Global Challenges/Chemistry Solutions 

Our Sustainable Future

Combating disease . . . providing clean water and safe food . . . developing new sources of energy . . . confronting climate change.  Hello, from Washington, DC, this is “Global Challenges,” a special podcast from the American Chemical Society — whose 160,000 members make up the world’s largest scientific society.  Today’s headlines are a drumbeat of dilemmas that affect the everyday lives of people everywhere. “Global Challenges” takes you behind those headlines for eye-opening glimpses of how chemistry is responding to those challenges — improving and sometimes saving people’s lives.  You’ll hear the stories and meet the scientists whose discoveries are helping to make life longer, healthier, and happier for millions of people. Today’s global challenge in this ongoing saga of chemistry for life: Creating the materials of modern life in a safe and sustainable manner.
We humans are consumers. We consume food. We consume gasoline and electricity. We consume paper and plastics, cotton and polyester. And above all, we consume chemicals, millions and millions of tons of chemicals that go into manufacturing every product we buy and sell. 

The great majority of these chemicals come from materials that we extract from the earth, things such as oil, coal, natural gas, and a wide variety of minerals. While we once thought, perhaps naively, that the supplies of these materials were limitless, we now know this to be untrue. Just look at the price of a gallon of gasoline today, a consequence of a shortage of oil at a time when the world's growing population is demanding more of it. 


And we also know that extracting those materials from the Earth and turning them into the cornucopia of products that make modern society possible is not without other costs – deforestation, polluted waterways, open-pit mines, Superfund sites, and global climate change, to name a few. Clearly, we humans cannot keep using resources in such an unrestrained way.  
“The world is becoming aware of this at every level. Companies are becoming aware of it, governments are becoming aware of it, and the scientific community is beginning to view it as a mission. View it – what do I mean by it: to try to continue to make many of those things and provide many of those services in a way that doesn't trash the planet, in a way that keeps the planet going for future generations.”
Meeting Needs Today and Tomorrow
That was Ivan Amato, managing editor of Chemical and Engineering News, the American Chemical Society's weekly news magazine, which in August 2008 published a special issue devoted to sustainability. What do we mean by sustainability? To put it simply, sustainability means meeting the needs of the present without compromising the ability of future generations to meet their own needs.

The issue of sustainability is not a new one. In 1798, The Reverend Thomas Robert Malthus, an English economist, published a small treatise titled, “An Essay on the Principle of Population.” In this book, Malthus predicted that human population growth would outpace our ability to produce food and other resources. Since then, many scientists, including Nobel laureate Dr. Paul Ehrlich, have warned about resource shortages. In 1987, the United Nations’ report, “Our Common Future,” drew worldwide attention to the notion of sustainable development. 


Soon after, in 1991, Dr. Paul Anastas coined a new term, “green chemistry,” and established the Green Chemistry program at the U. S. Environmental Protection Agency — the EPA.  Anastas later headed the ACS’s Green Chemistry Institute before moving to Yale University.
“Green Chemistry comes at the challenges of sustainability with the recognition that everything we see, touch and feel is a chemical, and as we look as the products and the processes that are the basis of our society and our economy, if we care about sustainability, environmental protection, that ranges from energy to the materials that we use, green chemistry shows us how to design things fundamentally so that they're sustainable and environmentally benign.”
A Win-Win Situation
Together with colleague Dr. John Warner, who now heads the Warner Babcock Institute for Green Chemistry, Dr. Anastas has led the charge to radically alter the way we make and use chemicals. At first, the two scientists met significant resistance to the idea that the principles of sustainability must be an integral part of all good manufacturing processes. But as Dr. Anastas explains, making things in a sustainable manner is not all about conserving resources and protecting the environment.
“The wonderful thing about green chemistry, and people think I'm joking when they ask me how did I come up with this term green chemistry, but I tell them that green is the color of the environment, but it's also happens to be in the U.S. the color of our money, so what we're talking about is being able to meet our environmental and economic goals simultaneously. It's no longer simply a trade off between one or the other. It's aligning environment and economics hand in hand and synergistically.”
Many great examples of how green chemistry can be a win-win proposition for our environment and our pocketbooks can be found among the winners of the coveted Presidential Green Chemistry Challenge Awards, an annual program administered by the EPA. Since the program’s inception in 1995, it has recognized 67 groundbreaking developments that together have reduced chemical use by some 1.1 billion pounds over the past 13 years. That’s 1.1 billion pounds of chemicals that manufacturers didn't have to purchase. And since manufacturers didn't have to pay for those chemicals, ultimately, neither did consumers. The EPA estimates that in this year alone, these technologies will eliminate the need for 193 million pounds of hazardous chemicals and solvents and save 21 billion gallons of water. Green is indeed the color of money.
The Three “Rs” in Sustainability
Most of us are familiar with the universal recycling symbol, three arrows chasing each other around the sides of a triangle. The arrows stand for the three Rs of sustainability – reduce, reuse, and recycle. Green chemistry contributes to each of these three Rs.

One chemist whose work typifies a green chemistry approach is Joseph DeSimone of the University of North Carolina and North Carolina State University. Dr. DeSimone is a past winner of the Presidential Green Chemistry Challenge Award. He is also this year's recipient of the prestigious Lemelson-MIT Award, considered by many to be the Nobel Prize for inventors. Since the early days of his career, Dr. DeSimone has focused his research on developing new ways of making polymers that follow the principles of green chemistry. 
“The way you do research today, that's got to be an integral part of how you do anything. There's still some stalwarts out there that aren't integrating green approaches into what they do, and that's a mistake, but anything we do going forward we think about that.’
Many of Dr. DeSimone's big successes, including one published in the May 2008 issue of Macromolecules, one of he ACS’ 36 peer-reviewed journals involve replacing caustic and hazardous solvents used to manufacture polymers with benign carbon dioxide. Yes, the same carbon dioxide that’s involved in global climate change can play an important role in protecting the atmosphere from the release of potentially harmful gases. Here's how.
Being Supercritical
Until recently, polymers such as Teflon and Gore-Tex, which contain many atoms of the element fluorine, are made using surfactants known as C8 fluorochemicals, which have been identified as persistent organic pollutants, and so manufacturers of these so-called fluoropolymers have been searching for more benign methods of manufacture. That's where carbon dioxide comes in.

Normally, CO2 is a gas, but when subjected to a high enough pressure, known as the critical pressure, CO2 behaves more like a liquid. In fact, as Dr. DeSimone discovered, supercritical CO2 is an excellent solvent for a wide variety of chemical reactions, including those used to make fluoropolymers. The DuPont company has now invested hundreds of million dollars to convert its fluoropolymer manufacturing processes to use supercritical carbon dioxide.

But that’s just the beginning of the benefits of switching to CO2 as a solvent. The old way of making these polymers also involved several energy-intensive steps that were needed to obtain pure polymer from the chemical reaction mixture. With the new process, the carbon dioxide simply evaporates when the chemical reaction is complete, leaving behind a bone dry powder that requires no further cleanup. The result – the new process generates about 1000 times less waste than the old process.
Turning to the Kitchen for Help
The ubiquitous microwave oven. A huge time-saver for the cook in a hurry. And now, an environmental benefactor? That's what Rajender Varma is working to accomplish in his research as a chemist at the Environmental Protection Agency. In the May 2008 issue of the ACS journal Accounts of Chemical Research, Dr. Varma reviewed his and other researchers' work that uses modified microwave ovens to carry out the wide variety of chemical reactions needed to make pharmaceuticals and other fine chemicals without the use of toxic solvents.  
“We started doing this chemistry using kitchen microwaves for doing reactions in the solid state, meaning no solvent use at all. You just mix two things together, sometimes using clay, silica, or alumina as a support or even as a catalyst, to do the things. Actually, I started this chemistry with a high school student who wanted to do some chemistry with me and I wondered how I can give some high school student who was not exposed to chemical techniques something valuable to do….And that was the humble beginning which grew into a big, big area afterward, and we were so busy ourselves and folks around the globe doing all kinds of experiments. Initially, there was no controlled microwave devices available for chemical reactions and people were using kitchen microwaves.” 

Microwave ovens designed for home use proved to be too powerful for chemists, but now there are commercial chemical microwave reactors that researchers can use to carryout chemical reactions in a finely tuned manner. As a result, microwave-assisted chemistry has become an important tool in the green chemistry workshop. Using microwaves to power chemical reactions enables chemists to eliminate solvents completely in some instances. In other cases, water or the environmentally friendly solvent known as polyethylene glycol can replace a variety of organic solvents. 


The ability to fine-tune chemical reactions has also improved the efficiency of these reactions, meaning that they use fewer raw materials to create more useful chemicals with less waste. Microwaves can also slash the amount of energy used to make drugs and other useful chemicals. 

But ask Dr. Varma if he's pleased that microwave-assisted chemistry is being widely adopted by the green chemistry community, and the answer is not what you might expect.

“The green word should go away, that everything we do should pertain to green. Everybody should think about the implications of using a reagent or a chemical or a catalyst or a solvent that is not going to be that harmful once you're done with the materials. Once you have that thinking process embedded in the psyche of the practicing chemist we won't have to use the word green anymore.”
From Ultra Big to Ultra Small
Each year, chemical companies manufacture thousands and thousands of tons of polymers and other bulk chemicals that are essential for everyday life. Pharmaceutical companies make hundreds of tons of the biologically active ingredients that make up the drugs we take for a wide range of ailments. When chemicals are produced on such an enormous scale, the potential is huge for saving some green by going green. Not surprisingly, then, chemical and pharmaceutical companies are remaking themselves into more sustainable, resource conserving operations. No longer is the attitude one of make it, sell it and worry about cleaning up any mess later. Instead, green chemistry is now, by and large, an ethos that is spreading rapidly throughout these two industries. 


Today, though, there is an opportunity to get things right from the get-go in what many experts are hailing as an industry that will become an integral part of nearly every aspect of modern life. Here is Dr. James Hutchison of the University of Oregon, who in March 2008 discussed nanotechnology and sustainability in ACS’s peer-reviewed journal ACS Nano:
“I expect nanomaterials or nano-enabled materials will touch every single sector of our society, of our economy and our society, so the distribution of this technology is likely to be broader than any single thing we've seen before….Nano is also viewed as the technology that's going to bail out of the huge environmental problems that we face in terms of climate change, energy generally, clean water, and on and on, so really significant problems and nanotechnology is being looked at as this is going to solve the big problems for us. It's particularly important in those cases, where again the technology is going to be widely distributed, that we don't screw things up while trying to fix these big problems – replacing one problem with another is not going to be a good move.”
Fortunately, long-time advocates of sustainability, such as Dr. Hutchison and Dr. DeSimone, are applying their green chemistry skills to the development of new nanomaterials. Both Dr. DeSimone and Dr. Hutchison have developed methods for crafting precisely defined nanoparticles of a wide variety of sizes and shapes. These libraries of nanoparticles can then be studied in a systematic manner for toxicity. Dr. Hutchison's goal is to develop a set of rules that relate any given nanoparticle's size and other physical properties to their behavior in the environment or in the human body.
“The approach we've been taking is to look and figure out early on what's harmful and what's not harmful, but the most important thing is let's start developing the alternatives now, let's start developing the design rules now so that instead of this being viewed as Oh My God, I have to put my technology up to this scrutiny, you should be able to say, there are alternatives that are being developed, and should something bad happen, I have options.”
Nanotechnology and green chemistry. One new field, the other nearly two decades old. Just where nanotechnology will take us in terms of sustainability has yet to play out. But as Dr. Anastas reflects on the field he helped start, it's clear that the impact of green chemistry is already being felt.

“The biggest example today of green chemistry that I think is most striking is not an individual product or a process or an individual company. The example is more a reflection of the breadth of the applicability of green chemistry. When I take a look, for instance, at the Presidential Green Chemistry challenge awards, and I look at the winning technologies having spanned everything from aerospace to cosmetics to pharmaceuticals to agriculture to energy to automotive to electronics, I recognize that in the same way that we've always known that chemistry touches every part of our daily lives, green chemistry has the potential to impact all parts of our daily lives and our society.”
But Dr. Anastas also adds: 
“I have to say that all of the joy that I get from seeing what the green chemistry community has accomplished so far, I just have to recognize that it pales by comparison to the power and the potential to what it can do in the future, and what it needs to do in the future if we're going to be a truly sustainable civilization.”
Conclusion
Smart chemists.  Innovative thinking.  That’s the key to solving global challenges of the 21st Century. Please join us at the American Chemical Society for the next chapter in this ongoing saga of chemistry for life. In our next special Global Challenges podcast, we’ll examine how chemists are addressing the twin problems of how to ensure our personal safety and our national security in the 21st Century.
Today’s podcast was written by Joe Alper. Our editor is Michael Woods. I’m Adam Dylewski in Washington.

