Cotton Filters to Reduce Levels of Leached Bisphenol A From Bottled Water Using Pi-Pi Complexes
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Bisphenol A, also known as BPA (Figure 1), is a widely used compound used as the monomer in certain polycarbonate plastics, with over 6 million pounds produced annually.
Baby bottles, baby toys, Sippy cups, food cans, dental sealants, CDs and DVDs, eyeglasses, car parts, older Nalgene bottles, beverage bottles, and condiment bottles may include the compound, and are generally identified by the recycling code 7.  BPA is a synthetic estrogen, meaning that it reacts and binds, chemically, in a similar manner to the hormone.  If in high enough doses, an estrogen could influence pregnancy and early development, including the pre-natal, infant, and puberty stages of development.  Microgram quantities of BPA have been found in the liquid in canned vegetables, and concentrations of one picomolar, .23 parts per trillion, or 0.05 milligrams per kilogram body weight daily have been noted as harmful.  The effect of BPA in humans is indeterminate, as widely different studies conducted on laboratory animals have shown varying degrees of the risks of BPA.  Some such laboratory animals developed certain ailments, including breast and prostate cancers, obesity, hyperactivity, miscarriages, type 2 diabetes, ADHD, enlarged prostates, hypospadias, reduced sperm counts, and reproductive failures.  A rise in the instances of several of these diseases, including ADHD and diabetes, have been noted in humans in the past few decades, possibly indicating that BPA could also be affecting humans.  It is noted that the heating of baby bottles or pouring hot liquid into them causes increased leaching, up to 55 times that of room-temperature water, and that 95% of Americans have been found to have parts-per-billion blood levels of BPA.
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In order to attempt a solution to the problem of the leached BPA, the project of this summer was to develop a filter to remove the BPA from bottled drinking water.  In theory, the project was to bind a compound, in this case 3,5-dinitrobenzoyl chloride, to a substrate that would in turn bond to the aqueous BPA, preventing said BPA from ever entering the human body.  Due to the structure of BPA, as seen in figure 1, the benzene rings would allow for pi-pi complexation between BPA and the 3,5-dinitrobenzoyl chloride, which also features benzene rings, as seen in figure 2.  
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The pi-pi bonding, as exemplified in figure 3, involves the apparent stacking of the benzene rings, which is a bond between the pi-orbitals of the atoms. 
In this application, the BPA is the pi-donor molecule and the compound bound to the filter substrate is the pi-acceptor molecule.
To create the filter, several substrates were considered, including cotton balls, cotton pads, glass wool rings, and fibrous lignin.  The compound 3,5-dinitrobenzoyl chloride was bound to each substrate in the hopes that, when in contact with BPA, the 3,5-dinitrobenzoyl chloride would form a pi-pi complex with the BPA, thus binding it so that it could not do harm to the body.
Cotton proved to be a difficult substrate, as it absorbed water readily from the air, thus hindering out ability to determine anything judging by weight.  Additionally, cotton degraded in solution, even without stirring, leaving glass wool as the main substrate for the remainder of the experiments. 
Figure 1: Structure of BPA
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Figure 3: Pi-Pi Complexation





Figure 2: Structure of 3,5-dinitrobenzoyl chloride 
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