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 The results of the study of the temperature dependence of the resistivity of a solid solution single crys-

tal (Cd0.69 Zn0.31)3As2 are shown in Figure 3. In the inset to Figure 3, the section corresponding to the vari-

able range of the hopping conductivity according to Mott is highlighted. 

3. Results and discussions 

As the temperature decreases from 320 K, the resistivity decreases from 2·10-3 Ω·cm at 300 K to a mini-

mum of 5·10-4 Ω·cm at 30 K, and then gradually increases. This behavior is typical of the Anderson tran-

sition [10]. The study of the Hall Effect in a magnetic field of 1 T made it possible to calculate the Hall 

coefficient RH, the concentration and mobility of charge carriers. At a temperature of 10 K, the concen-

tration of charge carriers was equal to 2.81·1017 cm-3, decreasing with increasing temperature to 30 K cor-

responding to the metal-insulator transition. Above 30 K, an activation increase in the concentration of 

charge carriers was observed, which is typical for impurity semiconductors up to a value of 3.05·1017 cm-

3. The mobility of charge carriers, m, exhibits behavior characteristic of semiconductors, increasing with 

decreasing temperature. The value of mobility is maxi-

mum at the metal-dielectric transition point at a tem-

perature of 30 K and is 4.51·104 cm2 V-1 s-1. A further 

decrease in temperature leads to a decrease in mobility 

to 4.16·104 cm2 V-1 s-1 at a temperature of 10 K. The 

mechanisms of charge carrier scattering were evaluat-

ed. 

 At low temperatures, in the temperature range from 

10 to 30 K, scattering by ionized impurity atoms and 

mobility m~Т3/2 prevail. In the temperature range from 

30 to 300 K, scattering by thermal vibrations of the 

crystal lattice, µ~T-3/2, predominates. In the inset to 

Fig.3 a linear section of the temperature dependence of 

the resistivity in the temperature range from 10 to 33 K, 

corresponding to the mechanism of hopping conduction 

by the states of the impurity band, is distinguished. Hop-

ping conductivity is described by the universal equation  

[10-12]: 

 

where D is a constant coefficient, T0 is the characteristic temperature, and the parameters m and p depend 

on the mechanism of hopping conduction. We have determined the values of the parameters m=1/4 and p 

= 1/4, which indicates the predominance of the mechanism of hopping conduction with a variable range 

hop according to Mott. Calculating the microparameters, the following obtained values of the coefficients 

were used: the characteristic temperature of the hopping conductivity T0 = 28.60 K; hopping conduction 

onset temperature TV = 28.44; coefficient D = 8.488·10-5. For hopping conduction with a variable hop 

length, the following values of microparameters were obtained: Coulomb gap width in the density of lo-

calized states Δ = 0.43 meV; acceptor zone width W = 2.45 meV; the value of the density of localized 

states outside the parabolic gap g = 2.93·1017 cm-3 meV-1; charge carrier localization radius а = 307 Å. 

4. Conclusions 

Single crystals of (Cd0.69Zn0.31)3As2 solid solutions were obtained by the modified Bridgman method. The 

sample composition and the element distribution was controlled using JSM -6610LV (Jeol) scanning 

electron microscope (SEM) with an X-MaxN (Oxford Instruments) energy dispersive X-ray spectroscopy 

(EDX) attachment. 

It has been established that the studied sample crystallizes in space group P42/nmc with lattice parameters 

a = 8.78 Å, b = 12.42 Å. We have investigated the electrical conductivity in the temperature range from 

10 to 300 K and in a magnetic field of 1 T, and determined the temperature dependences of the concentra-

tion and mobility of charge carriers. It has been established that in the temperature range from 10 to 33 K, 

hopping conduction with a variable range of the Mott-type hop takes place, and its micro parameters have 

been determined.  

Abstract 

Recent studies of Cd3As2 have revealed the topological aspect of its electrical properties. At the 

same time, the attention of researchers is attracted by the study of the properties of solid solu-

tions of the Dirac semimetal Cd3As2. The modified Bridgeman method was used to obtain single 

crystals of (Cd0.69Zn0.31)3As2. It has been established that the studied sample crystallizes in space 

group P42/nmc with lattice parameters a = 8.78 Å, b = 12.42 Å. We have investigated the electri-

cal conductivity in the temperature range from 10 to 300 K and in a magnetic field of 1 T, and 

determined the temperature dependences of the concentration and mobility of charge carriers. It 

has been established that in the temperature range from 10 to 33 K, hopping conduction with a 

variable length of the Mott-type hoping takes place, and its micro parameters have been deter-

mined.  
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1. Introduction 

Among topological materials, the narrow-gap semiconductor cadmium arsenide (Cd3As2) with an 

inverted structure of energy bands and the highest carrier mobility among semiconductors and sem-

imetals (largely exceeding 104 cm2/(V·s) at the room temperature) is distinguished by its chemical 

stability, low toxicity, and good manufacturability [1,2]. Cd3As2 was believed to manifest an invert-

ed band structure due to the spin-orbital coupling (SOC) [3]. The 3D Dirac cones of Cd3As2 have 

been observed in angle-resolved photoemission spectroscopy (ARPES) [2,4,5]. At low Zn content 

vapor phase synthesized (Cd1-xZnx)3As2 (CZA) single crystals are demonstrated the Dirac semimet-

al phase [6 - 8]. Within 0.3≤ x≤ 0.5 composition region a transition from an inverted band structure 

is expected, accompanied by a transition from a topological phase to a trivial band semiconductor 

[7, 8].  

2. Experiment 

 The modified Bridgman method was used to 

obtain CZA single crystals. Stoichiometric 

amounts of Cd3As2 and Zn3As2 binary compounds 

were placed in a graphitized and evacuated quartz 

ampoule. The CZA melt was slowly cooled from 

the melting temperature of 838°C at a rate of 5°C/

h in the furnace temperature gradient.  

 The composition of the samples and their ho-

mogeneity were controlled by powder x-ray dif-

fraction and energy dispersive x-ray spectroscopy 

(EDX). X-ray phase analysis (XPA) of the sample 

was performed using  a GBC EMMA X-ray dif-

fractometer (Cu Ka radiation, λ = 1.5401 Å) at the 

room temperature. It has been established that the 

studied sample crystallizes in space group P42/

nmc with lattice parameters a = 8.78 Å, b = 12.42 

Å [9]. To study the composition and distribution of 

elements on the surface, we used a JSM-6610LV 

(Jeol) scanning electron microscope (SEM) with 

an X-MaxN (Oxford Instruments) energy disper-

sive X-ray spectroscopy (EDX) attachment. 

  Figure 1 shows the EDX spectrum from the 

surface of the (Cd1-xZnx)3As2 sample. Figure 2 

shows the powder diffraction pattern of the (Cd1-

xZnx)3As2 sample. 

 Samples for the study of electrical con-

ductivity by the six-probe method were par-

allelepipeds 1.35×0.67×0.50mm. The tem-

perature dependence of electrical conductivi-

ty was studied in the temperature range from 

10 to 300K, and the Hall effect in a magnetic 

field 1T.  

 

Fig. 1. The spectrum of EDX from the surface of (Cd1

-xZnx)3As2 corresponds to the composition (x=0.31) 

Fig.2. Powder diffraction pattern of the (Cd1-

xZnx)3As2 sample. 

Fig. 3. Temperature dependence of the re-

sistivity of (Cd0.69Zn0.31)3As2 solid solution 

single crystal. The temperature range 10-

33 K on the Fig. 3. insert corresponding to 

Mott variable range. hopping conductivity. 



Эксперимент 
Получение керамических образцов La0.5Sr0.5Mn1-yFeyO3 и исследование механизмов электропроводности 

Керамические образцы La0.5Sr0.5Mn0.9Fe0.1O3 и La0.5Sr0.5MnO3   были получены с применением стандартной твердофазной реакции. Для синтеза использовались исходные материалы La2Оз, МnО2, Fe2O3 и SrСОз. Смеси порошков исходных материалов отжигались на воздухе при температуре 1360°С в течение 40 часов с про-

межуточным измельчением. Полученный порошок прессовался в таблетки под давлением 2000 кг/см2, затем таблетки отжигались на воздухе при температуре 1360°С в течение 22 часов. В соответствии с результатами рентгенофазового анализа было установлено, все образцы соответствовали пространственной группе R-Зс. 

La0.5Sr0.5MnO3  R-3c, hexagonal , а = 5.473408  , b = 5.473408 , c = 13.345732;  La0.5Sr0.5Mn0.9Fe0.1O3 R-3c, hexagonal, а = 5.477067, b = 5.477067, c = 13.353921;  

Измерения электропроводности и магнетосопротивления были проведены на автоматизированной установке  замкнутого цикла (Mini Cryogen Free Measurements System (Cryogenic Ltd, UK)) в интервале температур 20 ÷ 300 K и в магнитном поле до 1 Тл. Полученные температурные зависимости  электропроводности и маг-

нетосопротивления керамических образцов La0.5Sr0.5MnO3  и La0.5Sr0.5Mn0.9Fe0.1O3 (см. Fig. 1 (Abstract)   и Рис. 3) существенно отличались от исследованных ранее образцов La0.7Sr0.3Mn1-yFeyO3 с содержанием железа  0.03 ≤ у ≤ 0.25 [3]. В обоих исследованных образцах наблюдалось положительное магнетосопротивление, в то 

время как в системе твѐрдых растворов La0.7Sr0.3Mn1-yFeyO3 наблюдался эффект колоссального  магнетосопротивления (подавления сопротивления образца внешним полем). Легирование железом  приводило к росту удельного сопротивления, сопровождающееся превращением металлической проводимости для у = 0.03 в акти-

вационную при у= 0.25. 

 
 

   

   

   

 

 

 

 
 
 
 
 
 
 
Для керамических образцов La0.5Sr0.5MnO3   были установлены температурные диапазоны и тип прыжковой проводимости, указано сопротивление ρ0 и энергия активации Ea, (см. Тблицу1) 

Как видно из сравнения рис. 4,рис. 5, рис. 6 и Fig 1 и  (Abstract) легирование 10% Fe приводит к сильному изменению температурной зависимости соротивления в нулевом и магнитном поле 1Тл. Легирование железом привело к исчезновению низкотемпературного участка прыжковой проводимости, а участок прыжковой про-

водимости с переменной длинной прыжка по Шкловскому –Эфрос сместился в более высокме температуры. 



Discussion 

The analysis of the experimental neutron diffraction patterns La0.7Ca0.3Mn0.5Fe0.5O3 sample (see Fig.3) indicates on the formation of antiferromagnetic long-range ordering G-type [10]. In the AFM phase of G-type direction of the magnetic moment of each Mn ion opposite to the direction of the magnetic moment of its neighboring ions Mn. Ap-

parently from Fig. 3, in the samples with decreasing temperature there is an increase in the peak intensity at the interplanar spacing d = 4.45 Å which indicates the formation of antiferromagnetic ordering of the G-type. Analysis of the temperature dependence of the average magnetic moments of ions per formula unit showed that the magnetic transi-

tion temperature in the AFM state of the G-type is 350 K for La0.7Ca0.3Mn0.5Fe0.5O3. The magnetic moments of one Mn / Fe ion accounted 0.9 μB at 10 K. Throughout the temperature range 10 ÷ 300 K has not been detected appearance additional contribution to the intensity of the nuclear peaks at interplanar spacing d = 3.85 Å, which is typical for 

ferromagnetism in manganite perovskites [11].Thus, from a comparison of the results of the analysis of experimental neutron diffraction patterns and temperature dependence of the magnetization, M(T)  La0.7Ca0.3Mn0.5Fe0.5O3 sample we conclude that the antiferromagnetic long-range ordering G-type [10] appears below the magnetic transition tem-

perature in 350 K . With decreasing temperature there is an increase in the neutron diffraction patterns peak intensity the AFM state of the G-type and simultaneously the temperature dependence of the magnetization, M(T)  suggests the frustration of magnetic ground state and the existence of a spin-glass or a cluster-glass phase. 

 

 

 

 

 


