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ABSTRACT. A comparative study on crystal structures and UV-visible diffuse reflectance spectra for Nb-containing
oxyfluorides was performed to probe the relationship between energy band gap and local structure. The oxyfluorides,
RbSNb,OgF, RbCaNb,O¢F and RbNb,OsF are commonly composed of the corner-sharing NbOsF octahedra as structural
building units. The average Nb-O(F)-Nb bond angles, which can be a measure of the structural distortion, are 158.6° for
RbSrNb,OgF, 149.6° for RbCaNb,OgF and 139.5° for RbNb,OsF. As the bond angle decreases, the band gap increases:
3.48eV for RbSINb,O¢F, 3.75eV for RbCaNb,O¢F and 4.03 eV for RbNb,OsF. This experimental result implies that the
band gap can be controlled with a range of 0.6 eV through a variation of local structure for the Nb-containing oxyfluorides.
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Fig. 1. X-ray diffraction patterns for (a) RbSrNb>OgF, (b)
RbCaNb205F and (C) RbszO5F
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Fig. 2. Crystal structures of (a) RbSINb,OgF, (b) RbCaNb,OgF
and (c) RbNb,OsF. Rb and Sr(Ca) atoms are represented by
large spheres and small spheres, respectively. The octahe-
drally coordinated Nb atoms are represented by small filled
spheres.
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Table 1. Crystallographic data for compounds
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Fig 3. Diftuse reflectance spectra for RbSrNb>OgF, RbCaNb,OgF

Compound symmetry alA b/A c/A ref.
RbSrNb,OgF Tetragonal 3.8503(1) 11.2841(3) [7]
RbCaNb,OgF Orthorhombic 7.6085(5) 7.6200(5) 22.023(1) [8]

RbNbOsF Cubic 10.495(3) [9]
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Table 2. Local structure and optical band gap energy (E,) of compounds

Compound Nb-O(F)-Nb angle (°) Nb-O(F)-Nb average angle (°) cos (180-0) E; (eV)
RbSrNb,OsF :zgg i 31 158.6 0.93 3.48
164.0 x 1
154.6 x 1
RbCaNb,OgF 148.0 x 1 149.6 0.86 3.75
145.6 x 1
135.6 x 1
RbNb,OsF 139.5x 6 139.5 0.76 4.03
' ; ' ' T R A7|gA =] > wiAS 5 vt ot
) A FEE oA u] 214 W3le eI A=
sl TTEL 1wl oggpe gzkat S ek Aol T4 Als
s | Bl B 222 oA W T2 W} Akl w2
2 E.L o 722 5153 ¢] #A5E A% w7} 12 (non-
g a5l \\\I\ i bonding) A & ol| 4] ¥} 3} (anti-bonding) A A= W 3}
@ AL o] & <ls) w vhu|7} gtaste] Az ow u)
Z¥A olUx|7} F7Fghe M0 o) gt A 2 RE] T2
a0l ] A F1Ed el 7H 2 RbNb,OsFllA] 7haF 2k o] v}
v E 7Pear 3 4 9o}

0.70 075 0.80 0.85 0.90 0.95 1.00
cos (180-9)

Fig. 4. Correlation between band gap energy and Nb-O(F)-
Nb bonding angle for oxyfluoride compounds.
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