Books

The Alternative Medicine Handbook: The Complete Reference Guide to Alternative and Complementary Therapies— Barrie R. Cassileth. Free of bias and in a straight forward tone, 54 “alternative therapies” are defined in terms of origin, promised effects, recent research evidence, and availability. Categories include body work, biological treatments, sense therapy, and dietary and herbal remedies. Cassileth was a founding member of the advisory council to the National Institutes of Health Office of Alternative Medicine. Originally published in hardcover in 1998. Norton, 1999, 340 p., illus., paperback, $19.95.   

Ancient West Mexico: Art and Archaeology of the Unknown Past—Richard F. Townsend, ed. Fifteen essays reveal the unheralded ancient village life of areas known today as Jalisco, Colima, and Nayarit in Mexico. More urban Meso-american centers that thrived from 200 B.C. to A.D. 800 are generally the focus of archaeological digs. However, new evidence gleaned largely from sculpture and earthenware indicates that these outlying areas also enjoyed a rich social, political, and agricultural life. With a plethora of stunning color images of artifacts, authors who are specialists in art history, anthropology, and archaeology attach meaning to the Teuchitlán tradition. Thames and Hudson, 1998, 308 p., color photos, hardcover, $50.00.

Bob Miller’s Algebra for the Clueless—Robert Miller. With a chatty, approachable style, Miller offers an algebra tutorial for people looking to brush up old skills or who are experiencing difficulty in mastering the subject in the first place. He emphasizes comprehension of the “100 or so” important vocabulary words associated with the subject before launching into mathematical elements including first-degree equations, graphs, factors, radicals, and exponents. McGraw Hill, 1999, 236 p., illus., paperback, $10.95. 

Countdown to Apocalypse: Asteroids, Tidal Waves and the End of the World—Paul Halpern. Rather than limit his lament to the pop-culture doomsday scenario-of-the-moment—asteroid collisions—Halpern evenly assesses a host of threats to our existence and, better yet, our chances of surviving them. Scientific theories are balanced between natural and human-made turmoil. Beginning with the Bible, our fascination with the “end” flavors each chapter detailing the wrath of the sun,  floods, plagues, a collective eruption of volcanoes, nuclear holocaust, and the effects of greenhouse gases. Plenum, 1998, 290 p., b&w photos, hardcover, $27.95. 

How the Mind Works—Steven Pinker. The director of the Center for Cognitive Neuroscience at the Massachusetts Institute of Technology shifts his focus from speech, which he masterfully illustrated in The Language Instinct, to the fundamental structure of the mind. Pinker tries to explain how the mind enables us to see, experience emotions, relate to others, and reason. The brain, he contends, is a computational machine programmed by the solutions to the problems faced by our hunter-gatherer ancestors. Art, music, philosophy, religion, and humor are the “higher callings” of modern humans. Readers glean insight into such questions as why memories fade and why fools fall in love. Originally published in hardcover in 1997. Norton, 1999, 660 p., b&w illus., paperback, $17.00.

Maxwell’s Demon: Why Warmth Disperses and Time Passes—Hans Christian Von Baeyer. The author of Taming the Atom expounds upon a subject that warms the hearts of physicists: thermodynamics. In Victorian times, physicists were preoccupied with a hot cup of tea sitting on a cool counter. They wondered why it is that heat always flows from hot to cold materials. This concept continues to fascinate modern scientists along with other manifestations of the laws of thermodynamics: why gasoline-fueled engines at their best can only run at 30 percent efficiency and how the study of heat, energy, and entropy factor into the search for the “Theory of Everything.” Von Baeyer traces thermodynamic history by recalling discoverers such as James Clerk Maxwell and by detailing the two laws governing the field: the law of energy conservation and the law of entropy. RH, 1998, 207 p., hardcover, $25.00.

We Were Burning: Japanese Entrepreneurs and the Forging of the Electronic Age—Bob Johnstone. A journalist whose beat is Far Eastern technology reveals his expertise in this story of the semiconductor and Japanese dominance over mass-produced consumer electronics. While many Westerners believe Japanese success to be rooted in the country’s industrial policy and government bureaucracies, Johnstone credits savvy middle managers at companies such as Sony and Canon. Camcorders and liquid crystal displays are among the dozen devices monopolized by the Japanese companies that he examines. Profiles of the individuals who spearheaded each endeavor color each item. In most cases, the fundamental technology was generated by U.S. companies but then abandoned. Johnstone tells how Japanese entrepreneurs adopted these concepts and built on them. Basic, 1999, 422 p. b&w photos, hardcover, $27.50. 

Letters


Listen up there

The article “A dozen new planets . . . and still counting” (SN: 9/26/98, p. 197) indicates that the scientific community is getting increasingly more adept at locating planets around stars similar to our own. If this is the case, would it not make sense to coordinate the search for extraterrestrial intelligence with the search for new planets? In other words, as more and more stars like our own are located with planets, should not the search focus on possible communication originating from those planets?

Robert E. Panoff

Miami, Fla.

Some of the stars examined in searches for extraterrestrial intelligence are the same ones thought to have planets.
—R. Cowen



Use it, don’t abuse it

I would be inclined to think that there is a commercial use for Caulerpa taxifolia (“Rogue Algae,” SN: 7/4/98, p. 8) that is perhaps being overlooked: cosmetics, pharmaceuticals, fertilizer, or food. What I’m saying is that uses for the plant should be studied before yet another alien is introduced into this sea.

James R. Durham

Colorado Springs, Colo.

Some light on dark matter

Your article on the source of cosmic rays (“Birth zone shrinks for top cosmic rays,” SN: 8/15/98, p. 101) doesn’t mention dark matter. Is it a possible source?

Ann Morgan

Manzanita, Ore.

The hypothetical superheavy particle mentioned in the article would be a form of cold dark matter at least 10 trillion times more massive than a proton. This type of particle might inhabit a spherical region known as the galactic halo, encompassing our galaxy. If it exists there in sufficient numbers, decays of the particles could have produced the rare, ultra-high-energy cosmic-ray strikes that have been detected, some theorists contend.     
 —P. Weiss

What you see is what you get

Regarding “Why Guys Get Fancy” (SN: 8/29/98, p. 141), could it be that female choice prevails for those male parts which the female can be aware of prior to insertion of the male organ? Lock and key may predominate for male physical sexual characteristics that are not observable by the female prior to insertion.

Lamar Robert

Chiang Mai, Thailand

Selenium as an antioxidant

In the article “Can selenium avert prostate cancer?” (SN: 9/19/98, p. 188), it is stated that “. . . how it might work against cancer remains unclear.” However, selenium is known to be a powerful antioxidant. Since free radicals are suspected as a leading cause of cancer due to DNA damage, it should not be surprising that the protection offered by selenium is due to the prevention of damage to DNA in prostate cells.

H.H. Denman

Wayne State University

Detroit, Mich.

End of LETTERS


Fob 1 Hubble Eyes Signs of Nearby Planets


About the last thing Brad A. Smith expected to find when he examined the region around a young, nearby star was a large-scale replica of one of the rings of Saturn.

Like the planet’s icy rings, the band of dust around the star HR 4796A, some 220 light-years from Earth, is narrow and has sharp edges. And, just as Saturn’s rings are corralled by the gravity of closely orbiting moons, Smith and his colleagues suggest that the stellar dust ring owes its slender shape to the guiding influence of one or more massive bodies, most likely fledgling planets.

Although the star has only about twice the mass of the sun, its ring lies about 70 astronomical units (AU), or 70 times the Earth-sun distance, from the parent star. “That’s way out there, and in our solar system, we don’t see bodies of any significant size beyond the orbits of Neptune and Pluto,” says Smith, a researcher at the University of Hawaii in Honolulu. Those planets orbit 30 to 50 AU from the sun.

The dust ring, recorded by an infrared camera on the Hubble Space Telescope, is one of several new Hubble findings suggesting that planets may be circling three youthful, nearby stars. The discoveries were reported this week in Austin, Texas, at a meeting of the American Astronomical Society.

All three stars have for years been known to emit infrared light at a higher intensity than can be accounted for by starlight alone. That characteristic indicates that the bodies are swaddled by dust, which absorbs visible and ultraviolet starlight and reradiates it at longer wavelengths. Planets are thought to coalesce from swirling disks of dust, gas, and ice around newborn stars.

The Hubble camera was crucial for the new observations. By using a mask to block starlight, it can search stars’ surroundings for faint, near-infrared light reflected by planets and the disks from which they arise.

Perhaps the most intriguing of the three findings is a direct image of what may prove to be a planet. Eric E. Becklin of the University of California, Los Angeles unveiled a picture showing a reddish point of light lying close to a star in the TW Hydrae Association. This is the nearest known cluster of young stars, roughly 170 light-years from Earth.

Imaged at three near-infrared wavelengths, the point of light is about 150 AU from the star. The observations suggest that the object could be about twice as massive as Jupiter.

“There needs to be follow-up work to determine the nature of this object,” says theorist Alan P. Boss of the Carnegie Institution of Washington (D.C.). Last June, another team using the same camera imaged a candidate planet near a pair of stars (SN: 6/6/98, p. 357).

In a separate study, Becklin and his colleagues found that a huge disk of dust surrounding the star HD 141569 contains a large dark band. Among the handful of disks imaged around young, fully developed stars, this is the first to show a clear gap. It is roughly the width of the solar system and lies about 250 AU from the star, which is 320 light-years from Earth. The disk extends to about 350 AU.

Becklin and his colleagues, including Alycia J. Weinberger and Murray D. Silverstone, both of UCLA, argue that the void was cleared out by an unseen object, most likely a planet, lying in or near the gap. Becklin told Science News that his team found no evidence of a companion star or massive brown dwarf in the vicinity of the star. This “helps bolster the case” that a planet is responsible for clearing the region, says Boss.

The planet “could be sweeping up the dust and rocks from the disk as it travels in its orbit around the star, or the gravity of the planet could knock the dust out of one part of the disk,” notes Weinberger.

“The most ready explanation is that an embedded planet is gravitationally clearing material to either side,” agrees Eugene Chiang of the California Institute of Technology in Pasadena.

Alternatively, speculates Becklin, this disk region might look dark simply because the material there has a different composition and reflects less light.

Before taking the Hubble image, Silverstone and his collaborators had studied HD 141569 using one of the twin Keck telescopes atop Hawaii’s Mauna Kea. Observing the disk at longer infrared wavelengths than the Hubble images recorded, the telescope detected the glow from the inner, warmer part of the disk, out to a radius of about 75 AU.

The Keck image essentially leaves off where the Hubble image begins, notes Weinberger, and the two together may shed light on the size of dust particles and their density throughout the disk. Similarly, a Keck image of the disk surrounding HR 4796A is helping to reveal the composition and size of the particles in that system (SN: 4/25/98, p. 260).

The three findings pose a puzzle: The planets suggested by the images would all be much farther from their parent stars than Pluto lies from the sun. At such distances, the raw material for making planets thins dramatically. There may simply not be enough dust, gas, and ice at such remote regions to make planetary bodies, says Boss.

In addition, disk material orbiting at great distances from a star moves slowly. The collisions required to pack material together to make a planet are not as frequent as they are in the inner disk. Thus, it would seem, planets could not be made quickly in outlying regions. Yet none of the three stars is older than 20 million years, a period that may be too short to make a planet at those distances.

Theorists, says Smith, “will have an interesting time trying to understand how you can form planetary bodies at such great distances around stars so young.” In the meantime, Hubble’s near-infrared camera has run out of coolant and has ceased operation. 
—R. Cowen

Left: Ring of dust encircling HR 4796A. Dotted line shows the ring crossing the blocked-out section of the star. Right: Dust disk with gap (arrow) surrounding the star HD 141569.

Fob 2 - Ancient people sparked die-offs down under

When early humans first landed in Australia, some 50,000 years ago, they torched the landscape and killed off an arkful of fantastic beasts, including carnivorous kangaroos, marsupial lions, car-sized tortoises, and 25-foot-long lizards. Such is the scenario proposed by a team of geologists who have dated the extinction and find that it corresponds to the arrival of people on that continent.

The new study is changing researchers’ views of the toll that ancient people exacted on the world around them.

The crisis in Australia killed off some 60 species, including all large land animals—called the megafauna. Paleontologists have discussed this extinction for more than a century, arguing whether people or climate changes deserve the blame. The debate stalled, though, because researchers did not know precisely when the animals disappeared.

The new study is “the most impressive arsenal of dating techniques to be brought to bear on this subject so far,” says geologist Gifford H. Miller of the University of Colorado at Boulder, who teamed up with U.S. and Australian colleagues to pinpoint the extinction. “We used four different methods, and they’re all saying essentially the same thing.”

In their study, described in the Jan. 8 Science, the researchers focused on an extinct flightless bird named Genyornis newtoni, which stood about 5 feet tall and weighed twice as much as a modern Australian emu. Many millennia ago, windswept sands buried fragments of eggshells from Genyornis and ancient emus, preserving a biological remnant suitable for dating.

Miller and his coworkers analyzed the amino acids locked within the shells. During life, almost all organisms incorporate into their tissue only amino acids with a left-handed geometry. After death, those molecules slowly transform into a roughly equal mix of left- and right-handed forms. By measuring the ratio of the forms in the preserved eggshells, the researchers assessed the samples’ ages.

Miller’s team also used carbon-14 dating and a similar technique that relies on the radioactive decay of uranium atoms. A fourth method gauged the legacy of ebbing radioactivity in quartz grains, thereby dating the sand in which the eggshells were found.

The combination of these techniques indicates that Genyornis went extinct between 45,000 and 55,000 years ago, the scientists report. That time, they say, corresponds to the best estimate for when people first reached Australia from Indonesia. It does not match any span of severe climate change in Australia, says Miller.

This circumstantial evidence may not be enough to convict humans yet, says Timothy F. Flannery of Harvard University. Scientists do not know, for instance, whether the Genyornis extinctions coincide with the disappearance of the other Australian megafauna. 

Nevertheless, the eggshell data “represent a serious challenge to the proponents of climatically caused megafaunal extinction,” says Flannery in a commentary accompanying the Science report.

Miller’s group proposes that people killed off the Australian megafauna indirectly, by altering the vegetation. Evidence for this view comes from the mixture of carbon atoms in the fossil eggshells. It suggests that Genyornis ate only shrubs and trees, whereas emus had a more varied appetite that also included grasses. Because emus survived and Genyornis died out, Miller’s team theorizes that people disrupted the native Australian vegetation, perhaps by setting fires, a practice still common among Aborigines.

 Previous studies have suggested that the frequency of fires increased dramatically in Australia at the same time that humans reached the continent, says fire historian Stephen J. Pyne of Arizona State University in Tempe.

The new Australian data could rekindle debate about a later bout of megafaunal extinctions that swept North America at the end of the ice age, around 11,000 years ago. Paul S. Martin of the University of Arizona in Tucson proposed in the 1950s that the continent’s large mammals succumbed to human hunters arriving from Siberia. Many researchers, however, have rejected this overkill hypothesis and favored climate change as the cause of the extinctions.

The fire theory for Australia and other new hypotheses have caused Martin to change his mind. “I see a reason to back away from the overkill [idea] as the only effective model,” he says. In addition to hunting, people would have wreaked havoc by disrupting the ecosystem and introducing novel diseases to the New World, all of which could have sparked the extinctions, he says. —R. Monastersky

Fob 3 - This year, resolve to fidget more

Anyone embarking on a New Year’s diet knows the inherent unfairness of weight gain and loss: Some people just don’t put on weight, even when they eat a lot. Researchers studying metabolism are now surprised to find that people appear to fidget more when they overeat, burning off some excess calories—and people who stay lean despite over-indulging appear to fidget the most.

To gauge why some people gain weight easily, researchers at the Mayo Clinic in Rochester, Minn., tracked 12 men and 4 women, none of whom was obese, for 10 weeks. During the first 2 weeks, the researchers measured the participants’ base metabolism rate and caloric needs. Then, each participant went on a diet with 1,000 extra calories per day—roughly a 35 percent boost, equivalent to two double cheeseburgers.

Researchers checked to see that all meals were eaten and even probed the participants’ garbage to make sure they weren’t skipping dessert.

The participants wore pedometers to measure activity such as walking or stair climbing. A urine test revealed how many calories their bodies were burning.

With these data, researchers were able to apportion how much energy was burned by exercise or base metabolism. The rest must have been burned by “fidgeting”—movements not recorded by the pedometers, such as posture adjustments or desk work, says study coauthor Michael D. Jensen. 

While some participants gained 16 pounds, others added only 3, the researchers report in the Jan. 8 Science. All study participants burned more calories than usual, consistent with other studies of people who are overfed. Since metabolism and exercise didn’t account for the change, the researchers fingered fidgeting.

Previous research has hinted at a role for genes in weight gain. A Canadian study of identical twins in 1990 showed that when fed extra calories, some sets of twins gained more than other sets, but the weights of each pair changed in tandem. 

Although that research took base metabolism into account, it hadn’t measured fidgeting. “That was really the inspiration for this study,” Jensen says.

Why some people fidget more than others remains unclear. Not fidgeting might have had survival value in the past, says Elliot Danforth Jr. of the University of Vermont in Burlington. Lackadaisical babies would have survived famines by conserving calories. Since modern people evolved from survivors, most people today don’t fidget away extra pounds, he suggests.

Not everyone agrees that fidgeting accounts for the excess calories being burned. Jules Hirsch and his colleagues at Rockefeller University in New York City have used radar to track people’s movements and found no correlation between fidgeting and energy consumption. Hirsch says that among overfed people, some just use more calories than others to do the same things.

Eric Ravussin of Eli Lilly and Co. in Indianapolis counters that exercise tests in the new study showed that the weight gains were not related to movement efficiencies of the participants.    —N. Seppa

Fob 4 -Treatment blocks sites for dental bacteria

Armed with toothbrushes, toothpastes, and floss, people wage a daily war against cavity-causing bacteria. Now, researchers in England have found another way to defeat those microscopic foes. Teeth treated with a new synthetic molecule remain free of the feared bacteria for up to 4 months, they report.

Most cavities are caused by the bacterium Streptococcus mutans, which binds to receptor proteins on the surface of teeth and collects into the film of plaque that dentists warn their patients about. Unlike other bacteria in the mouth, S. mutans produces lactic acid, which erodes tooth enamel. 

“If you can prevent infection with Streptococcus mutans, you will actually prevent tooth decay,” says Charles G. Kelly of the Guy’s, King’s, and St. Thomas’ Hospitals Medical and Dental School in London.

Kelly and his colleagues pursued this goal by creating a peptide, or short sequence of amino acids, that blocks the receptors and thus prevents S. mutans from sticking to teeth. Earlier work had shown that S. mutans possesses a large protein, called adhesin, that binds to receptors. Kelly’s team identified and synthesized a critical 20­amino acid portion of adhesin that, in the test tube, successfully binds to the receptors. The researchers then tested how well the synthetic peptide prevents S. mutans from colonizing human teeth.

The researchers first treated three groups of four volunteers with an antiseptic mouthwash for 9 days to remove all microbes from their mouths. Over the following 3 weeks, a solution containing the peptide was dripped twice a week onto the teeth of one group, which also used a daily mouthwash with the peptide. The other two groups received similar treatments with a different peptide or no peptide at all. The researchers then monitored growth of S. mutans on the volunteers’ teeth.

Those who received the binding peptide remained free of S. mutans for at least 3 months. The bacteria appeared on  the teeth of the others within 3 weeks, however. Kelly and his colleagues report their findings in the January Nature Biotechnology.

After treatment, the peptide remains in the mouth for only about 6 hours, Kelly says, but it appears to exert long-term antimicrobial effects. “If you can hinder [S. mutans] colonization initially, other bacteria occupy the niche,” Kelly says. Plaque formed by harmless bacteria acts as a protective film, crowding out the acid-producing S. mutans.

The results of the study are “quite striking,” says Randall T. Irvin of the University of Alberta in Edmonton. “If this is indicative of what will happen in a larger group, it’s encouraging.” He expects that bacteria subjected to this treatment would evolve resistance less readily than when attacked with antibiotics.

This approach could be applied to other microbial targets, Irvin says, “but it will take a lot of work.” Receptor binding often triggers normal cell processes, so the peptides would have to be designed to deflect bacteria without interfering with those effects. 
—C. Wu

Fob 5 - Hormone helps ring internal alarm clock

Some people find setting an alarm clock a waste of time—they can somehow simply decide when to wake up. This curious ability has been noted for at least 100 years, says William Moorcroft of Luther College in Decorah, Iowa, who in 1997 published a study documenting the phenomenon.

A hormonal surge that begins about an hour before a person’s anticipated awakening may play a role in this enviable talent, Jan Born of the University of Lübeck in Germany and his colleagues now report in the Jan. 7 Nature.

“Born and colleagues have provided the first evidence of a biological basis for what may be an internal alarm clock,” says Mark R. Opp of the University of Texas Medical Branch in Galveston.

Like Opp, the German researchers investigate how certain hormones, such as cortisol, adrenocorticotropin (ACTH), and corticotropin-releasing hormone, help a body react to or prepare for stressful events, which include awakening. During sleep, the amounts of ACTH and cortisol in the blood gradually increase.

In people who are awake, anticipation of a stressful event can prompt the release of these hormones. Born’s team wondered whether expecting to get up at a particular time influences the secretion of the hormones during sleep.

The scientists monitored 15 volunteers during three nights of sleep. For one night, the volunteers were told they could sleep until 6 a.m. The other two nights, they were informed that someone would rouse them at 9 a.m.—well beyond their normal wake-up times. On one of those nights, however, they were unexpectedly awakened at 6 a.m.

From blood samples drawn every 15 minutes while the volunteers slept, the scientists found that the amount of ACTH usually began to rise sharply around 4:30 a.m. in the people expecting to get up early. The hormone’s concentration only increased gradually in the people awakened by surprise and in those who slept until 9 a.m., never surging to the same heights.

The investigators conclude that the expectation of arising at a specific time sets a neurological timer that continues into the sleeping state and that the ACTH surge marks the body’s preparations for the alarm to sound. Born hopes to monitor electrical activity in the brain during sleep to isolate where this alarm clock resides and better explain how it gets set.

Some people visualize a clock or repeatedly think of a wake-up time, notes Moorcroft, but most report no fixed strategy to set their internal alarm.   
 —J. Travis

Fob 6 - Formaldehyde: Some surprises at home

It’s hard to avoid exposure to formaldehyde, a respiratory irritant and suspected carcinogen. It protects latex paints from mildew and inhibits wrinkles in permanent-press fabrics. It’s also a key ingredient in many insulating foams, durable automotive resins, and glued-wood construction materials. 

A new study finds that although manufacturers have in recent years cut formaldehyde emissions from some of its most notorious sources—such as particleboard—many common consumer products still release copious amounts. Indeed, one of the big surprises was the amount coming from certain floor finishes, observes Thomas J. Kelly, a chemist who led the new analysis.

Under contract to the state of California, Kelly’s team at Battelle Memorial Institute in Columbus, Ohio, measured 24-hour formaldehyde emissions from 55 domestic consumer and construction products. While polyurethane floor finishes don’t emit the toxicant, he found, the more durable acid-cured resin finishes do. Until they dry, they can spew up to 1.2 grams per square meter per hour—nearly 1,000 times more than bare particleboard.

Moreover, he notes, refinishing a home’s floors with this product could saturate other surfaces—walls, furniture, carpeting, even toys—with formaldehyde, allowing it to reenter the air long after the floors had dried.

Wet fingernail hardeners and polishes also proved to be big emitters. A 3-inch-square coating emitted far more formaldehyde—between 50 and 800 micrograms—than did an equal area of particleboard or veneer-covered plywood, the Battelle scientists report in the Jan. 1 Environmental Science & Technology. While this can offer individuals—from fashion-conscious teens to professional manicurists—a big slug of the toxicant, nail treatments coat small areas and the exposures are short-lived. By contrast, plywood, particleboard cabinets, and new plastic-laminate counters not only cover relatively large areas but also emit measurable formaldehyde continuously for days to weeks.

Other major sources of formaldehyde included permanent-press shirts and draperies. While a single washing reduced a shirt’s formaldehyde emissions by 60 percent, Kelly notes that draperies might never get washed. Pre-pasted wallpaper, while wet, also emitted substantial amounts of the toxicant—nearly 700 µg per square meter per hour.

Kelly’s data on the effect of washing permanent-press fabric “is nice information that we can pass along,” notes Peggy L. Jenkins, who manages the Indoor Air Quality Program at California’s Air Resources Board in Sacramento. The main use of the new data, she says, “will be to improve and revise our guidance to the public” regarding what to buy.

While the recommended exposure limit of 0.5 parts per million in air will not change, she says, “we have, with this new information, a little more meat and potatoes” on where big exposures may occur. For instance, she says, consumers may want to ask more questions about floor finishes or cabinet materials, instructing their contractor to use products that emit less formaldehyde.             
 —J. Raloff 

Nail polish and, especially, nail hardeners are potent, though short-lived, sources of formaldehyde emissions.

7 -Young plants prepare to see the light

Researchers have found what may be the key steps that allow newborn seedlings to burst out of the soil without a spot of ray-catching chlorophyll but still start using light.

While underground, seedlings rely on lunches their mothers packed, nutrients in the seed. Although conifer sprouts under soil prepare for daylight by making chlorophyll, flowering plant sprouts cannot synthesize it in the dark.

As soon as they emerge, these pale sprouts can nevertheless harness light to power their shift to adult metabolism, thanks to a novel complex of compounds, report Christiane Reinbothe of Bayreuth University in Germany, and her colleagues. They and other researchers had identified some bits of the system. Now, coauthor Steffen Reinbothe says, “we put them together to find a way out of the dark.” The results appear in the Jan. 7 Nature.

Studying barley seedlings grown in darkness, the researchers focused on two enzymes called PORA and PORB, which catalyze a step in the transformation of precursor pigments into chlorophyll. Researchers had not known how the activity of these two forms of the enzyme protochlorophyllide oxidoreductase differs. Reinbothe was surprised to find that PORA and PORB bind different chlorophyll precursor pigments having extremely similar structures. “It was very unexpected,” he says.

Reinbothe’s group proposes that in a seedling, the two enzymes and the pigments form part of a complex that waits for the first blast of light. Mixing ingredients in the laboratory, the researchers did find such a complex. When they flashed light that only the pigment bound by PORA could absorb, they saw reactions in the PORB-pigment pair. They suggest that the pigment bound by PORA acts as an antenna, soaking up rays and passing along energy to power PORB’s step in making chlorophyll.

The work “took a number of leaps over the current dogma,” says Robert Willows of Macquarie University in Sydney, Australia. He says the most dramatic change is the new role for protochlorophyllide b, the pigment bound by PORA. Most physiologists assumed it didn’t show up so early in development, Willows says. However, he speculates that “the main reason no one’s found it is that no one’s looked very hard.”

Timothy W. McNellis of the University of California, Berkeley was intrigued by the way the complex protects seedlings. Without chlorophyll, “it’s as if an albino person goes out in bright sunlight without sunblock,” he says. Reinbothe, however, found that if protochlorophyllide b receives more energy than the complex can use, it fluoresces, emitting the excess harmlessly.                         —S. Milius

Fob 8 -Fossil ape’s grasp gets two thumbs way up

Ancient apes, like their modern counterparts, typically had hands equipped for tree climbing and branch swinging. But a little-studied set of fossil remains tells a gripping tale of surprisingly deft digits in an apelike creature that lived 9 million to 7 million years ago on what was once a Mediterranean island.

 The animal, known as Oreopithecus bambolii, boasted an opposable thumb and a grasping ability much like that exhibited by members of the human evolutionary family 3 million to 4 million years old, according to a new report.

Possession of such a hand, which may have given this primate an advantage in gathering sometimes scarce food supplies, laid the groundwork for the evolution of its ability to walk upright (SN: 10/18/97, p. 244), propose anthropologist Salvador Moyà-Solà of the M. Crusafont Paleontological Institute in Sabadell, Spain, and his colleagues.

A two-legged gait may have evolved similarly in ancient human ancestors, such as the australopithecines, after they developed a grip suitable for extensive food gathering and rapid feeding, the scientists suggest.

Moyà-Solà’s team studied Oreopithecus fossils previously found at an Italian site and now held at the Natural History Museum in Basel, Switzerland. The collection includes many isolated hand bones, several partial hands, and a nearly complete right hand.

Several features of the Oreopithecus hand signify the presence of a thumb-assisted grip capable of precise manipulations, the researchers report in the Jan. 5 Proceedings of the National Academy of Sciences. First, short hands relative to estimated body weight combine with long thumbs, considered essential for forming a humanlike grip. Oreopithecus thumb bones also exhibit large, deep pits for the attachment of what was apparently an unusually strong muscle for flexing that digit. 

Moreover, the fossil ape’s finger joints show no evidence of having supported knuckle-walking, the investigators say.

Overall, Oreopithecus hands display evidence of the improved finger control and greater ability to exert force observed in early members of the human evolutionary family, they contend.

“I have doubts about that conclusion,” remarks anthropologist Peter Andrews of the British Museum of Natural History in London.

Hand and foot bones that in some ways resemble those of australopithecines do not conclusively show that Oreopithecus preferred to walk upright and use its hands for precise manipulations, Andrews argues. The few hand bones recovered from other fossil apes look much like those of Oreopithecus, he notes, although those creatures are generally thought to have dwelled in trees and knuckle-walked while on the ground.
—B. Bower

BOB 1 - Life’s First Scalding Steps
Biology might have begun in cauldrons 

at the bottom of the sea

By SARAH SIMPSON

In a back room at the Carnegie Institution of Washington (D.C.), Jay A. Brandes packs water and powdered rock into a 24-carat-gold capsule not much bigger than a daily vitamin. He injects gases like those spewed by a volcano and then seals the receptacle. Finally, he places the shiny amulet inside “the bomb,” a device isolated from the rest of the world by steel panels salvaged from a scrapped battleship. Within, the mixture is besieged with scorching temperatures and bone-crushing pressures, forces like those at work at seafloor geysers. Brandes and his colleagues then look inside the tortured capsule for evidence of the chemical steps that sparked the beginnings of life. 

Using no more than the cocktail of chemicals discharged at undersea hydrothermal vents, the researchers are trying to mimic reactions that occur within living cells. 

Oceanographer Jack Corliss first discovered these vents in 1977, while exploring a volcanic ridge at the bottom of the Pacific Ocean. Before then, oceanographers had considered the ocean floor cold and mostly barren. Corliss’ view outside the tiny research submersible revealed a different world.

Peering out a porthole, Corliss became the first person to witness the biological wonderland of shoe-sized clams, 6-foot tube worms, and blizzards of strange microbes thriving at the vents, which spew out a hellish mix of shimmering brines. If these creatures can subsist in a bath of scorching chemicals and heat from the planet’s interior, he reasoned, then perhaps this is where life got its start. 

Corliss’ proposal that life sprung from water, gas, and rocks far out of the sun’s reach inspired grandiose theories but remained virtually untested for 20 years. Most origins-of-life researchers were still busy pondering the long-held notion that life’s precursor chemicals linked up at the surface of a sun-drenched pond or ocean. In this more traditional scenario, the sun simmered a prebiotic soup for millions of years to cook up the first cellular organisms. 

Only in the past few years have scientists such as those at the Carnegie Institution begun to roll up their shirtsleeves and get down to the business of determining what biochemical reactions are possible at hydrothermal vents. In a series of recent experiments, researchers have found that the harsh vent conditions can foster some of the chemical steps thought necessary for early life. Their results are capturing the attention of a growing group of scientists—and raising belief in the chance of finding life elsewhere in the universe.

The most detailed step-by-step blueprint for how Earth’s oldest raw materials could have given rise to the stuff of life came out of the imagination of Günter Wächtershäuser, an organic chemist at the University of Regensberg in Germany. Ten years ago, Wächtershäuser conceived of an assembly-line process at the ocean floor that transforms basic inorganic chemicals into organic chains, the biological molecules that are the building blocks of life.

Wächtershäuser’s factory enlists the elements of modern industry—all readily available at vents. The conveyor belt is the flat surface of metal sulfide minerals, such as iron pyrite, abundant in seafloor rocks. The raw materials are carbon- and hydrogen-rich gases from volcanic belches dissolved in the seawater. The workers that drive the assembly line—the keys to the whole process—are metallic ions in the sulfides.

In living cells, complex proteins called enzymes play the role of factory laborers, bringing certain molecules together and splitting others apart. Before enzymes appeared on the planet, Wächtershäuser says that metallic ions filled that catalytic role. Without these mediators, reactions might take months or years, or never happen at all, he adds. New components would never get added to the molecules passing by on the conveyor.

In Wächtershäuser’s theory, the first organic molecule put together on the conveyor belt was acetic acid, a simple combination of carbon, hydrogen, and oxygen that is best known for giving vinegar its pungent odor. Formation of acetic acid is a primary step in metabolism, the series of chemical reactions that provides the energy that cells use to manufacture all the biological ingredients an organism needs.

According to the theory, metabolism came before all else. Once a primitive metabolism evolved, it began to run on its own, and only later were cells’ other basic elements, such as a genetic code, invented.

Wächtershäuser focuses on the heart of modern metabolism, the citric acid cycle. All living cells use this series of reactions to extract energy from food. The cycle makes changes in several chemical compounds, but it always begins with acetic acid. Inside a cell, the two carbon atoms in each acetic acid molecule are eventually expelled as carbon dioxide in a reaction that gives off a packet of energy.

Because the citric acid cycle is intrinsic to all modern life, Wächtershäuser guesses that its basic reactions are close to the chemistry with which life began—with one significant variation. In the oxygen-deficient world at hydrothermal vents, heat-loving bacteria operate the cycle backward (SN: 3/29/97, p. 192). Instead of giving off carbon dioxide to make energy, they incorporate carbon atoms to build a succession of more complex organic molecules. Wächtershäuser says life’s first chemicals were built the same way.

Around the vents, he theorizes, catalytic metallic ions first enabled the materials around them to fashion acetic acid. In the next step, the ions catalyzed the addition of a carbon molecule to the acetic acid to get three-carbon pyruvic acid, which is another key chemical in the citric acid cycle and also reacts with ammonia to form amino acids, which themselves link up to form proteins.

After writing the blueprint, Wächtershäuser set out to prove each step. He produced the first important component of his assembly process 2 years ago. He and fellow German chemist Claudia Huber, of the Technical University of Munich, reported in the April 11, 1997 science that they generated large quantities of activated acetic acid from basic raw materials at 100°C. This is the temperature typical of the fringe of a hydrothermal vent, where the volcanic brines mix with near-freezing ocean water.

Critics complain that Wächtershäuser’s experimental temperature represents a limited zone in the vent environment. Toward the scalding core of a vent system, temperatures are nearer 350°C.

A longtime supporter of the primordial soup hypothesis, Jeffrey L. Bada of the Scripps Institution of Oceanography in La Jolla, Calif., has conducted several experiments showing that certain life-critical chemicals could not survive in their scorching birthplace for more than a few minutes or days. By testing reactions at only a single temperature, Bada says, Wächtershäuser is “not playing with a full deck of cards.”

Such a rebuke doesn’t apply to other experimentalists, such as the Carnegie Institution team, who are joining the game. The Carnegie researchers at times closely follow Wächtershäuser’s blueprint, but they’re aiming for results much broader, and perhaps more convincing, than the German chemist has achieved to date. 

They are trumping Bada’s criticism by testing chemical reactions over a much wider range of temperatures. What’s more, with their bomb apparatus, the team can perform experiments at the extreme pressures that are typical under thousands of meters of seawater, a factor Wächtershäuser never explored.

Christopher Chyba of the Search for Extraterrestrial Intelligence (SETI) Institute in Mountain View, Calif., is encouraged by the growing interest in this research. “A variety of ideas, many of them flowing out of Wächtershäuser’s hypothesis, are now leading to a kind of renaissance of experiments in the origins of life,” he says. 

It was another origins-of-life theorist who got the Carnegie team involved. About the same time that Wächtershäuser began considering metabolism as the root of life, a similar idea came to biologist Harold J. Morowitz of George Mason University in Fairfax, Va. He also was drawn to the primitive power of the citric acid cycle. Unlike Wächtershäuser, Morowitz’s first ponderings were still steeped in the primordial soup. 

It took prodding from his friend Corliss, now at the Central European University in Budapest, for Morowitz to move his envisioned birthplace of prebiotic metabolism out of the light and into the ocean depths. That’s when he turned to his George Mason colleague Robert M. Hazen, who also holds a position at Carnegie’s Geophysical Laboratory. Hazen had long studied what happens to the structures of mineral crystals buried deep inside the Earth, so his high-pressure expertise translated easily into methods for testing what might happen to chemicals at vents.

Hazen and Morowitz assembled specialists, each capable of attacking the origins-of-life question from a different area of expertise, from several institutions.  What’s more, they are backed by NASA’s new Astrobiology Institute, which is exploring where and how life may exist throughout the universe. “We’re trying to use a systematic approach to what is a huge and complicated field,” Hazen says.

Their approach recently took advantage of Brandes’ focus on nitrogen, another important life-building element. Organisms gain nitrogen through reactions involving ammonia, a simple combination of nitrogen and hydrogen. In Wächtershäuser’s theoretical assembly line, ammonia is a key player: It helps convert compounds from the citric acid cycle into amino acids. Yet few had expected ammonia to survive the vent inferno.

Brandes led the way to proving that expectation false. In the tiny gold capsules, he mixed water with nitrogen oxides presumed to be present in ancient oceans and added Wächtershäuser’s sulfide minerals to jump-start any reactions. Inside the bomb, heating elements and pneumatic pistons subjected the capsules to conditions typical of hydrothermal vents. After only 15 minutes at 500°C and a pressure 500 times that at the planet’s surface, the experiment created ammonia—and lots of it. What’s more, the ammonia was stable up to a fiery 800°C. The team reported their findings in the Sept. 24, 1998 Nature.

Once the Carnegie researchers knew that the hydrothermal mix could create ammonia, they turned to the next step, in which ammonia combines with pyruvic acid to build the amino acid alanine. Again, the scientists mixed their ingredients in a gold capsule and heated and squeezed them. Even without a catalyst, as much as 40 percent of the pyruvic acid converted to alanine.

Amino acids made at hydrothermal-vent conditions don’t impress the researchers who have most enthusiastically promoted the primordial soup hypothesis. They’ve had amino acids in hand for decades. Back in 1953, chemist Stanley L. Miller of the University of California, San Diego shot a streak of electricity through a laboratory mixture of methane, hydrogen, and ammonia—a replica of the primordial atmosphere. This imitation lightning sent chemicals raining down into a flask of oceanlike water below, which grew red and yellow with amino acids in a week’s time.

Research has since drawn Miller’s hypothetical atmosphere into question, causing many scientists to doubt the relevance of his findings. Recently, scientists have focused on an even more exotic amino acid source: meteorites. Chyba is one of several researchers who have evidence that extraterrestrial amino acids may have hitched a ride to Earth on far-flung space rocks.

Amino acids from a variety of sources almost certainly seasoned a broth on the planet’s surface 4 billion years ago, Chyba says, but he points out that no one has ever satisfactorily explained how the widely distributed ingredients linked up into proteins. Presumed conditions of primordial Earth would have driven the amino acids toward lonely isolation. That’s one of the strongest reasons that Wächtershäuser, Morowitz, and other hydrothermal vent theorists want to move the kitchen to the ocean floor. If the process starts down deep at discrete vents, they say, it can build amino acids—and link them up—right there.

Last year, Wächtershäuser and Huber did just that. They reported in the July 31, 1998 Science that at 100°C, they got amino acids to connect into short proteinlike chains called peptides. Even so, Bada won’t budge from his surface-soup stance. He sees no reason why amino acids simmering in pools of water on rocky shorelines couldn’t link up through just the same reaction. “I guarantee that experiment would work just as well at 25°C,” says Bada. “It would take longer, but you’d make the same product.”

That may be so, Wächtershäuser says, but the molecular links are broken nearly as fast as they’re created in both situations. All the chances lie in the blindingly quick activity at the vents, he says. “You throw the dice much more often.”

Busily throwing the dice in his laboratory, Wächtershäuser is trying to find the right metal catalysts that will get his short peptide chains to lengthen and reproduce themselves, the ultimate criterion of life. Everyone digging around for the origin of life would like to discover the first molecule that learned to make copies of itself.

“That’s really what the struggle is all about,” Wächtershäuser says, “and so far, it hasn’t been found.”

Articles appearing regularly in scientific journals claim to have generated self-replicating peptides or RNA strands (SN: 8/10/96, p. 87), but they fail to provide a natural source for their compounds or an explanation for what fuels them. Brandes, now at the University of Texas Marine Sciences Institute in Port Aransas, compares this top-down approach to a caveman coming across a modern car and trying to figure out how to make it.

“It would be like taking the engine out of the car, starting it up, and trying to see how that engine works,” but Carnegie’s approach is from the bottom up, he says. “What we do is start with the block of iron and try to make a car out of that.”

The Carnegie team’s next refinement to their iron block is to build a laboratory model of a hydrothermal vent. A maze of tubes and flasks will route hot, pressurized gases and water through vent minerals to see whether reactions that take place inside the gold capsules also happen in a more realistic environment. Brandes guesses that one day bottom-up and top-down researchers will together forge a complete chain of events—from the simplest raw materials to a collection of molecules that qualifies as being alive.

Yet even if scientists ultimately find a set of steps for the origin of life in the laboratory, everyone agrees that it may not replicate what occurred on Earth 4 billion years ago.

“I’m optimistic, not that we will ever really know with certainty what happened on Earth but that we will have a plausible account to give,” Chyba says.

An account based on hydrothermal forces deep in the sea opens up the possibility of life elsewhere in the solar system. While few places may have had sunlit ponds, more have evidence of geothermal forces. Prime candidates are Mars and Jupiter’s ice-covered moon Europa (SN: 11/7/98, p. 296). An upcoming mission to Europa will search for a liquid ocean overlying chemical-spewing geysers similar to Earth’s hydrothermal vents.

There’s an interesting synergy between the experimental results suggesting that life originated on Earth’s seafloor and speculation about an ocean on Europa, Chyba says. “To some extent Europa will provide a test of the deep-origins hypothesis.”
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Researchers at the Carnegie Institution of Washington (D.C.) test recipes for life inside gold capsules.


A blueprint describing how biomolecules might have emerged from inorganic chemicals spewing from the seafloor: With a jump-start from sulfide minerals (not shown), each step incorporates raw materials readily available at hydrothermal vents to fashion a more complex molecule.

Sulfide minerals glitter inside this hydrothermal-vent chimney, which scientists dragged up from the seafloor off the Washington coast last summer.

Research Notes

Astronomy


More evidence for a flat cosmos


According to inflation, a theory that seeks to explain the origin of structure in the universe, the cosmos underwent an episode of enormous expansion during the first fraction of a second of its existence. Like the surface of a balloon blown up to enormous proportions, any curvature to space-time was stretched out by the expansion (SN: 12/19&26/98, p. 392). In other words, the universe should be flat.  

Astronomers have now found an additional hint that the universe indeed has zero curvature. The finding comes from studies of the cosmic microwave background, the whisper of radiation left over from the Big Bang. 

Two telescopes at the South Pole have recorded variations in the intensity of the microwave background on different spatial scales. One instrument examined variations on scales of 1/4 to 31/2 degrees, the other on scales of 1 to 10 degrees. Inflation predicts that the variations should be greatest in patches of the sky a half a degree across—the size of the full moon—and the combination of data from the two telescopes matches the predicted pattern.

One of the instruments, Python, recently ended its 5-year tour of duty. The other, Viper, began taking measurements last February, and researchers have now finished analyzing data taken during its first few weeks of operation, says Jeffrey B. Peterson of Carnegie Mellon University in Pittsburgh. The Python and Viper measurements “tie together beautifully,” he says. Peterson and Kimberly A. Coble of the University of Chicago reported the findings last month in Paris at the Texas Symposium on Relativistic Astrophysics. 

“While the data are consistent with a flat universe and inflation, I do not think that the data are strong enough to rule out alternative models,” notes David N. Spergel of Princeton University. Over the next year or two, new ground-based and balloon experiments that will scan a larger area of the sky and explore a greater range of wavelengths “will [more] accurately measure the microwave background fluctuations,” he says.

Spergel is working on the Microwave Anisotropy Probe, a NASA satellite set for launch in 2000. It “will make the definitive measurements of the background fluctuations,” he says. —R.C.

Sun storm squeezes Earth’s ionosphere

A spacecraft has found the first direct evidence that storms generated on the sun squeeze Earth’s upper atmosphere, ejecting gases into space. A satellite called Polar found that the flow of ionized gas from Earth’s poles increased dramatically just as a solar storm plowed into Earth on Sept. 24 and 25.

The storm originated on the sun as a magnetized cloud of ionized gas. A shock wave generated by the storm rammed into the magnetic shell that surrounds Earth, giving enough of a kick to gas trapped in the ionosphere, a layer of the upper atmosphere, to expel several hundred tons of gas, mainly oxygen.

Researchers already knew that hydrogen, helium, and oxygen ions from the ionosphere leak into space, but they had never correlated the flow with a solar storm. Trapped in the wake of the solar wind, most of the ejected gas eventually returns to Earth. The returning gas is accelerated and heated by the same processes that create Earth’s radiation belts and spectacular auroras and helps supply the raw material for these displays.

Thomas E. Moore of NASA’s Goddard Space Flight Center in Greenbelt, Md., reported the findings last month at a meeting of the American Geophysical Union in San Francisco.

Before Polar, astronomers had found it difficult to detect charged particles migrating from the ionosphere. The electrical charge that naturally builds up on the surface of spacecraft, due to ionizing radiation from the sun, interfered with observations. Polar’s detectors use a plume of xenon ions and electrons to dispose of any charge that builds up, enabling the craft to track the flow of ions from the upper atmosphere. 
—R.C.

Biology

Where have all the red grouse gone?

Researchers have solved a long-standing problem in ecology—and grouse hunting.

Most red grouse populations in northern England crash every 4 to 8 years, then stagger back to high numbers only to crash again. For decades, ecologists have been spinning explanations ranging from behavioral or genetic quirks to outside menaces. Many vertebrate species undergo a boom-and-bust cycle like the grouse does, but proving causes has been difficult. 

The strongest test is to remove the proposed cause and see if the cycle stops, observes Peter. J. Hudson of the University of Stirling in Scotland. That’s impossible in most wild populations, but Hudson and colleagues found a way to do it for grouse.

A single factor, a parasitic worm, can make bird numbers rise and fall, the researchers report in the Dec. 18, 1998 Science. They stopped the cycle in three populations by medicating some 3,000 birds in each group. The treated populations thrived while others crashed in 1989 and then rebounded. Next, researchers left two of the groups untreated and saw the cycle return: Numbers plummeted in 1993 and then rose.

 “This is the first time we’ve demonstrated what causes a population cycle,” Hudson says. 
—S.M.

Lobsters remember winners and losers

Male lobsters swaggering around tanks may preserve their pecking order by remembering who has already  trounced them.

New evidence for this feat—pretty smart for an invertebrate—comes from Christa Karavanich of Richland College in Dallas and Jelle Atema of the Boston University Marine Program in Woods Hole, Mass.

Animals don’t have to recall fights for a dominance hierarchy to stabilize. Individuals just need to pick up some status cue. A habitual loser might gush stress hormones, or frequent winners might flex a lot.

Lobsters seem more sophisticated, the researchers report in the December 1998 Animal Behaviour. Working with 120 males, researchers staged duels between closely matched opponents. In the second round, males who had tangled before did not fight. The loser backed away immediately. However, strangers did fight, regardless of outcomes of earlier clashes with other opponents.

Earlier work suggests that lobsters identify each other by cues in urine released during fights. Such a feat is not beyond invertebrates. Previous work found signs of individual recognition in sweat bees and banded shrimp. 
—S.M.

Old West has fastest tree border yet

With old aerial photographs of New Mexico, researchers have documented the swiftest climate-caused forest shift on record. 

A drought during the 1950s pushed a ponderosa pine forest back 2 kilometers in less than 5 years, report Craig D. Allen of the U.S. Geological Survey in Los Alamos, N.M., and David D. Breshears of Los Alamos National Laboratory.

 As the more drought-sensitive ponderosas died back at the edges of the forest, a mix of piñon and junipers took their place. The drought ended decades ago. Yet the ponderosa pines have not grown back to their former limits. These research results appear in the Dec. 8, 1998 Proceedings of the National Academy of Sciences.

Previous studies of such sweeping forest changes made do with less precise methods, like analyzing pollen, tree rings, or pack rat debris. This work has documented shifts over the course of decades or even millennia, the researchers explain.

The faster shift confirms predictions from researchers studying how climate change might affect vegetation, Breshears says. “The modelers are out there saying that this [rapid change] is going to happen.” 
—S.M.

Computers

Data sorting for electronic noses

When a chemical spill releases an unknown mixture of environmental contaminants, quick and accurate identification of toxic components is an essential part of any response to such an emergency. One promising approach to identifying troublesome vapors is the combination of a hand-held chemical-sensor system—an electronic nose—and a novel classification scheme modeled on the way people visually group nearby objects into clusters.

Physicist Gordon Osbourn and his coworkers at the Sandia National Laboratories in Albuquerque, N.M., studied how people decide whether various patterns of points drawn on a sheet of paper or displayed on a computer screen belong together in clusters. The researchers discovered that study participants acted as if they were superimposing an imaginary two-lobed, or dumbbell-shaped, template over each pair of points. If other points intruded into any part of this region, a person would conclude that the original two points do not belong together.

Why that particular strategy works in people remains a mystery, Osbourn remarks. Nonetheless, a computer program applying the same strategy allows researchers to identify clusters in data sets and to determine whether a new data point belongs to any of the clusters already in a database. The Sandia team calls the resulting data classification scheme VERI, for visual-empirical regions of influence, and have applied for a patent.

Using a dumbbell template modeled on the shape discovered in experiments with people, the VERI computer program applies appropriately sized templates to all pairs of points and then links any two points that meet the criterion for belonging to a cluster. In two and three dimensions, the resulting patterns closely resemble the clusters that people would identify by eye among the data points. The computer program has the advantage that it also works with more complicated, higher-dimensional data—something the human eye can’t do.

A chemical-detection system, for example, may have six sensors, each of which gives a reading for a given concentration of a particular substance. Those six pieces of data can be thought of as the coordinates of a point in six-dimensional space. Changing the chemical’s concentration changes the sensor readings. Hence, each set of sensor readings for a different concentration defines a new point in six-dimensional space. Together, those points form a pattern, which can be detected using the VERI technique. Other chemicals produce different patterns.

One can apply the dumbbell test to a new point, representing freshly collected sensor readings at a chemical spill site, along with all points already in the database. It’s then possible to identify the substance as one detected earlier or show there is no match. The latter capability is important for avoiding false alarms under unusual conditions out in the field, Osbourn says. 

The researchers are incorporating the VERI data classification scheme into a lab-on-a-chip chemical-sensor system designed by Sandia for battlefield use. The same technique may also prove useful for identifying atoms in scanning tunneling microscopy, interpreting remote-sensing data from satellites, and differentiating tissues of the body in magnetic resonance images.
     —I.P.

Cluster-perception experiments reveal a dumbbell-shaped boundary that people subconsciously used to decide whether two points (blue squares) belong to the same group.
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BOB 2 - To Bead or Not to Bead?


That is the question when researchers 

make ultrathin coatings

BY PETER WEISS

If an optical coating on a lens beads up or becomes filled with holes like a slice of Swiss cheese, the lens may become foggy or distort light. Similarly, an insulating glaze in a microelectronic chip may allow short circuits if the film breaks as it is deposited. In the eye, the fine coating of lubricating tears disintegrates too easily in some people, causing an uncomfortable dryness.

 The tendency of thin films of liquids to retract, or dewet, from surfaces challenges the ingenuity of engineers and designers of a wide range of technologies and products—from optics and microelectronics to eye drops, paints, and multilayer polymer packages for food. “Thin films  often are finicky little beasts,” says Pierre Wiltzius of Lucent Technologies’ Bell Labs in Murray Hill, N.J.

Researchers have devised treatments for surfaces and coatings that promote the spread of uniform films even when the surface or the overlying film naturally resists such wetting, as they commonly do. To eliminate long-recognized seeds of dewetting such as dust and rough spots on surfaces, thin-film makers use clean-rooms and meticulously polish or chemically treat substrates on which the films will lie.

Dutch chemist Anton Vrij hypothesized more than 30 years ago that even in the absence of defects, extremely thin films of liquid spontaneously self-destruct under certain conditions. For soap films in air, he predicted that waves would arise unbidden from the thermal jiggling of molecules or atoms in the film and then amplify at a favored frequency until the waves broke through the surfaces.

Other researchers later extended his theory to liquid films on solid surfaces, where the surface waves would shatter the film into droplets or riddle it with holes. Only in the past few years have experimenters found persuasive evidence that this phenomenon actually exists, and opinion remains divided on whether it has practical consequences.

The extension of Vrij’s theory dictates that a distinctive pattern of undulations on a film’s surface would arise before the film disintegrated. The process is called spinodal dewetting because scientists noted sharp peaks, or spines, when they graphed properties of materials separating in a similar process.

 The predicted patterns of surface undulations were not seen with certainty, however, until Jörg Bischof and his colleagues at the University of Konstanz in Germany finally made a laser snapshot of them in melted metal foils. The German team reported its findings in the Aug. 19, 1996 Physical Review Letters. 

Since that discovery, researchers from around the world, including some of the Konstanz experimenters now at other labs, have presented fresh clues about spinodal dewetting. Among the new findings—some of them controversial—is evidence that this breakdown process occurs in films of not only metals but also polymers, proteins, and liquid crystals.

“Now, a big part of materials science is showing this,” says Alamgir Karim of the National Institute of Standards and Technology (NIST) in Gaithersburg, Md.

Liquid films become prone to spinodal dewetting, physicists say, when intermolecular forces add up to a net attraction that tugs the top of the film toward the underlying surface. Believed to be most important are van der Waals forces, which arise from displacements of electron clouds when atoms press close together. Although weak, the van der Waals forces can act over the span of many hundreds of molecules, gathering the collective muscle to break down films that are tens of nanometers thick.

Better understanding of spinodal dewetting may prove important for technologies that depend on thin films, many scientists say. Manufacturers are using thinner and thinner films that become more and more likely to dewet in this way. Preserving films that are poised to self-destruct could pose a special challenge, since old strategies of cleaning and polishing would be useless against an inherent tendency to break down. Spinodal breakdown may limit the thinness that coatings can attain, Karim says.

On the other hand, some scientists argue that spinodal dewetting remains on the margin of technological significance. Françoise Brochard-Wyart of the Curie Institute in Paris salutes the new findings as important basic research, but she questions their practical relevance.

“The film has to be extremely thin for spinodal dewetting—in the range of nanometers—but in most of industry, they look at thicker films, in the range of 100 nanometers or more,” she explains.

Brochard-Wyart coauthored a 1990 theoretical study that extended Vrij’s theory from soap films in air to liquid films on hard surfaces. Her study and the work of Vrij and earlier researchers made testable predictions. The rate at which holes develop should depend on the film’s thickness in a specific way, for example, and holes should form with a characteristic arrangement and spacing.

Recent studies have focused on patterns of dewetting in various thin films and asked whether those patterns and the rates at which they develop conform to the theory. “What people are really looking for in this field is the right kind of model systems,” Wiltzius says. “One still does not have a crisp model system to really get at the heart of the science behind this. But unless you do the experiments, you won’t get to that stage.”

Wiltzius studies a related phenomenon called spinodal decomposition, for which researchers developed convincing laboratory models only a decade ago. Such decomposition occurs when two blended liquids, such as oil and water, that are separating from each other intermingle in a transient granular pattern. It shows a patchwork similar to the corrugations on the surface of a dewetting film.

In the early 1990s, Günter Reiter, who is now at the Institute for the Chemistry of Surfaces and Interfaces of the National Center for Scientific Research in Mulhouse, France, pioneered the use of thin coatings of liquid polystyrene on silicon to observe dewetting. After the films dewetted, he counted the number of holes per unit area and found good agreement with spinodal dewetting theory.

The direct evidence for the waves underlying spinodal dewetting came in 1996 from experiments with metal foils on glass. The University of Konstanz researchers briefly melted foils—25 to 50 nanometers thick—with a laser beam whose intensity varied across the foil surface. While molten, the metal began to dewet. The uneven heating made some parts of the foil stay melted longer than others and, therefore, dewet further. In the cooled, congealed metal, the researchers saw the telltale ripples of an early stage of dewetting, with a wavelength predicted by theory.

A year later, Terry G. Stange of the University of Minnesota in Minneapolis and his collaborators reported that the rate at which holes form in a film also matches the spinodal dewetting theory. These researchers had examined dewetting of polystyrene films, thinner than 25 nm, deposited on silicon. In the Aug. 10, 1998 Physical Review Letters, Karim and his collaborators from NIST and the University of Connecticut in Storrs described similar findings in the same type of films.

Yet some researchers question whether dewetting patterns are proof that spontaneous surface waves are their cause. “How valid is it to make assumptions about the early stage of an instability from things you see at a late stage?” asks Richard A.L. Jones of the University of Sheffield, England.

In the Dec. 7, 1998 Physical Review Letters, a research team led by Jones reports directly watching surface waves typical of spinodal dewetting  grow at the interface between two liquid polymer layers. Using neutron beams to observe the undulations buried between a thick polystyrene layer and the roughly 100-nm-thick acrylic coating overlying it, the scientists detect the waves before any sign of actual dewetting appears. As predicted by theory, a wave of a certain preferred frequency dominates.

The data show that scientists have drawn valid inferences from late-stage dewetting patterns, Jones asserts. Although his group observed a liquid-on-liquid interface, the findings apply to 

liquid-on-solid studies that others have done. “The physics is pretty simple. When it’s simple, it’s general,” he says.

The physics is complex enough, however, to have sparked disagreements.

Last year, Karin Jacobs and Stephan Herminghaus of the Max Planck Institute for Colloid and Interface Science in Berlin-Adlershof and Klaus R. Mecke of the University of Wuppertal in Germany splashed cold water on many recent findings on spinodal dewetting.

They had expected that spinodal dewetting should produce an ordered patterning of holes in liquid polystyrene-on-silicon films, which have been popular for studying the process. Instead, the group found a random arrangement. They argue that minuscule bubbles of air or other gases in the pores of the polymer, not spontaneous surface fluctuations, cause dewetting.

“In contrast to what has been frequently asserted, we show that spinodal dewetting does very probably not play any significant role in the [polymer-film] rupture process,” the researchers asserted in the Jan. 23, 1998 online version of Langmuir. On the other hand, the findings for metal films, which would be bubble-free, remain valid, they argue.

The Jacobs group also reanalyzed Reiter’s data on hole positions in polystyrene films and concluded that spinodal dewetting was not at work. Moreover, they found that polystyrene films remained intact in a vacuum, which would have removed gas from the film. 

Reiter says the gas-bubble idea is “a little strange,” but he offers no other explanation for Jacobs’ vacuum findings. “For this particular system that I created, there may be some mystery,” he admits.

The conventional wisdom about spinodal dewetting has also come under fire from an Israeli-U.S. research team. The group, led by Jacob Klein of the Weizmann Institute of Science in Rehovot, Israel, 

reports activity that seems to indicate 

spinodal dewetting in films supposed to be immune to the process. The scientists observed surface waves deepening into pits in ethylene-propylene films 100 to 200 nm thick on silicon, where they did not expect waves to amplify.

“We’re puzzled,” says Klein. “There may be something else at the bottom of this,” he says. The group raises its questions in the Nov. 15, 1998 Europhysics Letters.

In most investigations of ultrathin film dewetting, scientists have expected to see only two distinctive patterns. Random hole patterns would signify that dust or chance imperfections were to blame. A relatively orderly arrangement would suggest a spinodal process.

Yet researchers may have overlooked much of the complexity, some groups say. Could there be a wider variety of dewetting patterns? Are more elaborate theories needed?

A new computer simulation, for example, predicts that the willy-nilly hole pattern expected from impurities could arise also from spinodal dewetting. Ashutosh Sharma and Rajesh Khanna of the Indian Institute of Technology in Kanpur discuss the simulation in the Oct. 19, 1998 Physical Review Letters. Already, Herminghaus’ group has independently noted in 

spinodal dewetting experiments a random hole pattern like that in the simulation, although they say this pattern is temporary. 

“They don’t have to invoke [defects in the film] to explain the holes. This is a sort of revelation,” Karim says. 

In the Oct. 30, 1998 Science, Herminghaus’ team also describes a disintegration much like spinodal dewetting in liquid-crystal films. This disintegration, however, is modified by the strong tendency of the film’s molecules to line up with each other. The molecular interaction forced the dewetting to penetrate only the top 12 nm of the film.

In a commentary in the same issue of Science, Reiter hailed Herminghaus’ experimental foray into the more complex workings of dewetting as “a major achievement.” Dewetting patterns may serve as a way to measure the strength and range of the intermolecular forces in liquid films for the first time, Reiter says.

In effect, dewetting patterns can act as a “thin-film force microscope,” Sharma says. In a future issue of Europhysics Letters, he, Reiter, Khanna, and other researchers will report a study in which polymer films of different initial thicknesses dewet. By measuring aspects of the dewetting patterns—for instance, the number of droplets per square millimeter—the experimenters detected the signature of van der Waals forces. 

While scientists struggle to define and understand spinodal dewetting, they also are looking for ways to do something practical with it. One of the phenomenon’s attractions lies in the extraordinarily small size of droplets it generates. “There is hope that one can create patterns on substrates truly at the nanometer level,” Karim says.

Controlled dewetting of magnetized films, for instance, might generate an orderly array of ultrasmall magnetic droplets, perhaps as data-storage elements. Reiter says he has been working on ways to control the patterns created by spinodal dewetting and has succeeded in transforming the typical jumbled patterns into something more orderly.

Most researchers say, however, that their immediate goal is a deeper understanding of dewetting. It may, in turn, allow a closer look at the intermolecular forces at work when films become beads.            n

In some cases of thin-film dewetting, remnants of the disintegrating film coalesce around polygonal holes (blue) before deteriorating further into droplets. The great length of the polystyrene molecules in this film, initially 60 to 70 nanometers thick, causes this temporary web with gaps about 40 microns wide.

Starting at upper left, a liquid silicone thin film (red) develops increasingly larger waves in its surface as it sits for a short time on a substrate (yellow) that resists being coated by it. Over the course of about 8 minutes, wave crests (dark) heighten and troughs (light) deepen. The spinodal ripples may spontaneously lead to holes in the film and then to complete dewetting.

Seen from above, a 100-nm-thick liquid silicone film (red) retracts to the right from a surface (yellow) that resists being coated by it. In this experiment, a sharp break (left edge) made in both the film and underlying silicon substrate initiates the film’s ragged retreat.

In a recent computer simulation of “spinodal dewetting,” a thin film ruptures into a pattern of enclosed holes. In spinodal dewetting, waves that arise spontaneously in the film surface ultimately penetrate to the underlying substrate. Scientists previously thought that only dust or defects in the substrate caused this Swiss-cheese pattern.

