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ABSTRACT 
 
Linear and mass attenuation of 0.511 MeV gamma radiations from alcohol ethanol by dilute solution of Phenol 
(C6H6O) studied for different concentrations. Mixture rule for theoretical calculation of attenuation coefficient is 
developed for the solution; our study explores the validity of the expected exponential absorption law for γ-rays 
radiations in solution and also provides an alternative method for direct determination of linear and mass 
attenuation coefficients of soluble compound in alcohol. 
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INTRODUCTION 
 

Linear and mass attenuation coefficient for gamma rays for different materials and solutions plays an important role 
in RSID units. There are different measurement techniques to measure them. As technology is developed day by day, 
the gamma rays are used in many fields, like medicine, food preservation and with their measurement techniques are 
developed but we find these measurements can be made with still simpler method. Teli et al has developed the 
mixture rule and we have modified the rule with simpler approach and are considered for our research work. 
 
This method is developed from single element mass attenuation coefficient of gamma rays to mixtures (solute and 
solvent). Dongarge S.M.(2010) extended for the mixture of liquid and solid materials also. There are various reports 
on the measurement of these quantities (1-6). Hubbell (3) has developed the rule for calculation of gamma absorption 
coefficient for mixtures and gave tables of theoretical values for various elements and their mixtures. Teli et al (1994) 
have measured the attenuation coefficient of 123 KeV gamma radiations by dilute solution of sodium chloride. 
Dongarge et al (2010) reported the linear attenuation coefficient for measurement of linear attenuation coefficients of 
gamma rays for ammonium sulfate salt by aqueous solution method 0.511 MeV gamma energy. 
 
So for the study of both types of absorption coefficient for gamma rays has been done for materials in solid and 
crystal forms by using various techniques as reported above and the observations are compared with the theoretical 
values as calculated from Hubbell’s mixture rule and his table 
 
We give here measurements of the attenuation of 0.511 MeV gamma radiations in ethanol soluble compound Phenol 
of different concentrations. 
 

MATERIALS AND METHODS 
 
Experimental arrangement:- 
The experimental arrangement is as shown in fig. (1) cylindrical prefix container of internal diameter 2.46 cm was 
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placed below the source at a distance 1.2 cm and above the detector at 2.2 cm by using efficient geometrical 
arrangement. The NaI (T1) crystal is used as the detector connected to multichannel analyzer. The stand is made up 
of prefix sheet with suitable size the source and absorber are placed along the axis of the stand the whole system is 
enclosed in a lead castal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1: Experimental set up for measurement of gamma absorption coefficient for solution. 
 
Method of observations:- 
First the gamma rays are passed through empty container reaching the detector. The spectrum is obtained for 1800 
sec. using MCA which gives plot of channel number Vs counts. We select the interested peak which is smoothed for 
avoiding the random nature and obtain the peak gross area Ao (The sum of the spread counts which are coming under 
the peak) this is obtained because in MCA the counts get spread over some energy range around the photo peak. This 
increases the accuracy of measured solution kept in the container and gamma rays are passed through it. The 
concentration varied by Phenol compound adding to it. The gamma rays are passed through such solutions and 
interested peak gross area measured as A1, A2, …………… A10 the other quantities measured in the experiment are 
the volume of Phenol (Vp) and ethanol Ve added together to give total volume (V). 
 
The actual volume V of the solution is calculated by measuring it’s height in the container and by multiplying it by 
the cross-sectional inner area of the container (πr2). This procedure is repeated for all the concentrations we prepared 
for gamma energy 0. 511 MeV. 
 
Theoretical development for the experiment 
The graph of In (A0/A) versus height of liquid column h (cm) is measured. The observed points are seen to be closely 
distributed around the line having positive slopes. These lines are obtained by fitting the experimental data by the 
least square method. Their slope gives the linear coefficient and thus the linearity of the curves with positive slopes 
suggest the relation. 
 

0A

A
=e-µh    ------------      (1) 
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This indicates the validity of the standard exponential absorption law of gamma rays when they pass through liquid 
substances.  
 
A=A0e

-µh     -------------    (2) 
 

We know Hubbell’s mixture rule (1982). The mass attenuation coefficient of gamma rays in chemical or any other 
mixtures of compound is assumed to depend upon the sum of the cross section presented by all the atoms in the 
mixture because the bonds are only of the order of few electron volts; there have no significant effects on the 
Compton, photo or pair interaction. 
 
Mass attenuation coefficient for solution is given by. 

ii
i

W
 µ µ=  ρ ρ 

∑    ------------    (3) 

 
Where ρ is the density and which is made up on solution of elements. Wi is the fraction by weight. 
 
The effect of shrinkage on the linear attenuation coefficient of a solution is given by Bragg mixture rule which we 
assume without approximation for alcohol namely, 

 

a c

sol a c

W W
     µ µ µ= +     ρ ρ ρ     

 ---------   (4) 

 
When the Phenol is dissolved in ethanol then the homogeneous solution is forms. If the solution is homogeneous then 
one can neglect the density from both sides. If we use this formula for the proposed work in the following way then it 
will be  
 
µsolution= µethanolwethanol + µ phenolwphenol     ----------    (5) 

 
Table 1 gives the values using equation (5) for various concentration and theoretical values of (µethanol) and (µphenol) 
are calculated by multiplying their densities to (µ/ρ) which is calculated by Hubble mixture rule. 
 

ii
i

W
 µ µ=  ρ ρ 

∑   -------------- (6) 

 
 Is used to calculate theoretical µ (the) given in the table-1 
 
Solution technique for calculation of linear attenuation coefficient of Phenol 
Using the data the experimental linear attenuation coefficient of the Phenol with ethanol solution (µexp.) is obtained 
from, 
 

( ) 0
exp

A1ln
h A

 
 
 

µ =   _________________ (7) 

 
Where h is the height of the solution. 

The mixture rule for aqueous solution is obtained from equation (5). The eqn (5) is used to obtain theoretical (thµ ) 

and experimental (µexp) is obtained by equation (7). expµ  values are given in the table 1 in 5th column and ( )thµ  

values are given in 6th column and the percent error is obtained by the following eqn (8) and is given in 7th column of 
table 1. 
 

% error = 
the exp

the

100
µ − µ

×
µ

______________(8) 
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µ
ρ

 for alcohol and Phenol is obtained from Hubbell table by multiplying its density we get theoretical µ (the) for  

ethanol alcohol and Phenol compound then by using eqn.(5) theµ  is obtained the results calculated are tabulated in 

table 1 for Phenol solution. Eqn (5) is the eqn of straight line between µ�exp and concentration in which ethanol 
volume is fixed. The intercept is the attenuation coefficient for the alcohol and its slop the attenuation coefficient for 
the Phenol. From graph the slope is 0.0275 and intercept is 11.265 which is the linear attenuation coefficient for the 
Phenol and ethanol alcohol if we multiply them by fraction by weight. We observe from these tables that, the 

µ�exp��are within the acceptable limit showing very good agreement. The graph of expµ  (cm-1)  versus concentration 

Vp/V at 0.511 MeV gamma ray energy for Phenol are shown in fig. (2). the experimental points in the figs are nearly 
lying on theoretical line. 
 

TABLE NO. 1  LINEAR ATTENUATION COEFFICIENT FOR PHE NOL SOLUBLE IN ETHENOL 
FOR ENERGY 0.511 MeV 

      
A0 =32.7 

       Vp/v h(cm) A ln(A0/A) µ µ µ µ exp (cm-1) µµµµ�the   (cm-1) %error 
0.009881 4.24 29.46 0.104317 0.024609 0.024612 0.012707 
0.019569 4.28 29.35 0.108083 0.025253 0.025254 0.005925 
0.029071 4.32 29.24 0.111837 0.025888 0.025884 -0.014910 
0.038388 4.36 29.13 0.115607 0.026515 0.026502 -0.048818 
0.047529 4.38 29.03 0.119045 0.027179 0.027108 -0.261301 
0.056497 4.44 28.91 0.123188 0.027745 0.027703 -0.150922 
0.065299 4.48 28.81 0.126653 0.028271 0.028287 0.057044 
0.073937 4.52 28.71 0.130478 0.028867 0.028861 -0.025042 
0.082418 4.56 28.59 0.134318 0.029456 0.029422 -0.114756 
0.090744 4.6 28.49 0.137822 0.029961 0.029974 0.042583 

 
 

                  
 

Fig 2: The plot of experimental and theoretical scaled linear attenuation coefficient for Phenol (µexp and µthe) cm-1 with concentration of 
solution (Vp/V). 
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CONCLUSION 
 

Our experimental measurement of linear attenuation coefficient of ethanol alcohol soluble Phenol for different 
concentrations and estimated from them the attenuation coefficient for pure compound by using the mixture rule 
developed by Teli (1998) established the validity and utility of the solution technique. This method is simple and 
avoids the need of preparation of pure crystalline compound for experiment there by saving time and expenditure. 
The use of multichannel analyzer has also improved the results as we could replace the counts at the photo peak by 
the area under it. Further the variation of concentration of solution is made easy by adding alcohol to solution without 
changing the compound amount in it. This saves the compound quantity and thus further economizes the experiment. 
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