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TiO, + ho(UV) - TiO, (eg + hg) V=)
hys +eg — heat(recombination) Y-)
TiO, (hyg) +H,0 > TiO, + H" +°OH Y-\
TiO, (hyz) +OH ™ —> TiO,+"OH f-)
TiO,(e;)+0, > TiO, + O, O-)
O +H*" — HO3 £-
R+'OH— reduction Product Y-
R +hy,; — Oxidation Products A=)
R +es — Reduction Products -3

Ol)Se 9 (5 pudlygr ($3lga S

Ol (somd (owdiges 5 ooumd &1 il

2,8 ool 0Xigas 5a0d 395 (sla LS Mg > e o AT 60
ol Y sl Lod b B 5t g5 s 53 (g2 (29w 51 Lol
brl Gy L6 Mg glaals )5 ag ks )5 a8 ol (6l
Y] ol )8l ) asT oo paslis (slo)S (g)lul Wb 2guii

Jols odas b 4 (g ke 3 I (glaoasY]
Ol it o) o g )8 (slacaS 5 (gt slods]
5 Sl pwlas (sl Wl S86S mle ;I sV
S oS 5 5l (ol g o bl (B pas sloJgpas
Hgde aBld olbyw 5 ew lacaS 5 plyie @ )l
St e S5 ) Se b 39 0 bl ol
SileST & o) Jgl el ezl gy (slon S s
oS 5 4]y Il Gloosiy V15l (gl 2l o 1S 565
clale &S pl pgd g S Lai H20 9 CO2 diilo Jaxe jpo (o
31y a9y oyl 51V ool 05 Jlon F9)> (slalagso 53 lmosiy Y]
oles ©e sl Ol |y il ggh by (Sagl o,
o 5 an b &S el gdlas g dlge 2,8 Lais Vsb
)90 Pk (590 ke )3 Iga 3 39290 sla LAl (3
ASlo 6)98 Bl Sy s K5 o )13 ealial
S ek Sl e SSUS slayily ol &S
iz I loyuil o b J5 Joo oS5

ool Loy Sl Gin S bl e
by 038 lalojl odndg o SiSHk S 3 ) dSTeed
5951 3 (e Gl lawg oad adle odplg e S5
@ Slol a5 oyl ase 4 i 03gl] Lialejl )93 Jobo 5 9,045
A gy Celw O e d Lianlyd cwY ) Hlub b
o] G 1S g bS] 48 5l i lndonss
s NO (295 CanUlS Bl &5 (g psboty 0391 peSasiz ()59
[¥]ad (5,155 2%+ 970 iy 4 NO2

Jbo > bl e g ol (35 g p3l sy Jlu )
oebaisl sgs 1) lainghy (5 (Bs) dasSlesd poslis
Bl ly Sy 49 0 bl cuwnls I ailen )5 pl L B oal
s Coluns lsEl el S ) [8] a8 oolial JT slgo
4 Bl 3959 9 5)9 CandlS o (55, o ¥] 5t ol
Sop St So b il (B Caino 3 D9 (Sye 95
o> Veor 5l 5L (lalad 1 Bl o pl ol g aizs 5,00,
355 (539 CondblS Copols Wil o 5B s e ) ugpanles

(v) Valence band

R H = sole

(v) Conduction band

AR



VF+Y (Y b)m FY b)sb

$9) 1) HBlegl ()9 CundllS caols o] Singsy ploxilpw
padlas @ 5has 5 a5 [NV K2)S ey (S8 aw
Gl g blas & oS 3Dy olad weidgd sl ladle (g9,
o0k & ied sl gl ng L slao gl 5,8
@ Ll HESlogil ) pleidle oy )3 (SXgdjaeidgs 03l
Gl 25,8 oolil jregil a3 (slwe,d ol 5 SULT g0
(sl b ool gl lite Sl (S g freides Coold
25 oyd o3l a8l (i (odug) (S Il gSg Se ol
el A-C slos > gmlinnds’ 5L 5 039 yiagil V-
DIV] as Jg) 4 JBUT 58 e g oy ojlul (jad 555
lgis) b & el o) (Sb ety goadlae gaizex
Y glalos o lul 2uSlied poslis Wy cly cwddyl S
slaled yd aSTed paslis (g)ll a8 pl b g Cunl ouds ool
V] sl 48,5 )13 (g 390 b
Slul bis (025 (lagh cnl el Baa ol
Db o Voo OC 5l YL slalod b o dyd suuST 65 posles
5 JS8 b 4S1ed posliy cands Bia cpl 4 ey
b Gl Gl leS (o)l (6ylie b A5 dals 40 5950
b b salgs 03938 il (55l0ke 2puSlied posilid 4 (pupus
dy90 &5 YL clalod b auST 00 paslis slo)S (g5l o)lgd
9 Seiotuw ddllle o (b3 polate cps oy Sl Yl
S 90 493 il olitul b ()95 CunJBS L )Ll ()l cpal>
2 a5 AVD OC g VN e gAee 5 Voo slod 3 &S Ik b
slp 25 )3 adlae 3)90 298 0 A8 (S Sl 058
TGA 5 FT-IR XRD SEM (clacc,olié 5 ,kslugl 5]
g cobgd 1 eolatwl b s o)Ll &S oS lad g o o3kl
28l o g 4 Yl slaled 1> iligy 4 UL 56 s dSilew
b bagdaw (23 Jibg 5 dlex | (i lasp)lS (s &S
(52Lj Caponl (S 9 03 395 Capols ) (6598 (Sl
losd glood ol | odlitul pie e & 1) Cang jlare 950
ol 590 ke 5 ol Glaal GINVF] bl e o)y o Lot
5 ol gy S L bl Jlilogil sy (Sl (o) Sigh
Opred 9 )9S mhaw )3 39290 gl dlge Sl oslinal b ()
b e 29350 (slmolKiod g LSl 1 00zl b o (55l ooy

Ol S5 ol yed 4 728/8 ogls dn 3 b paslis dnST 6

Yo

v (63 el (oS Gyl (2550 oy y

Ol (somd (owdiges 5 ooumd &1 il

saiS S| Jole 5 ael Cawday SS9y 00,
o sy ot e S cwl g
L AS 45 W55 lad S 1] e o5 el e
Jo o Jols TiOr wile plabloydey (oSl jksbe
S5l Gloj e (JIB (2o yle5 S g 0rdp iVl
23k Blujdess cigb SIS (5550 51 5ote by Jole (9398
Se g 39800 Jate (bl g 4 (ui¥ly les 1 e8Il S
B 555l 4 a2y b2yl oo slop iVl lg ) 45,
4 P8 Jegl YA Sl 568 zoedsb b yy Ti02 b
1L e TiOs oS 13,8 ase Sl
9 TIOSOs (slo Jolo (05 i b phlKan g 50l
Jle g balpd 55 jg)a anlyd bawgs OlSGhwgsl Jll 5
caaly gleyS coyhuly Yo °C clos b o widges ags bl
S ol ooge b g poslis 1amST (63 (3,8 5w gy Jg
Slo [Y] 392 2 loj g daja 18 4l GLKen g 50l lawgs
Slocans ) S5 L1 )b 1Sl posilis ) Ko o S
Y0+ °C glod ;1) ool Cnwdd o3lo yusns Canol 03,8 4393 6565
Sz 2o ¥ 1y S5 005 55 sl ke o yige o 20
d90 Hlade Lyilidl b as” W0y 5155 B ain gl Lol i)l5S
clb hlKan o usif WIKe . [A] Whe LoalS & )sl
sladiges buwg ol lxe  JI 4SS, Gls ablS g568
euSled poslis b ord gl § ()5 9 (1598 Sl (Sloww
diges a5 A asuine W0, oy |y hanld b cos
Shdiges Cons & ) VL Gudllgss clld 5 )
] sl Ly st Sled posbs Jols &5 (6,500
Jleygiin blyd 1) 4uSled poslis )len 5 guinls’
B gy cpl b 0,8 aus TiCls oolo i 5l eolasiwl b g o3Me
Sl Lol s oo )5 gplasly bl BT 56 V- °C (glod
g oo (Vo] 2 58 e b, 5 4 BT 5B bk Lo
@ 1) 2SI poslis 9 buST (59) (5998 CundUlS ) Kar
O 3l oolatwl b ()98 U 3t 100,850 J5= o 09,
Jsbisnginl 9 el Seiwl )5 55y euSlied poslis oole
odlo o 4 59y (539 CandblS Jgo duo)d Cupnd A plox]
Voo OC (glod jo osds Wgr )l lugib g ¥ s ) oSl 63 pasilis
90 0 00+ OC clod 3 g as Kiid gl 45 aids £r o 4
pae 5l LS ol as Sl amdl 31y 3BT s anudS 068
s (655 B 5L 53 4pnSie3 pasili BUT 56 s

R F = (sole



VF-Y Y b)m FY b)sb

Ol)Se 9 (5 pudlygr ($3lga S

Ol (somd (owdiges 5 ooumd &1 il

Anatase TiO» |£

3
[
L)
>
=
z
£
[}
-]
£

3
L
&
>
=
w
£
v
g
£

Fooo
5 [ ]

Y. £ S Ao Yo

Position [26]

Yoo
Yoo
S, W Yo f. S A+

Position [26]

oSl axail (il 50UT gazesis (B pwgmudis a2 3 Voo (glod 13 0uud dy93 dawnS 63 eamilind Sl dnadl W31y 5IUT (s (A - Y S
LYF] 5 )l05bwr! ST 65 @awilind (C ¢ wgmmbas a2 j3 A e glod 45 ol 495 duanST 5> panili

9 Wee Ao Vev lalod 53 odel conday Hlisle LS lugl
W el lan jhed] )0 amolioadS a5 48 L0 dilS VYO °C
LY 0] cwl onds 5 Wb Lials cel laa (> pon &
XRD SEM (sla 3JUT ;1 onlizal b osile bs s a5 puns

28,5 )15 Ly 3y90 FT-IR o TGA

bz
o 4393 ponilidumSsd 13 (XRD) Sl 9 i3 36T
S8

Jie el 58 sls) Lol sl sl 5001 51 eolizl |
ord o3l flis A Lisg \ S5 55 oS (PW1730 PHILIPS
PN g NI bond 450 deuSTli6d poslis (o)ldle Shs Cunl
WA oy Ver °C glod

ol 5B GBUT B sms o i ladons &S 4565 len
)8 T olse Blo 1 551 58 0 et 5 Sl pnSTisd posilis
58 9 Y0 =¥0/50 45 56T 56 VY] aib e oy aiendS 5l o
4 by S, ad deb o ol YOYV/D LU,
55§ s & A8l e Blig Sglite (elaygly 5 o allsl
odim3 Lt 35 Sy IVY] 0o (6595 oS i3l oy
Ao ygde odindlis Sy 2lrarle 9 Ll Uslo (39 5y5k
Sl ()5 49> Al 2l paslis JlSlo > 49
¥0-7C 5l pYL lales ;3 1) 1uSTisd poslis (595 CamndUS
2 S o S xSl Ly, 5B 4 SUUI B 505 5l g 0390 5
V] pdie Copo it 9 e )9 CndBlS Cllad dons
i) 55 G W ostns 0l o B i ) S § e
@ a2 bl Are 0C (slod )3 0l 450 uSTied posilis
YO=YV oS 398 0 odnlie RJUT ol 5 390 Sy

Sl 3 G T dlie gl 0352 g 56 4 boga e

R H = sole

4395 (sl b 4l ol S po 835 Loyl g ST (63 psandies
9 Olis IS8 (Jge bop> VA 1o poslis (329 035
Voo )3 (Sl poslis 4 G 93 1) 09l (Jgo o> YIVY
s & piY b 03938l uSlied polis 4y e o 1) e
091 51 36 3590 (ks 9 Sl S 5l 58 3590 JS oS
smblize yied (69 Celw 90 Gdo 4y bglore Lo A (yuols
@ 3l o g b 0djed (IKAICT Jso (olod] 558 i)
J3e ol j5uiS i) gl b oK (19,0 50 sl S ke
Y 69y ool Cawddy bglste ol i o3ls ),8 (Hielscher
poslis g ol psed Mo b dgu o 00l )l Voo °C (glod
[VEAD] 2] Camsas IS5 (6509 s 4 05 4393 2eanST 0
2bj oy gaw Guih g oo S Sy 4 Gk
Cglie Jgo e b 5 15 Gl zudb 4l e 4
4390 ULy dups (gl b i (Blis & Cand) Y4 ) 9 ) )
492 poslis p)5 /¥ ) ) (oo i b e by 003
aiy) shie O ke Voo (903 0 ik £)5 </ 5 003
93 Odo &y gwmblize fjen () odel Conddy Jgloee s A5
oliwd (49)0 O Gl SO Gl 4 L g M 03j0b sl
Voo lod j0 yiud (o) p boldte L b 03> )8 gl )3
2038 493 3euSled ol Ul 4b)S )5 gl 4253
s ly ] Canty IS5 (69 dale g0t S 4L
VA Cand b ok by 0dd 93 10uSTied poslis
5 oD dgd MuSlied poslis p)5 +/0) (Bg) (wed ilas
31 5V laled (ol [WV] 53 o (Subow 5 +IVO (izgon
duSlisd poulis p)5 </ VA« °C glod (gl g VYo - °C
bl 20uSTied poslis & it U8 (Jge G c0sd 4y
DALY bl 208103 posilis &y 0)9l Jgo Cans g /4
(2o il g LT B ek pae oyl ploli

A rd



VF+Y (Y b)lo.».:} FY b)sb

El
o
r
@
c
1
z
3

493 2165 ol (151 Syl dndl (il (gt - ¥ U
170+°C slbod ;3 Y Y sbcuuns b o 4l o 00l

AL 52 00 419 WSS9 pglisd (51 31 S9! Al it 9 sla s
g 42 30 1T D+ 5lod 55 Bk

39 CondllS 4 Loy (SOl andl Bl oY JS
2unS163 poslid Jgo camd ] 45 48wk o NiNi:TiO/SiO»
il V plp Kl &

Sl )3 Bl by jpis I LS Sy ol aals
P S Bl (3,5 LI L Bl o (6598 Can S
oyl o)l )3y 5l ol byls ol &5 cuol o
4 by YO = YO/OR 13 39250 Sy 28lion ()95 CandUS
CandUlS L3l S5 90 53,5 490l ealawl .abl 0 LU ;8
5 @ Sysh Cuolh 5 S ooy ojlul L 4 )y
OSly 3 (i S A 4 S (253 8o il v
S sxSose &5 Sl Jials o aad e LS 395 5l (5598
FspSole el 49 &ly 3 djlo o pd Sl 1) (Gye 98
2l @ 98Il g 398 (oo 4559y =019 Sl (31> (y1STg o )Lg
el ploilyw gm0 STy (5Tl g 03,5 3585 o 4
[¥V] 59 o0 rosn YT Coy5

CandBlS 2 by o uSol andl (ol (6681 Y 0les IS0
G g bbb o V) Jee Cowd L NINETIONSIO: (554
Lgryo YO=YV &S 345 o0 odnlie jJUT cpl )5 39390 (slacSy
oMb 2nSled poslis Lo (Ll L a5 035 LUy, 56 &
2 S gl Caol 031 B s 5 00l s Iy 055 sbo)S
amlio b sl Hle 55 alBl oamaoli YO=YY
CanUlS 45 Sy 2 cpl & g e R L Y 5 Visla JS5
Gl b Y 4 Y Jae cus b NINEETIOA/SIO, ()5

[¥Y] b Pk lo)S

"y

v (63 el (oS Gyl (2550 oy y

Ol (somd (owdiges 5 ooumd &1 il

Yooo o Ratio =1t 2
—Ratioc=1to1
El
< Youu
=
a
=
)
3
Z 9y
[ Yo fo 0

Position (2 teta)
Dl 4393 SawS (63 @gilid WSyl Axudl (WSl (adesl - ¥ S
1o s °C slod ;3 ko 4l

Cawl oas &5,] C izw V S 0 )lailio] apusT 6> pasilis
g ool B yus auSTed paslis Lo Lisljsl b [YONY]
2 K g ol ol Hi3le i gy 5B 4 5BUT B
Jolis 1y oS 2o yd a8 05l o SUUT 518 oaimd L YO= Y0/20
Ol B g A laise ) USS awlie bl 2550
5B a4 6LT 5B 5l bl ksl b iali8l b &S c8,5 ases

IVF] canl 00,8 s s,

Al 9 00 4190 S 153 p gl (51 39 S A Wit 33 S d A
o s 42 33 1100 (5lod 50 B

493 1uS16d poslis WSSl asil il sladoes ¥ S
Gdg by o (i )1V er °C (glod ) Kow a0l onds
2 S i dS D9 o ol ‘)‘,.JL'\'I ol 90 29350 S
Ab o LT 5 oaims Lis YO =YO/SF

4 olge dedie LU B gylul el oS Lyl
o)Ll Ko (3,5 8Ll g laoyd 0jlul ( SoslS— Sgsl alBL
SEUT 56 le)S coolul sl & ol o ogMe 3)lse ol &S g0
9 i 2 (69 CandllS Cunld LIl Cel pizmon Nigd oo
IYANY] B9 0 35 53 S Sge g ctwwjlare (claoriy VT ol
9 b 1) o canSlied posilis olo)S ()bl yiee () p sl
03905 48L5] 1160 poslis 4 Y 4 ) g Vau ) oglite Jgo s
ol sldons &S S 8wy 3y80 W] Canddy (glodons o
5148 465 ekl o 03l LS Y S 43 dbogs po eSS dxil
A Liso ) S d G S G ilS dad 0 polre ¥ IS
b il o (659 ComdBlS il 3 B 4l jois 5l i
Ol bl syl &S ol o 50 Sy wndBlS A0l 13,8 L)

R F = (sole



YF+Y Y b)m §FY b)gb

1026 cm}
Ti-N

400-1000 cm-1
~3000-3500 cm™} Ti-O-Ti

N-H & O-H

Transmittance

Fhoe Fooeo YDeo Yooo YDoe Yooe YDoe Yooo oo .

Wavenumber cm'}
152 42998 o €y )8 (P (looualilio g i - O JSU
oo liannd 31 by Bk a0l (1982 N 9 N L 0000 4495 s 5 o9l

490 M85 gl iy (9 SN igSuwg Sae 3IUT - F IS
(B g yogili Yoo oloiS,n (A .0jesm 9 JS& by ol
950 ) (leiS

200 4190 S50 P gwilind (it g 3 (99 5N o 95w g sSuo BT
178+ °C glos 39 g0 | 411 o b bows a3y

L;Lmo):) o)'b..'»‘ Wl 08 031> UL““’ Y Jg.w 5 &S 439?&[9@
@ oy Fit il Jagil Voo 5l 568 ()9 CundllS
S ) oy ob & 5 42Bll g0 4 9 IS (495 )50
U PVEICRR I

200D 4193 US89 P gl (St (9 AN o 58 g S0 36T
178+ °C lod 10 ¥ 411 (Fg0 o ) W aily
2940 g0 JSBTA oyles IS )3 0 L)) (sladoress 4, o155 L
oo & g AUl Cjgo & 59 CudBlS laoyd 5k oS
odbline S 5l a5 4o len wlas 3 )18 oo (LS )0 ot
dalie b adloo (labglS ©jgo @ ooy @iy 298
lod [l 3l b a8 b 48,5 aoes JRaSH LA 5V & s S
Sl o 4y g okd )l calgSy sl oy mjg
@l 2 oad Bl laams b & gy Gy el
LAY sl anlio b gizmen [YF-YA]S)b Slyeon

AR5 — sols

Olyed g (5 pudlygr (5352 S

Ol (somd (owidiges 5 (ound &g gl

YVeoo

Seee
Dove
Fore
Feoo
Youo
Yeooo \ Il |
F— -I - - A o
£ O+ S ¥

[P Yo [ A+

4190 danS 163 gl (gl (Sl drdl (il ys gWbaseds — F JSUS
Y0+ °C sbod ;3 Y Y sbduuns b Sk aly 00l

WS 159 P gwilind (FT-IR) 1355 Jioh € gwg 99 (smimninb 30T
Ol 3 Gt Bl 434 90 S 32 99 0 4390

B D RUTLIN KR STTCIE S NG I B8
&9 CandBlS oy saigs (Brucker, TENSOR 27 Juo loJ]
D g Wl b o0 NINETIO2 (Si> 90 ol aygd
Szse Jsb om 2290 oSy il (gmelinls
Ti-O-Ti 5 Ti-O sladgy iyl & bgyype For —Feer cm?
Sy @ baye VeVFCm? g \WWer @ by Sy il 0
Glawlio &5 Cusl (g5 CandB Jld b )3 (59505 9 S5 092
ahis 0 Ko 93y Cwl Cowe LS a0 g,
L odd Lo Sy 095 4 bgye Yooo-VO-o cm?
Jsb 5 odel d25a Sy ppsizmen Sl (OH-T) poslis
&9 CandBlS HS Lo ;0 Ni dgagdy bayye VFYY cm? 246
ol FT-IR Gl 5l oas a8)3 (sladsns S50 [¥Y] Lsb o
aS opl el 5 Wloads jriw wyd & bcwdbls a5 e o
LYF] a8 o LNy 505 593 g ybdlus )0 0d 493 dlge

dS159 pouilid (SEM) ohigy (P9 s8I g8 5w Lansd
Ol Al 332> 93 4193
2558 3l) (g (S ySIl rgSung Sine ol jl oolizal |
0jlul ¢ by, (wyp (TESCAN, MIRA Il Jso o]l
Faw (535 SBCwndB (lyy Wo)d p595 (Sig5e g Ll oo )
CadUS slro > o3l & 0jlas IS5 & dngi b il plool wonds
F ojlad S I &S &5 lan Al o yiogil Vool eS80
BI85 5118 o JUS )3 (59)S g0 4 no)d e Gl atiidio
@ oy 5l oS ol Lol sl CAlES g 4 oyd xje8 g
[YONY] Db oo 043 (69,5 JSKb b a5 glS yguo 4y g gy o

YA



VET (Y bl FY 5,95

B3 )
B
g
)
) : ' ‘ ¥
PR Ra 1.505% Weight Change Yy 8
S (0.06809 mg) 5
s 5
b= =)
" 1.835% b
g a9 (0.08301 mg) B
—«/f E
="
g
=

A

15
Yoo Foo  Ses Ave Yeee  YYeo
Temperature (C)

Wl ST 6 eaniliy (5590 ComdllS olo )5 3JUT - & JSS
Neee°C oy Y ) Jgo Comnd b Ko

ol aeg b oS cul ol ole)S LT e j3 S5 B S
330 (0+) g 1 0) 5551 csbls o e 3 500 ) o8
a D YO glod 3l L 00 odaliie ]38l g,y Cul 0 plool

V] aslsn oo b iges STy e ay ogpandis

S 5 4%
s250 )8 M olge clo Sogll 02 o 3l oy S S
poslis ()9 Cundlll I oliul b o3 aw 55)
B0bdg onl Ml v ) 2 ol Gide 5 Sl
Spds o pbol wsendw axyd i L GYL gl o bus
a3 52 5l YL lales )3 51y cle 4 STgd poslis
ol g S b 1) 095 ()95 CanBlS Capols Wl ol o gandes
G99 4 olgiee |y YL (slales )3 gy & S6UT 56 s «c5)99
oS Tli65 poslis ()5 CandllS 2, Slos Doy el 5 il
d“"‘“ﬁ)" )15 u.:‘ JLl S Ve )" )JYL? LsLQLO.) )2 03 C}’Lo‘
b ke al p aaSlied poslis )9 cudllgl 29
Sl IS Sl L s B ad 49 Ni g N lagyg
el I8 opl 0,8 oolil I slge Gl (gl Spe y9 p0 LS
Cund B @aw &9y o.hg‘\” » o AT cc.\aw Coluo L)""1)S|
Ol cizmen 3yl a3 1, Bl sl (Spe 9 s xS0 9 68
0 Ao & eybe olaidl Ll end edlatwl (g)gls &S
g 15 aldS VVO+ °C (clod ) ool sy HlidLugil il oo
63 Llogl LT ¢l TGA § FT-IR XRD SEM (sl ¢,5ls ;I
lod o 3 lugl sl )3 (gylul Slis bases &5 0 eolaiwl

AR

v (89 Ponlid (2loyS (gl (2025 oy

Ol (somd (owidiges 5 (ound &g gl

B A3 ST 6D auilid (5l daud B 5 Y UG
SEM 3JUT(A VY0« °C glod ;5 ) 40 ) (Jgo Commnd b Sobow 4y
a0 tloiS 5L SEM 3401 (B 5 gl T+« leS 31

Bl 4995 S 16 Pouilid (gly duwd 4,5 SEM JUT - A UG
SEM ;JUT(A Y0+ °C slod ;3 Y 40 Y (Jg0 Comuni b Sslaws 4y
oY e+ a8 51 USEM 3401 (B 5 jagli b o loi 2

oyd oIl o Hlade yisl38l b a8 20 o odaline ,S5055
o [t 4y ((ladolS O g0 4 g 0l B 5

140 ) (90 G ) ks 41y 5 S50 P90 (slo 5 IGT
(TA, Q600 Jao sloJl j5uiS cdlo) glo)S 5JUT (clavases

V) Jge cans L NINITIONSIO, (695 Ul &y bgy yo
D oo 0dliio S 50 a5 igS ylon Lol 0 I VY SLS 5
03)S iy LialS dsye dw > ()98 CandlS (59 5l o p> VA
Cuwd jl 4y barpe (womudu a3 3 Y8+ clod U 5 LialS .ol
2 ¥ cul 6yg candblS i3l )3 dgzge JSI g ST ol
S9)S wu g N olge By 4 iy Ll pgd dlye
2 980 bgrpe ()9 CundblS S5 a0 3 9 gy
S0 5l )99 ol LBl 05 @ ()59 NS g > o
ol 033L5 55| g,y 4 S6UT 56 s Lol ol (655 s &
Dy o5 odalie 4 KB 5 (S g9 g &S (pl oy 4 )Y
Al gy 4 ST 515 juis 2 ()8 Sy oamlite 50 0
a8 Wil Verr °C glod b oonds a3 S )ﬁjb'l
[E] 0, LSSl ol awil (clavaoes b ogs cllae odal cundey

Ry 5y — sole



VF-Y Y b)m FY b)sb

bl oud s Jbg)y B 4 Gogradi a2y Ace (glod
S8 ZAS 33 oaimd i VWO °C (slod > b by 39381
sy, 8 > Sy Jos cpl conl oy & piY Ll 5GLI
ool oy )] (SHgd jaed 95 Cools Lais ales | mio
Joolaiwl pas &S Cwl (gyope paw (2O idg
Do o laer Cumjlae bas gl 1) Slosd (cbodigub

1Fee/he /X .-u:,f.gc‘wu S99 0l s Al

Ol)Se 9 (5 pudlygr ($3lga S

Ol (somd (owdiges 5 ooumd &1 il

s 2S00 poslic &S Cunl uus gy 4y p3Y LAEL 0 VYO °C
ookl b s o oyl 395 3l U 51 ail,8 asl po
308163 posliss g 4y BUT 56 s dSils )l 2 g iy
4395 2S16d poslis JUUT S8 Bl o 32955 4 YL (slalod 5
395 J ol Yoo °C (sles b (g o JS) 3 99 0
Sl V5l YL lales )3 (g jlily sl s ol
9o 2o yd YA 1NV e °C glod Ul o odlaiwl (55 LoS
@) ) @) lacuns g ey g we ) YIVY 9 IS 0
slaled (ol i oolaiwl Kl 4 waSTlied podlic Jso ¥
5 0395 g 203 ) (Jgo s 5IATA PC LY ) YL
ool Coms ddy oyl &5 ol b S0 e Jgo o2 ¥
posls LU 51 Jludo Voo °C (clod y3 a8 by (LS a5

&y

[1] Spengler J.D., Samet J.M., McCarthy J.F., “Indoor Air Quality Handbook”, (2001).

[2] Ho K.Y, “Nanostructured Environmental Catalysts for Carbon Monoxide and Volatile Organic

Compounds Removal”, Ph.D. Thesis, Hong Kong University of Science and Technology, Hong

Kong, (2006).

[3] Wang S., Ang H., Tade M.O., Volatile Organic Compounds in Indoor Environment and
Photocatalytic Oxidation: State of the Art, Environment international., 33(5): 694-705 (2007).
[4] Maggos T.H., Plassais A., Bartzis J.G., Vasilakos C.H., Moussiopoulos N., Bonafous L.,

Photocatalytic Degradation of NOx in a Pilot Street Canyon Configuration using TiO.-Mortar
Panels, Environmental Monitoring and Assessment, 136(1-3): 35-44 (2008).

[5] Janus M., Zatroska J., Czyzewski A., Zajac K., Self-Cleaning Properties of Cement Plates Loaded
with N, C-Modified TiO2 Photocatalysts, Applied Surface Science, 330: 200-206 (2015).

[6] Fujishima A., Rao T.N., Tryk D.A., Titanium Dioxide Photocatalysis, Journal of photochemistry
and photobiology C: Photochemistry reviews, 1(1): 1-21 (2000).

[7] Masanori H., Ota K., Iwata H., Direct Formation of Anatase (TiOy)/Silica (SiO;) Composite
Nanoparticles with High Phase Stability of 1300 °C from Acidic Solution by Hydrolysis under
Hydrothermal Condition, ACS publication, 16(19): 3725-3732 (2004).

[8] Zhang H., Xing Z., Zhang Y., Zhenzi Li ., Chuntao L., Zhou W., Ni?* and Ti%** Co-Doped porous
Black Anatase TiO, with Unprecedented-High Visible-Light-Driven Photocatalytic Degradation
Performance, RSC Advances, 5(129): 107150-107157 (2015).

[9] Hosseini Z.M., Coating of ZnO-TiO, Nano Composite on Ceramic Tiles by Sol-Gel and

Photocatalytic Property Study, International Color & Coating Congress, (2015).

R H = sole

VE


https://www.accessengineeringlibrary.com/content/book/9780074455494
http://hdl.handle.net/1783.1/2796
http://hdl.handle.net/1783.1/2796
https://www.sciencedirect.com/science/article/pii/S0160412007000281
https://www.sciencedirect.com/science/article/pii/S0160412007000281
https://pubmed.ncbi.nlm.nih.gov/17564806/
https://pubmed.ncbi.nlm.nih.gov/17564806/
https://www.sciencedirect.com/science/article/abs/pii/S0169433214028396?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0169433214028396?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389556700000022
https://pubs.acs.org/doi/10.1021/cm040055q
https://pubs.acs.org/doi/10.1021/cm040055q
https://pubs.acs.org/doi/10.1021/cm040055q
https://pubs.rsc.org/en/content/articlelanding/2015/ra/c5ra23743b#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2015/ra/c5ra23743b#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2015/ra/c5ra23743b#!divAbstract
https://www.en.symposia.ir/ICCC06
https://www.en.symposia.ir/ICCC06

VoY oY o5l FY 093 e 83 peli (2lo)S 5yl (225 (w2 Ol (o (owigee 9 (oot 4yl

[10] Ducman V., Petrovi¢ S.D., Photo-Catalytic Efficiency of Laboratory Made and Commercially
Available Ceramic Building Products, Ceramics International, 39(3): 2981-2987 (2013).

[11] Khairy M., Zakaria W., Effect of Metal-Doping of TiO, Nanoparticles on their Photocatalytic
Activities Toward Removal of Organic Dyes, Egyptian Journal of Petroleum, 23(4): 419-426
(2014).

[12] Guerrini G., et al., Use of Photocatalytic Cementitious Materials for Self-Cleaning Applications,
Newsletter, (2015).

[13] Zou H., Wu S., Shen J., Polymer/Silica Nanocomposites: Preparation, Characterization,
Properties, and Applications, Chem. Rev., 108: 3893 (2008).

[14] Pasikhani J.V., Gilani N., Pirbazari A.E, The Effect of the Anodization Voltage on
theGeometrical Characteristics and Photocatalytic Activity of TiO, Nanotube Arrays, Nano-
Structures & Nano-Objects, 8: 7-14 (2016).

[15] Ganesh I., Kumar P.P., Sekhar P.S.C., Radha K., Padmanabham G., Sundararajan G., Preparation
and Characterization of Ni-Doped TiO, Materials for Photocurrent and Photocatalytic
Applications, The Scientific World Journal, 2012: 127326 (2012)

[16] Furlong D., Sing K., Parfitt G., The Precipitation of Silica on Titanium Dioxide Surfaces: I.
Preparation of Coated Surfaces and Examination by Electrophoresis, Journal of Colloid and
Interface Science, 69(3): 409-419 (1979).

[17] Xo J., Ao Y.H., Fu D., Yuan C., A Simple Route for the Preparation of Eu, N-Codoped TiO;
Nano Particles with Enhanced Visible Light-Induced Photocatalytic Activity, J. Colloid
Interface Sci., 328(2): 447-451 (2008).

[18] Banerjee S., Dionysiou D.D., Pillai S.C., Self-Cleaning Applications of TiO, by Photo-Induced
Hydrophilicity and Photocatalysis, Applied Catalysis B: Environmental, 176: 396428 (2015).

[19] Chand R., Obuchi E., Katoh K., Nath Luitel H., Nakano K., Enhanced Photocatalytic Activity of
TiO2/SiO; by the Influence of Cu-Doping under Reducing Calcination Atmosphere, Catalysis
Communications, 13(1): 49-53 (2011).

o2 gl )5 bl 3 Slae oy ol 6 )lym Oletlil ey NS g (e o3ljolag [V ]

(oo (poigeo g o dpuid Sy 59530 s> (oA VT (gl Joloxo ;3 20T (63 pgsilis (sl

(VYRE) VEE BAYY S (F) o l/

[21] Fagan R., Mcormack E.D., Hinder S., Pillai C.S., Improved High Temperature Stability of
Anatase TiO2 Photocatalysts by N, F, P Codoping, Materials & Design, 96: 44-53 (2016).

[22] Kang C., Jing L., Guo T., Cui H., Zhou J., Fu H., Mesoporous SiO,-Modified Nanocrystalline
TiO, with High Anatase Thermal Stability and large Surface Area as Efficient Photocatalyst, The
Journal of Physical Chemistry C, 113(3): 1006-1013 (2008).

[23] Binas V., Venieri D., Kotzias D., Kiriakidis G., Modified TiO, based Photocatalysts for
Improved Air and Health Quality, Journal of Materiomics, 3(1): 3-16 (2017).

" Ry~ ole


https://www.sciencedirect.com/science/article/pii/S027288421200925X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S027288421200925X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1110062114000695
https://www.sciencedirect.com/science/article/pii/S1110062114000695
https://www.rilem.net/gene/main.php?base=500218&id_publication=60&id_papier=7505
https://pubs.acs.org/doi/full/10.1021/cr068035q
https://pubs.acs.org/doi/full/10.1021/cr068035q
https://www.sciencedirect.com/science/article/pii/S2352507X16300518?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352507X16300518?via%3Dihub
https://www.hindawi.com/journals/tswj/2012/127326/
https://www.hindawi.com/journals/tswj/2012/127326/
https://www.hindawi.com/journals/tswj/2012/127326/
https://www.sciencedirect.com/science/article/abs/pii/0021979779901309
https://www.sciencedirect.com/science/article/abs/pii/0021979779901309
https://www.sciencedirect.com/science/article/abs/pii/S002197970801059X
https://www.sciencedirect.com/science/article/abs/pii/S002197970801059X
https://www.sciencedirect.com/science/article/abs/pii/S0926337315001794
https://www.sciencedirect.com/science/article/abs/pii/S0926337315001794
https://www.sciencedirect.com/science/article/abs/pii/S1566736711001646
https://www.sciencedirect.com/science/article/abs/pii/S1566736711001646
https://www.nsmsi.ir/article_25999.html
https://www.nsmsi.ir/article_25999.html
https://www.sciencedirect.com/science/article/abs/pii/S026412751630140X
https://www.sciencedirect.com/science/article/abs/pii/S026412751630140X
https://pubs.acs.org/doi/abs/10.1021/jp807552u
https://pubs.acs.org/doi/abs/10.1021/jp807552u
https://www.sciencedirect.com/science/article/pii/S2352847816300958
https://www.sciencedirect.com/science/article/pii/S2352847816300958

VFY 5Yb)lo.~3cf" 2,90 u‘)wsd)ﬂﬁ‘)%d.}‘?d.\m u‘ﬁ‘wngwq)m

2 byl 6l SaS @ g5l ) iged SO nd U $gd o5 pp oM Sl Iyl [YY]
FRG YA YF(Y) oo/ pand oligo g oond dpii Ni g PD P clasld b ors Mol TiOz b
(IYaY)

[25] Wei X., Zhu G., Fang J., Chen J., Synthesis, Characterization, and Photocatalysis of Well-
Dispersible Phase-Pure Anatase TiO, Nanoparticles, International Journal of Photoenergy,
2013: 726872 (2013).

[26] Teixeira da Fonseca Bruna, Elia E., Siqueira Janior J.M., de Oliveira S.M., Castro K.L.d.S.,
Ribeiro E.S., Study of the Characteristics and Properties of the SiO./TiO2/Nb,Os Material
Obtained by the Sol-Gel Process, Scientific Reports., 11(1): (2021).

[27] Baheiraei N., Moztarzadeh F., Hedayati M., Preparation and Antibacterial Activity of Ag/SiO2
Thin Film on Glazed Ceramic Tiles by Sol-Gel Method, Ceramics international, 38(4): 2921-
2925 (2012).

[28] Leyland N.S., Carroll J.P., Browne J., Hinder S.J., Quilty B., Pillai S.C., Highly Efficient F, Cu
Doped TiO, Anti-Bacterial Visible Light Active Photocatalytic Coatings to Combat Hospital-
Acquired Infections, Scientific reports, 6: 24770 (2016).

[29] Huang W.F., Raghunath P., Computational Study on the Reactions of H.O, on TiO, Anatase
(101) and Rutile (110) Surfaces, Journal of Computational Chemistry, 32: 1065-1081 (2010).

[30] Habisreutinger S.N., Schmidt-Mende L., Stolarczyk J.K., Photocatalytic Reduction of CO; on
TiO and other Semiconductors. Angewandte Chemie International Edition, 52(29): 7372-7408
(2013).

[31] zhao L., Yua X., Zhanga S., Menghui J, Changa M., Pana H., Wang W., Xu J., The
Phosphorescence and Excitation-Wavelength Dependent Fluorescence Kinetics of Large-Scale
Graphene Oxide Nanosheets, RSC Advances, 7(37): 22684-22691 (2017).

[32] Salvaggio M.G., Passalacqua R., Abate S., Perathoner S., Centi G., Transparent Nanostructured
Titania Coatings with Self-Cleaning and Antireflective Properties for Photovoltaic Glass
Surfaces, CEt Chem. Eng. Trans, 43: 745-750 (2015).

[33] Baryshnikov G., Minaev B., Agren H., Theory and Calculation of the Phosphorescence
Phenomenon, Chemical reviews, 117(9): 6500-6537 (2017).

[34] Boyce J.M., Modern Technologies for Improving Cleaning and Disinfection of Environmental
Surfaces in Hospitals, Antimicrobial Resistance & Infection Control, 5: 10 (2016).

[35] Minaev B., Baryshnikov G., Agren H., Principles of Phosphorescent Organic Light Emitting
Devices, Physical Chemistry Chemical Physics, 2014(5): (2014).

[36] Chien D.M., Dung D.T.M., Dam L.D., Preparation of Nitrogen Co-Doped SiO,/TiO; Thin Films
on Ceramic with Enhanced Photocatalytic Activity under Visible-Light Irradiation, Journal of
Experimental Nanoscience, 7(3): 254-262 (2012).

[37] Harvey D., “Modern Analytical Chemistry”, McGraw-Hill New York, (2000).


https://www.nsmsi.ir/article_14492.html
https://www.nsmsi.ir/article_14492.html
https://www.hindawi.com/journals/ijp/2013/726872/
https://www.hindawi.com/journals/ijp/2013/726872/
https://www.researchgate.net/publication/348461884_Study_of_the_characteristics_and_properties_of_the_SiO2TiO2Nb2O5_material_obtained_by_the_sol-gel_process
https://www.researchgate.net/publication/348461884_Study_of_the_characteristics_and_properties_of_the_SiO2TiO2Nb2O5_material_obtained_by_the_sol-gel_process
https://www.sciencedirect.com/science/article/pii/S0272884211010388
https://www.sciencedirect.com/science/article/pii/S0272884211010388
https://www.nature.com/articles/srep24770
https://www.nature.com/articles/srep24770
https://www.nature.com/articles/srep24770
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcc.21686
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcc.21686
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201207199
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201207199
https://pubs.rsc.org/ko/content/articlehtml/2017/ra/c7ra01115f
https://pubs.rsc.org/ko/content/articlehtml/2017/ra/c7ra01115f
https://pubs.rsc.org/ko/content/articlehtml/2017/ra/c7ra01115f
https://www.cetjournal.it/index.php/cet/article/view/CET1543125
https://www.cetjournal.it/index.php/cet/article/view/CET1543125
https://www.cetjournal.it/index.php/cet/article/view/CET1543125
https://pubs.acs.org/doi/10.1021/acs.chemrev.7b00060
https://pubs.acs.org/doi/10.1021/acs.chemrev.7b00060
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-016-0111-x
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-016-0111-x
https://pubs.rsc.org/en/content/articlelanding/2013/cp/c3cp53806k/unauth#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2013/cp/c3cp53806k/unauth#!divAbstract
https://www.tandfonline.com/doi/full/10.1080/17458080.2010.515248
https://www.tandfonline.com/doi/full/10.1080/17458080.2010.515248
https://www.domainex.co.uk/services/analytical-sciences?gclid=EAIaIQobChMIke-W676y7gIV44BQBh3WbghLEAAYASAAEgIcfvD_BwE

VoY oY o5l FY 093 e 83 peli (2lo)S 5yl (225 (w2 Ol (o (owigee 9 (oot 4yl

[38] KeS., Cheng X., Wang Q., Wang Y., Preparation of a Photocatalytic TiO2/ZnTiO3 Coating on
Glazed Ceramic Tiles, Ceramics International, 40(6): 8891-8895 (2014).

[39] Kusano D., Emori M., Sakama H., Influence of Electronic Structure on Visible Light
Photocatalytic Activity of Nitrogen-Doped TiO,. RSC Advances, 7(4): 1887-1898 (2017).

[40] FaganR., Synnott D.W., McCormack D.E., Pillai S.C., An Effective Method for the Preparation
of High Temperature Stable Anatase TiO, Photocatalysts, Applied Surface Science, 371: 447-
452 (2016).

[41] Wang S., Ang H., Tade M.O., Volatile Organic Compounds in Indoor Environment and
Photocatalytic Oxidation: State of the Art, Environment international, 33(5): 694-705 (2007).

Y Ry~ ole


https://www.sciencedirect.com/science/article/pii/S027288421400042X
https://www.sciencedirect.com/science/article/pii/S027288421400042X
https://pubs.rsc.org/en/content/articlelanding/2017/ra/c6ra25238a#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2017/ra/c6ra25238a#!divAbstract
https://www.sciencedirect.com/science/article/pii/S0169433216304238#!
https://www.sciencedirect.com/science/article/pii/S0169433216304238
https://www.sciencedirect.com/science/article/pii/S0169433216304238
https://www.sciencedirect.com/science/article/pii/S0160412007000281
https://www.sciencedirect.com/science/article/pii/S0160412007000281

