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The ABO3 perovskite-type oxides are keys
to the future technologies for energies, en-
vironments and electronics where the A
and B are the larger and smaller cations.
Since the 2p orbitals of nitrogen have a
higher energy level than that of oxygen,
the partial replacement of oxygen by nitro-
gen in perovskite-type oxides ABO3-xNx
leads to a band gap reduction where the x is
the concentration of nitrogen in the anions.
Thus, the perovskite-type oxynitrides of-
ten exhibit intense colours and have poten-
tial applications such as visible light driven
photocatalysts and non-toxic pigments.

Crystal structure is the predominant in-
formation for material design and study of
reactions and phase transitions. The ABO3
perovskite-type oxides have a variety of
crystal structures due to the tilting of BO6
octahedron and displacements of B cations,
but, the study of ABO3-xNx oxynitrides is
insufficient. There exist many interesting
perovskite-type oxides with orthorhom-
bic Imma space group. However, to our
best knowledge, the Imma perovskite-type
oxynitride has not been reported yet.

LaTiO2N exhibits interesting photocat-
alytic, optical and dielectric properties.
Clarke et al. and Logvinovich et al. re-
ported that the structure of LaTiO2N be-
longed to triclinic (P-1) space group. In
a preliminary work, we investigated the
space group of LaTiO2N prepared by ni-
triding of La2Ti2O7 under ammonia gas
flow, but it was difficult to determine the
space group due to the small crystallite
size and twins. The purpose of this work
is to examine the space group and crys-
tal structure of highly crystalline LaTiO2N
prepared by a flux method. We report here
the first example of Imma perovskite-type
oxynitride.

A high-purity and highly-crystalline La-
TiO2N sample with deep red colour was

prepared using a NaCl flux. Infrared (IR)
spectra of the present LaTiO2N sample in-
dicated neither OH nor NH4 species. Elec-
tron diffraction patterns of LaTiO2N along
the zone axes of [100] and [2 0] indicate
the reflection conditions 0kl: k+l= even
and hkl: h+k+l=even, respectively. Other
reflection conditions were also obtained:
0kl: k+l=even; h0l: h+l =even; h00, 0k0,
00l: h, k, l = even. These reflection condi-
tions do not show the P-1 and R-3c and
, but Imma space group. All the reflec-
tions in the electron diffraction patterns of
about ten crystallites were indexed by the
Imma space group. Thus, the crystal struc-
ture of LaTiO2N was refined by the Imma
perovskite-type structure.

The SEM-EDS analyses for 15 par-
ticles and refined occupancies from
neutron and synchrotron data indi-
cated the chemical compositions of
La1.3(2)Ti1.0(1)O2.1(5)N0.64(23), 　
La1.00(3)TiO2.00(13)N1.00(13), and
La1.000(2)TiO2.00(17)N1.00(17), respec-
tively, which agree with the nominal
composition LaTiO2N within +-3sigma.
The crystal structure of LaTiO2N consists
of Ti(O,N)6 octahedra and La cations. The
oxidation states of Ti, La, (O1,N1) and
(O2,N2) sites were estimated to be 4.1, 3.0,
2.4 and 2.3 by the bond valence sums from
the present refined crystal parameters,
which agree well with 4.0 for Ti4+, 3.0 for
La3+, and average values 2.3 of O2- and
N3-. The tilt system of Imma LaTiO2N is
a0b-b-, which is different from a-b-c- of P-1
in the literature.

To our best knowledge, the present La-
TiO2N is the first example of the Imma
perovskite-type oxynitride. The tolerance
factor of Imma LaTiO2N is estimated to be
0.972, which is intermediate between the
values (0.987-1.042) for Pm-3m ABO2N
and those (0.92-0.949) for Pnma ABO2N.

Activity Report on Neutron Scattering Research: Experimental Reports 18 (2011)
Report Number: 1212



This trend in perovskite-type oxynitrides is
consistent with that in perovskite-type ox-
ides.

In summary we have presented here the
first example of the Imma perovskite-type
oxynitride. LaTiO2N was determined to
have the Imma perovskite-type structure
with a0b-b- tilt system by the Rietveld anal-
ysis of HERMES neutron powder diffrac-
tometry, and transmission electron mi-
croscopy. The refined crystallographic pa-
rameters agree well with ones of the opti-
mized structure obtained by Density Func-
tional Theory calculations.
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