Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is (c) The Royal Society of Chemistry 2010

Electronic Supplementary Information for
A one-pot method to grow pyrochlore H,;Nb,O;-octahedron-based

photocatalyst

Jianjun Wu, * Jiangtian Li, * Xujie Lii, * Linlin Zhang, ° Jiyong Yao, ¢ Fuxiang Zhang, ¢ Fugiang

Huang,* * and Fangfang Xu*""

a CAS Key Laboratory of Materials for Energy Conversion, Shanghai Institute of Ceramics,
Chinese Academy of Sciences (SICCAS), Shanghai 200050, P. R. China (P.R.C).

b Inorganic Materials Analysis and Testing Center, SICCAS,

¢ Technical Institute of Physics and Chemistry, CAS, Haidian District, Beijing 100190, PR.C.

d Department of Geological Sciences, University of Michigan, Ann Arbor, MI 48109, USA.

*Corresponding author: huangfq@mail.sic.ac.cn, ffxu@mail.sic.ac.cn

1. Experimental part and photocatalytic test
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Fig. S1 (a) XRD pattern for the obtained Ca;Nb,O7. The Brag peaks position (JCPDS
73-0597) was shown in bottom and (b) UV-Vis spectra with band gap in the inset
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Fig. S2 MO photocatalytic (a) decolorization, (b) kinetics over Ca;Nb,O; and

H4Nb,O- with the same molar amount of niobium
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Fig. S3 RhB photocatalytic (a) decolorization, (b) kinetics over Ca;Nb,O; and

H4Nb,O; with the same molar amount of niobium
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Fig. S4 Photocatalytic test results for HNbOs; and H4NbeO7
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Fig. S5 Equilibrium adsorption of MO. D = (Cy - C)/Cy * 100%, where Cy is the

initial MO concentration and C is the concentration after equilibrium adsorption. (a)

Variation of the MO concentration in the dark over Ca;Nb,O; and H4sNb,O7, (b)

pH-dependent adsorption of MO over HsNb,O,
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Fig. S7 (a) XRD and (b) photocatalytic test of MO over these niobic acids
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Table S1 Sger and reaction constant K of the niobic acid

Catalyst Sper(m?*/g) K(10%/min) R
240 °C/3h 6.2 1.52 0.987
240 °C/6h 4.6 1.74 0.984
240 °C/%h 3.8 2.93 0.986
240 °C/12h 1.2 2.21 0.980

2. Refinement information:

Table S2 Structural Information for the niobic acid

Sample The obtained pyrochlore niobic acid
Formula HsNb,O7,Z =8
Formula weight 301.8 g/mol
Space group Fd-3m(227)
Cell parameters a=10.5690(3)A, a=90"°
Cell volume 1180.59(3) A’
Calc. density 3.3507(1) g/em’
Refined parameters™ R,=0.0968, R, =0.1377

* Ry = TO¥e)/Tyi Rup = [Ewilyiye) /X (wiyi)]". Where, y; and yei are the
observed and calculated intensities, w; is the weighting factor, n is the total number of
y; data when the background is refined, and p is the number of adjusted parameters.
Rietveld refinements were performed with EXPGUI and GSAS program packages 2
using H4Ta,O; as starting model. After refining the scale factor, the terms for
background function, unit cell parameters, zero point error, profile coefficients,
atomic positions, and isotropic displacement parameters, the (111) and (222) peaks
show the largest discrepancy, indicating that the structure of niobic acid crystal is

{111} oriented. The M.D. model was applied for the preferred orientation with the
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refined r = 0.72. The detailed refinement results are presented in the following Table

S2 & S3.

Table S3 Atomic parameters for the niobic acid

Atom  Wyck. site x/a y/b z/c U(A?)
Nbl 16d -3m 0.5 0.5 0.5 0.0366(2)
01 48f 2mm 0.436 0.125 0.125 0.023(5)
02 8a -43m 0.125 0.125 0.125 0.023(5)

Table S4 The bond and distance data for the NbOg octahedron

Atom1 Atom2 Atom3 d i 3 (nm) angle 5, 1,3 (deg.)

Ol Nbl Nbl 0.19870 140.196
Nbl Ol Ol 0.19870 90.608
Nbl Ol Ol 0.19870 180.00
Nbl Ol Ol 0.19870 89.392

3. Packing factor (PF)
The packing factor (PF) is defined as follows,
PF=ZxVs+yVg+2zVe)/ Ve
where, Z is the number of the formula unit in one unit cell of a semiconductor
(AByC,), Va, Vg and V¢ are ion volumes calculated by assuming spherical ions with
a Shannon radius that depends on the coordination number, and V. is the cell

volume. The structural parameters and the calculated PF are listed in Table S5.
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Table SS. Packing factor (PF) of HNb,O7 and Ca;Nb,0-

Compound H4Nb,O~ Cay;Nb,O7
Space group Fd-3m (227) Fd-3m (227)
Cell parameters a=10.5690A,Z=8 a=10.4445A,7Z =38
Vel 1180.60 A’ 1139.4 A°
PF 47.56% 54.99%
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