Advances in Condensed Matter Physics
Volume 2015 (2015), Article ID 471809, 6 pages
http://dx.doi.org/10.1155/2015/471809
Research Article
Photoproducts Formation from Salicylic Acid and Poly(allylamine hydrochloride) in Aqueous Solution Induced by UV-B Radiation
Romario J. da Silva, Nara C. de Souza, and Josmary R. Silva
Grupo de Materiais Nanoestruturados, Universidade Federal de Mato Grosso, 78600-000 Barra do Garças, MT, Brazil
Received 8 April 2015; Revised 29 July 2015; Accepted 2 August 2015
Academic Editor: Golam M. Bhuiyan 
Copyright © 2015 Romario J. da Silva  et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Abstract. 
We report on the investigation of the influence of UV-B radiation (306 nm) on the salicylic acid mixed with poly(allylamine hydrochloride), PAH, in aqueous solution. UV-Vis spectra versus irradiation time reveal kinetics of photoproducts formation. At pH 9 and 10 are found a growth regime and another of decay of photoproducts formation. In addition, the growth does not depend on temperature, whereas the decay showed a significant dependence on this parameter suggesting a thermally activated process. These processes were well fitted with first-order exponential functions.



1. Introduction
Exposition of drugs to ultraviolet (UV) radiation is a very important issue since this situation can lead to a loss of activity or even formation of harmful products from drugs. In general, this occurs as a result of phototransformation of drug molecules after absorbing UV radiation [1]. Consequently, the effectiveness of drugs relies on their behavior under exposition to UV radiation. A number of studies of the influence of UV light on drugs have been performed on solution of free drugs [2–5] or in complexed ones [5]. Apart from the studies of the pure drugs in solution, other researches have focused on encapsulated drugs by using polyelectrolytes [6, 7]. In these systems, there are interactions between the two kinds of components. Thus, it becomes important to study also the behavior of drugs mixed with polyelectrolytes under exposure to ultraviolet light. As seen previously, several investigations of the influence of UV radiation on drugs have been performed; however no research has been exploring the effects of UV radiation on solutions consisting of drugs mixed with polyelectrolytes, in particular, salicylic acid (SA) and poly(allylamine hydrochloride), PAH. Salicylic acid is colorless crystalline organic compound used against inflammations, relief of arthritis, and headache pain. In addition, their derivatives are also used to treat heart disease [8]. PAH is commonly employed as encapsulation material [6, 9].
In this paper, we report an investigation of the effect of UV-B irradiation on salicylic acid mixed with PAH polyelectrolyte in aqueous solution. Kinetics of photoproducts formation is revealed and the influence of pH value and temperature on this process is explored.
2. Materials and Methods
2.1. Compounds and Solutions
Salicylic acid (SA) was obtained from Mob Lab Co. with molecular weight of 138.12 g mol−1 (Figure 1). Aqueous solutions were prepared at a concentration of 0.0625 g/L. The pH values of the solutions were adjusted with ammonium hydroxide (NH4OH) 1 mol/L for basic region (6, 9, and 10) and hydrochloric acid (HCl) 1 mol/L of an acid solution of pH 2. Poly(allylamine hydrochloride), PAH, , was commercially obtained from Sigma-Aldrich Co. and used as receipt. Aqueous solutions of the polyelectrolytes were prepared with the same concentrations and pH values of the solutions of SA.




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
	


Figure 1: Chemical structures of salicylic acid.


2.2. Photoproducts Formation Induced by UV-B Light Irradiation
The expositions of the solutions to ultraviolet radiation were carried out by placing the samples into a homemade chamber equipped with a UV-B lamp (Sankyo Denki G15T8E). This lamp has the emission range of 280–360 nm with a peak at 306 nm, power consumption of 15.0 W, and emission of UV-B of 3.0 W. Solutions of SA + PAH with a concentration of 0.0625 g/L and pH 9 were prepared (50 : 50, v/v). Then, aliquots of 10.0 mL were placed in a beaker and taken to the UV-B chamber (Figure 2), which was subjected to irradiation at a distance from the source (lamp) of 160.0 mm. Along 12 h, the irradiation process was interrupted at intervals of 1 h and a fraction of the solution was collected and had its UV-Vis absorption measured. After obtaining the spectrum, the solution was returned to the beaker. The schematic sequence of steps of the procedure is shown in Figure 2.




	
	
		
		
		
		
			
		
		
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
		
		
			
			
		
		
			
			
			
		
		
			
		
		
		
		
		
		
			
				
					
				
					
				
			
		
		
		
		
		
		
		
			
		
		
		
		
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
				
					
				
					
				
			
		
		
		
		
		
		
		
		
		
			
		
			
			
		
		
		
		
		
			
			
			
		
		
			
			
		
		
			
			
			
		
		
		
		
		
			
			
		
		
			
			
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
	


Figure 2: Schematic diagram of the irradiation procedure of SA + PAH solution.


2.3. Influence of pH Value
For the study of the influence of pH, solutions of AS and PAH were prepared with equal volumes at three different pH values (6, 9, and 10). Each system was then subjected to the procedure of Figure 2. It should be noted that the concentration of all solutions used in this study was 0.0625 g/L.
2.4. Temperature Influence
To investigate the influence of temperature on photoproducts formation, it was necessary to use a thermal bath Brand New Ethics, model 500-1D. Since this device has dimensions greater than the ultraviolet chamber, and its temperature control system only works with heating, it was necessary to perform some adjustments that are indicated in Figure 3. The temperature values used ranged from 0 to 60°C. To avoid thermal shock of solution, a cuvette and a Pasteur pipette were used to withdraw samples, which were kept in a container in the bath, as can be seen in Figure 3. Furthermore, once we removed the sample, it was quickly taken to the spectrophotometer, measured and then discarded.




	
	
		
			
				
			
		
		
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		


Figure 3: Experimental setup used to control the temperature of the solutions.


2.5. UV-Vis Spectroscopy Analysis
Electronic absorption spectra for all experiments were taken using a spectrophotometer (Thermolab, Genesis 10) at room temperature.
3. Results and Discussion
3.1. Photoproducts Formation Induced by UV-B Irradiation
In order to investigate the effect of UV-B irradiation on the SA + PAH solution, we first examined the influence of the radiation on a solution with only SA (0.0625 g/L g/mL, pH 9). Figure 4(a) illustrates the UV-Vis absorption spectra of SA in aqueous solution at different times of UV-B irradiation (306 nm). All spectra present two bands with maximal absorption at 230 and 295 nm. Both bands are assigned to  electronic transitions either in carboxyl and aromatic heterocyclic (230 nm) or in phenolic hydroxyl oxygen and cyclobenzene (295 nm) [10]. Before and after the irradiation, there is no significant alteration of absorption peak position.
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(b)
Figure 4: UV-Vis spectra for solutions of (a) pure SA and (b) SA + PAH at different irradiation times (0–12 h). Measurements performed at pH 9 and 25°C. The inset shows the image of the as-prepared SA + PAH solutions (0 h) and after UV-B irradiation (2, 10, and 12 h) at 25°C, pH 10.


After the study of SA solution, we have examined the effect of UV-B irradiation on SA + PAH solution. Figure 4(b) depicts the absorption spectra of SA + PAH in aqueous solution (0.0625 g/L g/mL, pH 9, 50 : 50, v/v) at different times of UV-B irradiation. Before irradiation, the spectra present only two bands with maximal absorption at 230 and 295 nm, as showed in Figure 4(a). These bands are also attributed to  transitions in disubstituted benzene, as discussed previously. After the irradiation, a novel band is formed ranging from 340 to 350 nm. It should be noted that the UV-B irradiation of pure PAH in aqueous solution does not produce the observed band (data not shown). Furthermore, this band is not observed when the SA aqueous solution is irradiated (see Figure 4(a)). This band is observed only when PAH is mixed with SA.
A possible explication to this band is the formation of complexes from SA with PAH. Such complexes when irradiated lead to generation of novel products (photoproducts) associated with observed band. Photodegradation of SA can be ruled out because no absorption band ranging from 340 to 350 nm is observed after the UV-B irradiation of SA solution (see Figure 4(a)). Furthermore, photodegradation causes a decrease in absorption band, event which is not observed [11]. Then, the photoproducts arise only for the system consisting of SA mixed with PAH in aqueous solution. In experiments using the same irradiation times, we did not observe photoproducts formation for PAH in aqueous solution (data not shown) and in pure SA solution (Figure 4(a)).
3.2. Kinetics of Photoproducts Formation and Its Dependence on pH Value
The monitoring of the absorption peak at 345 nm from results of study of UV-Vis absorption spectra at different UV-B irradiation times (Figure 4(b)) for the SA + PAH solution leads to a kinetics of photoproducts formation. Figure 5 exhibits the behavior of kinetics of photoproducts formation (at 345 nm) as a function of irradiation time for SA + PAH solution at three different pH values. It is well known that the behavior of SA or PAH is susceptible to pH value [12, 13]. Here, we observe that at pH 6 the amount of photoproducts and its rate of formation kinetics increase with increasing pH value, whereas at pH 9 and 10 there are a growth and next a decay. At pH 9, the drop occurs around 7 h and at pH 10 it occurs after 3 h. Therefore, it is clear from our results that pH 9 and 10 reveal two different kinetics regimes: growth and decay of photoproducts formation.




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
		
			
			
			
			
			
			
			
		
		
			
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
			
				
			
				
			
				
			
				
			
				
			
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
				
			
				
			
				
			
				
			
				
			
				
			
			
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
			
				
			
			
				
			
				
			
				
			
				
			
				
		
		
			
		
		
			
		
			
				
		
		
			
				
			
		
		
			
				
			
				
		
		
			
				
			
				
		
		


Figure 5: Kinetics of photoproducts formation monitored at 345 nm absorption peak at different pH values (6, 9, and 10). Concentration of 0.0625 g/L and temperature of 25°C.


The increase in the photoproducts amount and its kinetics rate can be explained by considering that OH ions with the energy absorbed by the irradiation are used in the deprotonation of carboxyl and phenol from a plot of SA; when it reached a critical concentration, groups are linked to other ones by electrostatic interaction NH3+ from PAH, thus promoting the crosslinking of the polymer chains. Consequently, it leads to phase segregation observed. The occurrence of crosslinking triggered by electrostatic interactions between PAH and other molecules, which is accompanied by phase segregation, is reported in the literature [14].
A possible hypothesis for explaining the behavior of growth and decay of the kinetics of photoproducts formation is that while the solution is irradiated, photoproducts are formed until achieving a saturation amount. From this point, these species begin an aggregation which segregates the liquid phase and then forms cotton-shaped photoproducts, that is, a three-dimensional network of photoproducts (inset in Figure 4(b)). This kind of structure is opaque to the light beam of UV-Vis spectrophotometer.
3.3. Influence of Temperature on the Kinetics of Photoproducts Formation
In order to investigate the influence of temperature on the kinetics of photoproducts formation, we have performed an experiment in which the temperature of SA + PAH solution was changed from 5 to 60°C (see Section 2.4).
Figure 6 displays the absorbance kinetics, which is proportional to kinetics of photoproducts formation, as a function of the temperature (5, 25, 40, 50, and 60°C) for the SA + PAH solution (0.062 g/L, pH 10, 50 : 50, v/v) irradiated with 306 nm UV-B light (15.0 mW). It should be noted that each irradiation time is considered to be the time interval in which the solution was exposed to UV-B light as described in Section 2.4. The absorbance (at 345 nm) without irradiation was considered as null reference. Solution at pH 10 was chosen for allowing the exploration of the process of growth and decay of kinetics of photoproducts formation. Furthermore, it provides a feasible range of time interval for the experiments.




	
	
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
		
		
		
		
		
		
		
		
		
		
			
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
			
			
			
			
			
			
			
			
			
			
		
		
			
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
			
		
		
			
		
			
		
			
				
			
				
		
		
			
				
			
		
		
			
				
			
				
		
		
			
				
			
				
		
		
			
				
			
				
		
		
			
		
			
		
			
		
			
		
			
	


Figure 6: Absorbance at 345 nm as a function of irradiation time for SA + PAH solution (0.062 g/L, pH 10). UV-B irradiation (306 nm, 15.0 mW).


For all temperatures, two kinetics regimes of photoproducts formation are observed. In the first, a growth until around 3-4 h is noted. Following that, there is a decay regime. The first regime is not affected by changing temperature, whereas the second reveals a significant variation of behavior.
The first regime is well fitted by the exponential growth function where Abs is the absorbance,  is a constant,  is the time, and  is the time constant of growth. The independence of temperature observed in the first regime suggests that the photoproducts formation is not thermally activated.
The second regime is fitted by an exponential decay function as showed in Figure 7: where Abs is the absorbance,  is a constant,  is the time, and  is the time constant of decay.
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(b)
Figure 7: (a) Growth kinetics regime of photoproducts formation for 25°C fitted by an exponential growth function. (b) Decay kinetics regime for 5, 25, and 40°C fitted by an exponential decay function.


Figure 7 depicts only the decay kinetics regime at three different temperatures (5, 25, and 40°C). At 25 and 40°C, the decay is well fitted by an exponential decay function (2). However, at 5°C, the decay is linear () associated with slow segregation observed.
The kinetics behavior of photoproducts formation as a function of temperature can be explained as follows. When the temperature is increased, this causes an increase in diffusion rate of photoproducts in solution leading to an increase in its aggregation rate which, in turn, increases the rate of segregation. This would lead to phase segregation observed (inset of Figure 4(b)). It should be noted that we have tried to determine the apparent activation energy, but this was not possible because our results were irregular.
4. Conclusion
We have demonstrated that UV-B light irradiation on SA mixed with PAH in aqueous solution leads to kinetics of photoproducts formation. Solutions at pH 9 and 10 reveal two different kinetics regimes, growth and decay. The growth rate does not depend on temperature, whereas the decay rate increases with increasing temperature leading to an increase in the rates of aggregation and phase segregation of photoproducts. These findings could be useful in developing capsules, which use drugs and polyelectrolytes that may suffer phototransformations when exposed to UV-B radiation from sunlight. Future works can be focused on determining composition of the photoproducts and studying this process using other UV radiation wavelengths.
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