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Crystallography

D. Yu. Pushcharovskii, E. A. Pobedimskaya, Academician N. V. Belov

CRYSTAL STRUCTURE OF

K2Mn2Zn4Si4O15 = K2Mn2Zn4[SiO4]2[Si2O7]
The crystal phosphor K2Mn2Zn4Si4O15 was obtained at the Institute of Geology
and Geophysics of the Siberian Branch of the Academy of Sciences of the USSR
by G. V. Bukin by a hydrothermal method in the temperature range 580–600°
at a pressure of 800 atm. The charge was selected in the ratio
ZnO ∶ SiO2 ∶ KCl ∶ KOH ∶ MnCl2 = 5 ∶ 5 ∶ 9 ∶ 1 ∶ 1. In the study of the optical
properties of the synthesized crystals, phosphorescence in the red part of the
spectrum was clearly manifested, and, in order to explain the peculiar lumines-
cent properties of this compound, it was of interest to solve its atomic structure,
in particular the crystallographic position and coordination of the manganese
atoms, since the incorporation into the structure of Mn atoms is characteristic
of luminescent zinc silicates, isomorphously replacing Zn (1).
The x-ray experimental material used consisted of 326 independent reflections
from five (ℎ𝑘0—ℎ𝑘4) x-ray goniometric layer-line photographs,
max sin𝜗/𝜆 = 0.9 (Mo radiation). The intensities of the reflections were es-
timated according to the 4√2 scale of blackenings recorded from the crystal.
The parameters of the rhombic cell, determined from rotation–oscillation x-ray
photographs and refined on a DRON single-crystal diffractometer, are:

𝑎 = 8.944 ± 0.002 Å,
𝑏 = 15.834 ± 0.002 Å,
𝑐 = 5.205 ± 0.004 Å;

𝜌 = 3.48 g/cm3.

The chemical-analysis data led to the formula K2Mn2Zn4Si4O15. The unit cell
contains two units of the indicated composition. The systematic extinctions
allowed four space groups: 𝐼𝑚𝑚𝑚, 𝐼222, 𝐼212121, and 𝐼𝑚𝑚2. In the three-
dimensional distribution of the function 𝑃(𝑢𝑣𝑤), only one peak on the 00𝑤
axis at a very small period 𝑐 excluded the holohedral 𝐼𝑚𝑚𝑚. The results of
atom localization on the basis of the three-dimensional Patterson function gave

sovietrxiv.org/items/ru-196901.26965 Machine Translation

https://sovietrxiv.org/items/ru-196901.26965


Fig. 1. K2Mn2Zn4[Si4O15]. 𝑥𝑦-projection of the electron-density distribution

Figure 1: Fig. 1. K2Mn2Zn4[Si4O15]. 𝑥𝑦-projection of the electron-density
distribution

Figure 2

Figure 2: Figure 2

no grounds for rejecting the group

𝐼𝑚𝑚2 = 𝐼𝑚(𝑛)𝑚(𝑛)2(21).
From the three-dimensional Patterson function the Zn and Mn atoms were fixed;
their distinction was aided by the different multiplicity (8 : 4) of the correspond-
ing positions in the group 𝐼𝑚𝑚2. The remaining atoms were revealed by a cycle
of successive approximations.

Fig. 1. K2Mn2Zn4[Si4O15]. 𝑥𝑦-projection of the electron-density distribution.

The 𝑥𝑦-projection of the electron-density distribution is shown in Fig. 1. All
calculations were carried out at the Computing Center of Moscow University
using programs of the Institute of Chemical Physics of the Academy of Sciences
of the USSR (2). The assembled model was refined by the least-squares method
(LSM) down to a minimum value of the 𝑅ℎ𝑘𝑙-factor of 13.5%. The coordinates
of two oxygen atoms (O1 and O6) could not be refined by LSM, which may
be associated with the arrangement of most of the heavy atoms at the zero
and half levels and with the appearance in the structure of a pseudo-plane of
symmetry perpendicular to the 𝑧-axis, which hindered refinement of the light
oxygen atoms. In addition, the atoms O1 and O6 are the nearest neighbors
of the Mn atom, whose polarizing influence also hampers refinement of their
positions, fixed from the three-dimensional synthesis of electron density. The
final coordinate values of the basis atoms are given in Table 1.

Fig. 2. K2Mn2Zn4[SiO4]2[Si2O7]. “Ribbed”dimetanets [Zn2O5]∞∞, centered
by [SiO4] tetrahedra (stretched onto the glide plane coincident with the plane of
the drawing and therefore with two orientations of the components). Along the
short 𝑧-axis, metachains [Zn2O6]∞, encrusted with Si orthotetrahedra common
to two Zn chains, stand out. Along 𝑥, chains of the willemite type are visible,
in which pairs of Zn tetrahedra alternate with one Si tetrahedron.

The principal architectural detail of the deciphered K, Mn, Zn silicate may be re-
garded as a network of tetrahedra with hexagonal loops of the best-known type,
perpendicular to the 𝑦-axis (Fig. 2), but in the oxygen tetrahedra the Zn atoms
are located. With the normal dimeta formula [Zn2O5]∞∞, the networks look
identical on both sides (they are“stretched”onto a plane with glide 𝑛); in each
ring four tetrahedra face in one direction, and in neighboring rings in the oppo-
site direction (“ribbed networks,”Fig. 2 and more clearly in Fig. 3, cf. (3)). In
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Fig. 3

Figure 3: Fig. 3

this network motif, along [001] one readily distinguishes its metachains of the py-
roxene type [Zn2O6]∞. They are similar to those repeatedly fixed in Zn minerals,
where the chains are usually encrusted with orthotetrahedra: [SiO4]-tetrahedra
in hodgkinsonite and clinohedrite (4,5), [PO4]—in hopeite—phosphophyllite (6,7).
In the structure under consideration, the metachains twisting around the 21
axes are also encrusted with ortho-

Table 1

Coordinates of the basis atoms of the structure K2Mn2Zn4Si4O15

Atom 𝑥/𝑎 𝑦/𝑏 𝑧/𝑐 Atom 𝑥/𝑎 𝑦/𝑏 𝑧/𝑐
Zn 0.191 0.192 0 O2 0.153 0.234 0.617
Mn 0.148 0 0.631 O3 0 0.206 0.203
K 0.5 0.117 0.415 O4 0.5 0 0.025
Si1 0 0.192 0.501 O5 0.250 0.079 0.939
Si2 0.322 0 0.069 O6 0.302 0 0.376
O1 0 0.083 0.495

tetrahedra [SiO4], but each [SiO4], being located in a mirror plane, simultane-
ously participates—incrusts two metachains [Zn2O6]∞; in other words, the Si
orthotetrahedra center all the rings of the net made of Zn tetrahedra. Obeying
the clinoplanarity 𝑛, these [SiO4] bands face alternately in one direction and
the other along the 𝑦 axis (Figs. 2 and 3)*.

It is very interesting that in the nets [Zn2O5]∞∞ of the structure under con-
sideration (Fig. 2) one can distinguish chains of the willemite (Zn2SiO4) type
parallel to the 𝑦 axis, i.e., in them two Zn tetrahedra alternate with one Si
tetrahedron.

Fig. 3. K2Zn4[Si2O7]Mn2[SiO4]2.
𝑎—mechanism by which the discrete nets [Zn2O5]∞∞ are joined into a framework
by means of dinuclear groups (Mn2O8) (in the narrow parts of the corridors
between layers), alternating with diorthogroups [Si2O7] in a single wavy chain;
𝑏—second projection of the wavy chain made up of alternating groups (Mn2O8)
and [Si2O7].
In willemite such chains twist in three turns around the screw axis 31 (9),
whereas in the Zn, Mn silicate under consideration they twist in two turns
around a (pseudo) double screw axis 21.

The second half of the silica component represented in the formula participates
in the structure under consideration in the form of island diorthogroups [Si2O7],
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as was noted earlier for synthetic zinc silicate (10) and for the beryllosilicates
—barylites (11) and bertrandite (12), which are usually close to Zn silicates;
however, in these structures there is no second type of silicon–oxygen radical—
there are no orthogroups.

Located at the intersection of two mirror planes, the diorthogroups serve as
an openwork linkage (along 𝑦) between the discrete nets [Zn2O5]∞∞. The
diorthogroups elongated along the 𝑥 axis are polar: their vertices face in one
direction along the 𝑧 axis (Fig. 3).

Of particular interest in the structure under consideration is the role of the Mn
atoms, which, in their coordination polyhedra, alternating with diorthogroups
in the common mirror plane 𝑚 (010), also participate (Fig. 3) in linking neigh-
boring dimetal layers (in the narrower parts of the corridors between the walls).
The Mn polyhedra are five-vertex semioctahedra; they are paired through a
common edge (from the pseudoquadratic base, Fig. 3) into groups (Mn2O8). In
connection with the assumption that the optical features of the deciphered Mn,
Zn silicate are related to the Mn component, it may be noted that in

* In an analogous manner, [SiO4]-tetrahedra center strictly hexagonal nets of Li
tetrahedra in the structure of Li2SiO3, but there (8) all the tetrahedra (Li and
Si) are oriented identically.

in the recently analyzed 13 synthetic Na2Mn2[Si2O7], half of the Mn (MnII) also
has fivefold coordination, but in the form of a trigonal bipyramid, pairs of such
bipyramids being joined through a common lateral edge into (Mn2O8). Further,
however, these groups, by means of MnI-tetrahedra, are built up into infinite
ribbons, whereas in the Zn,Mn silicate the pairs (Mn2O8), while remaining
isolated (from one another) by links of discrete [Zn2O5]∞-layers, alternate in this
role with orthogroups [Si2O7] in a single wavy ribbon with a common direction
along the 𝑥 axis (Fig. 3). Through the (polar) vertices of the orthogroups
[Si2O7] and the (apical) vertices of the Mn half-octahedra, these ribbons are
linked into a very open network, parallel to the principal nets [Zn2O5]∞. The
common edge of two Mn half-octahedra connects the orthogroups [SiO4] from
neighboring Zn nets.

Table 2

Interatomic distances (in Å) in the structure of K2Mn2Zn4Si4O15

Si1-tetrahedron Si2-tetrahedron Zn-tetrahedron
Mn-half-
octahedron

Si1—O1 1.72 Si2—O4 1.61 Zn—O2 2.14 Mn—O1 1.99
Si1—O2 1.64 Si2—O5 1.56 Zn—O″

2 1.92 Mn—O′
1 1.99

Si1—O′
2 1.64 Si2—O′

5 1.56 Zn—O3 2.02 Mn—O5 2.22
Si1—O3 1.56 Si2—O6 1.60 Zn—O5 1.90 Mn—O5 2.22
Avg. 1.64 Avg. 1.58 Avg. 1.99 Mn—O′

6 1.91
O1—O3 2.48 O4—O6 2.56 O2—O″

2 3.33 K-octahedron
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Si1-tetrahedron Si2-tetrahedron Zn-tetrahedron
Mn-half-
octahedron

O1—O2 2.82 O5—O6 2.64 O″
2—O5 3.20 K—O6 2.57

O1—O′
2 2.82 O′

5—O6 2.64 O″
2—O3 3.30 K—O4 2.74

O2—O′
2 2.74 O4—O5 2.60 O2—O5 3.50 K—O′

6 2.57
O2—O3 2.58 O4—O′

5 2.60 O5—O3 3.30 K—O3 3.20
O3—O′

2 2.58 O5—O′
5 2.60 O2—O3 3.37 K—O″

2 3.10
K—O‴

2 3.10

In the channels formed between the Zn layers and the [Si2O7] groups there are
large K atoms in deformed octahedra, also paired by a symmetry plane.

All interatomic distances within the coordination polyhedra are given in Table
2. At the present stage of refinement they agree well with the values usually
quoted.

Returning to the comparison of the structures of Na2Mn2[Si2O7] and
K2Mn2Zn4[SiO4]2[Si2O7], one may suppose that identical regions of lumines-
cence are associated with groups (Mn2O8) common to both compounds. As
noted in 14, for compounds with Mn in tetrahedral coordination green lumines-
cence is characteristic (willemite—troostite), but when the coordination number
increases to 6 the luminescence becomes red (rhodonite, helvite). Apparently,
red luminescence is also characteristic of Mn2+ in fivefold coordination, if its
polyhedra are connected into“binuclear”complexes with a pair of Mn atoms at
short distances. In Na2Mn2Si2O7 this distance is 3.5 Å; in the Zn,Mn silicate
it is 3 Å.

The authors express their gratitude to I. D. Borneman-Starynkevich for assis-
tance in the work and for discussion of the results.
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