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The potassium holmium double tungstate was prepared by using top seeded solution growth technique.
Structural investigations have been performed at room temperature. The KHo(WO4)2 single crystal belongs to the
monoclinic space group C2/c with the unit-cell parameters: a = 10.624(2) Å, b = 10.352(2) Å, c = 7.5434(15) Å,
β = 130.78(3)o, and Z = 4. The atomic coordinates, isotropic and anisotropic displacement parameters and
interionic distances for the studied structure were determined.

PACS: 61.66.Fn

1. Introduction

The monoclinic KHo(WO4)2 (KHoW) single crystals
were grown by using the top seeded solution growth
(TSSG) method as described in Ref. [1]. The rare-
-earth double tungstates undergo the irreversible struc-
tural phase transition at temperature slightly below their
melting points. This phenomenon does not allow to ob-
tain the low temperature phases of these compounds by
means of the Czochralski method despite their congru-
ent melting. To diminish temperature of crystallization
below the phase transition temperature the high tem-
perature solution growth (HTSG) and TSSG techniques
were used [1].

The results of magnetic measurements of potassium
holmium double tungstate are described in Ref. [2].

In this paper, the results of X-ray diffraction mea-
surements of potassium holmium double tungstate are
presented, and the crystal structure parameters of
KHo(WO4)2 were determined.
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2. Experimental

X-ray diffraction measurements were performed for
a prismatic KHo(WO4)2 single crystal with the di-
mensions of 0.35 × 0.25 × 0.16 mm3 using a Kuma
KM4CCD four-circle κ-axis diffractometer with graphite-
-monochromated Mo Kα radiation as well as omega scan
technique. The crystal was positioned at 65 mm from the
KM4CCD camera. The collection of data for KHoW was
performed with accelerating voltage reduced to 34.2 kV
to eliminate evident “λ/2 contamination” effect [3, 4].
The data were corrected for the Lorentz and polariza-
tion effects. Analytical absorption correction was applied
with shape optimization procedure based on reflections
20 times higher than their error. Data reduction and
analysis were carried out with the Kuma Diffraction suit
of programs.

The 2θ range of data collection was from 8◦ to 100◦
with 1◦ interval, and the unit cell parameters are based
on 10000 reflections, while the structure is based on re-
flections up to 2θ equal to 62◦.

The structure was solved by direct methods and was
refined using SHELXL [4]. The refinement was based
on F 2 for all reflections except those with very nega-
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tive F 2. Scattering factors were taken from tables 6.1.1.4
and 4.2.4.2 presented in Ref. [5].

All the samples studied had identical crystallographic
structure, chemical and physical properties, because they
have been cut out of the initial crystal.

3. Structural studies

The crystalline data regarding the KHoW structure
are given in Table I together with the refinement details.
Fractional atomic coordinates, anisotropic displacement
parameters and selected interatomic parameters are pre-
sented in Tables II and III, respectively (supplementary
materials).

Fig. 1. The unit cell contents W and Ho polyhedra.

Fig. 2. Thermal ellipsoids with probability factor
equal to 99%.

The coordination figures of W, Ho and K cations are
shown in Figs. 1–3.

The unit-cell parameters obtained in this paper
(Table I) are a = 10.624(2) Å, b = 10.352(2) Å, c =

Fig. 3. Ho, K and W polyhedra with marked distances
to ligands.

TABLE I
Crystal data and structure refinement for KHoW.

Empirical formula HoKO8W2

Formula weight 699.73

Temperature 293(2) K

Wavelength 0.71073 Å

Crystal system, space group monoclinic, C2/c

Unit cell dimensions a = 10.624(2) Å, α = 90◦,

b = 10.352(2) Å, β = 130.78(3)◦,

c = 7.5434(15) Å, γ = 90◦

Volume 628.2(2) Å3

Z, calculated density 4, 7.398 mg cm−3

Absorption coefficient 49.671 mm−1

F (000) 1192

7.5434(15) Å, β = 130.78(3)o, with Z = 4 and space
group C2/c.

As is seen in Table II, K and Ho ions occupy special
positions (4e according to the Wyckoff notation in C2/c
space group, local symmetry of these ions is C2 in the
Schoenflies notation), while W1 cation occupies a gen-
eral position, and its y coordinate is very close to 1/2.

TABLE II
Fractional atomic coordinates and equivalent isotropic
displacement parameters (×103 Å2).

Wyckoff
position

x y z U(eq)

Ho(1) 4e 1.0000 0.7717(1) 0.7500 7(1)

W(1) 8f 0.8039(1) 0.4999(1) 0.7642(1) 5(1)

K(1) 4e 1.0000 0.7991(3) 0.2500 15(1)

O(1) 8f 0.9765(6) 0.3913(5) 1.0304(8) 7(1)

O(2) 8f 0.8100(6) 0.4251(5) 0.5592(9) 9(1)

O(3) 8f 0.6259(6) 0.4203(5) 0.6885(8) 9(1)

O(4) 8f 0.7258(6) 0.6571(5) 0.6261(8) 10(1)
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TABLE III

Anisotropic displacement parameters (ADP) (×103 Å2).

U(11) U(22) U(33) U(23) U(13) U(12)
Ho(1) 8(1) 6(1) 6(1) 0 4(1) 0
W(1) 5(1) 6(1) 4(1) 1(1) 2(1) 0(1)
K(1) 13(1) 15(1) 12(1) 0 7(1) 0
O(1) 6(2) 7(2) 7(2) 0(2) 4(2) −3(2)
O(2) 9(2) 7(2) 10(2) 1(2) 7(2) 2(2)
O(3) 7(2) 12(3) 7(2) 1(2) 3(2) −1(2)
O(4) 9(2) 8(3) 9(2) 4(2) 5(2) 2(2)
Symmetry transformations used to generate equivalent
atoms: #1 x, −y+1, z−1/2, #2 −x+2, −y+1, −z +2,
#3 x + 1/2, y + 1/2, z, #4 −x + 3/2, y + 1/2, −z + 3/2,
#5 x + 1/2, −y + 3/2, z + 1/2, #6 −x + 3/2, −y + 3/2,
−z + 1, #7 −x + 2, y, −z + 3/2, #8 x, y, z + 1, #9 x,
−y+1, z+1/2, #10 x−1/2, y−1/2, z, #11 −x+2, −y+1,
−z + 1, #12 −x + 3/2, y + 1/2, −z + 1/2, #13 x + 1/2,
−y + 3/2, z − 1/2

This location influences on thermal motions (Table III)
of this atom — the off-diagonal of the atomic displace-
ment parameters (ADP) terms are almost equal to zero
(within the experimental error: see U(23) and U(12) in
Table III).

There are three kinds of polyhedra in KHoW structure,
depending on the central cation, namely, octahedron, do-
decahedron and icosahedron around W, Ho and K ions,
respectively (Fig. 3).

The unit cell contains four formula units. The struc-
ture of KHoW belongs to the chain-layered systems. The

layers of HoW2O8 separated by K–O polyhedra form
chains along the ac plane. Eight oxygen ions surrounding
the Ho3+ ion form a dodecahedron in which two oxygen
ions are spaced at a greater distance from the rare earth
ion than the other six. The oxygen and tungstate are
located at common positions. The WO2−

4 octahedrons
compose layers perpendicular to the b direction (Fig. 1).
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