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The conditions for joint pair precipitation of isomorphic cations Mn?* and MgZ*, Mn2*
and Co%*, Mn2* and Zn2* in the form of hydrogen phosphates are determined. Three solid
solutions Mn,_ Mg HPO,-8H,0 (0 < x <1.00), Mn,_ Co,HPO,-8H,0 (0 < x < 0.2) and
Mn,_,Zn HPO,-8H,0 (0 < x < 0.07) with the newberyite structure are synthesized. It was
shown that they are formed as a result of isomorphic substitution of the manganese(II)
cation in the crystal lattice of the matrix hydrogen phosphate. The ranges of solid solution
homogeneity vary widely: from continuous, as in Mn,_ Mg,HPO,-8H,0 (0 < x < 1.00), to
limited by a narrow interval of homogeneity, as in Mn,_,Co,HPO,-8H,0 (0 < x < 0.2) and
Mn,_ Zn HPO,-8H,0 (0 < x < 0.07). The fact that different ranges of homogeneity are
realized is substantiated using the characteristics of co-precipitated cations.

Keywords: solid solution, hydrogen phosphate, newberyite structure.

Oco6anBocri cunTe3y TBepaux po3uuHiB docdaris HBOBaJIEHTHHX MeTAJiB i3 CTPYKTY-
poro unwo6epury. H.M.Anmpanyesa, H.B.Conod, O.0.Kpasiernko
BusHAYEHO YMOBH CILIBHOTO IIONAPHOTO OCAZKeHH: isoMophHMX Kartiomis Mn2* i M92+,
Mn2* i Co2?*, Mn?* i Zn?* y Buraazi rigporendocdaris. CuHTe30BaHO TPH TBepAi POSUMHH i3
CTPYKTypol0 HbIO6eputy ckiaxy: Mn, Mg HPO,-8H,0 (0 < x < 1.00), Mn,_,Co,HPO,-3H,0
(0 < x £0.2) and Mn,_ Zn HPO,-8H,0 (0 < x < 0.07). IlokasaHo, [0 BOHM YTBOPIOIOTHCH
BHACHimoK isomopduoro samimenus xariomy manrany(ll) y kpucramiuniit pemriTui rigpo-
reHdochpary-marpuiii. O6sacTi rOMOreHHOCTL TBEPAMX PO3UMHIB 3MIHIOIOTHCA Yy IIMPOKUX
Merxax: Bijg HemepepBHmx, ak y Mn,  Mg,HPO,.3H,0 (0 < x < 1.00), mo obmesxeHHX
By3bKUM iHTepBasom romoremsocri, ax y Mn,  Co,HPO,3H,0 (0< x < 0.2) i
Mn,_,Zn,HPO,-83H,0 (0 < x < 0.07). ®akT icHyBaHHA Pi3HUX MeX I'OMOTEHHOCTi OGTPyHTOBA-
HUH 13 BaCTOCYBaHHAM XapaKTePUCTUK KaTiOHIB, 110 CIiBOCAIKYIOTHCH.

OupejeneHbl yCIOBUAA COBMECTHOIO IIAPHONO OCAMKAEHUA HM3OMODP(PHBIX KaTmoHOB Mn2* u
Mg2?*, Mn?* u Co?*, Mn?* u Zn?* B Buge ruzpodocdharos. CHHTE3HPOBAHBI TPH TBEPAbIE
DPacTBOPHI CO CTPYKTypoil mbioGepura cocrasa: Mn, MgHPO,-8H,0 (0 < x <1.00),
Mn,_,Co,HPO,-8H,0 (0 < x < 0.2) u Mn,_Zn HPO,-8H,0 (0 < x < 0.07). Ilokasano, uro
OHH 00pasyloTcd B pesyjbTaTe M30MOpP(PHOro 3aMemleHHa KaTuoHa Mapramna(ll) B KpucTaIIn-
uecKoii pemreTke rugpodocdara-Marpunbl. O6JaCTH TOMOTeHHOCTH TBePALIX PACTBOPOB HM3MeH-

IOTCA B IIMPOKHUX IIpeJesiax: OT HelPepeIBHEIX, Kak y Mn,_ Mg HPO,8H,0 (0 <x 1.00), go
OrpaHMYEHHHIX Y3KHM HHTepBajoM romoremsoctu Kak y Mn,_ Co,HO,-8H,0 (0 < x <0.2)
u Mn,_ Zn, HPO,-8H,0 (0 < x < 0.07). ®@akT peanusanuu pPasIUYHBIX 06IACTEl TOMOreHHOC-
T 0OGOCHOBAH C WCIIOJIL30BAHNEM XAPAKTEPUCTUK COOCAKAAIOIINXCS KATHOHOB.
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1. Introduction

Phosphates of divalent metals are widely
used for manufacturing various functional
materials: thermo-sensitive coatings, lumi-
nophores, anticorrosive pigments, and cata-
lysts for organic synthesis, ete. Technically,
their valuable properties are improved by
introducing an additional cation into their
phosphate-matrix structure. This is
achieved by synthesizing compounds that
are chemically solid solutions or double
salts. The most studied of various cationic
phosphates are salts of monovalent and di-
valent metals NaMnPO,-2H,0, KMnPO,4-H,0,
RbMnPO,-6H,0, CsMnPO,-6H,0 [1-4].

Recently, work has intensified on the
synthesis and study of wvarious charac-
teristics of solid solutions of inorganic
phosphates, starting with structural fea-
tures, IR spectroscopic, colorimetric, cata-
lytic and other characteristics. This is due
to the ability to regulate their composition
within specified limits and, accordingly,
physicochemical and operational properties.
In particular, studies of isomorphic substi-
tution of Cu(ll) for Co, Ni or Zn in the
structure of phosphates CuHPO,4H50,
0.2) are well known [5]. Possibilities of ob-
taining Co(ll) and Ni(ll) phosphates with dif-
ferent degree of protonation, solid solutions
of M1_XN|X(H2PO4)22H20, M= Mg, Mn, CO,
Zn are considered in [6]. Some works are
devoted to the synthesis of phosphates of
the composition Mno5Feo5(H2PO4)2XH20
[7], MnOSCUOS(H2P04)21'5H20 [8], as well
to the study of their properties.

There are very few data on solid solu-
tions of Mg, Co(ll), Zn phosphates based on
the newberite structure in the literature.
Systematic research in this area has not
been performed.

The purpose of this work is to determine
the conditions and specifiecs of obtaining
solid solutions of phosphates of divalent
metals (magnesium, manganese(II), co-
balt(II), zinc) with the newberyite structure.

2. Experimental

Solid solutions were obtained by co-pre-
cipitation of Mn2* and Mg2* (Co2* or Zn?*)
cations by the HPO42‘ ion through the in-
teraction of a mixture of the corresponding
hydroxycarbonates with phosphoric acid at
a fixed value of H* ion concentration in the
range 2.6—3.3. The ratio of Mn(ll) and Mg
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(Co(ll), Zn) as part of a mixture of hydroxy-
carbonates (K = Mn/M!l) varied from 100 to
0 (in recalculation on molar content), con-
centration of HyPO, — in the range of 30—
87 %, the temperature — within 25-80°C.

For co-precipitation of cations, the condi-
tions were chosen that ensure the formation
of a crystal lattice of mnewberyite —
MnHPO,4-8H,0. For this purpose, in addition
to the known data, additional series of ex-
periments were carried out to clarify the
conditions for obtaining individual hydro-
gen phosphates of manganese(II), magne-
sium, zinec, cobalt(II) in relation to the reac-
tion applied. During the experiment, the de-
pendence of the composition of the
precipitated solid phase on the following
main parameters was determined: pH, ratio
K = Mn/M!' M = Mg, Co, Zn) in the compo-
sition of the starting reagents, H;PO, con-
centration and temperature.

Identification and study of synthesized
phosphates were carried out by the follow-
ing methods: chemical analysis, XRD using
FeK, and CuK, radiations with NaCl as an
internal standard (DRON-4, equipped with
an IBM PC/AT computer system); IR ab-
sorption spectroscopy in the range of 400—
4000 cm™1, at 20°C and -190°C, using a
fixed portion of 0.05 % of the sample
weight pressed into a KBr matrix (Nexus-
470 spectrometer); Raman spectroscopy
(modernized DSF-24, providing mathemati-
cal processing of spectra); electron micros-
copy (scanning electron microscope JSM-35,
microscope TESLA BS 513A) and optical mi-
croscopy (MIN-8, MBS-1).

3. Results and discussion

Experimental data obtained to determine
the conditions of co-precipitation of manga-
nese(II) and magnesium cations in the form
of hydrogen phosphates indicate that the
hydrogen-phosphate matrix —
MnHPO,4-8H,O0 — newberyite is formed in
the pH range of 2.2 to 3.2. The composition
of the precipitate is determined by the tem-
perature regime of precipitation, and at
temperatures above 50°C, along with
MnHPO,-8H,0, phosphates of the composi-
tion MnHPO,4-1.5H,O are formed. The con-
centration of H3PO, (from 80 to 87 %) has
almost no effect on the composition of
MnHPO,-8H,0.

The precipitation of MgHPO,-8H,O dur-
ing the interaction of magnesium hydroxy-
carbonate with HzPO, occurs in the pH
range of 2.8-3.4. The precipitation at pH
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Table 1. Characteristics of manganese(II) and magnesium hydrogen phosphate solid solutions (pH

2.8; 45°C; 55 % H3PO, solution)

K = Mn/Mg, The solid phase composition, wt.% Chemical composition Phase composition
molar units (according to the
Mn Mg P H,0 results of X-ray
diffraction and IR
spectroscopy)
- 26.96 - 14.86 30.57 MnHPO,cdotB% % %A n3H,D MnHPO,-8H,0
26.81° 15.12 30.75
75.0 26.28 1.04 14.90 30.68 Mng ooMgq 0sHPO,-8H,0 |Solid solution with
the general
20.0 24.57 | 1.61 15.06 30.82 Mn, gMg, 4HPO,-8H,0 formula
1.4 20.94 | 2.80 | 15.80 31.75 | Mng, ,gMgq ,sHPO,-3H,0. Mn1—x3|\l/!|g)gipo4
1.0 19.38 | 4.02 16.19 32.30 | Mng Mg, 3HPO,-8H,0. ’
0.33 14.90 6.71 16.61 33.39 Mn, sMg, sHPO4-3H,0.
0.2 8.30 9.91 17.04 34.09 Mng ,5Mg, 75HPO,-8H,0.
0.01 2.83 13.00 | 17.40 35.45 | Mng Mg, oHPO,3H,0.
- - 13.76 17.79 85.96 WMgHPO,cdotB% % %A 13H,D MgHPO,-8H,0

below 2.8 is accompanied by the formation
an impurity phase of Mg(H,PO,),-2H50. In-
creasing the pH is impractical, since it re-
duces the rate of interaction of the starting
reagents. The precipitation temperature has
almost no effect on the composition of the
solid phase and affects only the duration of
the process.

Based on the results obtained, co-precipi-
tation of manganese (II) and magnesium hy-
drogen phosphates was carried out under
the following conditions: pH 2.8; tempera-
ture 45°C; H3PO, solution — 55 %. The
ratio of manganese(Il) and magnesium in
the mixture of starting hydroxycarbonates
varied from 100 to O (in terms of molar
content). The results of the analysis of
phosphates obtained under these conditions
are given in Table 1.

Analysis of the solid phase obtained by
co-precipitation of manganese(II) and mag-
nesium hydrogen phosphates has showed
that, regardless of the content of manga-
nese(II) and magnesium in the starting re-
agents (K = Mn/Mg), only one crystalline
phase is formed. Both manganese and mag-
nesium ions take part in the formation of
the crystal lattice of this phase, their con-
tent varying depending on the composition
of the hydroxycarbonate mixture. The con-
tents of phosphorus and water correspond-
ing to values calculated for hydrogen phos-
phates, depends on it as well (Table 1).

The diffraction patterns of all the ob-
tained compounds ions completely coincide
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with the diffraction patterns of individual
isostructural hydrogen phosphates
MnHPO,4-8H,0 and MgHPO,4-3H,0 in terms
of the position of the reflections; the differ-
ences are only in the redistribution of the
intensities of individual reflections [9]. The
regular change in the values of interplanar
distances characterizes hydrogen phosphates
as a continuous solid solution of substitution
of the general formula Mn,_,Mg,HPO,-8H,0,
structurally identical to newberyite. The
values of x are determined by the composi-
tion of the original hydroxycarbonates and
varies from 0 for MnHPQO,4-8H,0 to 1.00 for
MgHPO,4-8H,0, which are the limiting com-
positions of the synthesized solid solution.

The presence of a structural relationship
between solid hydrogen phosphates and new-
beryite is clearly detected in the analysis of
IR spectra. Complete identity of IR spectrum
configurations of Mn,_,Mg,HPQO,8H,0, re-
corded at 20°C and -190°C, with
MnHPO,4-8H,O spectra testifies in favor of
their isostructurality (Fig. 1). The uniform
displacement of the absorption bands, in par-
ticular, the v(OH) and 8(H,O) bands, of the
OH-groups of the protonated anion charac-
terizes the effect of the nature of the cation
on the strength of the H-bonds realized in the
Mn,_Mg,HPO,-3H,0 structure.

The unit cell parameters of polycrystal-
line Mn,;_,Mg,HPO,3H,0 (0 < x < 1.00) in
the whole range of compositions change in
proportion to the content of manganese(II)
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Table 2. Parameters (nm) of the unit cell of a solid solution with the structure of newberyite,
(orthorhombic crystal system, space group Pbca, Z = 8)

Composition of hydrogen | R cation, nm a b c vV, nm3
phosphates

MnHPO,-3H,0 0.097 1.0440(3) 1.0872(3) 1.0223(2) 1.16035

Mn, ¢Mg, {HPO,-8H,0 - 1.0422(2) 1.0843(3) 1.0200(1) 1.15380
Mn, 75Mgg osHPO,-3H,0 - 1.0383(*1_,) | 1.0822(°1,;) | 1.0170(0) 1.14344
Mn, sMg, sHPO,-8H,0 - 1.0828(1) 1.0775(2) 1.0117(1) 1.12632
Mn, 55Mgg 75HPO,-3H,0 - 1.0267("1_,) | 1.0733(*1.,) | 1.0066(0) 1.10937
Mn, Mg, gHPO,-8H,0 - 1.0237(2) 1.0701(2) 1.0034(2) 1.09928
MgHPO,-3H,0 0.086 1.0214(*273) 1.0682(2) 1.0016(2) 1.09281

5
4

*®

c

S

2 3

=]

w

K=

=T
2
1

1 L ' -
40 30 20 10 v-107 em™

Fig. 1. IR absorption spectra of Mn, Mg HPO,3H,0
solid solutions with x = 1.0 (1), 0.75 (2), 0.50
(3), 0.25 (4), 0 (5) at 20°C and —190°C (----).

and magnesium and in accordance with the
values of their ionic radii (0.086 nm for
Mg2* and 0.097 nm for MnZ*). The depend-
ence of the geometric dimensions of the
crystal lattice of hydrophosphates on their
composition is linear (Table 2). According to
Vegard’s law, this indicates the formation
of a continuous solid solution of substitu-
tion. Hydrogen phosphates of the solid solu-
tion Mn;_,Mg,HPO,-8H,O (0 < x < 1.00) are
crystals of regular shape in the form of
truncated hexagonal bipyramids up to 0.6—
0.8 cm in size. Their refractive indices and
the density of crystals are determined by
the composition and are linearly dependent
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Fig. 2. Refractive indices (I — Ng, 2 — Np)
and density (3) of hydrogen phosphates for
the Mn,_ Mg HPO,-8H,0 solid
(0 < x <1.00).

solutions

on the content of manganese(II) and magne-
sium (Fig. 2).

Thus, under the conditions of coprecipi-
tation of Mn2* and Mg2?* in the form of
hydrogen phosphates, as a result of isomor-
phic substitution of manganese (II) for mag-
nesium in the structure MnHPO,-8H,0, a
continuous solid solution of substitution is
formed containing Mn,_,Mg,HPO,-3H,0 (0 <
x < 1.00). The synthesized hydrogen phos-
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phates crystallize in an orthorhombic crys-
tal system (spatial group Pbsa, Z = 8) and
are structurally identical to newberyite.

Substitution of manganese(II) for co-
balt(II) in the structure of newberyite was
investigated under conditions of pH = 2.8,
temperature 40°C, 55 % aqueous solution
of H3PO,. The content of manganese(II) and
cobalt(Il) in the original hydroxycarbonates
(K = Mn/Co, in molar units) varied from
10.0 to 0.10.

The results of chemical analysis of the
solid phase indicate that the ratio of

P/z Mn,Co at all values of K corresponds

to the calculated value for hydrogen phos-
phates (1.00). However, according to the na-
ture of changes in the content of Mn, Co, P,
and H,O in their composition, the formed
hydrogen phosphates can be divided into
two groups (Fig. 3). The first group consists
of hydrophosphates obtained at
0.82<K<10.0. The content of Mn(ll) and
Co(ll) in them regularly changes depending
on the composition of the mixture of hy-
droxycarbonates (26.17-21.44 wt.% of Mn;
0.62-5.35 wt.% of Co at K =10 and K =
0.82, respectively). The composition of hy-
drogen phosphates formed under conditions
of 0.10<K<0.80 (second group) differs sig-
nificantly: the content of manganese(Il) is
13.91-1.05 wt.%, cobalt(Il) — 18.27-
31.29 wt.% . Quite sharp changes also con-
cern the content of P and H,O when going
from K = 0.82 to K = 0.80 (Fig. 3).
Hydrogen phosphates precipitated under
the conditions of 0.82<K<10.0 are a crystal-
line phase, the X-ray characteristics of
which correspond to those known for
MnHPO,4-8H,0 [9]. The regular shift and re-
distribution of intensities of individual dif-
fraction reflections on diffraction patterns
of hydrogen phosphates with different con-
tent of Mn(ll) and Co(ll) characterizes the
homogeneity of their crystalline structures and
indicates the formation of a limited solid solu-
tion of general formula Mn,,Co,HPO,3H,O
with the structure of newberyite. The val-
ues of x determined by the results of chemi-
cal analysis vary within 0 <x < 0.2. The
saturated solid solution is hydrogen phos-
phate of the composition
The homogeneity of the structures of the
synthesized hydrogen phosphates and new-
beryite is evidenced by the results of IR
spectroscopic studies. The general form of
absorption curves in the region of oscilla-
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Fig. 3. Dependence of the content (wt.%) of
Mn — 1; Co — 2; P — 3; H,0 — 4 in the
composition of hydrogen phosphates on the
ratio K = Mn/Co (molar units), in the initial
hydroxycarbonates.

tions of the anionic sub-lattice (400—
1500 em 1) is almost identical. In the range
of frequency of valence oscillations of water
crystallization molecules (2300—-3600 cm™1),
a shift of absorption bands is observed,
which reflects the influence of the nature of
the cation on the state of water in hydrogen
phosphates with different manganese(II)
and cobalt(II) content.

A decrease in the values of K only by
0.02 (precipitation at K = 0.80) is accompa-
nied by significant changes not only in the
chemical but also in the phase composition
of hydrogen phosphates. The formation of a
solid solution of hydrogen phosphates of
composition Co,_,Mn,HPO,-1.5H,0 with the
structure of CoHPO,1.5H,0 under condi-
tions 0.10<K<0.80 was found [10, 11].

The absorption curves in the IR spectra
of hydrogen phosphates obtained at K =
0.82 and 0.80 differ significantly both in
the region of oscillations of the molecules of
crystallization water and in the low-fre-
quency range of the spectrum corresponding
to the oscillations of the anionic sublattice.
In the Raman spectra, the difference in the
structures of these phases mainly affects
the oscillations of the P-OH bonds (Fig. 4).

The regions of existence of solid solu-
tions based on the structures of isodimor-
phic individual hydrogen phosphates are
different. Solid solutions of the composition
Mn,_,Co,HPO,-8H,0O (0 < x<0.2) are formed
due to substitution of some manganese(II)
atoms for isomorphic cobalt(II) in the struc-
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Table 3. Characteristics of manganese(II) and zinc hydrogen phosphate solid solutions (pH 1.5;

40°C; 55 % H;PO, solution)

IK = Mn/Zn, |The solid phase composition, mas.% | Chemical composition Phase composition
molar units (according to the
Mn Zn P H,0 results of X-ray
diffraction and IR
spectroscopy)
- 26.96 - 14.86 80.57 MnHPO,cdotB% % %A n3H, MnHPO,-8H,0
26.81° | - 15.12 | 380.75 °
50.0 26.36 0.48 15.11 30.66 Mn0 99Zn0 01HPO4.3H20 Solid solution with the
: : general formula
30.0 26.26 | 0.61 15.10 30.54 Mng ggZNng oHPO4-3H,0 Mn,_,Zn PO,-8H,0
15.0 25.29 | 1.59 15.10 30.61 Mny ¢5ZNg osHPO4-3H,0
5.5 25.05 | 1.90 15.10 30.68 Mng g4ZNng osHPO4-3H,0
1.5 24.83 | 2.14 15.09 30.67 Mny g3ZNg o;HPO4-8H,0
1.2 24.44 4.87 14.72 20.08 Mn0 932n0 07HPO4.3H20 + Mixture of phases
Zn,Mn(PO,),-4H,0 MnHPO,-8H,0 and
1.0 24.32 5.21 14.44 19.12 Zny(PO,), 4H,0
* Calculated values
ture of newberyite. They exist in the range 2
of cobalt(II) concentrations from 0.62 to I, % © b)
5.35 mas.%. An attempt to replace more g
than 5.85 % of manganese(II) with co- - 3
balt(IT) in the structure of MnHPO,-8H,0 g A
leads to an abrupt isodimorphic phase tran- ] ) ; ) , -
sition and the formation of solid solutions 1150 1100 1050 1000 50 900 950 v,cm’

of hydrogen phosphates with the structure
of CoHPQ,-1.5H,0 (a monoclinic crystal system)
and composition Co,_,Mn HPO,-1.5H,0),
0<y < 0.45 (cobalt content is 18.27-
31.6 wt.%). Concentration limits of manga-
nese(Il) are 0.7-13.9 wt.%.

Isomorphic substitution of manganese(II)
for zinc in the structure of newberyite was
investigated using co-precipitation of Mn2*
and Zn2* cations under the following condi-
tions: pH 1.5, temperature 40°C, 55 %
aqueous solution of H3;PO,. The content of
manganese(Il) and zinc in the original hy-
droxycarbonates (K = Mn/Zn, molar units)
was varied from 50.0 to 1.0.

The results of a comprehensive analysis
of the solid phase indicate that under these
conditions, hydrogen phosphates are depos-
ited in the range of K values from 50.0 to
1.5. In the absence of zinc in the starting
reagents, the precipitate is represented by
individual MnHPO,-8H,0; its X-ray diffrac-
tion and IR spectroscopic characteristics co-
incide with the known ones [9, 11]. In the
case of the presence of the starting reagents
of manganese(Il) and zinc (1.5<K<50.0) in
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Fig. 4. Raman spectra of the
Mn, ¢Co, ,HPO,-3H,0 solid solution with new-
beryite structure (a) and

Cog 55Mng 45HPO,4-1.5H,0 (b).

the composition, the zinc content in hydro-
gen phosphates regularly increases from
0.48 wt.% at K = 50.0 to 2.14 wt.% at K =
1.5; the manganese(II) content is adequately
reduced (Table 8). The precipitation under
conditions of K <1.5 (1.2 and 1.0) is ac-
companied by a significant change in the
content, especially zinc, phosphorus, water,
which indicates changes in the phase compo-
sition of the precipitate.

On the diffraction patterns of hydrogen
phosphates obtained at 1.5<K<50.0, there
are diffraction reflections and absorption
bands characteristic of one crystalline phase,

Functional materials, 28, 3, 2021
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identified as MnHPO4-3H,0 [9]. Analysis of
the set of diffraction reflections, their inten-
sities and values of interplanar distances in-
dicates the complete identity of their struc-
tures with the structure of matrix hydrogen
phosphate — newberyite.

This conclusion is in full accordance with
the results of IR spectroscopic studies, since
not only the general view of the spectrum,
but also the characteristic absorption bands
in the spectra of synthesized trihydrates are
similar to the spectral data known for
MnHPO,-8H,0 [11].

Interpretation of the obtained data testi-
fies to the isomorphic incorporation of zinc
into the structure of newberyite and charac-
terizes the hydrogen phosphates obtained at
1.5<K<50.0 as a solid substitution solution

of the general formula Mn,_,Zn,HPO,-8H,0.
The values of x determined by the results of
chemical analysis vary within 0 < x<0.07,
indicating the region of homogeneity of the
limited solid solution. The composition of
phosphate, which is a saturated solid solu-
tion, corresponds to the formula
Mn093zn007HPO43H20. In the composition
of hydrogen phosphates formed at K > 1.5,
along with the solid solution, an impurity
phase is fixed — medium zinc phosphate
tetrahydrate.

The ability of cobalt(Il) and zinc to iso-
morphic substitution of manganese(II) in
the structure of newberyite was assessed
using the dimensional criterion (Ar;) and
differences in the nature of the bonds they
form (Ay); the widest range of homogeneity
is expected for co-precipitation of Mn2* and
Zn2* (Ar; for this pair is 8.99 %, Ay = 0.2,
for the pair Mn2* and Co2* Ar; = 10.22 %,
Ay = 0.4). The obtained experimental data
indicate that when the chemical properties
(primarily solubility) of individual precipi-
tated phosphates are different, a theoretical
assessment of the homogeneity regions of
limited solid solutions is impossible, because
the contribution of this very factor is deci-
sive for them.

4. Conclusions

The conditions of co-precipitation of iso-
morphic cations MnZ* and Mg2?*, Mn2+ and
Co?*, Mn2* and Zn2* in the form of hydro-
gen phosphates are determined. Three solid
solutions with the newberyite structure of
the compositions: Mn,_ Mg,HPO,-8H,O
(0 <x < 1.00), Mn,_,Co,HPQO,-8H,0
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(0 < .’X:SO.2) and Mn1_XZnXHPO4'3H20 (0 <
x<0.07), have been synthesized.

It has been shown that these solid solu-
tions are formed due to the isomorphic sub-
stitution of the manganese(II) cation in the
crystal lattice of the hydrogen phosphates
matrix. The regions of homogeneity of the
solid solutions vary widely: from continuous,
as in Mn1_XMgXHPO43H20 (0 <x < 1.00), to
limited by a narrow range of homogeneity
as in Mn,_,Co,HPO,3H,0 (0 < x<0.2) and
Mn,_,Zn,HPQO,4-8H,O (0 < x<0.07).

The formation of solid solutions occurs
both on the basis of the structure of one of
the individual phosphates that co-precipitated
(for example, Mn,_,Zn,HPO,4-8H,0) and isodi-
morphic salts. An example of the implemen-
tation of this interaction is the precipitation
of Mn2* and Co?* cations in the form of hy-
drogen phosphates with the general formulas
Mn; ,Co, HPO,3H,0O (0 < x<0.2),
CO1_yMnyHPO441.5H20 (0 < y<0.45). The fact
that there are different limits of homogeneity
is confirmed by the characteristics of the co-
precipitated cations.
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