Synthesis of Silole-thiophene Copolymer for Solar Cell Applications
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As gas prices skyrocket and oil reserves begin to empty, it is becoming increasingly important to harness alternatives forms of energy. Solar power is a clean and reliable option that should be pursued further and implemented widely. Conventionally, inorganic materials have been used as the hole and electron transport materials in photovoltaic (PV) cells. Inorganic materials typically exhibit higher solar power conversion efficiencies than their organic counterparts, however, the use of inorganic solar cells remains limited due to the high costs of fabrication procedures. Solar cells that use organic polymers have been found to be a low-cost alternative.
A photovoltaic cell is in essence a semiconductor diode.  An n-doped region is joined with a p-doped region and both are sandwiched between metal contacts that are connected in a circuit. At the interface between the n- and p-doped regions, free electrons from the n-doped material fill in existing holes in the p-doped material creating a space charge depletion region and giving a bias to the device (1). When a photon from incoming sunlight is absorbed by the device, an electron is excited to a higher energy state and a free electron-hole pair is created. The voltage created in the space charge layer allows the electron and hole to separate, drift to opposite electrodes, and contribute to current. 


Two organic compounds with siloles (C4H4Si) that have been previously studied for solar cell applications were considered when designing a new organic compound. The energy conversion efficiencies (ECE) reported for these compounds were around 2%, high enough to be considered for solar cell applications. The plan for this project was to design and synthesize a new copolymer for solar cells and measure its ECE.  Figure 1 shows the structure of the silole-thiophene compound that was designed. The silole portion of the compound offers good electron transport properties and the oligothiophene (C4H4S)n portion offers beneficial hole transport and photovoltaic properties. By combining these two materials into a copolymer, we create a bipolar charge transport material that can be used in solar cells. 
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Figure 1: Silole-thiophene molecule to be synthesized and characterized.


The synthetic route to the silole-thiophene copolymer that was designed includes 12 steps. The entire route is yet to be completed, however the reactions that were performed were successful based on the purity and yield of product obtained. The last two steps of the synthesis must be completed and the charge mobilities of the silole-thiophene copolymer must be measured before photovoltaic devices are fabricated. If a solar cell made with this copolymer exhibits a power conversion efficiency upwards of 2%, this material is a superior candidate for PV cell use.
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Silole:


Electron deficient, 


Good for Electron transport





Thiophene:


Electron rich


Good for hole transport








