : FWHM of XRD pattern-and estimated particle size of Cu,O nano-particles..

&) B &+ (nm)
Cu,0 a (small size) 1.18 7.08
Cu,0 b (large size) 0.25 33.45

© 4] 2 CwO 2 shded 5d XRD 3-8 #7182 & < s &4 SEM 2 TEM ™
STRLBIIGMP L J o Rt 2 Cu0 7 RS 2878 & Bl & SEM T 4r
BRI} ik L R ST A Fhetetiitt 59Cu0 2 H ok F X 2LE SR
M Ed F S R BEATE S @ & d Scherrer equation 3t B 41 iF et 4 R

S RS SR & A AT IETE R SEER s A
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Fig. 4-1:Cu,0O nano-particles prepared by chemicalreduction method. (a-b) Prepared by
fast adding of NaBHg4 solution. (c-d) Prepared by stepwise adding of NaBH4
solution.

1.(b)

s %

Distribution (%)
S

104

4 5 6 7
Particle Size (nm)
Fig. 4-2 : (a) TEM image of small size Cu,O nano-particles. (b) Size distribution of

Cu,0 nano-particles measured by TEM.
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Fig. 4-3 : HRTEM | image of Cu,O nano-particles prepared by chemical reduction

method.
gy
—
)
S —
: =)
S| (a Q
> N
‘0
[
g
=
(b)
T T T T T T T
30 35 40 45 50

Two Theta (deg.)

Fig. 4-4 © XRD pattern of Cu,O nano-particles prepared by (a) stepwise adding of
NaBHj solution (b) fast adding of NaBH,4 solution.
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4-2 CuO
4-2-1 A % ;# CuO
BRBER

Wit CuO 2K BHFFI2Z % Cup0 25 » T ERSBHREF I
TEHP 2 - > X Jiang E A[S6]T A * Segh Cu fhm £33 CuO 180 L - H
¥HF 5 CuO» B F 5 4258 4o Bq. 4-1 #77

2 Cu0+0; — 4 CuO (Eq. 4-1)

Flpt o AP A F 0 CwO 2K dF 0 2R CuO 2K B o A

Cw0 2 A dd ey > FHREEZTFAE RP ez by 230 557 %

feenfay i > F AR g AR Btk Y o R RFET P R 42 CuO e

F_k

HEE- B DEEFER FFRAA D Cu0 2 Kt 2355mF (X~ et Fig
4-5 2 A1* Pk ArB 92 CuO % A 42 SEM M -

d Fig. 4:5.7 5 N K302 Cu0 2 A FH 2 8 02 & % o gigr 5 s s
ti 2 o @2 H G d WA CuO MA@ & 0 T R A k) CwO 2 3
AT R A0 EP T CwO 2 E kT it h kY B g F 250 5 Cu0 @ik
FHAH o LM CU02Z EREY S 15 nm =+ & £ Cu0 2 5F fF 2 ¢ + >
FlVE LR B ] 0 A F AT o Cu0 2ok kT TR E 2 B
I fpiaadp e i o0 Tt F OF it s Cul0OF RS £ 72 € 8 A Cu0 3 F
foihd ST ¢ g RN CuO 2 K+ 2 *HE 0 # 1 Cu0 2 K+ 2
AT 2 Al ATk o A A R AR RS o Ci0 B KR R 2
F:CuORERBHM §F LT a2ABFEETL > TN BERRTRE
T K oFig.4-6 5 CupO 2 K3+ 5 3,227 CuO 2 i3V B -

XA A4

Fig. 4-7 % #* # &2 XRD ¥4+ @ > ¢ XRD Bl 5 d JCPDS Card F AL & e

g VAR A Cu0 3 R ot e Br A o Bea 2 e 2

CuO g s » 35.50° % CuO(-111)m 2 S5+ > @ 38.73°R] 5 CuO(111)5 2. Yebt
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% od Fig. 4-7 ¥ st B2 24 5 CuO- & CwpO 7 F ot e 2 (g 230z = o

F 4% 5 d Scherrer equation3* & 2 XRD Blzz £ § @45 5 ¢ <> H(-111)
BB 2 X B E 5 09200 K S RS 9.06nm & H T SRS D Cu0 EF A
F(7.08 nm)Apt o RSP AR AT - s e B AR 4RIT 0 F e SF] CuO M AL
CupO 7 At TApi g i a ko Rl F2 S s L anim™ - A ke 4
TELF A HCwO F AT L7 5 0 Ft o B R R R BN PRI e R

FH AR FIT LT R CwO 3 R aF AT o FEF FRACEr &

E’f‘lfﬁgl/ﬁ" ’ R?lé‘:l\""‘rzljﬁ\'ﬁ?%ﬂqj CUO—iBBB#"iQ T lH”'—Fmiﬁi‘\ o

Fig. 4-5 : SEM images of CuO nano-structures obtained by  furthering oxidation of

prepared Cu,O nano=particles in aqueous souliton at room temperature.

Cu,0 Nano-particles CuO nano-rod

\ Fusion ’

Fig. 4-6 : Proposed morphological transformation mechanism for the preparing of

one-dimensional CuO nano-structures from zero-dimensional Cu,O

nano-particles at room temperature.
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Fig. 4-7 : XRD pattern of formed one-dimensional CuO nano-structures.

4-2-2 z=2% CuO (Typel)
HRBE

Aoqppew 40 b R E Cu0 2K B 40 R FLAZET CuO 3
FokFng LEF S £ AR F o R B WA R - BT A iR
A O B RARRER P A2 CuO § Fl i S ApEEA GRS R A
g H Lo fompd > T AR T L F RE A T LA E R Cu0
23 kY o R S50°C g AT F JE 24hr o Fig. 4-8 584k 52 SEM B » ¥
FREGRE LFETFARTENR ST Lo REd RV P TN
o R R EZ TR G 15~40mm = 0 B R RE T F BOTE RS4R3 0
TR AFLF BREAKRE A REMI,CuO Z By A4 7R

Fohood Fig 487 Mg 3l gF 58 2 o PR ARG DL G 0 T OUH
WF 5 kAT R4 52 Fig. 4-6 #7m 2o S B 419 %= B2 2% B
Bt AR S A IR0 Cu0 2Kk F A ko 2R A8 & 2 iR
F AR A 0 R EF A A S FR IR A2 Cu0 3 oK R A A

Z % 5 CuO -
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XA A

Fig. 4-9 % M %2 XRD ¥4+ B# - ¢ XRD Bl# 5 d JCPDS Card F#L & e
W TA R B RS 57 Cup0 ® CuO s > &7 Cw0 2 3 3 ehi
FAZ2RA o d BEaE EAT o Cu0 (11De 2% L B3 %5 1.05° @
Cuy0 (200)  *$ E2. X3 % 5 1.21° 4 5 % 2 < ] % CuO :8.00 nm > CuyO : 7.03
nm:’ % -ﬁ wBz m AP S R AR R 3T o F] XRD Bl ¢ CuO ¥ CuO %
- APRCEAZ T LRG> F AP RS S R A FhE - L Kk
Mokt E o W PR R el o

dE R T o Cup0 2T kY g X5 13288 Cu0 > e p i

p
#

FETERCETTAAG RO-EFRF > TREBEESL S0Co» 10

3524hr'1FmB§ ‘Jse:éCuQO’k—}#a-mi; it 5 CuO -

¢ M )
- b g

Fig. 4-8 : SEM images of CuO nano-structures prepared from Cu,O nano-particles at 50
“C.
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Fig. 4-9 © XRD pattern of CuO nano-structures prepared from Cu,O nano-particles at 50
“C.

4-2-3 &34k Cu(OH),
HRBE
# CuO & S dp b+ e 7 4o NaOH 5 4 % >F CuO 2 58 okt 2 Sl i - {17 #73)
+ 1 Cu(OH), % s @kdr » 18~ H ¢ H & gA; = CuO » 4 Matijevic [57]% + §]* NaOH
2 Cu(NOs), & # Bpd» @ F5 9 34z NaOH £ Cu(NOs), shvt 22 5 Jig & 18 CuO 3%
Aot o gt e F 3R] IR g pH B R F IR A i+ # 118 CuO # ok
3 0 Z RIS 252 Cuy(OH)NO3 2 45 21 47 ©
&d NaOH #h4e » » ¥ & CupO 2 7 ek BRI SHE % 5 CuO[10] > 2 £ &
#23% 4 Eq. 4-2 27 Eq. 2-1 #f7% :
Cu,0 + 20H + H,0 — 2Cu(OH), + 2¢” (Eq. 4-2)
Cu(OH), — CuO + H,0 (Eq. 2-1)
Floto 50 HEEE CuO 3 K M F e oA PR Y 3 ¥ - BEE CuO
AR fWAagef{Azy A7 5 CwO 3 fF 2 ki3 7% ™ NaOH /K3 i 34 5 1

B
MR epH B » L4 BI ARkl IERAREF & o %ﬁ?’ pH B &8 & et iy
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FRCRO AN FIERL I FPAP -

#5F CuO 2 k43 2 ki3 2 NaOH 9 5 % pH ®=13 5 » ** 3 i# (25°C)
T 20min € HF g 2 (6 RATEZ A B 3 PR R P - Fig.
4-10 3 &2 SEM Bl » ¢ Fig. 4-10(a-b)¥ ¢ 3| > S &0 & d Bl P 2 Eir
AR ED R BFTRYZ T0mm =2+ EANLZHE T nm 3 £ B RE R4y
B2 w YU E DRI, Cu0 2 oo F s ARCEORBER T UFIRT Y - AR

2 H#F 0 d Fig. 4-10(c~d)¥ 118 > CupO % F 4+ 258 4 -k 3k e 7 o

b

AEGERFFZERYS 120nm £ BB E EHopum s PR T - etk
1R A PF S P T RRIAE R R R aaA o H A2 R R &R
XRD Bz 4 57 @ -
&L A

Fig. 4-11 5 %48 &2 XRD S&f B:¥# > 8 “XRD Fl:¥5 ¢ JCPDS Card 74L& &
WEE s Tt RS #dp2. Cu(OH)s o Pl 7 48°20 ALl IR G — ok @ 1L g e B
Fp T o LR BT pe kTR 4 o

B2 X B P R0 SEM B Y T g @A 87 e A g ehds 5 e d XRD Bl
P E A Al P g F A Cu(OH)y 48R Foas L ¥l e 52 RERF Feng £38
wAFs o F U XRD W3¢ A 0k o d RS 4 304 418 Fig.
4-10 (a-b) 7 Tl e i e dn oy o Flut Wt £ a8 4 B 4k 4 T 2 XRD

B3 741 7 2 Cu(OH); -
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Fig. 4-11 : XRD pattern of Cu(OH); nano-structures prepared by Cu,O nano-particles at
pH=13 at 25°C.* marked peak can’t be indexed by JCPDS data base.
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4-2-4 -k ¥ Cu(OH),/CuO
BRBEE

¥-5 4 CuO 2 K 7 2 k3% — $512 NaOH 33 # 3 pH E=13 15 » 4c 4 3 80°C
4R 20min # H Ko 2 (M T2 A AR Bl g ot E AL o
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AP A BV R FASARSELF BEAERS A ERS ORI RS T S
BEEFAIR A XL 0 ¥ - 25 0 & 25°CTE & ¢ A etk Cu(OH), & 4 4
Mty 2? o RARFILF R ARG > ¢ L CuO AL H B A
&3 ez g wd HOXRD-Bls#A 4@ &
xS

Fig. 4-13 & $ 52 XRD %54 Fl:% > ¢ XRD ®l3# 5d JCPDSCard 74L& 5
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d CuO — Cu(OH),; > CuO. 2 F "8 R 38 (7 F & > & 80°C ek ix it ™ » Cu0

2+ 2 2#E% 5 Cu(OH), » iz Cu(OH) Pl & A % > # % 5 CuO » F]pt
¥ 0Lk 5 &2 XRD BI3# ¢ A 7] Cu(OH), & CuO Lt » £ & @ F oz 2 > 7 i

Kit™

FERFFBERSFALF BFRE > MR Cu0 2K+ 2 2@%5 CuO 2 45
e

F 4% » 5 d Scherrer equation 3+ 5 # XRD Bl ¥ CuO it 2 L' 3 53 3 5

v
=

Rt H CuO(-111)m sEs448 2 L 3 55 0.52° # 5 5 = 4R 5 16.06 nm > &
Lw K 287 CuO Apvt > Hfp v %5725 P £ 75 CuO 3 4+
Bt % 5 Cu(OH), i A2? § Sfe s & SOk % Fpt & Cu(OH), & 5253 CuO 1 -

AR GCU0 ff? g EdRd Cu0 2 K+ 5 L7 Cu0 kepx > d 3 —‘ﬁ
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Fig. 4-12 : SEM 1 O nano-particles at
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Fig. 4-13 : XRD pattern of Cu(OH), and CuO nano-structures prepared from Cu,O
nano-particles at pH=13 at 80°C.
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4-2-5 3 CuO
HRBEE

7Rt E A #-2 F CwO 3 Ak 20K % - $#:2 NaOH 3 ¥ 1 pH =13
6o - He# D 100°C ¥ F 20 min & H F o 2 (8 #0iF2 F A By
i S RN S

Fig. 4-14 5 s % 52 SEM Bl > ¢ Fig. 4-14 ¥ 4o % 53, 5 8 g k2 ¥
e 0 £ ¥ 250~350 nm > 6 100~120 nm > B & 6 15nm > 22 5 Gt il g
hRA; CuO F =+ P2 o /g d XRD Blgeha 47 (07 (Famt R 5 Bp 2
CuO o pt 3 8 % 2 d btz 55k CuOdaleri > 25°C~80°C 2 T F &7 T
gk Cu(OH), 22K E K CuO % & 3 Y & Cu0 = Cu(OH), — CuO 2 F &
S E AR A T A g hddp 2 CuO e

B 0k YR BERIR, 0 ER R S R a2

e CuO % jfk Bdpenid G adde Fig. 4-14 ¢ # 5 m2 k) » 7 L gl § 2k B

R A Ay Fpt T I aga R R R S 5 WA CuQ e £ A 2 o E
R bk &t vt B S o 0 SR B o s Pk CuO
AR, CuO e & o & R b = ehdA) CuO Hk & B X 9 5250~350 nm > %
B X5 15 nm =+ 82 80°C WAz T ¥ 2 CuO |A4htHpv » & 0] 7 22

5o g CwO % o3 B3 E THEL @ ERT CuO 4o > ¢ 4 LA 5

ik

hod LT aTs AR RT R 0 F A G Bt d] CuO F ok B2 2 o B R T

i BT G A MGE(80°C ) s Cu(OH), 7 % % F B35 % CuO > Ft % Cu0 2

FoaF g 5 Cu(OH), ¥ » Cu(OH), € "EFF Y § S £ P % > 2 8¢ Cu(OH),

B % 5 8 CuO 14 > #72) & 2. CuO A7) 5 H e ffif‘ug Rk @ B R

(100°C) » Cu(OH), # % % CuO z_:# F i f-> F]ot 5 Cu0 2 o+ # % 2 Cu(OH),

{5 Cu(OH), F F1B 8 @ & Jig?5 =2 CuO» FJpb #1235 2. 825 CuO 2. ¢ -1 F & ] o
d o Be R sy oo 1% CuO 3 +Hl%E CuO 2 K Bl - i 8

BREZT R BT MG ok AR Cu0 2 f < > 27 g R R 2R AL
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Fig. 4-15 5 ¢ &2 XRD SE& Bl - ¢ XRD Bl3% 5 d JCPDS Card ¥4 B e

Ve Tt S B4p 20 CuO 0 Ft ¥ g 2 Cu0 — Cu(OH), — CuO 2 &

o 5; "K’bf,\}

% d Scherrer equation 3+ 5 2 XRD Bl CuO &% 2 L 3 5+
BB L2 CuOC111)m sespE 2 23 55 0.71° 48 5 2 4R 5 11.76 nm >
¢ 80°C Az #1418 2 CuO 425444+ (16.06 nm) > & | 7 — & > f2 ¥ Cu0

AEETHEEF CAE PR, Cu0 4p (9.6 nm) 0 &+ F_ LA § e pLaR
Fia b H SEM Bl ™ LRI i ddn ¢ & o

Fig. 4-14:SEM images of CuO nano-structures prepared from Cu,O at pH=13 at 100°C.
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Fig. 4-15 : XRD pattern of CuO nano-structures. prepared from Cu,O nano-particles at
pH=13"at 100°C.

4-2-6 A5 CuO (Type I)

VRBEE

SEM
R R AL N Mg pH e g > a2 F ] CuO ¢+ ehp
ho WAz g A @ % 7 3 Cu0 Fk + 2 /K3 % A a Bpdn o 2 NaOH -ki3 i 2
pH @=12 14 » £ 4 # 1 7 I ek il B (25°C ~ 60°C ~ 80°C ~ 100°C) i # £ Ji - Fig.
4-16 G w57 b F B AT T % # 52 SEM B ¢ Fig. 4-16 (a)~(h)¥ m % 1 >
& 25°C ~ 60°C ~ 80°C ~ 100°C 7 Juif 2 T #0a,% 2 g 33500 5 # R4 £
£ 100~200 nm> % ¥ 20~80nm # & KA Bl 5 20nm = %0 < K E4RF BT
TG FFF BERTEE AR A G AR DA R & pH E=13
R Fle fEF BB R TR A RZEF R F P RRIE TR LA e
gd 2 XRD Bl st 7ot e ik & oy 5 Ap2 CuO - "L ¥ & iR

Benfe® o AT 2 A4 ] A 8GRk 2 ARE o e d A P R



TEM

Fig. 4-17 % #* # %2 TEM B - d Fig. 4-17(a)¥ 2§ ¥ > #7793 2. CuO + %
LA, LR LE 100~250nm * £ > A K S 15~30nm > 2 & SEM T SR
et LA 50 HY R S aA) CuO § 3 Apik A5 S Bk S & pH=13
2 i I oFig. 4-17(b) 5 2 ¢ — £ 52, CuO 2z ¥i+8LE)2, > d Fig. 4-17(b)¥ 4>
e T B 253, CuO 5 H SR o

d Fig. 4-6 2 A L #4IR k5> 2 4&d Cu0 3 # &+ §F i #7{7 chstd) CuO i
SECB LR TES NS R T P REETEP d Cu0 — Cu(OH), — CuO
*E BT RHE2ZRT Cu0 HEHPEE &d Cuy0 3 A3 5 i #7F en CuO A
e B % CuO 2 2 B 4[7 ek i Cu0% F# 5252 Cu(OH), 2 14 » &
- B3 fEoR R B B e T Cu(OH), 4775 f@3ok? - & F 47 I &)
CuO » B {6 » £ #9047 2. 835-CuO F B 25 Fig. 4-17(a)#tmz &2 kiR & %
1 o Candal[58]% A = drAp bl & 4r 2045 e & LGyt~ Wi -
XA A

Fig. 4-1875 sl fzw 6 5 i BTl B4 52 XRD 45t Hl:# > 54 JCPDS
Card THE e ¥ ¥ A5 % 5 S4p2 CuO Fe k5 d (Scherrer equation 3+ &
# XRD Bl3#z 2 3% » mF I 52 fdt 4 o Tabled-2 & 2 4% 52 XRD 45t
L e H A R kST A Skt dnt B @ % CuO(-111) 5 2. ¥E8tE
i A% o d Table 4-2 ¥ 4r > CuO ehd e ® <17 25°C 2. © F pentk 8] 0 4
994mm > A B RFEB L HAER AT EEIH I B3um = BT % g R

I"—-P*i‘a%t'r-i » F 5T F)@ L”‘j‘
Table 4-2 : FWHM of XRD pattern and estimated particle size of CuO nano-structures.

2 E R0 ¥4 (nm)
CuO at 25°C 0.84 9.94
CuO at 60°C 0.64 13.04
CuO at 80°C 0.64 13.04
CuO at 100°C 0.66 12.65
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Fig. 4-16 : CuO nano-structures prepared from Cu,O nano-particles at pH=12 at
different temperatures, (a~b) 25°C, (c~d) 60°C, (e~f) 80°C, and (g~h)
100°C.
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Fig. 4-17 : (a) TEM image and (b) corresponding:ED:image of CuO nano-structures
prepared by Cu,O'nano-particles at pH=12 at 100°C:
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Fig. 4-18 @ XRD pattern of CuO nano-structures prepared from Cu,O nano-particles at
pH=12 at different temperatures, (a) 25°C, (b) 60°C, (c) 80°C, and (d)
100°C.
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4-3 ZnO
B 5 EWE ZnO 2 K ~F MK o0 3P oRBRE S - A AR BT
Bigensi2 FIHEARE T ERET B(H85~95°C)~ v~ £ Hig -7 HFNEAF
MR PR T E KL IR E A AEAR[S9] e AR SR P Zn(NOs) » 6H,0 £
NaOH # i # B4 » 225 ml K37 @ 4e# 3 95°C ¥4 8 30 min> 2 & = ZnO %

FofeF o HF i 4238 4 Eq.4-3~Eq.4-5 #7357 [60]

Zn(NO;); - 6H,0 + NaOH — Zn(OH), + NaNO; + H,O0  (Eq.4-3)

Zn(OH), + NaOH—> Na»ZnQ; + H30 (Eq.4-4)
NaZZnOZ + C02 — 7Zn0O + N32C03 (Eq4-5)

BB B ML e irte 2. Zn(NO3), ¢« 6Ho0 22 NaOH 2. vt & » 5 5k 7

HAY S ¢rgaees > Tabled-3 5 o Fisk4rie ¥ 2 % Sk

Zn(NOs), « 6H,0O NaOH pH value Result
Sample a 0.015¢g 0.08¢g 12.9 Zn(OH),
Sample b 0.010g 0.0533¢g 12.7 Zn(OH),+Zn0O
Sample ¢ 0.005¢g 0.0267¢g 124 ZnO
Sample d 0.015¢g 0.16g 13.2 --
Sample e 0.015g 0.04¢g 12.6 ZnO

Table 4-3 : Synthesis parameters of ZnQ and Zn(OH); nano-structures.

" samplea~brc i - fekg o B A7 2 Zn(NOs), » 6H,0 #2 NaOH vt 6] &
ke RE ZEFF 0 FPH B kA RS pH Ex 2 4pk o d Table 4-3 7
oo samplea~ b~ ¢ A ] € 75 % % 4p 2. Zn(OH), ~ Zn(OH), £ ZnO 2 i & 4 &2 % 4
2. ZnO- % 11 Samplea~d~e 3 - 2%k 5> Bl H Zn(NO3),  6H,0 2 7 £ &40 F >

fe NaOH 715 £ 4 I » b #64 ¢3¢ % 2 % 54 ki3 g chpH ® 7 F o Table 4-3 ¢

sample d F]#74c » 2. NaOH B & @ & /23, iz ® A4 » sample e R|£ sample ¢ -
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A% ZnO o b p-¥ dvo § w Skt B ik e pH EARZ P 0 F BARE S AR A S
Zn(OH), (4-samplea) » @ o Zpi= /3 i o pH B ISPF » 2 A7if 0 2 & i 3
AW E R E 5 A% ZnO(4e sample e)e F1 & ZnO : 7 33T gk sk dk 2 0 Fo
Adpw o @3 pliEE 9 NaOH € H R T/ % 9 Zn0 j3 f% > ¥t > NaOH e13 £
P AFERAPE LR DSk

Fig. 4-19 % Table 4-3 ¢ samplea~b ~c 2 XRD R > 5 d JCPDS Card 7 # &
gt 45 ¥ A sample a i 4 4p 2. Zn(OH), » sample b % Zn(OH), & ZnO 2% & &
> d Fig. 4-19 2 H 5457 v @t 5 7 F © £ 7 Zn0 » Sample ¢ B 5
2. ZnO o

AP %RV I A FEFILEISHE Zn0 - - L % samplee 2 S#c 0 B IR
R? &2 ZnO > Z 5 ¥ sample a 2 $#ic kA5 Zn(OH)y 18 » £ SiE# e ¢
A% s ZnO -4t a4 fE 5l * 4pl 7 60 Zn(NOy), » 6Hz0 + Zpdr » F]pt 2

"5 % &4 NaOH ¢hig # £ o F 7 g4 @ 2 4 5 Zn(OH); & 2 ZnO -

(a)
S | (b) \
S
2
k)
5 (c)
=
JCPDS 38-0385
] | e
) Il ! ] | ) L Il ‘ m‘ ‘
JCPDS 36-1451
‘ Zn0O
T T T T T T T T T
10 20 30 40 50 60

Two Theta (deg.)

Fig. 4-19 © XRD pattern of Zn(OH); and ZnO prepared from parameters listed in Table

4-3. (a)~(c) refer to sample a~c listed in Table 4-3.
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4-3-1 ~ & % ZnO
HRBE

41* Table 4.3 ¥ sample a 2. @47 ¥ @ {F ¥ 4p 2. Zn(OH), A ¥ > Fig. 4-20 (a-b)
L gl A28 % 2 Zn(OH), 2. SEM Bl o @ Fig. 4-20 (a-b)¥ 12 45 3 » o 4 5 d 25 %
7 A2 Zn(OH), k3 #rle s » FER kel kb aoz £k i -8 2 4]
HEE lum-> £ 500nm > % 500nm =+ » 5 7 #3 ZnO A » i — A B
Zn(OH), 24 % BB AF F v £ 1 120°C > #FF lhr> FEFH L™ 7 i@
Zn(OH), A 1318 5| ZnO A% » B F = 4258 4o Eq.d-6 [61]%F7 :

Zn(OH)s — ZnO +H,O (Eq. 4-6)

Fig. 4-20 (c-d) % 2~ @2 7% % 2. ZnO 2. SEM Bl»d Fig4-20 (c-d) 7 4 % 7 »

3 lhr o d@ (80 Zn(OH)k+ 22595 1 {3k i o d & keh7 RpPE
ok 5 2R E G RPN TS RS RS A T BT g ik R
P HEHe Rt d AReOlpm =% AL F 3-5um =3 »d 2 XRD BI¥
AT R SehdAp 2. ZnO 0 & v Zn(OH)s e+ & = 2% 5 ZnO -

PR ARHEOE L 4R 293 um 240 £ 4 ZnO 2 dn B Ruj[62-64] 0 7 4t
PIH % E 4] 0 & Zn0 N 5 Heod £ @AY 2 Zn0 ¢ £ 4:(0001) ~ (11-22) ~
(-2112)~(1-212) 2% 5 &t chw & M H R F LI AL e 7 HE < 12(0001)
HoEP b Niadp e N @ﬂ%’}# oA s R RS RS E RS LR
A & I APy Blahs o] o B2 K] Blde Fig. 4-21 77 © ZnO ~ 6 5452
R d 2 82 TG A8 - Bz 9T 5 2 2 9 2 Fig 4-20(d)°
& A A

Fig. 422 % o* % &2 XRD #5 W% > ¢ XRD F3# 5 d JCPDS Card 742 A ¢
W FAr bR & S B A2 ZnO o (5 d Scherrer equation 3t & # XRD Bl 2 £ F

RrdE Rt HA0)m St 2 X3 F 5 0.33° - E 5 R E 2534nm -
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Fig. 4-20 : SEM i \o a Zn(OH); prepared from parameters listed in Table

4.3 a and fo a\'n,.. ith high-temperature he eatment to obtain ZnO

particles (c and d
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Fig. 4-21. The struct
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Fig. 4-22 :
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XRD pattern of ZnO octahedron particles prepared by heat treatment of

Zn(OH), particles.
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4-3-2 235 ZnO

G RRE

2

41 * Table 4-3 sample e 2. /4% > AP F 172 G d #ed? Zn(OH), 2. 42 > &

$d kB &2 0 Zn0 > Fig. 4-23 5 p 52 SEM Bl - ¢ Fig. 4-23 ¥ 08 255
LE WA, X} 45 400nm L L o0 3F 5 Zn0 d S

b

= é"ﬁ %»%HET’Q\;‘VE ﬁj'l%‘qi’
P BT LR A AT RN s - B

£ 0 F]p
{67 % 4o Fig. 4-23 #74 F1 2 72 ZnO #+  H i+ | 282 Zn(OH), #7 17 2
NG B8 ZnO Apt o]

b4

Fhoo LHEABRT B AR R o
A A

Fig. 4-24 5 ¢ &2 XRD $e5fBl# - d 2 XRD Bl 54 JCPDS Card T4 E
ekl }'4]‘ s ¥ AT E

R B B AE2ZnO > S5 d Scherrer equation

-

B #EIT Zn(OH), #7 # 2 A

™
0 X

f

3 8H XRD B2 2
BERIHY L o2 (101)F NS 2 L3 %5 04200388 5 2 4@ 5 1991 nme

B ZnO 4p 1t > AR RS T Rt o 2 b
SEM ) T4 £l i g 4p 18 & -

Fig. 4-23 : SEM images of ZnO particles prepared by parameters listed in Table 4-3 ¢
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Fig. 4-24 © XRD pattern of ZnO particles prepared by parameters listed in Table 4-3 e.

4-4 CuO/ZnO

57 i A AR CuO 2 %49 ZnO chsk fdl sady » s & A H A3 Cu0/Zn0 4
EHME- BT EE %> CuO 2 pAl X HMA ZnO 2 n AL ERE - £t H i
TR I AR I b A FEnE EF I AR LA R S R ha dpT
FFoosem &2 R gk it 3k o

27 @ TR 2 Zn0 B CuO it § R i ARG A B LS K il
7 CuO/ZnO 45 & L en® & » 5 £ 41 5 2. Cu0 3 ok @Waefdd &) Cu0
FARSF 0 BF A ZnO K BEARY e r Cu0 2 K F 0 A HLR ST pF
BEEF R RS RREAE LK BV LER A AR CuO/Zn0 4F & HRL
H L@ EE iR 24k o
4-4-1 A5 CuO/4tk ZnO
RBEE

i * Table 4-3, sample a 2. @Az W & Zn(OH), ¥ > & A e @45 2 5 5 3 % 15
be nAERHE 2 Cuy0 3 3 3.7 mg o i Ao (v Bl Cu0 3 F 2 ¢
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Fli ade B IRE Y R I AR MA2 CuOr 2 SR BB AP RHRE R

A o e T 120°C ##F lhr o ¥ F 5] CuO/Zn0 2_4F & HFL o 2 A

OH Oz £ 8 5 1141 FiEE o B R 2

hl-'—-éc N

2. Cu0 2 3 ¢2 Zn(NO3),

W By 2 2 F A% CuO £ ZnOo Bl #7352 CuO & ZnO 2 £ £ P54F 5 1110
Fig.4-25 5 * % &%2 SEM Bl o d Fig. 425 v #F R > ! RSP HEAL 3 A7 P
» % &% 80nm - & & ¥ 300nm 2~ & 414 95 ZnO 2 H %

m;%f# v H -
£ % 100 nm

AR A AR S ZnOe ¥ - a2 AR 5 R X 10nm > &
2 RAGHR > g W E W) CuO 2 5% 0 B2 A s i er L cha )

LARF R T L CuOe gtk 52 & 2 7 d B XRD Bl 0

CuO 227§ 4p iz > F)pt Fwip)
28 I

S bt ARl 2. ZnO L F AN GRG0 AR A 2 £ A2 R

B A Cu0 A% X TRl A TR PR S

2% 5 Zn0 2/CUO ppt I ApF 4k o @ b Ml B 2l
- R AT B -

& Zn0O =

2

B A a2 EiE

l« _.m_ /2‘ )ﬂé—?

% ZnO ~ 5 &L CuO P RS » il 2 p 2K &

d Fig. 4-25% 5 3| »CuO £ ZnO 2 [ 5 37 $4p 7 i e &
LA 2 F NFIRRA; Cu0 G B F T AL A 0 Ft A RS e )]
Hafe il €10 B 300 £ 5 Bk kérudd o F Itk i ok

R & &S o B
g B oo

N

Fig. 4-26 % ¢ # &2 XRD 5 Bl3% - ¢ XRD Fl¥ 5 d JCPDS Card T B e

s T R R Zn0O¥E CuO 2R £ o H Y ZnO ¥ CuO e84 2. X 3 T 4
Bl 5 0.25°22 0.86° &
2 9.71 nm ° ] ZnO(101)5 22 CuO(-111)m 2- $eb44% 5 & fp g § > FJpb ol e *

d Scherrer equation e+ & » ¥ 3| H Fk 2 4 B 5 33.4nm

ZnO(100)& £ CuO(111)6 % & w5 il if o
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Fig. 4-25 : SEM images of CuO/ZnO composites prepared by heat treatment of

E
1 "9PZ

Intensity (a.u.)

T T T

30 ' 35 40
Two Theta (deg.)

45

Fig. 4-26 : XRD pattern of CuO/ZnO composites prepared by heat treatment of
Cu,0/Zn(OH), composites.
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4-4-2 3% CuO/1-35 ZnO
HRBE

% ¢ % Table4-3samplee 2. WALE & 775 ZnO> & e QW4 H o Spdo 3 7% 18 »
e rFEARME 2 Cu0 2 F 4+ 3.7 mgo L7 fends 70 plEts ¢ 9515
Zn0 £, CuO 2.8 & A 4 » L Auit4e » 22 CwO % #.7F & Zn(NO;), - 6H,0 2
TR L 14 Ky o FMFE RZ WSS R DFE RIS CuO £ ZnO o P&t
A2 CuOE ZnOZ £ W45 111

Fig. 4-27 % ¢t $k &2 SEM R - ¢ Fig. 4-27 7 5 | » “TH & 2 ZnO 25 %
K00 7R, <0l 5 300 nm~400 nmos -0 2 B W 2 7535 Zn0 4pt 0 HAGR
B R ART o CuO EFRR B - R 5 AR R RIS nm =% 0 B R Y
200nm = + o
A A

Fig. 4-28 & # 52 XRD %5 B]2# > ¢ XRD Bl 5d JCPDS Card 7 4L & ¢
¥t Far gL Zn0 22 CuO 2R & 0 H P ZnO ¥ CuO $Estd 2 L 3 T A
Bl % 0.41°% 0.83° & d Scherrer equation 573 5 > ¥ (B 1| H Bde =<} 4 w] 5 20.14
nm £ 10.15 nme f& e > F15 ZnO(101)5 £ CuO(-111)5 22 $5piE 4 € fpham 4
5]t 0t it ZnO(100)d 0 CuO(111)a % § #ast B il - 5 % chg o & | 21 B
Bl g e g e A R R AR T R A A
o rHAURER G2 eHEPUFTH Y - AL °
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Fig. 4-27 : SEM images 0of CuO/ZnO compesites prepared form solution without further

heat treatment.
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Fig. 4-28 : XRD pattern of CuO/ZnO composites prepared form solution without further

heat treatment.
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Fig. 4-30(d) 5 417 CuO/4Lk ZnO 4F & 4L 2 kit % f2 2 g2k i@ * © 3
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# Rh-B %" f23 &4 1.3% 0 5977 v % it sxi boddeh o Tt > ¥ 1R
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Fig. A-2 © Ag nano-particles with perfect (a) Decahedron (b) Sphere (c) FCC (d)

Icosahedron structure simulated by computer program.
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Fig. A-3 : The experimental XRD patterns with typical TEM images and two calculated
XRD patterns with corresponding models of the four most popular
morphologies, i.e. (a) Cube (Ag), (b) Dh (Ag), (c) Ih (Cu) and (d) Sphere
(Cu).
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Fig. A-4 : The calculated XRD patterns of single tetrahedron unit (Ag) with (a) 0%~5%

strain along one edge; and (b) 0%~5% strain along three edges.
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Fig. A-5 : The calculated XRD patterns with corresponding models of Cu,O
nano-particles. (a) 5 nm cube (b) 5 nm sphere (c) sphere which has same

atom number with 5 nm cube.
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Fig. A-6 : The calculated XRD patterns with corresponding models of Cu,O
nano-particles. (a) 8 nm cube (b) 8 nm sphere (c) sphere which has same

atom number with 8 nm cube.
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Fig. A-7 © The calculated XRD patterns with corresponding models of CuO

nano-particles.
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Fig. A-8 : The calculated XRD patterns with corresponding models of CuO
nano-particles. (a) CuO rod grows along (100) direction (b) CuO rod grows
along (010) direction (¢) CuO rod grows along (001) direction.

85



Intensity (a.u.)
=

U u W \a

10 20 30 40 50 60 70 8 90
Two Theta (deg.)

(b)

Intensity (a.u.)

/’ww MN

00 200 30 40 90
Two Theta (deg.)

S
H
@ . W Ay

10 20 30 40 50 60 70 8 90
Two Theta (deg.)

Intensity (a.u.)

Fig. A-9 : The calculated XRD patterns with corresponding models of CuO
nanoparticles. (a) CuO flake which normal to (100) direction (b) CuO flake
which normal to (010) direction (c) CuO flake which normal to (001)

direction.
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