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Why did I write this book?



Gordon Moore, founder of Intel, father of the computer revolution, was known in his youth for setting off homemade nitroglycerine along Sand Hill Road, then a pasture, now the heart of the Silicon Valley that he helped build. When the great doctor and writer Oliver Sacks (Awakenings, Uncle Tungsten) was growing up in London during the Second World War, his chemical experiments threatened his family’s home as much as the German bombs falling around it.


Look into the past of any scientist, leader, rich nerd or football hero, anyone who’s done something interesting in life, and you will find more curiosity, adventure, hard work, and questionable judgment than you will find high marks for neatness or time spent watching TV.


And for better or worse, the fire, smoke, smells and bangs of chemistry are what inspired many scientists to become scientists in the first place. This stuff is fun, no other way to put it. But it’s also dangerous enough that it’s been mostly banned from schools. Many chemistry teachers would love to show their students some of the things they did when they were in school, but they value their jobs too much.


This book, and the Popular Science column it’s based on, are a response to that. Many of the topics I write about are things I did when I was growing up, and I survived. Without those experiences I might have ended up as a stock broker, or worse.


Science is not something practiced only in labs and universities. It’s a way of looking at the world and seeing truth and beauty everywhere. It’s something you can do whether you are employed as a professional scientist or not. While I have a degree in chemistry from a fine university, I’ve never worked as a professional chemist. I do these demonstrations in my shop on a rural farmstead half a mile from the nearest neighbor. (This is handy when exploring the louder aspects of chemistry.) Mostly I use simple kitchen and shop supplies and chemicals from the hardware store or garden center. I do avoid working in a real lab, because I would much rather tinker in my shop and find a simpler (some might say cruder) way of making the experiment work. Amateur scientists, many of them self-taught, tinkering in their shops and basements have done great things. Using a spirit of making do with what they have and seeing just how far they can take it, they make real contributions to the advancement of science.


But what’s even more important is that everyone, regardless of their occupation, understand how science works and what it can and can’t do. We are not going to solve the energy crisis, climate change, or water shortage by wishful thinking or by watching commercials paid for by lobbyists. We are going solve them by understanding the issues and supporting policies that actually work. There is one and only one way to make the right choice, and that is by using the scientific method to define, study, and understand the problems and the solutions. Anyone who tells you otherwise is trying to sell you something.


In this book I’ve tried to capture the fun and sense of adventure that comes with science, as well as its truth and beauty. I hope that you, even if you never actually try these experiments, catch the excitement and get a bit of a window into how scientific thinking works.


I had fun doing this stuff. I hope you have as much fun reading about it.













Real warnings vs. the-lawyer-made-us-do-it warnings



It makes me cringe when I see warnings to wear gloves and safety glasses while working with baking soda. It’s called crying wolf, and it’s deeply irresponsible, because it makes it that much harder to get through to people about real dangers.


So I’m not going to do that. If you promise to listen, I promise to tell you the truth about where the real dangers are.


Some of the experiments in this book I would have let my kids do unsupervised when they were 10 years old (if not for the monumental messes that would lead to). If you’re pouring a cold sodium acetate solution into a bowl, you are not going to get hurt, at least not by the sodium acetate. It’s actually less toxic than common table salt, so unless you keep the salt in your house locked up and wear safety glasses for breakfast, you don’t need to worry about sodium acetate.


Some other chemicals, however, are not your friends. Chlorine gas kills, and you hurt the whole time you’re dying. Mix phosphorus and chlorates wrong and they blow up while you’re mixing them. (I have a friend who still has tiny slivers of glass coming out of his hands twenty years after he made that particular mistake.)


Every chemical, every procedure, every experiment has its own unique set of dangers, and over the years people have learned (the hard way) how to deal with them. In many cases the only way to do an experiment safely is to find a more experienced person to help. This is not book-learning, it’s your life at stake and you want someone by your side who knows what they are doing. There is an unbroken chain of these people leading right back to the first guy who survived, and you want to be part of that chain.


When I do an experiment that looks crazy I either have someone with me who’s done it before, or it’s something that I’ve worked my way up to slowly and carefully. I build in layers of safety, and I make sure that if all else fails I have a clear path to run like hell (and of course I wear glasses at all times).


I have never been seriously hurt by a chemical, and luck is not a factor in that. Don’t make it a factor in your own safety either.













Should you actually try these experiments?



“Don’t try this at home, kids!” Depending on your personality, that’s either a warning or an invitation. I hate it because it tells people to be helpless—to believe that they are not smart enough, competent enough or persistent enough to do what “the experts” can do.


At the same time, it frightens me to think of someone picking up this book and ending up dead, burned or blind because of something I wrote, or a warning I didn’t write. Some of these experiments would be just plain nuts for you to try. Seriously nuts.


Why nuts for you and not for me? Because each of us has a particular set of talents, experiences, friends and equipment. I do only things I know I can do safely. The things I didn’t think I could do safely are not in this book, because I didn’t do them.


For example, I saw a video of some guys who have learned to jump off huge cliffs wearing tiny wingsuits. They soar down the side of the mountain inches away from the ground and pull their parachutes at the last possible second. Are they nuts? Actually not; the ones who have survived this sport (many have not) are cautious people in their own slightly insane way. They started out trying to stay as far away from the cliff face as possible, until that got “boring.”


A couple of the experiments in this book are in that category: things you can do safely only by edging up to them slowly and learning from the mistakes of others. They are not beginner experiments, just as jumping off a cliff in a wingsuit is not beginner skydiving.


Which brings me to an important point:












THIS BOOK DOES NOT TELL YOU ENOUGH TO DO ALL OF THE EXPERIMENTS SAFELY!


Some of the experiments you should be able to do safely using just the instructions in this book, combined with common sense and a modest amount of effort. But in many cases the steps are not detailed enough to allow you to do the experiment. They are there simply to illustrate in a general way how the experiment is done. A lot of experience is needed to fill in the blanks.


Please be honest with yourself in assessing whether you have the knowledge and experience needed before trying any of the experiments for real. Your safety depends on it, just as my safety depends on my knowing that, as fun as it might look, I should not jump off a cliff in a wingsuit anytime soon.
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If you never read any warnings, please read this:


WEAR SAFETY GLASSES!


Nearly every experiment in this book has the potential to blind you. You have only two eyes, and they’re close to each other: One splash of acid, and you’re shopping for a cane.


I’m lucky to be so nearsighted that I have no choice but to wear glasses all the time. If you aren’t, then you need to make the effort to get a good, comfortable pair of safety glasses. Not the cheap, crappy kind you’re not going to wear, but some good ones that won’t scratch and fog up all the time. They’re only about $10 at a good home center or hardware store. Buy several so you can always find a pair. Wear them. Please, for my sake, wear them because I really, really don’t want to get a letter from the mother of a kid who will never see his mother again.
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Experimental Cuisine
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WHERE THERE’S SMOKE… The vapors coming off this bowl are actually tiny particles of salt.
























MAKING SALT THE HARD WAY



Swap an electron between two of the most unstable elements—sodium and chlorine—and the result is common table salt


SODIUM IS a soft, silvery metal that explodes violently on contact with water and burns skin by reacting with even the slightest moisture. Chlorine is a choking yellow gas, used with mixed success in the trenches of World War I (it was known to have killed about equal numbers on both sides of the trench). When these chemicals meet, they react in a fierce ball, spitting fire and clouds of white smoke. The smoke is sodium chloride (NaCl), or table salt, which I used to season a basket of popcorn I hung over the reaction.


In the periodic table, as in politics, the unstable elements tend to hang out at the far left and the far right. Sodium is a loose-electron element from the first column (left side) of the table; its extra electron makes it unstable. On the other side of the table is chlorine, an equally volatile one-electron-short-of-a-full-deck element from the far-right 17th column. By transferring sodium’s excess electron to chlorine’s nearly full shell, the elements reach a stable configuration in NaCl. Salt doesn’t burn your skin or choke your lungs because, by combining with each other, both elements have scratched their itch.


As a way of salting popcorn, though, this kind of salt synthesis is pretty out there. The salt is very fresh, but the hazards of blowing pure chlorine into a bowl of liquid sodium are very real. Seconds after the first picture was taken, the net melted, dropping popcorn into the bowl and sending a shower of flaming liquid sodium balls in all directions. No one was hurt because I’d made safety preparations for even the worst-case scenario, which this nearly was—only an uncontrolled chlorine leak would have been worse, in which case I had a clear path to run like hell.




Real DANGER alert: This is the most dangerous experiment in this book. Sodium burns skin and eyes on contact and explodes when exposed to water in any form, sending flaming liquid metal in all directions at high velocity. Chlorine gas kills painfully and spreads rapidly. Under no circumstances should either of these chemicals be handled outside the presence of an experienced chemist. Combining them borders on lunacy.
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SO MUCH FOR THE POPCORN When the net holding the popcorn broke, kernels fell into the bowl and sent flaming liquid sodium flying everywhere.
























COOKING AT –320°F



Make ice cream in 30 seconds—just add a cup of liquid nitrogen


LIQUID NITROGEN is cold. Very cold. So cold that if a drop falls on your hand, it feels like fire. So cold that it can turn a fresh flower into a thousand shards of broken glass. So cold that it can make half a gallon of ice cream in 30 seconds flat.


I first heard about liquid nitrogen ice cream from my friend Tryggvi, an Icelandic chemist working in the Midwest (these things happen). He suggested we make it for dessert at a dinner party I was planning. Yes, he said, he had a recipe, something he’d seen in Chemical and Engineering News.


Now, right off the bat you have to worry about a recipe found in Chemical and Engineering News, the principal trade publication for the sort of people who build oil refineries, shampoo factories and large-scale plants for the fractional distillation of liquefied air (which is where liquid nitrogen comes from). But for the party I was planning, it was perfect: The well-known author Oliver Sacks was coming to visit with my collection of chemical elements; I needed some after-dinner entertainment.


My first concern was whether we would survive the ice cream. That and, if it didn’t kill the cook, whether it would be any good. I had visions of hard, crusty stuff that caused frostbite of the throat. It turned out nothing could be further from the truth.


We mixed up a standard ice-cream recipe calling for two quarts of cream, sugar, eggs, vanilla and flavoring. (Just about any recipe and flavor will work, but never use alcohol or lumpy fruits as they can mask dangerously cold temperatures.) Then, working in a well-ventilated area (lest the nitrogen displace oxygen from the air) and with due regard for the ability of liquid nitrogen to freeze body parts solid, we gently folded about two liters of nitrogen syrup directly into the cream, much as you would fold in egg whites.


The result, literally 30 seconds later, was a half-gallon of the best ice cream I’d ever tasted. The secret is in the rapid freezing. When cream is frozen by liquid nitrogen at –320°F, the ice crystals that give bad ice cream its grainy texture have no chance to form. Instead you get microcrystalline ice cream that is supremely smooth, creamy and light in texture. Martha Stewart, eat your heart out.
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FROZEN TREAT Smooth and creamy strawberry ice cream made with –320°F liquid nitrogen. Martha Stewart eat your heart out.























The kids were amused by the clouds of water vapor, though being kids they didn’t find anything out of the ordinary in the procedure. They probably think everyone makes ice cream this way. Boy, will they be in for a shock the first time they see it done the old-fashioned way at camp: You want me to do what for a half hour?




[image: image] HOW I DID IT






Make Ice Cream with Liquid Nitrogen


1 The eggs and strawberries are optional; the liquid nitrogen is not.


2 Combine the non-cryogenic ingredients in a mixing bowl.


3 Add the liquid nitrogen a cup at a time. Note the use of heavy Cryo-Gloves—oven mitts will not do.


4 Stir continuously to keep an unbreakable crust from forming.


5 The ice cream is ready to eat when it’s smooth and free of lumps.
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Real DANGER alert: Liquid nitrogen should be handled only by trained individuals: It can cause blindness and frostbite in seconds.
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DISAPPEARING ACT A steaming cup of water liquefies the spoon in about 15 seconds—notice the puddle at the bottom of the cup.
























GAG WITH A SPOON



With the right mix of metals, you can make an alloy that turns to liquid at nearly any temperature


MENTION LIQUID metal, and people immediately think of mercury. After all, it is the only metal that isn’t solid at room temperature. Well, not quite—it’s the only pure metal, but there are many alloys (mixtures of metals) that will melt well below that point. For example, the mercury-filled fever thermometers that children were told not to play with in the 1950s and ’60s have been replaced by virtually identical ones containing the far less toxic Galinstan, a patented liquid alloy of gallium, indium and tin.


Those who were kids in that era may also remember playing with another low-melting-point alloy: trick spoons that melted when you tried to stir your coffee with them. These were made with a blend that, no surprise, was highly toxic; it typically contained cadmium, lead, mercury or all three. But, as it happens, it’s possible to make alloys that liquefy in a hot drink using safer components.


A few months ago I created a batch of these prank spoons as a gift for my friend and fellow element buff Oliver Sacks (author of Awakenings and Uncle Tungsten). I cast jewelers’ molding rubber around a fancy spoon to form the mold. Then I looked up the formula for an alloy that would melt at 140°F, roughly the temperature of a cup of hot coffee, and found this one: 51 percent indium, 32.5 percent bismuth and 16.5 percent tin.


After the spoon turns to a puddle at the bottom of the cup, you can pour off the liquid and touch the metal, feeling the weird sensation of it hardening around your fingertip. When Sacks has used up all his spoons, he can easily recover the metal, melt it again over a cup of hot water, pour it into the mold, and make new ones—the trick-spoon circle of life.


So why can’t you buy these nontoxic prank utensils in toy stores, as you could the toxic versions of years past? Price. Indium costs about three times as much as silver. (I get mine from a bulk supplier in China.) Using gallium, you can make alloys that melt in lukewarm water or even in your hand, but it’s more expensive than indium, and it tends to stain the glass and discolor skin. Unfortunately, no alloy replicates the low cost, bright shine and nonstick fun of mercury. Too bad we know now that playing with it for too long can give you brain damage.
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Create a Melting Spoon


1 Make a mold by casting or forming jewelers’ rubber around the object you want to duplicate.


2 Weigh out the metals in the correct ratio: 51 percent indium, 32.5 percent bismuth and 16.5 percent tin. If you’re within a gram, it’ll still work.


3 Combine the ingredients in a stainless-steel measuring cup and heat directly on a stove over low heat. You’ll need to go well beyond the melting point of the final alloy in order to get the tin and bismuth to combine with the indium. Stir continuously.


4 Let the alloy cool, then reheat it over nearly boiling water. A double-boiler works, or you can just hold the measuring cup in the hot water for a minute or two.


5 Pour the molten metal into the mold. While it may be tempting to hold the mold in your hand, the metal is hot enough that it will burn if you spill too much on yourself. It is no more, but also not any less, dangerous than boiling water.


6 Wait until you are sure the metal has solidified in the mold. This may take longer than you think since the melting point is so low.


7 Carefully extract the spoon from the mold.


8 Enjoy! Stirred in nearly boiling water, a typical spoon will melt in seconds.
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MOLD MAN Nearly any kind of molding compound will work because this alloy melts at such a low temperature. I used clear rubber just so you could see inside it.
























ICE CAPADES



Make trick ice cubes by stirring a few extra neutrons into the glass


WANT A surefire bet for your next cocktail party? First, tell your guests that aquatic life—at least in temperate climates—depends largely on the fact that ice floats. If it sank, lakes would freeze solid instead of forming an insulating layer of ice on top, killing all the fish. Now bet that you can magically make an ice cube sink. Grab one from a glass of special cubes you’ve strategically placed nearby, and drop it into a cup of ordinary water. Collect your guests’ money.
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The key to the trick is heavy ice. Many terms shouldn’t be taken literally—a red quark isn’t red, a peanut is neither a pea nor a nut—but heavy water is exactly what it sounds like: water that weighs more than normal. This is possible because elements occur in several different forms, or isotopes, made up of atoms with the same number of protons and electrons (which determine their chemical properties) but a variable number of neutrons (which contribute weight but not much else).


Hydrogen atoms always have one proton and one electron, but only one in every 6,400 has a neutron that nearly doubles the atom’s mass. Using a complex process involving H2S, it’s possible to isolate this heavy hydrogen, also known as deuterium (D), creating water that’s about 10 percent heavier than normal.


Chemically, D2O—as it’s written—is real water. In pure heavy water, algae can grow and thrive. Specially raised mice have contained as much as 25 percent heavy hydrogen; beyond that level, subtle biochemical reactions make the heavy mice sick. (Researchers used mice because they are small. Raising a heavy cow would be expensive.)


Heavy water’s primary use is in nuclear reactors, but it is not itself radioactive. It’s safe to handle (although drinking it is not recommended, so keep it out of your guests’ glasses) and easy to buy from your neighborhood isotope supplier. For about $15 a cube, you can make your own sinking ice and win that bet every time—unless you’re entertaining nuclear scientists.
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Make Sinking Ice Cubes


1 Label some ice-cube trays very clearly with the warning: “DO NOT EAT THIS ICE”


2 Pour the heavy water into the ice-cube trays and let it freeze.


3 Drop the cubes into a normal glass of water and watch them sink.
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IN-FLIGHT SNACK A rocket speeds away, fueled by an oxidizer and Oreo cookie filling.
























ROCKET FOOD



Release the energy stored in everyday food to launch a model rocket


FOOD CONTAINS an amazing amount of energy. If you don’t believe it, feed some candy to a kid and watch him bounce off the walls. Of course, tot-baiting is only one way to turn food energy into noise and destruction.


A king-size Snickers has 541 Calories. That’s calories with a capital “C,” or 1,000 lowercase calories. A small “c” calorie represents the energy required to heat one gram of water by one degree Celsius. So that Snickers could theoretically heat a gram of water 541,000 degrees or, more realistically, bring a gallon and a half of water from nearly freezing to nearly boiling.


The energy in food is typically released when, through a complex biochemical pathway, sugars, starches and fats react with oxygen from the lungs. It’s a form of slow-motion burning that, thankfully, rarely involves fire.


But you can liberate the same amount of energy in much less time by mixing the Snickers with a more concentrated source of oxygen—say, the potent oxidizer potassium perchlorate. The result is basically rocket fuel. Ignited on an open fireproof table, it burns vigorously, consuming an entire candy bar in a few seconds with a rushing tower of fire. If you could bottle the energy of kids playing and turn it into a Molotov cocktail, this is what it would look like.


Of course, you can’t actually fire a rocket with a Snickers bar; the nuts would clog the nozzle. Oreo cookie filling, however, works very nicely in standard model-rocket engines. (Caution: The Model Rocket Safety Code does not approve of filling rocket motors with highly reactive chlorate-Oreo mixtures.)


The thrust wasn’t great, but my perchlorate-Oreo rocket did get off the ground—not bad for a half-baked confection. I could have used foods that are more sugary, including Pixy Stix and Gummi Bears, to get a greater boost. But true so-called “candy rockets,” an actual class of models launched by the more-enthusiasm-than-sense crowd, get the best thrust-to-burn-time ratio by using even purer sugar sources, such as sucrose and dextrose. Just don’t feed those to the kids.
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For this demonstration I mixed several common sugar-and-oil-based candies with potassium perchlorate by manually chopping up the candy bar and delicately folding in the perchlorate. This was safe only because the candy was moist, making it less reactive, and because I combined the ingredients very gently. It also didn’t create a very powerful fuel.


To get a truly high-energy fuel, you have to energetically mix or even melt the components together. This requires experience, and, in many cases, a federal fireworks or explosives manufacturing license. It’s done in remotely operated ball mills or other mixing machines that can be turned on and off from a distance.


Packing rocket motors is also a dangerous operation if not done properly. Poorly mixed, low-energy fuels like the one I used are relatively safe, but the fuels become progressively more dangerous the better they are.
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FROM THE COUNTER TO THE SKY [from left] A Snickers bar provides the sugar, while potassium perchlorate acts as the oxidizer that quickly releases the energy in the candy. Me carefully combining the two ingredients. The mixture burning on a fireproof table.
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Real DANGER alert: Mixing rocket fuel is an inherently dangerous operation: The ingredients are designed to burn violently, and, in some cases, the act of simply mixing them can set them off.
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DIG IN Ice cream made with a fire extinguisher is perfectly edible. Just don’t eat any hard lumps, which could be leftover dry ice.
























DRY ICE CREAM



Whip up some instant ice cream by adding a shot of CO2 to your recipe


AS LIQUID evaporates, it gets cold. This effect, familiar to anyone who has been wet, happens because it takes energy to turn a liquid into a gas, and that energy comes from heat drawn out of the liquid. How that interaction works is one of the most complicated subjects in science, but what’s important is that it can be used to make ice cream.


Now, you can’t just let cream evaporate and expect to get ice cream. Water in the open air won’t freeze from evaporation alone. But evaporating pressurized liquid carbon dioxide (CO2) draws so much energy out of it that about a third ends up frozen solid: That’s dry ice.


Where do you get a tank of liquid CO2? From a fire-equipment dealer, of course. Discharge a 10-pound CO2 fire extinguisher full blast into a (clean) pillowcase for about 10 seconds, and you’ll have several pounds of finely powdered dry ice. (Don’t play with it though. Dry ice can give you frostbite in a few seconds.)


[image: image]


Then it’s a simple matter of pouring it into a bowl of ice-cream ingredients—a quart each of half-and-half and heavy cream, two eggs, a cup of sugar and a teaspoon or so of vanilla or any other flavoring you prefer—and stirring until frozen. (Note that the eggs are optional. Frankly given the risk of salmonella they are probably the most dangerous part of this experiment.) Add the dry ice slowly to avoid hard-as-rock syndrome. I had to microwave my batch to get it back to merely frozen.


So is it edible? Because they’re intended to be used in restaurant kitchens, CO2 fire extinguishers are usually filled with food-grade CO2. (Do not try this with a more-common dry-chemical fire extinguisher.)


The result is… interesting. Carbon dioxide is what makes soda fizz, so the ice cream actually comes out carbonated. Not bad, but don’t expect to see CO2 Crunch in the ice-cream case any time soon.
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Make CO2 Ice Cream


1 Spray a CO2 fire extinguisher into a clean pillowcase to collect dry ice.


2 Mix all of the ice-cream ingredients in an oversize metal mixing bowl.


3 Fold in the cold slowly: Add dry-ice flakes a bit at a time, and keep stirring.
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COLD MAKER To get enough dry-ice flakes, you’ve really got to let the fire extinguisher rip for about 10 seconds.
























HOT CHIPS



Free the trapped H20 for some deep-fried deliciousness


WATER HIDES itself really well. Its molecules can form weak chemical bonds with many substances, allowing it to remain concealed within their crystal structures. There’s no sign of water’s presence—no dampness, no softness, no anything—until something triggers its release.


Quite a few rocks and minerals contain water, but you would never know it from looking at them. Turquoise, for example, is made up of copper and aluminum phosphates. Remarkably, for every copper atom in turquoise, there are four water molecules. Heat it enough and this water can be driven out, discoloring the stone.


The difference between water merely soaked into a material, such as cloth, and water that is chemically bound lies in how finely separated a material’s molecules are. At the atomic level, a damp cloth contains pockets of trillions of water molecules held in place by fibers. But in turquoise, those molecules are distributed evenly around the phosphate units, individually bonded to the copper or aluminum atoms. Dioptase, a copper silicate with green crystals, similarly has water bonded to it, as does the mineral apophyllite, which flakes apart when heat releases its water.


I was recently introduced to a culinary curiosity that this phenomenon might explain: shrimp chips (also known by the Indonesian name krupuk). This snack starts out as solid, dry disks made from rice or cassava flour that look, feel, and taste like hard plastic. When my girlfriend first showed them to me, I assumed they were another one of the inedible healthy foods she routinely tries to get me to eat. But nothing could be further from the truth!


When I dropped the disks into hot oil, they puffed up to ten times their size. The heat may have freed the chips’ hidden water molecules and turned them instantly to steam. In one form or another, the water was there all along—waiting to turn dry starch into a deliciously unhealthy deep-fried indulgence.
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Making deep-fried shrimp chips and other forms of krupuk (deep-fried crackers) is a standard culinary task in some parts of the world. Just like any other kind of deep-frying, it requires a pot of very, very hot oil and a certain amount of courage. Follow the directions on the package and it should work out fine.
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Real DANGER alert: Hot oil can burn you and easily catch fire. We used a glass container for photographic purposes only: This is not a safe way to deep-fry.
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FLASH FRIED Hot oil may release water hidden in dry starchy foods, such as mung bean noodles and shrimp chips, converting it to steam and causing them to puff up.
























VACUUM POWER



A pump that goes from blow to suck with no moving parts


WHEN YOU blow air across the top of a straw dipped in soda, liquid rises up the tube. This might seem strange, but a Venturi pump—named after the Italian physicist who invented it—takes advantage of the same effect, simply by virtue of its shape.


Any high-velocity, high-pressure jet of liquid or gas creates suction in its wake. As molecules zoom by, nearby material rushes in to fill the void. So if you force a jet through a constricted section of tubing, you can make a pump with no moving parts.


Most Venturi pumps use three openings: one for the jet, one for suction, and the last as an exit. The devices are great for shallow-water wells in rural areas because they require no electricity, motors, or bearings to work at the bottom of the well. Plus, a metal Venturi pump can last decades in water.


The pumps can also mix dissimilar materials. A jet of gas can suck up liquid, so you can use compressed air, a pump, and a garden hose, for instance, to empty a flooded basement. Another example: the “Vinturi,” a funnel-like contraption that mixes air into wine as it’s poured (for anyone who thinks aerating wine makes it taste better).


[image: image]


PUMP ACTION A cutaway view of a plastic Venturi pump designed to suck up water with a garden hose—attached to the end of a cutting torch. Coincidentally, it’s a perfect fit. High-velocity gas (or water, in the original application) rushing out of the small nozzle creates suction that pulls liquid up through the lower hose connection.


My favorite trick is to turn a garden-hose-variety Venturi pump into a flame-thrower. Instead of using water, I attach a tank of pure oxygen and blow it through. The gas can suck up powdered spices and convert them into sparkling pillars of fire. Pretty much any fine organic powder burns, thanks to a large flammable surface area; I’ve succeeded with cinnamon, garlic powder, black pepper, onion, cumin, powdered sugar, and even bread flour. About the only disappointment in my kitchen was chili powder, which makes a pathetic little flame. So much for extra heat.
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FLAME ON A jet of burning cinnamon shows just how flammable fine organic powders can be in a stream of pure oxygen.

























[image: image] HOW I DID IT






Fine powders really are a remarkably effective way of making great big fireballs. The device I used was a commonly available, inexpensive plastic Venturi water pump. The way you’d normally use this type of pump is to connect one port to a water hose and use the force of water flowing from the hose to suck up a larger quantity of water from the other port. In this way the pump, which has no moving parts, can be used to empty whole tanks or even basements full of water.


I misused the pump by connecting it to a source of air instead of water and sucking up spices and flour instead of water. Aside from the 6 to 10 foot continuous fireball this creates, the experiment seems relatively safe and contained. The fun ended when I tried using it to suck up alcohol and the pump eventually caught on fire and started melting.













Real DANGER alert: Mixing flammable powders with pure oxygen is dangerous and blowouts occurred with this setup. Do not attempt.
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GLUTEN-FREE BREAD WITH SOME BITE



Food scientists hunt for the elusive “Goldilocks molecule” that makes gluten-free bread just right
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EVERY LOAF OF WHEAT bread contains a seeming contradiction: gluten, a gel-like protein that’s fluid when cool and solid when hot. Gluten forms elastic scaffolding around air bubbles when bread rises (bread is technically a foam) and traps moisture during baking to yield a soft and chewy end product. Too bad millions of people with celiac disease suffer adverse reactions from eating even small amounts of gluten.


To replace the protein, food chemists need an edible molecule that forms strong, mesh-like structures that can trap water as a solid at high temperatures and then release it back as a liquid as the bread cools. To put it another way, you need something that melts in reverse.


Scientists at Dow Chemical approached this challenge by starting with cellulose, a long and stringy molecule that is the main part of plant cell walls. They then added molecular side groups along the backbone of cellulose to give it different properties. By varying the numbers and types of side groups, they designed a spectrum of gluten-like substances, ranging from too gel-like to not gel-like enough. After more than fifteen years of tweaks, the researchers created a Goldilocks molecule with just the right properties.


[image: image]


ON THE RISE The evolution of gluten-free bread. The version on the far right shows the perfect combination of cellulose and molecular side groups that yield moist, fluffy bread that can enjoyed by those who suffer from celiac disease.
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