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Abstract. 
Cadmium sulfide nanoparticles (CdS-n) are excellent electron acceptor for hybrid solar cell applications. However, the particle size and properties of the CdS-n products depend largely on the synthesis methodologies. In this work, CdS-n were synthetized by microwave heating using thioacetamide (TA) or thiourea (TU) as sulfur sources. The obtained CdS-n(TA) showed a random distribution of hexagonal particles and contained TA residues. The latter could originate the charge carrier recombination process and cause a low photovoltage (
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, 0.3 V) in the hybrid solar cells formed by the inorganic particles and poly(3-hexylthiophene) (P3HT). Under similar synthesis conditions, in contrast, CdS-n synthesized with TU consisted of spherical particles with similar size and contained carbonyl groups at their surface. CdS-n(TU) could be well dispersed in the nonpolar P3HT solution, leading to a 
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 of about 0.6–0.8 V in the resulting CdS-n(TU) : P3HT solar cells. The results of this work suggest that the reactant sources in microwave methods can affect the physicochemical properties of the obtained inorganic semiconductor nanoparticles, which finally influenced the photovoltaic performance of related hybrid solar cells.


1. Introduction
During the last two decades, organic semiconductors have shown the potential to form organic heterojunctions that can be used as light emission diode or photovoltaic solar cells. A heterojunction is built with two types of semiconductors in touch: one is n-type or electron acceptor (A) and another one is p-type or electron donor (D). Most organic semiconductors are good electron donors, and few are good electron acceptors. On the other hand, the majority of inorganic semiconductors are good candidates to be electron acceptors. Hybrid solar cells are heterojunctions formed by one inorganic electron acceptor and one organic electron donor. They combine the stability and large electron mobility of inorganic semiconductors with low temperature solution processed flexible organic polymer material that makes them a promising alternative for low-cost, large-area, mechanically flexible solar cells. The light-electricity conversion efficiency of a hybrid solar cell is strongly dependent on the exciton dissociation efficiency, which, in turn, is a function of the morphology of the D-A active layer. The organic and inorganic components of the active layer in a hybrid solar cell can be prepared as two adjacent compact thin films, two diffused layers, or a blend or composite (bulk) layer of two interpenetrated components. The large D-A interface area of a bulk layer enhances the exciton dissociation efficiency, and the most efficient hybrid solar cells (and organic solar cells in general) were made with bulk active layers with inorganic nanoparticles mixed with a conducting polymer to create a heterogeneous composite with large interface area [1–6].
Several inorganic semiconductor nanoparticles have been used in hybrid solar cells [7–9]. In particular, cadmium sulfide (CdS) is an excellent photosensitive material and has a direct band-gap (
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) of 2.42 eV. The good match of its energy levels with those of organic semiconductors makes it a good candidate as electron acceptor coupled with poly(3-hexylthiophene) (P3HT) as electron donor to form the active layer in hybrid solar cells [7, 10–12]. A conversion efficiency of 1.06% has been reported in hybrid solar cells with P3HT and CdS nanoparticles sensitized with the ruthenium dyes (N719) [12]; without the dye, the CdS-P3HT heterojunctions only showed an efficiency of 0.06%. Thin films of CdS were deposited by spray pirolisis and used as active layer with P3HT to obtain an efficiency of 0.15% [13]. When CdS nanoparticles were formed along the P3HT main chains, the corresponding solar cells showed an efficiency of 2.9% [14]. The best conversion efficiency of CdS-P3HT solar cells is reported as 4.1% with quantum dots of CdS deposited on P3HT nanowires to reach a high interfacial surface [11].
There are several methods to obtain CdS nanoparticles like gas phase reaction (with H2S or sulfur vapor), solvothermal method, solution precipitation, microwave-assisted solution precipitation, and so forth. Due to the fast and homogeneous heating effects of microwave irradiation, microwave assisted heating methods have the advantages of short reacting time, high energy efficiency, and the ability to induce the formation of particles with small size, narrow size distribution, and high purity [15–20]. For solar cell applications, however, it is very important to study how the preparation conditions affect the physicochemical properties of synthesized CdS products and, especially, the photovoltaic performance of corresponding hybrid solar cells. In this work, CdS nanoparticles (CdS-n) were synthesized by microwave-assisted solution precipitation method with two different sulfur compounds: thioacetamide (TA) and thiourea (TU). The structural and optical properties of the obtained products, CdS-n(TA) and CdS-n(TU), were analyzed and compared. It is found that the former were random distributed hexagonal particles, whereas the latter were almost monodispersed spherical ones. The surface impurities in the obtained products were also analyzed. Inverted ITO/CdS-f/CdS-n:P3HT/CP-Au solar cells were prepared, in which ITO (indium-tin oxide) was the transparent conductor, CdS-f the thin film of CdS, CdS-n the nanoparticles of CdS, and CP the carbon paint as buffer layer between P3HT and gold contact (Au). The advantage of the inverted cells was the substitution of the unstable organic buffer poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS) by a much more stable CdS-f. It was demonstrated that the use of an adequate sulfur source in microwave synthesis of CdS was an important issue for hybrid solar cell applications.
2. Experimental
The chemical solution for CdS-n(TA) synthesis by microwave heating consisted of 0.03 M solution of CdCl2 (Reasol), 1 mM solution of sodium citrate (HOC(COONa)(CH2COONa)2) (Fermont, 99.9%), 0.67 M solution of KOH (J. T. Baker 88%) to keep the pH value of the solution slightly higher than 7, and 0.03 M solution of TA (CH3CSNH2) (Fermont) in deionized water. In the case of CdS-n(TU), the solution was made of 0.03 M solution of CdCl2 (Reasol), 0.01 mM solution of sodium citrate (HOC(COONa)(CH2COONa)2) (Fermont, 99.9%), 0.1 M solution of KOH (J. T. Baker 88%) to keep the pH value of the solution between 8.4 and 8.8, and 0.3 M solution of TU (NH2CSNH2) (Fermont 99.3%) in deionized water. In both cases, the reaction temperature was set at 50, 100, or 150°C, the reaction time for 10 or 30 min, and the power of the microwave oven at 600 W. The chemical solution turned from transparent to yellow color after microwave heating, suggesting the formation of cadmium sulfide. The obtained CdS-n precipitates were washed by centrifugation with methanol and dried at room temperature. The reaction yield was increased with the reaction temperature and time. After synthesis at 50, 100, or 150°C for 30 min, the dried CdS-n(TA) products were 5, 52, or 66 mg, respectively, for a 100 mL of reaction solution. In the case of CdS-n(TU), the product yields were 132 mg after synthesis at 100°C for 30 min and 207 mg after reaction at 150°C for 10 min. And, for the synthesis at 50°C for 30 min, no precipitate could be obtained from the centrifugal separation. Therefore, for solar cell application, 50°C was not adequate as reaction temperature to achieve a reasonable amount of CdS-n product.
The structural and optical properties of cadmium sulfide products were analyzed using different methods. X-ray diffraction (XRD) patterns of CdS-n powders were recorded in a Rigaku Ultima IV X-ray diffractometer (CuK-radiation 
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 nm), employing scanning rate of 1 deg/min in 2θ range from 10 to 70°. Scanning electron microscope (SEM) analysis with the attachment of an energy dispersive X-ray spectroscopy (EDS) was performed in a Hitachi FE-5500. FT-IR spectra of CdS-n powders in KBr pellets were recorded in a spectrum GX Perkin-Elmer. Photoluminescence spectra of CdS-n powders dispersed in water were taken in a Perkin-Elmer fluorimeter LS55 with 390 nm as excitation wavelength for emission spectra and a filter of 430 nm to eliminate the second harmonic signals. The concentration of the powder in water was chosen as about 0.13 or 0.32 mg/mL to maintain the particles as much separated as possible. Optical absorbance spectra of thin film samples were recorded in a Shimadzu spectrophotometer (UV3101 PC).
For solar cell preparation, thin films of cadmium sulfide (CdS-f), of thickness of about 50 nm, were deposited by chemical bath deposition [21] on transparent conductive glass substrates (indium-tin-oxide, ITO, coated glass with sheet resistance of 15 Ω per square, Lumtec). CdS-f acts as hole blocking layers in hybrid solar cells. The active layers were formed by CdS-n and poly(3-hexylthiophene) (P3HT, Aldrich regioregular, 97%). They were prepared as bulk or diffused layers. In the case of bulk structure (Scheme 1(a)), dried CdS-n powder was blended with P3HT solution in 1,4-dichlorobenzene (DCB). The weight ratio between CdS-n and P3HT was varied as CdS-n : P3HT = 1 : 1, 3 : 1, or 6 : 1. More percentage of CdS-n powder led to poor adhesion of the composite films on the substrate; less amount of the same powder caused poor photovoltaic performance. The mixed solution was dripped on the CdS thin film and dried at 70–80°C. For the diffused layer (Scheme 1(b)), microwave prepared CdS-n powders were dispersed in dimethyl sulfoxide (DMSO) or DCB. The CdS-n suspensions were deposited by spin-coating on top of the CdS-f surface and dried in air to form a porous CdS-n layer. Then a P3HT solution in DCB was dropped on top of that porous layer, which was rapidly filled by the polymer solution. After a fast drying process at 70–80°C, a diffused double layer of CdS-n/P3HT was formed. All the active layers, bulk or diffused, were annealed at 170°C for 10 min in air [22]. After cooling, carbon paint (CP) solution was spread first on the surface of active layers and dried in air. Then gold contacts of about 40 nm of thickness were deposited by thermal evaporation on top of CP. The use of CP was to improve the ohmic contact between P3HT and Au and avoid the gold atom diffusion towards the active layer [23]. The final structure of the cells was ITO/CdS-f/active layer/CP/Au, and all the devices were annealed in air at 110°C for 10 min to improve the junction between the metal contact and the active layer. For comparison purpose, reference cell samples were also prepared in which the active layers were formed only by thin films of CdS (50 nm) and P3HT. The structure of those cells was ITO/CdS-f/P3HT/CP/Au. Current-voltage (I-V) curves of solar cells were taken under illumination of one sun with a solar simulator (Oriel). The intensity of the Xenon lamp was adjusted to 100 mW/cm2. The external quantum efficiency of solar cells was measured in a solar simulator (Science Tech) with a Xenon lamp of 150 W. All the electrical characterizations of hybrid solar cells were carried out in air under ambient conditions.











	
		
			
		
		
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
	



	
		
			
		
		
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
	



	
		
			
		
		
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
	
















	
	
	
	
	




	
	
	
	
	




	
	
	






	
	
	















	
	
	



	
	
	







	
	
	



	
	
	





	
	
	




	
	
	






	
		
			
		
		
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
	



	
		
			
		
		
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
	






	
		
			
		
		
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
	



	
		
			
		
		
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
	


	
		
			
		
		
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
					
				
			
		
		
			
				
					
				
				
					
				
				
					
					
					
					
					
					
					
					
				
				
					
					
				
				
					
					
				
				
			