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K LS ABSTRACT

PREPARATION OF ANATASE TITANIUM DIOXIDE
NANORODS ON THE BASIS OF “ORIENTED
ATTACHMENT” MECHANISM

ABSTRACT

The increasing need for solar energy has driven research towards the
goal of safety and abundant renewable sources. Low costs and high
efficiency are advantages for dye-sensitized solar cells(DSSCs) to
become a potential and promising energy source. Therefore, titanium
dioxide nanocrystals in DSSCs have been investigated in various aspects,
including new processes, new materials and thin film technology, and
have shown the application value for solar cells. To improve
photoelectrical performance and commercialization of dye-sensitized
solar cells, many researches are foucsing on the key components of
DSSCs. In recent years, lots of studies have proved that nanorods or
nanowires in the nanonetwork-like structure can enhance photoelectrical
conversion efficiency of semiconductor. Thereby, how to control the
morphology titanium dioxide have been becoming more crucial.

In this paper, The wet titania precipitates were obtained by the
thermal-hydrolysis of titanium salt as main raw materials. Then anatase
titanium dioxide nanorods were prepared by a peptized-hydrothermal

method, and its growth mechanism were discussed. The effects of
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different peptizing agents and hydrothermal conditions on the crystallite
size, shape and optical spectra of TiO; nanorods were investigated. The
as-prepared TiO, nanorods was characterized by X-ray powder
diffraction, Raman  spectra, ~UV-vis  absorption  spectra,
photoluminescence spectra, BET specific surface area and transmission
electron microscopy.

The TiO, nanorods were mixed with the blue sol which was
prepared by hydrothermal treatment at 150°C for 24h with nitric acid as a
peptizing agent. The mixture was then autoclaved at 150°C for 24h once
again, and branched nanorods were formed by the two-step hydrothermal
treatment. All of the TiO, nanorods were in the anatase phase with high
aspect ratio and an average diameter of less than 10 nm, and grew along
the c-axis. Prolonging the hydrothermal time made TiO, nanoparticles
aligned and grew to the longer nanorods even formed a complex
nanoring-like structure via the oriented attachment mechanism. The
specific surface area of TiO, with one-step hydrothermal and two-step
hydrothermal treatment TiO; are of 115 m%/g and 108 m?/g, respectively.
During peptization-hydrothermal treatment, forming mechanism of
nanorods can be explained via the oriented attachment mechanism.

The TiO, nanorods sols with good dispersible ability and stability
were also obtained by hydrothermal treatment with hydrogen peroxide as

a peptizing agent. The as-prepared TiO, sols under different hydrothermal
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conditions were in the anatase phase with the average diameter of less
than 10 nm, and high aspect ratio is more than 5. The anatase nanorods
with high aspect ratio have larger speciﬁc surface area, prolonging the
hydrothermal time made TiO, nanoparticles grew to the longer nanorods
via the oriented attachment mechanism, and much stronger luminescence
property was observed at higher hydrothermal temperature.

Surface adsorption property of the TiO, nanorods under optimization
condition were studied by using a typical sensitizer such as the ruthenium
dye(N719). The anatase nanorods with high aspect ratio and larger
specific surface area have the adsorption capacity of 0.50 molecule/nm?
for N719 in a 3.0x10* M dye solution, respectively, which exhibited a

higher adsorption capacity.

KEY WORDS: hydrothermal treatment, peptization, anatase nanorods,

oriented attachment, adorptive property.
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BEHINEERRE, AREREEHRE RS RAOEERN, T
B2, MEBARERH S LATHERBHBDELY . HANLARERE
. R RRAERATELENEEE, bRAXLSBRERAMEZEaERNL
TN, HELXMANRRLATBEERENREOREEM, AR
FIAABBHEFIR, TEHEARLETHERBOER. HEREEHRMN,
WERH B ST RNE S, FR-MEE. FR. THEEROTERE
ERNEMNEERE, TRE/LEANCEEE T WAL, KH—BHK
BEIMER EAEEEAT ST 500 /MR B R MAE R, AP —F R 5 5
HEMBERAKBUEHALGEEN 24, REAMGEREEEEE, &
FAKFERBERBY 5000M), =42 ZHELERH R HEE 22000 L L,
FRENER NKIZKBRE, 67 VRHE IR A ™ E B HERT,
AFBEEAEELRG R 2 BZAR, AZREEM A, BBERKN
REBREHTINEEENAG. B, KLY TH RS R SR,
HApF AR bR R, 7TLLK SRR AR A BRE, SR LA MR AL
fatl, EEHEFTHERYF . MRREAFFEERARBMLBREF TR
RO, . T2, TRFE, T4, REMLTE, AR, T
THFREL, TSI, WREE, S HE, TULART, BAWY
M, EAPNBER, EREMERESRA. R, Hai AR R
EAHEZRBEREREM, BRAKPERMEKMEEBNDLERERERSLHR
#, BRHTFRARRAT, SAEHKERABEET NHNER. 99K& Tio, L
FHEUL R R R S E FERMIRA. BN TS, REEHtae, hit,
MI-EAELEZ. FE, BEEAEFE#TER, Ft22EAS
FEFMREEN.

1.2 RHELRPHRER M (DSSCs) KBS

PeRMFL A PHBE L (dye-sensitized solar cells, DSSCs) t#R Gritzel cell,
ERHEAE, KFH. BUREREMTY, ZEHAELBHEN. 1873 4F, &



FRH K 2R % %

E AR Vogei KL, FIHR A0 2R Y e L8R3 AT ML A0 [ R 6E 77 B B 38054,
EZOy RBLAMAIE, X—HAEMEET “267 SRARTHERM.
1887 £E, Moser 7 KL ALIR LIREELL (erythrosine) Fekl, ¥ 4ubla )\ B AH
AREINBPDEE N . 1949 £, Putzeiko M Trenin 44 FFH8A B, BELA &4, 1L
EFEEIOLB R T EEMEEFEUYERE Zn0 £, WEEITREH
KEHN. I 1964 F, ATNEEBESIRNRBIER S FLAU—FHEE
HIWEDFERARMEESRRE L, FERERERMLNE. 20 HZ 70
SEA0%0, B M Fujishima A Honda A TiO, AT KM EIE, AMIEIRE TiO,
EXANEEBTEEENEF A AIERRURREFEIBAR—ERE
K, EHRAMEEREREE ERRRORNESTRERRS T, REHE
B m RRMERD, SRBEATRBEEREER, FBOLEERBEMRE, B
BRI 1%,

A 20 1A 80 ERF, MRBBHHABEER. EEE-+2%F, BE
RRAFE R -BREAR ARG R R, SFNELERAKRTHEE
FEAZE I, 0: TiO;v ZnO. Nb,Os. WOs. CdS #1 CdSe %. &f¥ FHAEMR
FLRBEER T ESRHIENNT, BRRANEMER, HEERNNESH
HEBFAUELSARRER. HEEEXHFTWFE Gritzel IAEUHKS

AL TIO, ¥ JABUE R, BIE SR Ru M Os FHALEWERY, HiER

BUMEN- DR, KRN FERBAOK B AR, 7 1991 S
B, BFRTEROPARBBREFRBILRZ KRR BT ELUAR] 7.1%
R X B YA I — SR E R R Rt AR A “Griitzel ARA
. SR CEFFSERXNRFNEMARBTHA, FEERME NG
EME. 5ERBMLZE KRR, FEEEHRERAHERRELS
thRgeR EARE T BRI, TERMEISA. B RKEIE LU E RN
S gbtee, AAXFRAAMRRET -—MEFUNTFR, B8 21 KR
RE R BT B, A AT+ W
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Fig.1-1 The pictures of dye-sensitized solar cells.
1.2.1 DSSCs FIEAL# R TEEE
1.2.1.1 E&4EH
REBAAK B AR EE U H =85 THEsk. RS
e ERRERLHE—BEEILLEHE, REHHLESFRIHESTLES,
RFERM R T AR LURBAN, il B ARE AR, Mk
—RREE BRI RHEE.

El1-2 DSSCsHIMbHI & HRE B

Fig.1-2 The schematic picture of DSSCs structure.

12.1.2 THER
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B 13 R ALK & it R e E R R
Fig.1-3 The schematic diagram of producing electrical current mechanism in DSSCs

B 12 SRR i — E AR K R it R B R R AT
s, BTEFEHUT L ERE:
QPR D)YF ALK B EARKIT BB ED?):

D+hv —D* (1-1)
OMEALE S THETEAR LS AN BHP(RTFENERFEON k):
D* = D" +¢(CB) (1-2)
AU E TR BEEAARR AT LEGH A
3r+2D" = I7+D (1-3)
@B T SALA RN 2 FOE A (BT EEER LN k).
D' +e(CB) ~ D (1-4)

©)5:4(CB) L F7E 412K B P4 A 21/ B Al (back contact, F BC %&7r)
JETRAFI S BB

¢(CB) — €(BC) (1-5)
OAK A R BT SN ZERHBAL TN LBTEGEERIA k
RN

I; +2¢(CB) — 3T (1-6)
DL BT BE3 ER(CE LB TEAE:
I; +2¢(CE) = 3T -7

PEERANEARK, BEHTATHENTIREENFGEE, BRED
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FHURRARERTFEABN LRGN EFIRELETHEHN FRTKITE
EE. O, OFPHRERTEARENXBSR, BFEAERE R ()58
R EERE () Z LB R(—BRT 3 MEER), B AMNLEH, BT
AR ERBE. TBTFEREAAFRTAERE A, WTTHELE ARk
BFEAR S ST, TEFEREANEREMEREHRA, BFE
EHENGMEERAR, XHELT [EFXE-FREE#T T £ #(interception).
BRORERBAREN—NEERE, FEFENKRNEFREEERCE
ROWMAMEAETE TEFEANERER k8D, BRFRGMD, KR
HBR. SEOERM LB T HENER LBRHATFER IETFCEED), M
T TBF B A TR B TRAE .

EEANERFERREE R (WEARER) P, ERAERMER: H—
ARBEANI:; HoAESRERRTF. BR, MTREE AR, X5
FIERRAMBATHO. BERKBREBILFITR, FHRERE, BEHSTFM
EARIIHRE (MEFIER. ELEITFHRESREABTEIANS
WKL L FH ALK, BALTHRENPERLSKBFEANREIEN
FP. EASHIOEFERPHERIELTRE, TURRIAES SR
WM S AT (back contact) TIHEASAE . BT REBILFS, LBHME
ERRRRTHRENES. Bitk, BbAEBENRER TiO, MR X
e 2k 5 R B P EALE R R R I R LA 2 2124,

1.3 E M4 DSSCs MR

BM 1991 &, B8 R EF T 22FEH O'Regan F Grétzel BFRHMAANAE
RRET RABLRARNAR S G E N b R B R AR TR
MR, LTRSS E LR, F LT R R s xt i) F R B AA R
EREBAL R, BT BRORETAR r ik f R B s g0k S KPR A i,
KEBERBERETHNRBE, T 2001 £ 2004 &£, BB EZXE 104%H
11.04%, HEHRPBETHIEFEAMAARARR. DSSCs Hith A # 7 BIE R
A, HAERMEELEAEARSRARE T AN ZEN.

1.3.1 FeRHELRIBT SRR
PR LT R BB B KB BE i B — N EEA RS . TRER R 2RI
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KR, EFEFZMREMRS, REBEBILSENSH F, FErBsy
B, AR e AP B e R B EBAL AL R & IR AL (1)
ETIOAKRARRERH RIFHRMYE, BEBRELBRKTE, BRSH
W () EMAAXBEFTRBRRENREHA: ) REUANKESELH
BHREN: (4) BREFGEBK, BAERBOBRAEREE, ) B58
AR SEE R BB MM LR E SR FEATIONS: (6) EEMWEE
UREF, BEMMENALUEENENKEEFEBHMEGaRERp, &
ARBBRMENTRAR, FHAMRELS SRR AR AR AP TFL
fiAER. AFDSSCSHPHBILALRANTRTSELRETFRET, 4%
HNREHAKRE. EVBE LR BUA T EETEL . RENS B B S
V. SRIMK. BENTNETES: AHLNAESRERARRLEY.

R FBHBAL T 1 4% e B A 22 K PR e, ME BT DA T AR S 45 5 R
BRSNS RISR A, 618 Al B A AR MR K, T L AT i s e £
FIRE B ARK S AL E KPR B it . BRIk BEAIT SR L 22 R BIDSSCsH it
BEEE ATRIZ—MFE ., BHEAEREBILR, FERBE N R 8L
FIHITKEFR. PechyBS LN T E—FBMEMEE L, KEESEH
H15ns, TEETIOz b FILangmuirl it # 420 h8x10°, K4 RNIREHI80ME. K
IPCE (incident photo-currentconversion efficiency) 7£510nmibiE& %] T 8 A1&70%.
Gritzel A"FF R T 4iH0 529072 IAMIBERR % nhe vz 67 K1 2955, IR K AEBLALAL,
AP IRE T Z8% M H B ER, AENKPRHHKES, RAR
. WARYE. E@THTAMEI. EER, ETAENLEBHDSSCsRBR
R, BB RN E DL 5ET BMe T RM L4489, T 5HEHLE L,
T ERESMEN AEREORBEE SR E . R BT A — PR gk
5 SZBIG RO A RR ], TR A5 KRR R §1 Y AHITAD . MR St
EERALAMERN R AR, IR S AREOLER S RS, Bug
TRIFMOMR. kB SR T RITRE R BRSS9 T
AREBREFMCISHRBILNTIOMN K. RAHFAGILS A — R, R
DURSE TR EmMREE, FREOLIELA®, WERE T HAERNETFNE,
132 HFR MBS
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DSSCs B MR T ERRARRERRR SN R B EaE,
FEMFFRERTESE, 7 DSSCs MABIFP, EEIUE 3L A i 2 W it
HERNENKPREEHNEZEREZ —. BEjHT DSSCs KBRS Hh
=2 WA, HEE A B TR E A AR . Wi R T B R R,
KEEBRMER. RS 5 TRTMAT., NAKEILERB BT SR
—HE ZHR EEERBEMBSER: FHET ST R BXTRE.

BARBITE T SRR, S8R, taERdEs, A4S 5 TR
HAEY, MAKSIEMBEM TS ATH ZAHRINR RN g%
B, kBB R S TRy B ERRCEAERTAT —ERiLE, BHTRR
FERBE T EEETY MLHHT AR, Baa@iERrstEb R 1o, £
FUEBRK S B AZHBA RN EERR. A HTERRFERRAS
Fi, BHBERNGERREHRF S MRS RE, BABERAETSHRE2A
m: ORASRBRFES FBEUERABGN: OQBEAER, FBYPHEME
REf#: @EHBEFESR, THATRERBRARN; @HF BEFNERTFIY
HES, EEBRELETARREAIIE: OB FEIBH AT EEHAETE
R, FARTEUEERAZ AN R R NA AR Eelsh. B, #ER%
KIERRELAK BB E AT m#T T KENFRIE. 2001 &
Yanagida /MATRIE T 4 B PLEEBS AN 2T & 90 RGeS H AR ). Gritzel
HiEF T PVDF-HFP (poly (vinylidenefluoride-co-hexafluoropropylene)) % &
WA, FRIhHbHE DA LIRS FoAE 0 A B Ak r AR R AR L P57 Cao %
KRARAEIE (PAN) EBARMBRE (HEMASH L. Nal MZHE, KRR

(EC) MBMEAMARE (PC)) BBIE, KRBT 44%MREHHES. Murai
% \SE iR S o AR AR T R T e IR IO T R S T 4% 44 g T {90 4 e AR SR AL,
Gratzel ZE2F FA 4 — EALTE MR A LABE 7304 A A SR A I rhL AR IR D R AR 7
fATTRT B T AR BRI AR B . AR AS R FOBRS FAR BN N B — AL
HAIRRME T SRR s, BITIREYZ Gritzel NMAK T LA Eif
frajus, FIRBENMEEENKR TN RSN A BRRT.

BRI AR I — R B AR T — B A2 R L RER L R MR, PRI
NBRAIMESE, BEANBANER. BHKBREMTERFENE, LT
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REFSAMERLDARBRLN B, BiiH T2ESRBROHALEES
Ep-RENEREME . FIVREYE LGB URRAYBEALHRS.
19984E Griitzel A PIZE B T Je b AL A FLTHO MY B A K PR A Rt R, NG
AR, 2,2°,7,7-T4(N, N-Z3F-FEBEEERK)I, 9°-48 X% (OMeTAD, HE1.11)
Y6 h 2 A RF EL(HTM), IPCERIE33%. BITMAT XA T AR 8
(A8 MiZKESRMIEAEENEWHEI, 1o, BAMFujishimat>)
RESRTEHARANCUILEYMESRBMRR. RIEZhi%H
PANI-DBSAR & LA T ZE0the 1 A 2 7 AL SR e, LIDMRT Znkie 5| A\
58 T FI AR AR

1.3.3 R T AR A FR R

St AR ZE LR B AMER MR MERRAR M R R T AL PR T
EAFRAERR . FEXRRAMHEERY. B%. Fang FUYHRT
WS A E R BB KB Bt RN, RABEXNEEXT 100nm 5520
B xt e PR AT A R R IR D, BT RAER, —RBHEEES 10nm.
Kim PSR ko T i E BB E R BT, BT S.0%tbik
MR AP . Wang SR A7EE NiP (9 FTO S BUBE K E#4R HyPtCls
HlE AL, XHMAESEME FTO FRIHE ERM T LA AR n ot 5N 3F
WA, MR KRB ERAERE T, SREELBEE
H 33%MiRE (5.6%—8.3%) .

xR e T L BN R TR Bt N R B T2 TR T
HARSRE, RAR, AMIERT RALEHEE R Bt Bx R
BAMRER B A AR — AR08, 2 B FBRIO3T EREE TR 1R Imoto
VO EAE R AR A3 AR b R, IRBRIEIER (3.89%) K THT B A
AR I (4.3%) o Suzuki Z1H Park %55 RABRKIKE 15 3 iR,
AT ESHBEHX BB LAERERNE (8.0%—10%) .

Wei ZMEHZRTHSRIVAE T &R ZEEI iR 1
KB R, KRBT 2.84%H BN E. ZHEATERRF XM, &
ERGEHARDY. HHBBUE R, 7 PEDOT2PSS 4 H7EK-ZBEMH
A HARFIAGIK TiO, BRI RN, Bl RENEE (squeeze coating) HIJ7¥%
HI1% L BHOR R, B— D ARRHRBONERREE 4.38%. Hino %Y

8
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KABMERBI A (electrolytic micelle disruption method) 1~ B ERE
W, 7EITO RRKHE LI —2 Co B UM REATEWIE N3 st iRbtE, X
LARIRBAREBHMER LR, AT DSSCs SHEREY LEBEHN n-
BAEZHAE, WmEMNES UTO) . BHM Sn0 B (FTO) ZEBARBE L
FREY PRI (TCO) . ITO M FTO BrEH LU LS M. FIRR
. WA, BFRERNEABTRBIMEFEERB E4& . BT ITO
FRBRTFERRNBRFRE, HEMHREL FTO 5o s RN,
1.3.4 Z0K3 A MIRET S R

£ DSSCs AL 1% B R EERMHK TiO. ZnO. Sn0, NbyOs %
BREFBENY, KIBEARABAEERNRABREHESTFELE, A
B 2 AT o AR BUE . BB AT IEM R AR R RAK TiO, 1§
1738

TEMRR-FMRBEFEE. KEXH. WERHRREN LA, LM
BEAA. BRT . RUT =F. SORNEHEE (30eV), REMmHERE,
TIBLERE MR (3.2eV), FTLEMBEHRLT, E& TR LM
Rt R AR EART, MFETHRERESS, ANENSLRRE
R HTRTEXIBANES, BSURT HBHEEER 3.2V, RERIKKEK
AT 380nm KIESME, BEHOERERARK. DR -SRI TR
o, AR RFEHIWIN, NRAREEENE, R EEFEREHL
BHH (AEERENRTHLEY) 2RI R ER B RN =8
ek 305 L AE R REBRA — S BR E F R TR SRS — 8B W
THR: —HEHAMENRBERERN LEHATN T, R AWM
PRIt AR P B 2 M BUL R 4 F, KRR RE AL KRS, T
W7 REBK, RET RKBEXNFIAR. F—HESALER a8 % T
BHEME, FRERBKETIARKE, BEREHEEENENEM. £
HELRRHEERIBT, BRESREZATERMER, CREEEESHTHE
H, BEERETHEGXSEIEERTINR. Bl -SSR LR FLA R
RERM A — N EE S ERE B BMH,

1985 SEBEE B LR # K Gritzel HREARRMAL SABR (= E 4
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oK G HEAR) HATBERRR, I RBERSTHRRYL gk RLSARE
ZARFEBREH EBRERTEK T HLARER G100 10pm B8 /LSRR
IR T B2 H 15~20nm), HERERTUH AL 1000 1, 245725
B B K R SR mER L, hTHEARERR LUE B RS KRAE K MR
WHLHIMRIZET] 100%. T AEEILAK B2k Bk f AR BE AT DURIE Bt e
HUETRENTURIEGREHERYE, NZIMAEE, ZF5RP KR AR
FRT R 6 75 e Rt A R B B AR R DN T — M2 BRI AL, KKHES) T 6
B RRRE.

1.4 ZEMAKBKERHEHTIAEX

ARBTRM, —EAKAR N ENES, FSUREMBRT 2R EER,
ek R R AR RIFIGEMRE, BB ADERK. ZHAKRIKERE
FHRNAAK S B S RTMEHEE A RFRBEOKBTE. dTETRIHMN,
BPRBE—ANTTE ERTREBEMRRRT (BRER) J5, FotEHaes
REGZTRNRML, NTEFARRETRIBEEER FHRMHEES.
AHETFRIMNE —EMRIARET ERNE-CREA, Fif AR ERE
FA-BRES . BRRTHNEREE T VAR T MG A B HE bk
R F5h, ZEURAKB AR, SEAEL RN FEER
RTEZEMKRAIBAEEENE W BIRRKEHIZR T AEHTER
Fiit, NTRETEFEANESNILE, R EALEEERE.

ZEASRGK R AR SRR RN E R AN T =7 E
Kitiele: Bk, M FAAMARERM AR, LR DEERREBRMLER,
HHREREBT. EFERET (V10 BEUKM), £R3hH%¥EEEUHE
RRMEE, MEREERT, ARKIEBREAERMEZWAK. FK, KM
6 Lt T2 A M) B 5 AL R R AR BT IR BB S 03 F B EL AR K, BT A — AR
W, REBBK, AERRER, ZHEARRERAKME T FRERNER
BHE. 4R, BRAMEERNORRYRENSERERSN¥. B=, ARE
(porosity, FLEAERGEAMEHBAERZEL) XMbREUE R ERRR. X
FAEHAEEAREROBE, FRERD, RERRBEK, RZHFR. ZRE
HILRERA, BAER KBRS E M M RBED, RARRRAT
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BHMRERBED. REREAD, FTRHOENYTFHRERED, REERRE
BRERUBERE TR,

WRERH, _fREEPFEEXBNRAES, RASRENTFEHZS,
RREH, XERIEASMREN, RE TR FEEBRFREE), #1588 FEEE
FHEMEEE K. RTFESAERPERNNRBK, MSRRNE SR
A, FHEE ARG, MTTRRET Jorl b gy K d A RH it 5 B e F i 3%
FWH, hTRERMAERIERE, AMNFRT EHYBELEELHERTRK
H&MBEHK TIO, R, XL REE TO, RRRMELTE, £
KEE. REOGE. BRE.

ERBTBREVTURBERBHLIATION T WpmNtge. IR EES L
RAEAMTREFMEMARIE. HTIOMITEFBE, BRAETFRE—EE
FEEEMTIO BRI B4, FRPERTREFSENER. REtai
WREN T OB, BABEFIERIESREFHERLLE™ . B, %
TE&RBEMHMEHRS, MyungBPIALUTICLAMoCIs I ERIEWFERF1CE
T H1% TMo™ B MTIO KM . Li%SplskEs T B FIHAUCL-4H,0 3 §i 8K
%, RER-BRERETACBRITIO) HAMEREEETIORENMELE
Au.

BE¥FURE TO, AXRHEBRRAR S L—EEENEAML I ELEY
. FRNE2ELAYE CdS. Zn0. PbS %. B&HHEENE TiO,
BTHM N, MHBERTEASIREPHES, BRBRTEHNZED). Stucky
HRAR CdS SBAELRE RN TI0, LABE LB HERDY, HEre
AXRH ZnO BEEH TO,, FHRMBMERBEMMERRGMEZHEST
27.3%, &% 9.8%,

EERFEE RSN KA R M SRR, 8N 8RS
HEREREMAERE L RTZEMKNERIEHF &, BERET —F i g
TR BRE, PRE AREFER. BRHAKRR-ELMRESETFLHFTE,
K HERBGE . RETEERIEERME. € mREAKERLESHITRE.
TK BT Rt

KAGRIBERFINEARSE (RNE) B, ZANMFEF, —EBERNED

1
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TR, HBFHRE. SR KIHIE . KL R E YIRS,
SR, RRSE, BAE. BRRTUTENAKREH. 3 EKAGRYREY
B, FYREE— S K REETRE, EAENRNAN T RBRFOEHRAK
ML, R R, SETRRS, FE. BRREREKAEM EUF
BRI AEE, ¥ BT EFRBEAIERTRITHNS S EH. R,
SRR R R RS A TR A, 2 & M RN &M T HEBIREF K932
GRS, Rt R F. R “AkME” BIEAKRBR “9K” Bk
ERERRENHETFE, BRFAKRNENEKEFELTEFFRNA
o BT HRACS Sk T AT SHELD. Bl B,
BUMRSRE, REE T HHARET. dokk, ke, FEHHRAS
#—5 R K AEFRNEE LY, FAKMESRAEEPKREUIERE T
RATHHE, EWREEESTFHE. Rit, KREREFEERR, . =2
&, difgs. ERRRSRAMGEE Rt —Piud.
T ¥ PRI R B ¥k

HEEERA TR KR E R G BER K, TTA B REHAR &
T KRR, BAYWEYNRS. RAEEAEERNE, RRBINFAE
P —AMER I, — B, —ERRS T RORSYE R DX LERE
R REEERNS T, R RAEEES MIEK, 3 BRI SRR E—
HEREEK, BRLAHRIENE K.

S F ALY ERTRERNBKATH TiO,, FRARMBEEHLTRERER
W s LR T RS A X R T VA SRt 3K B psh . B8R4 TiO, BT 077
BZ (ca=27) , ERME% 2 N\TERERR®, XEENREN 8 MFH
{1101} BE AN FRHKI{001} da T 3 F.{001} ST AR B AR (101} FAH
2914 5. KT, STARASEESREEEREEHENE, K RENRER
WSS R K, WIS KRBT LR HIEH. A%
FIF PVP fEEMH, RAZTEAERNEET Ag FKEMARITE.
Alivisatos BF %% 4 © # 300°C T ¥ A TOPO[CHy(CHy1sPO] 5
LA[CH3(CH,)1cCOOH]# —F ERE B+ A TiCla F4kRE 7 A R A RN R K %
BT A O, @it TOPO 5 LA KR A B ATH M2 H Tio, SR AKIY
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PRI, LA V8RB B R VA YER], TR 56 ZE B4k 48 TiO, {001}
sREW, EH LA MARTERER. FRR, SRENBERE B TO, 4
X&.
it

SHEHER ZATREBKMEEREHINHE FiEZ —, RASHEE
HIRAK ZEULERET, RAERER. BEEH%, HIBNFMARE. S8,
REFEHK. Bl T RESHHE, REMME. MAKGHFRADEREE
Ko EAEEGERS, ERRCOSE TR T KEHH. THRRRAE
IREARTHZRETRERONKREN, T KERAEXITHE,
E M REREEKE

2 AR AE KL AOstwaldBALHTIR, 3o i) K IBURL I 4 K A4S /N B
RO, R /DOBRZEHE RN R RMBR KK, ENEESKRNE
Kid R R AE B AR BRI R H 3 4L (focusing) ), Penn#FBanfield®® ™
ERRATIOAKPREEBRERE T H—MHEEREKNE— R RENE, &
FEKRBAUARUEFRYFAHEKRTT, TRU/MIGKRBR Y EKET, B
FERFL-BNTRERAREEK, BREURES. ERET —METH LY
WARBRLARE, EHRAKEEZ AREERRE T ERNEN, WERE T LEE
AP BR MR AT, Flin, Welled S AKI, ZnOSEMYHIXK S HBATLL
B 58 ) RN B AR —HEMPKE. TangF AIBHICATeH K EBER
R E FURIVR L, FERRAL Y A2 AP by T 24 2K S0RL 1] 32 B 48 AR S AH B4 I AR
CdTei K™, Cho'% A RILPASes K BUL AT LU i 5 ) AL ML T AR 4K
SMGIKIF, HoE mRERS I RFBHKBRER. BRItz s, ERRELEN
W AR ERANARES, REABENENSTE,
15 AR TEBBRFEAR

ZLEFR, AT HRERBALRIER, AMIEDSSCsH& K B A B2 #
TTREWR, RHEAK _ENKBRROEENSEFHMAACENETHF
LR, SHEXBARBIOHRMAL, —EHRPAXERRERS T4,
REAREAFBR AT USRI & RRR R ZH KR, RERENTE
t. RASENHIETERREEUNIKE R FE, RIREDSSCsHAEHM
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BALEGXRY —. RTTEHEBRAKRBREF S HERERR WA/
FEik R 5. RRERAREEEAG THERRARE MR, H2
LEA G L B AEERAT M.

Bt AL L, ARSI R AR RS I AT R AR, £
EEUT AN EITRLAE:

OUATHLI X R K & AT, RAKRRBLER&RARKRE
H BBk ALK AR

@ ULTVEK v 7K & EAL ST I 18 B Bk s YT EUK UK B DR BT AR 4,
KB AL & B B KR LR BT M EUL KGR B

OFFREARRBEEY, ERRKREET H&RKT 0 EHAK
ﬁyﬁﬁ%ﬁmﬂ%ﬁﬁ:ﬁwﬁ%ﬁﬁﬁﬁ\%iﬁﬁ&%@%%m:#ﬂ%
R R TR .

wwuf BRI Z T BB = ALk g K X Bk L K PR REFRH I & A
okl N719 HITR B HEBE

1.6 REHTFRE

—EAHM R TRAS RATE, LR RRFHFER, 22
PR TR £ IR, ZEALERAK &L R Mt AR LIE B 5 IR KT
S50 1, —EULAKVR B B S B R T REHRDE LRI AE ERHE
YREW, FER, BEE S EMAESIEHR R R B T EAR A
- BT SRE S RE RN AR EAEMER X B, AEfR#E—
42 48 — Bk TE SR AL PR Y E I TERBAR SRS, Rt HET
REL AL B R, EREARANANERAS ST
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BB BR-AREHERKTHE_SURKARERE
FF 1% EE
21 5%

B M 1972 % Fujishima 1 Honda 7E n-%2 R4k — S ALEK AR bR ILKKI
AL AR IE R LR, AMTRIRBI R A i i U E B A 45 M
Bl EA—FSREESEME, ZENKR29KNERE RIFAMRANE. W&
it BEOLEFREHEARBEESYELEE . ETHRZHMRETD R
W&, L85, HRE, REXSESTRNNANR, SAKR_ANK—ERSA
kB RHESTHANZM, REREBRHEAE—E&HS M (0. B4
KA. B— S AHRAE —EAELRENBRT HNRE) HHX-H
WEERFR AL P, K, KR-BFERZEHRTAEE R RENF.
Kumar %A\ % 5% LR REFIR 21 B I8 90K SR AHARIT AR
HRE, RARAREAGTLIRROEAESARMER. Zhang®, Yang!'F
Bischoffi!'145 ABIA T IRHIIKE . ARACIRFE R BT 1) S5 (R X 7= b AR iR 454 . Bk
KA HRAREHHLZW.

HRT, #I&SUKE TiO, WIRKER LA Bivkmx . TER To,
TR AR AT RR AR, TIE - IR P R A AL YE AR R I AR [EL
B, BRALES: AR, ENRCSY, UEAKP 2 aE
%, RTTENE. BIBHTANEANRETRALESHER, FHTEREZS
JLEkRAA . B R EMRIXEH RS, FEE 600°C BAEKMEL, o, TER
B R OB LAR T ALK 45 SR . BT R BB, AT TR
B E AR FBIOLME SR TR, A TR BUL R BB R R
BEBEL SR FRKE ITO FRENRESRA LA . ERs—EHRN
AR SR P AR A R FFI &- B05kH 4 TION™™, BRBMAHL. LK
AR R TR RXF R MR T E . AR UTH S Ak RS
FIKEZEMWN EERR, RATNRIENBKR, LKALETREER
IR M Z SR PR R SRR, R T R A SRk R 4K
TiO, BAK R BRI, ZHEK. F&ENT WARBENREEEA, RE
BRHF 9 FH AR
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2.2 ZHALERK Bl & RRIE

2.2.1 LREHE KA
SR R R AN B8 LR 2-1 1 2-2:

R 21 TREH
Table2-1 Experiment materials
A im AR aFR U %
578 Ti(SOs)2 iR HARRALFAFERAF
2K NH;-H,0 it HEAKRLEAFHERAT
W HNO; iR EEERIUT BT
R 2-2 FRAGE
Table2-2 Experiment instruments
D& T i) I
B 1 B P 2% 85-1 EHEHTEN BRI EETRA
G|
B 5810R Eppendorf 2 &}
HIEAL SHB-IIA LEREMENRRETRAT

X BEATHHU(XRD)  D/max-2550Pc  H A Rigaku A &
BEHTHRII-1E NEXUS-670 % Nicolet /A7)

He 4 (Raman)

RIS ENE T Lambda3s % [H Perkin Elmer /A &
(UV-Vis)

B F R ME(TEM)  JEM-2010F HZ JEOL A

222 LREE:

70°CHKBEI % — EAEK AL B

F—%: B—CERNFRRK (O BRTFHEEKS, 8205 molL KE
W, EEAECHFREREKO.5 mol/L)EFWEE T S00ml = D5, HBEEMBTR
#70°C fEE, WMEK (1: 5) B, ik, EEREPIETSE, pHEAS
F 7. BEMAGIIRAHE, BITEES 45 WTEREHRURE NH,' H




FRERZHMLEMRT B8 MUEWE-KAE &SRR R K B

SO . F¥ 100 BG5S 80 ZF 0.8M MITEEIRS . Bidk, I 60°C [l 2-3
ANBE, FTUAB BIIRIE (M B BRI .

B, BARSEEFAONERTEL 1.5 8, BN 50mL FEAKH
RNERARY 70 mL BAERNUAZEAHNABRARESE), 218 150°C K
HALHE 24 DB, BEIRE AR (—PRE) . BIMERANE, B
EBEFAKPMLTE 3-4 K, BURTHOTRBSE—SHER. BT KRG (&
BREEBFRELE R 1: 5) , BEME, BRI 150°C KHAEHE 24 DT, ®
W2 GBI KB (FEEB) .

Ti(SO4)2
7_0.?’.]‘_”1‘, l
A&
T ke
RERER mw, — B 150CAK#
e 4478 24h S

B

B 21 AR EAEER. BN TR
Fig.2-1 Flow chart for synthesizing sol and gel by peptization-hydrothermal process.
223 REFR
2231 X SHEBEATH (XRD)
KHHAMY% DmaxrA BER X FRAHN, BHEHD CuKa
(A=0.15406nm), EHH 100mA, HHIE 40kV, HIE 20 EH 10°~80°, HHIE
& 2°/min. HRYERMEFA Scherrer 24X HEMERZ KA.
2232 45h-R 8Kk (Raman)
K % E Nicolet 4§l NEXUS-670 £ & B2 1 24 ({5
2.2.3.3 E5-T RBBOLERE (UV-Vis)
YRR REE, EEREFHARAMRANRS, BGHRS SR, &
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ERHMART RS, RETRORRE, REAFTAGA, M TFRER
NOBERE, FERENRBRS. BRIHE Kubelka-Munk 7
(1-Rw) %2R0=K/S

Ko K HRKES, STHOLE R RSNEXER, S HEHRE Ro
R EREMANRSZ R ORRE. $FEE REFEREERAS—CH
HE RS ES (Ro=1) FFEMFHERME, ME Ro (B /Ro (BRIEY)
WAL, ¥ A KRR, M —E B TE R A R R AT . A
38 5h— BT TR i 22 7E % B Perkin Emler 2 7 ) Lambda 20 43 Y6 B L#AT
(. RESK N 0.50m, FEFE R 100nm/min, FHKEEN 800~200nm.
2.2.3.4 LERE (BET) #E

Fj 2 B Micromertites {X 2§/ 7 I3 #) ASAP 2010 & BT R A, &
ﬁﬁﬁﬁ(ﬂK)%ﬁwm,@W#ﬁéwmcﬂﬁﬁé(%lmam>ﬁ%&
1 4ho FIRSRM —BHHSRAMTTRELREREIKAD.
2235 BHBTEME (TEM) 747

516 S FA SR F & JEOL 24 &1 ) JEM —200CX B & JEM—2010 BT FL SR,
B BN - EAR R RSP RES. EEAHTRIEN: 120-200kV.

23 ERERGHHT
231 H& - EMARE. BRKMAIET (XRD)
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101

Intensity / (a.u)

2‘0‘310‘4[0‘50 60.70‘80
2Theta / (degree)
Bl 22 ZEALERERE, —HER RSEIR A XRD B i
Fig.2-2 XRD pattern of samples: (a) the the dried sol of TiO, (b) one-step hydrothermal gel of
TiO, and (c) two-step hydrothermal ge! of TiO,

2-1 REHBERE B, —SRREFSRRELTHATRB RN
MR X S4TSR, WE 22 ATUES, B, — SRR EMLERIRE XRD
RISHIE SRET TIO A BB R XN, 8 MITHIES X NHKT TiO,
{£3(101). (004). (200)- (105)- (204) (116)- (220)F1(215)& I iI#i7 54 #4&(JCPDS File
No.21-1272). & T 94kH foRTaT &L, 7E/ 21 F a. by ¢ PEIRERE R A
S48 TiO, HIATSE, iBA R MARICTE S IR R IR 25 K S mT IR I R4
R AR . B 2-2 % b A ¢ fI(004) B ERTAT E AN BEHAER
F kT MM PREATS 8, X—FFE R — SRR SRE D Tio, Ak e
BIERYT A ¢ MBI A K. FAMNE2-2 ATEH, a. by ¢ KIATSTEEE
FERY, BARLEE AN, SRECLFRRA. BB Rl
Scherrer® AR, (LHX(@2-1)) HEHR:

b= ﬂf:s&
21, DHGRMTHRT, k=089, A K X FEMEK A=154056A, B

2-1)
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Mo RERAEZOMTHENLEERHHA. THEBEHRBHRTH5
A 470m. 62nm H 7.1nm.
232 Hl&EZEAKEER. BERK Raman 217

(148)

(640)

(399) (516)

(c)
(641)

Raman Intensity

(400) (516)

@4 (614)  (842) @

1 1 'l 1 A
200 400 600 800 1000
Raman shift /(cm™)

Bl 2-3 —EAEEAL. — DB RS BREL ) Raman %
Fig.2-3 FT-Raman spectra of (a) the TiO; sol, (b) one-step hydrothermal gel of TiO, and (c)
two-step hydrothermal gel of TiO;,

11 8 HUH X ZEAL KGR R IR I 3R U, B M AL BB OR
MIEM R B 5 RA R T EMK. B30 ZEMERBI . — S B IR RS
Behr @ik, WER2-3RIEE, (a) .« (b) A (¢c) MRamani§B—3, Hijik
MEAR, () BHHF159em™ 414em™ 514cm™ M642cm™; (b) 4
F6r F148em™, 400cm™ . 516cm™ f641em™; (c) ¥4 BIAL F148em™ . 399cm™,
516cm™ H1640cm™, SHUEET TiOM SRR EPRERKALEH
Ramanffi 578, GLAARERAE—HBUF TIO, REHT REFEERERE,
5XRD4 R — 8. i fa. bRlck B BRI I 89 4 159cm™ | 148cm™ f1148cm!,
Ein A ST HITIO L 8 1 144em™ AT L, &A1 BILLEE T 24915cm™
dom™ Mdem™ o Xt B BLAKE M BB BB R TN F 10nm, 5XRDA#T4
BRA—F,
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233 H1%& ZEMEKTE R UV-vis 247

B 24 Frl& —EHRBERME R
Fig.2-4 The picture of TiO, sol.

MW 24 hRATTUEER, B HRBRFTRORES. ERNZELKE
K. BARIFMEEMMS &, 7 LED VARG TRET TARAZK.

VB a MRS R BURZ MR R, B 2-5 Al THAF H_SkERS
AR IR RS B4 b7 WML . fhek a ARBBH _ELKER, 7
MEFIZERK \=370nm &, BAEEHAHE, REERREF ZEMULT
W68 Rayleigh 805451429, M 2-5A (a~e) T LLE BIFEE MR LLEIRIEK,
B2 by ¢ d M1 e RIAHERRE, LK V>370nm EARERKANEH. &
& 2-5B AT E i, BEERRE LLEIRZRETIEM, TiO;, MRERRIEFELERR,
BRI (B v P O PR TT R CRA T ICP-AES SRUERAIIE — EUILER IR
XA EFRTHRRARE: B3R AEBRRE SRR /ME K, AR,
Wl REER AR BEBAR. BLFLE, —AEUKNBTFRIMN—ESR
&P, ERWHNTTERRT SR RARHER, FEH&ESRN AL
KR, FENERREEEREIRET, ZSARNSNEES 8, ARK
A>370nm HIA] WIEER A A LR HERHPP). WE 2-5A FRILEE), TiO, &k
7E 0] 6 X (O BGT SR E BE v B O R TO5S . IR BE /D T BT 0.041M B, TiO;
BT B T 205 . B 2-6 FRATATLIE D], AXMFERIEMN TiO, ¥
HEE R LB BRI, T AH BIFEEME. e RAKEE. ARIE
AREMNTEZSPRERETZ1A.
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3.0

2.5

o

1.5

Absorbance

1.0

Y S S S TR PR
concentration {g/L)

0.5

300 350 400 450 500 550 600
Wavelength / nm

&l 2-5 —EALARH R b — VT RO
Fig.2-5 (A) UV-vis absorption spectra of the TiO; sol upon the varing dilution, the concentration
of TiO, in the sol is: (a) 0.163 M, (b) 0.082 M, (c) 0.053 M, (d) 0.041 M and (e) 0.027 M. Insets:

(B) the plot of the TiO, concentration and UV-vis absorbance at A = 365 nm.

S0 VNS SV LN

TP T p—

B 26 “EMWKBRENE LBIRREARA
Fig.2-6 The picture of TiO; sol upon the varing dilution.

2.3.4 ICP-AES 47
8B EAEKTERE . — B ER R B PR 50 fEME R4 ICP-AES EEKRE
mFx 2-3. B 2-5 — SR R A — T RO B h R SR R
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i ICP-AES R¥EFME, AR LGRS MR RIKE B ICP-AES M
=,

% 2-3 ICP-AES M #ifE &
Table2-3 Datasheet of ICP-AES analyse.
RERS Ti" W (ug/mL) ZEAMERKE (ug/mL)
ZHACBRE R 5.25 8.75
— KRB 44.92 74.867
PR K R 39.08 65.133

2.3.5 gt
%a R s R o)

(@) RS 4
- 144

L F

Py

4
> Lot 34 .
P : : RN
A S

o
.,
%

,;y .

~
AN

4 Lol
W
25 PR w;_,:’w’&, ;; u;g",‘ ,', ol
- CPN A A TSI TR IRt

e »/"‘4 %h»,‘w s, rw?

B W e B
NP L SR YA

T A T 5 27N e A 2
RIS
W AR "

, 2,

>z,
WA,

-~
*
) ,f
)
S

-
2 Yo
TR

Fig.2-7 TEM and HRTEM images of one-step hydrothermal TiO, gel. (a) low magnification TEM,
(b) high-resolution TEM image of TiO, nanorods along c-axis with exposed (002) plane, and (c)
high-resolution TEM ima’ge of TiO, nanorods the exposed (101) plane.

ME 2.7 FRILLES), ANREREN Tio, MESIHE — W, WE 2-7a f
BREFR, TIOHIRE 150°C KRACHE 24h HI &K — S EIR AR, S8
A, EAXFRERAE NB 2-To mEHHHEER LGS, BRAYA 6-Tnm,
BESENERL, HHERE XRD £ REEN SRR TEAR S . B 2-7T0 Fir,
BT 10 R 32 WL SR ) T ) A S L, oo R 1A BE d=0.47nm 5588 £KA™ 41 (002)
SEYIE, (002) RES (004) BETAT, R ZEKE c HhEFERBAEK,
7E XRD 4 R Pt M ZI 8 (004) RE KIS RE A ZE TR, B2-7c
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A T E Y0 nm BT EEGRE, R

& 2-8 ~SULEFI S K B TEM 1 HRTEM A
Fig.2-8 TEM and HRTEM images of two-step hydrothermal TiO; gel. (a) low magnification TEM,
(b) HRTEM image of nanoring-like TiO,, (¢) HRTEM image of TiO, nanorod via the oriented
attachment of six primary nanocrystals, and (d) HRTEM image of T-type TiO, nanocrystal.

B 2-8 3 TiO; B2 150°C B K A Ab B4 (16 TEM A HRTEM A
N 2-82 EAE AP BE A TR, Ti0HIRE 150°C B KA E 24h I
G R, 89S, EA ERERAR. ME 2-8b HRTEM R A E
5, HRALN T-8m, HERSE XRD 4 REENARRTEEME. K
AL S & MR RER L3RR T R4, BEERREH, X5 SR KB
g R R R AENR AN FERREEKE R, riy, €4 878:pi)icps
T, HTHABRATEE, SRERELRE. REEK, Bl L T I A EE A 7 1)
g BRERLEY, FTUA AT DU St —, ) 2-8b th R A HIE LR — . B 2-8¢
1 d FiR, T, KA 150°C FskHL A MR AR RAN KR, H
K23 30-40nm; SR EFHREENS 0.350m, 584G 4 TiO, #I(101)
R IE— B
23.6 WRE (BET) 4
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% 24 BB AN RE

Table2-4 Specific surface area of the TiO, dried gel powder.

e & T, °C t,h Sbet, Mg
A — DB 150 24 115
B FHEEK  150%2 24%2 108

Kb &1 SR — R AR S B AT T LR EAR. B E SR
WE— SRR AF L BRR LS G T TR, BEAPRFRITHLRENE. R
2-4 MLREEOE ER: AP KHLERRI L REREL T — 2 KA 1
R REAR, XiiAME KRR EEK, HlENRRNLERERREHET
B,

2.4 ZEMWKGKRBETE B E RALE

FEW N NH;- H,0 3529, Ti(SOs)y, BRI F KM, ERRNEBAITE. #4E
BEABTEE 10C TR, B 2-4 TUET], JUEEMKT HERT, K
%%ﬁi@ﬁ,%&%ﬁéﬁﬁﬁﬁ%&o&%ﬁﬁ%ﬁﬂ%%‘Eﬁmﬁﬂo
ERENETR, HREEHRANZER, RRIER AT A8 5 LA R N
1T, EEXRERIEAT, RNRAERE, KEEIHERFFELRE. FHER
B2 RFERR SRAEATRBNZ BETER, HXTREAE, RALT
BENGERRE, Bi52, RNREIRERBEDTRERE, FHRREBTRE.
ERELES, BERY HEREENR LOERT, EEndcEnRe
R=Ti-OH H-O(OH)Ti(OH)O-# T, & td HERT, 2BRHE
g4, ERRBRAE—ERNMNEK, ETMEARKYS, XENRNEEXH
REBMERAT, HEACRRN, REFREREHATRE. REARHAEG
VU R I e w2220,

BRAREBEAETARE, GATRANRER, EAAXGTERE
EREER . EKRRAEES, BREHBRE HRERK, WX pH EHE
ZHEAERR S OKREHTERASHE pH 5 RB3), BIRETNTIEMER
WsE), XHRBRKT HAKETHRCRER, HRBEAT & LRRIR
WR®, SHHaREEEKP

XRHBARELKELARKEKIEARR, * A E MM E Oriented
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Attachment)E K HUBRME . THMEEKNERE, RE—ERYEHHRN
ARETEIETAALRENEN, SEEKETURNRTRSTFHEKSR
T, TIROUNOAKER KB T, WEER¥ L BRTRERARRER,
BEMRER. RITTME 27 TEM BAFER, —FKk#E, TO,RKESL
TR B — e U 2 IR 4, LS SR R L L ACE BT T R —
SR BHAE, UESKALEE, B 2-8 5 TEM M HRTEM BH &7R: ML
HHREN, EE 8 NHREN, KERMEEX—E @HEEKHE,

25 KBNS
. # 2 P ALK L BUK AR BINK & BB FEREL RATHRIEA#
WA, 60°C MRICHIBR IS - AMKER. BRE—FRMP 150°C KRLEE
24h /8 B35 U H9 556k 18 — B AR EREIR . R BTHIE R HKERADT
lonm, EEW ¢ WA KEREH. ERKARRSEREKKAKE, 7
4 R . WIRZEA R e — B N, SRR W LR
AEHHH

AT LKERCY RS T A B KBHNEHET A SRR E . KT
VR, S, 3 ERTHI& N Rk R VBT B, RERREIK
B, —ERAKERES SR AAELE, ERHEEKTR. EHAAR
e m b - AL Ak A R RER, EHNTRES THRIAR
R, Bob, WRBRAMTHEE R TR TR, Fikl&m —EusAXE
*HREENWEE, IEFEHTRAELLELER.
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E=-E PHBR-KAFSHRTH-_SLEPKER
FRE
3.1 5|F
ZEABKIE R R A L SV, HAK R T AL B AR 2 e
T vk A58 L7 S R A AU R e LB B K PR B b (DSSCs) & H T T 1
MNFERR, EfSHER EHXEl, —S4MAREREESEET . &
ARY RRKY, KPSAy Z SRR RDSSCs% F mE I L p

fE, HMERRZIMKBT HEW. FRERERNRT. 8K —Eg KA

BRI RO E SRR, BOMIEE R R M E Y,
BB &R AR D RRB T ER AR BN FEER, RS

i 223l 600°C i E A AR B — EALSKIN G R R P KB A B .
ZRET FBEHEARNL, WETFRIBI _ELKEFBE LS HENT
[, tWIHIRHEHE ITO FHEMREIR LA FIEEET Tio, BRI
FEH: BHRKEET TER To, LB, i-mmH
PR B A TR 2RI AR RABZERS . BB EES: HHRY, Tnm
MR K™%, BEREFRBPILEETRERN—EBORTEMH, T
RETENEFIEE S BRI AL S AE . Ichinose! % A B SE KA it EEKM(PTA)
FREMBKY M TO, K. RHTEATEFMREEER, BA=ET
B, R—H “KRE7 GRBE. BRI—LHANAREXA PTA ERRA%
T HIEST 8 Tio* 2. A LMKE KA SINIK S Z B TERH,
ZUNBKERG, BEVKEERTEARR, LKILIETHEEHMBET 48
ZEAMRGOKRBERI, HERFAT HRUOL AR S 6E . XAEREREE S
W E A TR E . A ST LRRBENREEEA, BEREHNAR.

32 ZHEMEHI&RRIE

3.2.1 LREH KB
TRARKRFERNMELR 3-1 & 3-2:
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®3-1 TREH
Table3-1 Experiment materials
LR AT Mk I
Bk Ti(SOs)2 e Hzy AN RFERA R
&K NH3-H,0 L EHERANEANERAR
K H;0, A4t HGERANERANERAR
R 32 LRAEE
Table3-2 Experiment instruments
Ve ER ithe] I
b ke 85-1 L TENENRAEERAT
B0 5810R Eppendorf A 7]
FIEH SHB-IIIA LR BFERENBREFRAF
X HEATHIXXRD) D/max-2550Pc  H A Rigaku 2 7]
BN A o NEXUS-670 %[ Nicolet A 7
8 i 4% (Raman)
%A W4 e 6T Lambda3s % [ Perkinelmer 2 7
(UV-Vis)
ES M T EMABIEM) JEM2010F A JEOLAH
JEM—200CX

322 ERIE
“EMBBE RIS &R A
— 3B K A &R RO

B—w BNRMK (L2 BRTHEEKS, B2 0.5moll KWW, T
70°C EEE AT, HBALAREM 15 ARLHBHEK, HEE pH HAFT 7.
AR EBTEANE, £ 45 WTERERUBE NH & S0~ HHtkT
BIETE ST ENEK (30%) BE. Pift, BEEY. HRATARRAKE
# (peroxo titanic acid, PTA), YT —EMEkH&BLAN 2%, pH ELH 6.
RE—AKBRANRA, LRTBTREEEL. VBEI R BAZEHE,
A5 KA E L 200mL 45 i PTA . PG4 B PTA 5B TR BIHER
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B 1:5 %8, 2 S0mL BENKARNENH#ITKHSEEERA 7T0mL AR
RNUBRZHEARNAENEES), KALHEBRESHZE 120°C F 150°C, K
HETE S 5% 4h M1 24h; KRR HEIZE, BIARBECHER.
BB KA B ROT R

MHEHEE PTA 5EEFKAAERELL 1.5 %, BN 50mL A KA
RRE AT KRLEAER N 70mL HRAERNAZEARKAFRBES),
KB AR B ) 512 5E 180°C AL 7 2h. 1h A 2h B 4 Hl FRAK B E 2 150°C X 120°C

TK#SEHE 24h.
Ti(SO4),

[mamo ] 2 |
HETE —xn

[ ] |
— LS

| 1801C*2h+150'C*24h |
=" < | 180C*1n+1501C*24h |

[ 180°C*2n+120'C*24n |

B 3-1 SR ERERREREE

Fig.3-1 Flow chart for synthesizing sols by peptization-hydrothermal process.

B 3-2 TERMKEB(PTA) A
Figure 3-2. The picture of the PTA: dilute proportion increaseing gradually from left to right.
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& 3-3 REARENTHE - RUKBERIEA
Fig.3-3 The picture of TiO; sols samples by the hydrothermal treatment of PTA: (a) at 120°Cfor

4h, (b) at 150°C for 4h, (c) at 120°C for 24h, (d) at 150°C for 24h.

& 3-4 REKBEFTHB - EIRBRNER
Fig.3-4 The picture of TiO, sols samples by the hydrothermal treatment of PTA: (a)at 180°C for 2h
and at 150°C for at 24h again, (b) at 180°C for 1h and at 150°C for at 24h again, (c) at 180°C for
2h and at 120°C for at 24h again.
WE 32 RAOTTE R H&MITEKE (PTA) BBBHRE. BYNSE
W, ARARGANEETAREE, WRREEN, HIREKRKHRN
PTA B4 B IFHSB A i, B 3-3 FE 3-4 ARRAAEH THEH R
WAKVRRS, e Rk e, (B RBEE KT A RIB BRI, WK BEH R
B WECHIE A EHTES .
323 RIEFH
3231 X fEMRATH (XRD)
REAHAE% DmaxrA BEE X FLEAHN, BHEN Cuke
(A=0.15406nm), BRI 100mA, EHIE 40kV, R 20 FEFH 10°~80°, f3E
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B 2°/min. ARIEFETRN Scherrer AXITHERHERRZKA.
3.2.3.2 A5-R &k 4 (Raman) '

K A% E Nicolet 2 7 ) NEXUS-670 £ & B i 2 ¥ AV fl €
3.2.3.3 E5h-AT RRBOLIERIE (UV-Vis)

YIRZARSE, BEREFAAAMRAAR, NEBRFHERS. &
ARG RAE TR —H, REFEWRARE, REAFTAHA, NTHER
MUBERE, TERENRERS. BREHHE Kubelka-Munk 77 F23:

(1-Rw) *2Rw0=K/S

R K ARKR AL, STBOLEPOREREEE AR, S AHSRH, Ro
RAERBEESNRSA R R FRRE. EFEL, REZFHREFRAS—EM
HIERH RS (Ro=1) FREVHRILBRME, ME Ro (FEM) /Ro (BRIEYD)
RIELE, Kb EXTEKER, ME—ERKEEAZYRE RN . R
6 bk — ] L% Wt S 2 7E % E Perkin Emler 2 7] ] Lambda 20 43 % Y6 B it L 1T
. FESKH 0.50m, REEEAR 100nm/min, 3K E % 800~200nm.
3.2.34 RAKHESHT (PLD

LKA B A JASCO 2 @ ) FP-6600 RN ZR T E —EHABK
BRAR IR G E R RS .
3.2.3.5 k@ (BET) MiE

FAl 2 E Micromertites {X 28 /A & #1549 ASAP 2010 & B3R LLREN, &
BWENFE (T7K) ZERM, BEEEME 150°CHTES (49 10—2Pa) BAK
1 4h. ARSEM—BHEFRE TR EHEREROKAD.
3.2.3.6 EHEFEME (TEM) 4

5236 S P SR FA B 4 JEOL A B 9 JEM—200CX ! & JEM—2010 B! 47 e
B EENE _EARBE KRR RESHR. ESaER: 120-200kV.

3.3 ERE R 51t
3.3.1 YHEAHT (XRD)
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101

Intensity / a.u

20/ deg

B 3-5 RNREIK#EMETHE ZFAKERH XRD EiE
Fig.3-5 XRD pattern of of the sols samples by the hydrothermal treatment of PTA: (a) at 120 °C
for 4h, (b) at 150 °C for 4h, (c) at 120 °C for 24h, (d) at 150 °C for 24h, (e) at 180°C for 2h and
150°C for at 24h again, (f) at 180°C for 2h and at 150°C for 24h again, (g) at 180°C for 2h and at
120°C for 24h again.

3-5 4 PTA 7E 120°C. 150°C T, £AAFKEK#ERZIMERK XRD
B, ME 1 FTLAES, B a. b. c. d. e £ 51 g #9 XRD #7518 58i4k8™ TiO,
PR B e s SE X RL, 8 AMIT ST I 43 A X R BLERT™ TiO, ) (101) . (004) | (200) «
(105). (204). (116). (220) 1(215) & E HIFT5T 1€ (JCPDS File No. 21-1272) .
B T ST BATaT s, 7EE 3-5 FHhiLk as b, oy d. ev fHI g HRANKIK
i AR TiO, BRTSIE, B SRR AR EARE K HEH T/
BAERAT AR WE 3-5a RTHETTLUEH, PTA 7 120°C F
K 4h BETTLASE R4S o 23R 2R P ) (004) ST BHIAEX REHHERT
BT HRRERT SR, X —FHERBXER ST TiO, K RIS &k
e BB EK. NE3-SPAEDH, BRELNANENTE LEHER
R, RUAEMFERET, BKRREEN £REHUAMRR.

SR R~FRT LA gl Scherrer™IAR, (AR (3-1)) EEHR:
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b= ﬂf:(o);H |

AFDHRRMFEHRT, K=0.89, VAXFLHE KL = 1.54056 A, B 5o &
BIR BT BT HE R ® T RATS A AT E PR R 4250 86.3nm.
6.6nm, 7.5nm. 7.lnm. 9.9nm. 9.7nm#19.6nm.
3.3.2 Raman 7#7

P8 U Z R PK RIS AR S BUR, ST H S E R
RIEARHME S B R T HEAX. E3-6HPTAZEI20°CT, EARMEKKSE
BIMBRMI NI, NE3-47TEE], a. bRamanif i —8, HHEME
EAFE, XL FAF149cm™ 398cm™. 398cm™. 515em™M639em™, E#t
R TIO N AR IR EAHXT L. B R H RIH E R RamanfiUH 18, HBIH &
HE—RBRT TIO, BEREEMAFE, 4RERE, SXRDAHER—H.
MiZka. biTNAIRIRAFEIEIY N 149em™, SHRHERSE BT HTIO M 88
144em™ AL, EAHLAB T H5em™ . X R AT H BB RRLR
F10nm, SXRDAHTEREE—HP),

-1

149

Raman intensity

200 400 600 800 1000
Raman shift‘1

E3-6 “ENABERIBIE K&

Fig.3-6 FT-Raman spectra of the the titania sol by the hydrothermal treatment of PTA at 120°C for
(a)4hand (b)24 h.
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3.3.3 UV-vis 43¢
oL A
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Bl 3-7 BT E BRI R S — A R
Fig.3-7 UV-vis absorption spectra of the TiO, sol samples upon the varing dilution, (A) at 120 °C
for 4h, (B) at 150°C for 4h; the concentration of TiO, in the sol is: (1) 3%o, (2) 0.3%o, (3) 0.15%o, (4)

0.03%o.
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ME 33 FATLLESR], FEKREH THENERIMEMBEERE A,
ME 3-5a ) XRD A75T06FT LIF H, PTA 7 120°C F/K# 4h Birl A e B4 &
¥ 120°C K # 4h & 150°C K # 4h BB AR E 10 £, 25 5/ 100 fF#1T
NI RO ERE . B 3-7 A THET M S RBRET R L GIFRRE
5 Sh-TT DRI . SR 3-7A TEH 120°C K # 4h KIFERC LR 1 Bk
WM —EEERRR, TTUAEFIERKK V>385mm &, BABEHFFAE, XE
B R AR ZE AT o] RO Rayleigh 51 7188 BEERBLLAIRFIE K, th
%2, 34 RECHELERR. fhLk 2 xR AIRUCH L R RE LS K29 % 365nm,
B BN ik 1 X AELS A 385nm. X BT R RRCR AR B S4KH
BERRBE SRR WM K, AR, R R ARG S BB . FIA
B2k 2 BR 3 BRI SR R B R B SR BT O T B A P, AT B A
ZEMKRRATERA 340eV. BELEFL, —EMKNETFRIMN—-BEFS
W, BRI E AR P KRR R, TR S &M ALk
B FrEMESRERERRNKET, RN EESH, EHK
A>380nm BT WL AE A B A H4E. B 3-7B HFiR, 150°C K# 4h i)
WICTEWAK V>385nm &b, FRFIMRBCESS . BEERBLAIRIER, RibeH
MRMEREAEAEBENSR. @& 3-7A. B TEH, TiO, BRET LR MK
SIORREREIK B IFRIETT TS, SR TRET 0.03wt% R, TiO, BAXT HEHI
ST 2K (FREREHR -3 HEFE). AXHTEHEN T, Bk, AF
RIFEERREEY, MRIMETRENTESSPRERE— L. RE
HpH HEE MM F RS, B R RENE O BMTAB TR ERE,
3.3.4 ICP-AES ##7

# 3-3 ICP-AES M T 5B R
Table3-3 Datasheet of ICP-AES analyse
AR T Hl& &M WHugm)  ZEHHEKE (gml)
1# 120°C7K# 4h 18.43 0.307
24 150°C7K# 4h 18.70 0.312
34 120°C 7K # 24h 17.92 0.229

% 3-3 PTA £ 120°C/K# 4h. 150°C 7K# 4h F0 120°C 7K #t 24h &4 T HI78
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ML) ICP-AES 4TI, Bl ER=AME& T I ZEM SR E R IYE
03gmL Z£A. B 3-7 %5 HAED, A B ARLHIHREERRFERNZE
R EBEAMR.
33.5 Rtteeeatr

50
40
> 3%
‘B
c
2
£ 2
10
N i
300 400 500 600 700 800
Wavelength / nm
50
40
2> 30
(]
c
2
£

.53
o

10
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Wavelength / nm

B 3-8 BLekH M EALERIERL A R 5 1k
Fig.3-8 Emission spectra of titania sols samples in the anatase phase, (A) at 120 °C for 4h,_(B) at
150 °C for 4h; the sols upon the varing dilution, emission spectra of the sol A and B at same

concentration, the concentration of TiO; in the sol is: (1) 3%, (2) 0.3%, (3) 0.15%, (4) 0.03%o.
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# 120°C 7K # 4h K& 150°C 7K# 4h OB R BIFREE 10 45, 25 4550 100 £%
BT R SHEIE R 2, MEL PTA 7E 120°C 1 150°C FAKMACHE 4h —EAERR AR
RtERe. B 3-8 AHEM A, BREKH A, WHATEHREAERFIENAL
BEZRAHRENEW. WE 3-8A TREZERRHEERZHT Aa=250nm),
B2k 1. 2. 3 04 FIR SIS E 2 FI7E 399nm. 368nm. 366nm F 361nm. TiO,
BRESHEEREE K ERRE, REBMEREES, RUEGRE i K.

80

<«
o
Ll

Intensity
S

10

1 " 1 4 ] e [l

300 400 5§00 600 700 800

Wavelength / nm

3-9 BibkE H _EALRBR I R %
Fig.3-9 Emission spectra of titania sols in the anatase phase, (A) at 120°C for 4h, (B) at 150°C for
4h,
EX—BZ AR N WE 3-8A. B RBOLIEN ML 1 AT RIIKEEH 0.3wt%HIE
Xt 380nm BRI HAE —EKIEE, X 380nm AT B% 7 58 24 TR U AL
. XB, H-EAKRKRERAR, IE—#ERKEIREKEREI . &
FHLRMEGFAE T, FHTHEKN 250nm K KEER, BREKEHERT
RESEH AN RREERS M AU R B BEKR, XA
BRABEFREEKRERE T B X TRERROBER, BT HENEK 380nm
PUF B HR RO 58, BIMERIE T 380nm BATHIN, RFRDHR
FT i e MR W B, XA R IE AR RN E AR . Claus?
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HEALEMEE) TiO, RN R &M ETE 383nm, EEREHFTRBEN R L
MEREW, EERRERIERS S KMIRENSESEER. AXERR
AT RNERA Tnm EANZFAKBREEETHBFREL, FRHEEH
WBHRAELATE 368nm. 7E/ 3-9 FalFEH, EMFEKMEET, 150°C K#
4h KIS REELRE 120°C 7K # 4h BU¥E IRTR SO A SRS R 5 — 25, AT IR AR TiO,
KRUEE, TTREERTEREKHAKERX.
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A 3-10 “F A KK TEM F HRTEM
Fig.3-10 TEM and HRTEM images of the titania sol. (a) and (b) TEM and HRTEM images of the
sol prepared at 120 °C for 4h, the crystallites grew along c-axis with exposed (002) plane and (101)
plane, (c), (d) and (¢)TEM and HRTEM images of the sol prepared at 120 °C for 24h, respectively.
M 3-10 FATUF H, KREEX TO, WM EREE —EMEW. W
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3-10a fi7R, PTA £ 120°C /K# 4h #IEHIERCARR, 48095, EXERE
B, [ 3-10b % TiO, ¥AH) HRTEM K, ERAZ% 6.7am, FHKEKY
% 30nm, HEMRE XRD &R EHENSRRTEARS. HERHE/NT A
tyHiElo®, fhikASCRA T KBRS PTA TRERZE XK. FiAK&RIIN
22 3 FE M ) 5 4% 20, Ho P S TH 1) BE d=0.48nm 541448 (002) REIYI4, (002)
G 5 (004) REFAT, P IZERN c A mBERMAAEK, £ XRD K% R+
MR (004) BEMFATSTRE AT S TAREER . L aT 52 & e 5
d=0.35nm, X58iEkH 4 (101) BEAEYIA. B 9c K PTA £ 120°C /K # 24h #l
BHER, TUBHRFHEEIRR, BRTREEREK. WE 3-10d
HRTEM B, HBZE ALK 7-100m, KEKLH 30nm. SB&FL0EMHT, RUE
B AT a1 BE d=0.48nm A d=0.35nm, 4}5VH/E K %iEkH 48 (002) #1(101) FiE.
3-10e BRMAHTREEMRPKRRET “‘RME” EKBITKES

S0nm, E24% 6nm KIGEKE A _EILKGKEE, ERLMUND 20m, BRERE -

Wi, Bid “ERME" EKOAKBRO “BE” R, £ “ERHE" EKEH
Btz —.
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Bl 3-11 ZEALEk A TEM A HRTEM
Fig.3-11 TEM and HRTEM images of the titania sol. (a) and (b) TEM and HRTEM images of the
sol prepared at 150 °C for 4h, respectively. (c) and (d) TEM images of the sol prepared at 150°C
for 24h.
M 3-11 FRLAEH, KRBER Tio, BRNERTFE —EHTWH. E
3-11a fi7R, PTA 2 150°C K# 4h BIEMBEBAER, HEHS, XX LRE ]
Fi%. B 3-11b 4 TiO, B HRTEM B F, HER ALK 7-8nm, EEREHK
2, KRHEHTE 3-10a fin, HERS XRD & RMEHMBRRTEE
Fa&. XUAARKABEERF TR PTA TREREHREL K. FTER
ERYBEZEM AR KL, RPZBRE ¢ A RERRALEK, £ XRD
%5 R L ER 2 (004) R AOATSH R A BB FArui & . B 3-11c b PTA
2 150°C /K # 24h FI& B, TUBHEB T REBREN, REFREF,
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B 3-11d BAE A T EARAXRIET “emE” ERBHTKES
100nm, EBZ% 10nm BB M ZEILRPURE, EH T KA RHF
FoguskgkiEmit— B EK.

3-12 ZH LEk¥s R TEM F1 HRTEM

Fig.3-12 TEM and HRTEM images of the titania sols. (a) TEM image of the sol prepared at 180°C

for 2h and at 150°C for at 24h again, (b) TEM image of the sol was prepared at 180°C for 1h and
at 150°C for at 24h again, (c) and (d)TEM and HRTEM images of the sol was prepared at 180°C
for 2h and at 120°C for at 24h again, respectively.
MDLEERATLLE H, PTA 76 120°C 7K # 4h AT LAFE ARABLEAT 4 —EALEK
VEIE, KGR Rk S B ERX IO, S KR EHRAE —EMEm (i 3-10 /1
3-11), [ 3-12 R FHE KSR H KK A (8% % % TEM #1 HRTEM
&, B 3-12a. b, c FIRERAER, RERENKRLL. B 3-12d % TO, #K
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i) HRTEM BB F, HRKZAN 10n0m, XFEH T FEKHRE B IF R KK R B E
BRI T — S RERZIFREEK,
3.3.7 R (BET) M7
% 3-4 TRKHAF T HIE ZSULRBERM AR LR E
Table3-4 Specific surface area of the TiO, dried sols powder by the different hydrothermal

treatment.

Sample T,°C t,h Shet, Mg

A 120 4 127
B 120 24 133
C 150 4 154
D 150 24 118

$oI & B EABR KRR IR S 4 T T4, BEIRR AT LR
Fo ®24HHXRAHEER: ERRRET, PTA BEEKACER EHIHM,
H R AR UK BRI L R B BUE BT T e

3.4 ZHALEKERTE L B R L

Ti(SO4); 76 NH3-H,0 W it B RARZUKB RN, H£RKEKAGIR,
RIS H0;, BAEERITAKMKBB(PTA), PTA RH_BKEEVET
TiOs(OH)™ D" (x=1~6) FITEEMKI S R A S FHRM". H0, EXA TR
PREBVEERIEMER, BIRPR 05, E&H KR OOH, OH, H0 %M.

H,0, =~ OOH +H" — 0% +2H" (3-2)

ERRREHBRREST, MERK O HBASYWHFHFOET Ti" A
T Sk L BN FREITIF, TIWRERM, I EHRENIFE—FK
RERBKEHET .

TR P S R AR B S RN RFE, XEREARKET
EABBTKBARERMME R, RIE Henry ZAPEU MRS BAEY
(partial charge model), AXKKEKETF (AIRFHN[TIOH)]") AR FRE
AT RKBRHT T IHE BT HAKBETHAWTF:
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RERER ¥R B=% PHERRKARE AT BRI RIOKE R I F R

1.0584+0.3181pH

RHFT KWK h
AS = N W & w o

0.6794 +0.01776 pH  (3-3)

0 4 6 & 10 12 14 16
ERpHA
B 3-13 DOHHKES T MK B 5900 pH % R R

Fig.3-13 The curve for hydrolyzation rate of Ti* and PH of solution®®®!.

K, KRN h, KEEYH(TiIOH)WOH)en“Y, HILRBZIM h 5 pH
M7 2 PR 3-12 Fis. ME 3-12 ATE 3 pH K, h EH#H. % pH=1
B, KEEEET 2, KR R[Ti(OH)(OHy)(? FI[TIO(OH,)s]*": % pH=3 ki,
KEER 275, KBEZYWEE H[TOHOH)], EWEADLEK
[TiOH)(OH) s %4 pH K 5~7 B, KBEEET 4, KBFYEEH
[Ti(OH){(OHy)]%, %4 pH=8 it, KR MMBEI KT 4, K=Y R[Ti(OH)s(OH,)]
F[Ti(OH)s(OH2),] .

ZEAZIE, PTA WM pH {4 6 KEF=YEE H[Ti(OH)(OHy).’, Bl
T EHR R — B KRB K A kB TR TIOH)«(OHy)* . K H T, B
KB RO R HAT, [Ti(OH)(OH)l® NEASH KNG K T HEIRE K
WZ, B/ [TiOH)OH)," \EATLERIEAUSHETNHR _ES, —K
AT L — SRRV RIZIER S BAKE, 2MEEL “E8&” ERTR R
BB R, EXFHEFHRET, KALE PTA REBEAT HEKETY
RERRE, BRSST ARERNNELERD. AERTEBRESYE,
SAME R BIERD, KR BRI & B T 7 SRR S
K. BEKRETEKEK PTA BHBHEE, AT KEMSKT - E ik
%, X155 XRD I Raman #7142 — 8. Y- EHLARRRALRSHEREMN 0,
LREAN, MEARERH, BEEKARETER, 0 FEABIEKIHE,
Wb T BRARE E M E NS, BRIEE—E T mREL K. To, B TEM
A1 HRTEM MK S WiF St - B RAK SRR “EFIE” R—EKIE (WE
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Fig.3-14 The chart of crystallites growth via the “oriented attachment”.

3.5 KENG

A LRMEK BB MK E R kT A EEFER, FNEKERAK
BRI AR, 2A7REE (M: 120°C, 150°C. 180°C) KRR (4h.
24h) KHALE, $&HEERRNKRL ZEMERIKRER ST &4, BER
AF 10nm. FEW ¢ B RAKBREH. ERIEE: ARKREEREKK
HET A Rk BAERE KGR E, KERKH 100nm £5,

CEASRE RV ERVE RS AR RELE. EARELEKT
R BT ICERT R M — M AN, SRBEETAAREESR
Hsat. FEKRERE T LMEER MR ARG TR, XM RAR KRN
—EAsk R R A RRMLRER, EREATRES FRBMARN. 55t
Mol & F R ATkt R TH M & TR, XA EA T BN IR S
#, FEEHEAKMKEXRTREEIYEE SHEFHNTRECHEN
WER, WAEEGRY, BR—f “GE"7 SHRBL.
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Tabled-1 Experiment Materials
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&K NH:-H,0 kI B &R ARAERAF
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Table4-2 Experiment instruments
VA ithe) [
F BEA KSG0-6.3-16C tEEEREPERAF
S HMET Mo Lambda 35 % [ Perkin Elmer A7)
(UV-Vis)
422 LRAR
g0t S 36 6 B R L AR

(—) ZEMEEIR. BRI
REHRELREENT SRR St BB R BRI
1) RARBAA, 150°C 7K# 24h % B — SRR AT S R (R

2R 2.2.2).
2) RAMEKBR, 150°C K# 24h )& —F AR (RRERR 3.2.2)

(=) N719 Zukl i B 5 :
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REh, BFYREER 1.0x10°mol/L M. BH S f—EBEREBIHIREER
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1 1.0x10°mol/LY, % 5 BB EMEMABA 5 BRI NTI REE
Wb, EEETRLHE 20 UL EAMRM A, 20 RE, BOERE,

I — 5 B LRSI 50 A5 R AT ES-TT AT E .
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Fig.4-1 Flow chart for dye
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Fig.4-2 UV-vis absorption spectra of the N719 dye after 72h adsorption experiment. The primary
concentration of dye before adsorption from down to up: 2.0x 10™*mol/L, 4.0x10**mol/L,
6.0x10"mol/L, 8.0x10"mol/L and 1.0x10*mol/L.
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Table4-3 Specific surface area of the TiO, dried sol and gels powder by the different

hydrothermal treatment.

Sample Sample T, °C t,h Spet, m2g”
a B 150 24 118
b — DB 150 24 115
¢ 723 150*2  24*2 108
ax10] (a)

o (b)
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©

E 2109

/4]
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]

8

3 1x10%]

o

=~

g
0.1 ‘ ofz ‘ ofa ‘ of4 Y

3

Equilibrium concentration of N719, Cs / mmol-dm”

B 4-4 JoRIIR Bl iR B 2%
Fig.4-4 Isotherms for N719 dye adsorption on (a) one-step hydrothermal TiO, powder and (b)
two-step hydrothermal TiO, powder.
YOI R BT 5 2 Langmuir B84, T % & Langmuir 8. 4 7R bR R,

Langmuir¥ 34 :
Cs/Qs= 1/(Qmb) + Cs/Qn (4-1)

KF, O, HN719 LHZE (molm?) , C;H N719 FERE (mol dm®) , Qn
BAREHE (mol m?) , bBRMHS (dm’ mol?) . ARIEYLRIR R HHL
RO R TR B R A A (IR 4-2, B 4-3) . B 4-2 A— S KB R F
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Fig.4-4 Isotherms for N719 dye adsorption on TiO; sol.
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