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ABSTRACT 

 

 The structural properties of ZnxCd1-xTe ternary nanorods for (x= 

0.25, 0.50 and 0.75) have been investigated by performing classical 

molecular dynamics simulations at various temperatures. An atomistic 

many-body potential energy function has been used to represent the 

interparticle interactions. It has been found that the structural properties 

of ZnxCd1-xTe ternary nanorods show a dependence on stoichiometry and 

temperature. 

 

 

 

 

 

INTRODUCTION 

 

 ZnCdTe, a ternary II-VI compound semiconductor that is used in a variety of technologies has been given 

much attention in recent years due to its adequate properties. The crystal which has excellent photoelectric 

properties and an high atomic number is promising semiconductor material used in space astronomy, 

environmental monitoring, homeland security and high resolution x-ray and γ-ray detectors for medical imaging 

applications at room temperature [1,2,3,4]. Moreover, the ZnxCd1-xTe alloy crystals have widely attracted among 

semiconductor materials with higher resistivity, which renders low noise level due to its applications in 

optoelectronic devices [5,6] and solar cells [7]. CZT nanowire sensors have been studied for detection of low energy γ-

ray detection [8]. ZnxCd1-xTe alloyed nanocrystals with different compositions have been synthesized in an aqueous 

solution with thioglycolic acid (TGA) as a stabilizer [9].  

 

 One-dimensional nanostructures, such as nanowires, nanorods and nanobelts, have received a great deal 

of attention over the past few years, especially ZnxCd1-xTe and ZnTe and CdTe strusctures. Recently, the optical 

properties of the obtained CZT nanorods have been investigated by photoluminescence (PL) spectroscopy with 

different refluxing times [10]. CdxZn1-xTe nanowires have been performed through control of growth temperature and 

using vapor-liquid-solid (VLS) method [11]. A VLS approach and template synthesis techniques have been reported 

for the preparation of ZnTe nanowires [12,13,14]. The electrical properties of ZnTe nanowires have been also 

measured at temperature range 15–100 ○C [15]. Moreover, various liquid phase and template-assisted synthesis 

techniques have been reported for the preparation of CdTe nanowires [16,17,18]. Presently, it has been observed that 

ZnCdTe crystal will be the future technology that will allow the development of the next-generation of x-ray 

inspection and imaging systems that are required for a number of applications such as non-destructive inspection 

and testing of manufactured goods, as well as x-ray food inspection and x-ray fluorescence. Therefore, it is 

important to understand the structural properties of the material at various temperatures. 

 

 Molecular dynamics (MD) simulation is a powerful method used to study the properties at the macroscopic 

level based on information at the microscopic level. A computer simulation offers a route to investigate the material 

behavior at extreme temperatures which are difficult to realize in experiments.  
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In this study, we have investigated theoretically mixed ZnxCd1-xTe nanorods representing solid solutions of the 

(ZnTe)x and (CdTe)1-x compounds for three compositions with x = 0.25, 0.50 and 0.75 using classical molecular-

dynamics simulations at different temperatures with the aid of atomistic many-body potential energy functions 

(PEFs). These compounds form a complete series of solid solutions with a cubic Zinc Blende structure with a direct 

energy gap. ZnxCd1-x Te nanorods are formed by the replacement of some of the Zn atoms in the ZnTe lattice with 

Cd atoms. The Zn and Cd concentration profiles determine the homogeneity of these mixed crystals. The present 

study is expected to be useful for understanding the influence of material structure on its properties and to offer 

relevant information for both experimental and theoretical research. 

 

The method of calculations 

 

 In the molecular dynamics (MD) calculations, a many-body PEF, which is a linear combination of a two-body 

and three-body interactions, has been considered to perform total energy calculation. The two-body interactions Uij 

are described by the Lennard–Jones function [19], whereas the three-body interactions (Wijk) are described by the 

Axilrod-Teller triple-dipole function [20]. The explicit form of the total interaction potential energy of the system 

considered is given by  

 

   ,,,3232  


jkikij

ji

ij rrrUrU                                                                            (1) 

 

where 2U  and 3U  are the total two and three-body interaction potential energies, respectively, 
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 A similar PEF with a different set of parameters has been used to study the structural properties and 

energetics of Zn, Cd, and ZnCd clusters [21,22,23] and also to simulate the bulk, surface, and cluster properties of Si, 

GaAs and AlGaAs, SiGaAs, AuGaAs, SiC and SiO [24, 25,26,27,28,29], the cluster properties of AlTiNi systems [30,31], the 

structural properties of silicene nanoribbons (SiNRs) [32] and also the structural properties of Si nanorods [33]. 

 

 The potential parameters used in the present study are shown in Table 1. The parametrization of the 

present PEF is given in detail in Ref. [21] for Zn, Cd, ZnCd. In addition to this, in the present study we have 

determined the potential parameters for Te, ZnTe, and CdTe systems to investigate the structural properties and 

energetics of ZnxCd1-xTe nanorods. The aim of the present study is, therefore, to investigate the structural properties 

and energetics of ZnxCd1-xTe nanorods for (x= 0.25, 0.50 and 0.75) at various temperatures. The simulations were 

carried out using the Nordsieck–Gear algorithm [37, 38] and predictor-corrector method [39]. The simulation initially 

started at 1K. Simulation cells of a size corresponding to an 1×1×1 unit cell consisting of 8 atoms were created. 

ZnxCd1-xTe ternary nanorods possess a cubic structure with a lattice constant of 5.708 Å (see Figure 1).  Particle 

velocities were generated according to Maxwell-Bolztmann velocity distribution. In order to solve the equation of 

motion, the Nordsieck-Gear algorithm with a time step of 1.0 fs were used. The cut-off radius of 7.0 Å was used for 

maximum interaction range. A periodic boundary condition was imposed along the rod axis (z-axis in our case). The 

temperature ranges are as the follows: 1 K and 1500 K for Zn0.25Cd0.75Te, 1 K and 1800 K for Zn0.50Cd0.50Te, and 1 

K and 2100 K for Zn0.75Cd0.25Te. The systems are relaxed until they reach equilibrium energetically.  Depending on 

the composition and temperature the range of relaxation time varies as follows: Initially, Zn0.25Cd0.75Te, 

Zn0.50Cd0.50Te and   Zn0.75Cd0.25Te nanorods were equilibrated in 45000, 30000 and 40000 time steps at 1K 

respectively. After that, time steps for Zn0.25Cd0.75Te, Zn0.50Cd0.50Te and Zn0.7 5Cd0.25Te are obtained by time 

averaging 300.000, 160.000 and 250.000 between 300K and 2100K separately. The initial cell sizes (x, y, z) of 

three ZnCdTe nanorod models considered in the present study are 10.6, 10.6 and 33.5 Å respectively. Cross 

section and side views of the initial structures of the three ZnCdTe nanorod models are shown in Figure 2. 
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Figure 1: Unit cells for the three nanorod models of ZnxCd1-xTe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Side and cross section views of the generated structures of three ZnCdTe nanorod models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS AND DISCUSSION 

 

 In this section, the method of calculation described above has been applied to compute structural 

properties of ZnxCd1-xTe ternary alloys nanorods with Zn concentrations for x= 0.25, 0.50 and 0.75. CdTe and ZnTe 

have the cubic Zinc Sulfide, or Zinc Blende structure [40]. The ZnxCd1-xTe ternary alloys were obtained by means of 

a ZnTe crystal with Cd atoms substituted for a fraction x of the Zn atoms.  

 

 Figure 3 shows side and cross-section views with the corresponding total interaction energies of the 

Zn0.25Cd0.75Te nanorod at different temperatures. As can be seen from Figure 2, the structure of the Zn0.25Cd0.75Te 

nanorod changes depending on temperature. When the temperature reaches 900 K, the energy of the system 
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begins to rise and after reaching 300 K, Zn atoms start to separate from the composition up until 1500 K, where 

they then disappear completely. The number of atoms remaining in terms of different temperatures for the three 

ZnCdTe nanorod models is given in Table 2. Figure 4 shows the number of Zn atoms variation with temperature for 

ZnCdTe nanorod models. 

  

 As temperature increases, a uniformly distributed Zn0.25Cd0.75Te nanorod becomes a more random 

distribution. The cross sections as well as the top view of the nanorods simulated are displayed in Figure 3. As seen 

in the figures the change from the nanorod structure to the tubular structure takes place as a result of increasing 

temperature. 

 

Figure 3: The structures of Zn0.25Cd0.75Te nanorod at different temperatures. Pictures show side and cross-section 

views with the corresponding total interaction energies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5 shows side and cross-section views with the corresponding total interaction energies of the 

Zn0.50Cd0.50Te nanorod at different temperatures. As can be seen from the figure the structure of the Zn0.50Cd0.50Te 

nanorod shows a dependence on temperature increase and stochiometry. When the temperature reaches 900 K, 

the energy of the system begins to rise. Zn atoms evaporate completely at a temperature of 1800 K and CdTe 

atoms remain and display a uniform structure. After reaching a temperature of 300 K, the nanorod starts to form a 

tubular structure as clearly seen from the cross section of the side view. In addition to this, Zn atoms show a 

tendency to separate from the nanorod with temperature increase like the other composition (Zn0.25Cd0.75Te). 

However, Zn0.25Cd0.75Te and Zn0.50Cd0.50Te nanorods have different structural characteristics than each other. 

 

 Side and cross-section views with the corresponding total interaction energies of the Zn0.75Cd0.25Te 

nanorod at different temperatures are displayed in Figure 6 for x=0.75. Zn atoms in this model decrease 

significantly from 72 atoms to 0 atoms when the temperature increases from 1 to 2100 K. After reaching a 

temperature of 1800 K, only Cd and Te atoms remain in the nanorod. Unlike the other compounds, a three-

dimensional Zn0.75Cd0.25Te nanorod becomes a two-dimensional structure between 1200 K and 1800 K. Figure 6 

clearly shows both sides and cross section views. It is interesting to note that after reaching 1800 K a 2D structure 

changes to become 3D in some sort of capsule like structure connected with an atom chain.  
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Figure 4:  The number of Zn atoms variation with temperature for ZnCdTe nanorod models 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Same as Figure 2 but for Zn0.50Cd0.50Te. 
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Figure 6: Same as Figure 2 but for Zn0.75Cd0.25Te. Pictures for 1200, 1500 and 1800 K have two different side 

views. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Potential parameters used in the calculations. 

 
 

       Interaction     )eV(       (Å)0r         Interaction       Z(eV Å9)      Interaction           Z(eV Å9) 

 

          Zn-Zna            0.070        3.000            Zn-Zn-Zn            -490.0a          Cd-Cd-Cd        -1750.0a  

          Zn-Cda           0.015        3.350           Zn-Zn-Cd           -400.0a          Cd-Cd-Te           2870.0 

          Zn-Tec            0.900        2.366           Zn-Cd-Cd          -500.0a          Cd-Te-Te            2925.0 

          Cd-Cda           0.050        3.500           Zn-Cd-Te            2850.0          Te-Te-Te           3275.0 

          Cd-Te                1.150       2.570b          Zn-Zn-Te          2970.0 

           Te-Te             1.200        2.557d          Zn-Te-Te            2950.0 

     

 

aReference [21] 
 bReference [34] 
 cReference [35]  
  dReference [36]  
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Table 2: Number of atoms in the ZnCdTe nanorod models at different temperatures. At 1 K there is no missing 

atom in all the models. 

 

 

     T(K)                 Zn 0.25 Cd 0.75 Te                  Zn 0.50 Cd 0.50 Te                 Zn 0.75 Cd 0.25 Te 

 

 

                              Zn         Cd       Te               Zn        Cd       Te              Zn       Cd        Te      

 

           1                 24        72      96               48        48       96             72         24       96 

       300                24        72       96               47       48       96              65        24        96 

       600                17        72       96               43       48       96              62        24        96 

       900                  5        72       96               24       48       96              52        24        96 

     1200                  2        72       96               12       48       96              29        24        96 

     1500                            71       96                 3       48       96              13         24        96 

     1800                                                                       48       96                5         24        96 

     2100                                                                                                                   24        96 

 

 

 

CONCLUSIONS 

 

 Classical molecular dynamics simulations using an atomistic many-body potential energy function (PEF) for 

ZnxCd1-xTe (x= 0.25, 0.50 and 0.75) nanorods have been performed. The calculations clearly showed that the 

ZnxCd1-xTe nanorods simulated at various temperatures and stoichiometry have different structural properties. After 

reaching a temperature of 300K, Zn0.25Cd0.75Te and Zn0.50Cd0.50Te nanorods change from a nanorod to a tubular 

structure as a result of temperature increases. On the other hand, the Zn0.75Cd0.25Te nanorod changes to become 

2D (nanoribbon like structure) at 1200 K, it changes again to become 3D (capsule like structure) and a 1D (atom 

chain) structure at 2100 K. In all three nanorod structures, Zn atoms start to separate from the system after 

reaching 300 K. After Zn evaporation the total energy of the systems show an increasing trend as seen from the 

Figures 3, 5 and 6. We hope that the outcomes of the present study will provide useful information in 

understanding the structural properties of ZnxCd1-xTe (x= 0.25, 0.50 and 0.75) nanorods at various temperatures 

for both experimental and theoretical efforts. 
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