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Titanate nanosheet (TiNSs) is one of TiO, structure with the width of 1-2 nm but it has a surface area of

um’. Titanate nanosheet is from the exfoliation of layered titanate compound i.e. layered alkaline titanate

A,Ti,05,41 (A:Na, K, n=23), or lepidrocroate-type titanate, Ti,.,40,404 (n ~ 0.7; O, vacancy). This TiNSs can

work as a photocatalyst. However, the photocatalytic activity of these nanosheets is not sufficient for their
application as the photocatalyst for degradation reaction of toxic organic compounds, and also for photo induced
hydrogen production from water splitting reaction. Thus, the improvement in their photocatalytic activity is
desired.

In our research, we aim to develop and enhance the capability of titanate nanosheets as a photocatalyst
which was exfoliated from layered sodium titanate and layered potassium titanate by Rh doping. From several
results, we could synthesize Rh doped titnate nanosheets with varied doping amount. The effect of Rh doping
results in improved the photocataltic activity of titanate nanosheets when used as a photocatalyst for organic dye
degradation, moreover it also improve the photocatalytic activity of TiNSs for hydrogen production from
reduction reaction of water under UV light. The key of this improvement was involved in the existence of Rh in
2 ionic states which a Rh*" and Rh*" and the redox reaction of them under the UV light irradiation. The Rh
doping did not only effect on the photocatalytic activity, but also resulted in the change electronic band structure
of TiNSs. When the Rh doping amount increased, it came out in the large photoabsorption band in the visible
light which did not exhibit in non-doped TiNSs. However, Rh doped TiNSs still did not active under visible



light. Nonetheless, Rh doping effect on photocatalytic activity of titanate nanosheet is fascinating. Even though,
it may not active under visible light but only under UV light irradiation. Rh doping plays a key role in
dominating Rh*" which helps in photo-reduction, while Rh*" aids in photo-oxidation. Consequently, Rh’" acts as
electron pool along with Rh*" as a hole pool, and we found the possible mechanism of Rh*" and Rh*" outcome
on the improvement of photocatalytic activity of titanate nanohseets.

Even though, Rh-doped titanate nanosheet still responds only UV light, but it can be used as a building block of
dye-sensitized semiconductor photocatalyst without the needs to use cocatalyst. Thus, the using of Rh-doped titanate
nanosheet as a building block of dye-sensitized semiconductor photocatalyst is a better approach to investigate the
phocatalytic activity only occurred from sensitizer dye and semiconductor. In this research, two inorganic and organic dyes
are chosen as models which are Ir(Ill) 2-phenylpyridine, 2,2’-bipyridine [Ir(ppy),(bpy)‘] as an inorganic dye and a, B, v,
d-tetrakis(1-methylpyridinium-4-yl)porphyrin (TMPyP) as an organic dye. Even though, Ir(ppy).(bpy)" and TMPyP have

LUMO level higher than Ti3NS:Rhx but the measurement of H, production under visible light irradiation (A=2380 nm)

showed that only Ir(ppy).(bpy)" dye-sensitized Ti3NS:Rhx can produce H, by using triethylamine as an electron donor.
From this, it states that electron injection between TMPyP and Ti3NS:Rhx occurred inefficiently.

In this work, we tried to improve and develop a visible light active high photocatalytic activity materials by based on
nanoscale sheet-liked material. The result turn out into that the Rh doping can improve the phtocataltyic activity but their
still far from practical used for solar energy conversion system. Besides the use of Rh doping, combining of titanate
nanosheet with photosensitizer was used with the hope of titanate nanosheet can be active under visible light. Moreover, the
combination of Rh doping with dye-sensitizer found to be a new promising development of photocatalyst material with high

efficiency, and visible light respond.

sty SC A AL R DB =

LA R OREERALAREE 2 -T2 F BB O IRIEE T A F8 AT K 5 kIR R Al oD R RE & fi k3
LHHEOOES L LT, HAEMRBZ XX —ORANULINTW D, AR RLX—D 5 b,
HxBRICEYES KB A2 TR VT —HE LT RAX =V AT AOHBENIE SN TA L.
IR CIEKGE 7 &3 CTICEAE STV A KO BRI X —2 T S A 212 &, K
TR FE 72 E DL F T R F— B - JPRT 2 2 AT NEBUT T ToWFE 0K 1A T
b TWb., ZOKREK—LF= 3 X —EHIC LB U OB IR ST g
1972 FEITARZ « BRIBIZ K 0 B R SNT-BILT & o % FUDITRE & 2B b A3 it & U CHIF%E - BR
HEENTWD. L ORI FETH DT DN T CTRAET HET LA — AR EmE
FNZEIET DANCHE L TLEY, SCOFMAMENRE 721 Em ELRv. Zhazfifik$ 25729
(T B A ROFESR R LT-FFE 088D 5T 5. I4E Mallouk S0 % A 512 X 0 KIATHK %
TR R BT & R b DT ) > — o A RAMERE L CHETTRETH 5 = & 2N
HENTz. FOR TR ER S ) o— M, MO TEE S 28T 2 RENH0ITEWIZ
b bd, ZOEAN 1 nm BELEN-D, KERNTLZ LIV BRETIETEF—L%E
RIS REICHBRESEDL LN TE D2 20D, KB —EFET VX —ZHD 72 8 O S fillie
MEIOOE DL LTRWCHIFE SN TWS. Lo, £< O(bERT 7 o — MIOLMBLIE
PERLEBEHIIR <, & BDITKBEITHT 0% LE /e WERAMRIRH T C L 2ONEMEZ 7R S 72200,
INHORMBEEERRT D00 HEE LT, B8R ILEREMBBERICN—795Z L1285
B OZERSC, FIHEYERINGEE A L, JERIIC X 0 AR S LD R E T & B b 8 R



= F OB ~EAF R AR OE SR O TV D,

ARFSLTIL, T4 Vg 7 v— b (TINS, A5 3C T TisNS ([TisO7]2-) 3 £ OF TidNS ([TisOg]2)
ZHWTWD) OYfiErEom L2 fE L, TINS @ Ti 44 M2 Rh % F—7 L7=WHE
(TiNS:Rhx, x/ZRh F—78) #AKL, H6N7= TINS ZHW\WTAF L o 7 L —D ik EER
EROEFERB IO N ) = F L7 2 2N & U kT RA RS ERZ1T, Rh F—7
DHFI2 D NCUHEEZH ST 2 2 L2 BRICHIZE 21T 7. AT, &b @V
FRAREZ R L7- TINS:Rhx & Al T CBREN S5 2 L 2 BIIC R EEAEDO VO ESTH D Ir
RO AL AR A, FONTEARE W EFHEKFEREZRZITV, JHEBIE 2 DO
Rh OZEEF ST 5 BROGEEITo72. A LI ZN OO EEF D4 T EN LR
HHDTHD.

B 1ETIE, KRSCTEE LEEOERICHOWT, KEDEFIH, Bkt — (ko x L ¥
— RO EENE, BB 2 F T — b kL X B HR O R L ARE, B
NERF ) — FOFAMELIRE, AIEDEORI IR 0T H OB MR EITOWTE &
% AT, AR ToEE, T R E R D NN BT 2 72012 iF 7= i
WTFRELTH 5.

%2 B CIE, ARGwSCTIT O RO ENINCOMRULE HHE T 5 72 DIZFRA L 72 BEd#Gm Lo EIC
DNTELEHLNATNS.

% 3 B CIE, lREA AT 5 TINS & LCTHbiLd TidNS @ Ti 4 hMZ Rh K—7 L7z
Ti3NS:Rhx DA RRIZEKIhT 5 & 12, KB OBLALFNTIEC L W 2 OB HE (S R
Xy v 7HE, £E4 (CB) L, fiE 4 (VB) #() ZIZUHTHLMILHRELKE., 20
fER, Rh R—72 X 2 ETH#EOZIE, CBM¥MICITFEYT, VBN EZDOT MK TS
HZEEHALMILTWD., LA LT TiSNS:Rhx & HW 72 8RMNRIBE T B F 4 4P
A A THDHAF LT N—EBROFER, Rh F—712 X0 i i b o i SO iEEDS
MEL, ZO#F T Rh F—7EBOBMEICHEMNT D2 LML TND. — 5 THATT
DWW AEFEBROFERNS, Z OfEMR EARAETEOR FICES SO TIEARL, EREICEY Rh o
4 1 & 3 fHifE > Redox 23ih% S VB LEOGTEER B ET 25 2 L 2 X LOTHLMIZLTND, —
T = MEEA T THIATF LA L P THRBOEREZIT 12, ZOBAICIX
TiSNS:Rhx N EICHE L CWATOWENE -T2 B Z 57, SN EITL2VnWZ E &G
L, EEOGTE TiSNS: Rhx R ~D 53 FOWAEN LR E 0D Z L 2HE L TW5D.

4 FETHE, 3 ECTHM LT TiSNS:Rhx & el & U -CHW oKk Z KRR E Lk
FREMIEFEREIT>T0D. ZOERTIT, BHAELTRIZFAT IV RHNWLATED,
KOTERFIRIEDETT D ERKBOHLDERPBRTELZ & LD, 2L DIl L
J M OTEMERM EFEE L TCHm LD BAE (Rhe0s F /KL 1) ZHHEF S 7 Ti3NS
(RhxTi3NS) HfEHLL, TiSNS:Rhx & Hifz LT\ 5. EBROFERIL, Ti3NS 1T tihkKFEE
AR IRIERER20VDOICK LT, TiSNS:Rhx 97202 ThH Rh & K—745 2 LT, HER
NHFEARFERAEEEZ T Z e LN ER ST, ZHUT R—7 7 Rh 1 M DSKERAEYT
A hELTHLK ZEERTHEOTHS. Rh R—7EEZBINIE25A4121E, Rh/Ti A 0.01 T
BRERY, FRLETIIEMNMET 5. Z0B%LE, T A MIERYVIAEATWS Rh Offfi
B2k, TbbIE F—7ETHOERhFETH S Rh3+HIAKFRAEFBMES A FE L LTHA, K
— T BOHEINIENFAERSEMNT 5 RhIKEREEEY A N & L TUISRETE R ad &
MATX 2 LAMELTWAD. ZOFEEIL, RO F—7RB&2m ESELZenTENITES
WCKFEREEEZM ETE D2 L 23T HOTHD. ks L7z RhxTidNS (23 CldBhfidit
DOFHFEPIREICBII S L7z, ZORICEBWTHIARRIZ Rh/TI Y 0.01 TRROEMEZ 7R3 & 36
2, TRLLETIHIEHOE T AN S, X 5ICHEAEMEX TiSNS:Rhx L0 b@Eho7z. 2
X, Bt TH % Rh iRk / ki T Rh X TR TIEHEOE W 3 i TH 5720, 31fié 4



i8R & > 72 TiSNS:Rhx L 0 b @mWEEEZ R Lz &2 b5, &5ICA T, Ti3NS:Rhx 2
FteBERT 2D, AT CTOEREHENO TS, fHRE LTIE Rh O dd BRI
FEWRIL CIEARBRAEFBEEZ R TE RNV EZHALMNIL TN,

%5 ETIE, &4 mTHWEZ TiaNS:RhO & i b /KFEIHEARED E 7> > 7= Ti3NS:Rh0.03 (2% L
T, R AEA AT H0FEL L CIr AL R 7 40 U U AEALL, FREIC oW ClaiEs| &
LT RV =TT I E W FHEKRERBICFEREZIT> TWD. EORER, Ir $5EEZEHE
b4 % Z & T, Ti3NS:RhO F & 0 Ti3NS:Rh0.03 7% 380 nm LA D AT MR T Tk 38 LGN
ERTZENRBHLMNERoT. SHICEORERIL, BNANEE T CEERES»- -
Ti3NS:Rh0.03 73 TiSNS:RhO D9 20 (5 DiE 2~ T Z & ZH G LTV D . 2T b OFERIE,
Ir 85 Z WD Z & THHEWERIC LV, ARSI T CLONEMEZ R 720 Ti3NS:Rhx
A UERE TICBW RS EZ R T L IICHBETEL L EZRTHEOTHSL. —FH, A7 4V
VEBAEIL LTS AITIE, BEERRatErd L, AR T COKFEARIIHER TE
Motz ZhUE, RRICBWTIRLT 4 U 235 TiSNS:Rhx ORER~DEBEFEANEZ S
minoleiewtBEZ LS. TDORRIT, FHEERK T CKFRBEEE L RITIRAFTEE
MW B8R T ) o — PRI O LWRE RO 72 2 & 2.

%6 B CIL, 8 5 B E THo T 72 Ti3NS & HELIORKS i 2 9 5 A HAEL D 72 5 [T1409]2-
F /33— K (TidNS) O TiH A MZRh & K—7L7=F /v —hEAk L, 554072 TidNS:Rhx
DIEFREEE 2 R 25 72912, Ti3NS:Rhx & [REEIZ A F L2 T — DN RS R AT 72
Ti3NS:Rhx D4 & FFRICEMEICE Y B TidNS Rhx 28K T& 5 2 L 2L LT
. BEETIZRIT B A F Ly 7 —OREFEROFEE, TidANS:Rhx !X TiSNS:Rhx £V £ 4 {55
WIRERR AR THZ L ZH 6L, ENNMERmOBNTORE SIEFT 5 b O L ismft
FTWD. ZORREEE X AT o TGOS ORER, St fgiEME S TiSNS:Rhx LV & 0o
7=, ZOWEMEOE SI1X, SfEISH TidANS:Rhx OXEH TR IHZ 2B/ TH L, WERDE
WIZEVBIEREIINDGBDOTHLZ EIEFHLNTHS. £72, Rh F—=7DORIZHONTIT,
TisNS:Rhx L ¥ L 2h R TIEA2W b OO Rh K—12 X A3EEm 3@l sz, Z oiEtEm -
A H = A LZOWTIE, Ti3NS:Rhx & FIER & fEaafi T g,

BBICE T3ET, KELHRTEE LD LT, KROAS% OS2 % 2 - RN
WTRLTVAS.

FROARRIE, VT 2 U=V AT LD B DHMIUFINEEIC 2 RSB SN TER Y, HEEEITE O
LOEEPEELE THDH. KinSIEHD AN ONDORNRIL, IR EDSIC THEE N RES
Lo, EFFREINTEY (EHESE : 9 1, ENSE 18 1), 202 B0 6 :izo>0 T
%, EHRRE (DK : 2 4, FAX—FK 4 ) L TEIFHIS TS, £, B
HERSC 2B LT, HEH L LTRICED > TWa. BT IO ICITIN T 2R
WCHH D OBEERNFZ S LD THY, FOAKEZIENIMCBNT SR LD L TE 5.
L7eho T, HEEHOMFENAEL, EHET, MEET, A 705 OBFER I & > THH
WCEHZFRTHY, L 1Y) OFEEREGTHIMET D LB L, & &Lz



