‘ELCFMEMT,
AMIMISTRATION

LABOR |:|

s [l Custos unitarios

= A~
de fabricacao de
Ve
veiculos
’ -
eletricos.
ODbs.: In (preco
de materials
- 7 - /7
poliméricos) é
. -~ B funcao linear de
1,000 10,000 00,000 000
In(escala)
BECOMNOMIES OF SCALE should enable manufacturers to redoce the prices of i
vehicles once production volumes increase beyond their current level of a few vehicles
a Eventually the eost of materials will dominate the total cost of electric vehicles.

stimates are derived from experience with conventional vehicle manufacturing,
in which a typical factory produces 100,000 or more vehicles a year.)
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Electric Vehicles Reduce Pollution

{Percentage Change in Emissions)
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SOURCES, Choosirg an Alternative Fuel: Air Pallution and Greenhouse Gas Impacts (OECD, Poris, 1993 U5 estimates
are from Q. Wang, M. DeLuchi and O, Sperfing, “Ermission Impacrs of Elecinc Vehicles,” Journal of the Air and Waste
Managerment Association, Lol 40, Mo, 2, pagas 1.275-1.284, Septernber | D40,

BATTERY-POWERED clectric cars, if they were accepted universally, would slash
production of major urban pollutants, according to simulations. Pollution from power
plants, however, would in some cases partially offset these gains or even increase cer-
tain kinds of pollution, especially in countries (such as the UK. and the U.S.) that rely
heavily on coal and odl.

Sperling em Sci. Am., 96




Reducao de peso em automoveis eletricos:
60% nos componentes eletro-eletronicos
(verde, atual; cinzento, anterior)
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Reciclagem ¢
parte essencial
no ciclo de vida

de qualquer
material. A
motivacao é

economica e

ambiental
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Exemplo de uma Linha Completa para Reciclagem Mecanica de Residuos Plasticos

(llustragéo Cedida pela Empresa KIE Maquinas Ltda)
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1 Esteira Transportadora 5 Lavadora 9 Silo
2 Moinho 6 Rosca Transportadora 10 Aglutinador
3 Gadanho 7 Secadora 11 Extrusora 1

4 Roda Transportadora 8 Ventoinha 12 Extrusora 2

13 Banheira
14 Granulador
15 Ensacador




Injecao (com
tolerancias
de 10 um ou
menos,
varias pecas
POr minuto)
VS. usinagem

B. Webb, “A
Cricket
Robot”, Sci.
Am. 96

ROBOFLIC AND REAL CRICKETS differ i many

physwcal atribuores, meluding size. In the author’s

experiments, characteristics of the sounds and covi-

TOOINEIT Wer rebor In future experi-

menis, howe e rohots will b tesreed
real male crickets,




Processamento reativo: soldagem
(B+C+AIl+Ni+SIO, , folhas fabricadas por
sputtering)

Barbie,
Weihs, pat.




POLIMEROS
CONDUTORES

PPV (poli para-
fenilenovinileno)
luminescente:
laser de polimero?

e mais: celulas
solares de PVA/PA
(Lumeloid): 75%
de rendimento, 50
cents (por watt)
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Potential Biological Agents

Bacillus anthracis, Causes anthrax. If bacteria are inhaled, symp-
toms may develop in two to three days. Initial symptoms resem-
bling cammon respiratory infection are followed by high fever,
vamiting, joint ache and labored breathing, and internal and ex-
ternal bleeding lesions, Exposure may be fatal. Vaccine and antibi-
atics provide protection unless exposure is very high.

Botulinum toxin. Cause of botulism, produced by Clostridium
botulinum bacteria, Symptoms appear 12 to 72 hours after inges-
tion or inhalation. Initial symptoms are nausea and diarrhea, fol-
lowed by weakness, dizziness and respiratory paralysis, often lead-
ing to death. Antitoxin can sometimes arrest the pracess.

Yersinia pestis. Causes bubonic plague, the Black Death of the
Middle Ages. If bacteria reach the lungs, symptoms—including
fever and delirium—may appear in three or four days. Untreated
cases are nearly always fatal. Vaccines can offer immunity, and an-
tibiotics are usually effective if administered pramptly,

Ebola virus. Highly contagious and lethal. May not be desirable as
a biclogical agent because of uncertain stability outside of animal
hast, Symptoms, appearing two o three days after exposure, in-
clude high fever, delirium, severe joint pain, bleeding from body
arifices, and convulsions, followed by death. Mo known treatment.

“Se e
quimico é
danoso, se

2
biologico
e natural e

saudavel”
27?7777

Cole,
“The
specter of
biological
weapons”™



Cristalografia
resolvida no tempo:

fotolise de CO-
mioglobina

Srajer, Teng, Moffat
et al., Science 96

( Irradiado na European
Synchrotron Radiation
=Y



Nanotubos de carbono: Tibbetts descobriu fibras
ocas de C, formadas por difusao de Fe em C ou
por pirolise de CH, sobre ferro; Li et al.
sintetizam nanotubos em larga escala, usando
nanoparticulas de Fe.
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Espectroscopia de raios-X resolvida no tempo: V°*
decai proporcionalmente a taxa de formacao de
anidrido maleico, na oxidacao de butano catalisada
por fosfatos de vanadio (Coulston, 97)
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Descoberta de produtos de interesse, baseada em
analise de padroes em bancos de dados
(Weinstein et al., 97)

| ~300,000 compounds  ~80,000 compounds

H‘“ i " BO=cell Hine : ._ : i in vivo | ; Clinical £
wemoTy | R screet Bt  studics | Meissall  ftricls :

D call linas

o —

~ 40,000 A : =100

T " v et cro B TIETS = .
Sompaursds g riclacular
: : largeds

270,000 000 3,500,000 B, D00
structure descriptors activity valuss targel data polnts




CHEMICAL PHYSICS

Polymorphic Phase Transitions
in Liquids and Glasses

Peter H. Poole, Tor Grande, C. Austen Angell, Paul F. McMillan

At low temperatures, the thermodynamic
equilibrium state of a pure substance is an
ordered crystal. The crystalline portion of
the pressure-temperature phase' diagram is
usually subdivided among several chemically
identical but thermodynamically distinct
polymorphs (1). Diamond and graphite are
well-known examples. Such polymorphism is
not restricted to crystals. Above the triple
point, in the regimes of liquid and gas, dis-
tinct disordered phases are observed (sce
figure). Above the liquid-gas

implications for liquid and glass science, as
well as for the thermodynamics of systems
with fixed composition.

If liquid-liquid (L-L) phase transitions
can occur for pure, isotropic substances,
why arc they not commonly observed? First,
because the density will generally be an ap-
propriate order parameter for such transi-
tions, the exploration of a wide range of
pressure and temperature may be required
for their detection.

crease in structural relaxation time T. When
T exceeds the experimental obscrvation
time, the liquid properties are no longer ob-
served in equilibrium, and the system has
passed into the glassy state. Thus, a L-L tran-
sition in a supercooled liquid may also be
obscured by the glass cransition.

With these limitations in mind, what are
the possibilities for observing liquid polymor-
phism? Among the most promising candi-
dates to date are liquids having open molecu-
lar coordination environments at low pres-
surc. Notably, these include liquids with a
locally tetrahedral molecular structure, such
as Si, Ge, C, Si0;, GeO;, and H,O itself. For
liquid 81, observation of a first-order glass-to-
liquid transition, consistent with an underly-
ing L-L transition, has been reported in flash-
heating experiments (4) and computer simu-
lations (5). For H,O (6), Si0; (7), and GeO;
(8), liquid polymorphism is suggested from
glass studies at low temperatures. In all three
cases, abrupt changes in depsity and glass
structure with changing pressure closely re-
semble behavior associated

critical temperature T, these
states merge into a single
“fluid” phasc. In this sense, the
liquid and gas states can be re-
garded as “polymorphs” of the
disordered fluid state (2).

The laws of thermodynam-
ics permit the liquid region of
the phase diagram for a pure
substance to be subdivided into

Pressure

Crystal
polymorph ({1}
o
3

B Critical
point

Gas

Critical

Liquid

with first-order phase transi-
tions and have heen described
as “polyamorphic”, that is,
amorphous solid analogs of
crystalline polymorphism (9).
Although a glass is not an equi-
librium thermodynamic state,

aimesadwa)

Liquid ~ point

o if its behavior parallels that of
PR the corresponding supercooled
! liquid, then the observation of

distinct phases (3). The coex-
istence of two distinet liquids is
common in multicomponent
chemical systems and also in
liquid crystals, where composi-
tion and molecular orienta-

Temperature

Density

Schematic phase diagram of & pure substance exhibiting a liquid-liquid
phase transition. {A) Solid lines locate the coexistence lines between the
liquid, gas, and two crystal polymorphs. The liquid-gas coexistence line
terminates in the critical point. The dashed line is the coexistence line
for a liquid-liquid phase transition in the supercooled liquid, terminating
in a critical point €’. (B) Prajection of the lines given in (A) into the plane

tion are the respective order ot (smperature and density.

parameters. However, “liquid

polymorphism” for a pure, iso-

tropic substance does not fall within our
common expericnce. The usual microscopic
picture of a liquid as a dynamic system with
constantly rearranging molecular configura-
tions makes it difficult to envisage distinct
liquid phases, each with the same composi-
tion but with different thermodynamic
properties and local structure, However, re-
cent studies have revealed rich thermody-
namic behaviors in a number of liquids
that point to the occurrence of multiple
liquid phases distinguished by density, not
chemical composition, These results have

P. H. Poole is in the Department of Applied Mathemal-
ics, University of Western Oniario, Londor. Ontario NGA
587, Canada. E-mail: pacle@yorick.apmaths.uwa.ca. T
Grande is in the Department of Inorganic Chemistry,
Norwegian University of Science and Technology, N-
7034 Trondheim. Norway. C. A. Angell ang P. F.
McMillan are in the Department of Chemistry, Arizona
State University, Tempe, AZ 85287, USA.
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Second, the likely temperature range of
L-L transitions must be considered. Because
both phases are liquid, the changes in cnergy,
entropy, and density across the transition ata
given temperature will be much smaller than
those for the liquid-gas transition. The re-
sulting L-L coexistence curve should then be
much narrower, and should terminate at a
much lower temperature, than the liquid-gas
coexistence curve. Moreover, the freezing
temperature is typically less than T only bya
factot of 2 to 4, so that most L-L transitions
will be found below the crystal-liquid coex-
istence line; that is, they are most likely to be
metastable transitions observed in the super-
cooled liquid stare and may be obscured by
crystal nucleation.

Third, even when crystal nucleation is
avoided, a supercooled liquid cannat be stud-
ied in internal equilibrium to arbitrarily low
temperatures, because of the dramatic in-
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a polyamorphic transition in a
glass indicates the cxistence of
distinct liquid states.

Theoretical and computer
simulation studics also pro-
vide evidence for polymor-
phism in tetrahedral liquids.
At the critical point of an L-L.
transition, response functions,
such as the isothermal compressibility Kz,
will diverge. On approaching this criticality
from high temperatures, there will be a re-
gime in which Kr exhibits a maximum,
which is augmented on approach to T..
Computer simulations of liquid HO (10}
and Si0, (11) display K maxima that grow
as T decreases. For HO, rapid crystal nucle-
ation has so far precluded an cxperimental
test of this prediction, but experiments on
liquid SiO; (or, more conveniently, its
structural analog BeF,) at high pressures
and remperatures should be feasible.

An intriguing report of liquid polymor-
phism has been recorded for the multicom-
ponent system Y;0;-Al0; (12). During
the quenching of melrs with several Y/Al
ratios, two coexisting glasses were obtained
that were chemically identical but had dif-
ferent density and molecular structure. In
this case, although the system could un-

“...what are the
possibilities for
observing liquid
polymorphism?
Among the most
promising
candidates are...”,
porém, em
macromoléculas,
transicoes L-L
foram observadas
ha quase trinta anos
(Boyer, 70)



