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Abstract— In this study, radiolysis induced decoloration (in terms of %decoloration) of aqueous solutions of Sandalfix Orange C2RL (SO) 
dye was investigated. A UV/VIS spectrophotometer was used for spectrophotometric analysis of sample solutions. Sample solutions were 
irradiated by using Cs137 gamma source within 0.1-100 kGy dose range. The decoloration was resulted by interaction of gamma radiation 
with the chromophoric group present in dye molecule and reactions of dye molecule with the primary species produced by water radiolysis. 
The %decoloration (%Đ) was found to be increased with respect to absorbed dose (D) within selected dose range. 
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1 INTRODUCTION                                                                     

onizing radiations (IRs) have enough energy that can 
change the properties of chemical dosimeters due to which 
they respond logarithmically, linearly or exponentially etc. 

upon irradiation under suitable conditions. Synthetic dyes are 
being used to impart color and have been used for dosimetric 
purposes in aqueous solutions [1], [2], [3], [4], [5], [6], [7], [8], 
[9]. Dyes are characterized on the basis of their structure, color 
and method of application in color index; and can be catego-
rized as nitro dyes, anthroqinone dyes, arylmethane dyes, 
acridine dyes, quinine-amine dyes, azo dyes and xanthene 
dyes [10].   

In aqueous solutions, IRs can produce the hydrated elec-
tron, H2O2, H2, +H and •OH radical etc. and this formation 
depends upon the linear energy transfer value of radiation 
[11]. The γ-ray interaction with the dye solutions caused the 
enhancement of number of +H ions in the solutions; conse-
quently, increases the acidity of the sample solutions. 

Dyes are colored in nature and earlier studies showed that 
irradiation can change their color providing an evidence of IR 
interaction with dye molecule. IRs may be promising for the 
treatment of textile dye waste discharge because the effect of 
IRs can be strengthened in aqueous solution; the degradation 
efficiency of dye molecule enhanced by the primary products 
formed from the radiolysis of water [12]. Researchers have 
used different colors i.e., sandalfix red C4BLN [13], sandalfix 
golden yellow CRL [9], methyl blue [14], methyl orange [15], 

direct yellow 12 [11] and alizarin yellow GG [16] etc. for dosi-
metric purposes and reported in last decade.  

Decoloration and degradation of dyes in aqueous solutions 
can be achieved by gamma irradiation [17]; the addition of 
H2O2 can effectively breaks dye molecule resulting in higher 
color removal efficiency [18]. Radiolysis induced decoloration 
of the aqueous solutions of dye can be used in radiation 
processing for dose measurement. Preliminary studies for the 
dosimetric response of Sandalfix Orange C2RL (SO) dye has 
already reported [1], [2]. The SO dye is cost effective and easi-
ly available in market.  

The present work deals with the study of decoloration (in 
terms of %decoloration) of SO dye in aqueous solutions within 
0.1-100 kGy dose range. 

2 EXPERIMENTAL 
SO was collected from Sandal Dyestuff Industries Pvt. Ltd. 

Faisalabad, Pakistan, and was used without further purifica-
tion. Figure 1 showed the molecular structure of SO dye. For 
the preparation of the aqueous solutions of the selected dye, 
0.5-gram (weighted by Mettler H35AR (USA) balance) of SO 
was dissolved in one liter of deionized water collected from 
Pakistan scientific traders, Faisalabad, Pakistan. The pH of 
sample solutions was measured by pH meter (Hanna HI 
83141) and controlled by using one molar solution of NaOH 
and HCl, respectively. Sample solutions having pH 2, 3, 4, 5 
and 6 were prepared and all the solutions were kept in black 
box to avoid the unnecessary absorbance of light. A UV-VIS 
spectrophotometer (Lambda 25 1.27, PerkinElmer, USA) was 
used for the determination of absorption peak (λmax); absor-
bance (A) of all the solutions was calculated at this λmax.  
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Cuvettes (path length of 1 cm) were used to keep the solutions 
in the object beam. 
 

Cs137 gamma radiation source (having dose rate 660 Gy/h) 
available at Nuclear Institute of Agriculture and Biology 
(NIAB), Faisalabad, Pakistan, was used for irradiation of the 
sample solutions. Glass ampoules (internal diameter of 
1.03cm) were used to keep the solutions in the γ-irradiator for 
predetermined time interval. Irradiation of the samples was 
categorized in three phases i.e., low (0.1-1 kGy), intermediate (1-
10 kGy) and high (10-100 kGy) dosimetry ranges, respectively. 

3 RESULTS AND DISCUSSION 
Azo dyes are chemical compounds having N=N group; due 

to the delocalization of electrons through the N=N group, 
these compounds have intense colors depending on the chro-
mophore and extent of conjugation. Most probably, the first 
act of radiation is the destruction of this double bond. The ra-
diolysis of water caused the formation of primary interme-
diates (i.e., •OH, •H and eaq− etc.) that react with the dye mo-
lecule and take part in the decomposition of dye [10]. During 
the reaction between these intermediates and the azo dyes, 
hydrazyl type radicals are formed in first step by adding the 
radical to N=N group. The combination of these radicals 
caused the saturation of the N=N and decoloration of the solu-
tion; the disproportion may restore the N=N and also color of 
the solution [19]. The decoloration of water soluble dyes pri-
marily resulted from the reactions of dye molecules with the 
•OH radicals produced by water radiolysis [20]. The addition 
of •OH to N=N  caused the formation of transient with maxi-
mum wavelength in visible range [21] i.e., 430 nm for SO. 

Irradiation caused the removal of this chromophoric group 
and hence decrease in colour intensities was observed. The 
%decoloration (%Ð) can be calculated in terms of absorbance 
(A) of the sample solutions at pre and post irradiations stages 
as given in equations 1 [16]. 
 

%Ð = [(A˳- Ai)/ A˳] × 100   (1) 

Where, %Ð, A˳ and Ai show the percentage decoloration, 
absorbance of the pre-irradiated and absorbance of post-
irradiated sample solutions, respectively. 

Fig. 2, 3 and 4 demonstrated the response of %Ð for the sam-

ple solutions of SO dye having pH 2, 3, 4, 5 and 6 within low, 
intermediate and high dosimetry range, respectively. The %Ð 
was found to be increased with respect to absorbed dose (D) and 
followed an exponential function for low dosimetry range; loga-
rithmic increase was observed for both intermediate and high 
dosimetry ranges.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.  1: Molecular structure of SO dye 

Fig.  2: Response of %Đ within low dosimetry range 
 

Fig.  3: Response of %Đ within intermediate dosimetry 
range 

Fig.  4: Response of %Đ within high dosimetry range 
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4 CONCLUSION 
Decoloration of sample solutions of SO dye was resulted 

from breakage of chromophoric group upon irradiation and 
the reactions of dye molecules with the primary species pro-
duced by water radiolysis. The decoloration of sample solu-
tions of SO was increased with respect to absorbed dose (D). 
The response of %decoloration (%Ð) followed an exponential-
ly increasing function within low dosimetry (0.1-1 kGy) while 
logarithmic increase was observed for both intermediate (1-10 
kGy) and high (10-100 kGy) dosimetry ranges. The experimen-
tal results showed that about 90% dye was decolorized within 
the selected dose range. 
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