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The synthesis of ultrathin Nb-doped TiO, nanosheets
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Abstract By controlling the composition of the metal-oxide nanosheet having a two-dimensional layered crystal structure,
material properties and application can be extended. In this study, the composition of the nanosheet could be expanded from
pure composition to doping composition by successfully synthesizing the TiO, nanosheet doped with Nb. Specifically, the
doping composition was designed when synthesizing the layered metal oxide as a starting material (KT, 73 Nb,Lij,,0,,
x=0, 0.03, 0.07) and chemical exfoliation was performed. By doing this, it was possible to obtain the Nb-doped TiO,
ultrathin nanosheet. The size of the nano sheet was 2 pum or less based on the long length in the x-y direction, and the
thickness was about 1 nm. Nb-doping was confirmed by XRD and SEM-EDS analysis.
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Fig. 1. Schematic diagram of the exfoliation process. (a) Layered bulk single crystal KTLN prepared using the flux method (start-

ing materials were heated up to 1200°C and then cooled down 900°C). (b) Bulk hydrated titanium oxide prepared by acid treatment

process (the pristine was treated under 0.5 M HCI solution for 5 days). (¢c) The swelling nanosheets formed by organic solution pro-

cess (the hydrated titanium oxide was treated by TBAOH (tetrabutylammonium) solution for 14 days). (d) The final nanosheets
obtained after the exfoliation process.
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Fig. 3. XRD patterns of KTLNs (Nb0, Nb3 and Nb7).

Table 1

26 of XRD-peaks of Nb0 and Nb7
Plane 20 (Nb0) 20 (Nb7)
(020) 11.405 11.352
(040) 22.854 22.827
(130) 29.025 28.973
(060) 34.566 34.540
041) 38.111 38.006
(061) 46.646 46.593
(200) 47.617 47.512

(edge sharing)= AZ=o] U= APFAA (orthorhombic)
A% 2= dEA Aem[23], Nb3tk Nb7ollA frAkeh
vzt AEE AOE Hol Nb3¥ Nb7> Nbo} 5
g ARTRUS & T AUTh Nbe =3 o5 AE

v=9] 20 olgoRNH AL 9 °tt1 Table 191
A= =

ZAAE Nb7ollM HAEE =371 Nbo o

Fig. 2. Photographs of single crystal (a) Nb0, (b) Nb3 and (c) Nb7. (d-f) The pictures indicate the optical images of Nb0, Nb3 and Nb7.



The synthesis of ultrathin Nb-doped TiO, nanosheets 197

H| ZZH(low angle)e = o]5st & & F UTh(Nb3<] vd= A7t ® ofFefof gttt XRD iAol wet
745 Nb02} FAFSISS). o] A3k= A4 W= Nbel &= AEE I35 Q49 (269 H(plane) "i7)3ted Nbo<t
3 Eths Ag RoFE 523 Adelth Nbe o] Nb72l AAMIE(a, b, c)2F AFI(cell volume)s ALt
24H7 (fonic radius, 78 IIV|E )& Tie] o] WHH (74.5 SIATE. Nb02] a, b, ¢ 2] cell volume:= Z}z}
S)FME]) Br} 27] gEe] Nbol TiS X¥sked £ 0.3817nm, 1.5544nm, 0.2960 nm3} 0.1756 nm’0]]..
g A A% AR e S7EME B9 $7H XRD #, Nb72 ZH2F 0.3825nm, 1.5554nm, 0.2968 nm}

10

keV keV keV

Height 1.0 ym

Fig. 5. The optical microscope image of single crystal (a) KTLO and (b) HTN. (c) The colloidal suspension including the exfoli-
ated nanosheets. The delaminated Nb-doped titanium nanosheets show clear Tyndall light scattering of the number of nanosheets in
water. (d) AFM image of the final exfoliated Nb-doped titanium nanosheets.
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