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Abstract. The lithium niobate (LiNbO3, "LN") and lithium tantalate (LiTaO3, "LT") crystals are 
piezoelectric materials that exhibit intrinsic or extrinsic defect structures, which immediately impact their 
optical and electrical properties. In this study, we examine the influence of point defects on the Curie 
temperature (Tc) for different samples of pure LN and LT, using three vacancy models: the tantalum 
(niobium) vacancy model, the lithium vacancy model and the mixed lithium and tantalum (niobium) 
vacancy model. Based on the Safaryan approach, it was found that the calculated values for the tantalum 
(niobium) vacancy model did not agree with the experimental data. However, the lithium vacancy model 
and the mixed vacancy model showed good agreement between experimental and theoretical results. In 
conclusion, the proposed mixed vacancy model provides the best description of the defect structure in LN 
and LT materials, and the Tc, is influenced by the structural defects present in the LN and LT compounds.  

1 Introduction  

 
Crystalline materials such as lithium niobate (LiNbO₃) and lithium tantalate (LiTaO₃) play a crucial role in numerous 
optoelectronic devices, including acousto-optic devices [1], optical modulators, and waveguides [2]. However, these 
materials are not free from defects, which can have significant consequences on their physical properties and 
performance. The intrinsic and extrinsic defects present in LiNbO₃ and LiTaO₃ [3, 4,5] crystals play a crucial role in 
determining their optical, electrical, and mechanical characteristics. 
Lithium niobate (LN) is a material that does not occur naturally and was first synthesized in Bell laboratories in 1949 
[6]. The fabrication techniques for lithium niobate (LiNbO3) and lithium tantalate (LiTaO3) include the growth methods 
of flux melting and solution growth, as well as the Bridgman or Czochralski methods [7]. Additional techniques such as 
High Temperature Top Seeded Solid Solution Growth (HTTSSG) [8, 9] and Vapor Transport Equilibrium (VTE) [10] 
are also employed. These techniques allow to produce crystals of varying sizes and purities, as well as thin films on 
substrates. They are utilized to manufacture materials suitable for a range of optical, electronic, and optoelectronic 
applications. 
The Curie temperature of stoichiometric lithium niobate is TC = 1200°C [11], also known as the ferroelectric transition 
temperature, which is the temperature at which a ferroelectric material loses its spontaneous polarization. The TC of 
these materials depends on several factors, such as the exact composition of the material, the presence of impurities, and 
the manufacturing process [12, 13]. 
The ferroelectric to paraelectric phase transition temperature (spontaneous polarization) of LiBO3 occurs at different 
temperatures depending on the molar ratio r = [Li]/[B] of the crystal. The Curie temperature Tc of LiBO3 varies as a 
function of the lithium concentration (Li2O) according to the following relationships: 
For lithium niobate LiNbO3 [14, 15]: 

                              𝑇஼ = 9095.2 − 369.05𝐶 + 4.228𝐶ଶ (°𝐶)                               (1) 
For lithium tantalate LiTaO3 [16]: 

                                 𝑇஼ = 11310 − 492.73𝐶 + 5.6062𝐶ଶ (°𝐶)                            (2) 
With C is the concentration of Li2O in mol%, TC of LiBO3 changes as a function of the concentration of impurities at r 
constant. 
Lithium niobate (LN) crystals typically have a congruent composition with a molar ratio of Li2O/Nb2O5 equal to r = 
48.45/51.55 [17], resulting in a lithium (Li2O) deficiency. To understand the structure of intrinsic defects caused by this 
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Li2O deficit, several vacancy models have been proposed. Among them, the oxygen vacancy model was suggested by 
Fay et al. in 1968 [18] with the formula [Li1−2x V2x][Nb][O3−x Vx], where V represents vacant sites. The lithium vacancy 
model, proposed by Lerner et al. in 1968[19], is described by the formula [Li1−5x NbxV4x][Nb][O3]. The niobium 
vacancy model, initially proposed by Peterson and Carneval in 1972 [20], is formulated as [Li1-5x Nb5x][Nb1-4x V4x][O3]. 
This model was later adopted and supported by Abrahams and March in 1986[21]. 
 
In this article, we investigate a mixed vacancy model that incorporates both lithium and niobium (tantalum) vacancies, 
providing a better description of the structural defects in lithium tantalate (LT) and lithium niobate (LN) crystals. 

2 Theoretical approach         

 
In this section, we consider that our ceramic sample of LT and LN is formed by planes perpendicular to the (c) axis and 
composed of identical atoms (see Figure 1). The distances between the planes (Li, Ta or Nb, and O at T = 0 K) are as 
follows [22] for LT and [23] for LN  
  
 

 

 

 

Fig. 1. Different planes in an elementary cell of crystal LiBO3 

In the LiTaO3 structure, we have RTa-O( R10=0.954A°); RLi-Ti( R12=0.745A°); RLi-O( R20=0.601A°); 
In the LiNbO3 structure, we have RNb-O( R10=0.883A°); RLi-Nb( R12=0.747A°); RLi-O( R20=0.68A°); 
The ferroelectric phase transition in LBO3 (B = Nb or Ta) was theoretically investigated by Safaryan [24, 25]. He 
proposed that the phase transition occurs due to the freezing of one of the two optical mode vibrations on the parallel 
planes along the polar axis "c" (where the Li+, B5+, and O2- ions are distributed). To calculate the frequencies of these 
vibrations, a system of differential equations was developed to describe the motion of these planes. In order to do so, it 
was necessary to initially determine the portion of the potential energy of interaction between the electrically charged 
planes that is responsible for the restoring force against the relative movement of the planes about their equilibrium 
positions. Initially, the energy of charged lines was calculated assuming a uniform and continuous distribution of charge 
along these lines. This result was then extended to the interacting planes. The energy of interaction between two 
electrically charged lines can be written as follows: 

                                      𝑊௜௝ =
ି௘మ௤೔௤ೕ

௕
ln ൬

ଶ௟

ோ೔ೕ
൰ +

஻೔ೕ

ோ೔ೕ
೙                                          (3) 

Where b,l, Rij, qi, and 
஻೔ೕ

ோ೔ೕ
೙  are the cell parameter, line length, distance between lines, ion charge, and nonelectrostatic 

part of the interaction energy, respectively. 

The coefficients Cij for the LiBO3 crystal are determined using the enhanced elastic constants, 𝐶௜௝ = −
௘మ௤೔௤ೕ

௕(ோ೔ೕ
బ)మ 𝑛, where 

Rij0 represents the equilibrium distance between the planes. 

                                 𝐶௅௜ିை = 𝐶ଶି଴ = 3
௘మ௤೔௤ೕ

௕(ோమబ
బ)మ 𝑛                                            (4) 

                               𝐶஻ିை = 𝐶ଵି଴ = 3
௘మ௤೔௤ೕ

௕(ோభబ
బ)మ 𝑛                                                (5) 

                               𝐶஻ି௅௜ = 𝐶ଵିଶ = −
௘మ௤೔௤ೕ

௕(ோభమ
బ)మ 𝑛                                               (6) 

Here, q2, q1, and q0 represent the electric charges of Li+, B+, and O2- ions, respectively. For interacting planes, the value 

of the constant n is attained at n  1. We reduced the structure of the charged planes to a system of vibrations of a linear 

lattice to solve the dynamic problem (Figurer 2).Vs(Li+), Us (B5+), and  (3O2-). The system is then described by 
differential equations as follows: 
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Fig. 2. Displacement of Li+, B5+ and 3O2- ions in a linear lattice 

𝑀ଵ𝑈௦̈ = 𝐶ଵଶ(𝑉௦ − 𝜇௦) + 𝐶ଵ଴൫
௦ିଵ

− 𝜇௦൯           

𝑀ଶ௦̈ = 𝐶ଶ଴൫
௦

− ௦൯ + 𝐶ଵଶ൫
௦

− ௦൯   

𝑀଴௦
̈ = 𝐶ଶ଴൫𝑉௦ − 

௦
൯ + 𝐶ଵ଴൫

௦ାଵ
− 

௦
൯ 

M1, M2 and M0 are respectively the masses of atoms B, Li and 3O 

The choice of solutions in the form of plane waves, 
iaskiwt

s eueu  with Us = 𝑉௦, 
௦
 ou 

௦
 

And k its wave vector, which we choose equals 0. 
After the calculation of the determinant ( = 0), Then, we get the following equation:  

𝜔ସ − 𝐵𝜔ଶ + 𝐷 = 0   (8) 

Where  

𝐵 = 𝐶ଵ଴ ቀ
ଵ

ெభ
+  

ଵ

ெబ
ቁ − 𝐶ଵଶ ቀ

ଵ
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+  

ଵ
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ቁ − 𝐶ଶ଴ ቀ

ଵ

ெమ
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ଵ

ெబ
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And  𝐷 = (𝐶ଵ଴𝐶ଶ଴ − 𝐶ଵ଴𝐶ଵଶ − 𝐶ଵଶ𝐶ଶ଴) ቀ
ெబାெభାெమ

ெబெభெమ
 ቁ 

The solutions of this equation correspond to the two optical modes given by:  

𝜔ଵଶ
ଶ =

1

2
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4
𝐵ଶ − 𝐷)ଵ/ଶ 

For small parameter (
ସ஽

஻మ ≪ 1), we deduce 
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Where  𝑃ଵ = 3𝑞଴𝑅ଵଶ
ଶ  − 𝑞ଵ𝑅ଶ଴
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The Curie temperature of non-stoichiometric LT and LN is proportional to the Curie temperature TC, as indicated by 
the following relationship 

                                           𝑇஼
∗ =

ఠమ
∗మ

ఠమ
మ =

ெబ
∗ାெభ

∗ାெమ
∗

ெబାெభାெమ

ெబெభெమ

ெబ
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∗ெమ
∗

௉మ௉భ
∗

௉భ௉మ
∗ . 𝑇஼                                        (12) 

The aforementioned relation enables the calculation of Curie temperatures for various vacancy models utilized in this 
study. 
The expression of the quantities X and X* depends on the composition of the LN (stoichiometric or non-stoichiometric 
compositions) and the chosen lacunar model. 
The values of masses and charges used to calculate the Curie temperature of LiBO3 are as follows: 
q(Nb) = q(Ta) =q1= 5; q(Li) =q2 = 1; q(O) =q0 = 2; MNb = M1 = 92.9 a.u (or MTa = M1 = 108.95 a.u)  ; MLi = M2 =6.94   ; MO = 
M0 = 48. 
 
 
 

 

(7) 

(9) 

(11) 
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Table 1. The Curie temperature values (Tc) of LN calculated using the mixed vacancy model (a), the lithium vacancy model (b), 

and the niobium vacancy model (c) are compared to the experimental data from [15] 

Composition 
x 

Curie temperature Tc (K) 
Measured Model (a) Model (b)  Model (c ) 

0.0013 1467 1470.7 1469.4 1376.6 
0.0098 1418 1412.90 1404.1 889.4 
0.0162 1376 1372.55 1359.1 639 
0.0192 1358 1354.49 1338.2 546 

Table 2. The Curie temperature values (Tc) of LT calculated using the mixed vacancy model (a), the lithium vacancy model (b), 

and the niobium vacancy model (c) are compared to the experimental data from [28]  

Composition  
x 

Curie temperature Tc (K) 
Measured Model (a) Model (b)  Model (c ) 

0.0 917 919 919 919 
0.004 906 885.77 882.8 704 
0.008 861 855.05 849.6 565.4 
0.020 783 775.31 764.4 326.9 

 
To calculate the Curie temperatures mentioned in Tables 1 and 2, it is crucial to determine the Curie temperature of the 
exact stoichiometric compositions. We relied on the average temperature values obtained from the following references: 
For lithium niobate (LN), the estimated temperatures are 1475 K [26], 1479.5 K [27], and 1483.15 K [12]. Therefore, 
the average Curie temperature for LN is TcmLN = 1480 K. 
For lithium tantalate (LT), the estimated temperatures are 917 K [28], 928 K [29], and 913 K [30]. The average Curie 
temperature for LT is TcmLT = 919 K. 

3 Models of intrinsic defects in LiBO3 (B = Ta or Nb) crystal 

3.1 Previous models  

Several models of intrinsic defects have been proposed in the literature to describe the congruent LiBO3 crystal [31, 32]. 
Due to the close ionic radii of Li and B ions, the relative deficiency of Li in the lattice results in the displacement of B 
ions to Li sites (referred to as Nb antistes). Fay et al. introduced the first model, called the oxygen vacancy model, with 
the formula [𝐿𝑖ଵିଶ௫ ଶ௫][𝑁𝑏][𝑂ଷି୶ ௫] [18], to describe these defects. They assumed that the ceramic sample of LiBO3 
consists of lithium and oxygen vacancies. However, this initial model was discarded as it proved incompatible with the 
measurement of LiNbO3 density, which increases with increasing lithium deficiency. 
Lerner and  al. later proposed another model called the lithium vacancy model, with the chemical formula [Li 1−5x 
NbxV4x][Nb][O3] [19]. Typically, congruent LiBO3 samples exhibit a deficiency of lithium (Li2O) to balance the charge 
difference resulting from Nb ions occupying Li sites. For each NbLi antisite, there are four lithium vacancies 
( ௅௜).Several references have supported the idea that this model provides a better description of the intrinsic defect 
structure in LiBO3. 
Peterson and Carnevale proposed the defective structure model of niobium, with the formula [Li1-5x Nb5x][Nb1-4x 

V4x][O3] [20], to explain the defects in non-stoichiometric lithium niobate. This model was introduced in their scientific 
article published in 1972, where they employed electron paramagnetic resonance (EPR) spectroscopy techniques to 
investigate the defect structure of lithium niobate. 
In their study, they observed an EPR signal associated with defects in non-stoichiometric lithium niobate. However, the 
intensity of this signal was much weaker than expected for the lithium defect model, which assumes that the defects are 
lithium vacancies. 
Consequently, Peterson and Carnevale proposed a new model, known as the niobium vacancy model, suggesting that 
the defects are niobium vacancies. This model better explains the observed intensity of the EPR signal associated with 
defects in non-stoichiometric lithium niobate. The niobium vacancy model has received support from other scientific 
references, including Abrahams and Marsh in 1986 and Donnerberg et al. in 1989. 

3.2 Our model 

In the literature [33-25], it has been observed that pure LiNbO3 and LiTaO3 materials exhibit a coexistence of lithium 
(Li) and niobium (Nb) vacancies within their structures. This coexistence significantly affects the physical properties of 
the materials, particularly their electro-optical properties [34]. 
To provide a more comprehensive description of the defect structure in non-stoichiometric LT (LiTaO3) and LN 
(LiNbO3) crystals, we have proposed a mixed vacancy model for each crystal (model a) . In order to validate this model 
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and understand its impact on material properties, including the Curie temperature (Tc), we have conducted experimental 
studies and computer simulations of Tc. 
According to our model, there is a simultaneous appearance of lithium and niobium vacancies in the crystal structure as 
shown in Tables 1 and 2. These voids may be due to compositional imbalances, where there is an excess of lithium or 
niobium compared with the ideal stoichiometry. 
Table 3. Chemical formula obtained by analysis [28] and proposed formula according to (a) models for different Li/Nb 

ratios 
Specimen Li/Nb x Experimental formulae 

analysed 
Proposed formulae 

ST 1 0 𝐿𝑖𝑁𝑏𝑂ଷ 𝐿𝑖𝑁𝑏𝑂ଷ 

NST 0.992 0.0013 𝐿𝑖଴.ଽଽସ𝑁𝑏଴.଴଴ଵଷ ଴.଴଴ସ𝑂ଷ [𝐿𝑖଴.ଽଽସ𝑁𝑏଴.଴଴ଵଷ ଴.଴଴ହସ][𝑁𝑏ଵ.଴଴଴ଵ ି଴.଴଴଴଴ଵ][𝑂ଷ] 

CG 0.944 0.0094 𝐿𝑖଴.ଽହଵ𝑁𝑏଴.଴଴ଽ଼ ଴.଴଴ଷଽ𝑂ଷ [𝐿𝑖଴.ଽହଵ𝑁𝑏଴.଴଴ଽ ଴.଴ଷ଼][𝑁𝑏ଵ.଴଴଴ହ ି଴.଴଴଴ହ][𝑂ଷ] 

MN 0.904 0.0162 𝐿𝑖଴.ଽଵଽ𝑁𝑏଴.଴଴ଽ଼ ଴.଴଴ଷଽ𝑂ଷ [𝐿𝑖଴.ଽଵଽ𝑁𝑏଴.଴ଵହ ଴.଴଺଺][𝑁𝑏ଵ.଴଴ଵ ି଴.଴଴ଵ][𝑂ଷ] 

HN 0.886 0.0194 𝐿𝑖଴.ଽ଴ସ𝑁𝑏଴.଴ଵଽଶ ଴.଴଻଻𝑂ଷ [𝐿𝑖଴.ଽ଴ଷ𝑁𝑏଴.଴ଵ଼ସ ଴.଴଻଼ସ][𝑁𝑏ଵ.଴଴ଵ ି଴.଴଴ଵ][𝑂ଷ] 

 
Subsequently, the proposed model for each crystal is 

- The proposed model of LiNbO3. Model (a)  
                                             [𝐿𝑖ଵିହ௫𝑁𝑏భవ

మబ
௫
 ఴభ

మబ
௫

][𝑁𝑏
ଵା

భ 

మబ
௫
 

ି
భ 

మబ
௫

][𝑂ଷ]                                                                 (13) 

- The proposed model of LiTaO3. Model (a)  
                                          [𝐿𝑖ଵିହ௫𝑇𝑎ర

ఱ
௫
 మభ

ఱ
௫

][𝑇𝑎
ଵା

భ 

ఱ
௫
 

ି
భ 

ఱ
௫

][𝑂ଷ]                                                                         (14) 

Table 4. Experimental chemical formulae [23] and proposed formula according to (a) models for different Li/Ta ratios 
Li/Ta x Experimental 

formulae 
Proposed formulae 

1 0 LiTaOଷ LiTaOଷ 

0.976 0.004 Li଴.ଽ଼Taଵ.଴଴ସOଷ [Li଴.ଽ଼Ta଴.଴଴ଷଶ ଴.଴ଵ଻][Taଵ.଴଴଴଼ ି଴.଴଴଴଼][Oଷ] 
0.95 0.0084 𝐿𝑖଴.ଽହ଼𝑇𝑎ଵ.଴଴଼𝑂ଷ [𝐿𝑖଴.ଽହ଼𝑇𝑎଴.଴଴଻ ଴.଴ଷହ][𝑇𝑎ଵ.଴଴ଶ ି଴.଴଴ଶ][Oଷ] 

0.88 0.0204 𝐿𝑖଴.ଽ଴𝑇𝑎ଵ.଴ଶ𝑂ଷ [𝐿𝑖଴.ଽ଴𝑇𝑎଴.଴ଵ଺ ଴.଴଼଺][𝑇𝑎ଵ.଴଴ସ ି଴.଴଴ସ][𝑂ଷ] 

 

3.3 Analysis of Curie temperature in LiBO3 through Different Vacancy Models 

 
The general formula for the vacancy modules of LiBO3 is expressed by the following equation. 
                                                       [𝐿𝑖ଵ𝐵ଶ ଷ]ൣ𝐵ଵ ଶ൧[𝑂ଷ]                                                                               (15) 
The occupancy rates on the lithium site LiLi, NbLi, and Li vacancies (Li) are represented by λ1, λ2, and λ3 respectively. 
Similarly, the occupancy rates on the niobium site NbNb and Nb vacancies (Nb) are represented by μ1 and μ2. 
The occupancy rates must satisfy the following conditions: 
                                                                             ଵ + ଶ + ଷ = 1                                                                         (17) 


ଵ

+ 
ଶ

= 1 
The electronic neutrality of charges requires that  ଵ + 5ଶ + 51 = 6                                                                  (18) 
Using the vacancy models (a), (b) and (c), we determined the expression for the Curie temperature as a function of the 
composition x of LiBO3. Substituting the values of the masses and charges in the non-stoichiometric state with  𝑀ଵ

∗ =


ଵ
Mଵ , 𝑀ଶ

∗ = ଵMଶ + ଶMଵ, 𝑀଴
∗ = M଴ and  𝑞ଵ

∗ = 
ଵ

qଵ, 𝑞ଶ
∗ = ଵqଶ + ଶqଵ, 𝑞଴

∗ = q଴ respectively into the previously 
mentioned Curie temperature expression (equation 1), we obtain the following expressions. 

- For tantalum or Niobium vacancy model (c) [Li1-5x B5x][B1-4x V4x][O3] 
In this case 

𝑇஼,௅்
∗ =

(ଵିଵ଻.଼଼ )(ଵାଵ.଺ଶ௫)(ଵାଶ଴௫)

(ଵା଻଼.଴ଵ )
𝑇௖,௠௅்   (19)  and 𝑇஼,௅ே

∗ =
(ଵିଶସ.଻ହ )(ଵା଴.ଷଽ௫)(ଵାଶ଴௫)

(ଵାହଶ.ଷ଻௫)
𝑇௖,௠௅ே  (20) 

- For Lithium vacancy model (b) [Li 1−5x BxV4x][B][O3] 
In this case 

𝑇஼,௅ே
∗ =

(ଵା଴.଺ଶ௫)

(ଵାଵ଴.଼଺௫)
𝑇௖,௠௅ே  (21)  and 𝑇஼,௅்

∗ =
(ଵା଴.ଷଽ௫))

(ଵାହ.ଽହ௫)
𝑇௖,௠௅் (22) 

- For mixed vacancy (a) model [𝐿𝑖ଵିହ௫𝑁𝑏భవ

మబ
௫
 ఴభ

మబ
௫

][𝑁𝑏
ଵା

భ 

మబ
௫
 

ି
భ 

మబ
௫

][𝑂ଷ] for LN and  

[𝐿𝑖ଵିହ௫𝑇𝑎ర

ఱ
௫
 మభ

ఱ
௫

][𝑇𝑎
ଵା
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ି
భ 

ఱ
௫

][𝑂ଷ] for LT         
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In this case  

𝑇஼,௅ே
∗ =

(଴.ଶହ௫ିଵ)(ଵ ା଴.ଷଽଷ௫)(ଵ ା଴.ଷଵ௫)

(ଽ.ସଽଵ଴షర௫ିଵ)(ଵାହ.ଷଶ௫))
𝑇௖,௠௅ே  (23) for LN   𝑇஼,௅்

∗ =
(଴.ହ௫ ିଵ)(ଵ ାଵ.ଶସ௫)(ଵା଴.଺ଶ௫)

(଴.଴ଷ଻௫ିଵ)(ଵାଵ଴.ଷ଴ )
𝑇௖,௠௅்   (24) for LT 

4 Results and discussion  

We rely on previous vacancy models by comparing experimental results with values calculated using the theoretical 
approach mentioned above .To determine the variation of the Curie temperature as a function of non-stoichiometric 
composition x, we used experimental values of the Curie temperature [28] for LN and [15] for LT. 

 

 

 

 

 

 

 

 

Fig. 3. Variation of the Curie temperature Tc ;LN versus nonstoichiometric composition x. The calculated values according to the 

(a),(b) and (c) vacancy models are compared to the experimental data of [15] 

 

 

 

 

 

 

 

 

Fig. 4.Variation of the Curie temperature Tc ; LT versus nonstoichiometric composition x. The calculated values according to the 

(a),(b) and (c) vacancy models are compared to the experimental data of [28] 

Variations in Curie temperature (Tc) as a function of non-stoichiometric composition (x) are shown in Figures 3 and 4 
for lithium niobate (LN) and lithium tantalate (LT) respectively. It can be seen that Tc decreases for LN and LT as the 
concentration of the non-stoichiometric composition (x) increases. In other words, as the materials become less 
stoichiometric, Tc increases for LN and LT (Tc for stoichiometric LN and LT is higher than for less stoichiometric LN 
and LT). This result can be explained by the decrease in Li2O concentration in LN and LT as the non-stoichiometric 
composition (x) increases (Figure 5 and Table 5), as well as by the fact that excess B5+ ions (BLi) simultaneously occupy 
LiLi sites (normal Li site) and BB sites (B = Ta, Nb), as shown in Tables 3 and 4. Comparing the results of the three 
vacancy models with the experimental data, there is good agreement between the measured temperatures and the values 
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of the mixed vacancy model. Therefore, we can conclude that the mixed vacancy model effectively describes the 
intrinsic defect structure in our materials. 

 

 

 

 

 

 

 

 

Fig. 5. (a) Variation of the theoretical Curie temperature (calculated according to model (a)) and experimental Curie temperature 

[35] as a function of the Li2O concentration in LN, and (b) Theoretical Curie temperature of LT as a function of Li2O, with the 
experimental Tc obtained from equation (2). 
The variation of the Curie temperature, Tc, of LiBO3 with respect to the Li2O concentration is depicted in Figure 5. It is 
evident that Tc increases with an increase in the Li2O concentration. In other words, the transition temperature, Tc, for 
Li-rich compositions in LiBO3 is higher compared to compositions with lower lithium content. When comparing the 
theoretical and experimental trends of Tc as a function of lithium concentration, we observe a good agreement between 
the measured temperatures and the values predicted by the mixed vacancy model (model (a)). 
Based on the data presented in Tables 1, 2, and 5, as well as Figures 3, 4, and 5, it is evident that the theoretical 
approach of Safaryan using the vacancy model (a) for non-stoichiometric LT and LN compounds yields results closer to 
the experimental ones compared to the vacancy models (b) and (c). 
 
Table 5. The Curie temperature values calculated using the mixed model (a) for lithium niobate (LN) and lithium tantalate (LT) are 

compared to the experimental values reported in references [35] for LN and [16] for LT. 

Composition 
(mol% Li2O) 

[𝐿𝑖]
[𝐵]൘  Curie temperature 

LN LT 
Model (a) Measured Model (a) Measured 

47 0.8867 1382.51 1362.65 841.083 808.93 
47.5 0.9047 1397.81 1377.9 852.4892 827.46 
48 0.923 1415.85 1395.262 864.435 848.795 
49 0.9607 1446 1436.32 890.236 899.87 
49.5 0.980 1462.84 1460.03 904.1 929.6 
50 1 1480 1485.85 919 962.15 

 

5 Conclusion  

This work is devoted to the study of intrinsic defects in non-stoichiometric lithium niobate (LiNbO3) and lithium 
tantalate (LiTaO3) crystals. To do this, we use three vacancy models (model (a), model (b), and model (c)), as well as 
the Safaryan approach. The results of computer simulations of the Curie temperature Tc convincingly demonstrate that 
the proposed mixed vacancy model shows excellent agreement with the other models in terms of the match between 
theoretical and experimental results. In conclusion, we can state that the mixed vacancy model, which incorporates the 
coexistence of lithium and tantalum (or niobium) vacancies, adequately describes the intrinsic structural defects in 
LiNbO3 and LiTaO3 crystals. 
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