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Abstract: Datamining formaterials science and structure prediction is growing rapidly. Such an approach
relies a lot on the available published and unpublished crystal structure. In this contribution, we are using
the experimental pattern reported in thePDF entry 00-058-0728 for the experimental data used to solve the
previously unreported crystal structure of RbCdVO4. Contrary to the reported literature, the title
compound crystallizes in the monoclinic system P21 with Z = 4. The lattice parameters are
a = 12.53678(16) Å, b = 5.82451(7) Å, c = 12.47733(17) Å, β = 105.6169(10)°, and V = 877.47
(2) Å3. Its crystal structure type is new and quite complex as it exhibits 28 atoms in the asymmetric unit.
© The Author(s), 2025. Published by Cambridge University Press on behalf of International Centre
for Diffraction Data. [doi:10.1017/S0885715625100754]
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I. INTRODUCTION

The field of data mining for materials science and structure
prediction is growing rapidly. Such an approach relies signifi-
cantly on the availability of published crystal structures (Trujillo
et al., 2022). Many materials are not being studied as single
crystals but rather as polycrystalline samples (“powders”), which
is also usually the form that is relevant for applications. Structure
determination from powder diffraction tends to be more chal-
lenging due to the lower number of inequivalent reflections. So, it
is important to fully exploit the available data, including that from
powder diffraction.Whilemore andmore studies are dedicated to
structure prediction, the number of studies on structure determi-
nation from available data remains scarce (Reid et al., 2016; Reid
and Kaduk, 2021; Riesel et al., 2024).

Materials exhibiting the AIBIIXO4 (AI = alkali ion,
BII = alkali-earth ion and related divalent ions, X = P, V, As)
have been widely investigated due to their rich polymorphism
(Isupov, 2002). While the phosphate family has been widely
investigated, this is significantly less so for the other two families.
Knowing thatmanymaterials within this family show interesting
ferroelectric and ferroelastic properties, it is relevant to extend our
knowledge of this class of materials. With this in mind, we have
set out to investigate several vanadate compositions, namely
AgCaVO4 and NaSrVO4 (Nénert, 2017; Nénert et al., 2017).
In this paper, we report the crystal structure of another vanadate,
RbCdVO4, using the reported experimental powder pattern that
is contained in the ICDD PDF5 database as entry number
00-058-0728 (Zubkov and Tyutyunnik, 2007).

II. EXPERIMENTAL

A. X-ray powder diffraction and data preparation

The laboratory X-ray powder diffraction data have been
reported with the entry PDF 00-058-0728 (Kabekkodu et al.,

2024). This measurement was collected with Cu Kα1 data within
the 2Θ range of 2–120°. The chemical composition, based on
weight percent, is as follows: Rb 27.3, Cd 36.9, V 16.3, and O
20.5. The samplewasprepared byL. Surat at the Institute ofSolid
State Chemistry, Ural Branch of the Russian Academy of Sci-
ences, Ekaterinburg, Russian Federation, from a mixture of
RbVO3 (99.99%) and CdO (99.99%) at 870 K for 100 hours
in the air. Powder diffraction was used as the source of the unit
cell data.

B. Structure solution and refinement

Indexing of the pattern was performed using DICVOL
(Boultif and Louër, 2004) as implemented in the HighScore
suite (Degen et al., 2014), using 20 reflections. The deter-
mined unit cells were a = 12.52 Å, b = 5.82 Å, c = 12. 47 Å,
and β = 105.6° (F(20) = 41.2 (0.0078, 62)). This is in good
agreement with the cell parameters mentioned in the entry
number 00-058-0728 (Zubkov and Tyutyunnik, 2007).
Refinement of the lattice parameters and peak-profile deter-
mination was performed by Pawley profile fitting, followed
by a space group search (Markvardsen et al., 2008) using the
HighScore suite (Degen et al., 2014). The compatible space
groups were P21 and P21/m. Attempts to solve the crystal
structure using the space group P21/m were unsuccessful.
Consequently, we have attempted to use the space group P21.

The structure solution was carried out using Charge Flip-
ping as implemented within Jana2006 (Petricek et al., 2014).
Heavy atoms were easily found using charge flipping. Con-
secutive Fourier difference maps were used to locate the
lighter vanadium and oxygen atoms. The last missing oxygen
atom could not be located and had to be generated. Using bond
angles and length restraints for the VO4 tetrahedra, the refine-
ment quickly converged to acceptable values. Uiso for all
atoms were constrained to be equal as the data quality did
not enable refining them independently. The final Rietveld fit
is shown in Figure 1, while crystal data, data collection, and
structure refinement details are summarized in Tables I and II.
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III. RESULTS AND CONCLUSION

The crystal structure of RbCdVO4 is shown in Figure 2.
The corresponding crystal structure cannot be related to any
previously reported structures within the ABXO4 family.
This is a completely different kind. Cd polyhedra are
heavily distorted (represented in blue in Figure 2) as illus-
trated in the variation of the bond lengths given in Table III.
Cd1/Cd2 polyhedra and Cd3/Cd4 polyhedra form dimers
either sharing, respectively, a face or a corner. The dimers
are connected via VO4 tetrahedra. The network of Cd poly-
hedra and VO4 tetrahedra forms channels propagating along
the a-direction. Located in these channels are the heavy Rb
atoms (green in Figure 2). While typically channels tend to
contain the lightest elements, we notice that there are also
heavy atoms occupying the channels in NaSrVO4 (Nénert
et al., 2017). The environment of the various Cd atoms
varies quite a bit. While the Cd1 and Cd3 polyhedra can be
considered as an octahedron with small distortions, the
octahedron of Cd2 is best described as a 4 short +2 long
bond length. On the other hand, the Cd4 environment is
strongly distorted and can be considered a strongly distorted
square pyramid.

Such significant distortion of the Cd octahedra is not
uncommon (Leclaire et al., 1993; Boudin et al., 1994); how-
ever, the strongly distorted square pyramid about Cd4 is rather
unusual. However, we note that such an environment has been
already reported for the compound Rb2CdSiO4 (Hansing and
Möller, 2001).

The bond valence sum (BVS) method is an important
approach to assessing the chemical plausibility of inorganic
crystal structure, and it can be used for the analysis of over-
and underbonding effects (Brown, 2009). Since we are
dealing with a previously unreported structure type, we
have run BVS calculations. We present in Table IV the
BVS results for the various atoms.We find that the expected
charges of the ions match reasonably well with the expected
ones.

While the obtained BVS values are acceptable, note
that the BVS for Cd2 and Cd3 are somewhat low. It turns
out that Cd2 and Cd3 are the cadmium atoms with the
strongest distorted environment. Even when using single
crystal data, running a BVS analysis of the published
data on Rb2CdSiO4 (Hansing and Möller, 2001) shows that
the cadmium atom Cd1 has a significantly lower BVS
compared with the Cd2 atom (1.8 vs. 2). Cd1 in Rb2CdSiO4

has a very similar environment to the Cd3 of our study,
suggesting that the stronger the distortion, the further
apart is the BVS compared with the expected value. Despite
the lower precision of the as-determined structure com-
pared to Rb2CdSiO4, it is remarkable that similar lower
charges are found in the most distorted environment of
cadmium.

Finally, as the structure was solved in the P21 space
group, we have been investigating possible pseudosymmetry
using the PSEUDO program (Capillas, 2011) from the Bilbao
Crystallography Server to search for possible overlooked
symmetry or possible displacive phase transition. Within the
tolerance of 0.8 Å, no pseudosymmetry could be found. This
suggests that while this material could potentially be used for
nonlinear optical applications, ferroelectricity is likely to be
absent. This work shows that if powder diffraction patterns

Figure 1. Final Rietveld refinement of the phase RbCdVO4. The observed
pattern (red dots), the Rietveld fit (black line), and the difference between
observed and diffracted intensities (blue line) are shown together with the
allowed Bragg reflections (green lines).

TABLE I. Data collection and structure refinement details of RbCdVO4

Formula RbCdVO4

T(K) 293
Crystal system Monoclinic
Space group (Nr.) P21 (4)
a(Å) 12.53678(17)
b(Å) 5.82451(7)
c(Å) 12.47733(17)
β(°) 105.6169(10)
V(Å3) 877.47(2)
Z 8
R factors Rp = 0.0452, Rwp = 0.0607, Rexp = 0.041

TABLE II. Atomic coordinates obtained from the Rietveld refinement of
RbCdVO4

Atom x y z Uiso

Cd1 0.3794(13) 0.559(4) 0.1328(12) 0.0084(5)
Cd2 0.6753(10) 0.063(4) 0.6188(9) 0.0084(5)
Cd3 0.9316(10) 0.571(3) 0.3470(8) 0.0084(5)
Cd4 0.8775(12) 0.557(4) 0.6137(11) 0.0084(5)
Rb1 0.1820(15) 1.045(5) 0.1115(13) 0.0084(5)
Rb2 0.5504(13) 0.077(4) 0.1304(12) 0.0084(5)
Rb3 0.1304(17) 0.567(5) �0.1286(16) 0.0084(5)
Rb4 0.6299(18) 0.604(3) 0.3693(17) 0.0084(5)
V1 0.833(2) 0.066(6) 0.4304(17) 0.0084(5)
V2 0.423(2) 0.071(8) 0.3575(17) 0.0084(5)
V3 0.0853(19) 0.563(8) 0.1941(16) 0.0084(5)
V4 0.680(2) 0.584(6) 0.0846(19) 0.0084(5)
O1 0.666(6) 0.352(11) �0.003(6) 0.0084(5)
O2 0.693(6) 0.830(10) 0.013(6) 0.0084(5)
O3 0.796(3) 0.550(15) 0.194(4) 0.0084(5)
O4 0.565(3) 0.606(13) 0.135(4) 0.0084(5)
O5 0.299(3) 0.105(14) 0.390(4) 0.0084(5)
O6 0.223(2) 0.606(14) 0.201(4) 0.0084(5)
O7 0.423(7) �0.188(9) 0.291(6) 0.0084(5)
O8 0.716(3) 0.021(12) 0.323(4) 0.0084(5)
O9 0.957(5) 0.268(10) 0.727(5) 0.0084(5)
O10 0.529(3) 0.077(17) 0.478(3) 0.0084(5)
O11 0.852(5) 0.356(6) 0.455(5) 0.0084(5)
O12 0.946(4) �0.046(10) 0.395(5) 0.0084(5)
O13 0.007(3) 0.584(16) 0.058(2) 0.0084(5)
O14 1.182(5) 0.432(9) 0.451(3) 0.0084(5)
O15 0.069(6) 0.295(8) 0.245(6) 0.0084(5)
O16 0.440(6) 0.290(11) 0.271(5) 0.0084(5)
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associated with entries within the ICDD database are of
sufficient quality, they can be used for structure determination
even in the case of a rather complex structure (here, there are
28 atoms in the asymmetric unit cell).
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