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Features of transformations in REE-containing systems of nitrate precursors in preparatory processes of formation of multifunctional oxide materials
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Abstract.
The complex study provides a reliable idea of ​​the trends in the joint behavior of structural components in the water-salt systems of nitrate precursors of REE, alkaline, alkaline earth metals in the preparatory stages of the processes of forming multicomponent oxide polyfunctional materials on their basis with thermal activation. Stages of such transformations are revealed; The regularities of complex and phase formation in systems and factors influencing them are determined; A number of physicochemical properties of the intermediate phases formed - coordination lanthanides nitrates: their composition, types of compounds, atomic-crystalline structure, regularities of transformations during heat treatment were studied.
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Table 1. Conditions of the formation and composition* of compounds crystallizing in the water-salt systems of nitrate Yttrium, REE and alkali metals (25–100 оС)

	М/REЕ 
	Y
	La
	Ce
	Pr
	Nd
	Pm
	Sm
	Eu
	Gd
	Tb
	Dy
	Ho
	Er
	Tm
	Yb
	Lu

	Li
	еut. 

25-100
	3:2:4

100
	3:2:4

100
	3:2:4

100
	3:2:4

65-100
	_
	еut. 

25-100
	_
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100

	Na
	еut. 

25-50
	2:1:1

25-100
	2:1:1

25-100
	2:1:1

50-100
	2:1:1

50-100
	_
	2:1:1

100
	_
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100
	еut. 

25-100

	K
	1:1:2
50-100
	2:1:2

25-50

3:2:1

100
	2:1:2

25-50

3:2:1

100
	2:1:2

25-50

3:2:1

50-100
	2:1:2

25-50

3:2:1

50-100
	_
	3:2:1

50-100
	_
	1:1:2

50-100
	1:1:2

50-100
	1:1:2

50-100
	1:1:2

50-100
	1:1:2

50-100
	1:1:2

50-100
	1:1:2

50-100
	1:1:2

50-100

	Rb
	1:1:3

25-50
	2:1:4

25-100

3:2:1

50-100
	2:1:4

25-100

3:2:1

50-100
	5:2:1

25-50

3:2:1

50-100
	5:2:1

25-50

3:2:1

50-100
	_
	5:2:1

50-100

3:2:1

50-100
	_
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50

	Cs
	1:1:3

25-50
	2:1:2

25-50
	2:1:2

25-50
	2:1:2

25-100

1:1:3

50-65
	2:1:2

25-100

1:1:3

50-65
	_
	1:1:3

50-65
	_
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50
	1:1:3

25-50


Note: * In the graph of the ratio of components, the first digit indicates the number of molecules of alkali metal nitrate; second - rare-earth nitrate, Y; the third - water.
Table 2. Conditions of formation and composition of compounds formed in water-salt systems of 
rare-earth metals of cerium subgroup and IIA elements of periodic system (25–65 оС) 
	e2Me2+ \ Ln3+
	La
	Ce
	Pr
	Nd
	Pm
	Sm
	Eu

	Mg
	3 : 2 : 24
25–65
	3 3 : 2 : 24
25–65
	 3 : 2 : 24
25–65
	33 : 2 : 24
25–65
	–
	33 : 2 : 24
25–65
	–

	Ca
	eut. 

< 42;

> 42 

metastable state
	eut. 

< 42;

> 42 metastable state
	eut. 

< 42;

> 42 

metastable state
	eut. 

< 42;

> 42 

metastable state
	–
	eut. 

< 42;

> 42 metastable state
	–

	Sr
	eut. 

25–65
	eut. 

25–65
	eut. 

25–65
	eut. 

25–65
	–
	eut. 

25–65
	–

	Ba
	eut. 

25–65
	eut. 

25–65
	eut. 

25–65
	eut. 

25–65
	–
	eut. 

25–65
	–


Note: * In the graph of the ratio of components, the first digit indicates the number of molecules of magnesium nitrate; second – rare-earth nitrate; the third – water. 

Table 3.  Wave numbers (cm-1) of absorption bands in IR spectra of coordination nitrates Nd
	Newly formed compounds
	Assignment

	
	γ H2O


	ν4(A1)(C2υ, O2NO)
	ν4(B2)(C2υ, O2NO)
	ν2(B1)(C2υ, O2NO)
	ν1(A1)(C2υ, O2NO)
	ν3(A1)(C2υ, O2NO)
	ν3(B2)(C2υ, O2NO) 
	δ H2O

	ν1(A1′ ) + ν4(E′ )
(D3h, NO3-)

	ν H2O

	∆ν3 = ν3(B2) – ν3(A1)


	Li3[Nd2(NO3)9]∙3H2O
	570-645
	720
	750
	820
	1045

1055
	1320
	1520
	1645
	1760

1800
	3200-3600
	200

	Na2[Nd(NO3)5]∙H2O


	570-650
	722
	750
	817
	1050
	1325
	1525
	1640
	1760

1795
	3200-3600
	200

	K2[Nd(NO3)5(H2O)2]  
	570-680
	720
	750
	820
	1045

1055
	1315
	1520
	1665
	1760

1795
	3200-3600
	205

	K3[Nd2(NO3)9]∙H2O
	–
	730
	750
	820
	1050
	1315

1335
	1520
	1665
	1765

1800
	3200-3600
	205

	Rb5[Nd2(NO3)11]∙H2O
	580-660
	730
	750
	820
	1045

1055
	1315
	1520
	1640
	1760

1800
	3200-3600
	205

	Rb3[Nd2(NO3)9]∙H2O
	–
	730
	750
	820
	1050
	1315

1335
	1525
	1665
	1760

1800
	3200-3600
	210

	Cs2[Nd(NO3)5(H2O)2]

	570-645
	720
	745
	820
	1045

1055
	1310
	1520
	1640
	1760

1800
	3200-3600
	210

	Cs[Nd(NO3)4(H2O)3]
	570-650
	718
	745
	820
	1045
	1310
	1520
	1640
	1760

1800
	3200-3600
	210

	Nd(NO3)3·6H2O
	600-680
	720
	750
	820
	1045
	1320
	1460
	1630

1665
	1760

1790
	3200-3600
	140


Table 4. Influence of the type of symmetry on the possibility of occurrence of physical properties in crystals of coordination nitrates of rare earth elements
	Connections
	Sononia
	Point group
	Spatial group
	Properties
	Temperature range of formation, ºC
	The nature of solubility
	References



	Li3[Ln2(NO3)9·3H2O

La – La–Sm
	cubic
	23
	P213
	[image: image1.png]



	65-100
	congr.
	[16]

	Na2[Ln(NO3)5]·H2O

La – La–Sm
	monocl.
	2/m
	P21/a
	[image: image2.png]



	50-100
	incongr.
	[17]

	M3[Ln2(NO3)9]

M – K, Rb, NH4+

La – La–Sm
	cubic
	432
	P4332
	[image: image3.png]



	50–100
	congr.
	[18, 19]

	K2[Ln(NO3)5 (H2O)2]

La – La–Sm
	rhombic
	mm2
	Fdd2
	[image: image4.png]



	50
	incongr.
	[18]

	K[Ln(NO3)4(H2O)2]

Ln – Y, Gd–Lu
	rhombic
	mm2
	P21cn
	[image: image5.png]



	50–100
	congr.
	[20]

	Rb2(Ln(NO3)5 (H2O)2]

La – La, Ce
	monocl.
	m
	Cc
	[image: image6.png]



	25–100
	incongr.
	[21]

	Rb5[Ln2(NO3)11]·H2O

Ln – Pr ÷ Sm
	monocl.
	2/m
	C2/c
	[image: image7.png]



	25–50
	incongr.
	[22]

	Rb[Ln(NO3)4(H2O)2]·H2O

Ln – Y, Gd–Lu
	monocl.
	2/m
	P21/n
	[image: image8.png]



	25–50
	congr.
	[23]

	Cs2[Ln(NO3)5(H2O)2]

Ln – Ce–Nd
	monocl.
	2/m
	C2/c
	[image: image9.png]



	25–100
	incongr.
	[24–26]

	Cs[Ln(NO3)4(H2O)3]

Ln – Pr–Sm
	tricl.
	
[image: image10.wmf]1


	
[image: image11.wmf]P1


	[image: image12.png]



	50–65
	incongr.
	[27]

	Cs[Ln(NO3)4(H2O)2]·H2O

Ln – Y, Gd–Lu
	monocl.
	2/m
	P21/n
	[image: image13.png]



	25–50
	congr.
	[28]


Table 5. Thermal transformations of representatives of isostructural 

groups of coordination nitrates REE, Y 

	Connections 
	Representatives 
	Dehydration 
	Melting
in crystallization water 
	Polymorphic transitions 
	Melting anhydrous form 

	Li3[Ln2(NO3)9]3H2O 
	La – Nd* 
	65, 
183, 
216 
	– 
	– 
	274 

	Na2[Ln(NO3)5]H2O 
	La – Nd* 
	148 

	– 
	271 
	328 

	K2[Ln(NO3)5(H2O)2] 
	La – Nd* 
	95, 
111 
	95 
	219 
	314 

	K3[Ln2(NO3)9]H2O 
	La – Sm* 
	126 
	– 
	– 
	347 

	K[Ln(NO3)4(H2O)2] 
	Y, Gd – Lu** 
	138, 
172 
	138 
	– 
	– 

	Rb[Ln(NO3)4(H2O)2]H2O 
	Y, Gd – Lu*** 
	77, 190, 256 
	77 
	–
	–

	Cs[Ln(NO3)4(H2O)2]H2O 
	Y, Gd – Lu*** 
	93,170, 240 
	93 
	–
	–


Note : *     data for representatives of the cerium subgroup – (coordination compounds Nd ) ;

**, ***  data for the representatives of the Yttrium subgroup – (respectively, coordination compounds Gd, Yb).

[image: image14.png]Scheme of stage replacement processes

H30 to NO;~— groups in the coordination sphere Ln*~
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Fig. 1. Polytherm solubility of the system LiNO3 – Ln(NO3)3 – H2O (Ln – La–Nd)
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Fig. 2. Polytherm solubility of the system CsNO3 – Ln(NO3)3 – H2O ( Ln – La–Sm)
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Fig. 3. Polytherm solubility of the system Mg(NO3)2 – Nd(NO3)3 – H2O at 25–65 оС
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Fig. 4. Polytherm solubility of the system Ba(NO3)2 – Nd(NO3)3 – H2O at 25–65 оС
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Fig. 5. Horizontal projections of the system solubility isotherms KNO3 – Mg(NO3)2 – Nd(NO3)3 – H2O in 50 оС
	[image: image20.jpg]



a)
	
	[image: image21.png]



b)
	[image: image22.png]



c)
	

	[image: image23.png]



d)
	[image: image24.png]



e)
	[image: image25.png]
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h)


Fig. 6. Microphotos of coordination nitrates crystals Ln:

a) Na2[Nd(NO3)5]∙H2O; b)  K2[Nd(NO3)5(H2O)2] , c)  K3[Nd2(NO3)9]∙H2O; 
d)  Rb5[Nd2(NO3)11]∙H2O, e)  Rb3[Nd2(NO3)9]∙H2O; f) Cs2[Nd(NO3)5(H2O)2] (tsynthesi. – 50 oC), g) Cs2[Nd(NO3)5(H2O)2] (tsynthesi. – 100 oC);  h) Cs[Nd(NO3)4(H2O)3] (tsynthesi. – 50 oC), i) Cs[Nd(NO3)4(H2O)3] (tsynthesi. – 65 oC)
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Fig. 7.  – Three types of coordinating by nitrate groups lanthanides in coordination nitrates structures:

а) monodentate; b) symmetrical bidentate; c) symmetrical bridge bidentate
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Fig. 8. Schematic image and general view of Ln-icosahedra, found in the structures of coordination nitrates of REE of cerium subgroup and elements of IA groups of periodic system
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Fig. 9. Schematic representation of the coordination environment of atoms of rare-earth elements in structures (NH4)2[La(NO3)5(H2O)2]·H2O (а), K2[La(NO3)5(H2O)2] (b), Cs2[Nd(NO3)5(H2O)2] (c).  Black circles – oxygen atoms of water molecules. Dice lines on rice in Fig. 9 (c) – unrealized bundles O-Nd.
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Fig. 10.  A chain of neodymium polyhedrons in the structure Na2[Nd(NO3)5]·H2O
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