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Dielectric permittivity and AC electrical conductivity of FeGa0.8In1.2Se4 crystal were investigated over wide 

frequency and temperature ranges. It was determined that the real and imaginary parts of the dielectric permittivity 
exhibit significant dispersion of relaxation character. In the temperature range of 295–358 K and the frequency 

range of 2 × 10⁴–10⁶ Hz, the electrical conductivity follows a power-law dependence σ(ω) ∝ ωs (0.1 ≤ s ≤ 1.0). 

The observed frequency and temperature dependences are consistent with a thermally activated hopping conduction 

mechanism. The activation energy of charge carriers in the FeGa0.8In1.2Se4 crystal was determined from the 
temperature dependence on the electrical conductivity. 
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Introduction 

In recent years, ternary chalcogenide compounds, 

which include elements that do not completely fill the d- 

and f- layers, belong to the class of multicomponent 

semiconductors and have been intensively studied because 

of their unusual physical properties and practical 

applications. Magnetic semiconductors with the general 

formula AB₂X₄ (A = Mn, Fe, Co, Ni; B = Ga, In; X = S, 

Se, Te), for which the physical processes are not yet 

comprehensively investigated, have attracted considerable 

attention owing to their potential to extend the 

functionality of new-generation optoelectronic [1–5], 

magnetic [4,5, 6–8], and photovoltaic devices [9–11]. 

Based on these connections, lasers, light modulators, 

photodetectors, thermoresistors, rectifiers, etc. it is 

promising to create functional devices. Changing the 

composition of  these compounds via alloying and 

obtaining solid solutions based on them can be used to 

optimize their functional properties-such as magnetic [12–

15], thermoelectric [16], and dielectric [17,18]. It should 

be noted that some compounds of the above type and 

heterojunctions based on them demonstrate high 

photocatalytic activity in water splitting [19–22], and 

wastewater treatment processes [23,24]. On the other 

hand, recent research has shown that some of these spinel 

structure compounds are good candidates for use as a new 

type of anode materials for stable ion storage in lithium 

(sodium) ion batteries [25–27]. 

The above shows that research in the field of these 

compounds and obtaining new phases based on them, and 

studying their properties is relevant. In the current work, 

the electrical properties of the FeGa0.8In1.2Se4 crystal 

belonging to the mentioned class of compounds were 

studied in an alternating electric field. 

I. Experimental  

FeGa0.8In1.2Se4 crystal was obtained from 

stoichiometric amount of high purity elements (99.99). 

The crystal was synthesized at a temperature of 1250 K 

and then homogenized at a temperature of 1000 K. Then 
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the powder diffraction pattern of the synthesized alloy was 

recorded on a D2 Phaser diffractometer  and analyzed in 

the TOPAS-4.2 program from Bruker. As a result of X-ray 

analysis, it was determined that FeGa0.8In1.2Se4 

crystallizes into trigonal syngonium (Sp. Gr. R-3m) with 

crystal lattice parameters a = 3.983 Å and c = 38.811 Å 

[28]. A typical diffractogram of the FeGa0.8In1.2Se4 crystal 

at room temperature is shown in Fig. 1. To measure 

capacitance and resistance, capacitors were prepared by 

applying silver paste to FeGa0.8In1.2Se4 crystal plates with 

a thickness of ~ 1 mm, and measurements were made 

using a digital impedance meter E7-20 (25 ÷ 106 Hz). The 

cryostat in which the crystals are placed is regulated in the 

temperature range of 293 ÷ 400K. The voltage applied to 

the samples is 1V.  

The real part of the dielectric permittivity was 

calculated from the expressions ε'= Cd/ε0S, and the 

imaginary part ε''= tgδ·ε'. 

II. Results and discussion 

Fig. 2a shows the graph of the frequency dependence 

of the real part of the dielectric permittivity (ε') for the 

FeGa0.8In1.2Se4 crystal at a temperature of 295 K. It was 

determined that at frequencies of 2·104 ÷ 106 Hz, the value 

of ε' varies in the range of 23 ÷ 161 and significant 

dispersion occurs. At the studied temperature, ε' first 

decreases slowly as the frequency increases, and starting 

from the frequency of 2·104 Hz, ε' decreases more rapidly. 

Fig. 2b shows the dependence of FeGa0.8In1.2Se4 

crystal temperature ε' on T at a frequency of 106 Hz. At 

temperatures of 295÷358 K, the value of ε′ varies between 

23÷63. As the temperature rises, the increase in the value 

of ε′ is due to the increase in the concentration of defects 

[29, 30].  

Fig. 3 shows the graph of dependence of the 

imaginary part of the dielectric permittivity (ε'') on the 

electric field frequency in the temperature range of  

295 ÷ 358K for the FeGa0.8In1.2Se4 crystal. At frequencies 

2·104 ÷ 106 Hz, as the frequency increases, the dependence 

has the character of a monotonous decrease, as the 

frequency increases, ε'' undergoes significant dispersion. 

The monotonous decrease of ε'' observed in the 

experiment as a function of frequency indicates the 

occurrence of relaxation dispersion in the FeGa0.8In1.2Se4 

 
Fig. 1. X-ray diffraction pattern of a FeGa0.8In1.2Se4 crystal at room temperature. 

 

 
Fig. 2. Dependence of (a) lgε'~ lgf and (b) ε'~T (f = 106Hz) for FeGa0.8In1.2Se4 crystal. 
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crystal [31]. 

The frequency and temperature dependences of the 

dielectric permittivity indicate that the dielectric response 

of FeGa0.8In1.2Se4 crystals is governed by defect-related 

polarization mechanisms. Structural disorder and partial 

nonstoichiometry lead to the formation of localized states, 

which act as dipolar centers and give rise to dielectric 

relaxation. At low frequencies, the strong dispersion of the 

dielectric permittivity is associated with the inability of 

these dipoles to follow the rapidly alternating electric 

field. 

 

 
Fig. 3. Dependence of ε'' ~ lgf of FeGa0.8In1.2Se4 crystal at 

different temperatures. T, K:  

1 – 295, 2 – 313, 3 – 333, 4 – 343, 5 – 358.  
 

In addition to dipolar polarization, interfacial 

(Maxwell–Wagner) polarization contributes to the 

dielectric response due to electrical inhomogeneities 

within the crystal. Such polarization effects are typical for 

layered and disordered chalcogenide semiconductors and 

become more pronounced with increasing temperature.  

Fig. 4 shows the graph of the dependence of the 

electric conductivity (σ) of the FeGa0.8In1.2Se4 crystal on 

the electric field frequency (f) at different temperatures. It 

can be seen from the dependence of σ(f) that an increase 

of σ is observed in the studied frequency interval. For the 

FeGa0.8In1.2Se4 crystal in the frequency range of  

2·104 ÷106 Hz Hz  

 

 𝜎~𝑓𝑆  (1) 

 

the regularity shows itself. At temperatures of 295 ÷ 358 K 

and frequencies of 2·104÷106 Hz, the quantity S assumes 

values of 0.02 ÷ 0.38.  

 

 
Fig. 4. Dependence of lgσ ~ lgf of FeGa0.8In1.2Se4 crystal 

at different temperatures. T, K:  

1 – 295, 2 – 313, 3 – 333, 4 – 343, 5 – 358. 

The AC electrical conductivity of FeGa0.8In1.2Se4 

crystals follows a power-law dependence σ(ω) ∝ ωˢ, 

where the exponent s remains smaller than unity, 

indicating non-Drude-type charge transport. To further 

clarify the conduction mechanism, the temperature 

dependence of s was analyzed at a fixed frequency of  

f = 105 Hz, as shown in fig. 5. 

 

 
Fig. 5. Temperature dependence of the exponent s for 

FeGa₀.₈In₁.₂Se₄ crystal at 105 Hz. 
 

As seen from the s(T) curve, the exponent s decreases 

with increasing temperature at lower temperatures, 

reaches a minimum around 320 K, and then increases at 

higher temperatures. This non-monotonic behavior cannot 

be explained by band-type conduction and is characteristic 

of thermally activated hopping of charge carriers between 

localized states. Such behavior is consistent with the 

Mott–Davis [32] and correlated barrier hopping (CBH) 

models [33-34]. 

The AC electrical conductivity of FeGa0.8In1.2Se4 

crystals follows a power-law dependence σ(ω) ∝ ωˢ with 

0.01 ≤ s ≤ 1.0, which is characteristic of hopping-type 

charge transport in disordered semiconductors [32]. To 

further verify the hopping mechanism, the temperature 

dependence of ln(σ·T) was analyzed at a fixed frequency 

of f = 106 Hz. 

As shown in Fig. 6, the dependence of ln(σ·T) on 

temperature exhibits linear behavior within a limited 

temperature interval, indicating thermally activated 

charge transport. This observation is consistent with 

theoretical models of hopping conduction in disordered 

systems, such as the Mott–Davis and correlated barrier 

hopping models. 

 

 
Fig. 6. ln(σ∙T) ~ f(T) dependence for FeGa0.8In1.2Se4 

crystal (f = 106Hz ). 
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The presence of structural disorder and defect-related 

localized states in FeGa0.8In1.2Se₄ crystals leads to 

charging carrier hopping between energetically near 

states. Therefore, Fig. 6 confirms that the hopping 

mechanism contributes to electrical conductivity in the 

studied temperature and frequency ranges. 

It should be noted that AB2X4-type compounds 

exhibit properties characteristic of disordered and 

compensated semiconductors [35], for which hopping-

type charge transport is typical [36–37]. Therefore, the 

observed frequency-dependent increase in the AC 

electrical conductivity of the FeGa0.8In1.2Se4 crystal can be 

attributed to thermally activated hopping of charge 

carriers between localized states with close energies. 

Charge transfer in the studied crystal is a thermally 

activated process, the temperature dependence of the 

specific conductivity for different frequencies follows the 

Arrhenius law: 

 

 𝜎 = 𝜎0𝑒
−
∆𝐸

𝑘𝑇.    (4) 

 

Here k is the Bolsman constant. Fig. 7 shows the graph 

of the temperature dependence of the electrical 

conductivity of the FeGa0.8In1.2Se4 crystal at different 

frequencies of the alternating electric field. At the studied 

frequencies, the dependence of lgσ ~ 103/T consists of a 

straight line with the same trends. From these straight line 

dependences the activation energies were determined. At 

frequencies of 2·104106 Hz, the value of  is ~ 0.11eV. 

 

 
Fig. 7. Dependence on lgσ ~ 103/T of the FeGa0.8In1.2Se4 

crystal at different frequencies of the electric field. f, Hz: 

1 – 2∙104, 2 – 2·105, 3 –106. 

 

The temperature dependence of the AC electrical 

conductivity exhibits Arrhenius-type behavior only within 

a limited temperature range, where a linear dependence of 

lgσ on 10³/T is observed. The extracted activation energy 

(~0.11 eV) is relatively small and therefore cannot be 

attributed to intrinsic band conduction. Instead, it is 

associated with thermally activated hopping of charge 

carriers between defect-related localized states near the 

Fermi level. 

The Arrhenius approximation was applied exclusively 

in the temperature interval exhibiting linear behavior, and 

the uncertainty of the activation energy was estimated 

from the linear fitting procedure. This analysis indicates 

that charge transport in FeGa0.8In1.2Se4 crystals is 

governed by defect-mediated hopping processes rather 

than intrinsic carrier excitation. 

Conclusions 

The real and imaginary parts of the dielectric 

permittivity and the AC electrical conductivity of 

FeGa0.8In1.2Se4 crystals were investigated in the 

temperature range of 295–358 K and at frequencies from 

2∙104 to 106 Hz. An increase in the real part of the 

dielectric permittivity with temperature is observed, which 

is attributed to thermally activated polarization processes 

involving defect-related localized states. Both ε′ and ε″ 

exhibit relaxation-type dispersion within the studied 

frequency range, indicating the contribution of dipolar and 

interfacial (Maxwell–Wagner) polarization mechanisms. 

The AC electrical conductivity follows a power-law 

dependence σ(ω) ∝ ωs with 0.1 ≤ s ≤ 1.0. The temperature 

dependence on the exponent s supports a thermally 

activated hopping conduction mechanism. This behavior 

is associated with charge carrier hopping between 

localized states formed by structural defects and disorder 

in the crystal lattice. The relatively low activation energies 

extracted from the temperature dependence of the 

conductivity further confirm that charge transport is 

dominated by hopping processes rather than intrinsic band 

conduction. The obtained results clarify the dielectric 

response and charge transport mechanisms in 

FeGa0.8In1.2Se4 crystals within the investigated 

temperature and frequency ranges. 
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Діелектричні властивості та електропровідність кристалів FeGa₀.₈In₁.₂Se₄ 

на змінному струмі 
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Досліджено діелектричну проникність і електропровідність змінного струму кристала FeGa₀.₈In₁.₂Se₄ у 

широких діапазонах частот і температур. Встановлено, що дійсна та уявна частини діелектричної 

проникності демонструють значну дисперсію релаксаційного характеру. У температурному інтервалі 295–

358 K та частотному діапазоні 2 × 10⁴–10⁶ Гц електропровідність підпорядковується степеневій залежності 

σ(ω) ∝ ωˢ (0.1 ≤ s ≤ 1.0). Виявлені частотні та температурні залежності узгоджуються з термічно 

активованим стрибковим механізмом провідності. Енергію активації носіїв заряду в кристалі FeGa₀.₈In₁.₂Se₄ 

визначено з температурної залежності електропровідності. 

Ключові слова: кристал, діелектрична проникність, електропровідність, розсіювання, частота, 
температура, стрибковий механізм, енергія активації. 
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