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الخلاصة 
 MeV7.69 لجسيمات ألفا ذات الطاقة الابتدائية  الإيقافتم في هذا البحث قياس قدرة 

214المنبعثة من المصدر المشع)
Po) في البوليمرينpolypropylene (PP)   و

polyethylene (PE) سطحي ومقارنتها مع نتائج الحسابات باستخدام تقنية كاشف الحاجز ال
ان نسبة الفرق بين النتائج العممية ونتائج  وتبين .SRIM-2003 النظرية باستخدام برنامج

عمى  % 11-0و      % 7-0هي PPو  PEلمبوليمرين   3SRIM-200 حسابات البرنامج 
. أعلاهلبوليمرين والطاقة لكل من ا الإيقافوضعت معادلات تجريبية تربط بين قدرة .  التوالي

. كما تم حساب الطاقة المتبقية والمدى المتبقي ومعدل الجرعة المكافئة
 
 

Abstract 
The stopping power of α-particles of initial energy 7.69 MeV 

(emitted from 
214

Po source) have been measured in the polyethylene(PE) 

and polypropylene(PP) using surface barrier detector technique and 

compared with calculated value by SRIM-2003 program. The deviations 

of the measured data from SRIM
'
s results in PE and PP films are 

approximately about 0-7% and 0-11%. An empirical formulae between 

the stopping power and energy have been found. The residual energy, the 

residual range and the equivalent dose rate also calculated.         
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1. Introduction 
  

Knowledge of the stopping power, energy loss, range, straggling 

and equivalent dose rate of ions in air, tissue and polymers are very 

important in many research and application fields, such as radiation 

dosimetry, radiation biology (such as cell lethality, cytogenesis changes, 

mutagenesis and DNA recombination), radiation chemistry, radiotherapy 

and nuclear physics [1-5]. Different methods have been reported for 

measuring the stopping power of charged particles such as direct energy 

loss measurement through films, backscattering from thick substrate 

covered with deposited absorbing layers, gamma resonance shift 

measurements, self-supporting method and an indirect verification of the 

stopping power based on alpha energy losses in air [2-7]. 

Many experimental and theoretical studies about energy loss, 

stopping power, range, straggling of ions such as (H, He, Li, C, O) and 

equivalent dose have been carried in many different kind of polymers 

such as polypropylene, polyethylene and polycarbonate [8-13] specially 

polyethylene since its molecular structure is very close to body equivalent 

materials [14].  

The present work is concerned about the information of the 

stopping power of alpha particles of initial energy 7.69MeV (emitted 

from 
214

Po source) in polyethylene with low density (PE) and 

polypropylene (PP) by using surface barrier detector. The residual 

energy, residual range and equivalent dose rate have been calculated. The 

measured values of the stopping powers have been compared with the 

corresponding computed values based on Ziegler et al (SRIM-2003) [15]. 

 
2. Theoretical part 

 

Stopping power of a medium can be defined as the average unit of 

energy loss suffered by the charge particles per unit path length in the 

medium under consideration.[16,17] 

Stopping power consists of two components: collisions and 

radiative. The first is the most important for α-particles, resulting from 

the collision interaction between the incident particles and atomic 

electrons. Mass collision stopping power is widely used to reduce the 

dependence on the medium density(ρ) [16]. The total stopping power can 

be obtained from SRIM-2003 program [15], which calculates the 

stopping power and range of ions (10eV-2GeV/amu) in matter using a 

quantum mechanical treatment of ion-atom collision (the manual of 

SRIM refers to the moving atom as an "ion", and all target atoms as 

"atom"). A full description of the calculation was given by Ziegler and 

Biersack [15]. 
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Maximum range (Rmax) of α-particles is defined as the maximum 

penetration depth of the particles beam in to the target [13,16]. Residual 

range (Rres) has been calculated from the relation [4]: 
 

Rres=Rmax - ∆x                                                                         -------------(1) 
 

Where   Rmax   is the maximum range of α-particles of 7.69 MeV. 

              ∆x   is the target thickness. 

The absorber dose rate Ď of α-particles in a given material is given by 

[16]. 
 

Ď (Gy/sec) = φ x 1.602 x 10
-10 

 x (dT/ρdx)                               -----------(2)     
 

Where  dT/ρdx   is the  stopping power for α-particles. 

                   Φ   is the α-particle fluence.  

Consider a chain of decays: 1 → 2 → 3 → …. With decay constant 

λ1 , λ2 , λ3 ,…etc .If the parent  is relatively long lived (λ1 << λ2), then a 

secular equilibrium is obtained [18]. 
  

λ1N1= λ2N2=……..= λnNn                                                             ………(3)                             
 

The parent nucleus 
226

Ra (t1/2=1600 years) decay to 
222

Rn (t1/2=3.8day) 

……
214

po(t1/2=164μs).. 

                                  λ(
226

Ra) <<  λ (
214

po) 

    then                        S(
226

Ra)=S(
 214

po) = 2μci 

where S is the activity = λN 
            

φ = (SG/A)                                                                                ……….. (4)    
 

where A- is the area of the polymer. 

G- is the geometry factor which is  calculated from [19]. 
 

G=[1-d/(d
2
+r

2
)
1/2

]/2                                                                  …………(5) 
         

Where  d is the distance between the polymer and the source = 0 

        then     G=1/2 

        then     φ=(2x3.7x10
4
x(1/2))/ π(0.5)

2
  

                   φ= 4.7x10
4
 α/cm

2
.sec         

 Equivalent dos rate Ĥ (Sv/sec) has been calculated from the equation 

[16]. 
 

Ĥ(Sv/sec) = Ď(Gy/sec) x Q                                                         ……….(6) 
 

Where  Q  is the quality factor = 10 [16]. 
 

Ĥ(Sv/hr) = 0.2718 x (dT/ρdx)                                                        ………..(7) 
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3. Experimental part 
 

3.1 films preparation and thickness measurement. 

To prepare a thin film of polymers (PE and PP), we used the 

following procedure, a certain amount of polymers was dissolved in a 

Xylene solvent at a temperature from 85 to 100 
º
C, using a magnetic 

stirrer. Then the hot mixed solution is poured in a horizontal vessel of 

inner diameter 5 cm and allowed to cool to room temperature. For more 

details see previous work [3]. The thickness of the prepared films were 

measured from I.R. spectrum using the following relation [2,3,20]. 
 

∆x = c Ln (Io/I)                                                                        ………….(8) 
 

Where  Io  is the intensity of the incident IR radiation. 

           I    is the intensity of the transmitted IR radiation.  

                c  is the absorptivity of the IR radiation by polymers and can be 

determined experimentally using a film of known thickness (∆x) which 

determined either by weight per unit area [3,4] or by using the α-energy 

loss method [13,16] : 
 

∆x = ∆E/S.P                                                                             …………(9) 
     

Where S.P  is the stopping power  obtained from (SRIM-2003)   program. 

            ∆E  is the energy  loss in polymers. 

 

3.2 Energy loss, range and equivalent dose rate . 

Energy loss (∆E) measurement in polymer films have been carried 

out using α-spectroscopy system as shown in Figure (1) which consists of  

silicon surface barrier detector (Canberra PD-50-18-100) with an energy 

resolution ≤ 18 keV, vacuum chamber under pressure  of 10
-2

 torr during 

the experimental run, α-particles source (
214

po)* of 7.69MeV, 

preamplifier, SPECTECH-UCS-20, pulser and computer (PC). The 

calibration of α-particles spectrometer was carried out using α-particles 

with different energy (5.48MeV,7.69MeV from 
241

Am and 
214

po sources 

respectively and pulser to calculate zero alpha energy). Calibration 

feature makes it possible for the marker to read directly the energy. Film 

of known thickness was placed between α-source (
214

po) and the detector, 

peak position for the highest energy of α-particles transmitted through the 

film was determined accurately by using the marker. The energy loss ∆E 

can be obtained from the shift of the peak position from its position when 

there was no film between the source and the detector. This was repeated 

for  different film thickness 

 

 the daughter nucleus (
214

po) is obtained from the decay of the 

parent     nucleus (
226

Ra) .   
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 Figure(1): shows α-spectroscopy system 

 

 

The residual energy (Eres) has been calculated from the relation[16] 
 

Eres = Eo - ∆E                                                                     ----------------(10) 
 

Where  Eo is the initial energy of α-particles (7.69MeV) 

The maximum rang (Rmax)has been found previously from [17] 

which was equal 6.95 mg/cm
2
 for PP and 6.7 mg/cm

2
 for PE. 

The residual range (Rres) and the equivalent dose rate (Ĥ) have 

been calculated from the relation (1) and (7) respectively. 

 
4. Results and discussion 

 

The stopping power (S.P) of α-particles as a function of average 

energy (3.5 MeV and 7.6 MeV) are shown in Figures (2) and (3) for PE 

and PP respectively where the data of Rabih [20] for (Ē < 5.3 MeV) are 

added with the present measurement, which are listed in Tables (1),(2). 

 The alpha source employed in the previous study [20] was 
241

Am                 

(Eo = 5.486 MeV). The average energy for α-particles Ē = Eo - ∆E/2.   
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The above experimental data  have been used to find a simple 

empirical equation for (S.P) of α-particles for PE and PP respectively, as 

shown below: 
 

S.P = -701.24  Ln(Ē) + 2151                                                -------------(11) 
 

S.P = 17.795 Ē2 - 304.79Ē + 2026.5                                          ------------(12) 
 

The thickness (Δx), energy loss (ΔE), average energy (Ē), 

experimental stopping power (Sexp), theoretical (Sth) and fitted (Sfit) values 

for PE and PP are listed in Tables (1),(2).  

 
Table(1): thickness, energy loss, average energy, theoretical, fitted function and 

experimental stopping power for PE 
 

Sfit(Mev.cm2/g)* Sth(Mev.cm2/g)* Sexp(Mev.cm2/g) Ē (MeV) ΔE (MeV) Δx (mg/cm2) 

737(4) 750(6) 706 7.51 0.36 0.5098 

772(<-1) 778(0) 778 7.15 1.08 1.3878 

788(<1) 792(1) 783 6.981 1.418 1.8105 

879(-2) 874(-3) 901 6.133 3.114 3.4550 

904(-1) 892(-2) 913 5.922 3.537 3.8741 

993(<1) 987(0) 987 5.218 0.536 0.5425 

1073(1) 1073(-1) 1085 4.653 1.666 1.5355 

1142(2) 1151(-2) 1170 4.218 2.536 2.1675 

1216(<1) 1238(2) 1215 3.793 3.386 2.7868 

1269(3) 1304(7) 1235 3.516 3.936 3.1870 

 Percentage differences with respect to the measured values are given in parentheses 

 
Table(2): thickness, energy loss, average energy, theoretical, fitted function and 

experimental stopping power for PP 
 

Sfit(Mev.cm2/g)* Sth(Mev.cm2/g)* Sexp(Mev.cm2/g) Ē (MeV) ΔE (MeV) Δx (mg/cm2) 

738(-1) 742(<-1) 745 7.6095 0.161 0.2162 

739(-1) 745(0) 746 7.57 0.24 0.3219 

745(-3) 758(<-1) 764 7.404 0.572 0.7491 

757(2) 778(5) 744 7.1455 1.089 1.4644 

762(7) 786(10) 713 7.0465 1.287 1.8053 

774(-3) 805(<1) 802 6.8375 1.705 2.1272 

931(1) 999(9) 920 5.128 0.716 0.778 

978(2) 1054(6) 996 4.768 1.436 1.4417 

1013(<1) 1095(7) 1020 4.518 1.936 1.898 

1105(<1) 1211(10) 1105 3.918 3.136 2.839 

1179(4) 1265(11) 1135 3.678 3.616 3.186 

 Percentage differences with respect to the measured values are given in parentheses 
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S.P = -701.24Ln(Ē) + 2151
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Figure(2): The relation between stopping power and average energy  for PE 
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Figure(3): The relation between stopping power and average energy  for PP 



Measurement of Stopping Power, Residual Range and Equivalent Dose … 

 109 

The present results are compared with stopping power calculated 

from SRIM program and there is a good agreement between measured 

and calculated data .The deviations of  the measured data from SRIM
'
s 

results in PE and PP films are approximately about  0-7 % and  0-11 %. 

On comparison between the experimental results and those yielded from 

the empirical formula, the percentage differences with respect to the 

measured values are up to 4 % for PE and up to 7 %  for PP. One could 

see from the present data that the stopping power is higher in  PE than in 

the PP. This is explained due to the higher (Z/A) value of PE as compared 

with PP [20]. 

Figures (4) and (5) shows the relation between the residual range 

(Rres) and residual energy (Eres) which calculated from equations (1) and 

(10) for PE and PP. In Tables (3),(4) we present results obtained for the 

residual range and residual energy for various thickness. The present 

experimental data have been used to evaluated a simple empirical 

equation as shown below: 
 

Rres = 0.0686(Eres)
2
 + 0.2595(Eres) + 0.587        for PE             ----------(13)  

 

Rres = 0.1974(Eres)
2
- 1.3933(Eres) + 6.0583       for  PP               ----------(14) 

 

The measured results are in good agreement with those yielded 

using the empirical formula in PE and PP. 
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Figure (4): The residual range as a function of residual energy  for PE 
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Rres = 0.1974(Eres)2- 1.3933(Eres) + 6.0583
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Figure (5): The relation between residual range and residual energy for PP 

 

 
Table (3): thickness, residual energy and residual range for PE 

 

Δx (mg/cm
2
) Eres (MeV) Rres(mg/cm

2
) 

0.5098 7.33 6.191 

1.3878 6.61 5.312 

1.8105 6.272 4.889 

3.4550 4.576 3.245 

3.8741 4.153 2.826 

 

 
Table (4): thickness, residual energy and residual range for PP  

 

Δx (mg/cm
2
) Eres (MeV) Rres(mg/cm

2
) 

0.2162 7.529 6.734 

0.3219 7.45 6.628 

0.7491 7.118 6.201 

1.4644 6.601 5.486 

1.8053 6.403 5.145 

2.1272 5.985 4.823 

 
Figures (6) and (7), Table (5) and (6) shows the relation between 

the equivalent dose rate (Ĥ) and the thickness (∆x) for PE and PP. It is 

interesting to note from these figures that the equivalent dose rate 

increases almost linearly with the thickness of PE and PP. 
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Table (5): thickness, equivalent dose rate and energy loss  for PE 
 

ΔX (mg/cm
2
) ΔE (MeV) Ĥ(Sv/hr) 

0.5098 0.36 192 

1.3878 1.08 212 

1.8105   1.418 213 

3.4550   3.114 245 

3.8741   3.537 248 

 
 

Table (6): thickness, equivalent dose rate and energy loss  for PP 
 

ΔX (mg/cm
2
) ΔE (MeV) Ĥ(Sv/hr) 

0.2162 0.161 203 

0.3219          0.24 203 

0.7491 0.572 208 

1.4644 1.089 202 

1.8053 1.287 194 

2.1272 1.705 218 
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Figure (6): The dependence of the equivalent dose on thickness for PE 
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Figure (7): The dependence of the equivalent dose on thickness for PP 

 

 

 

 

 

 

 

 

 

 

 

5. Conclusions 

1) The experimental stopping powers of α-particles in PE is higher than 

that in PP. The present experimental data can be regarded to be in 

good agreement with the predicted values calculated by SRIM-2003. 

2) Empirical formulae between stopping power and average energy, 

between residual range  and residual energy have been obtained. 

3) The equivalent dose rate increased almost linearly with thickness of 

PE and PP. 
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