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Abstract

The preparation of Ag-TiO, and VO,/Ag-TiO, films and

investigation of their photo-driven heat-preventing performance

Jin-yu Zheng (Heat Energy Engineering)
Directed by Xin-jun Li

Abstract

Smart window is a very important part of the green energyefficient architecture.
Because the most quantity of solar radiation passes though a window resulting in the
enhanced room temperature in summer, which cause the higher expenses in
air-condition. The defects of the traditional heat preventing films are inability to
adjust smartly and low transmittance of the visible light. So, many researches have
been done in order to find new energyefficient smart window. Recently, the
application of VO, films in temperature-driven smart window has been reported.
Although, there are still some technical difficulties, it also gets abroad attentions. In
this paper, we base on the separation of photo-generated carries to achieve the
photo-driven semiconductor-metal transition of the semiconductor films in order to
control the transmittance of these films.

The silver-modified nano-structured TiO, films were prepared by a layer-by-layer
dip-coating sol-gel technique. The structure of the films was characterized by SEM
and XRD. The separation efficiency of the photo-generated carriers was studied by
the electrochemical workstation and photocatalytic degradation experiments. And the
optical influence of the films by the separation of the carries was evaluated by UV-vis
and FTIR spectrophotometer. VO, films were prepared by aqueous sol-gel method
and were composite with TiO; films. Under the UV illumination, the phase transition
of the composite VO,/TiO; films was tested by four probe instrument.

The results are as follows: (1) For the Ag-modifying films, the separation efficiency
of the photo-generated carries can be evidently enhanced by the TA and AT modes.
And furthermore, the enhanced separation of carries can reduce the transmittance of
the infrared ray slightly. (2) The Ag loading content also has an important effect on
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Abstract

the carries separation efficiency, and the optimal concentrations of TA and AT modes
are both 0.5at%. (3) For the VO,/TiO; films, under the UV illumination, the
composite film of VO, with bottom non-uniform doped TiO, has the most evident
reduction of the phase transition temperature.

The mechanism for enhanced separate efficiency of photo-generated carries of
Ag-modifying TiO; films was based on the formation of the Schottky barriers and
their non-uniform distribution. The mechanism for the effect of the phase transition of

the composite VO,/TiO; films by UV illumination was discussed.

Keywords: smart window, semiconductor film, TiO,, VO,, separation of

photo-generated carries
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Figure 1-1 The energy transfer of heat reflecting glass
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Figure 1-2 The energy transfer of low-E glass
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1.4.1 ILEkiE

HRTEE X T A Reds s 20T oKk, I Re T MBF S # o, I HAT R e i
FERE ) IR RE T S AR B TR BERH AW ST, ASBHA O AT T —
SE IR o AFRR GBS AR T EN L D o S AT S8 56 S AR T3 45 A
TIOGHEA RN, I RAT RAFIK BV DR, R I 0 5 30 I K e B0k
PRI PR TERE, BEREBHE R DG v . TEBE E R B AR TIO D G AL
B, e T AN, = IR OR DGR B AR T AR AL, FREIK1-4°C,
NP S e N YA S N

142 ARWEERNBIINENX
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Ag-TiO, Fll VOo/Ag-TiO, ¥ (1) il #& J B BH Ak GEAFF 5T

ARICE T2, I T AgETIOMERE FIAAR R /A, IRl T VORI
Ag-TiO [ A . IR P REHE I, R 5 bbb AT b BAT 2R 5 i
e R HAL . SEHEATE VT SER IR A g-TiO A [Fl45 24 7 2RI FLAar 43
BihE ), RHIXRD, SEMXHER AT T RAE. FIHSI-7] WA
HMIZLAN G O RE T, AR S R PR REREAT T 3Rk o R DU F BELI
MR T VOL/TIO B G R I R FHARAR PR RE . 73BT T Ag—TiO Wi R BT AR LB
LVOTIOE A IBAN AN .

AR SCHE S AT BEl b, AgS 14 45 % 5 Wi THO I Hi A 43 19 DA %
VO,EETIOANERVIN R, JIRERE M CBOH I A BRI, A 6B A
BBE T IR SE R R At M 2
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55 JCEL UL B ABLEL ) By

FE AHSHUEARNIES

MHTI ) 73 BT n 5, AR AR Ty 0 - s AL T, &) i
BELRE, 7P A £ 2R e SRS . X T HaE & Rk kg, 1%
FENE I BEE S EAERIFEMERERI S T T, N ERAERERE, R
/D (R T AR A PRt N B UL R R g 1), SR R SR R 7 (R Do K
BH Ry P e B ) N A T B AR A ) 5, LR R B A P 2041 23 BT
£0.78~2.5pum HHR G 58 AT K FHDOGHR AT 1941%, 232, fERFEEE A2l
P53 (R T v, AT P RERE « DAL S S BEDG R R0 M2 o, 2 S B
S ) AR AT g AR L .

F TP S B AR A A M e J 3R S S 20 AR T B, iy ik 1)
Low-EB3H . B B HGE 5 T e v 2 1M S DU LD AN IR S, ORI 5]
BHAN) H Ko eoh, AR TR A 38 A B AP BE 08T, AR 2 AP 1)
35 1o R B TS A8 A P [T T 21D 5 £ e LI 2 1 A [ 2k
(E1-5) AR, VO IRAEA AT, DTk, BB, ZANRIERL R
B MRS, VO3, BN, ZEAMRRIE T R M FRAR T .
PITEL, 3Tl DA 4508 . SR EAT S 2D AN B fiE

Du 20 40 60 80 100
@/ T
K2-1 VO IR LT Ahigs 1ok 2 il AR Ak il 2k

Figure 2-1 The FTIR transmittance vs. temperature of VO, film

TiO & P 2 N (- O HEAL ), AETE H A5 D0 Rt i 7 i 1

R RO e A — A2 1 el A e, 1) i 287 20 B T o TiO, [ 454 58 1
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Ag-TiO, Fll VOo/Ag-TiO, ¥ (1) il #& J B BH Ak GEAFF 5T

3.2eV, (IR AIA=1240/Ep), 1EBA/NT387.5nmiFGE MU T, My L1
P ROOR G BT 2 9, BT T (e, RIRTEM A =423 (hD. (H
EEM TR, IRES KAER S, MARRIEZGRM B WA REAETIO,
RGA 7O, N E S LR, AR &, 3P RD BT,
A4 JeE I LA BH O 1 20 4b, BBV o A4, 165 2= PO Z I Ik
BH e R A S v R FH R ANBOR TiOL T I iy 40 15, P A 2K 4 M ot
BHASBH G LA REN, R BIBAHA, s/ s A 25 v Doer 1R H R TR A 2R i
B, Bt Ak AR D, WOR TIO MM Ha gy 40 B BE T B, A7 41 shekfi
g K] e i M, HEAE . T SEIL T AR R E N .
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B Ag FERIBIR TIO, WA BRI 5T

FE=F AgiZHIBRTIOBIRALB SRR

3.1 3l8

TEARZ P PO b, TIOL & H TR A T 2 I —Fib kL. T
TIO RAWZEERE « TG, TorEtk. Be kB 1 LT B (- ML 55
PR, AEICHEAL B IRAT WLYS S 7 T AT T2 S AT, o SR AT e 45
14, — MR el B R B A — A e R A . 6 T TIOR3,
[RARHE S8 h 3.2eV, MR (nm)=1240/E,(eV), 24 NS B K /N T 387 5nmit,
Wt LR PO R AR IRAT, B A E NG, TR RS LT, [RIINAE A A
FEAR AR T SRR AN IE LR, o RIS AR ST 2 BT R BB 1R 75 (ns
Flps), BEMSAErIVER] N Bl y /) 77 2z s), W AR TIOAK 1 1)
PR AR AR SR RN, AT TIOL H 2 e AbRE Ty o AFE 25 /ORI HL TR TiO
RN AR R A, RIS S TIO I E AL R (38 15 2 — i R /)
e HL R R A L

TN B BB TIOL IR GEAL ISR Al T KR (9T T A2, s R iR
REE. BARSEE T GHBUL NS ek SR S E T W -RERIE
Tt U PR T 26 THOL IR 7325, ) I A 7 VA TIOLBEAT <62 a8 15 1~ 5 2 AT
FURZ , ARG )8 B AR D B A AR A A 145 2807 e TRk, AT T
XM TIO AR A B A U E I, GIE B T 4R35 45 4 i 5 1 B A 6 AR Bt A 4k
G

FERMZ AT, B 2cFE M, Mo™ ™, Hp iy
Ti IR K/ IMEE, AEHEANTIOM AR BURTI A7 B, XK@ B Ic 5 Kk
510y A5 2k 07 AR e B R TIO DA Fe -5 /i o B kR, b
T ERE .

R, BATEFE L KT TiV AR E B IICE. VIR,
I TIOX 54 Ag T Il T4 R TiO 6 A3 P83, (ER ) 1 7 1A TIOL R THIDT
FAAgERE 18545 2% 1) 7 2o TRAT TR IV -V 4% T Ag-TiOL (W AE I A1 B =11
MR, W78 T AR 275 SRS 2 50 T TiO 6 AR B0 147 B SR IR 5 i
PAROGAE B 170 B0 T RG22 1 BE R S
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Ag-TiO, Fll VOo/Ag-TiO, ¥ (1) il #& J B BH Ak GEAFF 5T

w
N
'
&
ok
=
$

3.2.1 R ER S FIR
S SRS A AR LR 341
R 3-1 528 RS A kR

Table 3-1 The experimental materials and chemical reagents

e\ ali i ) A
EKPR T Ti(OC4Ho)s eeal O HETEYER RIS
Ho/K LHE C,HsOH GbTal RBURROIRS)
“ L% NH(C,HsOH), Grtrel BT
MK H0 B &
IEFERR LT (CoHs)4Si04 Zax TE V| b = A= I
% HCL el J N AR
WAHIR HNO; 4l JUINA AR )
LR C14H2uN3S0; ortral dbnte T
TL/KBRREM NapSO4 el ket
SR KCI arbrat REEERFR T
BHPRE AgNO; el MIPNpIRc A=

3.2.2 LG SR &
SEIGH AN SR e A8 LR 3-2,

3.2.3 AgiBZTIO EE R HI &

3.2.3.1 KB RYHI &
e BESCHR T B R 7 v A AR e, B LAEKIR DY T IS S T OR A, Ak T
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B Ag FERIBIR TIO, WA BRI 5T

Wi : LW — LR AR HE=170:575:41.25 I8 &, HEFIY5HFE 1h, HHRA. K
Ja T 400mLYE A H 2 I\ 9mLH,05 200mL TG /K LBE TR &9, i e Y G
ReLHiFE 0.5h, ARIGHEALERE 24h, 1HEERER, ICAETI-HIR.

R 3-2 S IS S B

Table 3-2 The conventional apparatus and facilities

YR LLREs ) A
e s ARk 125W A6 B G R e A 7
AN L BT U3010 7 H A< HITACHI
(L RVAL SR 511/ i A7 TENSOR 27 BRUKER
W7 A 2% M22/1 #Y %1% Framo-Gerratetechnik
LA A 48000 7Y Furnace 2 ¥
FERIAL Efiél
HLAk 2% T Ak CHI 600A 74 g R A ]
R HG—250 R E Sy HAL
PH it PHB-3 g =AEAGR)

3.2.3.2 PHBRIESIOERERIHI &

UEL 100mL FE/K L EE. 104mL 1ERERR B, 160mL JE/K LB T 500mL
= 900rpm $iFE 1h, HU 2mol/L #hR 26mL 7E3 S B IA IRl I S 02 I A
PAE=Arh, Wos o akeeiidt th, Wb E 24h, 79 2IREHAL

Wl P Hs v (200mmx34mm>2mm) 7EFARVE R TR R, I VG
P EBEIE I NI Ze A, FHZRTRK e, ARG R T, Ro8 O v i Fiide
B FE . R ARSI, SRR 2mm-s™, B AESIOE IR PR — K,
SRJGAE 100°C HIHEAR A T4 10minf5, JAA SN, 2°C/minTHilk % 500C, f&
WM BRAHE R, T RISi0 K.



Ag-TiO, Fll VOo/Ag-TiO, ¥ (1) il #& J B BH Ak GEAFF 5T

3.2.3.3 # Ag ShiRER R &

W — & mAgNOE T/KH, I OmLIEM, Kb, D>EZE/KS 200mL
TR CREANR S, 3B, KBRS I2 2] 400mLE A, i N5 Jm 4k 4L
PiFE 0.5 /NI, ARG WG AL E 24h R A 1945 Ag I BRIE I o #2177 1R RC 1 1) Ag/TiO,
W, nag/nnl 0.1% 0.3%- 0.5%. 0.9%, Z5licfEAg(x=0.1, 0.3, 0.5,
0.9).

3.2.3.4 Ag-TiO, T JIE () 1] %

KAYEBIH (35mmx200mmx2mm) EREA, SRR, Wi &
PR £ B TR EAE T . Sy 7R3 o A B S R TIO R IR e,
SEAEHEE B 2SI,

VR4 T2 R KB — 2 SO B BE F AE AR I Bk 2 15 A g (1 BK ¥ i
L 2mmes™ (R0 IR, A8 100°C R AL 10min. $8K 3-3 ol (A
e A IRERE, FFBIANIE S A 7 UL, SRR A A v I ) 3 3
FAED g R L 2°Comin  (UFEFTHIL A 500°C, HALFE 2h, HRAH, TR
Hiles T —EAgB 2R N IARE 7 R TIO WK .

% 3-3 TIOoM1#57% )5 3\
Table 3-3 The doping mode of TiO,
Mode Mode of doping

TT | llayer Si-Sol 4 layers Ti-Sol | 4 layers Ti-Sol

AA | llayer Si-Sol 4 layers Ag-Sol | 4 layers Ag-Sol

AT | 1llayer Si-Sol 4 layers Ag-Sol | 4 layers Ti-Sol

TA | 1layer Si-Sol 4 layers Ti-Sol 4 layers Ag-Sol

3.2.4 AgIEZTIOE IR IR RAE

K HISEM ML ST I (1 )55 0 240nmZc Ay, 5 0kl —3, Wi Mg T A
B2 07 S TIO R T TE I 520 . KA XRD T T 8 42 Agf T TiO, i ik
LR AT
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B Ag FERIBIR TIO, WA BRI 5T

3.2.5 EERBENBEHEMMIK

DGR HL -2 73 B IR R0 R 1) R THTE A% 1K 0% 0 5 M THO, = A i Ak 711
MAEIRE T — AN E TN, KUk, 8IS TiO M B K G LS PR R VPR
R D22 S I, HH S JBE P 1 A B30 20 S R0

37, I R TIOL WA Ay viil, 83 Ho A 2 A ity 0 v e 11

FVERE .

3.25.1 BECENEEITM

DA S50 e A 58 M KT TR 45 2% A IR THO 75 5 26 gk /K VA8 [ FH LK
56 o

SR AR P S N 3, S % =3 40 e O IRR i AR AT
(125W, FK365nm, dbHtiEH]D, ABFRIR Y (N4 70mm, 5240mm)
S ERTTE o S50 E S it Ho A5 0 8 R T80 S BRI s ey TR AT T8 ol
WA AR A A BE SRR R A HE R R R 10mg/L HT RS 400mL N A J2
JVL, PRI F EA3050 B (1 RS IA B BEPA D),  [F]IPH 284K T 13043
Bl SRS AT OGS, RE2050 BIE—IRFE, SLHC80Zr B, BTHCR: & A H Az
UV-3010% k-1 WL 43 66 B 7176 300~600nmi i [ 14 FF B 5 9 1) W ioole
i, ARG 1 AR AR K AR

r=(C,-C,)/C,*x100%

3.25.2 E&HEER B FMERENIR

A SEHG SR HI CHIG60 A 8 FELAK, 27 T AR i 73 17 THO, 't i A4 70 382 5 1) ik I s FEL UL
ek LRVEIR 2 (LS V). BHATIE A% stk 2 P BE
(1) R AR 1) ol 2%

¥ 1TO FHIBES o Bt . MR IRGIEVESS, T2 3.2.3 1R v
WM R (20mmx20mm), 1E N TAEH.
(2) HALZEPEREINA

FEL 27 P 8 R AE A A S B B 1 F 1) — AR AR (TES) AT, TIOL/ITOK T4E
B (WED, 417 (20mm X 20mm) A X} AR (CE), 1A H ok bl o 25 e i
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Ag-TiO, Fll VOL/Ag-TiO, Wi B (¥ il # S e S BH vtk HEAH 7T

(SCE), HLf#M M 0.01mol/LI¥INa,SOy, 4= BB A F 70 Ht 4lidk 3l 7 Al 2 B 1
IKECHl . LAESXT (AW, 365nm)PEAGIE, TGRS I M A1 0% 7 11 HEUR BITTO M
HAR b, IAAAE =R R kT

3.2.6 HRBEIS B HAXF RN

KM H 57 (Hitachi) UV-3010 8840711 W73 66T, FA R TIO M A 58 M
fT(4W, 365nm)¥UK il 5 200~600nm¥s K3 Fl (137t . K TENSOR 27 i
SELLAN 3 66 EE T, FA 9 TiO, W I AE 58 AM S AT (AW, 365nm) U BT )G
1.54pum-4pmiy% K CEI 6000-2500 J 0 T8 1135 1 61

3.3 LWL RO

3.3.1 EIRBYEHRIT

Kl 3-1 B2EA 0.5at% A FB 2207 NI Ag-TIO#iE (a:AA. b: TA. c: AT)
AZETION i (d: TT) I SEMIE]
Figure 3-1 SEM photographs of TiO; films dispersed by Ag with 0.5at% content (a, b

and c correspond to AA, TA and AT, respectively) and pure TiO; (d) composite films
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B Ag FERIBIR TIO, WA BRI 5T

KHISEMMEE 5 %l 0.5% 1 Ag-TiOy 5 A 3 5 RN 46 TiO 78 15 (1) R T FE 3 »
WK 3-1 Ca~d) Fow. HEATLUE W, EIRRRAERTTE 20~30nm A4, 1 H.
ATLAT RS R, B RRLAE /N A HAT LU R i % AA<TA<AT<TT. XA]

BEE T AgE AT . 35 SCHREYE T, [ TiO 5 A2 Ag AEBH 1ETIO Uk 1) 4=
1, H%ﬁﬁ*ﬂéﬁﬁiﬁﬁfﬂﬁx{}%?b/\Agiﬁﬁ%/'\o T Ag (ca. 126 pm)f) 42
TEE K TTi% (ca. 64 pm)[28] Frlil it sol-gelik i Ag B TIONE , Ag" ANREREAN
AR T, 0 IR - B B 43 J2 20 BOAE TIOL 4 K R ) R T 7] o A
AR FE T, Ag R T TIOZN KA IAI (K sfig, 38 I 1 R0k (] fil s A2 K 0T it
(FIREE, M-S ET TiOMURLRLAZR [k /N o Ag*ETiOﬁH%*E‘J%*ﬁ%DQ%%ﬂm
T TIOMIRLRAR I /NEOFEEE o X T AABIE KD, 8 EMafifiAg,
BT L IR R d b s TATFITATENS, EATAg & & —FE1, (H2& M TSEM
ML R R ETES, Ag (ETARM A6 2 K TTAR, Brol BBl T TA
PR/ T AT L MTTHAE A A, I UAEAEAg SRR A K IR BRASAE
M, kit Ko

S

anatase (101)

W 0.5% Ag-TiO, film
‘f'“, V“ mvww'v"‘““h,““..‘, T PTT . }

W AN

Intensity(counts)

TiO, film

10 20 30 40 50 60 70

2Theta (degree)

3-2 BAEN 0.5at%1T Ag-TiO W RN 2 TiO, I AU XRD & 1%
Figure 3-2 The XRD patterns of the pure TiO, and Ag-dispersed TiO; films with

0.5at% content

3-2 NB TN 0.5at% M Ag-TiO A A 2 TiIO #E B I XRD I . i
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Ag-TiO, Fll VOo/Ag-TiO, ¥ 511 il #& J B BH vk EAFF 5T

P T LA Y 20K A g-TiO M IR AL 20 AR S A . AEXRDATHS LA H I
W2 M AgIC R INATH I, BTl BEZ N B 2R I AR/, R AN S 5.

3.3.2 HRAIELITFIED R

& 3-3 HAgiB A TIO 5 2L TIO B K DG HEAL TR ME L .t BT %, HEI4) 45
27 R MEE CEFERBATMEBTA), Jef i 2 s T4 Tio Mk, 1 HA
AT % BHEAgB AN, AglE) 515 28 TiO MR i)W Ve B W T,
AR AR 0.5at% N IR AEE . K552 I TIO M, fAbE I
WA, B2 EA 0.3at% N AR R« XU ARSI A B2 BAT B ol
AR TE, R, B2 DR TIO R G A i PE AR R R . 7EIX
B, ARSI B0 A0k, Bk S 0.5at%. (EAgB RN 0.5at%IH,
851 BI (AT, TA) FIYLBER (AA) [ITIO K 54ETiO, (TT) HMEKE
MEATEYEIR RN . AT>TA>AA>TT.

—a—TA
—o— AA
AT

(c,c)ic (%)

30 —— . .
00 01 02 03 04 05 06 07 08 09 10
Dispersing content(at%o))

K3-3 ANESZTTACE, AFEB RSB AT 17w
Figure 3-3 The dependence of photocatalytic degradation for aqueous methyl orange

on dispersing modes and dispersing content of the films

3.3.3 HRHBELFIHREDT
LA 27 7 5 AT TIOL T Y F Ak 22 1k R 1R — R R A 250 T B B5371, 4 Tio,
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= Ag FERIBIR TIO, WA BRI 5T

RS I A AR IR b, WTTOBHE, s oA o Al of o ppL AN 18 0 L U
Zevb R, BT IE T T 0.

3.33.1Ag I B RFIRA S BIRIEE 547

—0.1at%

- - =0.3at%

0.5at%

30 1 —-—- 0.9at%
1 TT

35

25

20

1, bA)

154

104

20 40 60 80 100

—0.1at%

- = =0.3at%

0.5at%

- o === 0.9at%
TT

1, BA)

—

i e e N = S S

T T T T T T
20 40 60 80 100 120 140 160

t(s)
4(b)

KI3-4(a,b) HOVHIE T, ANFRBIARERIKBAT (a). KIBTA (b)ENILS2ELTTH
JIEFRI G RN B ]
Figure 3-4 The photocurrent of AT (a) and TA (b) films with varied content and the TT

film under zero bias
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Ag-TiO, Fll VOo/Ag-TiO, ¥ 511 il #& J B BH vk EAFF 5T

Bl 3-4(a,b)7 il OV N, AFBIENIREAT). RIB(TA)MR 540
TiO(TT) RS G XS Ll o FFOCXTIRIEIRE R 40s, JELE=IRIFRAT, WA
SEEVERLF. KB AT TAHN 1T i 0 5 B R A A A (¥
e SATIOMIAR LA, ARSI BRI EAg BA = MR, SR
WK, It HARAE B 0.5at% A B KA, 2 GG Ag B Ay ik— 0 1
Ry M LA P 3PS S T /1N o 3 KR R R 0 s B2 8 P RS (1 45 SR A 2 —
). O HIR K TR Y RE S R o B R T I 2 b, HE— P RE IOV RO AL
WTERERSS . AglnN, AEFR M TIOME [ th & 1, (AR —ANE
UIBRE, RIS A BT IECE

3.3.3.2 EERY LSV B o 4T

5.5 —AA
507 - - -AT
45 TA

1 --—-TT
4.0+

I (uA)

0-.0 ' 0.1 ' O!Z ' Or3 ' 0.4 0.5
E (V vs AgCl)
KI3-5 AN, B4E0.5at% AN AE 247 LA g-TIO MBI 2L TIO LSV i 2k
Figure 3-5 Linear Sweep Voltammetry Plots of Ag-dispersed TiO; films with 0.5at%

content and the pure TiO; film without UV illumination

[13-5 24 5 2% 5 oh 0.5at% 1) AN [7] 45 2% J5 2K 14 98 58 0 40 TiO, AR IS 78 R 1
LSVHh&k, RV vs AgCHM0~0.5V, FH53H ) 40.002V/s. TR, 4
TIO MR AEME A T IR LT A E, WoR i — I REMEL. MBRAg T
SRR, 7E0.175V~0.25VIIYE H N 23 L T A, 0BT %R T
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= Ag FERIBIR TIO, WA BRI 5T

Aglt)aLl, IXRIBIMAL 2L SR EAL RS T TIOMBELL T

1, @A)

-0.4 ' -0.2 ' O!O ' 0!2 ' 0?4 ' 0!6

E (V vs AgCl)

K3-6 SAMGHUK T, 0.5at% A [F45 2477 LA g-TIO M FI4ETiO LSV i1 28
Figure 3-6 Linear Sweep Voltammetry Plots of Ag-dispersed TiO, films with 0.5at%

content and the pure TiO; film under UV illumination.

[13-6 445 24 4 0.5at% (1A [F) 45 2% 75 2K (1) 3 AN 4 Ti O NS 7 48 AT it
FILSVHIZL, sV vs AgCIM-0.4~0.6V, T EE 40.002 Vis. 7E2E4h
SRR R, FEROE LIRS 5 W R AN R IS, B p R 3 0, ' it 5
W K. [FFERT, 760.175V~0.25VIRI L T 44k, Ff—Xui i T Agic &1k
B LLOM AETE . SCERP bl i XPSTESE T Ag 7ETIO M Y, £43d500°C 1
R A B S AR O A, DU EE BRI A E

B 3-64, 4% THE RS 0 VR S SR TG AN OnF e T 18I3-5) Msiil %, 3
1B AT RIS TA K I 6 s 5 e, i FL#E K T340 8 2R AA R4l
TiOL M (e FL S 5o B HLURHRE Y AT>TA> AA > TT.

) H R R I A R SR, WnPE3-7 TR, MRS S R AE T
WA, AT TAL TTHE ISR ARG AR (e, Jorh ATHR w1 I
R, HUGRTARITT, WA R UEAARIASAL LA AN B o e HL SR AR
AT>TA>TT>AA. SEEREHRAE N2 TR A, B R =S R AR, Al 7)
LU RS, LA IR (5 5 SRS o . DRI IR 5 R, 00 I SR
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Ag-TiO, Fll VOo/Ag-TiO, ¥ 511 il #& J B BH vk EAFF 5T

THTF 57 A R , 97 BT LA A ATSSR 45 4 5 1 L HA 35 2 R iy 2
GRL. XA R, BUEMAZEI R, AAKDERRR SN TTT,
4 5 -6 R BT AR A4 7E S AT i 8

-0.4 ' -0.2 ' 0.0 ' 0.2 ' 0.4 ' 0.6
E (V vs AgCl)
3-7 FAMCHO N, M ZBER AR, 3258 0.5at% K A 45 2% 5 3
Ag-TiO T I N4 TIOL LSV i £k
Figure 3-7 Linear Sweep Voltammetry Plots of Ag dispersing TiO, films with 0.5at%

content and the pure TiO; film under UV illumination with the addition of ethanol.

EIS Nyquist i1 2 GEAR 27 1) 158 Y H A 42 iy vRL BELRI DG A2 vl 723 03 B AR 2 (1]
(IR, 3-8 R AMEIN, (RJEA+0.4V, AR IUH I 10°~10Hz 41 T,
Bt 0 0.5at% AN F] #5247 AR ELS NyquistPlo ik B 54,
T 1 FLTT % PP g, TR TR TR P Y 2 P - 25 0 S R AR 40,
WE3-8F7~, ANFEB AT XA HIERIEIS Nyquistft) th2: 242K /N HRar > Rya >
R >Ra, AT, 33 10 B33 DU THO 4 5K (67 Fi A7 20 188 28R 11 v AL 5 g
AT>TA>TT>AA.
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= Ag FERIBIR TIO, WA BRI 5T

n TT
. o TA
n AT

YAVES)

T T T T T T T T T T T T 1
0 2000 4000 6000 8000 10000 12000
Z'/Q

3-8 2480, 5at% ) A Al 5 2% U7 X Ag-TiO M AN SETIO, (1 FH AT
Figure 3-8 EIS Nyquist Plots of Ag dispersing TiO; films with 0.5at% content and

pure TiO; film under UV illumination

3.3.4 HRHALFZMHRED T
K U3010 B2 28 0] W40 Y66 EE T F1 TENSOR 27 BT H-2T 400 66 B Tt
SOl L 132 1ok R HEAT T I

3.3.4.1 HIEREINAT ILIE L TERE

120
100
80

60

Transmittance/%

40

T T T T T T T T T T
300 400 500 600 700 800

Wavelength/nm

9 (a)
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Ag-TiO, Fll VOo/Ag-TiO, ¥ 511 il #& J B BH vk EAFF 5T
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= Ag FERIBIR TIO, WA BRI 5T

120

100 4 = =TT

80+

60 -

Transmittance/%

40

204

300 I 4CI)0 I 5(IJO I 660 I 7CI)O I SCI)O
Wavelength/nm
9 (d
K3-9 (a~d) $BAE0.5at% M A5 22T7 NAg-TIO M BRI A TIO I,  7E 284k
WO G, SRAN] ILIX A T 30 L
Figure 3-9 (a~d) Transmittances compare of Ag dispersing TiO, films with 0.5at%

content and pure TiO; film under and without UV illumination

3-9 (a~d) 735l W4 AR5 0.5at% KA ]2 2% 7 AU TIO B 25 TiO, i
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Figure 3-10(a~d) FTIR transmittances compare between Ag dispersing TiO, films with

0.5at% content, pure TiO, film under and without UV illumination and
ITO blank glass
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Table 4-1 The experimental materials and chemical reagents for VO, film
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Table 4-2 The conventional apparatus and facilities
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Figure 4-1 Device for measuring resistance switching
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Figure 4-2 The transmittance curves of TT composite VO, films of different layers
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