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TiO, KR+ EFEM B RO EM R, R FREg. S5 RPES
g Z M. Eik, TiO, g9k 7 m s & R B —EH 2 AT
W

EILE KK B RSB R -2 REP-TSG), #1& T BB EE 4t Smh
Rl ALY TiO, 9K F ¥y ok R, R A KA AT IR i (UV-Vis). 75
ME B LR (ESR) . B S AU (DLS)Y 3 T 648 S X Sk 4 1 - 16k Je 1k 485 K3 1)
FPLE ., X-HEATH(XRD). &4 # BB HRTEM). 12 J¢i%(Raman), 4L
FMIR)JEIEEF MR T e BhiEH &1 TiO, i KAEE 4. WE Tk
il 2% B BRI - ES (A THO, HUKRLF ROL IR T . BB BUEE K K
Hertt. AAMRAENEgRmT:

1. LISKER DU T BE MilCaR Rk, 7F 500w &L K AT A8 SR F 4582 {1k K % 51
BRI . TEB ML FES, TSG 7E 400-800 nm MWW %, Wy
NHER . BIAJEAUS(DLS)IE 45 SRR BB TSG e84 ik A & /Y TSG Hi
RENESMEES ., ERETHTEFWES T TSCG HETE LI
%, ESR MEHRKZPLE TSC FHEERE=-MAEI, %4 UV-Vis. DLS.
ESR MERS REMURBRI T BT BT/ .. SRR, e/l
FIRS RN H—, Ti-O-Ti AR E=, HEKEREME =Ti-OR +H
WUEE B v R A IR AR R F 2 (B SR AN B B AL RT3 & T TSGR 14k 1 ) 4
Wi, B bR RN, RGN, FE R AR TS E mEE, FHitkK
IS TR, RS InER, H=, Ti-O-Ti 87556806 Fi R T 4R Al =
fr&EK, BERBENEAISE5EMRNAFRER FRAESMEH A REEH
EEFORF AR TSG. M SR RBA RN L, TEM HIESRIME L RERUDE
R T BRI RS- IR T B THO, A 5T AT B ST ERTE 4K R . HRTEM & 4 HHZ
L RFYIXLE TIO, AR FESE RN, BHUREAE. ARKRKEATS
PN LB BRI - BRI W (e R R, XRD AT 4 S 45 SR B 2o A Bt
B A TiO,. & LRER, MBNER- B A DL s BRI 6 & & d e il
TiO, #KRLF . 4% TIO. ¥y K{E 723 K S5 KM 54 il g W 2 E R,
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LTI A BT Y TiO, AR, 4 E ey A = H SH MENRELY
ML . MARESEE, TiO, ¥R Raman WEAZF XRD AR & FATH 92 57
AT R B R,

2. fATIER Rhodamine B (RB) A BFrMEE T P-TSG HE1EIK 5
BB R A LA TIO, HKk FRMEWIETE . 5T RB FIRRMEM 45 R & A
P-TSG HEEBHER EAFERE AT R FREIENE, maEIL 723
K S e EtE . RFEERENHRA L EE RIFfeEEELE
P-25 TiO, My RIEMIEE EA %L . Raman i ERE P-TSG 4BE7E I A
B R A BRI BN R b B L R A R BRARE B K TiO, .

3. DLBRER YT BE 95EC 4R IR e F BB (A K 8 I & A5 4 TSG, SR JE N A i
IRIEEPBEEAMR EH% SG-TIO, I, %EBHESBREAE T 500 W FExR
ATREST AT DEIE e B RIE T %, RINERMEERE. IR IR EHIILE
RIS H REMBR AN A KBOEYER, ESEEAE T R
MR, AVMEAMEMN Ti-0-Ti £, NTEREHEEEERS. K28
Fe4i Ry SG-TiO, AT 500 W AR RITSESH T, EHRASEKERIRE, KoF
SREPZEMATIEE 10025, @UESRE T BN LN TSG Mk,
2 723 K WA G MR KEE S REMA MR EEHHLL B R =1

-
=1
&) o

4. fEHIFE TSG fdFEP@E A FHRZEH 6.8 nm [ TiO, # A FHTE 500
W B IRITAR ST R A I8 TSG Rels il & g S Ruhge s aeias . gk
FIEE KU R R E)M Tio, M. B4 TiO, KK FHmMAR, Hhim
KB EL ROt R TSC MM FRHERENEW., BARET Bl
TiO, MRRRI Dy REAF M FI G5 P, B E T A RO YR TEHEME T
an FIRCRE 1, B B PR @ R B KR Y. S5 R R Ak
HOEBE UM &S B SRR, B GRAE LB T HRiEE
S PR S A TR PR R . XPS M E S R B A S REFEME
IMFARAEF T & & . XRD Il Raman 78 HAMOW 454038 I 3 #F LABL LT S 20 h
T, BOESETEMENSL AR S,
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Abstract

TiO, are extensively applied to photoelectric devices, purification or protection of
environment because of their excellent photoelectric characteristics. Many workers
have been studying in this filed.

This dissertation firstly reported a novel method of preparation of titanic sol-gel
by photo-assisted titanic sol-gel (P-TSG) process. We prepared TiO, powders and
films by the photo-assisted titanic sol-gel, which present some configurational
characteristics and functional merits. The mechanism of irradiation effect on titanic
sol-gel was studied by UV-Vis absorption spectra (UV-Vis), Electronic Spin
Resonance Spectra (ESR) and Dynamic Light Scattering (DLS). The structure of
TiO, powders and film was detected by X-ray diffraction (XRD), High Resolution
Transmission Electron Microscope (HRTEM), Raman spectra (Raman) and Infra-red
spectra (IR). It’s been valued the photocatalytic activities, photo-induced
hydrophilicity and other characteristics of photo-assisted TiO,. The details are as
follows.

The P-TSG was prepared by modified sol-gel technologies. Tetrabutoxide titanate

(Ti(OC,H,),) used as starting materials was catalytic hydrolyzed by hydrochloric
acid and irradiated with a 500-W high pressure mercury lamp. The absorption of
titanic sol-gel decreased at 400-800 nm and absorption band edge was blue-shifted
with irradiation. The results of dynamic light scattering showed that the size of P-
TSG particles tends to uniformly disperse.

The photochromism of titanic sol-gel, which could turn blue-purple, was
observed during the processes of irradiation. The results of Electron Spin Resonance
spectra indicated that many Ti'" existed in the blue-purple titanic sol-gel. In a
conclusion from the results of UV-Vis. DLS an ESR, the following competitive
reactions probably had happened during the hydrolysis and condensation with
irradiation: (1) The bonds of Ti-O-Ti are formed. (2) Further condensation reaction
was happened by the light-induced organic group breaking off in the titanic sol-gel.
According to above reactions, the crystallization of titanic sol-gel particles was
improved and particle size decreased, which brought about the decreasing of its
absorption and blue-shift of its absorption band edge. (3) The bonds of Ti-O-Ti were

iii
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cleaved to form Ti’" and caused the rearrangement reactions of titanic sol-gel to form
a novel titanic sol-gel with the oxidization of Ti** by O,

The morphology results of TEM showed that the titania particles are spheric and
homogeneous, and the image of HRTEM showed that the photo-assisted titania was
highly crystallized and presented single crystal form.

The results of XRD showed that TiO, powders prepared by drying the photo-
assisted titanic sol-gel with an electric blower were highly crystallized anatase TiO,.
The photo-assisted titanic sol-gel method is able to prepare the highly crystallized
Ti0, at low temperature. After 723 K heat treatment, TiO, powders showed some
structural change. TiO, powders consist of only anatase before annealing and except
minority of rutile and brookite formed after annealing. The Raman shifts and the
intensity of diffraction of TiO, powder were changed by 723 K annealing treatment.

Photocatalytic activity of TiO, placed on dacron and glass substrates was
evaluated by photodegradation of Rhodamine B in aqueous solution. The results
indicated that the TiO,-glass sample without annealing not only had good
photocatalytic activity but also showed higher photocatalytic activity than that of the
Ti0O,-glass sample which was annealed at 723 K treatment. The TiO,-dacron sample
also existed good photocatalytic activity and it’s almost the same photoactivity as P-
25 TiO, powder. The results of Raman spectra showed that photo-assisted titanic sol-
gel, which was coated on glass or dacron , had transformed into anatase particles.

The transmission of the spin-coated SG-TiO, film, which was prepared by the
conventional method of hydrochloric acid catalyzed hydrolysis of Ti(OC,H,),,
decreased with in the visible region and the hardness of SG-TiO, film increased with
irradiation using a 500-W high pressure mercury lamp in the high humid
environment. The results of infra-red spectra not only indicated that the as-prepared
SG-TiO, film contained large quantity of hydroxy and residual organic groups, but
also showed that the irradiation induced the OH and the organic groups to break off
and thus enhanced the forming of Ti-O-Ti bonds in the high humid environment.
Therefore, the hardness of SG-TiO, film was improved. The water contact angel of
the SG-TiO, film approximately decrease to 10° after the irradiation with a 500-W
high pressure mercury lamp in the high humid environment. The rate of photo-
induced highly hydrophilicity of SG-TiO, film, which was pre-treated with the

irradiation of a 500-W high pressure mercury lamp in the high humid environment
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and then annealed at 723 K, was obviously improved.

The titanic sol-gel prepared by adding 6.8-nm TiO, powders and followed by
irradiation with a 500-W high pressure mercury lamp was able to coat particular TiO,
films, which contain good performance, such as highly stability, quickly obtaining
highly hydrophilicity after irradiation and showing different color. We studied the
effects of the quantity of added TiO,, hydrochloric acid, water and the irradiation
time. The properties of TiO, films were controlled by the quality of TiO.,
hydrochloric acid, water and the irradiation time.

We discussed in detail the textural and functional characteristics of the colorful
TiO, films, such as the absorption characteristics, photo-induced hydrophilicity and
photocatalytic activity of the yellow and blue sample, of which the color was
observed on the black background. were measured. The results showed that the
yellow sample enhanced the transmission of blue light while the blue sample
enhanced the transmission of yellow light. The blue sample was able to quickly
become highly hydrophilicity with ultraviolet irradiation and showed highly
photocatalytic activity. The results of X-ray photoelectron spectra showed that the
content of the bridge oxygen and hydroxy oxygen was high in the blue sample. The
results of XRD and Raman spectra indicated that anatase TiO, predominated in the
blue sample and minor rutile and bookite TiO, also existed.
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§ 1.1 TiO, xR AR AIRER

TiO, = FHAAK T HE R ARROCFEIER, 1o 2Rl & N H 7 i # 2
E AT KTARERIR TN R B, IR ORI 5L R i 2
DiReRm AT R, B REEIRENL. FERIURTR £ hht &
A4 R 25 7 THT JRE 8 T e O R R B

LL1 TiO, ¥ R4 AL EILT Y R

1983 <€ Ollis A" 158 —XRE 7E TiO, BULHIAR R KB T st H ¥4
SR DREBLEERDOLBW IR LR, A TIiO, 4K T S AR (B
H A B BT 4 SOR 2 S O AR 5T P B g BRI AL n 2 THO,
AAKRLF AR AT 385 nm SGBHRHTT, A 7CGHTRE, ET7CLE B
HIE e, BT RANSEY, 0 FEA KRR

Ti02/ hv 2 Ebg

Organic pollutant + O, > CO, +H,0 + otherproducts (1)

Hoffmann %5 A HISUGAGE M B 4 RS2 H T Tio, ZHI LB — L
HLUH

1. WO FE F L IR BT [

(IR F R K

TiO,+ hv = b, +e, (fs) (1-1)
()BT 3R
h, +>Ti""OH — {>Ti"YOH.}" #(10ns) (1-2)
R (100ps)
T ZTHOH & (=THOH) rhergr
e, +>Ti" — >Ti" B (L0ns) (N AT ) (1-4)

G THE A
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e, + {>Ti""OH-}  — >Ti""OH 18(100ns) (1-5)
h, + {>Ti"'OH} — >Ti""OH £(10ns) (1-6)
(HFF T 46 R

(>TiIVOH-}* +Red — >TiYOH +Red”  18(100ns) (1-7)
e, + Ox » >TiYOH+Ox" 1R 18(ms) (1-8)

UL E& X, >TIOH & TiO, RMFEE, e,  AFWHET, o, APIKIHE
FISH BT h, BT, Red BB FEHEEM@ER]); Ox £ FZIEE L
fih: {(>TiYOH.}" 2 XEFH KM M T/ ERBMFE B HE), T >Ti"OH) £
FREWBREFHFRT . RN-)DHBIEFHERARE S LT AT S 45 i 1 /Y
ISR, B IREI A EE IR TR R B § . P E(TiO,) = -05 V.
Eo(TiO, = 2.7 VP TiO, K BR Eg(TiO,)=3.2 eV. ML RN, HiLRWE
AR B IR e E LA TR R AR ST A

RERSLE SRR, FSULEAN RS ERAKP RS A &ME
PSR (e, &R, TErEE. BRI, M2k, MRS ELEY LM
AR G, REEWEN. BRER. RBRFE) SSE THLIS R
TR (BEAMKERFIR Pty Ad, RWY. Cr"% & 548, Ll
AL WHER S SR EHERID B, T UAFRED, RICEH
ﬂ@‘[33l’§f_gfo

HAT, HTABEBEKMELSIHESEAEATTREEESTU N LA
-

(1) FHMIT A m i E R @it RS-0, &8 & 15250
LUKl 4 & A B S S AR IS T, SRS iE T ok L )

R EEAAIRNFREBEAT LA G FEMER: a 3RosE TRk b
RN SR, b VR RIS E (I S E SR E ) Wk T
ATLARROR, REAT KR E): o BURBLT BTGB AR RS Y e
. O FHAMBWMTEERIES. KOS, ROSBIRUUEGE BT ®
BA%E,

A AR T S A A e AT DU BOG I ARCR I B i B2 7 PUTIO,
fEAb 38 H,0 (3 o S g, e Mgt B FIRTEE, Sedm
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BB T L, AmMHEIE TR T—2WE &, FE0ESTE i
P RET, SAERELEINR . EUNEROS BRIy R
S#HNECEE X, MEAAIRTS BTS20 R8E S ®LEE.

FRIEBTHBIA TIO, T BER Z W2 ¥ S ARKUE 5] AT B W5
Wi, ECENIEIR N, IR RN R LK Feo B 28 DUR & M 1
BFUEY, BREREBRRRTIR N A Fe® 5K A5 R4 10 75 M 1 s,
[FIET £ 9% Fe M VIR Tio, PRI E] T Ti 1) ESR {5 5 (38, iR T Fe™
M VYRER IR T2 7O E &, AT S TiO, ¥l A G 5 B A& o+
R b T RIROMERE. T Pichat FAPHA RSB I =M A M IE BT 50 b
AHF TIiO, K G AL RS YER & . T B F R T Ti0, MUk #E Fe(11T), Mo(V), Ru(IlD).
Os(I1), Re(V), V(IV) #I Rh(IINZBZ(JRFLL 0.5%)5, #FRIH T BEHLEN
SR ED N, BRI R R, X B Tio, Bk ik 12 5 #4005,
MAEARF, BEBREBAR, JEFIRRET 20 nm 0, BI0G 5 1EH L
FURTE T

Figk, —EREEBBFBIETUAE TiO, A a] RIGHEALEESS, 7F Fer
A Co” BB RERIL T W ROCHEIE . Tio, fE N —Fpoear L 245, Jefit
mtEE, B R ETE P R et B B EEAR AR L), LT
AfLLE AL BT E R LR, T HES MARRIN Tio, M AZEGEEH. Hit,
CAESELEEKP YL TS R R EMADLEAFT . —.

il B RO R RSB EN T Ok B e A UE S
TR, WA R TER LM EIGEYS, 17 Ti0,/CdS B & AL FI
HHAGTRES iR, RIESHRETIRR, KBEHIREE S LR CdS i m
PRIER A, FAERCES T GREE TN RO E R FER S Tio, 1S4,
JEART L AR T AT R A R . SRR T RS R E R T
B BN R SRR, AR E TN E TR, X4 R ERRE
PRUCELH B & B AL RBP4 5 A T8 A ROt R IE A 1R

(2) VRANR T & M ONE Y A 5 (i AL TR RE AL IS T A SR 0 4. SRR
FEo R R pH B, AT REUERMFIHO,. 0% %,
VAL A A0 S R 4% F

(3) AU & FELAC 0 HT AR AT 806 11 1k 5 N2 HUER R 5 ) ) 5217,

—3—
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AR AR TP RS AR TE R A SRR . AR AR R R A S
R RS . 1T R BRI

(4) B ER AL SEAREE &, R EOR R EA HL,

(5) e = G P I S AL AL AR,

HEUXT TiO, RIBH AR Z AR AR R oD KR R B HE M Ry, B
TN AEERE, RRa2rERxE. ZEE. TEN T RS &
F. AT STHE, Zhao E AP ME TiO, H1KKLF & E7Ey-Fe,0, MM L, F!
Fly-Fe,O, BIHEMETESN NS N M K 5WA D ERE T RIFMACR. FEEx=
AHPFALE LT TIO, KK FE e, NMFHERBEAFEHD] —Em
BAs LU RIZ— (] €L

DU AR E iR ULy A M2E . — 2R C 4 & 0 B0k AL (0 5]
FELERE FIH A RSN B ER R E RN EEE, SRE,
7T EES o AR R A SR B R T R BN ERIR T TiO, 9Kk 1
AT TR EHETE BTSSR, a1 kO
F UH N AR RS TiO, KL AR AR R JE iR AT fE R A B e 48 B fiE
U2 B U E AR SR 2 T iE — P, (B AR AN S R Ty
T B e 5 A RN T R E RO S T S B 2 PR AT & (A B A -
HRREE AT R EM B, RS, EHEHRERRRA Mk
g, BRIERSEZ2RE], mHARAERABENE Ti0, KK T
K.

5i4b, R EE TIO, YEREAL AR IR JLEH XA BT 7 a7, B e
197 — LA HIBT 7T R AR o

1.1.2 TiO, BB K EFF IR

WEWNRHKS T HRAEMATEMA KT 00 ZRE N GUKMERE: ZK7n
T HRMAEMA DT 0 R R IE AFKERE: Z/KF5RMAEM R
BT 00T X 3R O @ FEK P R I alFR iR AK R . 751§/ Si0,. TiO,.  SnO,
TMEOAMFKMEERR, (BERM T ZRF KD T RE S 2R U 3K ERE T .
PCT LA " AE T TiO, RIMAERAOLRA G, Rl KRN, K
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REAEMA T . AT NPRELFRKERITEE, ZaAaA, BR7EE
SMEBOR THAA T, WaERE 1 Fim. BKSTF5REHIZAATE 20°
AT RS, REWMHERETERYREZERE, DKEREAFMA A 15°
LAT B, 1.5 uL ANKEfERERIE A RN, FIAX—FtE, Woke] GahiE
PP AMRRIRE, ERIREEENERN. B 2 AEEEK Tio, REH A
KL, EEBE TIO, BEMNKEFRRM —ESATHAe L, REBELE
SMERFAEIRSS, fERES/KEZEMA N 00, RMEITSSSH5E 2.0 uL KiF
EALPIRE, KEERDHBRTIRNBRER F@E 2 FiR), i FEER
AL EERLAA 1.5 x 5 om’, TIRFFRIIIERE 2.0 pL 7K R FeLl—/hK
BRIK P AE R T L

a. TIO, MBI IGHAL A, b, HIMDCREREMA o ERLREENZMA
1. 6% TiO, RERIF/KEREZ U~ EH

M

HIES

B2 2.0 pL KR S K TIO, M4 + MR

—5—
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HREEGKPIEMA A 10°LAFE, BERILK S FAERANRARRBERNE
W, HEEENIEIRE. B3 AKSREMMEMAIET 0°/8) Tio, FH KB
EMHRLKER., K 3a HHEMTE 800 nm AKIERE, 45 78%. A 100 mL
R BEEE 85 CHRIHVK, SRIFHHEKILY TiO, REEF FTHAKFKK LIEY 5
s, WETEEAT WG e LB RN EL, EPNES R KEERE 800
nm, ZRIE 3b, MRMENAERE THRESMNELSE N KS FHER@ME K
KIEFRBFEERRSER). FEFET, BEBEMET 85 CHR#HK L, =8
5s &, MBMEBEE (LENE 3¢) , MEKETR™ETR(H 78% F&%
B 43%kE). NEIFFTLLEH, EEKUKBREEFRRNELRE, TIE
RBEKMUMREEFRKEART, BTFRAEABRT —BNEHEBEAEET
8

100

T%

1 A

10 15
Time /s

B 3. mERKA TiO, MIEEET 5 LhRE L5
Bl & MU FURK B IEERT TiO, WM RIS ZI 51 ™ KB TR # 1
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. Wang F AP (Nature) ZEERRE THES TIO, REF KGR
FTHRABN, ANFEFSEREPRA T HREERIZE THOHTIRE.
AT AL TiO, REEAE SRR, £ - FMRMEREREY Ti"EE A T,
F TR BABERR T KRS #ERXFEMXEAREKER, ERLERAA
KRR R E s R TT B 1,

0
NN w N TN

T | l l I L -

hydrophibicity N
H H H

D H
A N WL
_'T__ 0 —Tieeeg T ___© —1|'i_ H20 _1!1_0_'I|'i/__0 _\Ti_o__'ll_o__TI'
| | | | l |
highly hydrophilicity hydrophilicity

B 4. LB TIO2 RHFKEEREE

Rt R AR RE - ERER ARG, BRE SRR,
FEREFKLRE L H,0 el 53R\ T 44/ Ti-OH 8, {2k 7R
BRI, B FRERER RS T AR E I8,

HTREREFF KR AREVERBERN TR, YEHAR/FE—
SHR. BRTAMERRERCFSREF KON RRE RN A,
k& TiO, 4t HEMEY ZnO. SITiO, K HE SR KME R R BEZRHE T

(111.112)
Q

1.1.3 TiO, KR F X B SiEBF

1 JefiEK

1972 &, Fujishima 1 Honda £ TiO, 3 S 4K & AR b &I K B E 8 & v
URL 3R T2 HEAKTR, HIGE T S 9K UL R geE fE
PLgssaE (e, BR B FOLR B TiO, 24NN E RS SN E 5KH



