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ReG; presents two crystalline variants, with monoclinic and orthorhombic structures. The former is meta-
stable and irreversibly transforms to an orthorhombic structure aboC4@Mhe structure of the latter was
determined from studies on monocrystalline samples, whereas for the monoclinic variant there are no single
crystals available so far. It was found only one monoclinic variant and the structure associated with this variant
is based on studies on polycrystals. We analyzed a monoclinic oxide powder sample by X-ray diffraction and
refined its pattern by means of the Rietveld Method. We obtained that the monoclinic variant belongs to space
groupP2: /¢, with lattice parameters = 5.615(3), b = 4.782(2), ¢ = 5.574(2) A, 8 = 120.13(1)°.

Introduction der to know the X-ray diffractometer set-up profile. T
crystalline parameters dReO3 was found in ICDD # 33-
ReQ, (configuration5d3) is found in two crystalline vari-  1096. TheReOs X-ray diffraction pattern (Cukk) was
ants: monoclinic ¢-ReQ;) and orthorhombic £-ReG). measured in order to obtain a good Refditial FWHM
The former is stable only below 300 [1]. The crystals  input parameters (U,V,W). The experimental set-up U
obtained in the usual production conditions for this mono- for all measurements was a Rigaku DMAX2000 X-i
clinic variant are not large enough for a single crystal anal- diffractometer, with Bragg-Bretano geometry, and with-
ysis. The second variant exists at higher temperatures andolitic carbon monochromator in the diffracted beam. T
shows up during an irreversible transformation of the mon- goodness-of-fit of th&eO3 Rietveld final refinement is rey
oclinic phase above 46Q [2]. resented by .,/ R...p), and it has shows' = 1.33 as the
The two ReQ variants present crystalline (metallic) best fit result. Furthermore, aleO; crystalline parameter
conductivity and Pauli paramagnetism [3]. The structures were confirmed by X-ray absorption measurements, w
of rhenium oxides were extensively studied by Malyf]. were performed for Re in thé;;; edge (0.525keV) at
He points to the existence of Re-Re bindings, that influencethe XAFS station of National Braziliam Laboratory (LNL!
greatly the arrangement of Rg©Octahedrons and the physi- Campinas-Brasil) [9].
cal properties of rhenium oxides. Magndetermined the- The study of Re@ started after we had known tt
ReQ; structure from single crystal analysis and restated the y v/ initial parameters. The structure ofReO, was
structure for thex-ReQ, based on several papers on poly- jnyestigated by X-ray diffraction powder pattern meast
crystals [2]. This structure is the same as the one of MOO  ents using a 99,9% pure sample, from AlfaAesar (Johi
with slightly modified parameters, as originally proposed by \jatthey Company). The X-ray diffraction pattern was ¢
Zachariasen [5], based on the great similarity between thesggine in the Rigaku DMAX2000 X-ray diffractometer s
two oxides. _ _ up described before. CuKradiation was employed. Da
There is no data om-ReQ; in the ICSD (Inorganic  4cqyisition time was approximately 90 h for the range

Crystal Structure Database - 2000). In the PDF2-ICDD 5o ¢, 150, leading to good statistics, and with 0%tep,
(Powder Diffraction File - International Centre for Diffrac- allowing excellent definition to reflection peaks.

tion Data - 2000) one only entry (# 17-600) is found, pre-

senting some crystallographic information obtained by Trib-

alat [6] in 1964, using a Debye-Scherrer chamber. He pro-

posed theP2; /c space group, withw = 5.58, b = 4.81, ; ;
¢ = 5.50 Aand 8 = 119.55°. Some objections on these Rietveld anaIySIS

results were raised by Cédtes [7] in 1972.
The information on PDF2 (#17-600) was employed

. this initial structure refinement. As the atomic positic

Experlmental of rhenium and oxygen were not known, we have u

high simmetry values as initial inputs, namely Rel (0,0

As initial experimental procedure, theeO3 ( 99.9%, Al- Re2 (/,0,0) for rhenium atoms and 01/¢,'/4,"/s), 02
faAesarn® 62109) was used as calibration compound in or- (%/4,%/4,Y/) for oxygens.
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The refinement was performed using the DBWS code, are connected one another by the octahedrons having a cor
version # 9807 (2000) [8]. Pseudo-Voigt (pV) profile func- mon vertex, as in rutile. In the rutile the octahedral arrange:
tion was used for the fit of reflection peaks;> 1 indicated ment presents the metallic atoms equally spaced along the
that the peak shape is strongly Lorentzian. As described be-axis, whereas im-ReQ, the rhenium atoms present a spac-
fore, the initial FWHM parameters (U,V.W) were obtained ing modulation along the-axis, with alternate distances.
from the ReOj3 study [9]. The profile asymmetry caused by Through the refinement of the position of the Re2 site we
the axial divergence of the beam was corrected by means obbtained the distance between atoms in the Re-Re couplin
the model by Riello, Canton and Fagherazzi, which is avail- along thea-axis, inside the octahedron chains. Re-Re dis-
able in this version of the code. No effects due to surface tances alternate between 2.622(6) and 2.99&(&long the
roughness nor preferable orientation were detected duringchains, which causes the undulation suggested by Gibart i
refinement process. The Fig. 1 shows a graphical represeni967 [4]. Fig. 2 shows the 2D view of the ReGtructure
tation of the final Rietveld refinement, the experimental data along the [010] direction. We also performed the refinemen
and the difference between them. of oxygen positions and extracted the relative distances be
tween all pairs of oxygen (O1 and O2) and rhenium (Rel
and Re?2) sites. Fig. 3 shows the 2D view along the [001]
- voes direction of monoclinic Regstructure.

— YCALCZ
—-— Difference

3500

T

3000

T

T

2500

2000

1500 -

1000

500 |- —J
sof T

1 ! 1 1 1 1 1 1
20 40 60 80 100 120 140 160

20
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RGSUltS and COﬂClUSiOﬂS Figure 2. The 2D view of Re@structure along the [010] direction.

Our results led to the conclusion thatReO, belongs to
space group”2; /c, with lattice parameters = 5.615(3),

b = 4.782(2), ¢ = 5.574(2) A, 3 = 120.13(1)° [10] and
[11] . The goodness-of-fit, represented byRS(/R..,) was

S = 1.42. The parameters, which represents the quality of
the Rietveld refinement, are in the Table I.

Table | - Rietveld quality parameters refinement
Parameter Value
R-P 11.12%
R-WP 15.09%
R-Expected 27.27%
S 1.42
D-WD 0.03
N-P 13301
Derived Bragg R-Facto 7.54
Derived R-F 5.97 Q
FWHM U = 0.028600(6)
V = —0.00373(2) Figure 3. The 2D view of Re®structure along the [001] direction.
W = 0.054980(8)

Table Il summarizes the crystalline data description re-

The a-ReQ, structure may be described by an arrange- Sulting from the final Rietveld refinement.
ment of ReQ octahedrons forming straight chains, which
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Table I - Crystal Parameters

Crystal data

Formula sum Re®
Formula weight 218.21
Crystal system monoclinic

Space group P2y /c (nr. 14)
Unit cell dimensions a = 5.615(3) A
b=4.782(2) A
c=5.574(2) A
B =120.13(1)°

Cell volume 129.45(76A3
4 4
Density, calculated ~ 11.196 g/ém
Temperature 293(2) K
Atomic coordinates
Atom Ox. Wyck. Occ. x y z
Rel +4 2a 0 0 0
Re2 +4 4e 0.5 0.467(1) 0.00000 0.00000
o1 -2 de 0.346(3) 0.248(2) 0.192(2)
02 -2 de 0.133(1) 0.754(3) 0.302(2)
Selected interatomic distancel)(
Rel-Re2 2.622(6) Re2-01) 2.187(17)
Re2-Ref?) 2.993(6) Re2-08Y) 2.033(13)
Rel-01%) 2.059(15) Rel-02Y) 2.020(13)
Symmetry codes: (i) + z, v, z; (i) —z, —y, —2z; (i) 1 — z,—y, —z; (iv) ,0.5 — y, —0.5 + z.
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