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1. INTRODUCTION

Solar energy has a great importance among the renewable energy sources. Since sunlight can be transformed into electricity using solar cells, many researchers have been focused on this subject. First of all, conventional solar cells were built from inorganic materials such as silicon. The efficiency of inorganic based solar cells reached up to 24%. However, fabrication process of such solar cells is quite expensive. In addition silicon based solar cell show low efficiency at high temperatures. Hybrid and photoelectrochemical (dye sensitized) solar cells have been the alternatives for conventional silicon solar cells. 

Polymer-based organic solar cells have attracted much attention as a renewable energy source due to their low cost, easy of manufacture, and compatibility with flexible substrates [1,2]. One of the most extensively investigated material combinations in polymer solar cells is the p-type conjugated polymer, such as poly(3- hexylthiophene) (P3HT) blended with the electron acceptor [6,6]-phenyl-C61-butyric acid methyl ester (PCBM) (Figure 1) [3]. 

The solar cell performance depends on the material properties and processing conditions. Charge transport mechanism and photovoltaic behaviour of BHJ solar cells is different than that of inorganic solar cells, where excitons are generated in the photoactive layers and they would dissociate into electrons and holes at the donor/accept interfaces, such as P3HT/PCBM, under illumination. Many approaches have been employed to improve the power conversion efficiency of polymer based organic solar cells including the introduction of mixed donor–acceptor bulk heterojunction (BHJ) structure [3,4]. The best energy conversion efficiencies published for small-area devices approach 5% by using the P3HT:PCBM BHJ structure [5,6]. 
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Figure 1. Device structure of  bulk heterojunction solar cell (ITO/PEDOT:PSS/P3HT:PCBM /LiF/Al) and chemical structure of  PEDOT, PSS, P3HT, PCBM molecules. 

To improve the performance of BHJ solar cell, small band gap polymers have attracted considerable attention in recent years. Solution-processable small molecules have attractive features, such as lower band gap and higher charge carrier mobility than conjugated polymers [7]. These small molecules, which can be more easily synthesized in various chemical structures and purified, are intrinsically more monodispersive and often environmentally more stable. There are several families of solution processable small molecules that have been used as donor materials in BHJ solar cells [8, 9].  

The aim of  this project is to synthesis and characterization of a series of anthracene-containing low band gap small molecules and polymers with linear octyl and branched 2-ethylhexyl side chains for photovoltaic applications and their application for bulk heterojunction solar cells. 

2. EXPERIMENTAL     
All reagents and solvents used for the synthesis of compounds were purchased from Aldrich and used without further purification. Compound 12 and 14 were synthesized by Daniel  A.M.  Egbe and co. workers. Compound 7b [10] and 11a [11]  were synthesized by the same reaction procedure which are  used for compound 7a and 11b. 
2.1. Synthesis
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R1: a: octyl  b: 2-ethylhexyl
Scheme 1.  Synthesis of  9,10-Bis[(4-formyl-2,5-dioctyloxy)phenylethynyl]anthracene (7a) and 9,10-Bis[(4-formyl-2,5- bis(2-ethylhexyl)oxy)phenylethynyl]anthracene (7b).
2.1.1. Synthesis of 1,4-dibromo-2,5-bis(octyloxy)benzene (2a)

A suspension of  KOH powder (56 g, 1 mol) in dried DMSO (300 mL) was stirred and degassed for 1 h. 1 (20 g, 74 mmol) and 2-ethylhexyl bromide (43 g, 0.22 mol) were then added. The reaction mixture was stirred for 18 h at room temperature and finally poured into ice water (500 mL). Then 500 mL toluene was added in to mixture. The organic phase was separeted and washed with water 4 times and dried over Na2SO4. Toluene was then distilled off and the residue was chromatographed on a silicagel with hexane. 
2.1.2. Synthesis of 1-Bromo-4-formyl-2,5-dioctyloxybenzene (3a)
To a solution of  1,4-dibromo-2,5-dioctyloxybenzene (2a) (4.9 g, 10 mmol) in diethyl ether (150 mL), cooled at 10 °C and kept under argon, was added a solution of  butyllithium (2.7 M in heptane, 3.75 mL, 10 mmol). After 15 min, DMF (0.96 mL, 12.5 mmol) was added to the mixture, while the temperature was allowed to rise to 15 °C. The clear solution was kept between 10 and 15 °C and was stirred for 1.5 h. A 10% aqueous HCl solution (50 mL) was subsequently added to the mixture, and the phases were separated. The organic phase was washed with a NaHCO3 solution and dried over CaCl2. Diethyl ether was then distilled off, and the residue was chromatographed on a silica gel with a mixture of toluene/hexane (2/1) as eluent. 3a was obtained (3.3 g, 74.6%) as light yellow crystals.

2.1.3. Synthesis of 2,5-Dioctyloxy-4-trimethylsilylethynylbenzaldehyde (4a)

4-Bromo-2,5-dioctyloxybenzaldehyde (3a) (3 g, 6.8 mmol), Pd(PPh3)2Cl2 (105 mg, 0.15 mmol), and CuI (31.8 mg, 0.16 mmol) were added to a degassed solution of diisopropylamine (75 mL). Trimethylsilylacetylene (670 mg, 6.8 mmol) was added slowly and dropwise to the vigorously stirred suspension. The reaction mixture was then stirred at reflux for 8 h. After cooling, the white ammonium bromide precipitate was filtered off. The solvent was removed under reduced pressure, and the residue was chromatographed over a silica gel column with toluene as eluent. 2.6 g of a dark yellow oil was obtained.
2.1.4. Synthesis of 4-Ethynyl-2,5-dioctyloxybenzaldehyde (5a) 

Methanol (28 mL) and aqueous KOH (4 mL, 10%) were added at room temperature to a stirred solution of 4a (2.5 g, 5.4 mmol) in 55 mL of THF. The reaction mixture was then stirred 3 h at room temperature. The solvent was removed on a rotatory evaporator, and the residue was chromatographed on a silica gel column with toluene as eluent. Thus, 1.3 g (65%) of a yellow substance was obtained. 
2.1.5. Synthesis of 9,10-Bis[(4-formyl-2,5-dioctyloxy)phenylethynyl]anthracene (7a). 

9,10-Dibromoanthracene (6) (470 mg, 1.39 mmol), 4-ethynyl-2,5-dioctyloxybenzaldehyde (5a) (1.108 g, 2.866 mmol), Pd(PPh3)4 (65 mg, 0,056  mmol), and CuI (11 mg, 0,056 mmol) were given to a degassed solution of  20 mL of diisopropylamine and 50 mL of toluene. The reaction mixture was heated at 70-80 °C for 24 h in an argon atmosphere. After cooling to room temperature, the precipitated diisopropylammonium bromide was filtered off and the solvent was distilled off under vacuum. The residue was chromatographed on a silica gel column with toluene as eluent. 800 mg (60%) of a red substance was obtained. 
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R2: a:octyl , b: 2-ethylhexyl
Scheme 2.  Synthesis of  2,5-Bis(dioctyloxy)-p-xylylene-bis(diethylphosphonate) (11a) and 2,5-Bis((2-ethylhexylo)xy)-p-xylylene-bis(diethylphosphonate) (11b).
2.1.6.  Synthesis of 1,4-Bis((2-ethylhexyl)oxy)benzene (9b).

A suspension of  KOH powder (48.0 g, 0.856 mol) in dried DMSO (200 mL) was stirred and degassed for 1 h. Hydroquinone (11.02 g, 0.1 mol) and 2-ethylhexyl bromide (76.0 g, 0.394 mol) were then added. The reaction mixture was stirred for 3 h at room temperature and finally poured into ice water (600 mL). The organic layer was collected and the aqueous layer was extracted with hexane (3 x 200 mL). The combined organic layers were dried over MgSO4, and the solvent was evaporated to give a yellow oil, which was distilled under reduced pressure to yield a colorless liquid (26.0 g, 77.71%). 
2.1.7. Synthesis of 1,4-Bis(bromomethyl)-2,5-bis((2-ethylhexyl)oxy)benzene (10b)

A suspension of  9b (15 g, 44.84 mmol), paraformaldehyde (18.55 g, 614.84 mmol), and NaBr (23.10 g, 222.61 mmol) in glacial acetic acid (130 mL) was heated at 60 °C. A 1:1 mixture of concentrated sulfuric acid and glacial acetic acid (53 mL) was added dropwise, and the reaction mixture was stirred for 4 h at 70 °C. After the reaction was cooled at 0 °C, the precipitate was filtered off, washed with water, and recrystallized from hexane. 16.0 g (87.45%) of white solid was obtained. 
2.1.8. Synthesis of 2,5-Bis((2-ethylhexylo)xy)-p-xylylene-bis(diethylphosphonate) (11b)

A mixture of  10b (16.0, 30.72 mmol) and an excess of  triethyl phosphite (15.3 g, 92.2 mmol) was heated slowly to 150-160 °C, and the evolving ethyl bromide was distilled off simultaneously. After 4 h, vacuum was applied for 1 h at 180 °C to remove the excess triethyl phosphite. The resulting oil was dried under reduced pressure. It solidified when kept under 18 °C. Yield: 19.5 g (99.91%). 
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Scheme 3.  Synthesis of {4-{[10-({4-[(E)-2-cyano-2-isocyanovinyl]-2-[(2-ethylhexyl)oxy]-5-methoxyphenyl}ethynyl)-9-anthryl]ethynyl}-5-[(2-ethylhexyl)oxy]-2-methoxybenzylidene} malononitrile (13)
2.1.9. Synthesis of {4-{[10-({4-[(E)-2-cyano-2-isocyanovinyl]-2-[(2-ethylhexyl)oxy]-5-methoxyphenyl}ethynyl)-9-anthryl]ethynyl}-5-[(2-ethylhexyl)oxy]-2-methoxy benzylidene} malononitrile (13)
A mixture of 12 (50 mg, 0,066 mmol) with malononitrile (0,013 g, 0,198 mmol) in dry acetonitrile-chloroform (3 mL) was refluxed in the presence of  piperidine (0,25 mL) for 18h. After cooling the mixture was diluted with dichlorometan and the organic layer was washed with water, dried over Na2SO4  and evaporated under reduced pressure. The crude product was prified by columm chromatograph (CHCl3:MeOH, 10:2). 55 mg of red solid was obtained. 
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Scheme 4.  Synthesis of polymer 1, polymer 2, polymer 3and polymer 4.
	Polymer
	7a
	7b
	12
	11a
	11b
	14

	Polymer  1 (P1)
	1
	1
	1
	1
	1
	1

	Polymer  2 (P2)
	1
	1
	0
	1
	1
	0

	Polymer 3 (P3)
	0
	1
	1
	0
	1
	1

	Polymer  4 (P4)
	1
	0
	1
	1
	0
	1


2.1.10. Synthesis of polymer 1 (P1)

7a (200 mg, 0,211 mmol), 7b (200 mg, 0,211 mmol), 12 (158 mg, 0,211 mmol), 11a (134 mg, 0,211 mmol), 11b (134 mg, 0,211 mmol) and 14 (113 mg, 0,211 mmol) were dissolved in dry toluene (40 mL). The mixture was heated under reflux and an excess potassium-tert-butoxide (294 mg, 264 mmol ) was added. After 2 h more toluene was added and reaction was quenched after pouring 5% aqueous HCl (100 mL) in to the mixture. The organic phase was separated and washed six times with deionized water until the aqueous phase became nearly neutral (pH= 6-7). The remaining water was removed by heating using a Dean-Stark apparatus. The resulting toluene solution was filtered and evaporated under vacumm to a small rest which was subsequently precipitated in to cold methanol. The polymer was  filtered of , dried and extracted for 1,5 h with a 1:1 mixture of methanol and diethylether.
2.1.11. Synthesis of polymer 2 (P2)

7a (300 mg, 0,316 mmol), 7b (300 mg, 0,316 mmol), 11a (201 mg, 0,316 mmol) and 11b (201 mg, 0,316 mmol) were dissolved in dry toluene (40 mL). The mixture was heated under reflux and an excess potassium-tert-butoxide (450 mg ) was added. After 2 h more toluene was added and reaction was quenched after pouring 5% aqueous HCl (100 mL) in to the mixture. The organic phase was separated and washed six times with deionized water until the aqueous phase became nearly neutral (pH= 6-7). The remaining water was removed by heating using a Dean-Stark apparatus. The resulting toluene solution was filtered and evaporated under vacumm to a small rest which was subsequently precipitated in to cold methanol. The polymer was  filtered of , dried and extracted for 1,5 h with a 1:1 mixture of methanol and diethylether.

2.1.12. Synthesis of polymer 3 (P3)

7b (200 mg, 0,211 mmol), 12 (158 mg, 0,211 mmol), 11b (134 mg, 0,211 mmol) and 14 (113 mg, 0,211 mmol) were dissolved in dry toluene (40 mL). The mixture was heated under reflux and an excess potassium-tert-butoxide (294 mg, 264 mmol ) was added. After 2 h more toluene was added and reaction was quenched after pouring 5% aqueous HCl (100 mL) in to the mixture. The organic phase was separated and washed six times with deionized water until the aqueous phase became nearly neutral (pH= 6-7). The remaining water was removed by heating using a Dean-Stark apparatus. The resulting toluene solution was filtered and evaporated under vacumm to a small rest which was subsequently precipitated in to cold methanol. The polymer was  filtered of , dried and extracted for 1,5 h with a 1:1 mixture of methanol and diethylether.

2.1.13. Synthesis of polymer 4 (P4)

7a (200 mg, 0,211 mmol), 12 (158 mg, 0,211 mmol), 11a (134 mg, 0,211 mmol), and 14 (113 mg, 0,211 mmol) were dissolved in dry toluene (40 mL). The mixture was heated under reflux and an excess potassium-tert-butoxide (294 mg, 264 mmol ) was added. After 2 h more toluene was added and reaction was quenched after pouring 5% aqueous HCl (100 mL) in to the mixture. The organic phase was separated and washed six times with deionized water until the aqueous phase became nearly neutral (pH= 6-7). The remaining water was removed by heating using a Dean-Stark apparatus. The resulting toluene solution was filtered and evaporated under vacumm to a small rest which was subsequently precipitated in to cold methanol. The polymer was  filtered of , dried and extracted for 1,5 h with a 1:1 mixture of methanol and diethylether.

3. CONCLUSION
         In this study, one anthracene-containing low band gap small molecule and  four polymers  were synthesized. The chemical structure of  small molecule and monomers were confirmed by 1H and 13 C NMR. The molecular weights of polymers will be estimated through gel permeation chromatography (GPC). UV-Vis absorption,  photoluminescence, fluorescence kinetics and cyclic voltammetric measurements are still continued and we will finish fabrication  of  bulk heterojunction organic PV devices with synthesized compounds and measurement of their parameters soon.
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