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The effective atomic  numbers (Zeff) and effective electron density (Ne) of chitin have been calculated 
using the mass attenuation coefficients (µµµµ/ρρρρ) obtained via XCOM (COMpilation of X-ray Cross Sections) 
in the photon energy range  between 1 keV and 1 GeV. The results were compared with the measured 
values at the photon energy of 662, 1173 and 1332 keV. Both measured and calculated results were in 
good agreement. 
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INTRODUCTION 
 
The chitin is very light, thin and elastic materials. It can 
easily be used by insect and nowadays it is used in 
various fields, such as cosmetics, medical materials for 
human health, and food additives. This structure protects 
insect from the inconvenient climate condition. The 
photon interaction with the matter depends on the 
incoming photon energy (Woods, 1982) and the atomic 
number Z of the shielding material (Akkurt et al., 2005). 
This interaction can be represented by some quantity 
such as mass attenuation coefficients (µ/ρ), effective 
atomic number (Zeff) and effective electron density (Ne). 
The mass attenuation coefficient 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). 
In composite materials, 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” and it is a convenient parameter for evaluation 
of photon interaction with a medium (Hine, 1952). The 
other important quantity- called “the effective electron 
number or electron density”- is defined as the electrons 
per unit mass of the absorber (Shivalinge et al., 2005).  

Several works have been carried out on the mass 
attenuation coefficients (µ/ρ), effective atomic number 
(Zeff) and effective electron density (Ne) for different types 
of materials (Akkurt et al., 2004; Akkurt et al., 2005; Icelli 
et al., 2005; Guru, 1998; El-Kateb et al., 2000; Murty et 
al., 2000). On the other hand, some works have also 
been performed on different properties  of  chitin.  Byung-

Moo et al. (2004) have investigated electrospinning 
conditions of chitin. The chemical and structural changes 
according to the deacetylation were systematically 
investigated in same work. Akkurt et al. (2007) have 
investigated radiation shielding properties of the chitin.   

In this work, the mass attenuation coefficients (µ/ρ), 
effective atomic number (Zeff) and effective electron 
density (Ne) were calculated. The calculated results were 
compared with the experimental measurement. 
 
 
MATERIALS AND METHODS 
 
Mass attenuation coefficients 
 
The mass attenuation coefficients (µ/ρ)) were calculated using the 
computer code “XCOM” (Berger et al., 1987) at photon energies in 
the range between 1 keV and 1 GeV. The XCOM input data was 
prepared by combining previously existing data bases for 
interaction cross sections, the chemical composition, and the 
density of chitin (�). Mass attenuation coefficients (µ/ρ)) were 
obtained by dividing the measured linear attenuation coeffeceint on 
density. The linear attenuation coefficients (µ)) , was determined by 
measuring the transmission of γ-rays through a target of known 
thickness of chitin. The measurement had been performed using a 
gamma ray spectrometer of 3”×3” NaI(Tl) detector with the Multi 
Channel Analyser (MCA) (Akkurt et al., 2010; Akkurt, 2007). The 
spectrometer communicates with the PC by Genie200 software. 
137Cs and 60Co sources were used which emit energies of 662, 
1173 and 1332 keV respectively. Gamma ray spectrum is shown in 
Figure 1 where two sharp peak related to 1773 and 1332 keV 
gamma rays can be clearly seen. From the transmitted (N) and the 
incident photon (No) for a thickness (x)  of  the  absorber,  the  linear  



 
 
 
 

 
 
Figure 1. Gamma ray spectrum obtained from 60Co source. 

 
 
 

 
 
Figure 2. Mass attenuation coefficients of chitin as a function of 
photon energies (Akkurt et al., 2007). 
 
 
 
attenuation coefficients (µ) can be given by the following 
expression: 
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Effective atomic number 
 
The effective atomic number (Zeff) of a material consisting of 
different elements can be obtained by the relation (Guru et al., 
1998): 
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where σa and σel represent total atomic cross section and total 
electric cross section, respectively. The total atomic cross section 
(σa) can be obtained via the total mass attenuation coefficients 
(Guru et al., 1998) 
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Figure 3. Effective atomic number as a function of photon energy. 

 
 
where µ/ρ is total mass attenuation coefficients, N is the Avogadro’s 
number, Ai and wi are atomic weights (in gram) and fractional 
weights of the constituent of chitin, respectively. The total electric 
cross section σel can be obtained by the formula of 
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where fi is ratio of the number of atoms of element i to the total 
number of atoms of all elements in the composite material, Zi is the 
atomic number of the ith elements in a molecule, and (µ/ρ)i is the 
total mass attenuation coefficients of the ith element in molecule. 
 
 
Effective electron density 
 
The effective electron density (Ne) has been calculated using the 
following expression 
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where µ/ρ total mass attenuation coefficients of alloy and σel is the 
electronic cross section. 
 
 
RESULTS 
 
The mass attenuation coefficients have been calculated 
at the photon energies between 1 keV and 100 GeV. 
Both calculated and measured results are displayed in 
Figure 2 mass attenuation coefficients decrease with the 
increase in photon energies. This is because the 
interaction mechanism of photons with the matter is 
different for different photon energy (Akkurt et al., 2004). 
Using the mass attenuation coefficient (Akkurt et al., 
2007), the effective atomic numbers (Zeff) for chitin at 
photon energies in the range between 1 keV to 1 GeV 
have been calculated and the results have been 
displayed in Figure 3 as a function of photon energies. 
The calculated and the  measured  mass  attenuation  co- 
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Figure 4. Effective atomic number as a function of the mass 
attenuation coefficients. 
 
 
 

 
 
Figure 5. Effective electron number as a function of photon energy. 
 
 
 
efficients versus effective atomic number of chitin have 
been displayed in Figure 4.   

The calculated and measured effective electron density 
as a function of photon energy is shown in Figure 5.  

It can be noticed in Figures 2 to 5 that experimental 
and calculated results are in a good agreement. 
  
 
DISCUSSION 
 
It can be concluded from both calculated and measured 
results that the mass attenuation coefficients, the 
effective atomic and electron density depend on incoming 
photon energies and compounds of the materials.   
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