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Synthesis Parameters and Photocatalytic Activity of Titania Nanosheets

ZHOU Xuemei, YANG Lei, HAN Xiaochi
(School of Chemical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Two-dimensional TiO, nanosheets at large size are of importance in the electronic devices, but the synthesis is challenging.
A few-layered titanate was prepared via high-temperature solid-state reaction with Cs,COs and anatase TiO, as precursors. The results
show that the crystallinity of cesium titanate (Cs;Ti;g504) as a solid reaction product is related to the several pretreatment
parameters, i.€., mixing method for precursors, molar ratio of Cs/Ti, feeding amount, and calcination duration. A single phase of
Cso7Ti; 2504 can be obtained by calcinating the precursor mixture. However, a mixed phase of rutile TiO, and Csg;Ti; 550, is
obtained when the precursors are mixed in solution. A product Csg;Ti; g3504 can be obtained at 800 ‘C in a molar ratio range of
n(Cs)/n(Ti) of 1/(2.6-4.0). The crystallinity of cesium titanate improves with the increase of feeding amount of total precursors or
calcination duration. After calcination, cesium titanate is treated using hydrochloric acid and the protonated product of Hy ;Ti; 5504 is
obtained. Also, few-layered titania nanosheets (Tiy;0;) are obtained via exfoliation of the protonated product with amine-based
macromolecules (TBAOH). The well-ordered lamellar structure of Tig 9,0, is formed when the molar ratio between TBAOH ions to
the exchangeable protons in the titanate is 0.5 (N(TBAOH)/N(H")=0.5). Such a layered structure is annealed and used as a
photocatalyst for hydrogen evolution in water under simulated solar light with ethanol as a sacrificial agent. The photocatalytic
activity of the final product is related to the ratio of TBAOH/H" during exfoliation, and it is indicated that the product obtained at
TBAOH/H" of 0.5 exhibits the optimum hydrogen evolution activity.
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Fig. 1 A typical crystal structure of CsyTiy 140427
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Fig. 2 SEM images of Cs(;Ti; g2504
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(b) Different reaction conditions

100 mg TiO,-20 h: The feed amount of TiO, was 100 mg and the precursors were calcined at 800 “C for 20 h;
20 mg TiO,-1h: The feed amount of TiO, was 20 mg and the precursors were calcined at 800 “C for 20 h;

100 mg TiO,-20 h: The feed amount of TiO, was 100 mg and the precursors were calcined at 800 ‘C for 20 h once.

B3 ANIH Cs/Ti BE/R R ERAF K74 XRD % A AE n(Cs)/n(Ti)=1/2.6 IS SR IFI 40k SRS 17 3R 15 1074 XRD 1%
Fig. 3 XRD patterns of final products under different molar ratio of Cs/Ti and XRD patterns of final products under the molar ratio

of N(Cs)/n(Ti)=1/2.6
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Fig. 4 XRD patterns of final products under different mixing
methods for raw materials (Products were obtained by
repeating the heat treatment twice (800 °C, 20 h) for
molar ratio of n(Cs)/n(Ti)=1/2.6)
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Fig. 5 XRD pattern of HyTi, 4404 -H,O(s)
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Dotted box: XRD patterns for unexfoliated HyTis 404 H,O(s).

K6 n(TBAOH)/n(H")FE A B2 T i) XRD
Fig. 6 XRD patterns for dried products from the colloidal
suspension with different molar ratio of (TBAOH)/n(H")
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(a) Tip.9102 AFM morphology image

(b) Height of selected Tig 91O, nanosheet

Bl 7 TigoiOy [ AFM 8 Ry 1K I 1) 7 2 it 28
Fig. 7 AFM image and the corresponding height profiles of Tig;0,

K8 Tipy O, 1] TEM B8 F
Fig. 8 TEM image of Tiy9;0,

DLW EE R XRD /M BE O 2 T3
IR P i ) AT AT IR 9K 4 |2
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EO R R 7 2 1 RS 4
2.2 JTERAMS
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Ti 2pip S G REMIA B R AT 4 MILEES.
O Is &5 ¥k XPS USR] 1 MG RN T
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(Ti—O—Ti)***1,

468 466 464 462 460 458 456

Binding energy/eV

(a)T2p

534 532 530 528 526
Binding energy/eV

() O 1s

B9 n(TBAOH)/N(HN=0.5 ke )5 HIFEH XPS i
Fig. 9 XPS spectra of the sample with molar ratio (TBAOH)/n(H")=0.5 after calcination
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TRAFLAEIN, G0k 10 Fias. RAFHT N, IR Bt
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(a) N, adsorption—desorption isotherms

(b) Pore size distribution

B 10 n(TBAOH)/N(H)=0.5 #tJ J FRIRE fiy W5 B — It B 25 b 2 A0 LAR 70 A7 Hh 2
Fig. 10 N, adsorption—desorption isotherms of ((TBAOH)/N(H")=0.5 sample after calcination and pore size distribution curves

3 EEESAT
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n(H)=0.5 I, SRIG VA P~ E0E 1 e, ik
1.0 umol/(g-h). X A& T n(TBAOH)/n(H"=0.4 i},
TBAOH HJEA & PATE 2R B A ERTR, #1555 1)
Tioo10, T BB AN ED, B S P AETE BRI AR
WRIB IR, AR T4 b T e, gt R
5 XRD Bt Rwn& (1 6).

24 TBAOH/H [ BE /R L3 K E] 1.0 B, H, I
N3 R B S 0.5 pmol/(g-h). 1 iR XRD 3] 41,
it &) TBAOH £l 3R 44 2 o 1) s 4544, AT
B~ SR (B 11). 24 TBAOH/H ) BE /K EL 34k
F| 3.3 B, FEMEALTE LB R B . XRD 20 A ml A1,
HE TBAOH BB IHOETRE, B
AR ] REAE 2 A1 ELE FAAEAN R BT, FHESHE
A 71) S THT (14 B A R 50 P A% B, AT 0 1) R A 95 12 o

2z BT, %4 TBAOH & &4 TWAKIR T 42
He 5t 1 1K) — 2 I AT AR A I R R A R S =, O
HAEZHAE TR RE W 2 e N R 8D 2 45
PO 9K B AV PR s . RS FE S LR TH
B T =G A BRI s, (2 Ak R,
BT 6= fLARAEE, 9K R T AR UK. Ktk
AR 22 R TR 4 it P R0 PR S50 AR A i 2 1 52 i
HEEREK.

K11 ASFEE/R EL ) TBAOH/HT 78 300 C BB 1 h 51
S AR
Fig. 11 Photocatalytic hydrogen activity of TBAOH/H" with
different molar ratio were calcined at 300 °C for 1 h

4 Hp

K i [ A A Ok B i 2% T R A
Cs0.7Ti1 805040 GRFM, 4 N S RHEE /K EE n(Cs)/
N(Ti)=1/(2.6~4.0)F1R F [ 25 vk} 77 20, 78 800 C
AT 2 B 20 h, FRREZRAF Cso7Ti1 825040 E
WIS TB] 3B B8 R 38 K S S5 T A
HE— DT R4S . XRD 45 5RE M, SHTIR
A2 UL K4y F- TBAOH 5 Ji5 o] LASRAS b 2 400K
o MK+ TBAOH [ 205 T ImERIR H1 28 4t
R 20, SRAFH D Z 0K A ST
PR . X — M 5045 X A WL K %5 — 4
MR R B EESE
S E Lk
[1] ZHUANG G, YAN J, WEN Y, et al. Two-dimensional transition metal

oxides and chalcogenides for advanced photocatalysis: Progress,
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