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Abstract. The neutron powder diffraction technique has been used for structural studies of Rb,UBr, solid elec-
trolyte as a function of temperature. The low-, room-, and high-temperature structures have been determined. At
the temperature range of 4.2-80 K, the compound crystallizes in a monoclinic unit cell in the P21/c space group.
At 80 K and 853 K, the compound crystallizes in a tetragonal unit cell in the P4/mnc space group. At 300 K, the
lattice constants are a = b = 7.745(1) and c = 11.064(1) A. At the temperature range of 853-960 K, a trigonal
phase is observed in the P3ml space group.
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Introduction

Fast-ion conductors belong to the specific class of
solids in which the regularity of the crystal lattices
is significantly disrupted and are characterized by
an almost liquid-like mobility of one of constituent
ion species. Crystals with superionic phase at high
temperatures approach this phase either gradually
or through several phase transitions.

The group of uranium halides Me,UX; (Me = Li,
Na, ..., Cs; X = Cl, Br, I) forms a series of interesting
compounds with closely related structures and ex-
hibits several interesting properties such as peculiar
sequences of structural phase transitions and fast
ionic conductivity at elevated temperatures. The neu-
tron diffraction studies were performed on a series of
alkali uranium hexabromide and hexaiodide Me,UXg
(Me = Li, Na, Rb, X = Cl, Br, I) [1-9]. In spite of
similar chemical formula, the Me,UXs compounds
exhibit a variety of thermodynamic and structural
properties. Some of them (cf.: Cs,Uls [10]) show
large discontinuities in ionic conductivity only at the
melting point with a low or moderate conductivity
that increases gradually with temperature without
any discontinuous change. The change from low to
high ionic conductivity is spread over a wide range of
temperatures, and these compounds do not exhibit
any structural transformations. There is also a dis-
tinct group of compounds showing a large discontin-
uous change in ionic conductivity accompanied by
a change in the lattice symmetry of both mobile and
immobile sublattices (cf.: Na,UBrs, Na,UIg). Apart
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from these two well-distinguished groups, it has been
found that there are in addition such compounds in
which ionic conductivity increases rather smoothly
with temperature, but they do exhibit a change in
lattice symmetry. A typical example of such a behav-
iour is Rb,UBrs. Its electrical conductivity has been
measured by Szczepaniak [11], and it showed only
an abrupt change at the melting point T,, = 997 K.
At the whole temperature range below 997 K, the
electrical conductivity changed in a continuous way
although some irregularity on the In(cT) vs. T can
be distinguished [11]. It was interpreted as an effect
of small departure from stoichiometry (excess of
RbBr) since the temperature where this irregularity
occurred corresponded to the melting point of the
eutectic phase RbBr-Rb,UBrs. On the other hand
in the differential thermal analysis (DTA) curve of
the rubidium hexabromouranate(IV), two possible
structural transitions at 843 K and 967 K were found
[11, 12]. In this paper, the specific structural proper-
ties of Rb,UBrs compounds are reviewed and their
influence on electrical conductivity are discussed.

Experimental

The samples were prepared as described earlier [1,
13]. The low temperature parts of experiments were
performed using a powder sample of Rb,UBr¢sealed
in a cylindrical thin-walled vanadium can of 10 mm
diameter in a glove box under a dry argon atmosphere.

The measurements at room temperature were per-
formed at the EWA reactor in the Institute of Atomic
Energy, Swierk, using the TKSN 200 diffractometer
and then repeated at the SILOE reactor in the
Grenoble’s Centre des Etudes Nucléaires (CENG)
using the DN-5 diffractometer. The low temperature
measurements were also performed in the CENG.
Neutron powder diffraction patterns were taken
using an “orange” cryostat at temperatures 300 K,
during slow cooling down in the temperature range
of 300-4.2 K, and at 4.2 K.

The high temperature experiments were per-
formed at the Studsvik Neutron Research Labora-
tory (NFL) on the SLAD and NPD neutron powder
diffraction instruments. In these experiments, the
samples of Rb,UBrs sealed in a thin-walled quartz
tube of 6- and 12-mm diameter were used, respec-
tively, for SLAD and NPD instruments. The sample
used on the NPD was a polycrystalline, whereas that
on the SLAD was a powder one [14].

For the Rietveld refinement, the program FullProf
was used [15].

The room temperature structure of Rb,UBr,

Vdovenko et al. basing on the X-ray study have re-
ported the Rb,UBrs compound to crystallizes in the
cubic system with the unit cell constanta = 10.94 A,
space group Fm3m with the K,PtCl, type structure.
No structural phase transitions were reported [1].
Our initial measurements at room temperature
were performed at the EWA reactor in the Institute
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Fig. 1. Observed (points) and calculated in the cubic
structure of K,PtCls type and in the tetragonal system,
(lines) neutron diffraction patterns of Rb,UBrg obtained
at 300 K on the TKSN 200 diffractometer in Swierk. The
curve at the bottom of the diagram shows the difference
Lops — Iac Of the tetragonal system. The cubic (down) and
tetragonal (up) peak positions are marked by vertical lines.
The additional reflections forbidden in the K,PtCls type
of structure are marked by arrows.

of Atomic Energy, Swierk, Poland. The measurement
performed on the low- resolution TKSN 200 diffrac-
tometer of neutron wavelength A = 1.56 A showed
close resemblance with the mentioned structure but
also indicated that the assignment of Fm3m space
group was wrong since apart from those peaks that
eventually could be assigned to the Fm3m space
group (general extinction rule: h+k, k+1, h+l =
2n), there appeared peaks (310) and (321) with h,
k, 1 not satisfying this condition (cf.: Fig. 1). The
result obtained so far however allowed to assign the
structure to the cubic system with the unit cell con-
stants close to those given by Vdovenko. Therefore,
we searched solution of the structure in the frame of
space groups that allowed the existence of additional
reflections. These space groups were Pn3m, Pm3n,

Pn3n, Pm3m, P43n, P43m, P4132, P4332, P4232,

P432, Pn3, Pm3 P213, and P23. The Rietveld re-
finements performed for each of them have shown
however that the satisfying solution of the structure
in the cubic system cannot be achieved.

We concluded that the symmetry of the structure is
lower and the structure should be described in other
than the cubic crystallographic system. However, this
should result in splitting of some diffraction lines,
which should be seen on the diffraction data. The lack
of this effect on our diffraction data could be caused
by the lower resolution of used diffractometers, and
for determination of the structure, the measurement
on the diffractometer with a much better resolution
is necessary. This measurement was performed on
the DN5 diffractometer in the CENG.

The DN5 diffractometer was placed in the SILOE
reactor. This instrument was a two-axis diffractometer
with a medium resolution. The DN5 diffractometer
used a BF3 position-sensitive “banana” detector of
800 cells. Diffraction data were collected in 2® steps
of 0.1° over the range of 3-80°. During the measure-
ment, a neutron wavelength of 2.48 A was used for
better separation of diffraction lines. The neutron dia-
gram obtained at room temperature is shown in Fig. 2.

The obtained result of the experiment shows
clearly that at room temperature, the expected
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Fig. 2. Observed (points) and calculated (lines) neutron
diffraction patterns of Rb,UBrs obtained at 300 K on
the DN5 diffractometer. The curve at the bottom of the
diagram is the difference I — I..c. The peak positions
are marked by vertical lines. The additional reflections
forbidden in the cubic K,PtCl, type of structure are marked
by arrows.

splitting of some diffraction lines really occurs.
A special effect of this is seen on the cubic 004 type
of reflection.

The first problem was to identify the true lattice
constants and possible space groups. We found
that all peaks were satisfactorily indexed in the
tetragonal system with the unit cell constants a,
= by = 7.739(3) and ¢y = 11.056(3) A. The new
lattice constants can be derived from those of the
cubic by a slight expansion of one edge. The rela-
tion between the appropriate tetragonal and cubic
lattice constants is @ ~ @/ V2 and Ce = acup. This
relation shows that in the tetragonal unit cell, two
uranium ions occupy (0,0,0) and (1/2,1/2,1/2)
positions. The four rubidium ions should be placed
in positions with atomic coordinates close to + (0.5,
0.0,0.25) and +(0.0, 0.5, 0.25). The twelve bromine
ions have to form the octahedral and dodecahedral
environment of uranium and rubidium ions.

The inspections of neutron diagrams showed that
the reflections of hkl and hk0 types are not related.
The diffraction lines of type Okl and hhl fill up the
extinction rules Okl: k + 1 = 2n and hhl: 1 = 2n. These
conditions limited the set of possible space groups
into groups: P42/mnm, P42/mmc, P4/mnc, and
P4/mmm. The P42/mnm may get eliminated at once
because U ions would have to be placed in (0,0,0)
and (0,0,1/2) positions. The solution of the structure
for the remaining space groups was searched using

Fig. 3. The room temperature structure of Rb,UBrs. (a)
View along the b axis of the tetragonal P4/mnc unit cell.
(b) View along the c axis.

a Rietveld profile analysis. We found that additional
lines appeared only for the P4/mnc space group. In
this solution of the structure, the agreement factors
were also the best. The final results of calculations
are presented in Table 1.

The atomic coordinates of Br ions show that the
additional lines appearing on the neutron diagram
at 300 K came from the deformation of K,PtCle-type
structure by coil up of the UBrg? octahedrons and
deformation of dodecahedral environment of Rb
ions. The view of the structure is presented in Fig. 3.

The low temperature structure of Rb,UBr,

In order to check the stability of this structure in
a wider range of temperatures and to make the
noticeable effect of lattice vibrations damped,
the measurements were also carried out at 4.2 K.

Neutron powder diffraction patterns were taken
using an “orange” cryostat at temperatures 300 K,
during a slow cooling down in the temperature range
of 3004.2 K, and at 4.2 K. During the cooling down,
the diffraction data were also noted. With decrease
in temperature, it was noticed that the diffraction
pattern at 80 K has apparently changed and the pat-
tern was stable up to 4.2 K. The neutron diagram
observed at 4.2 K is shown in Fig. 4.

Splitting of the cubic 004 reflection observed
previously at room temperature indicates that a
tetragonal deformation has vanished completely.

Table 1. Rb,UBr, at T = 300 K, space group P4/mnc, unit cell constant: a=b = 7.745(1), c = 11.064(1) A

Name Position X v z B Occurrence
U 2a 0 0 0 0.8(3) 1
Rb 4d 0 1/2 1/4 6.8(4) 1
Br, 8h 0.784(1) 0.286(1) 0 4.7(5) 1
Br, 4e 0 0 0.252(1) 4.7(5) 1
Distance [A]

U-Br x4 2.776(8)

U-Br X2 2.788(1)

Rb-Br x4 3.873(5)

Rb-Br x4 3.633(3)

Rb-Br x4 4.171(3)
Reliability factors:

Least-squares refinement — Rp: 3.2, Rwp: 4.2, Rexp: 2.0, x> 4.7.
Conventional Rietveld R-factors — Rp: 11.4, Rwp: 10.3, Rexp: 4.7, x*: 4 7.
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Fig. 4. Observed (points) and calculated (lines) neutron
diffraction patterns of Rb,UBrs obtained at 4.2 K on the
DN5 diffractometer. The curve at the bottom of the dia-
gram is the difference I,,s — I.ac. The peak positions are
marked by vertical lines.

Instead, we observed a new deformation manifested
by a splitting of the 202 line and the appearance of
new weak peaks. It suggested that the orthorhombic
deformation of the lattice occurs at 80 K especially
since the indexation of neutron diagram at 4.2 K
yields the orthorhombic unit cell constants a,pom =
7.62, biom = 7.77, and Cyom = 10.87 A. We searched
solution of the structure with the possible space
groups Pnma, Pmna, Pmma, and Pmmm and two
noncentrosymmetric space groups Pmm2 and P222
using a Rietveld profile analysis. However, no correct
solutions were found. Such a result suggested the
existence of monoclinic distortion.

The monoclinic unit cell with the volume close
to the volume of tetragonal cell can be implemented
in two ways:

- by a slight compression and expansion of the
corresponding tetragonal edges, and a small de-
parture of the B angle from 90°. Therefore a,, ~
Atetry bmon ~ atetr, and Cmon Ctetr;

— as is visualized in Fig. 10. The new unit cells
may be derived from pseudo-tetragonal unit cell
constants by the following relations: a =~ ay,
b~ e, € = V(Areu? + Cier?) and B~ 124°.

We assumed the centrosymmetric solution of
the structure.

In the first case of the monoclinic system, the
extinction rule hOl: 1 = 2n was found from the
analysis of observed reflections. The rule limited
the searches of solution of the crystal structure into
P2/c, P21/m, and P2/m space groups. The P2/c and
P21/m space groups were excluded at once because
uranium ions would have to occupy (2a) position
with coordinates (0,0,0), (0,0,1/2) and (0,0,0), and
(0,1/2,0), respectively. This yields a great differ-
ence between observed and calculated profiles. The
calculation performed with the P2/m space group
was unsuccessful. The reliability factors were Rp:
9.0, Rwp: 13.1, Rexp: 1.4, ¥* 90.0 for least-squares
refinement and Rp: 22.6, Rwp: 26.0, Rexp: 2.7, 32
90.0 for conventional Rietveld R-factors. Further-
more, on the calculated spectrum appeared the lines
001, 010, and 100, which were not observed on the
experimental profile. Hence, we concluded that in
this space group, the solution of the structure did
not exist.

In the second case of monoclinic unit cell, the
observed indices of type hkl have not revealed any
extra conditions, whereas the diffraction lines of type
hOl and 0kO satisfy the rules: h0l; 1 = 2n and 0kO;
k = 2n. This extinction rules yield the monoclinic
P21/c or P2/c space groups. With only P21/c space
group however, the uranium ions could occupy (2a)
position with the atomic coordinates (0,0,0) and
(0,1/2,1/2). This position is equivalent to (0,0,0)
and (1/2,1/2,1/2) positions of the tetragonal unit
cell. These circumstances show that the solution of
structure could exist just in the P21/c space group.
The Rietveld profile refinement performed with this
space group yields satisfactory factors of agreements
with atomic parameters shown in Table 2.

Table 2. Rb,UBr, at T = 4.2 K, space group P21/c, unit cell constant: a = 7.637(1), b = 7.767(1), ¢ = 13.232(2) A,

B=124.61(1) deg

Name Position X y z B Occurrence
U 2a 0 0 0 0 1
Rb 4e -0.742(2) 0.049(8) -0.247(1) 0 1
Br, 4e 0.321(2) 0.209(2) 0.034(1) 0 1
Br, 4e 0.220(2) 0.716(1) 0.024(9) 0 1
Br; 4e -0.790(2) -0.503(9) -0.239(1) 0 1
Distance [A]

U-Br %2 2.680(8)

U-Br %2 2.866(6)

U-Br %2 2.755(3)

Rb-Br %2 3.508(5)

Rb-Br x2 3.685(8)

Rb-Br X2 3.464(1)

Rb-Br %2 3.706(4)

Rb-Br %2 3.816(6)

Rb-Br X2 3.535(9)
Reliability factors:

Least-squares refinement — Rp: 3.6, Rwp: 4.6, Rexp: 1.4, y% 12.3.
Conventional Rietveld R-factors — Rp: 9.1, Rwp: 9.4, Rexp: 2.7, y* 12.3.
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Fig. 5. The structure of Rb,UBr, at 4.2 K.

This result allowed to approve that the low tem-
perature structure of Rb,UBrs has been determined.
The view of the structure is shown in Fig. 5.

The high temperature structures of Rb,UBr,

The dependence of electrical conductivity and the re-
sults of differential thermal analysis (DTA) as well as
data envelopment analysis (DEA) measurements were
shown in the works of Refs. [10, 11]. The thermal data
revealed that at 843 K and 967 K, the phase transitions
may occur. On the temperature dependence of con-
ductivity, the high rising of conductivity was registered
at the temperature region of 740-870 K. Above 870 K,
the arising of conductivity is much smaller. The curve
is smooth. There were no indicated jumps typical for
phase transition of the first order (Fig. 6).

To describe the structures at elevated tempera-
tures, a neutron diffraction experiment was performed
at 300, 600, 850, 900, 940, and 980 K on the SLAD
instrument.

The SLAD instrument was a two-axis diffrac-
tometer with a medium resolution utilizing three
banks of position-sensitive detectors that produced
a diffraction spectrum in the range of 4-137° with
a step of 0.1°. A vertically focusing monochromator
with an incident neutron wavelength of 1.113(1)
was used throughout the experiment. The non-
-linear background coming from a quartz tube was
eliminated by subtracting the measured neutron
diffraction profile for an empty quartz container. In
experiments performed at elevated temperatures,

Laieond* T, Smi-1)jk

s 1 11 L2 L3 14 L5 L6 L7
10T, K

Fig. 6. Electrical conductivity of Rb,UBrs. (a) Beginning of
the DTA effect of phase transition (?) at 843 K, (b) DTA
effect of phase transition (?) at 967 K, and (c) melting,
997 K [11]. 1 — heating and 2 - cooling.

a furnace with a tantalum heating element with
automatic temperature control was used. The data
were corrected for background scattering, container
scattering, absorption, and inelastic and multiple
scattering and normalized to a vanadium standard
using the correct program package.

The neutron data at 600, 850, 900, 940, and
980 K are shown in Fig. 7.
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Fig. 7. Observed (points) and calculated (lines) neutron
diffraction patterns of Rb,UBrs obtained at 600, 850, 900,
940, and 980 K on the SLAD diffractometer. The curves
at the bottom of each diagram are the differences Iops — Lcac-
In (a) and (b), the fitting of tetragonal structure is shown,
whereas other presents the fitting of cubic structure. The
peak positions are marked by vertical lines.
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Table 3. Rb,UBr; at T = 600 K, space group P4/mnc, unit cell constant: a =b = 7.960(4), c = 11.153(8) A

Name Position X v zZ B Occurrence
U 2a 0 0 0 6.5(5) 1
Rb 4d 0 1/2 1/4 11.8(6) 1
Br, 8h 0.749(4) 0.235(4) 0 10.8(4) 1
Br, 4e 0 0 0.250(5) 10.8(4) 1
Distance [A]

U-Br x4 2.737(9)

U-Br %2 2.788(3)

Rb-Br x4 3.980(1)

Rb-Br x4 3.899(9)

Rb-Br x4 4.027(8)
Reliability factors:

Least-squares refinement — Rp: 7.5, Rwp: 10.7, Rexp: 1. 8, y* 36.7.
Conventional Rietveld R-factors — Rp: 21.6, Rwp: 21.9, Rexp: 3.6, y2 36.7.

Table 4. Rb,UBr; at T = 850 K, space group P4/mnc, unit cell constant: a=b =8.15(2), c = 11.54(5) A

Name Position X y z B Occurrence
U 2a 0 0 0 10(1) 1
Rb 4d 0 172 1/4 20(6) 1
Br; 8h 0.75(1) 0.22(2) 0 18(4) 1
Br, 4e 0 0 0.23(2) 18(4) 1
Reliability factors:
Least-squares refinement — Rp: 6.1, Rwp: 8.2, Rexp: 1.8, y* 20.2.
Conventional Rietveld R-factors — Rp: 33.1, Rwp: 26.2, Rexp: 35.8, x* 20.2.
Table 5. Rb,UBr; space group Fm3m, U in position (4a), Rb in position (8c), Br in position (24¢€)
Occurrence Occurrence

T [K] a[A] Xpr By Bro Be: of (8¢) of (4b)
900 11.76(2) 0.212(4) 12(2) 36(4) 23(3) 0.96(3) 0.08(3)
940 11.91(3) 0.210(5) 13(3) 42(6) 30(2) 0.91(3) 0.19(3)
980 11.92(3) 0.210(7) 14(4) 54(6) 34(8) 0.96(3) 0.12(2)
Reliability factors:

— for T = 900 K: Least-squares refinement — Rp: 8.3, Rwp: 12.2, Rexp: 1.8, 2 46.1. Conventional Rietveld R-factors — Rp:
65.2, Rwp: 50, Rexp: 7.3, y*: 46.1.

— for T = 940 K: Least-squares refinement — Rp: 8.2, Rwp: 11.3, Rexp: 1.8, y* 39.2. Conventional Rietveld R-factors — Rp:
82, Rwp: 48, Rexp: 7.7, y* 39.2.

—for T =980 K: Least-squares refinement — Rp: 7.2, Rwp: 9.3, Rexp: 1.8, x*: 27.8. Conventional Rietveld R-factors — Rp: 95,

Rwp: 51, Rexp: 10.0, y* 27.8.

The DTA data show that up to 843 K, the
crystal structure is tetragonal. At 600 K however,
a difference in shape of diffraction spectra was also
detected. At this temperature, the observed profile is
much similar to the profile postulated by Vdovenko
structure than that observed at 300 K. The same ef-
fect has been observed for measurements performed
at higher temperatures. The very well observed effect
was a rapid decrease in the intensity of reflections.

The structure analysis was performed for the
tetragonal unit cell. The results of these calculations
are presented in Tables 3 and 4. It was found that
the angel of coil up of UBrg? octahedron tends to
zero as occurs for the cubic Fm3m structure. At
850 K, the values of unit cell constants seem to sat-
isfy the relation AerV2 = Ceetry suggesting that the te-
tragonal deformation was removed and the structure
becomes a cubic structure reported by Vdovenko.
The very high B factors could be interpreted as a
result of high libration or rotation motions of the

UBr¢? octahedrons around the central U ions. The
fittings of the rest of neutron data were performed
for the cubic structure.

Because the values of electric conductivity at
temperatures close to the temperature of melting
are high, one may expect disordering of rubidium
sublattice. The Rb ions should be distributed ran-
domly over other crystallographic positions. Among
them, the stable positions are dodecahedral sites at
the (8c) position, whereas quasi-stable octahedral
sites are at the (4b) position. We decided to reduce
the redistribution of Rb ions only to these positions.
The final results are presented in Table 5.

It seemed that at 843 K, the transition occurred
from the tetragonal to the cubic structure. This how-
ever stayed open the question of what was the source
of effect observed on the DTA curve at 960 K. It is
also seen that the factors of agreements for measure-
ments at 900 K and 940 K were high, suggesting that
the structure of the phase at the temperature region
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Fig. 8. Observed (points) and calculated (lines) neutron
diffraction patterns of Rb,UBrs (polycrystalline sample)
obtained at 853 K on the NPD diffractometer. The curves
at the bottom of diagrams show the difference I — Icac. The
peak positions are marked by vertical lines. The non- linear
background is due to the quartz container. The additional
peak forbidden in the cubic K,PtCls type of structure and
tetragonal structure of Rb,UBrs is marked by arrow.

Fig. 9. (a) The structure of Rb,UBrs at 853 K. (b) The
possible patches of conductivity are shown by thick lines.
The Rb ions (yellow) residing temporary on the octahedral
sites (green) create free holes inside the Rb sublattice,
allowing the hopping process to occur between dodeca-
hedral sites throughout the planar square sites.

846-960 K may be different. Hence, we decided to
repeat the measurement at 850 K on the NPD dif-
fractometer with a high instrumental resolution.
The NPD instrument was a high-resolution
powder diffractometer. During our measurements,

it used 10°He detectors (separation 3.12°) with
high-resolution (10’), Gd-coated mylar collimators.
A Cu (220) double monochromator with an incident
neutron wavelength of 1.470(1) A was used through-
out the experiment. Diffraction data were collected
in 20 steps of 0.08° over the range of 4-137°. The
measurements were performed at 850 K. The neutron
diagram is shown in Fig. 8.

The high instrument resolution allowed precisely
determination of position of diffraction lines. The
obtained neutron diagram could not be indexed in
a cubic system. The set of reflections however could
be successfully indexed in the trigonal system with
the unit cell constants: ay; = by = 8.215 and cy;
20.10 A. They are related to the pseudo-cubic lattice
by au ~ aew/V2 and cyi = a.pV3. The trigonal unit
cell may be derived from a cubic one as is shown in
Fig. 9. The lack of any relations between hkl-type
indexes and the transformations between cubic and
trigonal structures assigned the trigonal structure to
the P3ml space group.

The Rietveld profile refinement yields the atomic
coordinates as shown in Table 6. These calculations
were performed with the assumption that Rb ions
may be distributed between dodecahedral and octa-
hedral positions. The calculations were performed
using anisotropic Debye-Waller factors. The view of
structure is shown in Fig. 9.

Discussion and conclusions

The results of our investigations may be summarized
as shown in Table 7. All observed structures could
be treated as a deformed structure of K,PtCls type.
The respective relations are shown in Fig. 10.

The sublattice of Br anions creates octahedral
and dodecahedral environment of U** and Rb*!
ions, respectively. At low temperatures, dodecahe-
dron sites are fully occupied by the Rb ions whereas
uranium ions occupy octahedral positions partially.

The existence of phase transitions and rear-
rangement of Br positions in the temperature range

Table 6. Rb,UBr; at T = 853 K, space group P3ml, unit cell constant: a =b = 8.220(7), ¢ = 20.100(5) A

Name Position X v z B Occurence
Br, 6i -0.153(6) 0.153(6) 0.075(4) — 1
Br, 6i -0.153(6) 0.153(6) 0.595(3) — 1
Br; 6i 1/2 0 0.242(2) — 1
U, la 0 0 0 24(4) 1
U, 2d 1/3 2/3 0.3333 24(4) 1
Rb, 2¢ 0 0 0.242(2) 28(6) 0.88(4)
Rb, 2d 1/3 2/3 0.595(3) 28(6) 0.88(4)
Rbs 2d 1/3 2/3 0.075(4) 28(6) 0.88(4)
Rb, 1b 0 0 172 28(6) 0.24(2)
Rb; 2d 2/3 1/3 0.16666 28(6) 0.24(2)

The anisotropic Debye-Waller factors (8*1E04)

Name B B Bss B2 Bis B2
Br 4731 + 414 10321 + 960 349 + 30 5083 + 493 1574 + 154 964 + 162
Reliability factors:

Least-squares refinement — Rp: 3.2, Rwp: 4.1, Rexp: 4.0, y* 1.1.
Conventional Rietveld R-factors — Rp: 161, Rwp: 59, Rexp: 57, y* 1.1.
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monoclinic
Fig. 10. (a) Transition from the pseudo-tetragonal to monoclinic unit cell appropriate to the P21/c space group. (b)

Relation between the pseudo-cubic and tetragonal unit cells. (c) Relation between trigonal and cubic unit cells. For
the sake of clarity, only U ions are shown.

Table 7. Compound Rb,UBr,

tetragonal

trigonal

Temperature

Lattice constants

Phase Space grou Deviation
K] pace STotp [A]
. a=17.637,b=7.767,
Monoclinic 4.2 P21/c ¢ = 13232, p = 124.61°
a=b=7.745, D= (a\/2—c)/c *100%
Tetragonal 300 P4/mnc c = 11.064 1%
P4/mnc tends a=b=7.096, D= (Cl\/Z —C)/C *100%
Tetragonal 600 to cubic Fm3 1115
o cubic Fm3m c=11. D = —-0.96%
=hb= D=(a2- *10009
Tetragonal or cubic 850 tP4/ rrtl)nc l’genssl S a 13 1 185‘4115’ (a c)/ ¢*100%
o cubic Fm3m c=11. D=0.12%
. . a= 8215 D=|a2-[ -S|/ - |*100%
Trigonal 853 P3ml PR J3 J3
¢ =20.10
D=0.17%
Unknown >960 not identified for cubic system

a=1192

Rb-Br distance:
2.90718(0) A

U-Br distance:
2.66069 A

Ionic radius:
rRb =161 A
Br=1.96 A
U=0734

Fig. 11. The Rb and U ions residing on the octahedral
sites. For the sake of clarity, some of Br ions are shown.

300-600 K suggest that the Rb,UBr; structure can
be easy locally deformed. Such an effect seems
to be important for explanation of mechanism of
ionic conductivity.

The conductivity is caused by the hopping pro-
cess of Rbions. It should occur between neighbour,
dodecahedral sites throughout the quadratic walls
of dodecahedrons. However, at low temperatures, all
these sites are occupied and the process of hopping
is forbidden. Therefore, in order to create free holes
for the hopping process between dodecahedral sites,
the Rb ions must reside in temporary octahedral
interstices formed by six Br ions (cf. Fig. 9). There

the problem appears. The large dimensions of Rb
ions seem to prevent the octahedral position to be
occupied (cf. Fig. 11). Therefore, a high tempera-
ture and the ability of the structure to occur local
deformations are necessary for the occurrence of
a high value of ionic conductivity.

The other explanation of ionic conductivity
phenomena assumes the lack of stoichiometry. The
excess of U**ions redistributed randomly over avail-
able octahedral sites yields “holes” in the rubidium
sublattice, allowing the hopping process to occur.

The observed effect of ionic conductivity ap-
pears rapidly from 740 K [11]. It corresponds with
a smoothly removal of tetragonal deformation and a
high arising of Debye factors of Br ions. It increases
rapidly when its temperature approaches to the trigo-
nal phase transition. The temperature dependence of
the conductivity does not indicate any abrupt increase
in characteristic for a superionic phase. The structures
observed at 853 K and 960 K confirm also that this
compound reaches the melting point without passing
through the superionic phase. It is worth to point out
that together with Na,UBr, (where superionic stay was
observed), the value of entropy of melting is small,
close to 13 kJ/mol*K [11]. This may be related to
the high-temperature structures of both compounds.
The small entropy of melting together with neutron
investigations shows that below the melting point,
the structures consist of rotated UBrg? octahedrons.
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