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Phase Formation in the Flux Systems
K,0-P,05-F&,05-M" O-MoO;

M.M. Yatskin™’, I.V.Zatovsky, N.Yu. Strutynskg V.N. Baumet and N.S. Slobodyanik

Abstract. KMggode0i(POy), is isotypic with rate of 1K/min. Under these conditions the appearance of
KM"Fe(PQy), (M" — Fe, Cu) (monoclinic system, spacecrystalline phase and viscosity has been controlled. In case
group P 2/n). The frameworks buift up from [FeQ] and  of viscosity increase the molten system has been kept in
[Fe(Mg)Oe] polyhedra sharing vertices, edges andsothermal conditions and afterwards crystalline products

conneced by two types of bridging R@etrahedra. The K have been separated from remaining melt.
atomsare nine-coordinated and are located in hexagonal

channels running along the direction of c-axis. . RESULTS

Key words: complex phosphates, molten system, substitution, The_ tyes of CQmDO_UndS obtained dependMy metal
BVS (Bond Valence Sums). and raio K/P are given in Table 1.

Table 1 Compounds obtained from K0-P,0s-Fe,03-M" 0-MoO3

|. INTRODUCTION molten systom
Complex oxide compounds possess a huge diversity afi" | K/P 0.75 0.9 1.3
. . T T

funcponal properties. Among them, phosphates_occupy a Mg KMgl:F}fFfSOSPO“)Z KMgoofFerePOs)2 |  glass
leading p0§|t|on due to.W|de gppllcanons in Iummescenge Vin giass KMnPO;
and non-linear materials, ionic conductors, cathodic cgo KCoFe(PQ) KCoFe(PQ). KCoPQ
materials for portative energy sources, medical implants etc. Ni KNiFe(PQ), KNiFe(PQ), KNiPO,
The main reason for its common use is the presence of a KCuFe(PQ, + KFeRO, KCuFe(PQ), glass

Zn KZnFe(PQ), + KFeRO, KZnFe(PQ), KZnPQ

variety of structural types and the fact that main properties-ef

the phosphates are —considerably dictated by theThe main crystalline product obtained from molten salts

crystallographic features. o enrichal in P,Os is double phosphateM!'Fe(PQ),. In case
Iso- and aliovalent substitution within phosphate networ cooper and iron-containing systems not only

is a key lever to change functional properties by StrUCturRIM”Fe(PQ)Z has been observed for K/P = 0.9. but also

changes. : .

In this case the nature and a number of substitutes havgoalljbl.e pyrophosphateg W.'t.h lower !(/P ratio._Manganese-
o ) . ._containing systems significantly differ from other ones
significant influence on the type of crystalline matrix

- . ) ) o . . resenting only vitreous products even under comparatively
originated giving rise to find conditions of mild and direc
influence on the properties. Having established t[i?)W temperatures. On the contrary,P,05-F&,05-MgO

correlations between composition, structure and properties |noo3 molten salts originates solid solutions with general
’ omp Y brop formula KMg,.Fé'\F€" (PQy), (x < 0.12). Having the ratio
light of nature of substitutes more evidence should be four‘g . ; i
for direct materials design P shfted to basic molten solutions only orthophosphates

' KM"PO, have been prepared. Exceptional behavior has been
determhed for manganese and copper-containing systems
o i . ) showing only glassy products after cooling. The composition
The crystallization trends were investigated iRP,0s-  and structure of compounds obtained has been determined

Fezog-M"O-MoQ, (VR Mg, Ni, Co, Cu, Zn) molten py |R and atomic emission spectroscopy, X-ray powder and
systemin temperature region of 1273-8K3having fixed single crystal diffraction analysis.

ratios Fe/P = 0.3, A&/’ = 1.0 and Mo/P = 0.2. To achieve petailed analysis of experimental data indicates that

necessy ratio of K/P starting from initial KP® two  simyitaneous presence of two polyvalent metals in the melts
approabes have been used: adding eithgP®, for acidic  proyokes formation of polymetal compounds with a unique
region of high-temperature solutions or 07 for basic framework. The main feature of network formed is
one. Ptyvalent metals have been immersed in a form Gedistribution bi- and trivalent metals under different
oxides, carbonates or hydroxocarbonates. As a source «@fstallographic positions. Chemical interaction between
molybdenum (VI) double molybdate ;M0,0; has been them may cause redox reactions that influence the cationic
used poving inert behavior toward phosphate compoundgamework obtained. Thus, in case 0LQKP,0s-Fe,0s-
After annealing at high temperature the homogenization hﬁ/{“gO-MoO3 system a set of solid solutions have been
been reached and slow cooling has been performed Wit'"bl%parel containg iron (1) and (Ill). X-Ray single crystal
1. . o . analysis indicates that these compounds belong to
Kiev Natlonal_ Taras _Shevchenko University, Chemical KFey(POy), [1] and KCuFe(P), [2] structural families. The
departrent, Kylv, Ukraine main dfference from the parent compounds is the presence

2 " . f " - .
STC "Institute for Single Crystals”, National Academy of Science . S . ..
of Ukraine. Kharkiv ngrjaine y y of iron (I)/(11) in different crystallographic positions.

*

yats_13@ukr.net

II. EXPERIMENTAL SECTION
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The asymmetric unit of KMghdre; 01(POy)2 (sp.gr.P2i/c, Valence Sums calculations [3]. Thus, for both positions the
a = 7.844(3) A;b = 10.0033(3) A; ¢ = 9.0371(4) A4 = values of BVS were found to be much higher than 2 (Fel
114.838(5)°;) consist of one K, two Fe (one is partiallposition: 2.6 with F& parameters and 2.4 with 'Fe
occupied by Mg), two P and eight oxygen positions. Thearaméers; Fe2 position: 3.0 with Feparameters and 2.5
main building block involves two [Fe(Mg){octahedra and with Fé' parameters). The geometry of orthophosphate
two [FeOs] trigonal bipyramid connected by four tetrahe@lra is close to regular with P—O bond length ranging
orthoplosphate tetrahedra. The blocks are aggregated iritom 1.513(3) to 1.567(3) A. The BVS values for both P
2D-network which can be described by general formulatoms are close to 5 (4.91 for P1; 4.95 for P2). Potassium
[Mgq.od€1.01(POy)2l. (Fig. 1). atoms are located in hexagonal channels running alorg the

axis direction (Fig. 2).

Fig. 2. A projection for KMg ¢ .od€1.01(PO4). in ab plane.
Fig. 1. Elementary fragments and 2D layers in the title compound. The coordl_natlon pOtheqron of the K is formed by nine O
atoms asuming a cut-off distance of 3.2 A.

It shodd be noted, that Mg was determined only in six-
coordinated position during structure refinement while five IV. CONCLUSIONS
coordinated position is occupied only by Fe. Fe(Mg)2 atoms A new phosphate KMgod e 9(PQOs), was synthesized
lie in a quite distorted octahedron having vertices shared ayd found to exhibit an original three-dimensional structure
two types of orthophosphate tetrahedral (Fe2—O distanaasnsisted by Fe(Mg)§octahedra sharing corners with,6g
varies between 1.947(3) and 2.133(3) A). Completeness wfits d edge-sharing Fefpolyhedra to form ondulating
the Fel environment is achieved by three orthophosphateainsextending infinitely along the-axis.
tetrahedra connected to the metal atom only by one vertex
and one orthophosphate tetrahedron connected via two REFERENCES
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In b_ch positions showed that they are very close for bofﬁ] I.D. Brown and D. Altermatt, “Bond-valence parameters obtained

positions  (d(Fel-Q)erage= 2,00 A; d(Fe2—Q)erage™ from a systematic analysis of the Inorganic Crystal Structure

2,01 A). It can be assumed that"Fend F&' are distributed Database”Acta Crystallogr., Sect. B: Struct. Sciol. 41, pp. 244-
247, 1985.

over bdh positions. This fact can be confirmed by Bond

International Conference on Oxide Materials for Electronic Engineering OMEE-2012



