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ABSTRACT  
  
Linear  attenuation  of  0.662 MeV  gamma  radiations  from methanol by   solution  of  oxalic 
acid 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  which directly  
determination  of  linear attenuation coefficients of soluble compound in methanol. The liquids 
now a days transparent liquid are playing important role in radiation shield materials for the 
safety of MHC. 
Keywords: - linear attenuation coefficients, Gamma-rays, NaI(Tl) activated Scintillation Detector 
with 8k multichannel analyzer, oxalic acid as solute and methanol as solvent.  
______________________________________________________________________________  
  
INTRODUCTION  

 Linear  attenuation coefficient for gamma rays for different materials and solutions 
plays an important role radiation dosimetry. There are different measurement techniques to 
measure them. As technology is developed day by day, the gamma rays are used in many fields, 
like Radiation exposure to cancer, food grains and onion   preservation,  , Radiation Shielding 
and with their measurement techniques are developed  but  we  find  these  measurements  
can  be  made  with  still  simpler  method.  Teli  et  al and Dongarge S.M. et al   has  developed  
the mixture rule and we have used 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.(2010-15) extended for the mixture of 
liquid and liquid 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 
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Ammonium Sulfate by aqueous solution method 0.662 MeV gamma energy. Recently (7) ZnBr2 
is used as liquid radiation shield for mobile hot cell window and shown direct application in 
viewing window which is usually made of almost radiation shield material for the safety of MHC 
in eye retina of operators. 
         So for the study of both types of absorption coefficient for gamma rays has been done for  
liquids  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 0.662 MeV gamma radiations in ethanol 
soluble oxalic acid for different concentrations.  
  

MATERIALS (liquid) AND METHODS 
  
Experimental arrangement:-  
         The experimental arrangement is as usual, cylindrical prefix container of internal diameter 
2.10 cm was 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 (Tl) 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.  
 
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    
are  passed  through  it.  The concentration  varied  by   adding oxalic acid    to  fixed volume of 
methanol.  The  gamma  rays  are  passed  through  such  solutions  and interested peak gross 
area measured as A 1 , A 2 , …………… A 10.  The other quantities measured in the experiment 
are the volume of oxalic acid and ethanol   added together to give total volume . 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 ( π r2). This procedure is 
repeated for all the concentrations we prepared.  

 
Theoretical development for the experiment  

The graph of In (A 0 /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 suggests the relation.  
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This indicates the validity of the standard exponential absorption law of gamma rays when they 
pass through liquid substances.   
 

 
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.  
 

 
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 oxalic acid namely,  
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When the oxalic acid is dissolved in methanol then the homogeneous solution  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   
  

µ solution = µ methanol w methanol  + µOA wOA     ----------    (5) 
  
Table 1 gives the values using equation (5) for various concentration and theoretical values of 
(µ ethanol ) and (µ oxalic acid )  
are calculated by multiplying their densities to (µ/ρ) which is calculated by Hubble mixture rule.  
  

 
 Is used to calculate theoretical µ  (theoretical)  given in the table-1  
  
Solution technique for calculation of linear attenuation coefficient of Ammonium Sulfate 
Using the data the experimental linear attenuation coefficient of the oxalic acid with ethanol 
solution ( µ exp. ) is obtained  
from,  
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Where h is the height of the solution.  
The mixture rule for aqueous solution is obtained from equation (5). The equation 
 (5) is used to obtain theoretical ( µth ) and experimental ( µ exp ) is obtained by equation (7).  
In table(1) first column shows the serial number of the observation, second column shows VOA 
/V’ the concentration of solution in C.C., third column shows height of the solute and solvent, fourth 
column shows A, Fifth column shows the Ln (Ao/A), sixth column shows experimental ( exp/µ ) for 
solution which is obtained from last equation. 
 The experimental /µ   is obtained by using formula. 
 

expµ  = 1/h In (Ao/A) , Seventh column shows theoretrical (µ ’
th) for methanol solution 

obtained by using Hubbell’s Data in “Mixture rule” given by equation, eight column showing % 
error or deviation of experimental µ ’

exp from theoretical µ ’
th obtained by formula. 
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We observe from these tables that the experimental /µ  are within the acceptable limit 
showing very good agreement.  
The graph of /µ

th & /µ
exp (cm-1) versus concentration in c.c. i.e. VOA/V/ at various gamma ray 

for above organic compound was shown which shows that experimental points in the figure are 
nearly lying on theoretical line.  
 
 
 

 
ρµ / for methanol and oxalic acid is obtained from Hubbell table by multiplying its density we 

get theoretical  µthe  for ethanol and oxalic acid then by using eqn.(5) the µ  is obtained, the 
results calculated are tabulated in table  1  oxalic acid  solution.  Eqn  (5)  is  the  equation  of  
straight  line  between  µexp  and  concentration  in  which  methanol volume is fixed. The 
intercept is the attenuation coefficient for the methanol and its slope is the attenuation 
coefficient difference of both. 
 
If we plot the graph as shown in fig1, from the slope is 0.1419 cm-1 and intercept is 0.0683 cm-1 
is the linear attenuation coefficient for the oxalic acid and methanol. We observe from the 
table and graph that, the µexp and µth are within the acceptable limit showing very good 
agreement. The graph of exp µ (cm-1) versus concentration Vs/V at 0.662MeV gamma ray 
energy for solution is as shown in fig1. The mass attenuation coefficient for oxalic acid is 
0.08623 gm/cm2  
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CONCLUSION  
  
Our  experimental  measurement  of  linear  attenuation  coefficient  of methanol  soluble  
oxalic Acid  for  different concentrations  and  estimated  from  them  the  attenuation  
coefficient  for  pure  oxalic acid  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 separate statistical procedure 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 methanol to solution without changing the oxalic acid amount in it. This saves 
the solute quantity and thus further economizes the experiment. If we divide  these values by 
the density of solution then we get mass attenuation coefficient for oxalic acid.  
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Table: -1.  Experimental & Theoretical values of the linear absorption coefficient 
of methanol solution of oxalic acid by varying concentraration in terms of VOA/V’ 

for γE  = 0.662 MeV. 

Ao = 15.792 
Sr No. C=VOA /V’ h (cm) A  Ln Ao/A μ′

 exp(cm-1) μ′
th(cm-1) % Error 

1. 0.05 2.96 12.682 0.219294488 0.074085976 0.075731935 2.173401997 

2. 
0.0952381 3.16 12.222 0.256240547 0.081088781 0.082062677 1.186771282 

3. 0.136363 3.27 11.852 0.286981523 0.087761934 0.087817806 0.063623367 

4. 0.173913 3.38 11.488 0.318175141 0.094134657 0.093072655 -1.14104648 

5. 0.208333 3.49 11.251 0.33902114 0.097140728 0.097889483 0.764898178 

6. 0.24 3.58 10.981 0.363311646 0.1014837 0.102321048 0.81835349 

7. 
0.2692308 3.68 10.555 0.402878472 0.109477846 0.106411685 

-
2.881413369 

8. 0.2962963 3.79 10.469 0.411059644 0.108459009 0.110199304 1.579225321 
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9. 0.3214286 3.88 10.101 0.446843724 0.115165908 0.113716386 -1.27468188 

10. 0.3448276 3.98 9.999 0.456993065 0.114822378 0.116990905 1.853586146 

 
  

 

 
 

Fig. Linear Attenuattion Coefficient of Oxalic Acid in Methanol solution by varying concentration 
for gamma energy 0.662 MeV. 
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