Crystallography

6-1 How Does the Accuracy of a
Continuous Phase Transition
Temperature Depend on the
Angular Resolution of a Powder
Diffractometer?

A number of researchers have studied structural
phase transitions in various materials, since this is one of
the most important topics in many fields such as physics,
chemistry, biology, geoscience and materials science.
Near the transition temperature, many materials exhibit
interesting and useful properties. Therefore, it is exceed-
ingly important to determine accurate transition tempera-
tures [1, 2]. Most materials do not exist as not single crys-
tals, but as polycrystalline compounds or powders. The
precision of unit-cell parameters can be improved by us-
ing higher-resolution powder diffractometers [1-4]. There-
fore the precision of transition temperature measure-
ments can also be improved by using a higher-resolution
instrument. However, to the best of our knowledge, the
effect of angular resolution on the accuracy of transition
temperature measurements has not been reported in the
literature, although it is very important from the viewpoint
of science and technology.
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Figure 1

Relationship between resolution (Ad/d) and apparent transition tem-
peratures. Open circles denote the maximum temperature at which
the peak splitting due to the 400 and 040 reflections is detectable.
Closed circles denote the transition temperature determined by
power-law fits.

Here we have investigated in situ a continuous tran-
sition between the orthorhombic and tetragonal phases
in perovskite-structured Lag g4(Tipe2,Nbg05)O5 using three
X-ray powder diffractometers with different Ad/d resolu-
tions of 0.03%, 0.06% and 0.10% [2]. d and Ad denote
M(2sinB) and peak width where )\ and 6 represent X-ray
wavelength and Bragg angle. This compound was chosen
for study because it exhibits a continuous transition and
the peak splitting is very small near the transition point [1,
4]. Synchrotron X-ray powder diffraction data with Ad/d
resolutions of 0.03% and 0.06% were collected at BL-3A.
A small furnace developed by Tanaka [5] was utilized for
high-temperature synchrotron powder-diffraction mea-
surements. Low-resolution data of Ad/d = 0.10% was col-
lected with a conventional CuKa diffractometer (Bragg-
Brentano geometry). The peak profiles of the 400 and
040 reflections were measured at different temperatures
with the three diffractometers.

The maximum temperature where the split between
the 400 and 040 peaks is detectable, T,.,, is plotted
against the Ad/d resolution as open circles in Fig. 1. T
was found to be 339°C, 306°C and 225°C for Ad/d reso-
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Temperature dependence of the axial ratio b/a—1 determined by (a)
high-, (b) intermediate-, and (c) low-resolution diffractometers of
Ad/d = 0.03%, 0.06% and 0.10%. Solid lines are least-squares fits
to the experimental data using a power law. The dashed lines are
extrapolations of their fits.
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lutions of 0.03%, 0.06% and 0.10%, respectively. T...
increases with decreasing Ad/d value. The transition tem-
perature is often estimated by T, in the literature. The
large spread in the T, measurements of 114°C clearly
shows the importance of high angular resolution for ac-
curate determination of transition temperatures.

In the orthorhombic phase the axial ratio b/a of the
cell parameters decreased with increasing temperature
and the b/a ratio became unity at the transition point (Fig.
2). The transition temperature T, was calculated by ap-
plying a power law b/a-1=C(1-T/T,)" to data taken at
temperatures where the peak split is detectable. C and
B are a coefficient independent of temperature and the
critical exponent, respectively. T, was estimated to be
456+228°C, 396+14°C and 360+2°C for low-, intermedi-
ate-, and high-resolution data, respectively. Thus, the
T. decreases with decreasing of Ad/d value and with
increasing angular resolution (Fig. 1). It is worth noting
that a change of angular resolution from 0.10% to 0.03%
considerably improves the accuracy from +228°C to +2°C.
This finding also indicates the importance of high angular
resolution in powder diffractometry for the accurate deter-
mination of transition temperatures.

M. Yashima', M. Mori' and M. Tanaka’ (Tokyo Inst. of
Tech.!, KEK-PF?)
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High-temperature synchrotron X-ray powder diffraction experiment
at BL-3A.

24 W Highlights

6-2 Structure Determination of Spi-
nel-Type Culr,S, at Low Tem-
perature from High-Resolution
Powder Diffraction Data

Spinel compounds have been studied for many years
because they exhibit a large variety of physical proper-
ties. The cubic spinel structure has two crystallographi-
cally different sites; tetrahedral (A) and octahedral (B)
sites occupied by cations and anions. The B site forms
a corner sharing tetrahedral network, which causes geo-
metrical frustration when occupied by mixed valence ions
or magnetic atoms. In this case, some kind of ordering
such as charge-ordering often occurs at low tempera-
tures and interesting physical properties are revealed.

Spinel sulfide Culr,S, is one example of such a ma-
terial. This compound has attracted attention in the last
decade because of its unusual properties; a sharp metal-
insulator transition (MIT) at T,, = 226 K accompanied
by a structural transition [1]. Experimental results [2,3]
show that the low-temperature insulating phase is non-
magnetic and that the Cu ion is monovalent, meaning
that the average valence of the Ir ions is 3.5. Therefore,
the mechanism of MIT was considered to be made up
from a charge-ordering of Ir** (spin S = 1/2) and Ir** (S =
0), and possibly some kind of spin dimerization for Ir*. It
is important to determine the precise crystal structure of
the low-temperature phase to understand the nature of
the transition. Conventional X-ray diffraction experiments
have been tried to achieve this. However, not only did
numerous weak superlattice peaks appear, but also the
splitting for some peaks was too small to resolve (Fig. 3),
and it was difficult even to determine the lattice symme-
try.

A synchrotron radiation X-ray powder diffraction
experiment was carried out using the high-resolution dif-
fractometer installed at BL-3A. The wavelength used was
1.5470 A, and a flat Si(111) crystal analyzer was used
in order to obtain high angular resolution. Using these
optics, the full width at half maximum of the respective
peaks in the low 28 region was less than 0.02°. From
careful observation of the peak splitting of the fundamen-
tal reflections (Fig. 3), the lattice symmetry is found to be
triclinic [4] and the lattice parameters estimated to be a
=9689 A, b=9.717 A, ¢ = 10.026 A, o = 90.050°, B =
90.025° and y = 90.083° assuming a pseudo cubic axis.
All peaks including the super-lattice and forbidden reflec-
tions were indexed and the unit cell converted so as to
have translational symmetry. Next, the initial structural
parameters were constructed by combining the results
of electron and neutron diffraction data. Starting from
the initial model, Rietveld analysis was performed to de-
termine the precise structural parameters. As a result, a
very interesting structure was obtained [5]. As shown in
Fig. 4, the Ir sub-lattice was found to consist of two types
of Ir bicapped hexagonal rings, which were described as
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(a) The profiles of 440 fundamental reflections of Culr,S, at 50 K obtained by synchrotron radiation X-ray and conventional X-ray diffraction. The
indices are based on the pseudo cubic axis. (b) The same diffraction pattern as (a). Numerous super-lattice and forbidden reflection peaks ap-
pear.
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The crystal structure of the low temperature phase of Culr,S,, where the configuration of the Ir ions is shown. Blue and red circles indicate the

Ir’** and Ir*" ions and the dimerized Ir-Ir bonds are shown as red cylinders.

Ir**s and Ir** octomers. Further, the Ir** ions with S = 1/2
are found to form dimers. The Ir-Ir distance in the dimers
is ~3.0 A, while all the other Ir-Ir nearest-neighbor dis-
tances were ~3.5 A. The crystal structure obtained by the
present study strongly supports the thesis that Culr,S,
undergoes a simultaneous charge-ordering and spin-
dimerization transition.

H. Ishibashi (Osaka Pref. Univ.)

References

[1] T. Furubayashi, T. Matsumoto, T. Hagino and S. Nagata, J.
Phys. Soc. Jpn. 63 (1994) 3333.

[2] J. Matsuno, T. Mizokawa, A. Fujimori, D.A. Zatsepin, V.R.
Galakhov, E.Z. Kurmaev, Y. Kato and S. Nagata, Phys. Rev. B
55 (1997) R15979.

[3] K. Kumagai, S. Tsuji, T. Hagino and S. Nagata, Spectroscopy of
Mott Insulators and Correlated Metals, edited by A. Fujimori and
Y. Tokura (Springer, Berlin 1995).

[4] H. Ishibashi, T. Sakai and K. Nakahigashi, J. Magn. Magn. Ma-
ter. 226-229 (2001) 233.

[5] P.G. Radaelli, Y. Horibe, M.J. Gutmann, H. Ishibashi, C.H. Chen,
R.M. Ibberson, Y. Koyama, Y-S. Hor, V. Kiryukhin and S-W.
Cheong, Nature 416 (2002) 155.

Highlights I 25




