Supplemental information for the following articles (in order of appearance in the April 2012 print issue of ChemMatters):

-  Microbes and Molasses: A Successful Partnership, by Cindy Argentine

-  From Fish Tank to Fuel Tank, by Margaret Hill

-  Recycling Aluminum: A Way of Life or a Lifestyle? by Tom Husband
Microbes and Molasses: A Successful Partnership

By Cindy Argentine

What is a “Part Per Billion”?

To express the concentration of a chemical in soil or water, scientists often use a unit called “parts per billion,” or “ppb.” It means the number of units of mass of a contaminant per one billion units of total mass. One ppb equals one microgram per kilogram (µg/kg), and one microgram is one billionth of a kilogram (10–9 kg or 10–6 g).   

For soil contamination, ppb usually means the mass of a contaminant per kilogram of soil. For water contamination, ppb often means the mass of the contaminant per liter of water—because one kg of water is one liter, by standard definition.  

It is sometimes hard to relate to these tiny amounts, so here are some comparisons. A part per billion is equal to:

· one penny in ten million dollars 

· one second in 32 years

· one drop in a swimming pool.

These small amounts may seem insignificant, but they can be important. Sometimes, a few parts per billion of some chemicals can affect a person’s health.  

—Cindy Argentine
------------------

From Fish Tank to Fuel Tank

By Margaret Hill

Sidebar 1: How Do Algae Make Triacylglycerols?

Using energy from the sun, green algae convert carbon dioxide and water from the environment into glucose and oxygen during the process known as photosynthesis. As a result of photosynthesis, the algae capture light energy from the sun and use it to form chemical bonds between carbon atoms in glucose (C6H12O6). Light energy is converted to chemical energy, which is stored in the chemical bonds of glucose molecules.

6CO2 + 6H2O ( C6H12O6 + 6O2
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Photosynthesis in an algal cell

Algae then carry out additional chemical reactions to convert glucose into other compounds that combine to form larger molecules called triacylglycerols. Triacylglycerols are a type of lipid used by the algal cell for energy storage.
Lipids include oils, fats, and waxes. At room temperature, oils are liquid while fats are solid. Plants generally make oils, such as olive oil, corn oil, and soybean oil. Fats are present in meat, fish, dairy products, and nuts. Waxes are present in both plants and animals. In many plants, a wax coat protects the surfaces of leaves, and waxes coat the skin, hair and feathers of various animals. 

Oils and fats are composed of triesters of carbon, hydrogen, and oxygen atoms. An ester is an organic compound formed when an organic acid and an alcohol react, releasing water. A triester is produced by a chemical reaction between glycerol, an alcohol that contains three hydroxyl groups (–OH), and three fatty acid molecules, each composed of long hydrocarbon chains (R) with a carboxylic acid group (COOH) at one end:
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+ 3 H2O
	Glycerol 
	3 Fatty Acids
(where R represents a long C-C-C chain) 
	Fat (triglyceride)
(where R, R' & R" may or may not be the same) 


Triacylglycerols represent the majority of the lipids found in algal cells. At room temperature, these molecules form a liquid that we call oil. This triacylglycerol-containing oil is what is extracted from algae to make the liquid fuel for powering vehicles and jets. 

—Margaret Hill
Sidebar 2: Biofuels 
Biofuels are fuels made from plants. They are commonly grouped into three “generations” according to their commercial maturity: 

· First generation: These biofuels consist of ethanol, which comes mostly from corn and sugarcane, and a type of biodiesel produced from canola. Even though they are both commercially available, they are often used only as an additive to gasoline (in the case of ethanol) or diesel (in the case of biodiesel). 
· Second generation: These biofuels come from inedible plant matter, such as grasses, leftover material from crops, and household garbage. They are not used on a commercial scale because the conversion of molecules in plant cell walls into biofuels is too costly.

· Third generation: These biofuels are derived from algae and other aquatic species. These biofuels often pack more energy per gallon than do first- or second-generation biofuels, but they haven’t been tested on a large scale yet.

—Patrice Pages
--------------------

Recycling Aluminum: A Way of Life or a Lifestyle?

By Tom Husband

Hall and Héroult
Napoleon III’s most important guests were treated to cutlery made from the most precious metal of the day—aluminum. His less important guests had to make do with silver cutlery. While he enjoyed lavishing such fineries on his guests, the “Emperor of the French” also saw the potential of aluminum for making strong yet lightweight armor for soldiers and personally financed research into affordable mass production of aluminum. 
In the same era, a chemistry professor named Frank Jewett told students: “Any person who discovers a process by which aluminum can be made on a commercial scale will bless humanity and make a fortune for himself.” Scientists around the globe raced for the prize but finally two men crossed the finishing line together.
American Charles Hall and Frenchman Paul Héroult simultaneously discovered the process that history has named for them – the Hall-Héroult process. Charles Hall experimented with several potential solvents for aluminum oxide before discovering that cryolite (sodium hexafluoroaluminate, Na3AlF6) dissolved alumina at 950 oC. He filed for a U.S. patent on July 9, 1886. Héroult also realized that cryolite could enable production of aluminum and in fact, he filed his U.S. patent application before Charles Hall on May 22, 1886. However, Hall had already demonstrated his process at Oberlin College, Ohio where he had been a student.
The two men were very different. Hall was quiet and studious and never married or had children while Héroult was a twice-married rebel who was thrown out of university for neglecting his studies in favor of his aluminum investigations. Fortunately, their difference in character did not prevent them from amicably sharing their glory, and both achieved tremendous wealth. Moreover, Hall set up the Pittsburgh Reduction Company, now known as Alcoa—the largest aluminum-producing company in the world.
—Tom Husband
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