Nanotechnology Used In Biofuel
Process

Dr James Palmer,Associate Professor of
chemicalengineering atLouisiana Tech
University, incollaboration withfellow professors
Dr YuriLvoy, DrDale Snow,and DrHisham Hegab,
has developedthe technologythat would
capitalise theenvironmental andfinancial benefits
of “biofuels” by using nanotechnology to further
improve the cellulosic ethanol processes.

Biofuels are expectedto playan importantrole in
searchforsustainable fuelsandenergy
production solutions for the future. The demand
for fuel in future, however, cannot be satisfied
with traditional crops suchas sugarcaneor corn
alone.Emerging technologies are allowing
cellulosic biomass (wood,grass, stalks, etc.Jto be
also convertedinto ethanol.Cellulosic ethanol
does not compete with food production and has
the potential todecrease emissions of greenhouse

gases (GHG) by 86 percent over that of today's
fossi fuels. Currenttechniques forcorn ethanol
reduce greenhousegases byonly 19 per cent.

The nanotechnology processes developed at
Louisiana Tech University,allows immobilisation
of expensiveenzymes usedto convertcellulose to
sugars, andthus makes them availableforreuse
several times overtherebysignificantly reducing
the overall cost of the process.Savings estimates
range from approximately $32 millionfor each
cellulosic etharol plant. This process caneasily be
applied inlargescalecommercial ervironments
and canimmobilisein a wide varietyor mixture of
enzymes production.

(Source: Science Daily online)

Giant Leap for Nerve Cell Repair

Therepairofdamaged nervecellsisa major
problem in medicine today.A new study by
DrDavid Colman,Directoratthe Montreal
Neurological Institute and Hospital(The Neuro)
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and hisresearch team,is asignificant advance
towards asolution for neuronal repair.The study
featuredfirst toshow thatnerve cellswill grow
and make meaningful, functional contacts, or
synapses, the specialised junctions through which
neurons signalto each other withan artificial
component, inthis case, plastic beads coated with
a substancethat encourages adhesion, and
attracts thenerve cells.

Many therapies,most still in the conceptual stage,
are aimingat torestore the connection between
thenerve celland the severed nerve Fibres that
innervate atarget tissue, typically muscle.
Traditional approaches to therapies would require
the re-growthof asevered nerve fibreby a
distance of up to onemetre in order to potentially
restore function. The new approach, according to
researchers,bypasses the need toforcenerve
cells toartificially growthese longdistances, and
eliminatesthe demandfor twoneurons tomake a
synapse, both of which are considerable obstacles
toneuronal repairin adamaged system.

Thesynapses generatedin thisresearch are
virtually identical to theirnatural counterparts
except the receiving’ side of the synapse is an
artificial plastic rather thananother nervecell or
the target tissueitself. This study is the first that
usesthese particulardevices, toshow that
adhesion is a fundamentalfirst step in triggering
syraptic assembly.

In orderto assess function thatis transmission of
a signal from the synapse theystimulated the
nerve cellswith electricity,sending the signal, an
actionpotential, tothe synapse. By artificially
stimulating nerve cellsinthe presenceof dyes,
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they could see thattransmission hadtaken place
asthe dyeswere takenup bythe synapses.

They believe that within the next five years, it will
be possible tohave afully functional device that
willbe abletodirectlyconvey natural nerve cell
signalsfrom the nerve cellitself toan artificial
matrix containinga mini-computer that will
communicatewirelesslywithtargettissues.These
results notonly providea modelto understand
how neuronsare formedwhich canbe employed
in subsequent studies but also provides hope for
thoseaffected and potentially holds promise for
the useof artificial substrates in the repair of
damagednerwes.

(Source: Science Daily online)

New Mesozoic Mammal

Dr Zhe-Xi Luo, curator of vertebrate paleontology
and associatedirector of science andresearch at
Carnegie Museum of Natural Historyand his
colleagues have discovereda new species of
mammal thatlived 123million yearsagoin
Liaoning Province in northeastern China. The
newlydiscovered animal, Maotheriumasiatcus,
comes from famous fossil-richbeds of the Yixian
Formation.

Maotherium asiaticus isasymmetrodont,
meaningthat ithas teethwith symmetrically
arrangedcusps specialisedfor feedingon insects
and worms. It lived on the ground and had a

body 15 cm long and weighing approximately
70to 80 g. By studying all features in this
exquisitelypreserved fossil,researchers believe
Maotheriumto bemore closelyrelated to
marsupials and placentals thanto monotremes



primitive egg layingmammals of Australia and
New Guineasuchas the platypus.

Thisnew remarkablywell preservedfossil, offers
animportantinsight into howthe mammalian
middle earevolved. The discoveries of such
exquisitedinosaurage mammalsfrom China
provide developmental biologists and
paleontologists withevidence of how
developmental mechanisms haveimpactedthe
morphological evolutionof the earliest mammals
and sheds light onhow complexstructures can
arise inevolution because of changes in
developmental pathways.

Mammals have highlysensitive hearing, far better
than the hearing capacityof all othervertebrates,
andhearingis fundamental tothe mammalian
way of life. Themammalian earevolution is
important for understanding the origins of key
mammalian adaptations.The intricate middle ear
structure ofmammals (includinghumans) has
moresensitive hearing,discerning awider range
of sounds than other vertebrates. This sensitive
hearing wasa crucial adaptation, allowing
mammals tobe activein the darkness of the night
and to survive in the dinosaur dominated
Mesozoic.

Mammalian hearingadaptationis made possible
by asophisticated middle ear ofthree tiny bones,
known as the hammer(malleus], the anvil (incus),
and the stirrup(stapes), plus a bonyring for the
eardrum(tympanic membrare) . These mammal
middle ear bones evolved from the bones of the
jaw hingein their reptilian relatives.
Paleontologists have longattempted to
understand the evolutionary pathwayvia which
these precursor jawbones became separated
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from the jawand moved into the middle ear of
modemmammals.

Accordingto the Chinese and American scientists
who studiedthis newmammal, themiddle ear
bones of Maotheriumare partlysimilar tothose of
modem mammals:but Maotherium smiddle ear
has an unusual connection to the lowerjaw that is
unlikethat of adultmodernmammals. This
middle earconnection, alsoknown as the ossified
Meckel'scartilage, resembles the embryonic
condition of living mammals andthe primitive
middle earof pre-mammalianancestors. Because
Maotherium asiaticusispreserved three-
dimensionally, paleontologists wereable to
reconstruct howthe middle ear attachedto the
jaw. This can bea newevolutionary feature,
andcanbe interpretedas havinga “secondarily
reversalto theancestral condition,”meaning that
the adaptation is caused by changes in
development.

Modern developmentalbiology has shown that
developmental genes andtheir genenetwork can
triggerthe developmentof unusual middle ear
structures, suchas “re-appearance”of the
Meckel's cartilagein modernmice. Themiddle ear
morphologyinfossilmammal Maotheriumofthe
Cretaceous (145-65 millionyears ago) s very
similar tothe mutantmorphology inthe middle
ear of the micewith mutant genes. The scientific
team studyingthe fossil suggests thatthe unusual
middleear structure,such as the ossified
Meckel's cartilage, is actually themanifestation of
developmental gene mutationsin thedeep times
of Mesozoic mammal evolution.

(Source: Science Daily online)
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Smaller and More Efficient Nuclear
Battery

Batteries can poweranythingfrom small sensors
to largesystems. While scientists are finding ways
to makethem smallerbut evenmore powerful,
problems can arisewhen these batteries are
muchlarger and heavier thanthe devices
themselves. Jae Kwon, Assistant Professor of
electrical and computer engineeringat Unversity
of Missouri and his researcherteam, are
developinga nuclearenergy sourcethat is
smaller,lighter andmore efficient. To provide
enough power, it willneed certain methods with
high energy density. The radioisotope battery can
provide power density that is six orders of
magnitudehigher thanchemical batteries.

Dr Kwonand hisresearch teamhave been
workingon buildinga smallnuclear battery,
currently thesize and thickness ofa penny,
intended to power various micro/
nanoelectromechanical systems (M/NEMS).
Although nuclear batteries canpose concerns,
theyare safe.However, nuclear power sources
have alreadybeen safely powering avariety of
devices,such as pace-makers, spacesatellitesand
underwater systems.His innovation is notonly in
the battery’'s size, but also inits semiconductor.
Kwon's batteryuses aliquid semiconductor
ratherthan asolid semiconductor.The critical
part of using a radioactive batteryis that when
energy is drawn from it, part of the radiation
energy candamage thelattice structure of the
solid semiconductor. By using a liquid
semiconductor, this problem will minimise.

In thefuture, they hope toincrease the battery’s
power, shrink its size and try with various other
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materials.According to Kwon, the battery could
be thinner than the thickness of human hair.

(Source: Science Daily online)

ALICE: New Aluminium-water Rocket
Propellant

Steven Son,associate professorof mechanical
engineering at Purdue University and his
Research team have developeda newtype of
rocket propellantmade from a frozenmixture of
waterand “nanoscalealuminium” powderthat is
moreenvronmentally frendlythan conventional
propellantsand couldbe manufacturedon the
Moon, Mars and otherwater-bearing bodies.

Thealuminium-ice, or ALICE, propellantmight be
used to launch rockets into orbit and for long-
distancespace missionsand alsotogenerate
hydrogen forfuel cells.ALICE developedonthe
AirForce Office of Scientific Research and
Pennsylvania State University,was usedearlier to
launcha 9-foot-tall (2.75m) rocket. Thevehicle
reached analtitude of 1,300feet (396 m).The tiny
size of the aluminiumparticles, whichhave a
diametre of about 80 nanomets, or billionths of a
metre, isakeyto the propellant’s performance.
The nanoparticles combust more rapidly than
larger particlesand enable better control over the
reaction andthe rocket’s thrust.

ALICE provides thrust througha chemical
reactionbetween waterand aluminium.As the
aluminium ignites, water molecules provide
oxygen and hydrogen to fuel the combustion until
all of the powder is burned. ALICE might one day
replacesome liquidorsolidpropellants, and,
whenperfected, mighthave ahigher performance



thanconventional propellants.ltisalsoextremely
safe while frozenbecause it is difficultto get it
ignited accidentally. It could beimproved and
turnedinto apractical propellant. Theoretically, it
also couldbe manufacturedin distant places like
the Moon or Marsinstead of being transported at
high cost. Findings from spacecraftindicate the
presence of water on Mars andthe Moon, and
water alsomay existonasteroids,other moons
and bodies in space.

Manufacturers overthe past decade have learned,
how to make higher quality nano aluminium
particlesthanwas possible inthe past. The fuel
needs to befrozen for two reasons: it must be
solid toremain intact while subjectedto the
forces ofthe launch andalso to ensurethat it
does notslowly reactbefore itis used.Initially a
paste, the fuelis packedinto acylindrical mold
with a metal rod running through the centre. After
it is frozen, the rod is removed, leaving a cavity
running the length of the solid fuel cylinder.

A smallrocket engineabove the fuelis ignited,
sending hotgasses into the centralhole, causing
the ALICE fuel to ignite uniformly.

Otherresearchers previously have used
aluminium particlesin propellants,but those
propellants usuallyalso containedlarger, micron-
size particles, whereas the newfuel contained
pure nanoparticles. Futurework willfocus on
perfecting thefuel andalso mayexplore the
possibility of creating agelled fuel using the
nanoparticles. Sucha gelwould behave like a
liquid fuel, making it possible to varythe rate at
which the fuel is pumped into the combustion
chamber to throttle the motor up and down and
increase thevehicle's distance.Agelledfuel also
couldbe mixedwith materials containing larger
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amounts of hydrogen and then used to run
hydrogen fuel cells in addition torocket motors.

The researchis helping to traina new generation
of engineers to workin academia, industry, for
NASA andthe military. It is unusual for students
to get this kind of advanced and thorough training
togo from a basic-science concept all the wayto a
flying vehiclethat is ground testedand launched.
Thisis thewhole spectrum.

(Source: Science Daily online)

Does Moon have Water!

According to Dr Vincent Eke, in the Institute for
Computational Cosmology, at Durham University,
Crashing arocket intothe Moon will create “one
more dimple”on the lunar surface and could find
water iceon Earth’s nearest neighbour.

The Lunar Crater Observationand Sensing
Satellite (LCROSS) andits Centaur rocket was
made tosmash into acrater in the Cabeus region
of the Moon's South Pole in the second week of
October 2009. This site has been chosen in view of
higher concentration of hydrogen found in the
region which could be due to the hydrogen in
waterpresent thereas waterice. Therocket has
roughly the massof a Transit van and itwill hit the
Moon at about 5,600 miles per hour (9 000 km/h).
The energyof the collision has beenestimated to
be roughly equivalent to two tonnes of TNT. It has
beenestimated thatthe impactwould hurl
approximately 350 tonnes of material up from
moon'’s surfaceand will be propelledinto the
sunlight sothat scientists canstudy its
compositionby usingground-based telescopes.

ltmay berecalled thatin September 2009, India’s
Chandrayaan-1 probe had found that particles that
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make up theMoon’s sol are coatedwith small
amounts of H,0.It is contemplated thatthis water
inthe form of ice could be found in the frozen
confines of the Moon’s polarcraters where
temperatures arein thevicinity of minus 170
degrees Celsius.If itis so, thenthe Chandrayaan-1
data wouldimply thatthe topmetre of the surface
inthesecraters holds about 200,000 million Litre
of water.

According toDr Eke,waterice could be stablefor
billions of years on the Moon provided that itis cold
enough.Ifice is present inthe permanently shaded
lunar cratersof the Moon then itcould potentially
providea water source forthe eventual
establishment ofamanned base onthe Moon. Such
a base couldbe used asa platform for exploration
into thefurther reaches of oursolarsystem.

(Source: Science Daily online)

Nobel Prize in Physics: Creators of
Optical Fibre Communication and CCD
Image Sensor

TheRoyal SwedishAcademyof Sciences has
decided to award the Nobel Prizein Physics for
2009 with one halfto Charles K.Kao, Standard
Telecommunication Laboratones, Harlow, UK,
and Chinese Unwersity of Hong Kong “for
groundbreaking achievements concerning the
transmission of lightin fibres for optical
communication, and the other half jointlyto Willard
S. Boyleand GeorgeE. Smith, Bell Laboratories,
MurrayHill,NJ,USA “for the inventionof an
imagingsemiconductorcircuitCCD sensor”.

This year's Nobel Prizein Physics isawarded for
twoscientific achievements that have helped to
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shape the foundations of today’s networked
societies. Theyhave created many practical
innovations for everydaylife and provided new
tools forscientific exploration.

In1966,Charles K.Kao madea discoverythat led
to abreakthrough in fibre optics.He carefully
calculatedhow totransmit lightover long
distances viaoptical glassfibres. With afibre of
purest glassit wouldbe possible totransmit light
signals over 100 kilometres,compared toonly 20
metresfor thefibres availablein the1960s. Kao's
enthusiasm inspired other researcherstoshare
his vision of the future potential of fibre optics.
The firstultrapure fibrewas successfully
fabricatedjust fouryears later,in 1970.

Today optical fbres make upthe circulatory system
that nourishesour communicationsociety. These
low-loss glass fibres facilitateglobal broadband
communication such as thelnternet. Light flows in
thinthreads of glass,andit carries almost all of the
telephony anddata trafficin eachandevery
direction. Text, music,images and video can be
transferred aroundthe globe in asplit second.

Ifwe wereto unravel all of the glass fibres that
wind around the globe, we would get a single
thread overone billionkilometres long -which is
enough to encircle the globe more than 25 000
times - and isincreasing by thousands of
kilometres everyhour.

A largeshare of thetraffic is made upof digital
images, whichconstitute the second partof the
award.In 1969 WillardS.Boyle and George E.
Smith inventedthe firstsuccessful imaging
technology usinga digital sensor, aCCD (Charge-
CoupledDevice). The CCD technologymakes use
of the photoelectric effect,as theorised by Albert



Einstein andfor whichhe was awardedthe 1921
year’'s Nobel Prize. By this effect, light is
transformed into electric signals.The challenge
when designingan image sensor wasto gather
and read outthe signals inalarge number of
image points, pixels, ina short time.

The CCD isthe digital camera’s electroniceye. It
revolutionised photography, as light could now be
capturedelectronically instead of onfilm. The
digital form facilitates the processing and
distribution of these images. CCD technology is
alsoused inmany medical applications, e.g.
imaging the inside of the human body, both for
diagnostics andfor microsurgery.

Digital photographyhas becomean irreplaceable
toolin manyfields of research. The CCD has
provided new possibilities tovisualise the
previously unseen. It has given us crystal clear
images ofdistant placesin ouruniverse aswell as
the depths of the oceans.

(Source: Science Daily online)

Physicist Makes New High-resolution
Panorama of Milky Way

Cobbling together 3000 individual photographs, a
physicistAxel Mellinger,a professorat Central
Michigan University,has made anew high-
resolution panoramicimage of the full night sky,
with the Milky Way galaxy asits centrepiece.

This panorama image shows stars1000 times
fainterthanthe humaneye cansee, aswell as
hundreds of galaxies, star clustersand nebulae.
Its highresolution makes the panoramauseful for
both educationaland scientific purposes.
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Mellinger spent 22months andtravelled over
26,000 miles (41, 800km] to take digital
photographs at dark sky locations in South Africa,
Texas and Michigan. Each photograph is a two-
dimensional projection of the celestial sphere. As
such, each one contains distortions, in much the
same waythat flatmaps ofthe roundEarth are
distorted. In order for the images to fit together
seamlessly,those distortions had tobe accounted
for thatMellinger useda mathematical model and
hundreds of hours in front of a computer.

Dueto artificial light pollution, natural airglow, as
wellas sunlightscattered bydust inour solar
system, it isvirtually impossibletotakea wide-
fieldastronomical photographthat has a perfectly
uniform background. To fix this, he used data
from the Pioneer10and 11 space probes. The data
allowed him to distinguish starlight from
unwanted background light. He could then edit
out the varying background light in each
photograph. That way they would fit together
without looking patchy.

The result isan image of our homegalaxy that no
star-gazercould eversee froma single spot on
earth.Mellinger plansto makethe giant

648 megapixelimage available to planetariums
around the world.

(Source: Science Daily online)

New Evidence on Formation of Oil and Gas

Scientists in Washington,D.C. are reporting
laboratory evidence supporting the possibility that
someof Earth’s oil and natural gas may have
formed ina way much differentthan the
tradtional process.
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Accordingto AnuragSharma andcolleagues the
traditional process involves biological process
i.e. prehistoric plants died and changed into oil
and gas while sandwiched between layers of rock
in the hot, high-pressure environment deep
below Earth's surface. Somescientists, however,
believe thatoil and gas originated in other ways,
includingchemical reactions between carbon
dioxide andhydrogen below the Earth’s surface.

The genesis of the new study lies onthe description
ofthe process suggested byfamous Russian
chemistDimitn Mendeleevsome timearound 1877.
Takingtheir cluefrom this the researchers
combined ingredients for this so-called abiotic
synthesis of methane, the mainingredient in
natural gas,in adiamond-anvl celland montored
/in-situthe progress of the reaction. The damond
anvils cangenerate highpressuresand
temperatures similar tothosethatoccurdeep
below Earth’s surfaceand allow for /n-s/tuoptical
spectroscopyat theextreme environments.

Theresults stronglysuggest thatsome methane
couldform strictly from chemical reactionsina
variety ofchemical environments.This study
further highlights the role of reaction pathways
and fluid immiscibility in the extent of
hydrocarbon formationat extreme conditions
simulatingdeep subsurface.

(Source: Science Daily online)

Mathematical Model to Explain How
the Brain Might Stayin Balance

The human brainis made up of 100 billion of
neurons, actinglike live wires, whichmust be kept
in delicate balance tostabilise theworld’'s most
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magnificent computing organ. Too much
excitement andthe network will slipinto an
apoplectic, uncomprehendingchaos. Too much
inhibition and it will flat line. Marcelo O.
Magnasco, Head of the Laboratory of
Mathematical Physics atThe Rockefeller
Universty,and his colleagues have developed a
new mathematical model thatdescribes how the
trillions of interconnections among neurons
couldmaintain astable butdynamic relationship
that leaves the brain sensitive enoughto respond
to stimulation without veering into a blind seizure.

Howsuchamasswelycomplexand responsive
network,suchas the brain, canbalancethe
opposing forces of excitation and inhibition?
According to Magnasco, reurons functiontogether
inlocalisedgroups topreserve stability. The definng
characteristic of systemis thatthe unit of behaviour
isnot the individual neuronora local reural circuit
butrather groups of neurons thatcanoscilatein
synchrony. Theresultis thatthe systemis much
more tolerantto faults,individual neurons mayor
may notfire,indvidual connections mayor may not
transmitinformation tothe rext reuron, butthe
system keeps functioning.

Magnasco’s model differs fromtraditional models
of neural networks, whichassume thateach time
a neuron firesand stimulates an adjoining
neuron, the strength of the connection between
the twoincreases. Thisis calledthe Hebbian
theory ofsynaptic plasticityand is the classical
model forlearning. Butthe Magnascosystem is
anti-Hebbian. If the connections among any
groups of neurons are strongly oscillating
together, theyare weakened because they
threatenhomeostasis. Instead of tryingto learn,
our neurons are trying to forget. One advantage of



this anti-Hebbianmodel is that itbalances a
network witha muchlarger number of degrees of
freedom thanclassical models can accommodate,
a flexibilitythat is likely required by acomputer as
complex asthe brain.

Magnasco theorises that the connections that
balance excitation andinhibition are continually
flirting withinstability. He compares the behaviour
of neurons to anetwork of indefinitely large
numberof publicaddress systemstweaked to
that critical point atwhich a flick of the
microphone brings on a screech of feedback that
then fades to quiet with time.

This model of abalanced neural network is
abstract; it does not tryto recreate any specific
neural functionsuch as learning. Butit requires
only halfof the network connections to establish
the homeostatic balance of exhibition and
inhibition crucial to all other brain activity. The
other half of the network could be used for other
functionsthat maybe compatiblewith more
traditional models of neural networks, including
Hebbianlearning.

Dewelopinga systematic theory of how neurons
communicate couldprovide akey to some of the
basic questions that researchersare exploring
throughexperiments. This model could be one part
ofa better understanding. thas a large number of
interesting properties thatmake itasuitable
substrate foralarge-scale computing device.

(Source: Science Daily online)

Genomes of Biofuel Yeasts Mapped

Asglobal temperaturesand energycosts continue
to soar,renewable sources of energywill be key to
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asustainable future.An attractive replacement for
gasoline isbiofuel, and in twostudies scientists
have aralysedthe genomestructures of
bioethanol producing microorganisms,
uncovering genetic clues thatwill becritical in
developingnew technologies needed to
implementproductiononaglobal scale.

Bioethanol is producedfrom the fermentation of
plantmaterial, suchas sugarcane andcorn, by
the yeast Saccharomyces cerevisiae,just asinthe
production ofalcoholic beverages.However, yeast
strains thriving in the harsh conditions of
industrial fuel ethanol productionare much
harder thantheir beer brewingcounterparts, and
surprisingly little is known about howthis yeast
adapted to theindustrial environment. If
researcherscan identifythe geneticchanges that
underliethis adaptation, new yeaststrains could
be engineered to help shift bioethanol production
into high gear across the globe.

Two studies have takena major steptoward this
goal, identifying genomic properties of indus trial
fuelyeasts thatlikely gaverise to more robust
strains. Inone of the studies,researcher Lucas
Arguesoand colleagues from Duke U niversity at
USA andBrazil have sequenced and analysedthe
structure of the entire genome of strainPE-2, a
prominent industrial strainin Brazil. Their work
revealed thatportions ofthe genomeare plastic
comparedto otheryeast strains,specifically the
peripheral regions of chromosomes, where they
observed a numberof sequence
rearrangements.

Interestingly,these chromosomal
rearrangements inPE-2 amplifiedgenes involved
instress tolerance,which likelycontributed to
the adaptation of this strain to the indus trial
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environm ent.As PE-2is amenableto genetic
engineering, theauthors believe thattheir work
on PE-2 will open the door to developm ent of
new technologiesto boost bioethanol

production.

Ina second study conducted by Boris Stambuk
from Stanford University, USAand Gavin
SherlockBrazil, thetwo scientist s have also
analysed thegenome struc ture of industrial
bioethanolyeasts, searchingfor variationsin the
number of gene copiesin five strains em ployed
in Brazil, including PE-2. Stambuk and
colleaguesfound thatall fiveindustrial strains
studied harbouramplifications of genes involved
inthe synthesis of vitamins B6 and B1
compounds critical for efficientgrowth and
utilisation of sugar.

The groupexperimentally demonstratedthat the
gene amplifications conferrobust growth in
industrial conditions, indicatingthat these yeasts
are likelyadapted tolimited availability of vitamins
in theindustrial process to gaina competitive
advantage.Furthermore,theresearchers suggest
that this knowledge canbe utilised to engineer
newstrains of yeast capable of evenmore efficient
bioethanol production, from a wider range of
agricultural stocks.

ltis evident that an expanding human population
willrequire more energythat exerts less impact
on the environment, and the information gained
from these genomic studies of industrial
bioethanolyeasts willbe invaluable as biofuel
researchersoptimise productionand implement
thetechnology worldwide.

(Source: Science Daily online)
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‘Ultra-primitive’ Particles Found In
Comet Dust

Interplanetary dust particles with presolar grains:
Scanning electron images of two dust particles E1
(panel A) and G4 (B) and secondary ion mass
spectrometry isotopic ratio maps (C—D). Oxygen
isotope maps of particles E1(C) and G4 (D) show four
and seven isotopically anomalous regions, indicated by
circles, which have been identified as presolar grains.
The scale bars are 2 microns.

Accordingto LarryNittler and his colleagues,
Department of Terrestrial Magnetismat Carregie
Institution, dustsamples collected by high-flying
aircraft inthe upperatmosphere haveyielded an
unexpectedly richtrove of relics from the ancient
cosmos. Thestratospheric dustincludes minute
grains thathad formedinside stars thatlived and
died long before the birthof our sun, as well as
material from molecular cloudsin interstellar
space. This ultra-primitive materiallikely wafted
intothe atmosphereafter the Earth passed
through thetrail of an Earthcrossing comet

in 2003.

At high altitudes, mostdust in the atmosphere
comesfrom space,rather thanthe Earth’s
surface. Thousands of tons of interplanetary dust
particles IDPs) enter the atmosphereeach year.
The onlyknown cometarysamples arethose that
were returnedfrom comet81P/Wild 2by the
Stardustmission. TheStardust missionused a
NASA-launched spacecraftto collect samples of
comet dust, returning to Earthin 2006.

Comets are thoughtto be repositories of
primitive, unaltered matter left overfrom the
formation of the solarsystem. Materialheld for
eons incometaryice has largelyescaped the



heatingandchemical processing thathas affected
other bodies,such as the planets.However, the
Wild 2 dust returned by the Stardust mission
included morealtered materialthan expected,
indicating that not all cometary materialis highly
primitive.

TheIDPs usedin the current studywere collected
by NASAaircraft afterthe Earthpassed through
thedust trail of comet Grigg-Skjellerup. The
researchteam comprisingNittler, Henner
Busemann, AnnNguyen, George Cody,analysed a
sub-sample of thedust todetermine the
chemical, isotopic and micro-structural
composition of its grains. They arevery different
from typical IDPs. Theyare more primitive, with
higher abundances of materialwhose origin
predates theformation of the solarsystem. The
distinctiveness of particles plus the timingof their
collection afterthe Earth’'s passing through

the comet trail, pointto their source being the
Grigg-Skjellerup comet.

Thisis excitingbecause itallows usto compare
onamicroscopic scalein thelaboratory dust
particles from differentcomets.We canuse them
as tracersfor differentprocesses thatoccurred in
the solar system four-and-a-halfbillionyears ago.

The biggestsurprise forthe researcherswas the
abundanceofso-calledpre-solar grainsin the
dustsample. Pre-solargrains aretiny dust
particles that formedin previous generations of
stars andin supernova explosions before the
formationofthesolar system.Afterwards, they
weretrapped inour solarsystem asit was
forming and are found today in meteorites and in
IDPs.Pre-solar grains are identified by having
extremelyunusual isotopic compositions
compared toanything elsein the solar system.

87

SCIENCE NEWS

Butpre-solar grainsare generallyextremely rare,
with abundances of just a few parts per million in
even themost primitive meteorites, anda few
hundred parts per million in IDPs.In the IDPs
associated withcomet Grigg-Skjellerupthey are
up tothe per centlevel. This is tens of times
higher in abundance than other primitive
matenals.

Also surprising is the comparison with the
samples from Wild 2 collected bythe Stardust
mission. Theirsamples seem to be much more
primitive,much less processed, thanthe samples
from Wild 2. This mayindicate that there is a huge
diversity inthe degree of processingof materials
indifferent comets.

(Source: Science Daily online)

New Hydrogen Storage Method

This schematic shows the structure of the new material,
Xe[H,),. Freely rotating hydrogen mole cules (red
dumbbells] surround xenon atoms [yellow). (Credit:
Image courtesy of Nature Chemistry)

DrMaddury Somayazulu,a researchscientist of
Geophysical Laboratory at Carnegie Institution
and hisresearch team have found for the first
time thathigh pressure canbe used tomake a
unique hydrogenstorage material. The discovery
paves theway foran entirelynew wayto approach
the hydrogenstorage problem.

They foundthat the normally unreactive,noble gas
xenon combines with molecularhydrogen (H))
under pressureto form apreviously unknown
solid with unusual bonding chemistry. The
experiments arethe firsttime thathas combined
these elementsto forma stable compound. The
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discovery debuts a newfamily of materials, which
could boost new hydrogen technologies.

Xenon has some intriguing properties, including
itsuse asan anesthesia, its abilityto preserve
biological tissues,and its employmentin lighting.
Xenon is a noble gas,which means that it does
not typicallyreactwithother elements.

Accordingto MaddurySomayazulu, elements
change their configurationwhen placed under
pressure, sortof like passengers readjusting
themselvesas theelevator becomesfull. They
subjected a series of gas mixtures of xenonin
combination with hydrogen to high pressuresina
diamond anvil cell. At about 41,000times the
pressureat sealevel (1atm), theatoms became
arrangedin alattice structuredominated by
hydrogen,but interspersedwith layers of loosely
bonded xenon pairs. When we increased
pressure, liketuning a radio, the distances
between thexenon pairs changedthe distances
contractedto those observed indense metallic
xenon.

Theresearchers imagedthe compoundat varying
pressures usingX-ray diffraction,infrared and
Ramanspectroscopy. Whenthey lookedat the
xenon partof the structure, theyrealised that the
interaction of xenon with the surrounding
hydrogenwas responsible for the unusual stability
and the continuous change in xenon-xenon
distancesas pressurewas adjustedfrom 41,000
to 255,000 atmospheres.

They were taken off guard by both the structure
and stability of this material bychanges in
electron densityat differentpressures using
single-crystal diffraction.As electrondensity from
the xenonatoms spreads towards the
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surrounding hydrogenmolecules, itseems to
stabilise the compound and the xenon pairs.

It is very exciting to come up with new hydrogen
rich compounds, not just for our interest in
simple molecular systems, butbecause such
discoveries can bethe foundation for important
new technologies. This hydrogen-rich solid
representsa new pathway toforming novel
hydrogen storage compounds and the new
pressure induced chemistry opens the possibility
of synthesising newenergetic materials.

(Source: Science Daily online)

Bang on: Success for collider as first
atom is smashed

In Geneva, twocirculating beams produced the
first particle collisionsinthe world’'s biggest atom
smasher the Large Hadron Collider (LHC), three
days afterits restart.

According todirector general Rolf Heuer of
EuropeanOrganisationforNuclear Research
(CERN], twobeams circulatingsimultaneouslyled
to collisions at all fourdetection points.
According toscientists itis a greatachievement to
have come this farinsoshort a time. Inthe
control rooms of the colliderand of the four giant
particledetectors, builtand staffed by thousands
of physicists who have the job of interpreting

the data from the beginning of time, there were
all-round cheers.

Scientists arelooking tothe colliderinside a

27 kmtunnel on the FrancoSwiss border to
mimic the conditions thatfollowed the Big Bang
and help explain the origins of the universe. The
project intended to study proton-proton collisions



to create conditions following the big bang, is a
global Endeavour.CERN has receied support
from countries around the world, including India,
in getting the LHC up and running again.

The LHCis back

On 20November, 2009, particle beamswere once
againcirculating inthe world's most powerful
particleaccelerator, CERN’sLarge Hadron
Collider (LHC). Aclockwise circulatingbeam was
established at 10pm on that day. This has been an
importantmilestone onthe roadtowards first
physics experiment at the LHC, expected in 2010.

ltmay berecalled thatthe initial efforts to
circulate thebeams atLHC inSeptember 2008
was abandoned within ninedays, as it suffered a
seriousmalfunction. Afailure inan electrical
connection ledto seriousdamage, and CERN has
to spend over ayear in repairing and
consolidating the machine to ensure thatsuch an
incident cannot happen again.

Decommissioningthe LHCbegan inthe summer
of 2010, andsince thensuccessive milestones
have regularlybeen passed.On October, 8, the
LHCreached its operating temperatureof 1.9
Kelvin, orabout -271 °C.Particles wereinjected

on 23 October, but not circulated. On 7 November,

abeam was steered throughthree octants of the
machineand circuatingbeams were
reestablished.The nextexpected important
milestore has beenlowenergycollisions. These
would give the experimental collaborations their
first collisiondata, enablingimportant calibration
work to be carried out. This is significant, that all
the datathey haverecorded comes from cosmic
rays. Rampingthe beamsto highenergy followed
in preparation for collisions at7 TeV (3.5 TeV per
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beam) and thefirst collisionbetween circulating
beamsatLHC wasaccomplished afterthree days
ofits restart.

For the first time on23 November 2009, the LHC
circuated twobeams simultaneously,allowing the
operators to testthe synchronisation of the
beams andgiving the experiments their first
chance to look for proton-proton collisions. With
just onebunch of particles circulatingin each
direction, the beams can be made tocross in up
to two placesin the ring. From early in the
afternoon,the beams weremadetocross at
points 1and 5, home to the ATLAS and CMS
detectors, both of which were on the look out for
collisions. Later,beams crossedat points 2and 8,
ALICE and LHCb.

Beams werefirst tunedto producecollisions in
the ATLAS detector, which recordedits first
candidate forcollisions at 14:22 onthat day. Later,
the beamswere optimisedfor CMS.In the
evening, ALICE had the first optimisation,
followed by LHCb.

Thesedevelopments comejustthree days after
the LHCrestart, demonstratingthe excellent
performance of thebeam control system.Since
the start-up, the operators have been circulating
beams aroundthe ringalternately inone direction
and then the other at the injection energy of 450
GeV.The beam lifetime has gradually been
increased to 10 hours, and on November 23,
2009,the beams were circulating simultaneously
in both directions, still at the injection energy.

This undoubtedly marks the beginning of a
fantastic era of physics and hopefullydiscoveries
after 20years’work by the international community
to builda machine and detectors of unprecedented
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complexityand performance. The events sofar
mark thestart of the second half ofthis incredible
voyage of discovery ofthe secrets of nature.

Next on the schedule is an intense
commissioning phase aimed at increasing the
beam intensity and accelerating the beams. All
being well, the LHC should reach 1.2 TeV per
beam by the end of 2009 and would have
provided good quantities of collision data for
the experiments’ calibrations.

(Source: CERN Press release)

Harnessing Waste Heat from Laptop
Computers, Cell Phones May Double
Battery Time

In everything from computer processor chips to car
engines to electric powerplants, the need to get rid of
excess heat creates a major source of inefficiency. But
new research points the way to a technology that might
make it possible to harvest much of that wasted heat
and turn it into usable electricity. (Crediit: IStockphoto/
Evgeny Kuklev)

The productionand usage of electricenergy is
always associated withsome loss of energyin the
form of heat. In everythingfrom computer
processor chipsto carengines toelectric power
plants,the needto getrid of excess heatcreates a
majorsource of inefficiency. Butnew research
might leadto atechnology that maymake it
possibleto harvestmuch ofthat wasted heat and
turnit into usable electricity. That kind of waste
energyharvesting might,for example, lead to
cellphoneswith doublethe talktime, laptop
computers thatcan operate twice aslong before
needing to be plugged in, or power plants that put
out moreelectricity fora given amountof fuel.
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According to Peter Hagelstein,an associate
professorof electricalengineering atMIT, USA,
existing solid-statedevices are not veryefficient as
far as conversion of heat intoelectricity is
concerned. Themajor objective ofthe present
researchcarried outby Hagelstein,with his
research student Dennis Wu, has been tofind as
to howcloserealistictechnology couldcome to
the theoretical limits for the efficiencyof such
conversion. Theorysays that suchconversion of
energycan neverexceed aspecificvalue called the
Carnot Limit,based ona 19th-centuryformula for
determining the maximum efficiencythat any
device can achieve inconverting heat into work.
Butcurrent commercialthermoelectric devices
only achieve about one-tenthof that limit. In
earlier experimentsinvolving adfferent new
technology,thermal diodes,Hagelstein worked
withYan Kucherovat Naval ResearchlLaboratory,
andcoworkers todemonstrate the efficiency as
high as 40 per cent of the Carnot Limit. Moreover,
the calculations show thatthis new kind of system
could ultimatelyreach asmuch as 90 percent of
that ceiling.

Hagelstein andcoworkers started from scratch
rather thantrying to improve the performance of
existingdevices. Theycarried outtheir analysis
usinga verysimple system in which power was
generated bya single quantum dot device, a type
of semiconductorin which theelectrons and
holes, carrythe electrical chargesinthe device,
are verytightly confinedin allthree dimensions.
Bycontrolling allaspects of the device, they hoped
to better understand how to design the ideal
thermal-to-electric corverter.

Accordingto Hagelstein,with presentsystems it
is possibleto efficiently convertheat into



electricity, but withvery little power. ltis also
possible toget plentyof electrical power. You
either get high efficiency or high throughput, but
the team found thatusing their new system, it
would be possible to get both at once. A key to the
improved throughput was reducing the
separationbetween thehot surfaceand the
conversion device.A recentresearchpaperby MIT
professor Gang Chenreported onan analysis
showingthat heattransfer couldtake place
betweenverycloselyspaced surfaces at aratethat
is orders of magnitude higher than predicted by
theory.

The work on the development of this new
technologyis alreadyin process.This technology
could producea ten-foldimprovement in
throughput power over existing photovoltaic
devices.

The firstapplications are likely to be in high-value
systems suchas computerchips, he says, but
ultimately itcould be useful ina widevariety of
applications, includingcars, planes andboats. A
lot of heat isgenerated intransport vehiclesand a
lot of it is lost.If it could be recovered, the
transportation technology is going to get more
energy efficient.

(Source: Science Daily online)
Crystalline sponge capture CO,

To sequestercarbon dioxide as part ofany climate
change mitigationstrategy, the gas firsthas to be
captured fromthe flue ata power plantor other
source. The nextstep is just asimportant: the CO,
hasto bereleased fromwhatever capturedit so
that it can be pumped underground or otherwise
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stored for thelong term. That secondstep can be
costlyfroman energystandpoint. Materials
currently usedto capture CO, haveto be heated to
releasethegas. Butchemists atUniversity of
California,Los Angeles, have claimed thata new
class of materialsdeveloped bythem, called
metal-organic frameworks (MOFs),hold promise
for carbon capture. Inthe study, Omar Yaghi
describes the performance of one MOF,which can
free moss of the CO, itcaptures atroom
temperature.Yagh describeda metal-organic
frameworkas a “crystalline sponge”,a hybrid
lattice of organic compounds andmetal atoms
thathas ahuge internal surface areawhere gas
molecules canbe absorbed.

The MOF used in the study contains magnesium
atoms, whichmake just the rightenvironment for
binding carbon dioxide. In experiments, the
material separatedout CO,while allowing
methane topass.What wasreallysurprising,
though, was that atroom temperature 87 per cent
of the CO,could bereleased.

(Source: Times of India)

Indians Succeed in Complete Mapping
of the Human Genome: Genome Pairi/
of an Indian Male

It tookthe US Human Genome Project more than
a decadeand $500million tosequence genes
drawn from several volunteers.A team of Indian
scientists atthe Institute of Genomics and
Integrative Biology (IGIB), New Delhi,of the
Council for ScientificandIndustrial Research
(CSIR) has reported mappingof the entire genome
of a52-year-old Indianmale from Jharkhand in
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just 10 months, at a cost of $30,000 or Rs 13.5
lakh. With this achievement, India joins the ranks
of the few countries —the US, UK, Canada, China
and South Korea, whichhave successfully
sequenced thehumangenome. Earlier, CSIR
scientists hadmapped the genetic diversity of the
Indian population andalso completed the
sequencing of genome of the zebra fish,
commonlyusedin laboratories as amodel for
researchinghuman diseases.

Thereare greater chances ofarriving ata better
understanding of the genetic make-up and
peculiarities of local populations with countries
creatingtheir ownDNA sequences;as such
knowledge is crucial incomprehending country
specific health trendsand genetic traits that
wouldotherwise remainlargely amystery. This
will enrichknowledge of the different genetic
variations that occur in different population
groups aswell asenable theidentification of
genesthat predispose some tocertain diseases.
The male,whose genomewas decodedby CSIR
scientists,is predisposedto heartdisease and
cancer,and thisinformation has been gleaned
from the sequencing of his DNA.The research
finding interalias suggests thatIndians are more
susceptible tonot just for heartdiseases, but
certain kinds of cancerand mentaldisorders as
well. Thetechnology, therefore,would be
invaluable indiagnostics and could be useful in
medical treatmentaswell.Drugs designed to
targetthe affected genes couldbeformulated,
though at present to do so would involve high
costs and such an option would be out of reach of
the average patient However, as withall sci-tech
breakthroughs, costs are boundto come down -
as it hasin the case ofthe genome mapping
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technology andvarious computer models -and it
isonly amatter ofime beforethey become
affordable.

According to Sridhar Sivasubbu, who Led the
projectalongwith Vinod S caria, they have
accomplished mapping ofentire genomeina
fewmonths whereasthe firsthuman genome
project which associated scientists from the US,
UK, France,Germany, Japan and China took
nearly 13years, from 199 0to 2003. Of course, the
first time is always tough, as every attempt
involvestrial anderror, opined Sivasubbu while
elaborating on theirwork. However, it wasn't
easy for the two scientists who worked up to

18 hours a day inthe lab. We would never have
been there,never done it withouthaving a totally
new set of analytical andcomputational skills,
which hasbeen one of thebiggest chal lenges
beforeus, assertsSivasubbu. Oncethis was
attained, there was no looking back. According
toScaria sincethe genometechnology was
readilyavailable tothem, ittook muchless time.
Inspite of this,Sivasubbu and Scaria toiled for
long hours on their mission to map the 310
crore (3.1billion) basepairs that constituted the
Jharkhand man’s DNA utilisingthe facilities of a
supercomputer, capableof analysing dataat the
speed of four trillion operations persecond, that
their institute had acquired in 2006. Although the
supercomputer speeded up analysis by more
than 500 times com pared to ordinary
computers,scientists hadto performthe manual
work of immobilisingthe sample on glassslide,
adding one nucleotideat a time and
photographing it using a high-resolution digital
camera. Eachnucleotide was identified by
peculiar colourit emits.



Law andethical resolutions tend tolag behind
implementationof scientificand technological
advances, andthe relativelynew field of DNA
sequencing is no exception. What if an individual's
genome patr/lhoroscope) wereaccessible to
employers andinsurance companies who might
usethe informationagainst theemployee or
clients?Should anindvidual chooseto reveal
details of his genetic horoscope’ tohis family and
friends or keep it private? Would the knowledge
impact theindividual's own perspective of life and

SCIENCE NEWS

how he livesit? Thereare plentyof issues that may
cropup fordebate, especiallysince predisposition
toa diseasedoes notmean itwould actually
manifest inthe person.

(Source: Times of India)
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