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The physical parameters calculated using Full Potential Linear Muffin Tin Orbitales FP-LMTO method is 
satisfying. Using the photon mass attenuation coefficient obtained via XCOM data of Cd1-xZnxTe 
compound, the effective atomic number and the effective electron number were determined in the 
energy range of 10 to 100 keV. The effective atomic and electron numbers are linearly related and they 
also depend on the incoming photon energies and weight fractions of elements present in Cd1-xZnxTe. 
This work aimed at the estimation of the Zeff and the Neff of Cd1-xZnxTe in the energy range of 10 to 100 
keV. In the energy range of 40 to 100 keV, the effective atomic and electron numbers were found to be 
constant. The Zeff and the Neff decrease with the increase of the zinc concentration in the material. The 
effective atomic number takes values between the lowest Z = 30 of zinc and the highest Z = 52 of tellure 
in ZnTe and the ternary Cd1-xZnxTe. But for CdTe, it takes values between Z = 42 of cadmium and Z = 52.  
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INTRODUCTION 
 
The Cd1-xZnxTe alloy is a very important material for the 
manufacture of detectors, for this reason we need to 
calculate accurately the effective atomic and electron 
numbers. First, we have to calculate the mass atte-
nuation coefficient (μ/ρ), which is a measure of the 
average number of interactions between incident photons 
and matter, that occur in a given mass-per-unit area 
thickness of the substance encountered (Woods, 1982). 
This coefficient can be usually calculated via XCOM data 
which is a computer program developed by (Berger and 
Hubbell, 1987) for different elements, mixtures and 
compounds between 1 keV to 100 GeV. In the ternary 
materials like Cd1-xZnxTe, a single number can not 
represent the atomic number as in the case of an 
element. This number is defined as the “effective atomic 
number” (Zeff) and it is a convenient parameter for 
evaluation of  photon  interaction  with  a  medium  (Hine,  
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1952). The effective electron number (Neff) is another 
fundamental parameter describing the photon-matter 
interaction which is defined as the electron per unit mass 
of the absorber (Shivalinge et al., 2005). Several works 
have been carried out to determine the effective atomic 
and electron numbers for different materials (Hine, 1952; 
Kumar and Reddy, 1997; Guru et al., 1998; Murty et al., 
2000; Shivaramu et al., 2001; Akkurt et al., 2005; 
Manohara and Hanagodimath, 2007a, b; Manohara et al., 
2008; Ozdemir and Kurudirek, 2009; Demir and Han, 
2009; Akkurt, 2009; Kurudirek et al., 2010; Bastug et al., 
2010; Kirdsiri et al., 2011; Medhat, 2011; Han et al., 
2012). 

Cd1-xZnxTe crystals attract a lot of attention due to their 
characteristics which make them useful for a variety of 
applications that stretch from X-ray and gamma ray 
detectors (Zanio, 1978; Prias-Barragan et al., 2006) to 
optoelectronic devices such as far infrared detectors 
(P.W. Krusse et al, 1981; Yasuda et al., 2005). CdTe and 
CdZnTe detectors ensure high detection efficiency and 
good room temperature performance due to their physical 
properties, that is, the high atomic number (Zmax = 52), the  



 
 
 
 

 
 

Figure 1. Variation of the lattice parameter (a) and the gap energy 

(b) with the concentration x of Zn in Cd1-xZnxTe. 
 
 
 

high density (CdTe: r = 6.20 g/cm
3
; CdZnTe: r = 5.78 

g/cm
3
) and the wide band gap (CdTe: EG~1.44 eV; 

CdZnTe: EG~1.57 eV) (Abbene et al., 2010). 
The aim of this work is to make an attempt to estimate 

theoretically effective atomic and electron numbers in the 
energy range between (10 to 100 keV) for Cd1-xZnxTe 
alloy. We have introduced the part of results and 
discussion with our abbreviate physical study of some 
important parameters of Cd1-xZnxTe using FP-LMTO 
method. In second, we have presented our results of 
calculations for Zeff and Neff using the XCOM computer 
program. 
 
 
MATERIALS AND METHODS 
 
For the characterization of Cd1-xZnxTe, we have presented some 
physical properties which were performed within the first- principle 
Savrasov    version   of    the   full  potential  linear  muffin-tin  orbital 
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(FP-LMTO). The exchange-correlation energy of electrons is 
described in the local density approximation (LDA) using the 
parameterization of Perdew and Wang, (1992). 

In our study we use a ternary compound which is a mixture 
between Cd, Zn and Te, so the mass attenuation coefficient is 
calculated by (Jackson and Hawkes, 1981): 
 

                                                                 (1) 
  
Where 𝜔i is the proportion by weight of the ith constituent element, 

 
𝜇

𝜌
 
𝑖
is mass attenuation coefficient of constituent element.  

The total atomic cross section (σt) can be obtained from the 
knowledge of theoretical values for the mass attenuation 
coefficients by the following relation (Wang et al, 1995): 
 

                                                            (2) 
 
Where N is the atomic mass of Cd1-xZnxTe and NA is the Avogadro’s 
number. The total electronic cross section (σe) is given by (Singh et 
al, 2002): 
 

                                                          (3) 
 
Where Zi is the atomic number of the ith element in the compound. 
The total atomic cross section and the total electronic cross section 
are related to the effective atomic number Zeff of a material 
consisting of different elements through the following relation (Singh 
et al., 2002): 
 

                                                                                   (4) 
 
Finally, the effective electron number (number of electrons per unit 
mass) can be calculated using the following expression: 
 

                                                                       (5) 

 
 

RESULTS AND DISCUSSION 
 
Physical properties  
 

Figure (1a) has presented the variation of the lattice 
parameters depending on the concentration of the zinc in 
Cd1-xZnxTe with the Vegard’s law. We have found that our 
calculations exhibit a good agreement with the latter with 
a small deviation of (-0.06875). From this figure, we have 
found that the lattice parameter is inversely proportional 
to the concentration of zinc and. The computed band 
structure of Cd1-xZnxTe using both LDA gave a direct 
band gap Γ- Γ for CdTe, Cd0.75Zn0.25Te, Cd0.50Zn0.50Te, 
Cd0.25Zn0.75Te and ZnTe which are equal to 0.41, 0.54, 
0.66, 0.85, 1.07 eV respectively. It is well known that LDA 
underestimates energy gaps. From Figure (1b), we have 
found that the gap energy increase with the increasing  of  
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Table 1. The effective atomic numbers (Zeff) measurements for different concentrations of Zn in Cd1-xZnxTe. 
 

Alloy 
Energy (keV) 

10 20 30 40 50 60 80 100 

CdTe 49.61 49.59 49.62 51.20 51.22 51.23 51.21 51.17 

Cd0.75Zn0.25Te 48.30 48.31 43.22 48.41 48.43 48.44 48.45 48.45 

Cd0.50Zn0.50Te 46.76 46.80 39.12 46.09 46.12 46.14 46.16 46.17 

Cd0.25Zn0.75Te 44.91 44.97 36.28 44.14 44.17 44.20 44.23 44.23 

ZnTe 42.67 42.73 34.20 42.47 42.51 42.54 42.57 42.56 

 
 
 

Table 2. The effective electron numbers (Neff * 1023) measurements for different concentrations of Zn in Cd1-xZnxTe. 
 

Alloy 
Energy (keV) 

10 20 30 40 50 60 80 100 

CdTe 3.10 3.10 3.10 3.20 3.20 3.20 3.20 3.19 

Cd0.75Zn0.25Te 3.01 3.02 2.70 3.02 3.02 3.02 3.02 3.02 

Cd0.50Zn0.50Te 2.92 2.92 2.44 2.88 2.88 2.88 2.88 2.88 

Cd0.25Zn0.75Te 2.80 2.81 2.26 2.75 2.76 2.76 2.76 2.76 

ZnTe 2.66 2.67 2.13 2.65 2.65 2.66 2.66 2.66 

 
 
 

 
 

Figure 2. Variation of Zeff with photon energies between (10- 100 keV) for Cd1-xZnxTe. 
 
 
 

concentration of Zn. In our calculations of bulk modulus 
(B0), we have found that the maximum of B0 is at x = 
0.75.  
 
 
Effective atomic and electron numbers  
 
Using our results of mass attenuation coefficient, we 
have calculated the total atomic cross section (σt), the 
total electronic  cross  section  (σe),  the  effective  atomic 

number (Zeff) and the effective electron number (Neff) of 
Cd1-xZnxTe for photon energies in the range between (10 
and 100 keV) using Equations (2, 3), Equations (4 and 5) 
respectively. 

The variation of Zeff and Neff with photon energy for the 
Cd1-xZnxTe alloy is tabulated in Tables 1 and 2 
respectively. It is seen that the effective atomic number 
and the effective electron number have changed with the 
photon energy in the five compounds. From Figures 2 
and 3, both Zeff and Neff are found  to  be  nearly  constant  
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Figure 3. Variation of Neff with photon energies between (10- 100 keV) for Cd1-xZnxTe. 
 
 
 

 
 

Figure 4. Plots of Neff as a function of Zeff for different concentrations of Zn in Cd1-xZnxTe 
obtained by using XCOM data.  

 
 
 

for each compound in the range of energy between (40 
and 100 keV). In this energy range, we can classify the 
Zeff of differentq alloys studied in this work from the 
biggest in this order: Zeff (CdTe) ≈ 51.21, Zeff 

(Cd0.75Zn0.25Te) ≈ 48.44, Zeff (Cd0.50Zn0.50Te) ≈ 46.14, Zeff 

(Cd0.25Zn0.75Te) ≈ 44.19, and Zeff (ZnTe) ≈ 42.53. We have 
done the same work for the effective electron number 

(electrons g
-1

): Neff (CdTe) ≈ 3.20 10
23

, Neff (Cd0.75Zn0.25Te) 
≈ 3.02 10

23
, Neff (Cd0.50Zn0.50Te) ≈2.88 10

23
, Neff 

(Cd0.25Zn0.75Te) ≈ 2.76 10
23

 and Neff (ZnTe) ≈ 2.66 10
23

. 
The average Zeff and Neff of Cd0.25Zn0.75Te, Cd0.50Zn0.50Te 
and Cd0.75Zn0.25Te decrease with increasing concentration 
of zinc. 

 On  the  other  hand,  the  Figure  4  shows  a  linearity 
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Figure 5. Variation of σe (a) and σt (b) with photon energies between (10- 100 KeV) for Cd1-xZnxTe. 
 
 
 

between Zeff and Neff which satisfies the Equation (5). we 
can also see that the five materials have almost the same 
slope. 

The Figure 5 shows that the total atomic cross section 
and the total electronic cross section became almost 
constant from 40 keV. In Figure 5b, for the five materials 
the total atomic cross section decreases with increasing 
concentration of Zn in energy range between [10 to 40 
keV].  

Conclusion 
 
Using the theoretical results of XCOM data for the mass 
attenuation coefficient of Cd1-xZnxTe with the different 
values of x, we have calculated the total atomic and 
electronic cross sections, the effective atomic number 
and the effective electron number. In the range of energy 
between [40 to 100 keV], the effective atomic and 
electron numbers were found to be constant. This may be  
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due to the dominance of the photoelectric effect in this 
range of energy. The linearity between Neff and Zeff is 
verified. 

The effective atomic number and the effective electron 
number decrease with the increase of the zinc 
concentration in Cd1-xZnxTe. 

The effective atomic number takes values between the 
lowest Z = 30 of zinc and the highest Z = 52 of tellure in  
ZnTe and the ternary Cd1-xZnxTe. But for CdTe, it takes 
values between Z = 42 of cadmium and Z = 52. 

Finally, this work has been made to estimate the Zeff 

and the Neff of Cd1-xZnxTe. 
 
 
REFERENCES 
 
Abbene L, Gerardi G, Del Sordo S, Raso G (2010). Performance of a 

digital CdTe X-ray spectrometer in low and high counting rate 
environment. Nucl. Instrum. Methods Phys. Res., A, 621: 447-452. 

Akkurt I (2009). Effective atomic and electron numbers of some steels 
at different energies. Ann. Nucl. Energy, 36: 1702-1705. 

Akkurt I, Basyiğit C, Kilincarslan S, Mavi B (2005). The Shielding of g- 
rays by Concretes Produced with Barite. Prog. Nucl. Energy, 46: 1-
11. 

Bastug A, Gurol A, Icelli O, Sahin Y (2010). Effective atomic numbers of 
some composite mixtures including borax. Ann. Nucl. Energy, 37: 
927-933. 

Berger MJ, Hubbell JH (1987). Report. NBSIR 87, XCOM, Photon cross 
sections on a personal computer. 3597, http://physics.nist.gov/xcom. 

Demir L, Han I (2009). Mass attenuation coefficients, effective atomic 
numbers and electron densities of undoped and differently doped 
GaAs and InP crystals. Ann. Nucl. Energy, 36: 869-873. 

Guru Prasad S, Parthasaradhi K, Bloomer WD (1998). Effective atomic 
numbers for photo absorption in alloys in the energy region of 
bsorption edges. Rad. Phys. Chem. 53: 449-453. 

Han I, Aygun M, Demir L, Sahin Y (2012). Ann. Nucl. Energy, 39: 56-61. 
Hine GJ (1952). Use wildcard to add more than one file at a time. Phys. 

Rev., 85: 752. 
Jackson DF, Hawkes DJ (1981). X-ray attenuation coefficients of 

elements and mixtures. Phys. Rep., 70: 169-233. 
Kirdsiri K, Kaewkhao J, Chanthima N, Limsuwan P (2011). Comparative 

study of silicate glasses containing Bi2O3, PbO and BaO, radiation 
shielding and optical properties. Ann. Nucl. Energy, 38: 1438-1441. 

Krusse PW, Willardson RK, Beer AC (1981). Semiconductors and 
Semimetals. Academic Press. New York, p. 18. 

Kumar TK, Reddy KV (1997). Effective atomic numbers for materials of 
dosimetric interest. Radiat. Phys. Chem., 50: 545-553. 

Kurudirek M, Aygun M, Erzeneoglu SZ (2010). Chemical composition, 
effective atomic number and electron density study of trommel sieve 
waste (TSW), Portland cement, lime, pointing and their admixtures 
with TSW in different proportions. Appl. Radiat. Isot., 68: 1006-1011. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Saim et al.          3049 
 
 
 
Manohara SR, Hanagodimath SM (2007a). Studies on effective atomic 

numbers and electron densities of essential amino acids in the 
energy range 1 keV to 100 GeV. Nucl. Instr. Meth. B, 258: 321-328. 

Manohara SR, Hanagodimath SM (2007b). Effective atomic numbers 
for photon energy absorption of essential amino acids in the energy 
range 1 keV to 20 MeV. Nucl. Instr. Meth. B, 264: 9-14. 

Manohara SR, Hanagodimath SM, Thind KS, Gerward L (2008). On the 
effective atomic number and electron density, a comprehensive set of 
formulas for all types of materials and energies above 1 keV. Nucl. 
Instr. Meth. B, 266: 3906-3912. 

Medhat ME (2011). Studies on effective atomic numbers and electron 
densities in different solid state track detectors in the energy range 1 
keV–100 GeV. Ann. Nucl. Energy, 38: 1252-1263. 

Murty VRK, Winkoun DP, Devan KRS (2000). Effective atomic numbers 
for W/Cu alloy using transmission experiments. Appl. Rad. Isotops, 
53:  945-948. 

Ozdemir Y, Kurudirek M (2009). A study of total mass attenuation 
coefficients, effective atomic numbers and electron densities for 
various organic and inorganic compounds at 59.54 keV. Ann. Nucl. 
Energy, 36: 1769-1773. 

Perdew JP, Wang Y (1992). Accurate and simple analytic 
representation of the electron-gas correlation energy Phys. Rev. B 
45. 13244-13249. 

Prias-Barragan JJ, Tirado-Mejia L, Ariza-Calderon H, Banos L, Perez-
Bueno JJ, Rodriguez ME (2006). J. Crystal Growth, pp. 286-279. 

Shivalinge G, Krishnaveni S, Ramakrishna G (2005). Studies on 
effective atomic numbers and electron densities in amino acids and 
sugars in the energy range 30–1333 keV. Nucl. Inst. Met. Phys. Res. 
B, 239- 4: 361-369. 

Shivaramu R, Vijayakumar R, Rajasekaran L, Ramamurthy N (2001). 
Effective atomic numbers for photon energy absorption of some low-
Z substances of dosimetric interest. Radiat. Phys. Chem., 62: 371-
377. 

Singh K, Singh H, Sharma V, Nathuram R, Khanna A, Kumar R, Bhatti 
SS, Sahota HS (2002). Gamma-ray attenuation coefficients in 
bismuth borate glasses. Nucl. Instr. Meth. B, 194: 1-6. 

Wang DC, Ping LA, Yang H (1995). Measurement of the mass 
attenuation coefficients for SiH4 and Si. Nucl. Instr. Meth. B, 95: 161-
165. 

Woods J (1982). Computational Methods in Reactor Shielding. 
Pergamon Press. New York. 

Zanio K (1978). Semiconductors and semimetals. In: Willardson RK, 
Beer AC (Eds.), Cadmium Telluride. Academic Press. New York, p. 
13.  

 
 
 
 
 

http://physics.nist.gov/xcom

