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The molybdates and tungstates  for various purposes, which maintains a
are among the most popular objects of constant interest in these compounds and
inorganic chemistry, crystal chemistry explains a significant number of publica-
and solid state chemistry, as well as a base  tions on this subject.

for developing of functional materials
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In 1960-80 the focus of the scien-
tists was double molybdates and tung-
states phases with the general formula
AxBy(XO4)Z, on the basis of which laser,
ferroelectric, scintillation, nonlinear op-
tical and other materials were later de-
veloped [1-5]. The main contribution
to the formation of this group of com-
pounds and their comprehensive study
was made of the Russian scientific school:
professor Kovba L. M., professor Trunov
V. K. (Moscow state University named
M. V. Lomonosov), professor Zhukovs-
ky V. M, professor Tkachenko E. V. (Ural
state University named A. M. Gorky,
Sverdlovsk), corresponding member of
Academy of Sciences of USSR Mokhoso-
ev M. V. (Donetsk state University; Buryat
Institute of natural Sciences, Sibiriyan
Brunch of Academy of Sciences USSR,
Ulan-Ude), professor Mayer A. A (Mos-
cow chemical-technological Institute
named D. I. Mendeleev), professor Golub
A. M. (Kiev state University), candidate of
physico-mathematical sciences Klevtsova
P. V., candidate of physico-mathematical
sciences Klevtsova R. E (Institute of in-

Triple molyhdates of the type 1-1-3

The first systematic searching re-
searches of triple molybdates of one-,
one-, and trivalent metals were conducted
for lithium-containing systems Li,MoO,-
M_,MoO,-R,(MoO,), (M = K-Cs, Tl, Ag,
R =Bi, Ln, Y, In, Sc, Fe, Ga, Cr, Al). Their
result was the identification, synthesis
and characterization of about 40 com-
pounds of compositions LiMR,(MoO,),,
LiM,R(MoO,)., Li,M,R(MoO,),,
LiM,R(MoO,),, Li, MR(MoO,), which ini-
tiated the formation of an extensive group
of triple molybdates of the type 1-1-3.
The typical variants of systems triangula-

organic chemistry of Sibiriyan Brunch of
Academy of Sciences USSR, Novosibirsk)
and etc.

In the last two decades there has been
a shifting of the centre gravity of studies
from double molybdates and tungstates
on triple molybdates. To date, this group
of compounds has more than 550 individ-
uals and is the fastest growing of complex
oxide phases containing tetrahedral anion
and cation. The large part of triple molyb-
dates is prepared and is characterized by
the employees of the Baikal Institute of
nature management SB RAS (Ulan-Ude)
and the Institute of inorganic chemistry
named A. V. Nikolaev SB RAS (Novosi-
birsk). A brief overview of the different
types of triple molybdates, different com-
binations of the charges of their constitu-
ent cations is earlier presented in [6]. The
aim of this work is a detailed considera-
tion of the phase formation, structure and
properties of triple molybdates, contain-
ing two different singly mono-charged
cation along with triple-charged (type
1-1-3) or doubly charged (type 1-1-2)

cation.

tion in which these phases are formed are
represented in Fig. 1. The belonging of the
considered compounds to eight structur-
al types is set, for representatives of five
of whom crystals were obtained and the
crystal structures are determined

Triple molybdates of the most numer-
ous isostructural series of compounds
of the composition LiMR (MoO,),
are formed with the bismuth and lan-
thanides on some quasi-binary sections
of LiR(MoO,),-MR(MoO,), of systems
Li,MoO,-M,MoO,-R,(M0O,), (M = K,
Rb, T1). The domains of existence of these
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phases in a series of REE vary significantly
and with increasing size of singly charged
cations move in the direction to the light
lanthanides (Fig. 2).

The analysis of experimental data al-
lows to draw a conclusion about the de-
cisive influence of dimensional factor
on the possibility of the formation of
monoclinic triple molybdates of this fam-
ily: LiMLn,(MoO,), are formed, if the
difference in sizes of ions of large singly
charged cation and rare earth element lies
in the interval. 0.48 A < r(M*) — r(Ln*) <
0.60 A.

At lower values of Ar in the cut of
LiLn(MoO,),-MLn(MoO,), there is the
formation of solid solutions. When Ar >
0.60 A the consider phase is either not

K2MoO4

Rb,MoO,

formed or its formation is so complicated
that the connection cannot be allocated in
single-phase condition using convention-
al methods of solid-phase synthesis [11].
Within the prescribed time interval
the isothermally and isostructural copper
compounds CuKLn,(MoO,), with Gd, Tb,
Ho are prepared and characterized in [12,
13] are stacked. The closeness of r(Cu*)
and r(Li*) with a high degree of probabili-
ty allows to predict a significant expansion
of the triple molybdates M’M”R,(MoO,),
due to containing Cu(I) phases of this
type with K, T1, Rb, and those of trivalent
elements, the difference in dimensions
which will satisfy the proposed criterion.
The structure of triple molybdates
LiMR,(MoO,), is defined by the exam-

TI,Mo0,

Rb>MoOs

1:5Nd,(MoO,),  Li,MoO, 11 1:5 Pr,(MoO,),

Li2MoOs  7:3  1:1 Dy2(MoOas)s  Li,MoO, 11
KzMoO4
Sz S2
LizMoOs 3:1 1:1 Fez(MoOs)s  LiMoOs 3:1 1:1

FexMoOa)ls  LiMo0s 311 11 Fez(MoO4)s

Fig. 1. Subsolidus structure of some systems Li MoO,-M MoO,-R,(MoO,), [7-10]: S,
- LiMR (MoO,),; S, - LiM,R(MoO,); S, - Li, MR(Mo0O,) ; S, - Li, M,R(MoO,),.Region
LiMMoO,-M ,MoO,-MFe(MoO, ), cucrem Li MoO,-M MoO,-Fe (MoO,), (M = K, Rb, Cs)
is not a quasi-threefold.

Ln

= IS

Rb

Gd-Lu, Y

Fig. 2. The domains of existence of triple molybdates LiMLn,(MoO,), (shaded)
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ple LiRbBi (MoO,),, the only compound
of this family which congruently melting
[14]. Other compounds LiMR,(MoO,),
decompose in the solid phase at the
corresponding double molybdates [7,
15] and their structure (for example
LiMNd,(MoO,),, M = K, TI, Rb) was re-
fined by the Rietveld method for powder
data [16]. The structures LiMR,(MoO,),
are close to the structure of triple mo-
lybdates Li,Ba Ln,(MoO,), [17] and
are derived from the structural type
BaNd,(MoO,), [18]. A characteristic fea-
tures of structures LiMR,(MoO,), are the
laced layers of the RO, polyhedron and
connected to them through common ver-
tices MoO,-tetrahedra. The neighbouring
layers are interconnected by octahedra
and LiO, polyhedra MO10 (Fig. 3).

The  presence in  compounds
LiMR,(MoO,), ions Li*, filling the in-
terstitial voids of the structural type
BaNd,(MoO,), suggests that they have
lithium ionic conductivity. The results
[19, 20] indicate the possibility of us-
ing these triple molybdates as sensitive
elements of sensors of sensor systems
for operational environmental monitor-
ing. Spectral-luminescent characteristics
LiMLn,(MoO,),: Eu’*(Nd’*) give the basis
to speak about the possibility of the appli-
cation of triple molybdates of this family
to create luminophors with high contrast
colors, as well as active media of lasers [8,
21]. The data obtained in [22] show the
availability of using LiKGd,(MoO,),: in
the capacity of: Eu** is as a red phosphor
for WLED.

As in the previous case, the possibility
of formation of other isostructural series
of triple molybdates Li,M,R(MoO,), (MR
= CsFe, CsGa, RbGa, CsAl, RbAl, TIAl) is
largely determined by a dimensional fac-

tor: compounds are formed by small cat-
ions Fe*, Ga’**, AI** with tetrahedral co-
ordination and quite major ions T1*, Rb*
and Cs*. The absence Li,M,Cr(MoO,), is
apparently due to the high preference of
Cr’** in octahedral coordination. These te-
tragonal compounds have a frame struc-
ture and are ordered derivatives of the
cubic Cs Zn (MoO,), [23, 24]. With the
increasing of size of R*, the region of exis-
tence of these phases shifts towards larger
singly charged cations M*, which can be
explained by the compliance of the sizes
of the tetrahedral framework and the size
of the extra framework cation. Obviously
with namely dimensional discrepancy the
crystallization Li K,Al(MoO,), is bound
in a different structural type [10].

It is shown that LiK In(MoO,),,
LinzFe(MoO4)3, LiCs,Al(MoO,), and
LiCs,Al(MoO,), form new structural
types that have not other members (ta-
ble 1). Get fit for x-ray crystallographic

Fig. 3. Projection patterns LiRbNd,(MoO ),
along the axis a

fi \
\
60 m m W m/r m »m m OO ODOOOOOCOODOOOO

| \
S0 mm ¥ P POMEPE PKpOODOODODOOODOOD
T

i i 1 L L L
LiBi(Ma0,), 2 W e O 80 AgBi(MoO,),

Fig. 4. T-x-diagram of a cut
LiBi(MoO,),-AgBi(MoO,), [29]

359



Ne 4 | 2015
Chimica Techno Acta

Khaikina G. E., Solodovnikov S. F., Basovich 0. M.,
Solodovnikova Z. A., Kadyrova Y. M., Savina A. A.,
Zolotova E. S., Yudin V. N., Spiridonova T. S.

studies single crystals of LiK Fe(MoO,),,
Li KFe(MoO,), and Li,K,Al(MoO,), or to
find structural prototypes of these com-
pounds have not yet succeeded.

In none of the systems Li,MoO,-Ag,
MoO,-R,(MoO,), triple molybdates
are not found [28-30]. The incisions
LiR(MoO,),-AgR(MoO,), in the bis-
muth- and lanthanoid-containing systems
are characterized by the formation of ex-
tended boundary solid solutions (Fig. 4).

Made in recent years the researches of
systems M ,MoO,-Cs MoO,-R,(MoO,),
(M = Na, Ag) allowed significantly to fill
the group of triple molybdates of one-,
one- and trivalent metals due to the so-
dium and silver-containing phases. The
compositions and the fields of the exist-
ence of thus obtained compounds are
shown in table. 2, the data of the RSA of
the obtained single crystals are presented
in table. 3.

Studied sodium compounds have, as a
rule, difficult structures and frame struc-

tures (Fig. 5, 6), different in structure from
the triple molybdates formed in the sys-
tems Li,MoO,-M,MoO,-R (MoO,), (M
= K-Cs, T). In the structures of the sodi-
um-containing triple molybdates MoO,-
tetrahedra and RO,-octahedra are present
and sodium has an octahedral or trigonal-
prismatic coordination or generates poly-
hedra with lower CN. In these structures
the Na* and R* quite often jointly occupy
one crystallographic position; along with
them there are positions which partially
filled with sodium cations that leads to the
deviation of composition from stoichiom-
etry. The phases of variable composition
are widely distributed among the complex
(double and triple) sodium molybdates
[33, 34], due to the proximity of sizes of
ions Na* and n A* or R*.

According to the data of RSA, all tri-
ple molybdates found in the systems Ag,
MoO,-Cs,MoO,-R,(MoO,), are isofor-
mular to sodium analogs and are built on

the same structural basis [32].
Table 1

Data RSA single crystals LiK,In(MoO,),, LiRb,Fe(MoO,), and LiCs,Al(MoO,), [25-27]

g

Compound Pr.gr; Z a A b, A ¢ A B, ° R, %

LiK In(MoO,) P22 7.0087(2) |9.2269(3) | 10.1289(3) | 107.401(1) | 22.80

LiRb_Fe(MoO,), Pnma; 4 | 24.3956(6) | 5.8306(1) | 8.4368(2) - 2.11

LiCs,Al(MoO,), P2;2 15.940(3) | 8.266(2) | 8.319(2) | 105.13(3) | 2.85

Table 2
Triple molybdates in systems M,MoO,-Cs,MoO,-R,(MoO,),
(M =Na, R =Bi, Ln, In, Sc, Fe; M = Ag, R = Bi, Ln, In, Sc) [31, 32]
M =Na Phase M= A
Bi | Tm | Yb | Lu | In | Sc | Fe Bi | Yb | Lu | In | Sc
S| *X|* M, .Cs R (MoO,),
S * M_Cs_R,(MoO,),
s MCs,R(MoO ),

S, M_,Cs,R,(MoO,),
S M, Cs R, (MoO,),,

fields of compounds, based on common structural basis, equally shaded

* — the resulting crystals and structure was determined on single crystal data by method RSA;
+ — the resulting crystals and settings of cells were determined on single crystal data.
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Table 3
Data RSA of single crystals of triple molybdates of
sodium, cesium and trivalent metals [31]
Compound Pr.gr; Z Lattice parameters R
S Na_,.Cs Tm, (MoO)), . P6./mcm; 2 a=10.5849(1), c = 37.4867(6) A | 0.029
' | Na__Cs Bi . (MoO), P6./mcm; 2 a =10.5507(1), c = 37.6640(1) A | 0.038
S, Na,Cs,Yb_(MoO,), R32;3 a=10.5107(2), c = 36.358(7) A | 0.035
S, NaCs_Bi(MoO,) R3¢; 12 a=10.6435(2), c = 40.9524(7) A | 0.020
S, B/1-Na,Cs,In (MoO,), R3:12 a=17.5753(2), c = 29.4333(3) A | 0.032
‘ a=12.6392(2), b= 21.4601(4),
Na,Cs,In (M0O,),, P2 /c;4 c=14.03133) A, B = 90.017(1)° 0.030
. a = 28.6452(6), b = 14.0043(3),
s, Na, Cs,Sc,(MoO,),, P222;2 = 12.6482(2) A 0.072
_ a=12.5814(5),b = 13.8989(5),
Na, Cs,Fe (MoO,),, P 1;2 c=28.4386(9) A, =90.108(2), | 0.044
B =90.064(2), y = 90.020(2)°

In practical terms, triple molybdates
Na, Cs,R,(MoO,),, are the most interest-
ing which the closely related structures are
solved by single crystal data in the frame-
work of pr. gr. P2 /c (In), P22 2 (Sc),
P 1 (Fe) [38, 39]. The Mo atoms in all
three structures are coordinated tetra-
hedral, trivalent metal is octahedral, all
or some of them occupy their positions
together with the atoms of sodium. The
remaining Na atoms have rather distorted

oxygen coordination (CN = 5 and 6); the
atoms of cesium are CN = 9-10 (In), 11
(Sc), 10-12 (Fe); some positions of the
sodium cations may be partially settled.
In all structures it is possible to allocate
polyhedral layers which formed by pairs
of articulated along edges of the octahe-
dra (R, Na)O, and (R, Na)O, (or RO,) that
are connected by vertices with bridging
MoO,-tetrahedra (Fig. 6, a-c). The layers
contact bridging MoO,-tetrahedra in the

Fig. 5. Structures Na
NaCs,Bi(MoO,), (c) [35-37]

Cs, Tm

7.23

3.92

(M00,),, (@), Na,Cs Yb,(MoO,), (b),

361



Ne 4 | 2015
Chimica Techno Acta

Khaikina G. E., Solodovnikov S. F., Basovich 0. M.,
Solodovnikova Z. A., Kadyrova Y. M., Savina A. A.,
Zolotova E. S., Yudin V. N., Spiridonova T. S.

(Fe,Na)Os FeQ, NaOg MoO,

Fig. 6. Polyhedral fragments (layers) in the structures Na,,Cs In(MoO,),, (@),
Na, Cs,Sc(MoO,),, (b), Na,.Cs Fe (Mo0O,),, (c), Na,Sc(MoO,), () [38]

three-dimensional skeleton the voids of
which are cations Cs* and Na*. In all cases
the structure of the layers goes back to the
polyhedrallayer of patterns Na,Sc(MoO,),
(Fig. 6, d), related to the type alluaudite
(Na, Ca)(Fe, Mn, Mg) .(PO,), [40]. The
rhombic or pseudorhombic metric of
cells of triple molybdates occurs due to
some mutual shift of the layers in com-
parison with monoclinic Na,Sc(MoO,),
and alluaudite (pr. gr. C2/c), which may
be due to the presence of cesium cations
between the layers. Structural features of
this group of triple molybdates suggests
that this is not the kind of structural type
of alluaudite and a separate, let closely re-
lated structural family.

The study of alluaudite-like ion-con-
ductive properties of triple molybdates
showed that these compounds undergo
reversible phase transitions of type I, fol-

362

lowed by an abrupt increase of conduc-
tivity. Above the temperatures of phase
transitions, the electrical conductiv-
ity reaches values of 102-10° sm/Sm,
which gives an opportunity to consider
Na,,Cs.R.(M0O,),, (R = In, Sc, Fe) as the
promising objects for the development of
new materials with high ionic conductiv-
ity [38, 39].

The structural features of the other de-
scribed above triple molybdates also allow
to expect the existence of them increased
the sodium (silver)-ionic conductivity and
improve their conductive characteristics
that apparently it is possible to achieve by
suitable heterovalent substitutions with
replacing part of the sodium (silver) or
other cation in the structure on more high
strength field and education vacancies.



Triple molybdates one-, one -
and three(two)valence metals

Ne 4| 2015
Chimica Techno Acta

Triple molyhdates of type 1-1-2

Among triple salt systems M’ MoO,-
M” MoO,-AMoO, to date, the most stud-
ied systems are that consist of lithium mo-
lybdate, heavy alkali elements (K, Rb, Cs)
and Mg, Mn, Co, Ni, Co, Zn, Cd, Ca, Sr, Ba,
Pb. Most of these systems are not phase-
forming, the solid solutions are formed in
some of them on the basis of double mo-
lybdates. One triple molybdate was found
in the six systems; their characteristics are
presented in table. 4.

In the triple systems Li,MoO,-
K,M00O,-AMoO, (A = Mg, Mn, Co) in
quasi-binary  sections Li,A,(MoO,),~
K,A,(MoO,), (Fig. 7) the rhombohedral
triple molybdates K, Li A, (MoO,),
(0 < x £ 0.3) are revealed [42, 43]. They
crystallized in the structural type II-
Na,Fe (AsO,), [49], in which the cations

are distributed as follows: (Na,[1)™(M1)
VI(M2)V'(M3),"(AsO,), = (Na,[1)(Na)
(Fe’*)(Fe*),(AsO,), (here the Roman nu-
merals denote the CN of the cations in the
positions M1, M2 and M3). In the struc-
tures of the triple molybdates cations Li,
A* and K* are placed at the positions M1,
M2 and M3 (Fig. 8), and the main part of
the potassium is in a position with CN =9,
busy half due to short contacts C-C. The
presence of potassium in the same posi-
tion with the cations Mg?**, Mn?**, Co*, Li*
is rare case for crystal chemistry. Found
on the structural data the compositions of
the crystals are confirmed by good con-
vergence of the local balance of valence
efforts. The basis of all structures are
three dimensional frames from octahedra
around M1, M2 and M3 and tetrahedra

Table 4

Crystallographic and thermal properties of triple molybdates of the type 1-1-2 [41-48]

Compound Pr. gr; Z — The; jlglt cell paraijf\ters X orrélt
K, Li ,Mg,(MoO,), | R3c6 | 14.3541(2) - 19.7338(4) - 730
K, Li,,,Mn,(MoO,), R3¢6 | 14.5896(3) - 19.9773(8) - 720
K, ,Li, . Mn,(MoO,), R3¢6 | 14.607(2) - 19.992(4) - -
K, Li,, Co,(MoO)), R3c6 | 144391(3) - 19.891(1) - 710°
K NaNi (MoO,). R 3¢6 | 14.2790(2) - 19.7589(4) - 750
K NaMg,(MoO,). R 366 | 14.4528(2) - 19.8894(3) - 720
K NaCo (MoO)), R3¢6 | 14.4638(1) - 19.8369(3) - 530°
Rb,LiZn (MoO,), 143d;4| 11.902(1) - - - 580
Cs,LiCo,(MoO), 143d;4 | 12.2239(2) - - - 740
Cs,LiZn (MoO)), 1 43d;4 | 12.2100(1) - - - 690
Cs,NaZn (MoO)), I 43d;4 | 12.3134(1) - - - 510
Cs,AgZn (MoO), 143d;4 | 12.3049(2) - - - 530
CsNa,Mn,(MoO,), C2/c;2 | 13.3659(3) | 13.6897(3) | 7.1692(2) | 112.727(1) | 701
Cs,Na, Mn,(MoO,) P2/c4 | 13.8597(3) | 12.5719(2) | 28.4209(3) | 90.097(1) | 576
CsNa,Co,(MoO,). C2/c;2 | 13.0917(8) | 13.5443(8) | 7.1217(4) | 112.331(2) | 615
Cs,Na, Co,(MoO,) Pbca; 4 | 13.6572(3) | 12.5063(3) | 27.9898(5) - -
CsNa,Ni,(MoO,), C2/c2 | 13.212(3) | 12.458(3) | 7.120(1) | 112.245(3) | 636

" The compound decomposes in the solid phase of the double molybdates.

** Compound decomposes in the solid phase at Cs,Co,(MoO,), n CsLiMoO,.
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K,MoO,

K,Mg(MoO,),

Li,MeO, Li,.,Mg,..(McO,), MgMoO,
Fig. 7. Subsolidus triangulation of

Li,MoO,-K,MoO,— MgMoO,at 550 °C. § -
K3+xLil—ng4(MOO4)6

MoO4 in large extra-framework cavities
there are potassium ions. In the systems
Na,MoO,-K,MoO,-AMoO, (A = Ni, Mg,
Co) there are formed triple molybdates
K,NaA, (MoO,), similar in structure [44],
figurative points are located on quasi-bi-
nary sections of K,Na(MoO,),-~AMoO,.
In the structures of these compounds the
positions M1, M2 and M3 are occupied by
the cations Na', A** and A, respectively,
and the positions of potassium, as in the
previous case are occupied only half. The
data on these triple molybdates are given
in table. 4. The isostructurality of con-
sidered triple molybdates to sodium-ion
conductor II- Na,Fe, (AsO,), gives rea-
son to expect the presence of increased
ionic conductivity. It is assumed that the
ways of transport of ions in these phases
are similar to found in the structure of
II- Na,Fe (AsO,),, where Na* cations are
moved through the defective positions of
sodium with CN = 9 and octahedral site
M1, in the neighbouring coordination
polyhedra and form three-dimensional
network.

In the systems Li,MoO,-Rb,MoO, -
AMoO, (A = Mg, Mn, Co, Ni) and Li,

364

Fig. 8. The projection of the fragment
of structure of triple molybdate
K, Li, A (MoO,), (4=Mg, Mn, Co) on the

3+x7 T 1-x T4

plane (001).

MoO,-Cs,M0oO,-AMoO, (A = Mg, Mn,
Ni) triple molybdates arent formed.
In systems with Rb and Zn (Fig. 9, a)
and cesium-containing systems with
Co and Zn (Fig. 9, b) Rb,LiZn,(MoO,),
n Cs,LiA (MoO,), (A = Co, Zn) are
found [41-43], the isostructural cubic
Cs.Zn (MoO,), [23, 24]. The unique-
ness of the composition and structure
Cs,Zn (MoO,), is connected with the in-
completeness of the tetrahedral positions
of the zinc, where the sixth part is vacant.
The filling of vacancies by ions Li* and oth-
er singly charged cations M* according to
scheme Zn*" + O > 2M* creates the condi-
tions for the synthesis of new compounds.
An introduction to the structure of cubic
Cs,Zn,(MoO,), of singly charged cations
M* =Na, Ag with close to Zn** ionic radius
obtained cubic phases Cs,MZn,(MoO,),
with disordered distribution of cations M*
on the positions of the Zn*". The features
Cs,MZn (MoO,), (M = Na, Ag) are given
in table. 4. According to our data [43, 50],
between Cs,MZn,(MoO,), (M = Li, Na)
and Cs Zn (MoO,), there are continuous
solid solutions (Fig. 9, b) with the grad-
ual filling of the cationic vacancies in the
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Rb,MoO,

Rb,Zn(MoO,),

Li.MoO, Li5Zn,,(MoO,),

ZnMoO,

Cs,Mo0,

Li,;MoO,

Li,.,Zn,.(MoO,); ZnMoO,

Fig. 9. Subsolidus triangulation of the triple systems at 510 °C: a - Li, MoO,~Rb,MoO —~
ZnMoO,; b - Li,M00O,~Cs, M0oO,~ZnMoO,. S - M,LiZn,(MoO,), (M = Rb, Cs)

structure Cs,Zn,(MoO,),. It is likely that
a similar phenomenon occurs in the case
of Cs,AgZn (MoO,),. The formation of
such solid solutions gives the opportunity
within certain limits to control the com-
position, stability and properties of phases
on the basis of Cs Zn,(MoO,),.

It should be noted that the substitu-
tion and the simultaneous introduction
into the position of zinc in the structure
Cs.Zn,(MoO,), different valent cations
with very different ionic radius on the
scheme 5Zn* + [0 > 2R* + 4Li* leads to

the formation of the group of triple mo-
lybdates Li,M,R(MoO,), (MR = CsFe,
CsGa, RbGa, CsAl, RbAl, T1Al) described
above. In the latter case, the cations Li*
and R*' are distributed orderly in struc-
ture, which leads to a tetragonal distor-
tion of the structure of the prototype.

The basis of the structures of the triple
molybdates of both series, as structures
Cs,Zn (MoO,), are delicate three-dimen-
sional frames. In phases with divalent
metals they are formed by tetrahedrons
of two sorts — around the molybdenum

Fig. 10. The structure of triple molybdates derived from patterns Cs Zn (MoO,), [23, 24]:
a - crpykrypa LiCs,Co,(MoO,), (pr. gr. I 43d) [41]; b - cTpyxTypa Li,Cs,Ga(MoO,),
(pr. gr. I 42d) [42]
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and “mixed” position of lithium (sodium,
silver) and a divalent cation; in the com-
pounds with trivalent metals - tetrahedra
MoO,, LiO, and RO,. In large voids of the
framework there are large singly charged
cations with CN = 12 (Fig. 10).

All phases of family CsZn,(MoO,),
have acentric structure and perspec-
tive to create materials for nonlinear op-
tics. Moreover, an open frame structure
leads to the manifestation of these com-
pounds ion-conductive properties. The
most significant results were obtained for
Rb.LiZn,(MoO,), and TILi, Al(MoO,),,
the values of ionic conductivity (of the
order of 2:102 Sm/sm at 520 and 350 °C,
respectively), bring them closer to super-
ionic conductors.

In the systems Li,MoO,-M,MoO,-
AMoO, (M = Na, K, Rb, Cs; A = Ca,
Sr, Pb, Ba, Cd) triple molybdates aren't
formed, however, there are areas of solid
solutions (up to 15 mol. %) on the basis of
double molybdates from faceting systems
M,MoO,-AMoO, [51].

In the study of solution-melt crystal-
lization (solvent - Cs,Mo,0.) in the sys-
tems Na,MoO,-Cs,MoO,~AMoO, (A =
Ni, Co, Mn) the crystals CsNa,M,(MoO,),

[47] related to the type alluaudite were iso-
lated and structurally were investigated.
The oxygen octahedra around the cations
A* and Na* are connected with common
edges and faces, and then by common
vertices with the MoO, tetrahedra into a
three-dimensional frame, which is paral-
lel (100) is divided into two kinds of lay-
ers (Fig. 11). In one of these layers (Fig.
11) the wide channels filled with cesium
ions pass parallel to the axis ¢, which oc-
cupy half their positions and have CN = 8.
The comparison of eludicating structures
CsNaA,(MoO,), and Na, , A  (MoO,),
(A = Ni, Co, Mn) shows that in the triple
molybdates part of the cations Na* in the
channels was replaced with Cs*, signifi-
cantly increased the parameters of the cell
along the axis a and accordingly the width
of the channels were significantly in-
creased. View as along these channels the
transport of sodium ions may be, it may in-
crease the ionic conductivity. The close re-
lationship of phases CsNa,A,(MoO,), and
Na, , A (MoO,), (A = Ni, Co, Mn) can
indicate the formation of solid solutions
between them, which requires additional
researches. The features CsNa,A,(MoO,),
(A =Ni, Co, Mn) are given in table. 4.

MoO,

Fig. 11. Structure CsNa,Mn,(MoO,) :
a - general view; b,c - two types of layers of polyhedra projected on (100)
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In the systems Na,MoO,-Cs,MoO,-
AMoO, (A = Co, Mn) also highlighted
the triple molybdates of composition
Cs,Na A (MoO,),, [46, 48] (Fig. 12, table
4) also were highlighted, which were very
similar in structure to the above com-
pounds Na Cs.R (MoO,),, (R = In, Sc,
Fe), forming together with them obvious-
ly the single family of phases with similar
metrics of cells and different symmetry.
The structure CsNa Co. (MoO,),, (pr.
gr. Pbca) is most symmetrical, which can
be regarded as the ancestor of this family.
The symmetry the other compounds may
be raised at phase transitions, which must
be accompanied by disordering of the
structure and the possible increase in the
mobility of sodium cations.

In this regard, we can expect high
ionic conductivity at triple molybdates

Concluding remarks

Our carried studies of triple molyb-
dates of the type 1-1-2 and 1-1-3 show
that among them there are several fami-
lies of isostructural or closely related in
structure phases. The systems with triva-
lent metals have higher phase-forming
ability, the large stoichiometric and struc-
tural diversity in which the triple mo-
lybdates belonging to 14 structural types
(families) form, whereas triple molyb-
dates of the type 1-1-2 belong only to four
isostructural series. One from these ex-
planations for this may be the wider range
of cations R** and their sizes compared
to the ions A* in the phase-forming sys-
tems M’ MoO,-M” MoO,-AMoO, (M’ =
Li, Na; M” = K, Rb, Cs; A = Mg, Mn, Co,
Ni, Zn). A number of identified families
of triple molybdates of types 1-1-3 and
1-1-2 may be promising as functional ma-
terials. This is especially true of the fam-

Cs2Mo0y4

C52C02(M00y)3

NazMoOy4 NayggC °m°°4): CoMoOy
Na3oCoip5(MoOy); Naz4Coq3(MoOy)3 Naq5C0325(Mo0y)3

Fig. 12. Subsolidus triangulation of the
Na MoO,-Cs, MoO,-CoMoO, at 480 °C

Cs,Na A, (MoO,),, (A = Co, Mn, as this

is the case for Na,,.Cs R (MoO,),, (R = In,
Sc, Fe).

ily of compounds LiMR (MoO,), with
interesting spectral-luminescent prop-
erties, as well as lithium- and sodium-
containing triple molybdates of different
structures, which may show an increased
ion conductivity. Among the latest the
compounds of families Cs Zn (MoO,),,
II-Na,Fe (AsO,), and alluaudito-similar
phase Na ,Cs R (MoO,),, (R = In, Sc, Fe)
and Cs,Na, M. (MoO,),, (M = Co, Mn) for
which the relevant researches have already
conducted. From the crystallochemical
point of view in this regard the compounds
LiMR,(MoO,), are also interesting, where
the ions Li* fill internodic voids of struc-
tural type BaNd,(MoO,), and the hex-
agonal or trigonal phases S-S, (table. 2,
3), in which the sodium ions have a non-
standard (trigonal-prismatic or lower)
coordination that can contribute to ionic
conductivity. Nonlinear optical properties
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can be expected from acentric triple mo-  their analogues, as well as the phases of
lybdates LiK In(MoO,),, LiCs,Al(M0O,),,  the family Cs Zn,(MoO,),.
Na_Cs Yb,(MoO,),, NaCs Bi(MoO,), and
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HVAM U OOBACHAET 3HAYMTEIbHOE YNCIIO
nyO/MIMKanuii o 3Toit TeMaTHKe.

B 1960-1980 rr. B 1]leHTpe BHUMAHUA
Y4eHBIX OKa3a/IMCh JBOIIHbIE MOMNONATDI
1 BobdpaMaThl — (assl ¢ 061eit popmy-
71011 AxBy(XO ,)» HA OCHOBE KOTOPBIX ObI/N
BIIOC/IEACTBUM pPa3paboTaHbl Ja3epHBbIe,
CEeTHEeTO9/IeKTpUYeCcKIe, CLUUHTWUIALY-
OHHble, HeIMHEIHO-ONTUYeCKUe U ApY-
rue marepuansl [1-5]. Onpenesnsiomnuit
BKJIaJ] B pOpMIUpOBaHIIe 9TON I'PYIIIIBI CO-
eIVHEeHMII 1 VX BCeCTOPOHHee M3y4YeHue
BHEC/IV OTeYeCTBEHHbIE HayYHbIe LIIKOJIBI:
npodeccopa JI. M. Koe6si, mpodeccopa
B. K. Tpynosa (MockoBcKuii rocyfapcr-
BeHHbI1 yHuBepcuter M. M. B. Jlomo-
HOcoBa), mpodeccopa B. M. JKykosckoro,
npogeccopa E. B. Tkagenko (Ypanbckuit
TOCYHapCTBEHHBIVI ~ YHMBEPCUTET WM.
A. M. Topskoro, r. CBeppIOBCK), WI.-
kopp. AH CCCP M. B. Moxocoesa ([lo-
HEeL[KMII TOCYapCTBEHHDIN YHUBEPCUTET;
DypATCKMII MHCTMTYT  eCTeCTBEHHBIX
Hayk CO AH CCCP, Ynan-Yms), mpo-
deccopa A. A. Maitepa (MocKoBCKuMit
XVMMVKO-T€XHO/IOTMYECKUIT ~ MHCTUTYT
um. [I. V. Menpgeneepa), mpodeccopa
A. M. Tony6a (KueBckuit rocynapcTBeH-
HBII yHUBepcuTeT), K. ¢-M. H. I1. B. Knes-
noBa, K.¢p.-m.H. P. ®@. Knesuosoit (MH-

TpoiiHbie Monu6aaTsbl Tvna 1-1-3

IlepBple cucremMaTuyeckye IOMUCKO-
Bble UCCIENOBAHMS TPOWHBIX MOJNO-
JaTOB OJHO-, OIHO-, TPeXBaJIeHTHBIX
MeTa/UIOB ObUIM TPOBEfEeHbl I/ JIU-
TUIICOlepXKAIIMX  CUCTEM Li2M004—
M_,MoO,-R,(MoO,), (M = K-Cs, Tl, Ag,
R = Bi, Ln, Y, In, Sc, Fe, Ga, Cr, Al). x
pe3ynbTaToOM CTajy BBbIABIEHUE, CUHTE3
U XapakTepusauusa okomno 40 coeiuHeHnit
cocraos LiMR (MoO,),, LiM,R(MoO,),,
Li,M,R(MoO,),, LiM,R(MoO,),,
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CTUTYT Heopranmdeckoit xummuu CO AH
CCCP, . HoBocubupck) u fip.

B mocnennme fBa fecATMIETNA IIPO-
U3OLIIO IIepeHeceHUe IIeHTPa TAXKeCTH
MCCIIeOBAHMIT C JBOIHBIX MOMMOATOB
" Bomb(paMaTtoB Ha TPOITHbIE MOMUO/A-
tbl. K HacToOsIIeMy BpeMeHU 9Ta TpyIma
COeNMHEHMII HacuuThiBaeT Oomnee 550
[pefICTaBuUTeNell U SBsIeTCsT Haumboee
OBICTPO pacTyILeil CpeRn CIO>KHOOKCH-
HbIX (a3, cofepKalnX TeTpasgpuie-
CKUIT aHMOH M TPU Pas3IUYHBIX KaTHOHA.
Bonpiass 4acTh TpPOMHBIX MOMUOAATOB
[O/Ty4YeHa ¥ OXapaKTepM30BaHa COTPYH-
HYKaMy BalikalbCKOro MHCTUTYTa IIpU-
pomononbzoBanusa CO PAH (r. Yman-
Yg9) u VIHCTUTYTa HeOpraHMYecKoil
xummn uM. A. B. Hukomaesa CO PAH
(r. HoBocubupck). Kparkuit 0630p pas-
JIMYHBIX THUIIOB TPOWHBIX MOIMOIATOB,
OTIMYAKILINXCS KOMOMHALVSIMI 3aPSIJIOB
BXOJISIIMX B HUX KAaTMOHOB, OBUI paHee
npencrasieH B [6]. Lenpio HacTosmieit
paboTsl siBiIsieTCs: 60see moEpoOHOE pac-
cmotpenne ¢aszoobpasoBaHus, Crpoe-
HVSI U CBOJCTB TPOJHBIX MONUOJATOB,
CofiepXKall[uX B CBOEM COCTaBe JiBa pas-
JIMYHBIX OFHO3APSIHBIX KaTMOHA HAPSNY
¢ Tpex3apAgHbIM (Tni 1-1-3) v aByx-
3apsiiHBIM (Tni 1-1-2) KaTMOHOM.

Li,MR(M0O,),, 4TO MOMOXM/IO Haya-
10 GOPMUPOBAHNIO OOLIMPHOI TPYIIIIBI
TPOVHBIX MommbmaroB Tuma 1-1-3. Tu-
NMYHbIe BapMAHTbl TPUAHTYIALNU CU-
CTeM, B KOTOPBIX 3T1 (a3bl 06pasyrorcs,
npefcTaBlIeHbl Ha puc. 1. YcraHoBneHa
NIPMHA/ITIEXKHOCTD paccMaTpuBaeMbIX
COENVHEHMIT K BOCBMU CTPYKTYPHBIM
TUIIAM, JI/I1 IPEeACTaBUTENEeN IATU U3 KO-
TOPBIX IIOJIyY€Hbl KPUCTA//IbI U OIIpefie-
JIEHBI KPUCTaI/INYECKIE CTPYKTYPBI.
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TpoitHble MONMMOIATHI CAMOIl MHO-
TOYNC/IEHHOJl M3OCTPYKTYPHOI Cepun
coenuHenmit  cocraBa LiMR,(MoO,),
00pasyIoTCsl ¢ BUCMYTOM ¥ HEKOTOPBIMMI
JIAHTQHOMJAaMM Ha KBa3sMOMHAPHBIX pas-
pesax LiR(MoO,),-~MR(MoO,), cucrem
Li,MoO,-M,MoO,-R,(MoO,), (M = K,
Rb, TI). Obmactu CyuecTBOBaHMUS 3TUX
a3 B pangy P33 cymecTBeHHO pasnnya-
I0TCSL ¥ C POCTOM pas3Mepa OffHO3aPsITHO-
ro KaTVOHA CABUTAIOTCA B CTOPOHY JIeT-
KMX JIAaHTaHOUJOB (puc. 2).

AHajn3 9KCIIepUMEHTaIbHBIX JTaHHBIX
[I03BOJISIET CIENATh BBIBOJ, 00 OIpesiersi-
IOllleM BJIVSIHUM pasMepHOro akropa
Ha BO3MOXXHOCTh (POPMUPOBAHMUSI MOHO-
K/ITHHBIX TPOITHBIX MOOIATOB TaHHOTO
cemerictea: LiMLn,(MoO,), o6pasyroTcs,

K2MoO4

Li2MoO:  7:3  1:1 Dy2(MoOas)s  Li,MoO,

KzMoO4

S Sz

Rb,MoO,

Rb,MoO,4

ec/u pasHMIAa B pa3Mepax MOHOB KPYII-
HOTO OJJHO3apsA/JHOTO KAaTVIOHA U PefKo-
3eMe/IbHOTO 9/IeMeHTa 3aK/II04eHa B UH-
TepBae

0,48 A < r(M*) - r(Lin**) < 0,60 A.

ITpu 6onee HM3KMX 3HaUYeHNsX Ar Ha
paspese LiLn(MoO,),-MLn(MoO,), npo-
UCXoauT GOopMUpOBaHME TBEPABIX pac-
tBOpOB. IIpu Ar > 0,60 A paccmaTpuBa-
emas ¢asa mubo He obpasyercs, 16O ee
¢dbopMMpoBaHUe HACTONBKO 3aTPyLHEHO,
YTO COeNMHEHNe He Y/JaeTCs BBIIEIUTD B
OfHO(A3HOM COCTOSHMU IIPY MCIIONb30-
BaHMM OOBIYHBIX METORMK TBEPROPA3HO-
ro cunresa [11].

B ycTaHOB/IEHHBIN MHTEPBA YK/IA/IbI-
BaIOTCA U M30(OPMYIbHBIE U U3OCTPYK-
TypHbIe MeIbCOfiep)Kalllyie COeqVHeHMNA

1:5Nd,(MoO,),

LizMo0Q4 3:1 1:1

Fex(MoOs)s  Li,MoOs 3:1 1:1

FeAMoOd)s  |iMoOs  3:1 11

Fez(MoOq)s

Puc. 1. Cy6conuuycHoe cTpoenne HeKOTOPbIX cuctem Li, MoO,-M,MoO,-R,(MoO,), [7-10]:
S, - LIMR (M0O,) ; S, - LiM,R(M0O,) ; S, - Li MR(M0O,) ; S, - Li, M,R(M0O,) .
O6mactb LiMMoO,-M,MoO,-MFe(MoO,), cucrem Li,MoO,-M,MoO,-Fe, (MoO,),
(M =K, Rb, Cs)

Ln

~

Tl
Rb

Gd-Lu, Y

Puc. 2. O6mactu cymecTBoBaHMA TPOIHBIX MombaToB LiMLn,(MoO,), (samrpuxoBaHs!)
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CuKLn,(MoO,), ¢ Gd, Tb, Ho, nomy4en-
Hble U OXapaKTepusoBaHHble B [12, 13].
bmsocrs r(Cu*) m r(Li*) mosBomser ¢
BBICOKOII CTEIEHbI0 BEPOSTHOCTU MPO-
THO3MPOBATh CYILIECTBEHHOE paclLIype-
HUe CceMeiiCTBa TPOIMHBIX MOMUOIATOB
M M’R,(MoO,), 3a cueT copepKaumx
Cu(I) das nmogobuoro tuma ¢ K, Tl, Rb
U TEMU TPEXBATEHTHBIMU 3IEMEHTAMI,
pasHuIa B pa3Mepax ¢ KOTOpbIMU OymeT
YZOB/IETBOPSITD MIPEI/IOKEHHOMY KpUTe-
puio.

CrpoeHne TPOWHBIX MOMUOIATOB
LiMR,(MoO,), ompepieneHo Ha mpuMmepe
LiRbBi (M0O,),, enMHCTBEHHOTO COeaM-
HEHUsI [AHHOTO CeMeNCTBa, IUIaBAIle-
rocst KOHrpysHTHO [14]. OcranbpHble co-
emunenns LiMR (MoO,), pasnararorcs
B TBeppoil (hase Ha COOTBETCTBYIOLNE
IBoJHBIe MOMUOHATHI [7, 15]* 11 X CTPyK-
Typel (Ha mpumepe LiMNd,(MoO,),
M =K, Tl, Rb yrounsanu merogom Pur-
BeJIp[]d 110 MOPOIIKOBBIM JaHHBIM [16].
Crpykrypnt  LiMR (MoO,),  6mmsku
K CTPOEHMIO TPOWHBIX MOMUOIATOB
Li,Ba Ln,(MoO,), [17] ¥ npousBojiHbI OT
crpykrypnoro tuma BaNd,(MoO,), [18].
XapakTepHOiT 0COOEHHOCTBIO CTPYKTYP
LiMR (MoO,), ABNAIOTCA aXXypHbIE CTION
us momafpos RO, u TpucoenHeHHbIX
K HUM d4epe3 obmme BepumHbl MoO,-
teTpasgpoB. CocegHMe C/IOM  CBSI3aHbI
MEXIy Cco00ll MOCPENCTBOM OKTasIpOB
LiO, n monmuagpos MO, (puc. 3).

Hanunaue B COeNVIHEHNAX
LiMR, (MoO,), monos Li*, sanmonHusio-
IMX MEXHOy3e/lbHble IIYCTOTBI CTPYK-
TypHoro tuna BaNd,(MoO,),, nossors-
eT MpefIoIaraTb y HUX NTUTUII-MOHHYIO

' Pacmap; LiMCe,(MoO,), mpu Harpesa-
HUM Ha BO3OYyX€ COIIPOBOXKIAETCA 4HacCTUI-
HbIM OoKucneruem Ce** o Ce*'.
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IIPOBOAMMOCTD. Pe3y/braTbl yKa3bIBaioT
Ha BO3MOXXHOCTb MCITOIb3OBAHUS 3TUX
TPOJIHBIX MOMMOJATOB KaK YYBCTBUTE/Ib-
HBIX 9JIEMEHTOB [JaTYMKOB CEHCOPHBIX
CUCTeM OIEPATMBHOIO MOHUTOPMHIA
oxpyxatomeiicpenni [19,20]. Crekrpanb-
HO-TIOMVHECIIEHTHbIE ~ XapaKTePUCTUKU
LiMLn,(MoO,),: Eu’*(Nd**) maror ocho-
BaHIe TOBOPUTH O BO3MOXKHOCTH TIpUMe-
HEHUSI TPOVHBIX MOMUOAATOB 3TOTO Ce-
MeJiCTBa JiIs CO3TaHUs TIOMUHOQOPOB,
00/1aJafoIMX BBICOKOI KOHTPACTHOCTBIO
I[BETOB, & TAK)Ke aKTUBHBIX CPeJ] Ta3€POB
[8, 21]. O mepCneKTUBHOCTU KCIONb30-
Banua LiKGd,(MoO,),: Eu’* B kadecTse
KpacHoro aoMuHodopa gist WLED-cBu-
IeTe/lbCTBYIOT JlaHHbIE, IIOJy4eHHbIe B
[22].

Kak u B mpepbigyleM ciaydae, BO3-
MOXKHOCTb 00pa3oBaHMs [PYroil M30-
CTPYKTYPHOII cepyy TPOIHBIX MOnuoma-
t0B Li, M,R(M0O,), (MR = CsFe, CsGa,
RbGa, CsAl, RbAl, TIAl) B 3HaunTenpHOI
Mepe OIpelensieTcsi pasMepHbIM (BaKTo-
pOM: coenVHeHrst 0Opa3oBaHbl MaIbIMU
katnoHamu Fe**, Ga*, Al’* ¢ terpasgpu-
YeCKOJl KOOpAMHALMEN ¥ HTOCTaTOYHO
kpynabiMu nonamu TI*, Rb* n Cs*. Or-
cyrcreue Li,M,Cr(MoO,), casaHo, Bu-
IVIMO, C BBICOKOJ IPEIIOUYTUTEIBHOCTHIO
Cr’* K OKTas#pUYecKO! KOOPAVHALINNA.

Puc. 3. ITpoekumsa cTpyKTypbl
LiRbNd,(MoO,), Bonb ocn a
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OTu TeTparoHaIbHbIe COENVHEHMs 00ma-
[IAI0T KapKACHBIM CTPOEHMEM U SIBJISIIOT-
Cs1 YIOPSIFOYEHHBIMM IIPOVM3BOFHBIMI
kybuyeckoro Cs Zn (MoO,), [23, 24]. C
yBemdeHyeM pa3mepa R** 0671acTb cylite-
CTBOBaHMsI MOIOOHBIX (a3 CMelaeTcst B
CTOpPOHY 60/lee KPYIHBIX OFHO3APSAHBIX
KaTMOHOB M, 4TO MOXXHO OOBACHUTH
COOTBETCTBUEM Pa3MEPOB TETPaspuiIe-
CKOTO KapKaca pasMepaM BHEKapKacHOTO
KaTroHa. OYEeBUIHO, NMEHHO C pas3mep-
HBIM HECOOTBETCTBMEM CBsI3aHA KpU-
crammsausa Li K. AI(MoO,), B apyrom
cTpyKTypHOM THIIe [10].

TTokasaso, 410 LiK,In(MoO,),,
LiRb,Fe(MoO,), u LiCs, Al(M0O,), dop-
MUPYIOT HOBbIe CTPYKTypHbIE THMIIBI,
He UMeoILyle I0Ka APYIUX IIpefCcTaBu-
tenmeit (tab6m. 1). ITomyuuTs mpuropHsie
I/ PEHTIeHOCTPYKTYPHBIX MCCIeHoBa-

Huit  MoHokpuctannsl  LiK Fe(MoO,),,
Li KFe(MoO,), n Li,K,Al(MoO,),, mu6o
HaiiTM CTPYKTypHBble IIPOTOTHUIIBI ITUX
COeIVHEeHMII ITOKa He Yja/oCh.

Hu B opmHoll u3 cucrtem LiZMoO4—
Ag MoO,-R,(MoO,), Tpoitabie MOmM6-
matel He BbisABIeHbI [28-30]. Paspess
LiR(MoO,),-AgR(MoO,), B BucmMyT- 1
JTAHTAHOUZICOTEPXKAIMX CUCTEMax Xa-
paxTepusyoTcsa (GOopMUpOBaHMEM IIpPO-

/ N
m mmm/rPpPr P OoODOODOOODOOODOO
!

/ \
S0 m m m ©m ¥V Pmrp ¥ OO0
L

00 O0DO0ODO0ODODODo
LiBiMoO), 2 L — W AgBIMO0,),
Puc. 4. T-x-guarpamma paspesa
LiBi(MoO,),-AgBi(MoO,), [29]

Tabmuma 1
Mannbie PCA monoxpuctannos LiK, In(MoO,),,
LiRb2Fe(MoO4)3 1 LiCs4Al(MoO4)4 [25-27]
CoepiHeHne Ip. rp; Z a, A b A ¢ A B,° R, %
LiK_In(MoO),), P2;2 | 7.0087(2) |9.2269(3) | 10.1289(3) | 107.401(1) | 22.80
LiRb_Fe(MoO,), Pnma; 4 | 24.3956(6) | 5.8306(1) | 8.4368(2) - 2.11
LiCS4A1(M004)4 P2;2 15.940(3) | 8.266(2) 8.319(2) 105.13(3) | 2.85
Tabnuia 2

Tpotmbie mommbmaTsr & cuctemax M,MoO,-Cs,MoO,-R,(MoO,), (M = Na, R = Bi, L, In, Sc,
Fe; M = Ag, R = Bi, Ln, In, Sc) [31, 32]

M=Na oh M=A
Bi|Tm | Yb| Lu| In | Sc| Fe ase Bi| Yb | Lu | In | Sc

Sl * * MIQ—QVCSIIR')JA((MOOA)]:

S * M_.Cs R, (MoO,),

. MCs,R(MoO),  [To]

S, M,Cs,R,(MoO,),

S, M, .Cs R, (MoO,),,

IIO/IA1 COENVIHEH NI, IOCTPOEHHBIX Ha €VIHON CTPYKTYPHOM OCHOBE, 3aIUTPUXOBAHEI
OIIHAKOBO;

* — MOJTy4eHbl KPYMCTA/UIbI ¥ ITI0 MOHOKPMCTa/IbHBIM faHHBIM MeTofgoM PCA onpepnenena
CTPYKTYpa;

¢ — TIO/Iy4eHbl KPUCTA/I/IBI ¥ IO MOHOKPUCTA/IbHBIM JJAHHBIM OIpefie/IeHbl ITapaMeTphl 4eiiKi
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TSOKEHHDIX I'PAaHNYHDBIX TBEPIAbIX PaCcTBO-

pos (puc. 4).
Beinonuenssre B HOCTIeN-
HIle TOObl  WMCCIEfOBAaHMSA  CUCTEM

M,MoO,-Cs MoO,-R,(MoO,),
(M = Na, Ag) mo3BomMIN 3HAYUTENHLHO
HONO/IHUTD TPYIIYy TPOMHBIX Monubpa-
TOB OJHO- ¥ TPeXBaJeHTHBIX MeTa/IoB
3a CYeT HaTpuil- 1 cepeOpOComepIKaInX
¢as. CoctaBpl U 00/MACTH CYLECTBOBA-
HUA MOTYYEeHHBIX IPU 9TOM COeVHEHNI
npuBefeHsl B Tabn. 2, nanHeie PCA 1o-
JTy4eHHBIX MOHOKPVICTAJIIOB — B Ta0I. 3.
V3ydeHHble HaTpueBble COENUHEHM:
UMEIOT, KaK IPaBUJIO, CIOKHbIE COCTABbI
U KapKacHble CTPYKTYpsI (puc. 5, 6), OT-
JIMYHBIE TI0 CBOEMY CTPOEHUIO OT TPOii-
HBIX MOMMOJATOB, 0OPA3YIOINXCs B CH-
cremax  Li,MoO,-M ,MoO,-R,(MoO,),
(M = K-Cs, TI). B cTpykrypax HaTpmii-
cofepXKaliMxX  TPOVHBIX  MOMMOFATOB
npuUCyTCTBYIOT  MoO,-TeTpaspbl 1
RO,-oxTaszpsl, a HaTpHit 06/1agaeT OKTa-
3MIpUYECKON MMM TPUTOHABHO-IIPU3Ma-
TUYECKOIT KOOpAMHalueit, nu6o popmu-
pyet mommaapst ¢ 6omee HuskuM KY. B
9TUX CTPyKTypax Na' u R* pmocraro4yHo

9aCTO COBMECTHO 3aCe/SIIOT OJHU KpU-
cramnorpaduyeckue MOSULINY; HAPIRY
C HUMM MMEIOTCA IMOSUIIUM, YACTUYHO
3aMlO/IHEHHbIE KAaTMOHAMM HATPUSL, UTO
[PUBOAUT K OTKJIOHEHUIO COCTABOB OT
crexuomerpryeckux. ®aspl mepeMeHHO-
ro cocTaBa IIMPOKO PaCIpOCTPaHEHbI
Cpeay CIOKHBIX ([IBOHBIX M TPOITHBIX)
HATPMEBBIX MONMMOIATOB [33, 34], uTo0 06-
YCTIOBTIEHO O/IM30CTHIO Pa3MEPOB MOHOB
Na* u A* wmu R*.

CormacHo pgaHHbIM P®A, Bce Tpoii-
Hble MOMMOJATHI, OOHAPY)XEHHbIE B CH-
cremax Ag MoO,-Cs MoO,-R,(MoO,),,
130 OPMYIbHBI HATPUEBBIM AHAIOTAM U
[IOCTPOEHBI Ha eVHOI ¢ HUMIY CTPYKTYP-
HOI1 ocHOBe [32].

B mpakTnyeckoM I1taHe Haubo-
Jlee MHTEPECHbI TPOIHbIE MOMUOIATHI
Na,.Cs,R.(MoO,),,, 6musko pOCTBeH-
Hble CTPYKTYPBI KOTOPBIX PELIeHBbI II0
MOHOKPMCTA/IbHBIM JJAHHBIM B pPaMKax
up. rp. P2,/c (In), P22 2, (Sc), P 1 (Fe)
[38, 39]. Arombl MO BO BCexX TpeX CTpyK-
Typax KOOPAMHMPOBAHBI TETPasfpuye-
CKU, TPEXBAJIEHTHOIO MeTa/la — OKTa-
SIPUYECKN, MIPUIEM BCe WIM 9YaCTh U3

Tabmuma 3
Janubie PCA MOHOKPUCTA/IIOB TPOHBIX MOMTUOATOB HATPIUsL, L{e3Us
Y TPEXBAJIEHTHBIX MeTA/IOB [31]
CoenyHeHne IIp. ep.; Z [TapameTpsl pemieTku R

S Na_,.Cs Tm, (MoO)), . P6,/mcm; 2 a=10.5849(1), c = 37.4867(6) A 0,029
' | Na__GCs Bi . (MoO), P6./mcm; 2 a =10.5507(1), c = 37.6640(1) A | 0,038
S Na Cs Yb (MoO,), R32;3 a=10.5107(2), c = 36.358(7) A 0,035
S NaCs Bi(MoO,), R3¢; 12 a=10.6435(2), c = 40.9524(7) A | 0,020
S, B/1-Na,Cs,In,(MoO,), R3;12 a=17.5753(2), c =29.4333(3) A | 0,032
Na, Cs,In,(MoO),),, e | O 11566331932(3)}; {?ﬁ 2219360(117((‘3 0,030
o | Nciow0), | mann | TTREREOL MOS0 T,

B a =12.5814(5),b = 13.8989(5),
Na,.Cs Fe,(MoO,),, P 152 c=28.4386(9) A, a=90.108(2), | 0,044

B =90.064(2), y = 90.020(2)°
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HIX 3aCE/IAI0T CBOY MO3ULMAN COBMECTHO
¢ aromamu Harpus. OcraBiumecs aTo-
MbI Na IMeT [JOBOMBHO MCKKEHHYIO
Kucnopopuyo kooppuuamyio (K4 = 5
u 6); y aromos Lesusa K49 = 9-10 (In),

11 (Sc), 10-12 (Fe); HexoTOpble MO3M-
LMY KaTMOHOB HATPMsi MOIYT OBITH 3a-
Ce/leHBI YacTH4YHO. Bo Bcex CTpyKTypax
MOXXHO  BBIJIEUTb  HOMUIIPUIECKIE
ciou, oOpasoBaHHBIE MApaMy COYJIe-

Puc. 5. Crpykrypst Na_, Cs ' Tm

7.23 3.92

(MoO,),, (@), Na,Cs.Yb,(MoO,), (6),

NaCs,Bi(M00,), () [35-37]

(Fe,Na)Os FeO, NaOg MoO,

Puc. 6. TTonmuagpuaeckne dpparmentst (con) B cTpykrypax Na, Cs,In,(MoO,),, (a),
Na,.Cs,Sc.(MoO,),, (6), Na, Cs Fe (MoO,),, (6), Na,Sc(MoO,), (2) [38]
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HEeHHBIX 10 pebpam okTasupos (R, Na)
O, n (R, Na)O, (umn RO,), koTOpbie co-

eIVHEHBl BepIIMHAMU C MOCTUKOBBI-
M MoO,-terpasupamu (puc. 6, a-s6).
Crmou  CBA3BIBAIOTCSI  MOCTVMKOBBIMHU

MoO,-TeTpasapamu B TpeXMEPHbIN Kap-
Kac, B IIyCTOTaX KOTOPOT'O PacIIONOXKeHbI
katmoHpl Cs* m Na'. Bo Bcex cmyuasx
CTpOEHIE CTI0E€B BOCXOANT K ITO/INIpUYe-
CKOMY C71010 13 CTPYKTypbl Na,Sc(MoO,),
(puc. 6, 2), oTHOCAILEICA K TUIIY JITI00-
muta (Na, Ca)(Fe, Mn, Mg).(PO,), [40].
Pombudeckass mmm IceBROpOMOMUecKas
MeTpMKa A4YeeK TPOIHBIX MOMUOJATOB
BO3HMKAeT 13-32 HEKOTOPOTO B3aMHO-
r0 CABMIa CJIOEB II0 CPaBHEHUIO C MO-
HOK/MHHbIMU  Na,Sc(MoO,), u anmo-
oputoM (mp. rp. C2/c), YTO MOXKET OBITH
CBA3aHO C Ha/lM4MeM KaTMOHOB Lie3us
MeXay crnosimu. OCOOeHHOCTI CTPOEeHNS
HAQHHOJ TPYINBI TPOJHBIX MOIMOHATOB
MO3BOJIAIOT CYUTATh ee He PasHOBMIHO-
CTBIO CTPYKTYPHOTO TUIIA Q/UTIOOJINTA, &
OTZIeTIbHBIM, XOTA M O/IU3KO POJICTBEH-
HBIM, CTPYKTYPHBIM CEMENICTBOM.

TpoviHble MonubgaThbl TMNA 1-1-2

Cpenyt TPOVHBIX COJIEBBIX CUCTEM
M ,MoO,-M” MoO,-AMoO, x HacTos-
IjeMy BpeMeHN Haubosee M3ydeHbI CH-
cTeMbl, 00pasoBaHHBlE MOMUOIATAMM
JIATUS, TSDKENIbIX IeJIOYHBIX 3/IEMEHTOB
(K, Rb, Cs) 1 Mg, Mn, Co, Ni, Co, Zn, Cd,
Ca, Sr, Ba, Pb. BonpIIMHCTBO 3TUX CUCTEM
He SIB/LIIOTCS (a3oobpasymomymMy, B He-
KOTOpPBIX (POpPMUPYIOTCA TBepAble pac-
TBOPBI Ha OCHOBE JIBOMHBIX MOO/ATOB.
B mectu cucreMax HaliifleHO IO OJHOMY
TPOMHOMY MONMMOAATy; UX XapaKTepy-
CTVKMY TIPEICTaB/IEHBI B Ta0II. 4.

B rpoitnbix cucremax LiMoO,~
K,MoO,-AMoO, (A = Mg, Mn,

380

MccnemoBanme VIOHOTIPOBOJISIIIINX
CBOJICTB QJITIOOJUTOIIOROOHBIX TPOIHBIX
MONMMOIATOB MTOKA3aJI0, YTO JAHHbIE CO-
eVIHEHNsI TIpeTepIeBAT 00paTUMbIe
asoBble epexopsl I pona, conpoBoXKaa-
eMble CKauKoOOpasHbIM yBelMdeHNeM
IIPOBOAMMOCTHI. Bblme Temmeparyp ¢a-
30BBIX IIEPEXOIOB 3TEKTPOIPOBOLHOCTD
pocturaer sHadeHuit 102-10° Cwm/cm,
YTO JlJaeT BO3MOXKHOCTb PacCMaTpUBATh
Na, Cs,R.(M0O,),, (R = In, Sc, Fe) kak
[epPCIEKTYBHBIE OO'BEKTHI /IS pa3paboT-
K/ HOBBIX MAaTePMAJIOB C BBICOKOI VMOH-
HOJI IPOBOAKUMOCTBIO [38, 39].

OcobeHHOCTH CTpOEHUA PAJA JPYIUX
OMMCAHHBIX BBIIIIE TPOHBIX MOMTUOIATOB
TaK)Ke [TO3BOJIAIOT OXKMAATh IIPOSIBIEHS
MMI  TIOBBILIEHHOV HaTpuii(cepebpo)-
VIOHHOJI IPOBOMMOCTH, TIpUYeM YIyd-
LIEHNS VX TPOBONSIINX XapaKTePUCTHK,
[O-BU/IIMOMY, MO>KHO JJOOUTBLCS MOAXO-
ISLMMY TeTepOBaTeHTHBIMY 3aMelleHN -
SIMI C 3aMeHOIT JacTu Hatpus (cepebpa)
WIN OPYroro KaTMOHA B CTPYKType Ha
607ee BBICOKO3APSIIHBII 1 00pa3oBaHU-
€M BaKaHCUIL.

Co) Ha KBasMOMHAPHBIX paspesax
Li,A,(MoO,),-K,A,(MoO,), (puc. 7) BbI-
SIBJIEHBI POMOO3[pUYECKIIe TPOITHBIE MO-
mubpars K, Li, A, (MoO,), (0 <x<0,3)
[42, 43]. OHM KpUCTA/IN3YIOTCA B CTPYK-
typrom Ttune II-NaFe (AsO,), [49], B
KOTOPOM KaTMOHBI PacIIpefesiioTCs Cie-
pyomum obpasom: (Na [1)*(M1)V(M2)
Vi(M3),"(AsO,), = (Na,L1)(Na)(Fe’)
(Fe’*),(AsO,), (smecp pumckme umdpbt
o6o3navaror K4 KaTMOHOB B MO3UIMSIX
M1, M2 n M3). B cTpykrypax TpOIHbBIX
MOIMOIaTOB KaTuoHbl Li, A** 1 gactp K*
pasmeleHbl B nosuumax M1, M2 nu M3
(puc. 8), a OcHOBHasI 4acTh Kajaus Ha-
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xopgutca B mosunmu ¢ K49 = 9, 3anaroit
HaIIOJIOBMHY 13-332 KOPOTKMX KOHTaKTOB
K-K. IlpucyrcrBue kanmua B OFHON IIO-
3unuyu ¢ karuonamu Mg*, Mn*, Co*,
Li* aBnderca pegkuM i KpUCTAIIO-
xuMum caydaeM. Hajilennble mo cTpyk-

TYPHBIM JAHHBIM COCTaBbl KPUCTa/JIOB
HOJTBEP)KAEHbl XOPOILIE CXOAMMOCTDHIO
TIOKaNbHBIX 0a/AHCOB BAJEHTHBIX YCU-
muit. OCHOBOI BCeX CTPYKTYp ABJIAIOT-
CA TpexMepHble KapKachl U3 OKTas3[pOB
BOKpyr M1, M2 u M3 u TerpasjpoB

Tabnuua 4
Kpucrannorpadudeckue n TepMudecKue XapaKTepUCcTUKN
TPOIHBIX MOMOAATOB THMa 1-1-2 [41-48]

ITapameTpbl 371eMEHTAPHON AYENKI T,

CoennHeHne IIp.tp; Z bA A X oC
K, Li, ,,Mg,(MoO,), R3¢6 | 14,3541(2) - 19,7338(4) - 730°
K, ,,Li,,,Mn (MoO,), R3¢6 | 14,5896(3) - 19,9773(8) - 720

K, Li,, Mn, (MoO,), R3c6 | 14,607(2) - 19,992(4) - -
K, Li_ Co,(MoO), R3¢6 | 144391(3) - 19,891(1) - 710°
K NaNi (MoO,), R3¢6 | 14,2790(2) - 19,7589(4) - 750
K NaMg,(MoO,). R 366 | 144528(2) - 19,8894(3) - 720
K NaCo (MoO,), R3c6 | 14,4638(1) - 19,8369(3) - 530"
Rb,LiZn (MoO,), 143d;4| 11,902(1) - - - 580
Cs,LiCo (M0oO), 143d;4 | 12,2239(2) - - - 740"
Cs,LiZn (MoO)), 1 43d;4 | 12,2100(1) - - - 690
Cs,NaZn (MoO)), 143d4 | 12,3134(1) - - - 510
Cs, AgZn (MoO,), 143d:4 | 12,3049(2) - - - 530
CsNa_Mn (MoO,), C2/c;2 | 13,3659(3) | 13,6897(3) | 7,1692(2) | 112,727(1) | 701
Cs,Na,_Mn_(MoO)) , P2/c;4 | 13,8597(3) | 12,5719(2) | 28,4209(3) | 90,097(1) | 576
CsNa,Co,(MoO),), C2/c;2 | 13,0917(8) | 13,5443(8) | 7,1217(4) | 112,331(2) | 615

Cs,Na Co.(MoO)) . Pbca; 4 | 13,6572(3) | 12,5063(3) | 27,9898(5) - -
CsNa,Ni,(MoO,), C2le;2 | 13,212(3) | 12,458(3) | 7,120(1) | 112,245(3) | 636

* CoefyHeHNUe pasjiaraeTcs B TBEpHoil pase Ha ABOIHBIE MOMTUOATHI.
** Coeuenne pasnaraercsa B TBepioit pase Ha Cs,Co,(MoO,), u CsLiMoO,.

K,MoO,

KMg(MoO,),

—7\
KLiMoO, ‘Q‘A'A K;Mg(MoO,),
N\

\ K,Mg,(MoO,),
Li,MoO,

Li,;,Mg,..(MoO,), MgMoO,

Puc. 7. Cy6conuaycHas TpUaHTy/LALNA
cuctempl Li MoO,—K MoO,~MgMoO,
mpu 550°C. S - K, Li, Mg (MoO,),

Puc. 8. IIpoekuys GpparmeHTa CTPyKTypbI
Tpoitnbix Mormbmatos K, Li A ,(MoO,),
(A = Mg, Mn, Co) na wiockocts (001)
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MoO,, B 6onbumMX BHEKApPKACHBIX ITy-
CTOTaX pas3MeljaloTCsl MOHBI Kamus. B
cucremax  Na,MoO,-K MoO,-AMoO,
(A = Ni, Mg, Co) o6pasyioTcst aHamorny-
HbIE II0 CTPOEHMIO TPOIIHbIe MOMMONATHI

K,NaA (MoO,), [44], duryparusHbie
TOYKM KOTOPBIX PACIIONOXKEHbI Ha KBa3y-
6unapHpIx  paspesax K ,Na(MoO,),-

AMoO,. B cTpyKTypax 9Tux coefuHeHmit
nosuuyy M1, M2 u M3 3aHATHI KaTuoO-
"HaMu Na*, A> u A**, COOTBETCTBEHHO, a
HO3MLMY KaIMsA, KaK M B IIpeAbIgylieM
Clydae, 3aHATHl TOJIbKO HAIlOJIOBUHY.
JaHHBIE TI0 3TUM TPOMHBIM Monu6Ia-
TaM TpuBefeHbl B Tabm. 4. VI3ocTpyk-
TYPHOCTb pacCMaTpUBAaeMbIX TPOITHBIX
MO/MNOATOB HATPUII-IOHHOMY IIPOBOJ-
nuky II-Na,Fe (AsO,), maer ocHoBanue
OXKUJIaTh HAJIMYMS TIOBBIIIEHHOI MOHHOI
npoBogumocTu. [Ipepmonaraercs, d4TO
IYTU TPAHCIIOPTa JMOHOB B 9TUX (pasax
QHATIOTMYHBI OOHAPY>KEHHBIM B CTPYK-
type 1I-Na,Fe (AsO,),, rie katnonbr Na*
IepeMeIanTcs yepes nedeKTHbIe MO3NU-
uyy Harpuda ¢ K4 = 9 u okrasgpuyeckyio
no3unyio M1, KoTopble HAXORATCS B CO-
CEeIHMX KOOPJMHAIVOHHBIX TIOTMIAPAX U
00pa3yloT TPEXMEPHYIO CeTb.

B cucremax  Li,MoO,-Rb,MoO, -
AMoO, (A = Mg, Mn, Co, Ni) u Li-
MoO,-Cs,MoO,~AMoO, (A = Mg, Mn,
Ni) Tpoitable MOMMOFATEL He 06PasyoOT-
cs1. B cucremax ¢ Rb u Zn (puc. 9, a) u
Hesuiicogepxanux cucremax ¢ Co n Zn
(puc. 9, 6) maiimennt Rb,LiZn (MoO,),
n Cs,LiA (MoO,), (A = Co, Zn) [41-
43], UBOCTPYKTYpHBIE KyOUYECKOMY
Cs . Zn (MoO,), [23, 24]. YHuKambHOCTD
cocrasa u crpoenns Cs Zn (MoO,), cs-
3aHa C HEKOMIUIEKTHOCTBIO TeTPasmpu-
YeCKMX MO3ULUI LIMHKA, Te UX IIeCcTast
YacThb BaKaHTHA. 3aIlo/IHEHE BaKaHCUI
noHaMmu Li* n npyrumm ogHO3apAgHBIMA
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KatroHaMu M* 1o cxeme Zn** + O > 2M*
CO3JaeT YC/IOBMA JUIA HMONTy4YeHNA HOBBIX
coenVHeHMil. BBefleHMeM B CTPYKTYpY
Ky6uueckoro Cs,Zn (MoO,), onHosapss-
HBIX KaTMoHOB M* = Na, Ag c 6MU3KIMU
K Zn** MOHHBIMM pajyycaMi IIOTy4YeHbl
kybuueckne ¢aspr Cs,MZn (MoO,), ¢
HeyIOpAI0YeHHBIM paclipefie/ieHyeM Ka-
THOHOB M* 110 mo3uumsm Zn?*. Xapaxre-
puctuku Cs,MZn,(MoO,), (M = Na, Ag)
npuBeneHsl B Tabn. 4. [lo HammMm maH-
HpiM [43, 50], mexay Cs,MZn,(MoO,),
(M = Li, Na) n Cs,Zn,(MoO,), cymect-
BYIOT HeIllpepbIBHbIE TBEpHble PACTBOPBI
(puc. 9, 6) ¢ OCTeNIEHHBIM 3aIIOJTHEHU-
eM KaTMOHHBIX BaKaHCUIl B CTPYKType
Cs,Zn (MoO,),. BrionHe BeposATHO, YTO
aHAJIOTUYHOE sIBJIEHVEe MMeeT MeCTO U B
cmydae Cs,AgZn (MoO,),. O6pasoBanue
TaKMX TBEPJBIX PACTBOPOB JjaeT BO3MOXK-
HOCTb B OIIpefie/IeHHBIX IIpefie/iaX yIpaBs-
JIATH COCTABOM, CTaOUIBHOCTBIO U CBOJ-
creamn ¢as Ha ocHose Cs Zn (MoO,),.

Henb3sst He OTMETUTD, YTO 3aMellleHe
U OZHOBPEMEHHOE BHEJpeHUe B II03M-
uuy umHKa B cTpykrype Cs Zn (MoO,),
Pa3sHOBAJICHTHBIX KAaTMOHOB C CHUJIBHO
pas/IMYAIOMMICA VMOHHBIMU  pajuy-
caMit o cxeme 5Zn* + O > 2R3 + 4Li*
OpUMBOEUT K 0OpasoBaHMIO TPYIIBL
TpoitHpIx Mommbmatos Li, M,R(MoO,),
(MR = CsFe, CsGa, RbGa, CsAl, RbAl,
TIAl), onmucanHbIX Bbllle. B mocinenHem
cydae KatmoHsl Li* u R** ynopsagodeHHo
pacrpefieieHbl B CTPYKType, YTO IIpU-
BOJUT K TeTParoHaJIbHOMY MCKa>KeHMUIO
CTPYKTYpPBI IPOTOTUIIA.

OCHOBY CTPYKTyp TPOJVHBIX MOIUO-
[aToB obeyx cepumii, KaKk U CTPYKTYpBI
Cs,Zn (MoO,),, COCTaBNAT aXypHbIe
TpexMepHble Kapkacbl. B ¢asax c aByx-
BaJICHTHBIMU MeTaJUlaMyi OHU 00pa3oBa-
HBI TEeTPasfpaMi IByX COPTOB — BOKPYT
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MONMuOeHa U «CMELIaHHON» ITIO3UIIUN
st (HaTpus, cepebpa) M ABYX3apsif-
HOTO KaTMOHA; B COSIMHEHNAX C TpeXBa-
JIEHTHBIMU MeTa/UIaMM — TeTpPasfpaMu
MoO » LiO W RO B 607IbLINX TyCTOTAX
KapKaca pa3MellaloTcs KPYIIHbIe OHO3a-
psanubie Katnonsl ¢ KY = 12 (puc. 10).
Bce daspr cemerictea Cs,Zn,(MoO,),
007IafjaloT  ALEHTPUYHBIM CTPOEHNEM
U IepCHeKTMBHBI JUIS CO3[jaHMsA MaTe-
puanoB HenuHelHON ontuku. Kpome

Rb,MoO,

Rb,Zn(MoO,),

Li,,Zn,.(MoO,),  ZnMoO,

a

TOro, OTKpbITaA KapKacHasd CTPYKTypa
O6YCHOBJII/IBa€T IIpOABIIEHNE 3TUMI CO€-
AVHEHVAMU VMOHOIIpOBOJAIINX CBOJICTB.

Haubonee 3HAYMMBble  PE3Y/IbTAThI
nonydennl  ana  Rb,LiZn (MoO,), nu
T1,Li,Al(MoO,),, BenmMuYMHBI VMOHHOI
OPOBOAMMOCTIL  KOTOPbIX  (Topsiaka

2-102 Cm/cm mpu 520 u 350 °C, cooTBeT-
CTBEHHO), IPUOMIDKAIOT UX K CYIepUOH-
HBIM [IPOBOJIHUKAM.

Cs,MoO,

Li,MoO, Li,,Zn,.(MoQ,), ZnMoO,

6

Puc. 9. CybconupycHas TpUaHTY/IALNA TPOMHBIX cucteM mpu 510 °C:

a - Li, MoO,-Rb,M0oO,-ZnMoO; 6 - Li MoO,-Cs MoO,-ZnMoO,.
S - M,LiZn,(MoO,), (M = Rb, Cs)

Puc. 10. CTpyKTypbl TPOVHBIX MOTUO/IATOB, TPOUBBOAHBIX OT CTPYKTYPbI Cs Zn, (MoO,),
[23, 24]: a - cTpyxTypa LiCs,Co,(M0O,), (mip. rp. I 43d) [41];
6 — ctpykrypa Li,Cs,Ga(MoO,), (mp. rp. I 42d) [42]
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B cucremax LiMoO,-M MoO, ~
AMoO, (M = Na, K, Rb, Cs; A = Ca, Sr,
Pb, Ba, Cd) TtpoitHble MonmOmaTbl He
00pasyIoTcs, OZHAKO MMEIOTC 06acTu
TBepAibIX pacTBopoB (mo 15 mon. %) Ha
OCHOBe IBOJHBIX MONMOJATOB M3 Orpa-
Haomux cucrem M,MoO,-AMoO, [51].

ITIpn wccnemoBaHUMM — pacTBOP-pac-
IVIaBHOM KpucTa/umm3auuy (pacTBopu-
tenb — Cs,Mo,0.) B cucremax Na, MoO -
Cs,M0oO,-AMoO, (A = Ni, Co, Mn)
BBIIIEJIEHBl ¥ CTPYKTYPHO M3Y4YeHBI
kpuctannpl CsNa M, (MoO,), [47], ot-
HocsAmuecsa K Tuily ammoopura. Kuco-
POIHBIE OKTasipbl BOKPYI KaTMOHOB
A* u Na* cOoemuHSIOTCS MEXRY co6oit
obmyMu pebpaMu U TpaHAMMU, a Hajiee
o o6wWMM BepuIMHAM C TeTpasgpamu
MoO, B TpexmepHbIil KapKac, KOTODbII
napamtenbao (100) pasbuBaercs Ha aBa
Bupga cnoes (puc. 11). B ogHom us Takux
crmoeB (puc. 11, 8) mapainienbHO OCHU ¢
IPOXOJAT IIMPOKVE CKBO3HbIe KaHAaJIbI,
3aII0/IHEHHbIe MOHAMI Lie3us, KOTOpble
3aHMMAIOT CBOY IIO3UIIVIM HAaIIOJIOBUHY 1
nmetror K4 = 8. CpaBHeHMe a/lII00ANTO-
nozio6ubIx cTpykTyp CsNa A, (MoO,), u
Na (MoO,), (A = Ni, Co, Mn) no-

472xA 1+x

Ka3bIBaeT, YTO B TPOIHBIX MONMMOmaTax
4acTh KaTMOHOB Na* B KaHa/ax 3amele-
Ha Cs', CyIleCTBEHHO yBelIM4YeHbl Iapa-
METPBI sT9eeK BIOMb OCK d Y, COOTBETCT-
BEHHO, IIMPIMHA KaHAIoB. Tak KaK BIOJMb
3TMX KaHAJOB MOXKET OCYLEeCTBIIATHCA
TPAHCHOPT MOHOB HATPUs, 3TO MOXET
CrI0CcOOCTBOBATh YBEMMYEHUIO JOHHOII
nmpoBofuMocTy. bruskoe popctBo das
CsNa A,(MoO,), m Na, A (MoO,),
(A = Ni, Co, Mn) mMokeT 03Ha4yaTh 00-
pasoBaHye MeXJy HUMM TBEpAbIX pac-
TBOPOB, 4TO TpebyeT HOIOTHUTEIBHO-
ro uccrenoBaHus.  XapaKTePUCTUKU
CsNa_A,(MoO,), (A = Ni, Co, Mn) nipu-
BefleHbl B Ta01I. 4.

B cucremax Na MoO,-Cs MoO,~
AMoO, (A = Co, Mn) rakxe Bblfle-
JIEHBI TPOIIHBIE MOMMUOIATBI COCTaBa
Cs,Na A, (MoO,),, [46, 48] (puc. 12,
Tabn.  4), KOTOpble OKa3aluch OYEHb
OMM3KM MO0 CTPOEHUI0 C BBINIEOMICAH-
HpiMu coeuuennsamu Na Cs R (MoO,),,
(R = In, Sc, Fe), o6pasysa BmMecTe ¢ HUMY,
OUYeBUJIHO, efyHOe ceMeiicTBO ¢a3 ¢
ONMM3KUMM METPUKAMU sSTYeeK UM Pa3HOI
cummerpueri. Haubonee cummerpudHa
crpykrypa Cs,Na, Co,(MoO,),, (up. rp.

MoO,

Puc. 11. Crpyxrypa CsNa_Mn,(MoO,) :
a — o0t Bug; 6, 6 — [Ba BUAA CII0EB IIO/IMAAPOB B IIpoekuny Ha (100)
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Pbca), KOTOPYI0 MOXXHO CUUTATh POZO-
HavaIbHUKOM JaHHOTO ceMeiicTBa. Cum-
METPUSI OCTA/IbHBIX COEMMHEHUIT MOXKET
MOBBINIATHCS TIpK (A30BBIX IEPEXOfiax,
YTO JO/DKHO COIIPOBOXKEATHCS PasyIno-
PSIOYEHMEM CTPYKTYPBI M BO3MOXKHBIM
POCTOM IOABM>KHOCTY KATUOHOB HATPUSL.

B cBsA3KM C 9TMM MOXHO OXWUJATh Y
Tpoitapx MommbaaToB Cs,Na, A, (MoO,) ,
(A = Co, Mn) HOBBIILIIEHHOT IOHHOI TIPO-

BOIMMOCTY, KaK 3TO MMEET MEeCTO sl
Na, Cs,R.(M0O,),, (R =In, Sc, Fe).

3aknunTenbHbie 3aMevaHus

IIpoBefieHHbIE HaMM MCCIENOBAHMA
TPOVHBIX MONMOAATOB THHa 1-1-3 1 1-1-2
IIOKa3bIBAIOT, YTO CPelV HUX MMEITCA
HECKOJIbKO CEMENICTB M30CTPYKTYPHBIX
w1 61M3K0 POACTBEHHBIX MO CTPOEHUIO
¢as. Bomee BbIcOKOIT (asoobpasyroreit
CIIOCOOHOCTDIO, OOMBIINM CTEXMOMETPH-
YeCKUM U CTPYKTYPHBIM pasHOOOpasyeM
00TafalOT CUCTEMBI C TPeXBa€HTHBIMMU
MeTa/yIaMy, B KOTOPBIX (POPMUPYIOTCA
TpOJiHBIe MOMMOMATHI, IPMHAIEKALe
K 14 cTpyKTypHBIM TuIaM (ceMercT-
BaM), TOTfAa KaK TPOJHbIE MOMOFATHI
Tuna 1-1-2 OTHOCATCA TONBKO K 4YeTbl-
peM M3OCTPYKTYpHBIM psagaM. OmgHUM
13 OOBSACHEHUIT 9TOTO MOXKET OBITH 6O-
Jlee IMPOKMIL CIIeKTp KaTMOHOB R** 1 ux
pasMepoB I10 CpaBHEHUIO ¢ MoHaMu A* B
dbaszoobpasyromux cucremax M’ ,MoO,-
M” MoO,-AMoO, (M = Li, Na
M” =K, Rb, Cs; A = Mg, Mn, Co, Nj,
Zn). Psan BBIABIEHHBIX CEMENICTB TPOIl-
HBIX MonubmaToB Tumos 1-1-3 u 1-1-2
MOTYT OBITb IEePCHEKTUBHBIMYU B Kadye-
cTBe  (PYHKUMOHA/IbHBIX MaTepuasoB.
9T0 Tpexje BCero OTHOCUTCA K ce-

CsMo04

C52C02(MoO4)3

NazMoO4 / NayoC omm): CoMoOy
Na3gC6795(MoOs); Naz4Coq3(MoOy)3 Naq5C0325(MoO4)3

Puc. 12. CY6COTII/IJIYCHaH TPUAHTYIAL A
cucrembl Na,MoO,-Cs, MoO,-CoMoO,
pu 480 °C

meiictBy  coepmuenuit  LiMR (MoO,),
C VHTEPECHBIMU CIIEKTPaTbHO-TTIOMU-
HECIIEHTHBIMM CBOWCTBAMI, a TaKXKe
JMUTUI- U HAaTPUI-COAEpXKallM TPOIi-
HBIM MONMuOJaTaM pasjIMIHOrO CTPO-
eHUA, KOTOpble MOTYT IpOABIATH IIO-
BBILICHHYI0 JIOHHYIO IIPOBOJVIMOCTD.
Cpeny TOCNENHMX MOXKHO BBILENTUTH
coenunenus cemeiicts Cs,.Zn,(MoO,),,
II-Na,Fe (AsO,), u anmooauTonono6-
upie daspl Na, Cs R.(MoO,),, (R = In, Sc,
Fe) u Cs,Na, M .(MoO,),, (M = Co, Mn),
IIsL KOTOPBIX yXe IIPOBeIeHbl COOTBET-
cTBylomye wnccnegoBanusa. C KpucTai-
JIOXMMWYECKOI TOYKM 3peHMs] B ITOM
IUTaHe TaK)Ke MHTEPECHBl COENVMHEeHMsI
LiMR,(MoO,),, tne monsr Li* sanonns-
I0T MEXJOy3e/IbHble IIyCTOTBI CTPYK-
TypHoro tuna BaNd,(MoO,),, a Taxxe
reKCaroHajibHble WIM  TPUTOHA/IbHBIE
daspr S-S, (tabm. 2, 3), B KOTOPBIX MOHBI
HaTpus 00aaloT HECTaHAAPTHON (Tpu-
TOHA/IBHO-TIPU3MATUYECKOIT MK Oortee
HU3KOJ) KOOpAMHALMEN, YTO MOXKET
Croco6CTBOBATh  MOHHOI  IIPOBOMMO-
ctu. HenuHenHO-onTHMYeCKMe CBOJCT-
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