
76

V.I. Maksin, R.V. Lavrik, T.I. Ushchapivska, O.V. Petrenko

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2022, No. 1, pp. 76-82

© V.I. Maksin, R.V. Lavrik, T.I. Ushchapivska, O.V. Petrenko, 2022

UDC 548.55:547.713

V.I. Maksin a, R.V. Lavrik a, T.I. Ushchapivska a, O.V. Petrenko b

GROWING OF SINGLE-CRYSTALS OF DOUBLE SODIUM-MANGANESE(II)
PYROPHOSPHATE

a National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
b Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Single crystals of Na2Mn3(P2O7)2 compound have been first obtained during the examination

of interaction in the Na2O–P2O5–Mn2O3–NaF (10 wt.%.) system in the fluxes with

Na2O:P2O5 molar ratios ranging from 0.52 to 0.76 (saturated with manganese(III) oxide

25.0–32.0 wt.%) at the temperatures of 960–8800Ñ. Optimum conditions for the synthesis

and growing of single crystals of Na2Mn3(P2O7)2 compound have been determined. Complete

X-ray diffraction analysis of the synthesized phosphate Na2Mn3(P2O7)2 has been performed.

According to its structure, the double phosphate Na2Mn3(P2O7)2 belongs to the triclinic

crystal system, spatial grid P1; lattice parameters are as follows: a=5.359 Å, b=6.563 Å,

c=16.299 Å, =81.290, =82.700, =72.440, V=538.23 Å3, Z=4, ñcalc= 3.447 g cm–3.

Structural features of synthesized phosphate have been determined. The structure is

composed of continuous chain of distorted octahedra [MnO6] spacing along the direction

ob. Diphosphate groups of tetrahedra [ÐÎ4] divide the chains [MnO6] and also run along

ob direction. Pairwise linked pentagonal bipyramids of sodium divide the «units» of

polyhedral of manganese and phosphorus, filling the channels along oy axis. The crystalline

structure of Na2Mn3(P2O7)2 includes three nonequivalent, according to their crystallography,

octahedra of manganese with slightly distorted form. The compound has been studied

using X-ray diffraction and X-ray phase analyses, differential thermal analysis, IR

spectroscopy and complete chemical analysis.
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Introduction

Contemporary developments in science and
technology require research and the use of new
materials based on phosphate compounds [1,2].
Double phosphates of alkali and 3d transition metals
may exhibit a range of valuable physical and chemical
properties. Phosphate compounds may possess
catalytic, magnetic, electrophysical, non-linear
optical properties; they are widely used as
monocrystals or polycrystals, ceramics, etc. [3–5].

The tailor-made synthesis of double phosphates
of alkali and multivalent metals is the basis for the
in-depth research of physical and chemical
properties, composition and structure of the
compounds to be used for the development of new
materials [6,7]. Many phosphate compounds with
the structure of a well-known nonlinear optical crystal
KTP and double polyphosphates are successfully used

right now. Investigation of the properties of
compounds as well as their synthesis and development
of materials on their base are the areas of special
scientific interest [6–9].

One of the most commonly used techniques of
obtaining double phosphates of alkali and 3d-metals
is the synthesis of compounds from the fluxes of
phosphate and fluoride phosphate systems of alkali
metals by spontaneous crystallization with slow
cooling [6,9–11]. Systems of Ì2O–P2O5–MåxOy-
type (where M=Li, Na, K) are known to be not
only universal solvents of 3d-metal oxides, but also
reaction media for the synthesis of various double
phosphates [10,11]. This technique has some
advantages over the other methods and makes it
possible to obtain, by using programmable cooling,
substances in the form of high-quality and high-
purity crystals with high yield of interaction products,



77

Growing of single-crystals of double sodium-manganese(II) pyrophosphate

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2022, No. 1, pp. 76-82

which in turn has impact on physical and chemical
properties of the synthesized substances.

The purpose of this study is to determine
optimum conditions for the synthesis of double
polyphosphate Na2Mn3(P2O7)2 and investigate its
physical and chemical properties.

Experimental

Reagents, synthesis and methods
Single crystals of Na2Mn3(P2O7)2 compound was

obtained during the examination of interaction in
the Na2O–P2O5–Mn2O3–NaF (10 wt.%) system in
the fluxes with Na2O:P2O5 molar ratios ranging from
0.52 to 0.76 (saturated with manganese (III) oxide
25.0–32.0 wt.%) at 960–8800Ñ.

The initial mixtures of Na2O–P2O5–Mn2O3

system (with baseline Na2O:P2O5 molar ratios of 0.5–
1.5) have been prepared by mixing the calculated
quantities of anhydrous reagents NaPO3, Na4P2O7

and NH4H2PO4 (or (NH4)2HPO4), with subsequent
dehydration and melting at 800–8500Ñ. Mn2O3 was
added to the fluxes with various Na2O:P2O5 ratios
followed by their melting at elevated temperatures
in platinum crucibles for 2–4 hours with intermittent
mixing until homogeneity was obtained, with
subsequent addition of the calculated quantity of
NaF and homogenizing the fluxes. The homogenous
fluxes have been kept at appropriate temperatures
for 7–8 hours until the establishment of equilibrium
between the liquid and crystal phases.

Phase equilibriums in the Na2O–P2O5–Mn2O3

system have been studied using visual-polythermal
method. Equilibrium liquid phases have been
separated from crystal ones by decantation with
washing out of residue flux using diluted solutions
of mineral acids. Solid phases have been identified
using quantitative chemical and physicochemical
methods of analysis. The content of manganese(III)
oxide has been determined in the decanted
equilibrium liquid phases.

The contents of manganese(III) oxide in the
equilibrium liquid phases of the Na2O–P2O5–Mn2O3

system with various molar ratios of Na2O:P2O5 at
9000C and 9500C are shown in Fig. 1. The solubility
curves of manganese(III) oxide demonstrate two
distinct extrema, indicative of complex chemical
interaction within the system. The maximum
solubility of Mn2O3 in Na2O–P2O5–Mn2O3 system
is 30.80 wt.% for the flux with the Na2O:P2O5 molar
ratio of 0.55.

Optimum conditions for single crystals growing
of Na2Mn3(P2O7)2 with the size of 0.5–2 mm have
been determined. The fluxes with the weight of 7 g
and Na2O:P2O5 molar ratio of 0.52 have been
saturated with manganese (III) oxide (3.0 g) at 9500C

and homogenized for 3 hours with subsequent
addition of NaF (20 wt.%) and homogenizing for 1
hour. With gradual lowering of temperature from
9600C to 8800C, the single crystals of Na2Mn3(P2O7)2

have been obtained from the fluxes within 24 hours,
washed free from flux residues using the diluted
hydrochloric acid solution and washed out with water
and dried at room temperature. Light-brown crystals
up to 2 mm in size have been obtained.

The structure of novel double phosphate
Na2Mn3(P2O7)2 has been performed using X-ray
diffraction method. X-ray diffraction analysis of light-
brown lamellar crystals 0.20.50.3 mm in size has
been performed using 4-circle Enraf-Nonius ÑAD 4
dif fractometer (ÌîÊ-radiation, graphite
monochromator). According to their structure,
crystals belong to triclinic crystal system, space group
P1. The lattice parameters are as follows: a=5.359(3) Å,
b=6.563(0) Å, c=16.299(3) Å, =81.280, =82.690,
=72.430, V=538.23 Å3, Z=4, ñcalc=3.447 g/cm3 [11].

The integrated intensity has been measured
using 2: method over the range of angles
2.540255.050 at the scan rate of 2–18 degrees per
minute. As a result of experiment, 2019 reflections
(within –6h0, –7k7, –19l19) have been
obtained, of which 1819 independent reflections with
I>2(²) have been used for calculations.

Results and discussion

When comparing the content of Mn2O3 in the
equilibrium liquid phases of the studied
Na2O–P2O5–Mn2O3–NaF (10 wt.%) system at 9000Ñ
and 9500Ñ, a decrease in the solubility of manganese
(III) oxide can be observed with larger molar ratios
of Na2O:P2O5 (1.0–1.5).

Lorenz factor correction and empirical
absorption correction have been applied to the dataset
when processing the results of X-ray diffraction

Fig. 1. Mn2O3 solubility isotherms in the fluxes of the

Na2O–P2O5–Mn2O3–NaF system: 1 – 9000C (10 wt.% NaF);

2 – 9500C (20 wt.% NaF)
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analysis. Lattice parameters have been refined using
full-matrix least-squares method according to 20
reflections over the range of angles 140240. The
structure has been calculated with anisotropic
approximation of thermal parameters for all of the
atoms. The final value of the divergence factor is
Rw=0.0693. The positional parameters of atoms with
standard deviations are given in Table 1.

Figure 2 demonstrates the general projection
of Na2Mn3(P2O7)2 structure on yz plane. The structure

is composed of continuous chain of distorted
octahedra [MnO6] spacing along the direction.
Diphosphate groups of tetrahedra [ÐÎ4] divide the
chains [MnO6] and also run along ob direction.
Pairwise linked pentagonal bipyramids of sodium
divide the «units» of polyhedral of manganese and
phosphorus, filling the channels along oy axis.

According to its structure, Na2Mn3(P2O7)2

belongs to the triclinic crystal system, spatial grid
P1; the lattice parameters are as follows: a=5.359 Å,
b=6.563 Å, c=16.299 Å, =81.290, =82.700,
=72.440, V=538.23 Å3, Z=4, ñcalc=3.447 g/cm3. The
crystalline structure of Na2Mn3(P2O7)2 includes three
nonequivalent, according to their crystallography,
octahedra of manganese with slightly distorted form
(Table 1). The length of links between manganese
and oxygen atoms in polyhedra [MnO6] varies within
the following ranges: Mn(1)–O (2.144–2.229 Å),
Mn(2)–O (2.129–2.229 Å) and Mn(3)–O (2.111–
2.321 Å) (Table 2).

Mn(1) and Mn(2) octahedra share the edges
Î(2)–Î(14), and Mn(2) and Mn(3) have common
edges Î(6)–Î(13). Mn(2)O6 polyhedron
demonstrates significant shift towards Mn(3)O6,
which impacts the distances between the atoms of

Table  1

Coordinates of atoms and equivalent thermal corrections for the Na2Mn3(P2O7)2 structure

Atom Coordinates of 
atoms x/a (104) 

Coordinates of 
atoms y/b  

Coordinates of atoms 
z/c (104) 

Equivalent thermal corrections 
(Ueq), (Å

2103) 
Mn(1) 5306(1) 6283(1) 3077(1) 10(1) 
Mn(2) 2534(1) 10320(1) 1639(1) 10(1) 
Mn(3) 6718(1) 12904(1) 775(1) 13(1) 
Na(1) 5850(3) 2514(3) 4821(1) 25(1) 
Na(2) 1115(3) 12832(3) 3626(1) 23(1) 
P(1) 11335(2) 5632(1) 1783(1) 8(1) 
P(2) 7854(2) 7836(1) 391(1) 7(1) 
P(3) 9316(2) 7500(1) 4209(1) 9(1) 
P(4) 6848(2) 10925(1) 2858(1) 8(1) 
O(1) 13194(5) 3462(4) 1592(2) 10(1) 
O(2) 12864(5) 7016(4) 2043(2) 12(1) 
O(3) 9070(5) 5410(4) 2383(2) 17(1) 
O(4) 10375(5) 6813(4) 907(2) 16(1) 
O(5) 6411(5) 6178(4) 375(2) 14(1) 
O(6) 9180(5) 8428(4) 457(2) 11(1) 
O(7) 6146(5) 9772(4) 803(2) 10(1) 
O(8) 8240(5) 8583(4) 4987(2) 18(1) 
O(9) 12243(5) 6408(4) 4145(2) 15(1) 

O(10) 7725(5) 6053(4) 4063(2) 15(1) 
O(11) 9061(5) 9403(4) 3432(2) 14(1) 
O(12) 5623(5) 12879(4) 3322(2) 14(1) 
O(13) 8401(5) 11358(4) 2041(2) 10(1) 
O(14) 4809(5) 9760(4) 2796(2) 12(1) 

 

Fig. 2. Projection of the Na2Mn3(P2O7)2 structure on yz plane
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3d-metal: Mn(1)–Mn(2) ~3.40 Å and Mn(2)–Mn(3)
~3.26 Å. Due to this shift, the chain consisting of
three octahedra bends, and its repetitions in the
structure lead to the formation of continuous chains
along ob direction (Fig. 2). Various degrees of
deformity of manganese polyhedron are accentuated
by the circles, formed by axially oriented atoms of
oxygen and central atom of octahedron:
O(2)–Mn(1)–O(9) 159.530, O(6)–Mn(2)–O(14)
164.640 and O(5)–Mn(3)–O(13) 119.100.

The structure of Na2Mn3(P2O7)2 includes two
differing by their crystallography diphosphate groups
[P2O7] consisting of phospho oxygen tetrahedra
[ÐÎ4], sharing common apical atoms Î(4) and Î(11).
The angles at bridging oxygen atoms in [P2O7] groups

lie in opposite directions and make: Ð(1)–Î(4)–
Ð(2) 144.070 and Ð(3)–Î(11)–Ð(4) 138.330 (Fig. 3).
The average length of P–O link in the first bridge is
1.592 Å, and it is 1.613 Å in the second one. It is
evident that the increase in the length of P–O links
in Ð(3)–Î(11)–Ð(4) section is due to the
participation of Î(8) and Î(12) atoms in the
coordination to Na(1) and Na(2) atoms, respectively.

The channels filled with sodium polyhedra run
along oy axis between the structure blocks made of
[MnO6] and [ÐÎ4] polyhedra. Sodium cations are
located near the z=1/2 plane and make curved
pentagonal bipyramids with oxygen atoms at the
vertices. Pairwise linked bipyramids [NaO7] fill the
channels in the Na2Mn3(P2O7)2 structure along ob

Table  2

Lengths of bonds in the Na2Mn3(P2O7)2 structure

Bond Lengths of bonds, Å Bond Lengths of bonds, Å 
Mn(1)–O(3) 2.144(3) Mn(2)–O(1)#6 2.184(2) 

Mn(1)–O(2)#2 2.172(2) Mn(3)–O(5)#7 2.111(3) 
Mn(1)–Na(2)#3 3.386(0) Mn(3)–O(7) 2.161(2) 
Mn(1)–Na(2)#1 3.594(9) Na(1)–O(12)#1 2.434(3) 
Mn(2)–O(6)#5 2.178(3) Na(1)–O(10)#4 2.531(3) 
Mn(2)–O(14) 2.299(2) Na(1)–P(3)#4 3.009(8) 

Mn(3)–O(1)#6 2.137(2) Na(1)–Na(2)#3 3.261(2) 
Na(1)–O(9)#9 2.370(3) Na(2)–O(12) 2.412(3) 
Na(1)–O(8)#1 2.500(3) Na(2)–O(14) 2.748(3) 
Na(1)–O(9)#2 2.862(3) Na(2)–P(4) 3.122(5) 
Na(1)–Na(1)#4 3.235(3) Na(2)–P(1)#6 3.283(9) 
Na(2)–O(8)#10 2.336(3) P(1)–O(1) 1.523(2) 
Na(2)–O(3)#6 2.565(3) P(1)–Na(2)#3 3.283(9) 
Na(2)–O(9)#6 2.859(3) P(2)–O(6) 1.524(3) 
Na(2)–Na(1)#6 3.261(2) P(3)–O(9) 1.513(3) 

P(1)–O(3) 1.487(3) P(3)–Na(1)#4 3.009(8) 
P(1)–O(4) 1.586(3) P(4)–O(13) 1.514(2) 
P(2)–O(5) 1.518(3) P(4)–O(11) 1.601(3) 
P(3)–O(8) 1.511(3) O(1)–Mn(3)#3 2.137(2) 
P(3)–O(11) 1.626(3) O(2)–Mn(1)#11 2.172(2) 

P(3)–Na(1)#9 3.198(3) O(6)–Mn(3)#8 2.134(2) 
P(4)–O(14) 1.531(2) O(8)–Na(1)#4 2.476(3) 

P(4)–Na(1)#7 3.443(2) O(9)–Na(1)#9 2.370(3) 
O(2)–Mn(2)#11 2.129(2) O(10)–Na(2)#3 2.467(3) 
O(5)–Mn(3)#1 2.111(3) O(12)–Mn(1)#7 2.168(2) 
O(8)–Na(2)#10 2.336(3) Mn(1)–O(12)#1 2.168(3) 
O(9)–Mn(1)#11 2.229(3) Mn(1)–O(9)#2 2.229(3) 
O(9)–Na(1)#11 2.862(3) Mn(1)–Na(1)#4 3.567(3) 

O(11)–Na(2)#11 2.859(3) Mn(2)–O(13)#2 2.158(2) 
O(13)–Mn(2)#11 2.158(2) Mn(2)–O(7) 2.189(2) 

Mn(1)–O(10) 2.151(3) Mn(3)–O(6)#8 2.134(2) 
Mn(1)–O(14) 2.199(2) Mn(3)–O(13) 2.321(2) 
Mn(1)–Na(1) 3.454(8) Na(1)–O(8)#4 2.476(3) 

Mn(2)–O(2)#2 2.129(2) Na(1)–O(10) 2.856(3) 
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direction (Fig. 4).
It is notable that only one atom of oxygen of

Mn(1)O6 octahedron takes part in the coordination
to atoms of alkali metal. Polyhedron Na(1)O7 is very
distorted: the angle between axially oriented atoms
of oxygen Î(9)–Na(1)–O(8) is 156.960. At the
same time, the lengths of links between Na(1)–O(9)
and Na(1)–O(8) atoms slightly differ and are equal
to 2.862 Å and 2.470 Å, respectively. Equatorial atoms
of oxygen form a distorted pentagon. The lengths of
Na(1)–O links in pentagonal bipyramid [NaO7] range
within 2.370–2.862 Å. Polyhedron Na(2)O7 is less
distorted: the length of links in the fragment Î(11)–
Na(2)–O(9) (angle makes 166.430) is similar and

equals to 2.859 Å. Pentagonal bipyramids Na(1)O7

and Na(2)O7 share a common face (Fig. 4) formed
by Î(9)–Î(12)–Î(8) atoms. This link imparts
additional strength to the structure of double
phosphate Na2Mn3(P2O7)2.

A complete chemical analysis proved the
chemical composition of the synthesized compound
Na2Mn3(P2O7)2 (Table 3).

Infrared spectra of Na2Mn3(P2O7)2 were
recorded using UR-20 and UR-10 spectrophotometer
(Carl Zeiss) and KBr pellets. The characteristic
vibrations (PO3) 420; 500 cm

–1; s, as(P–O)+(MO)
540; 560; 590 ñm–1; s(P–O–P) 720; 800 ñm–1 and
às(P–O–P) 920 ñm–1 correspond to and are typical
of polyphosphates [7,9]. Characteristic vibrations
s(Ð–Î–Ð) at 700–800 ñm–1 are indicative of the
presence of polyphosphate chains made of [ÐÎ4]
tetrahedra in the structure of Na2Mn3(P2O7)2 double
phosphate.

Thermal analysis of the synthesized phosphate
Na2Mn3(P2O7)2 have been performed using Q-1500
Paulik derivatograph (Hungary). The sample was
heated within the range of 20–10000Ñ with dynamic
elevation of temperature in platinum cylindrical
crucibles (the weighed portion was 0.310 g and the
heating rate was 5 degrees per minute). The
derivatographic analyses showed that double
phosphate Na2Mn3(P2O7)2 is subject to congruent
melting at 7850Ñ.

Conclusions

The crystallization region of new double
phosphate Na2Mn3(P2O7)2 has been determined in
the fluxes of the Na2O–P2O5–Mn2O3–NaF system
(10 and 20 wt.%) at 800–9500Ñ. In addition,
optimum conditions for the high-yield (more than
45%) growing of single crystals of compound have
been selected. The series of their physical and
chemical properties have been studied and the
melting temperature of compound (7850Ñ) has been
determined. A complete X-ray diffraction analysis
of the synthesized phosphate Na2Mn3(P2O7)2 has been
performed along with the identification of its
structural features. «Bending-over» of the chain of
three octahedra, which repetition in the structure
leads to the formation of continuous chains along
the oy axis, and the presence of sodium polyhedra
[NaO7] in the structure with unusual coordination

Fig. 3. Coordination environment of manganese atoms in the

Na2Mn3(P2O7)2 structure

Fig. 4. Surroundings of sodium atoms in the Na2Mn3(P2O7)2

structure

Table  3

Results of chemical analysis of the synthesized compound

Content of Na2O, wt.% Content of MnO, wt.% Content of P2O5, wt.% 
calculated found calculated found calculated found 

11.09 11.34 38.10 38.21 50.81 50.45 
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number 7. The findings of this study can encourage
further investigation of the compound as well as
development of materials on its base.

REFERENCES

1. Harrison W.T.A., Phillips M.L.F. Syntheses, structures

and properties of RbScFAsO4 and CsScFAsO4: scandium-

containing analogues of potassium titanyl phosphate (KTiOPO4)

// Chem. Mater. – 1999. – Vol.11. – P.3555-3560.

2. Murashova Å.V, Chudinova N.N. Solid phase synthesis

of doubles phosphates Mn(II) and Mn(III) // Inorg. Mater. –

1998. – Vol.10. – No. 34. – P.1019-1023.

3. Formation of complex phosphates K2M
IIISn(PO4)3 from

solutions in melts under crystallization conditions / Zatovsky I.V.,

Slobodyanik N.S., Ushchapivska T.I., Han W. // Funñt. Mater.

– 2017. – Vol.24. – No. 2. – P.298-304.

4. Orlova A.I., Koryttseva A.K., Loginova E.E. A family of

phosphates of langbaenite structure. Crystal-chemical aspect of

radioactive waste immobilization // Radiochemistry. – 2011. –

Vol.53. – No.1. – P.51-62.

5. Physical properties of an alumino-silicate waste form

for cesium and strontium / Kaminski M.D., Mertz C.J.,

Ferrandon M., Dietz NL. Sandi G. // J. Nucl. Mater. – 2009. –

Vol.392. – P.510-518.

6. Incorporation of hafnium (IV) into KTP framework from

phosphate fluoride fluxes / Zatovsky I.V., Slobodyanik N.S.,

Ivanenko V.I., Oseledchik Yu.S., Letsenko V.Yu., Ushchapivska T.I.

// Cryst. Res. Technol. – 2016. – Vol.51. – P.178-182.

7. Krivileva S., Moiseev V. Functional materials for medical

and biological purposes on the system CaO–CaF2–P2O5–H2O

and additives // Funct. Mater. – 2018. – Vol.25. – No. 2. –

P.358-363.

8. Immobilization of cesium into mineral-like matrices of

tridymite, konsarite, and langbeinite structure / Pet’kov V.I.,

Asabina E.A., Lukuttsov A.A., Korchemkin I.V., Alekseev A.A.,

Demarin V.T. // Radiochemistry. – 2015. – Vol.57. – P.632-

639.

9. Nagorny P.G., Slobodyanik N.S., Ushchapivska T.I.

Growing and X-ray diffraction pattern of single-crystal double

phosphates Li2Mn(PO3)4 // Funñt. Mater. – 2018. – Vol.25. –

No. 3. – P.608-612.

10. Nagornyj P.G., Lavrik R.V., Petrenko O.V. Synthesis of

Mn (III) phosphates // Ukr. Khim. Zh. – 2002. – Vol.68. – No. 7.

– P.25-28.

11. Synthesis and structure of LiCoP3O10 / Shishkin O.V.,

Baumer V.N., Nagornyi P.G., Petrenko O.V. // Ukr. Khim. Zh.

– 2002. – Vol.68. – No. 9. – P.83-89.

12. Sheldrick G.M. SHELXS97 and SHELXL97. Program

for crystal structure solution and refinement. – Gottingen:

University of Gottingen, 1997.

Received 30.01.2021

ÂÈÐÎÙÓÂÀÍÍß ÌÎÍÎÊÐÈÑÒÀË²Â ÏÎÄÂ²ÉÍÎÃÎ
ÍÀÒÐ²É-ÌÀÍ¥ÀÍ(²²) ÄÈÏ²ÐÎÔÎÑÔÀÒÓ

Â.². Ìàêñ³í, Ð.Â. Ëàâðèê, Ò.². Óùàï³âñüêà, Î.Â. Ïåòðåíêî

Ïðè äîñë³äæåíí³ âçàºìîä³¿ â ñèñòåì³ Na2O–P2O5–
Mn2O3–NaF (10 ìàñ.%) â ðîçïëàâàõ ó ä³àïàçîí³ ìîëüíèõ
ñï³ââ³äíîøåíü Na2O:P2O5 0,52–0,76 (íàñè÷åíèõ ìàí´àí(²²²)
îêñèäîì 25,0–32,0 ìàñ.%.) â ³íòåðâàë³ òåìïåðàòóð 960–8800Ñ
áóëî âïåðøå îäåðæàíî ìîíîêðèñòàëè ñïîëóêè Na2Mn3(P2O7)2.
Ï³ä³áðàí³ îïòèìàëüí³ óìîâè äëÿ ñèíòåçó òà âèðîùóâàííÿ
ìîíîêðèñòàë³â ñïîëóêè Na2Mn3(P2O7)2. Çä³éñíåíî ïîâíå ðåí-
òãåíîñòðóêòóðíå äîñë³äæåííÿ ñèíòåçîâàíîãî ôîñôàòó
Na2Mn3(P2O7)2. Ñòðóêòóðà ïîäâ³éíîãî ôîñôàòó Na2Mn3(P2O7)2

íàëåæèòü äî òðèêëèííî¿ ñèíãîí³¿, ïð. ãð. P1; ïàðàìåòðè êðèñ-
òàë³÷íî¿ ðåø³òêè äîð³âíþþòü: a=5,359 Å, b=6,563 Å, c=16,299 Å,
=81,290, =82,700, =72,440, V=538,23 Å3, Z=4, ñðîçð=3,447 ã/ñì3.
Âñòàíîâëåí³ îñîáëèâîñò³ áóäîâè ñèíòåçîâàíîãî ôîñôàòó.
Ñòðóêòóðà ñêëàäàºòüñÿ ç íåñê³í÷åííèõ ëàíöþæê³â ç äåôîð-
ìîâàíèõ îêòàåäð³â [MnO6], ÿê³ ïðîõîäÿòü óçäîâæ íàïðÿìêó
ob. Äèôîñôàòí³ ãðóïè ç òåòðàåäð³â [ÐÎ4] ðîçä³ëÿþòü ëàíöþæ-
êè [MnO6] ³ òåæ îð³ºíòîâàí³ âçäîâæ íàïðÿìêó ob. Ïîïàðíî
ç’ºäíàí³ ïåíòàãîíàëüí³ á³ï³ðàì³äè íàòð³þ ðîçä³ëÿþòü «áëî-
êè» ç ïîë³åäð³â ìàí´àíó òà ôîñôîðó, çàïîâíþþ÷è êàíàëè
âçäîâæ îñ³ îó. Êðèñòàë³÷íà ñòðóêòóðà ì³ñòèòü òðè êðèñòàëî-
ãðàô³÷íî íååêâ³âàëåíòí³ îêòàåäðè ìàí´àíó, ÿê³ ìàþòü äåùî
äåôîðìîâàíó ôîðìó. Ñïîëóêà äîñë³äæåíà ìåòîäàìè ðåíòãå-
íîñòðóêòóðíîãî ³ ðåíòãåíîôàçîâîãî àíàë³ç³â, äèôåðåíö³àëü-
íîãî òåðì³÷íîãî àíàë³çó, ²×-ñïåêòðîñêîï³¿, âèêîíàíî ¿¿ ïî-
âíèé õ³ì³÷íèé àíàë³ç.

Êëþ÷îâ³ ñëîâà: ïîäâ³éíèé ôîñôàò, ²×-ñïåêòðîñêîï³ÿ,
ðåíòãåíîñòðóêòóðíèé àíàë³ç, ðåíòãåíîôàçîâèé àíàë³ç,
âèðîùóâàííÿ ìîíîêðèñòàë³â, êðèñòàë³çàö³ÿ, ðîçïëàâ.

GROWING OF SINGLE-CRYSTALS OF DOUBLE
SODIUM-MANGANESE(II) PYROPHOSPHATE

V.I. Maksin a, *, R.V. Lavrik a, T.I. Ushchapivska a,

O.V. Petrenko b

a National University of Life and Environmental Sciences of
Ukraine, Kyiv, Ukraine

b Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
* e-mail: vimaksin@ukr.net

Single crystals of Na2Mn3(P2O7)2 compound have been first
obtained during the examination of interaction in the Na2O–
P2O5–Mn2O3–NaF (10 wt.%.) system in the fluxes with Na2O:P2O5

molar ratios ranging from 0.52 to 0.76 (saturated with
manganese(III) oxide 25.0–32.0 wt.%) at the temperatures of
960–8800Ñ. Optimum conditions for the synthesis and growing
of single crystals of Na2Mn3(P2O7)2 compound have been
determined. Complete X-ray diffraction analysis of the synthesized
phosphate Na2Mn3(P2O7)2 has been performed. According to its
structure, the double phosphate Na2Mn3(P2O7)2 belongs to the

triclinic crystal system, spatial grid P1; lattice parameters are as
follows: a=5.359 Å, b=6.563 Å, c=16.299 Å, =81.290, =82.700,
=72.440, V=538.23 Å3, Z=4, ñcalc= 3.447 g cm–3. Structural features
of synthesized phosphate have been determined. The structure is
composed of continuous chain of distorted octahedra [MnO6]
spacing along the direction ob. Diphosphate groups of tetrahedra
[ÐÎ4] divide the chains [MnO6] and also run along ob direction.
Pairwise linked pentagonal bipyramids of sodium divide the «units»
of polyhedral of manganese and phosphorus, filling the channels
along oy axis. The crystalline structure of Na2Mn3(P2O7)2 includes
three nonequivalent, according to their crystallography, octahedra
of manganese with slightly distorted form. The compound has
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been studied using X-ray diffraction and X-ray phase analyses,
differential thermal analysis, IR spectroscopy and complete
chemical analysis.

Keywords: double phosphate; IR-spectroscopy; X-ray
diffraction analysis; X-ray phase analysis; growing of single crystals;
crystallization; flux.
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