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ABSTRACT.  The effect of radiation on the color intensity of aerated,
oxygen and nitrogen-saturated aqueous solution of ethyl violet (EV)
has been investigated. The radiation degradation yield (Gd values)
were found to be (0.087, 0.072 and 0.061) and (0.0006; 0.0043 and
0.0034) (mol/J, for aerated aqueous and dimethyl sulfoxide solutions,
respectively. The relatively low degradation yield indicates the
absence of chain reactions, and probably the poor efficiency and ec-
onomics, in terms of the practical application of the radiation process.
For applications in the radiation treatment of waste water, it was noted
that in the presence of oxygen and at higher concentration of EV, the
value of Gd increased markedly, so that it may be practical to monitor
the extent of sterilization of water. In addition, the radiation pro-
cessing of EV waste water may also become economically feasible.
The effect of pH, light and temperature on pre- and post-irradiation
stability have been studied. Suggestions are made for the possible use
of EV aqueous and DMSO solutions as a chemical dosimeter in the
range of absorbed dose 0.25 and 20 kGy respectively.

Introduction

Ordinary treatment processes do not easily degrade the majority of dye waste
solutions originating from textile industry. The use of ionizing radiation for the
treatment of textile dye waste effluents seems to be promising. This is because
the effect of γ-rays can be intensified in aqueous solution by the primary prod-
ucts formed from the radiolysis of water[1,2]. From this point of view, the radia-
tion-induced degradation of several dyes and acid-base indicator dyes in aque-
ous solution have been studied[3-7]. This characteristic has been the bases of
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several studies on radiation-induced degradation of Chlorontine Fast Green
(CFGBLL) in aqueous solutions. The compound is widely used as dye in the
textile industry and therefore its effective degradation in wastewater can make
this water suitable for re-use in textile manufacture or for other industrial or mu-
nicipal purposes[8]. In addition to the above objectives, the radiation-induced
decoloration of many indicator dyes has been used in chemical dosimeter[9,10].

In the present work, the effect of γ-radiation on the spectral absorption char-
acteristics of aerated, de-aerated and oxygenated aqueous solutions of ethyl
violet dye was investigated. The potential use of the system as a chemical
dosimeter was also studied.

Experimental

Commercial ethyl violet, molecular weight 432.15 g/mole (C31H42ClN3) ob-
tained from CAC Co., Ltd, was used without further purification. Other re-
agents used are of analytical grade. Schematic diagram of ethyl violet is as fol-
lows:

Procedure

Irradiation of the dye solutions were held in 5 ml amber glass ampoules,
placed in polystyrene cylindrical capsules of 5 mm wall thickness. The irradia-
tions were carried out in central position of a Gamma-Cell 60Co gamma-ray ir-
radiator with annular geometry (approximately isotropic uniform photos in-
cidence). The absorbed dose rate at the time of irradiation was 80 Gy min�1.
The solutions were irradiated to different doses (20-50 Gy) and 3-50 Kgy for
ethyl violet and dimethylsulfoxide ethyl violet solution respectively. The tem-
perature during irradiation was 25ºC. The optical absorption spectra and values
of absorbance at specified wavelengths were measured with a double-beam
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Cary Model 219 spectrophotometer, using a band-pass setting of 1.0 mm. The
solutions were held in the object beam in quartz-glass, 10 mm pathlenght cu-
vettes, with the reference beam cuvette containing purified water.

Results and Discussion

Radiation-induced Changes of Absorption Spectra

The electronic absorption spectral data of ethyl violet in different solvents are
summarized in Table 1. The absorption spectra of aerated aqueous and DMSO
solutions following irradiation to different doses were measured. The results are
shown in (Figs. 1 and 2) respectively. The unirradiated ethyl violet solution at
pH4.5 has very strong absorption bands in visible region at 593 and 603 nm for
aerated aqueous and DMSO solutions respectively. It can be seen that the am-
plitude of all absorption bands decreases gradually with the increase of the γ-ray
photos dose and that the decrease at u.v. region is less pronounced than that at
visible region.

TABLE 1. Summary of electronic absorption special date for ethyl violet different solvents (Beer�s
law valid is for concentrations up to 25 µM).

      
Solvent λmax (nm)

Linear molar extinction  
 coeff. ∈m (M�1 cm�1)

Dimethyl sulfoxide 603 9.5 × 104

2-methoxy ethanol 594 5.0 × 104

Ethanol 594  11 × 104

Isopropanol 590 10 × 104

Water 593 8.0 × 104

Degree of Decoloration

Since EV solutions have two strong absorption bands at 593 and 603 nm for
aerated aqueous and DMSO solutions, the degrees of decoloration were estimat-
ed from the reduction in absorbance, A, at each absorption band by using the re-
lationship

Where Ao is the absorbance of the unirradiated solution and Ai is the ab-
sorbance of the irradiated solution. Figs. 3 and 4 show the percentage decolor-
ation of aerated aqueous and DMSO solution at different doses in the range of

  
percentage decoloration    = ×A – A

A
o

o

i
100 (1)
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FIG. 1. Absorption spectra of aerated aqueous ethyl violet solution unirradiated and irradiated to
different doses at pH 4.5 [EV] = 20 (ML-1.
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the dye concentration from 5-20 (M L-1 at (593 and 603 nm, respectively. It can
be seen that, for the same initial dye concentration, the degree of decoloration
increases by increasing the dose and the degree of decoloration at the same dose
decreases by decreasing the initial dye concentration.

The results obtained for O2-saturated and N2-saturated aqueous solutions of
EV are also shown in Fig. 3. It is seen that, at the same dose, the percentage de-
coloration for the O2-saturated solution is slightly higher than that of aerated so-
lution which is also higher than that of the nitrogen-saturated solution. These re-
sults show that the decoloration reaction is promoted by oxygen. The increase
in the degree of decoloration for the O2-saturated solution over that of the N2-
saturated solution can be explained by considering the expected contribution of
the HO2 (and O2-radicals, which are formed in the presence of oxygen ac-
cording to the following reactions[10].

H•
(aq) + O2(g)   →   HO•

(aq) (2)

and e�
(aq) + O2(g)    →   •O�

2(aq) (3)

In addition to the primary OH radicals and hydrated electrons liberated from
the radiolysis of water, these species contribute to the decoloration reaction.
The low bleaching yields of the dye in aerated solutions indicated that the OH
radical is the principal oxidant which reacts with dyes via successive and/or
competing pathways, some of which do not lead to decoloration[11]. The ox-
idizing radicals OH and HO2-can react with the dye by ring addition and attack
on functional groups[12]. The degradation reaction of the dye in the presence of
oxygen leads to the formation of peroxides, which may also contributes to the
decoloration reaction. After decoloration, the skeleton of the dye is degraded to
lower molecular weight, mainly organic acids, which in turned are degraded to
carbon dioxide and hydrocarbon[1].

Degradation Kinetics

The study of the degradation kinetics of aqueous solutions of EV was carried
out for the concentration range from 5-20 (ML-1. It was found that the de-
gration reactions is first order for all dye concentrations. The relationship be-
tween the residual concentration (determined spectrophotometrically at (max
593 and 603 nm) versus the absorbed dose for aqueous and DMSO solutions
were shown in Figs. 5 and 6 respectively. It is seen that the variation of con-
centration has been plotted versus on semilogarithmic scale, thus obtaining
straight lines in accordance with a first order radialytic effect
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FIG. 5. Residual concentration (C) vs the absorbed dose, when the absorbance of the solutions is
measured at (max 593 nm for aerated aqueous dye solution at pH 4.5.
Initial concentrations Co: (1) = 5 (ML-1 (2) 10 (ML-1 (3) 20 (ML-1.
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FIG. 6. Residual concentration (C) vs the absorbed dose, when the absorbance of dye in DMSO
measured at (max 603 nm initial concentration Co: (1) = 5 (ML-1 (2) = 10 (ML-1 (3) = 20
(ML-1.
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�dC = k1 CdD, (4)

lnC = lnCo-k1 D, (5)

where:

C = dye concentration (mL-1)

Co = initial dye concentration (mL-1)

D = total absorbed dose (Gy)

k1 = reaction rates constant

Degradation Yields

The yields of degradation (Gd) is defined as the number of moles degraded
by absorption of 1J of energy (unit:mol/J). The Gd is calculated from the gener-
al relation[13].

∆A = the change in the absorbance at (max

(6)

b = the optical path length (1 cm)

ρ = the density of solution (g /cm3)

e = the linear molar extinction coefficient at (max (m2/mol)

D = the absorbed dose (Gy)

Table 2 shows the Gd values for different concentration at 593 and 603 nm
for aerated aqueous and DMSO dye solutions.

               TABLE 2. 

CoµML�1 Gd, µmolJ�1

Aqueous λmax 593nm DMSO λmax 603nm

         5 0.061 0.0034

       10 0.072 0.0043

       20 0.087 0.0060

Dye Stability and Dosimetry Recommendation

In a study of the dye solutions before and after irradiation, for storage over
one month period in the presence or absence of ambient light at different tem-

Gd  
A

D. .p.b
 ,  mole/J= ∆

ε
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FIG. 7. The variation of absorbance as a function of pH for aerated aqueous dye solution 20 (ML-
1 at (max 593 nm (1) 15 min after prep. (2) 24 hr. after prep. (30 48 hr. after prep.
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peratures, the results indeed showed that the DMSO solutions of EV is more
stable than aqueous dye solutions, nevertheless, Figs. 8 and 9 show that, in case
of both, excessive temperature (60ºC) in the presence of indirect or direct sun-
light causes pronounced fading. As indicated in Figs. 7-9, the greatest degree of
stability is achieved in the case EV dye at pH 4-7 and stored in the refrigerator
(5ºC). Based on the above results, EV solutions show promising dosimetric
characteristics that have a number of useful applications in the field of chemical
dosimetry particularly for food irradiation on the range of absorbed dose from
about 0.25 to 20 KGY. Further developmental studies will be carried out.
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WO��HM��« qO�ù« WG�& �uK�� vK� U�U� WF�√ dO�Q�

*w!UF�« d�b� n!U�  Ë  ÍdNA�« bF� izU�
W��uF��« WO�dF�« WJKL*« − UN�√ , b�U� pK*« WF�U� , ÂuKF�« WOK� , ¡UOLOJ�« r��

WO�dF�« dB� W��uNL� , g�dF�« , f�u��« �UM� WF�U� , WO�d��« WOK� *

¡UH?��«Ë �b� vK� W?F�_« dO�Q� W?�«�� Y���« «c� w� - ÆhK���*«
b?�Ë , 5�?��_« �u?�ËË »U?O?� w� w��?HM� qO�≈ W?G?�?& �uK; ÊuK�«
�u�Ë w� W?G�?BK� wzU*« �uK;« w� (Gd) w�UF?�ù« "UM�« �¡UH?� XMO�
 ö�U?H��« W?��«dL?��« »UO?� v�≈ (Gd) WL?O� ÷U?H��« d?��Ë , (DMSO)

�u??�Ë w�Ë (EV) s� W???F??H�d???� e??O??�«d� �u???�Ë w� sJ�Ë Æ W?K�K�???�*«
 ôU�?� w� UNM� ��UH?��ô« sJ1 U2 (Gd) q�UH�« �¡UH?� �«�e� 5���_«

Æ �UF�ùU� UN�'UF� bF� ·dB�« ÁUO� Â«b���« ��U�≈ W�U� w� oO�D��«
��«d?(« W����Ë ¡u�?C�«Ë 5��Ë�b?O?N�« e?O?�d� d?O?�Q� W��«�� - b?�Ë
�u??�Ë w�Ë wzU*« �u?K;« w� lO??F??A??��« b??F�Ë q�??� (EV) W??G?�??& vK�
Èb*« w� WO?�UF�ù«  U�d?�K� �UOI?L� UN�«b?���« �UL?��ô (DMSO)

Æ w�«u��« vK� Í«d� � ≤∞ − ∞[≤µ




