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Abstract. The thermal exspansion coefficients of 𝑇𝑙𝐼𝑛𝑆2, 𝑇𝑙𝐼𝑛𝑆𝑒2, 𝑎𝑛𝑑 𝑇𝑙𝐼𝑛𝑇𝑒2 were 

measured in the range 77-350K. The data for both single-crystal and polycrystalline imean-square 

dynamic atomic displacements. In goinq from 𝑇𝑙𝐼𝑛𝑆2, 𝑇𝑙𝐼𝑛𝑆𝑒2, 𝑎𝑛𝑑 𝑇𝑙𝐼𝑛𝑇𝑒2, the Debye 

temperature increases and the root-mean-square atomic displacement decreases, which can be 

attributed to the increase in bond ionic. 

 Keywords: solid solution, layered structure, tetraqonal layerchain structure, scattering 

mechanism, Debye temperatures, modulus of rigidity. 

It is well known that crystals with layer and chain structures tend to undergo various phase 

transitions, as exemplified by 𝑇𝑙𝑀𝑋2, (M − In, Ga; X − S, Se, Te) ⌈1 − 4⌉. 

In this work, thermal expansion measurements on TlInS2, TlInSe2 and TlInTe2 in the 

temperature range from 77 to 350K are used to analyze the infiunce of bonding confiquration on 

thermal exspansion and phase transitions. The measurements were performed with the equipment 

described previously ⌈2⌉. 

The figure shows the temperature dependences of the thermal expansion coefficient 𝛼 for 

𝑇𝑙𝐼𝑛𝑆2, 𝑇𝑙𝐼𝑛𝑆𝑒2, 𝑎𝑛𝑑 𝑇𝑙𝐼𝑛𝑇𝑒2. The curves for , 𝑇𝑙𝐼𝑛𝑆𝑒2, 𝑎𝑛𝑑 𝑇𝑙𝐼𝑛𝑇𝑒2, the compounds closely 

similar in crystal structure and chemical bonding, differ insignificantly: 𝛼 first rises sharply with 

temperature and then, above 200K, varies little. Both curves show no anomalies. 

The 𝛼(T) curve for single-crystal 𝑇𝑙𝐼𝑛𝑆2 shows two anomalies, associated with the 

ferroelectric and commensurate- incommensurate phase transitions ⌈1 − 4⌉. The curve for 

polycrystalline TlInS2 exhibits only one anomaly, extending over a wide temperature range. 

Similar anomalies were found earlier in the temperature-dependent heat capacity data for single-

crystal and polycrystaline Sn2PrS6⌈5⌉. 

The distinction between the 𝛼(T) dependences for single-crystal and polycrystalline 

𝑇𝑙𝐼𝑛𝑆2 is atttributable to “random-field” and “random-temperature” effects⌈5⌉, which leads to a 

nonzero order parameter, irrespective of crystal symmetry, and give rise to an electric field 

strongly affecting commensurate and incommensurate phases. 

The anomalies in the 𝛼(T) data for 𝑇𝑙𝐼𝑛𝑆2 are related to distinctive features of its quasi-

tetraqonal layerchain structure: in contrast to the chain structure of 𝑇𝑙𝐼𝑛𝑆𝑒2, 𝑎𝑛𝑑 𝑇𝑙𝐼𝑛𝑇𝑒2, the anion 

sheets and cation chains in the structure of 𝑇𝑙𝐼𝑛𝑆2 are weakly bonded to each other, which 

facilitates phase transitions. 

The 𝛼(T) data for 𝑇𝑙𝐼𝑛𝑆2, 𝑇𝑙𝐼𝑛𝑆𝑒2, 𝑎𝑛𝑑 𝑇𝑙𝐼𝑛𝑇𝑒2 were used to calculate the Debye temperatures 𝜃 

and rootmean-square dynamic atomic displacements  by the empirical formulas ⌈6,7⌉ 

𝜃 =
19.37

√𝐴 ̅𝑉2/3𝛼
, 

√𝑈2̅̅ ̅̅ =4.3x10-14(D(𝜃/𝑇)/(𝜃/𝑇) + 1/4)(�̅�𝜃)-1 , 

 



Where �̅� is the root-mean- square atomic weight, V is the atomic volume, and D(𝜃/𝑇) is the 

Debye function [7]. 

Temperature dependences of 𝛼 for (1) TlInSe2, (2) TlInSe2 and (3) polycrystalline (solid circles) 

and single-crystal (open circles) TlInSe2. 

THERMAL EXPANSION OF 𝑇𝑙𝐼𝑛𝑋2 (𝑋 − 𝑆, 𝑆𝑒, 𝑇𝑒) 

Calculated Debye temperatures and rms atomic displacements 
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The results of our calculations are given in the table. Above 160 K, 𝜃 increases and √𝑈2̅̅ ̅̅  

decreases in to going from 𝑇𝑙𝐼𝑛𝑆𝑒2 𝑡𝑜 𝑇𝑙𝐼𝑛𝑇𝑒2, which is explainable by the increase in bond ionic. 

İn conclusion, the thermal expansion of 𝑇𝑙𝐼𝑛𝑋2 (𝑋 − 𝑆, 𝑆𝑒, 𝑇𝑒) was measured. The 

temperature dependences of 𝛼 for both single- crystal and polycrystalline TlInSe2 were found to 



exhibit features attributable to ferroelectric and commensurate- studied, 𝜃 decreases and √𝑈2̅̅ ̅̅  

increases with increasing temperature. 

The elasticity parameters of the triple compounds 𝑇𝑙𝐼𝑛𝑆2, 𝑇𝑙𝐼𝑛𝑆𝑒2, 𝑎𝑛𝑑 𝑇𝑙𝐼𝑛𝑇𝑒2 are 

calculated based on the one-dimensional values of their isothermal compression: The difference 

between heat capacities at constant pressure and constant volume – 𝐶𝑃 − 𝐶𝑉 =
𝛽2𝑉𝑇

𝛾𝑇
 (Here, β=3α, 

where β is the volumetric expansion coefficient); Young's modulus – 

 √E =
θm

1
3ρ

1
6

1,6818∙103        
 (Here 𝜌-is density, m- mass); modulus of rigidity - μ =

E

3(1−2σ)
 and Poisson's 

coefficient – 𝜎 = 1 −
𝐸

3𝑘
 are calculated. The calculation results have shown that during the 

transition from sulfides to tellurides, the value of Young's modulus decreases, Poisson's 

coefficient, modulus of rigidity, and the difference between heat capacities at constant pressure 

and constant volume increase. This further demonstrates that the interatomic chemical bonding 

strength in compound 𝑇𝑙𝐼𝑛𝑆2 is smaller compared to that in the 𝑇𝑙𝐼𝑛𝑆𝑒2, 𝑎𝑛𝑑 𝑇𝑙𝐼𝑛𝑇𝑒2 crystals. 
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