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The article summarizes information important for practical use on the conditions of forma-
tion, composition, structure, forms of Ln coordination polyhedra, type of ligand coordination,
and characteristic properties of lithium coordination nitrates of rare earth elements of the ce-
rium subgroup of the isostructural series Liz[Lny,(NO3)g]-3HyO (Ln — La—Nd) (predecessors of
promising modern multifunctional materials). The obtained data (as primary information) can
serve as the basis for identifying, monitoring the phase state of processing objects in the prepa-
ratory stages; selection of criteria for the compatibility of components in the formation of single-
layer and layered nanostructured oxide systems of lanthanides and transition elements with
the structure of defective perovskite, garnet in the form of powders, thick films, bulk ceramics;
development of various combined methods of their activation and establishment of technologi-
cally functional dependencies; controlled modification of the properties of the target product; op-
timization of synthesis modes of lithium-conducting systems such as electrodes of rechargeable
batteries, electrolyte membranes and sensors, elements and instrument structures of modern
telecommunications systems.

Keywords: lithium coordination lanthanide nitrates, formation conditions, crystal struc-
ture, characteristic properties, modification of titanate characteristics, lithium-conducting solid
electrolytes.

OcobmBOCTI IEPETBOPEHB y CHCTEMAX KOOPAHHAIIMHNX HITPATHHX HPEKYPCOPiB
pinkicHo3emenpbHHUX eJIeMeHTIB 1 Jiitiio npu ¢opmyBaHHi noaiyHKIIOHAIBHUX
oxcumgaux marepianis. O.I. /lpwouro, B.B. Conostios, H.B. Coxnostiosa, O.B. Illegpep,H.B.
Bynaxina, M.B. Mockanenuxo, H.B. €Epminosa

VaarampHeHO BasRJIMBI U1 I[IPAKTUYHOIO BHKOPHUCTAHHS  BIZOMOCTI IIpO  JIiTieBl
KOOPOUHAILINHI HITPATH PIIKICHO3EMEJIbHUX €eJIEeMEHTIB IIepieBol IIATrPYIH 130CTPYKTYPHOIO
pamy Lig[Lng(NOg)g]-3H,0 (Ln — La-Nd) — mpekypcopr NepCIeKTHBHUX CYyYaCHHX
OGaraTohyHKIIOHAJIBHUX MaTepiaiB — IMOJ0 YMOB IX YTBOPEHHS W ICHYBAHHS, MIPUPOIH
XIMIYHOTO 3B’SI3Ky, CKJIaJIy, O0y10BH, )OPMH KOOPJAUHAIINHUX MOJieapie Lin, TUILy KOOpIUHAI]
miramng, QyHkmoHanbHMX BiaactusBocrer. Opmeps:xami manl (4K nepsuHHA 1HGOpMAIig) €
OCHOBOIO JIJIsT BUSIBJIEHHS, 1eHTU(IKAIN], KOHTPOI0 pa3oBOro craHy 00 €KTIB MepepoOJIeHHS y
MIJFOTOBYMX CTAISAX, BUOOPY KPUTEPIIB CyMICHOCTI CKJIAJ0BUX IIPHU (POPMYBAHHI OHOIIAPOBUX
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1 mapyBaTUX HAHOCTPYKTYPOBAHUX OKCHUIHUX CHUCTEM JIAHTAHOIMIB 1 MEepexigHuX eJIEMEHTIB
pi3HOTO TIPU3HATCHHSA 3l CTPYKTYPOIO J1e(peKTHOTO HepOBCKiTa rpaHara y BUIJIS[IL nopomKiB
TOBCTUX ILTIBOK, 00 €MHOI RepaMlKI/I PpO3po0JIeHHS PI3HUX KOMOIHOBAHUX CIIOCOOIB iX akTHMBAIII
Ta BCTAHOBJIEHHSI TEXHOJIOTIYHO- (byHRLuOHaJILHHX 3aIIEKHOCTeH; KePOBAHOIO MOJ:[I/I(bleBaHHH
BJIACTUBOCTEHN OJIEPIKYyBAHUX LLlJ'IBOBI/IX HpOL[yRTlB ONITUMI3Allll pPerjaMeHTIB CHHTe3y JIITIH-
MPOBITHUX CHUCTEM SIK eJ‘IeRTpO,ELlB aKyMyJISITOPIB, IO II€Pe3apsiIKYIOThCH, eJ'IeKTpOJ'IlTHI/IX
MeMOpaH 1 CeHCOPIB, €JIEMEHTIB 1 IPUIAIOBUAX CTPYKTYP CyYaCHUX CHCTEM TeJIEeKOMYHIKAIIII.

1. Introduction

The great attention to complex oxides
with a defective perovskite structure (ABO,)
(Li,La)TiO,, Lig Lays Y5 9, TiO4 [1-6] and
based on garnet-type LizLasM;0,, (M — Nb,
Ta) [7-9] is due to the peculiarity of the A-defi-
cient crystal lattice: the presence of a sufficient
number of vacancies in the basic structures, en-
suring the free migration of charge carriers —
lithium ions, and conduction channels through
which ion transport occurs. These structural
features open up wide possibilities for modify-
ing the properties of complex oxides based on
cationic substitutions and creating vacancies
in cationic or anionic sublattices in order to
achieve both high ionic conductivity and fast
ion transport.

It was also established that partial heterova-
lent substitutions in the sublattice of rare earth
elements can affect the phonon range [6]. This
allows changing the properties of materials from
ionic conductors to UHF (microwave) dielectrics
and ferroelectric semiconductors [10].

This approach [11] allows creating lithium-
conducting materials with high conductivity at
room temperature o ~ 103 Q/cm). Such systems
can be used as solid-electrolyte membranes,
electrodes in rechargeable lithium batteries
and electrochromic devices, in electrochemi-
cal sensors, and also to develop materials on
their basis [10] with relatively high permittiv-
ity, electrical quality factor, thermal stability
of electrophysical properties in the microwave
range for elements and devices in modern
telecommunication systems. Lithium-conduct-
ing multicomponent oxides have a complex
structure, and the synthesis of nanocrystalline
materials is a difficult scientific and technologi-
cal task.

The structure of such multicomponent oxide
materials is presented in Fig. 1 [1].

The multicomponent oxide crystallizes in
the strong perovskite-type structure consist-
ing of octahedral TiOg4 framework stabilized by
La atoms and having a large number of vacan-
cies in unoccupied positions, which can be in-
volved in the storage and transport of Lit [5].
In the refined structure there are two unequal
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positions of ‘rich’ and ‘poor’ La, alternately lo-
cated along the c¢ axis. It was established that
the ionic conductivity of LLTO mainly depends
on the size of the cation ion in the ‘A’ position
(La or rare earth, alkali or alkaline earth), the
concentration of lithium ions and vacancies, as
well as the nature of the B-O bond.

According to research results [11],
perovskites of Lij sLa; 5TiO4 structure synthe-
sized using solid-phase reactions, are promis-
ing, highly efficient family of anode materials
for high-speed lithium-ion batteries [12]. With
an average potential of about 1.0 V compared to
Li*/Li, this anode exhibits a high specific capac-
ity of 225 mAh/g and withstands 3000 reverse
phase transition cycles. Without reducing the
particle size to micro- and nanoscale, its speed
characteristics exceed those of commercial
nanostructured Li,TizO,.

Although these materials have been widely
studied in bulk form, there are no data on the
synthesis and characterization of correspon-
ding film materials. This is why the synthesis
of lithium-conducting materials in the form
of films that can be used as a solid electrolyte
for solid-state batteries to power autonomous
devices in telecommunications systems, medi-
cine, and the automotive industry is relevant.

Thin films are produced mainly using physi-
cal synthesis methods, such as radio frequen-
cy (RFS) and magnetron sputtering (RFMS);
while thick films are produced using ‘screen
printing’, laser structuring, deposition using
photosensitive paste and ‘tape casting’. Each
method has its own characteristics and areas of
most effective use. According to [13], the ‘tape
casting’ method (casting, a type of “soft chemis-
try” solution) is optimal to obtain thick films of
thickness more than 10 um.

Currently, soft chemistry methods are being
developed using liquid multicomponent nitrate
systems [14, 15], which make it possible to pre-
vent lithium losses and reproduce single-phase
samples with controlled ordering of cations
and vacancies in the crystallographic positions
of perovskite structures at low temperatures.
The mechanism of formation of nanoparticles
under such conditions is quite complex from a
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Fig. 1. Schematic representation of the crystal structure Li, sLag 5TiO4 (LLTO ) [1]

physicochemical point of view and may include
parallel processes such as hydration (solva-
tion), association, complexation, formation and
transformation of heterophases, the patterns of
which have been poorly studied.

This study was initiated by available infor-
mation on the status and possible directions for
improving technologies for creating oxide REE-
containing functional materials, methods for
activating processes and existing requirements
for their stability and reproducibility.

The purpose of this work is a fundamental
study of cooperative processes occurring during
the production of oxide functional materials
containing rare earth elements; at the prepara-
tory stages we use nitrates of elements with dif-
ferent electronic structures, and we also search
for possible methods of influencing liquid-phase
and solid-phase systems based on thermal ac-
tivation, reproducing their structure-sensitive
characteristics.

To assess the possibility of controlling
these processes and obtaining materials with
specified properties using a set of physical and
chemical methods, it is necessary:

a) to study the chemical interactions and
phase equilibria in model water-salt systems
LiNO; — Ln(NO3); — H,O (Ln - Y, La — Lu) in
the temperature range of 25 — 100°C;

b) construct polythermal solubility dia-
grams of the systems; determine the concentra-
tion and temperature limits of crystallization of
the starting substances and detected complex
compounds;

¢) to find out the optimal growth conditions
and synthesize coordination nitrates of rare
earth elements and lithium, study their prop-
erties and confirm their individuality;
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d) to establish the patterns of dependence
of the quantity, composition, and properties of
coordination nitrates formed in the systems un-
der study on the nature of Ln®* complex-form-
ing ion and the conditions of formation.

2. Experimental

To clarify the nature of the chemical behav-
ior of structural components and phase equilib-
ria in the studied water-salt systems as precur-
sors of multicomponent functional materials
containing REE, we used the solubility method
described in our previous works [16, 17] under
isothermal conditions (at 25, 50, 65, 100 °C) in
the temperature range of the existence of so-
lutions in full concentration ratios. The phase
equilibrium was achieved within 2-3 days. Hy-
drated and anhydrous nitrates of the specified
elements, marked as ‘pure for analysis’, were
used as initial salts.

Chemical analysis of the “residues” of the
liquid and solid phases for the content of Ln3*
and nitrogen was carried out. The content of
Ln3" was determined trilonometrically in the
presence of xylenol orange as an indicator (ace-
tate buffer solution, pH=5-6) [18]; nitrogen was
determined by the distillation method [19]; the
content of Me™ ions was calculated based on the
difference between the total content of nitrates
and the partial dry residue. The obtained data
for individual ions were converted to the salt
content and displayed on solubility diagrams
according to the principle of correspondence.
The graphical representation of the composi-
tion of the resulting solid phases was carried
out according to the Schreinemakers method
[20]. For characterization, chemical, crystal

Functional materials, 31, 4, 2024
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Table 1a . Conditions for the formation of lithium double lanthanide nitrates of the cerium subgroup in
LiNO4 — Ln(NO3)3 — HyO (Ln — La — Sm) systems at 25 — 100 °C

Systems Composition of points on the phase diagram, wt. %
t, °C
La Ce Pr Nd Sm
Isotherm points
A, |Solubility LiNO,, mass. % 47.66
51| Figurative (eutonic LiINO, | 3192 | 31.09 35.84 35.45 31.94
! point Ln(NOy), | 31.86 | 32.03 26.65 28.07 30.07
S Figurative LiNO, | 19.54 | 20.49 24.13 28.28
! point Ln(NOy), | 47.96 47.08 41.69 37.63
Solubility
(0N 58.92 59.05 59.01 58.89 59.22
Ln(NOgy)4 6H,0, mass. %
A, | Solubility LINOg, mass. % 63.80
B Eutonic LiNO; | 2329 | 22.87 21.93 21.48 24.90
50 | 72 point Ln(NO.)., | 53.61 | 53.89 54.28 54.35 46.96
Solubility
C, 65.79 66.62 66.64 66.16 65.59
Ln(NOy), 6H,0 , mass %
A, | Solubility LiNO,, mass %
67.28
D Transitional (eutonic) LiNO; | 27.11 | 26.84 24.09 24.03 17.56
! point Ln(NOy), | 53.35 54.35 54.66 54.68 67.31
=
100 § Component ratio 3:2:3 3:2:3 3:2:3 3:2:3
QS ~
Sy
g
&) Solution behaviour cong. cong. cong. cong.
LiNO4 9.92 9.76 8.73 9.68
G Eutonic point
Ln(NOg)5 | 71.03 71.45 72.20 72.51

optical, X-ray phase, X-ray structural, IR-spec-
troscopic, thermographic and other methods
were used.

The crystal-optical study was carried out
by the immersion method using a MIN-8 mi-
croscope. Phase analysis was performed by the
“powder” method on a DRON-3M diffractome-
ter (Cu-K radiation, Ni filter). Diffraction pat-
terns were interpreted using the JCPDS PDF
file. The symmetry, unit cell parameters, and
intensity of diffraction reflections from single
crystals were determined using an automatic
X-ray single-crystal diffractometer CAD - 4F
“Enraf - Nonius” (Mo K, - radiation, graphite
monochromator; ® / 20 - method). All calcula-
tions for the determination and refinement of
atomic structures were performed using the
SHELX, XTL — SM, AREN crystallographic

Functional materials, 31, 4, 2024

software packages. The IR absorption spectra
of the synthesized compounds in the region of
400-4000 cm™! were recorded on a UR — 20
spectrophotometer using a standard vaseline
oil suspension technique. Thermograviomet-
ric analysis was carried out in the range of
20 °C to 1000 °C in air at a heating rate of
10 degrees/ min on a Q — 1500 D derivatograph
and the developed device for DTA.

3. Results and discussion

The obtained experimental data are sum-
marized in Table 1a, 1b and used for graphi-
cal interpretation of the research results (see
Fig. 2. Solubility polytherms LINO5 — Ln(NO;)4
—H,0 (Ln — La — Nd)).

The exchange interactions between the
structural components with the formation

477



O.G. Dryuchko et al. / Peculiarities of transformations in systems ...

Table 16. Data on the study of phase equilibria in systems LiNO5 — Ln(NO3)5 — H,O (Ln - Y, Gd — Lu)

at 25, 50, 100 °C

Systems Composition of points on the phase diagram, mass %
t, °C Tsotherm points Y Gd Tb Dy Ho Er Tm Yb Lu
LiNOg,
A, |solutability 47.7
mass %
B Eutonic LiNO, 31.4 | 32.7 | 81.8 | 31.9 | 31.3 | 31.4 | 25.9 19.2 18.8
25 1 point Ln(NOy), | 30.6 | 30.5 | 32.5 | 33.5 | 34.4 | 34.5 41.4 51.6 53.2
Ln(NOgy)g solutability | 59.2 | 59.5 | 60.2 | 62.4 | 65.2 | 66.1 | 68.2 | 70.1 | 71.7
C, and its hydration in
solid, mass % 6 5 5 5 5 5 5 4 4
LiNOg,
A, |solutability|  63.8
mass %
B Eutonic LiNO, 31.2 | 38.1 | 83.6 | 34.5 | 33.8 | 323 | 21.6 | 22.4 | 22.6
50 2 point Ln(NOg), | 40.7 | 37.3 | 38.4 | 39.5 | 43.3 | 45.2 53.7 56.5 56.9
Ln(NO,); solutability| 63.9 | 65.7 | 66.4 | 67.7 | 69.0 | 70.4 | 73.0 | 75.2 | 76.3
C, and its hydration in
solid, mass % 6 5 5 5 5 5 5 4 4
LiNOs,
A4 |solutability 67.3
mass %
w00 | g | Eutonic | LiNOg | 168 | 159 | 16.2 | 163 | 162 | 165 | 162 | 153 | 150
3 point Ln(NO3)3 64.5 | 67.9 | 68.3 | 68.9 | 68.5 | 67.0 67.5 68.9 69.0
Ln(NOg)4 solutability 748 | 75.9 | 75.3 | 76.1 | 81.3 | 81.6
Cs | andits hydration in
solid, mass % 4 4 4 4 4 3
of new anionic coordination compounds of — coordination compounds

lanthanides were discovered in the range of
25-100°C. Their number (four), composition,
possible types of compounds, concentration
limits of crystallization of phases coexisting in
specific systems and the nature of their solubil-
ity were studied, and solubility phase diagrams
were constructed. The concentration boundar-
ies of saturated solutions from which the coor-
dination Ln nitrates are released correspond to
the composition of the invariant points of the
solubility isotherms. All of them are synthe-
sized in the form of single crystals. Their indi-
viduality was confirmed and a number of their
properties have been systematically studied.

Crystallization fields were found in the stud-
ied water-salt systems of nitrates of lithium and
rare earth elements of the cerium subgroup:

— initial nitrates:
1) lithium (crystalline hydrate LiNOg-3H,0 at
t ~30°C, anhydrous LiNO4 at t > 30°C) and
2) lanthanides La—Sm (hexahydrate
Ln(NOj); 6H,0 at t<68°C, at higher tempera-
tures — crystalline hydrate forms of the indicat-
ed lanthanides are unstable and are in a liquid
state);
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Lig[Lng(NO3)g] 3H,0O (Ln-La — Nd, congruent-
ly soluble in water), were discovered, which are
released from solutions at t>65°C. (Probably,
the region of existence of the similar compound
in the samarium system in the isothermal re-
gion of 100°C is very narrow).

The B,! - B, gap in the middle part of the
solubility isotherms (25 °C) of the La - Sm ter-
nary systems indicates that in this region of
concentration ratios there are components in
a liquid state due to the release of hydrated
lithium and lanthanide nitrates in quantities
sufficient for a “solid residue”. Systems based
on compounds of rare earth elements of the yt-
trium subgroup are characterized by the exis-
tence of crystallization fields of only initial sub-
stances with different resistance to hydration,
and Y, Gd — Lu systems belong to the eutonic
type.

The features of the atomic-crystalline struc-
ture of identified lithium complex nitrates of
lanthanides [21], crystallizing within the P23
group, and a number of their properties were
studied (Table 2). The authors of the work es-
tablished the characteristic X-ray diffraction pa-

Functional materials, 31, 4, 2024
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Fig. 2. Solubility polytherm of the system LiNO; — Ln(NO3)5 — Hy,O (Ln — La + Nd)

Table 2 — Crystallographic characteristics and the possibility (based on symmetrical representations)
of manifestation of properties in crystals of some coordination lithium nitrates of rare earth elements

[21]
o
cvs % =] 3
= 2 2 Cell g
5 ) 0 =
Compounds ) o0 © V, A3 0
p + )]
g =t 5] parametres, A 2
> = < ~
@ g | & 2

Lig[Lay(NOy),]-3H,0

) KyOid. 23 | P2;3
Li5[Ndy(NOg)g]-3H,0

13.354(2)
13.220(1)

2381.4 ‘[
2308.4 O

rameters of newly formed phases for their iden-
tification and detection during stage transforma-
tions (see Table 3, Fig. 3); also, the established
nature and patterns of thermal transformations
of compounds in the temperature range of 25—
1000 °C make it possible to predict their thermal
stability and model the behavior of technological
objects under similar conditions.

In a representative of the isostructural type
of lithium-neodymium compounds, the Nd
atoms are distributed over two individual po-
sitions on the three-order axes. Their coordi-

Functional materials, 31, 4, 2024

nation polyhedra are somewhat distorted and
icosahedral, composed of oxygen atoms of six
bidentately attached nitrate groups (Fig. 4).

The icosahedra around Nd1 and Nd2 are
constructed differently. The difference is the
distribution of the shortened ribs. The differ-
ence in the structure of polyhedra can be ex-
plained by considering specific NO4 ligands.
The structure contains three nonequivalent
sets of nitrate groups characterized by certain
features of bonds with Nd and Li atoms and
clearly reflected in Fig. 5.
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Table 3 - X-ray data on lithium coordination neo-
dymium nitrate

Li4[Ndy(NO4)g]-3H,0
A |V, %| dA | VI,% | dA |, %
836 | 30 | 3.90 | 40 | 2135 | 49
764 | 77 | 356 | 26 | 2111 | 43
6.68 | 13 | 3.32 19 | 2013 | 19
6.00 | 38 | 3.22 | 47 | 1979 | 19
575 | 79 | 2978 | 34 | 1.944 | 28
542 | 98 | 2772 | 19 | 1.931 | 26
526 | 74 | 2617 | 28 | 1.855 | 15
476 | 51 | 2545 | 43 | 1.778 | 15
464 | 100 | 2.385 | 21 | 1.726 | 28
4.35 | 43 | 2328 | 17 | 1.708 | 34
419 | 47 | 2305 | 23 - -
3.94 | 51 | 2226 | 19 - -

Note: d, A — interplanar distances; /1y, % — rela-
tive intensities of reflections

Similar to all compounds previously dis-
covered in water-salt systems [17], in cases
where water is not included in the coordination
sphere of the Lin-complexing agent and coordi-
nation saturation of the complex occurs with-
out its participation, the nitrate group of one of
the nitrogen atoms (N1) performs the functions
of two independent complexing agents, and its
capacious oxygen atoms bind the [Nd(NO,)4]%
complexes into a three-dimensional framework

1Ny, %

Nl a
Illllll"llllhl[lll““’l |H] 1 ‘ I

||”|| |I|3|||| ‘Ih | | ‘ ! ]

||||| |
2 4 5 6 7 8 d,A

Fig. 3 — X-ray diffraction patterns a) LiNOg; b)
Li5[Nd,(NOg)g] 8H,0; ¢) Nd(NOg)5 6H,0

with the formula [Ndz(NOS)Q]?"Oo » - The projec-
tion of the Liz[Ndy(NOg)g] 3H4O structure onto
the ‘xy” plane is shown in Fig. 6a. For conve-
nience, Fig. 6b schematically shows the frame-
work of the Lig[Ndy(NOg)g] 3H4O structure in
the same projection. The letters A—D in both fig-
ures indicate the corresponding Nd atoms.

The Li atoms are placed in large channels
and include four oxygen atoms in their coor-
dination region. Their coordination polyhedra
are characteristic flattened tetrahedra, each of
which is formed by oxygen atoms of water and
nitrate groups N2 and N3. Thus, in lithium-
neodymium nitrate of the Liz[Ndy(NO3)g] -3H,0
composition the Li atom providing additional
bonds between rare-earth complexes, contrib-
utes to the presence of intermolecular water in
the structure, and also causes some difference
in the structure of rare-earth icosahedra, which,
in turn, perform the main structure-forming
function in rare earth nitrate compounds.

It was established in [17] that if the structure
of nitrate compounds of lanthanides of the ceri-
um subgroup is based on polynuclear complexes,

o

Fig. 4 - Coordination polyhedra of Nd 1(a), Nd 2(b) and Li(c) atoms in the structure of

Li3[Nd,(NO3)o]-3H,

480
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Fig. 5 — The schematic representation of 3 nonequivalent sets of nitrate groups in the structure of

Lig[Nd,(NO4)]-3H,0
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Fig. 6 — Projection of the structure of Liz[Ndy(NOy)g] 3H40 onto the xy plane (a) and its schematic repre-

sentation (b), [21]

then water in them is either completely absent
or present only in crystals of Nay[Ln(NO,);]-H, O
(Ln — La—Sm), Rb;[Ling(NO3),,]-HyO (Ln — Pr—
Sm), Meg[Lny(NOg)gl nH,O (Me—-Li n=3,
Me - K, Rb, NH,* n=0, 1 Ln — La—Sm).

It is known that the nitrate group is a pla-
nar polyanion with a third-order symmetry
axis. When it is coordinated by another atom,
its geometry can become distorted. In rare
earth nitrates, the Ln3" ion is usually located
in the same plane with nitrate groups [22, 23].
This configuration corresponds to the minimum
energy of component interaction. This feature
of systems of nitrate precursors with the par-
ticipation of Ln®* and Li*, Na*, K*, NH,*, Rb*
according to the authors [22, 23] is a favorable
prerequisite for the association of components
during the formation of complex oxide phases
of desired products with layered and chain
packing upon heating.

Functional materials, 31, 4, 2024

The obtained results suggest that the pro-
cess of decomposition of crystalline alkali rare
earth nitrates in technological objects during
thermal activation begins with the rupture of
the alkaline metal-oxygen bond. This is con-
firmed by the results of thermographic studies
of the specified compounds in the temperature
range of 25-1000 °C.

Using a derivatograph and a developed
setup for differential thermal analysis, the
thermal stability of a representative of the iso-
structural series of lithium-lanthanide nitrates
of the cerium subgroup, Liz[Ndy(NO;)e]-3H50,
was studied. In the thermogram of the com-
pound (Fig. 7), in addition to the output state
corresponding to the formation of anhydrous
binary nitrate and thermolysis products at
temperatures above 900 °C, two temperature
ranges of mass stabilization are visible. Above
347-384 °C, intensive decomposition of the melt
occurs with the release of nitrogen, hydrogen,
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—=—Decrease weight, %

Time, min

7. Derivative diagrams for
[Ndz(NO ]-3H,0. T — temperature curve;
'f dlfffe’rentla temperature curve; TG —
thermogravimetric curve; DTG — differential
thermogravimetric curve

and nitrogen oxides and a continuous change
in the composition of the samples under study.
The final products of thermal transformation
depend on the composition of the initial coordi-
nation REE nitrate and the nature of the alkali
metal present.

The derivatogram of Lig[Ndy(NOg)g]-3H,O
shows a number of endothermic effects. The
first three (65, 183, 216 °C) correspond to the
process of dehydration of the trihydrate. At a
temperature of 65 °C, partial melting occurs
and at 183 °C, complete incongruent melting
occurs in crystallization water. Subsequent
thermal transformations including the comple-
tion of nitrogen evolution occur in the melt. On
the TG curve at 274-347 °C, a mass stabiliza-
tion interval is observed, corresponding to the
composition of the melt of anhydrous lithium-
neodium coordination nitrate.

This is confirmed by the chemical analysis.
This behavior of the system is explained by the
superposition of the thermal effects of dehydra-
tion and melting of Liz[Ndy(NOj)g] due to the
proximity of their temperature values and the
inertia of the dehydration process. The decrease
in the mass of decomposition products above
809 °C corresponds to the formation of LiNdO,,
a small amount of Li;O and an Nd,O4 impu-
rity, which is confirmed by X-ray diffraction
(Table 4) and is consistent with the data of [24].
Lithium dioxoneodymate crystals belong to the
a-LiEuO, structural type monoclinic system,
space group P2, /c; cell parameters, Aia=5.77,
b =6.09, c—5728 103°07; V = 200.7 A3.
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Table 4 - X-ray phase analysis data on prod-
ucts of decomposition of lithium coordination
nitrate neodymium at 960 °C

Lig[Ndy(NO,)o]-3H,0
A |, %| A | V% | dA |I1,%
5.60 17 2.520 95 1.762 8
4.11 44 2.296 14 1.743 19
3.61 90 2.221 14 1.710 15
3.31 12 2.060 26 1.669 26
3.07 100 2.051 28 1.642 15
3.03 19 2.045 31 1.638 14
2.994 11 2.039 31 1.631 9
2.899 42 1.907 50 1.612 19
2.806 29 1.871 16 1.606 37
2.782 36 1.837 25 1.596 19
2.750 26 1.786 20 1.519 16
2.669 46 1.774 27 1.503 15
Note: d, A interplanar distances;

/T, % — relative intensities of reflections

The obtained empirical data on the atomic-
crystalline structure, properties, nature and
stages of thermal transformations of lithium
coordination lanthanide nitrates play an im-
portant role in optimizing the technologies for
the production of new multifunctional REE-
containing materials; this promotes the devel-
opment of innovations in various branches of
industry, makes it possible to explain and pre-
dict the properties of intermediate phases and
has both independent scientific and applied
value.

The acquired knowledge has particular sig-
nificance for the obtaining of nanostructured
perovskite-like compounds of lanthanides and
transition elements, solid solutions based on
them (including titanium, described in [1-14],
and others). This clarify the relationships be-
tween the preparation method and the vari-
ability of the activation method of the systems,
phase composition, lattice parameters, specific
surface area, morphology of the constituent
particles, catalytic and photocatalytic activity
of the samples in reactions of water decomposi-
tion to obtain hydrogen, decomposition of toxic
organic substances, incomplete oxidation. This
can significantly simplify the procedures for
synthesizing target products when obtaining
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other perovskite phases through ion exchange
reactions.

4. Conclusions

A generalization of information on precur-
sors of promising modern multifunctional ma-
terials Lig[Lng(NOj3)g]:3H,O (Ln — La-Nd),
important for practical applications (conditions
of their formation and existence, composition,
structure, shapes of Lin coordination polyhedra,
type of ligand coordination, functional proper-
ties) 1s carried out. The data obtained can be
used as the basis for identifying, monitoring
the phase state of processing objects in the
preparatory stages, selecting criteria for the
compatibility of components in the formation of
single-layer and layered nanostructured oxide
systems of lanthanides and transition elements
with the structure of defective perovskite, gar-
net in the form of powders, thick films, bulk
ceramics, development of various combined
methods of their activation and establishment
of technologically functional dependencies, con-
trolled modification of the resulting desired
product properties.
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