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Degradation of Poly(Ethylene Oxide) Films Using Crystal Violet
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The present study aimed to investigate the degradation of poly(ethylene oxide) (PEO) in the 
presence of cationic dye crystal violet irradiated under visible light. The preparation of the samples 
was done in the form of films obtained by casting. Degradation tests were carried out by 120 hours 
at room temperature. The degradation kinetics of the dye and polymer were accompanied by UV-Vis 
spectrophotometry and viscosimetry technique. The UV-Vis Spectra showed 81.2% degradation of the 
dye. In addition, it was observed a broadening of the absorption band of the polymer and the reduction 
of its viscosity, which features degradation. In this way, it is possible to affirm that the crystal violet 
dye, at the studied concentration, contributed to the degradation process of PEO.
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1. Introduction
Poly(ethylene oxide) (PEO) is a biodegradable, soluble 

in water, biocompatible, non-toxic polymer and has one 
of the simplest structures of soluble polymers in aqueous 
medium. PEO can be used in several applications, such as 
paper coating, agricultural films, textile fibers, furthermore, 
as solid polymer electrolytes for use in electronic devices1,2.

Various additives are incorporated into the polymer 
matrix, to alter or improve the material properties. Some 
of the most important ones are the dyes. They dissolve and 
become part of the molecular structure of the polymer, thus 
having chromogenic groups, such as nitro, nitrous, azo and 
carbonyl3 incorporated in its chain.

Therefore, by interacting directly with the light radiation 
that affects the material, the dyes can act as sensitizers by 
initiating4 the production of free radicals and promoting the 
degradation of the polymers, stabilizing or accelerating the 
process5. These radicals are capable of reacting with oxygen, 
producing several chemical reactions, which can lead to the 
complete decomposition of the polymer6.

The Crystal Violet (CV) is a cationic dye, soluble in 
water and used mainly in the medical field. Besides that, it 
still has antiseptic and antimycotic activity, and because of 
this, it is used in moderate intensity disinfectants7.

Sen et al. evaluated the behavior of this dye when 
incorporated in substances of high molecular weight, and 
demonstrate that the CV suffers interactions with proteins 

through electrostatic attraction8. Considering the presence 
of electronic density in the PEO structure9 and the cationic 
character of the CV, it is believed that the dye presents the 
same type of interaction with the polymer.

In this context, the present work aims to investigate the 
photodegradation of PEO in the presence of violet crystal 
cationic dye irradiated under visible light.

2. Experimental

2.1 Preparation of Films

PEO + CV films were prepared by the casting method, 
using chloroform (Synth), as solvent. Poly(ethylene oxide) 
(Aldrich) was solubilized with 8% (m/m). Then it was added 
crystal violet (Vetec) dye solution in the concentration of 
1.0x10-4 mol.L-1. The films were collected after the total 
evaporation of the solvent10 after 48 hours, and then wrapped 
in aluminum paper to avoid interactions with light.

2.2 Photodegradation

Poly(ethylene oxide) films containing dye were irradiated 
by a mixed lamp mercury vapor bulb (Philips, 160W) for 120 
hours at room temperature. Samples were collected at certain 
time intervals (0h, 4h, 15h, 47h, 120h). The maintenance of 
light intensity was maintained with the aid of a radiometer 
(Hanna, HI 97500).
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The degradation kinetics was accompanied by UV-Vis 
spectrophotometry (Cary 300) using a spectrophotometer 
at a wavelength range from 200 to 800 nm, monitoring the 
spectral variations in absorption bands related to the dye 
and polymer.

2.3 Viscosimetry

Viscosity measurements were performed with the aid 
of a Gilmont viscometer at a temperature of 30 °C. For this, 
mathematical equations are used to calculate the intrinsic 
viscosity [η] of a polymer solution by graphical extrapolation11. 
Solomon and Ciuta12 came up with the equation (A) for 
the determination of intrinsic viscosity, where ηsp and ηrel 
correspond to the specific and relative viscosity, respectively, 
and ccorresponds to the concentration in g/dL.

					            (A)

The variation of the molar mass of a polymer is a direct 
indication of bonds breakage occurrence in its main chain. 
According to the obtained intrinsic viscosity data, the chain 
scission values (S) were calculated based on Equation B.

					            (B)

Where η 0 corresponds to the initial intrinsic viscosity 
before the radiation and ηt refers to the viscosity value after 
light exposure time.

3. Results and Discussion

Figure 1 shows the absorption spectra of polymeric 
films containing crystal violet in concentration of 1.0x10-4 
mol.L-1 irradiated at different times.

transitions n-π * of the group14. The decrease in the intensity 
of the CV dye absorption bands was observed. This result 
suggests that the dye molecules suffer degradation reactions 
after exposure to radiation. Monitoring of spectral variations 
revealed a degradation percentage of approximately 81.2% 
in the used concentration.

The pure CV dye was irradiated under the same conditions 
when polymer was added, and its calculated degradation 
rate was 13.92%, demonstrating that when incorporated 
in the PEO structure its decomposition occurs in a marked 
manner. The main mechanism of dye degradation includes 
the reaction of its excited species with the oxygen present 
in the medium15. The fluorescence of a substance is strongly 
dependent on the stiffness of the structure16, thereby it is 
believed that the incorporation of the dye into the polymer 
matrix favors the absorption of energy by the CV and 
facilitates its degradation.

The wavelength range corresponding to the visible region 
is not able to initiate degradation of the PEO, because this 
polymer only absorbs radiation corresponding to wavelengths 
relative to the ultraviolet region17,18. In this instance, the 
absorption of UV radiation can promote the degradation of 
PEO due to the formation of hydroperoxides that decompose 
easily at room temperature18.

Kaminska et al. showed absorption bands at approximately 
280 nm corresponding to poly(ethylene oxide)19, correlated 
with carbonyl C-O type n-π* transitions20. The monitoring 
of this region allowed to observe that, over time, there 
was an enlargement in the absorption band of the polymer, 
which suggests its decomposition. A probable mechanistic 
path involved in this process would be associated with the 
breakage of the C-C and C-H bonds of the polymers through 
a homolithic process, originating free radicals as the first 
photoproducts21.

The mechanism of propagation of reactions via free 
radical7 defines that in the presence of oxygen, the reactions 
occurs in self-catalytic cycles that once started, will continue 
at an increasing rate until the complete decomposition of 
the material22. In the mechanism proposed by Egerton23, 
shown in Scheme 1, the photoactive excited state of the dye, 
usually the triplet (3D) is suppressed by the fundamental 
state of the oxygen molecule (3O2) to produce singlet oxygen 
(1O2). Then the singlet oxygen reacts with water to form 
hydroperoxides or hydrogen peroxide and both induce the 
polymer oxidation23.
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Figure 1. Absorption spectrum of PEO containing CV (1.0x10-4 
mol.L-1) after 120 hours of irradiation.

The crystal violet dye has a maximum absorption at 589 
nm13 due to π-π * transitions in the aromatic ring group. The 
bands, at approximately 200-400 nm, refer to the low energy 

Scheme 1. Polymers photodegradation mechanism sensitized by 
dyes in presence of O2 and H2O, according to Egerton23.
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Table 1 shows the experimental data for the values of 
the relative, specific and reduced viscosity obtained at the 
times of each sample.

Table 1. Viscosity values for PEO films containing crystal violet.

PEO + VC 
irradiation 
times

Relative 
viscosity 

(ηrel)

Specific 
viscosity (ηsp)

Reduced 
viscosity 

(ƞred)

0h 1.1350 0.1350 3.4090 dL g-1

47h 1.0981 0.0981 2.4772 dL g-1

120h 1.0711 0.0711 1.7954 dL g-1

As observed, the viscosities decrease progressively over 
time, being possible to obtain the intrinsic viscosity from 
the values (Figure 2).

Figure 2. Intrinsic viscosity as function of the irradiation times.

When analyzing the intrinsic viscosity results of the 
irradiated samples, a decrease was observed and, in addition, 
there was a decrease in MV values over time. Before the 
exposure to light, the material had MV of 497,814.25 g.mol-1 
and after 120 hours reached 235,406.94 g.mol-1. This reduction 
represents a decrease of approximately 51% in the average 
viscosimetric molar mass of the films. Table 2 presents the 
MV values obtained for the samples studied.

Table 2. PEO + CV viscosimetric molar mass.

PEO + VC irradiation times Viscosimetric molar mass(MV)

0h 497,814.25 g mol-1

47h 343,459.25 g mol-1

120h 235,406.94 g mol-1

The polymers degradation process usually involves 
radical mechanisms. Therefore, polymer exposure to radiation 
promotes the chain scission24. Figure 3 shows the chain 
scission values (S) for pre-established times of the PEO 
polymer samples submitted to the tests during light exposure.

Figure 3. PEO chain scission in the presence of CV in concentration 
1.0x10-4 mol.L-1.

The increase of chain scissions suggests that the dye 
contributes to the PEO degradation, according to Kaczmarek25 
the pure PEO when irradiated in visible light does not have 
large variation in (S) or decrease in molecular weight over 
the irradiated time.

4. Conclusion

According to the facts cited in this study, the crystal violet 
dye interferes in thestability of PEO due to the enlargement 
of its band, decrease in viscosity and MV, and increase of the 
chain scission. Also, exposure of poly(ethylene oxide) films 
containing crystal violet dye under visible light promoted a 
degradation of both polymer and dye.
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