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UPDATE

Ultrahard Diamonds 
Scientists at the Carnegie
Institution’s Geophysical
Laboratory in Washington,
DC, have produced gem-sized
diamonds that are harder
than any other crystals. The
researchers grew these dia-
monds directly from a gas
mixture at a rate that is up to
100 times faster than other
methods used to date.

The study, which was
published in Physica Status
Solidi A (2004, 201, R25),
shows that researchers grew
the crystals via a method
developed especially for this

purpose called chemical va-
por deposition, or CVD, at
a special high growth rate.

In a press release, Chih-
shiue Yan, lead author of
the study, said, “We believe
these results are major break-
throughs in our field.” He
went on to say, “Not only
were the diamonds so hard
that they broke the measur-
ing equipment, we were able
to grow gem-sized crystals in
about a day.”

In this special process,
hydrogen gas and methane are
mixed with charged particles,
or plasma, in a chamber. The
plasma prompts a complex
chemical reaction that results
in a “carbon rain” that falls on
a seed crystal in the chamber.
The carbon atoms then
arrange themselves in the
same crystalline structure as
the seed. The crystals pro-
duced in this manner are very
sturdy. Yan notes that when
he tried to polish the gems
into brilliant cuts, they were
much harder to polish than
conventional diamond crystals
produced at high pressure and

high temperature. 
The process

consists of heating
the diamonds to
2000 °C, then
putting them under
pressures between
50,000 and 70,000
times atmospheric
pressure (5–7 GPa) for
10 min. The entire
process results in the

ultrahard material, which is
at least 50% harder than
conventional diamonds.

Russell Hemley of the
Carnegie Institution remarks,
“Making diamonds has not
been the primary goal of our
research. Our group is inter-
ested in the behavior of mate-
rials at extreme pressures and
temperatures. This has
opened up an entirely new
way of producing diamond
crystals for a variety of appli-
cations, such as the next-
generation diamond-based
electronics devices and
cutting tools.”

Felicia M. Willis

Methuselah Organics?
Scientists at Washington
University in St. Louis have
discovered ancient organic
molecules that they claim
predate the birth of the solar
system in a stratospheric inter-
planetary dust particle (IDP).
In a paper published in Febru-
ary (Science 2004, 303 (5662),
1355–1358), Christine Floss
and co-workers at the universi-
ty’s Laboratory for Space
Sciences examined isotopic
anomalies in carbon and nitro-
gen in a single anhydrous
noncluster IDP that they nick-
named Benavente. The parti-
cle was studied using an ion
microprobe (NanoSIMS)
capable of resolving particles as
small as 100 nm. 

Theoretical models of the
low-temperature formation of
organic compounds in cold
interstellar molecular clouds
are consistent with the isotopic
ratios observed, and they are
inconsistent with the higher
temperatures that occurred
after solar ignition. Organic
compounds such as CH4,
CH3OH, and H2CO, when
produced in the ultralow
temperatures (10–30 K) of
interstellar molecular clouds,
have isotopic ratios altered
from those formed at higher,
terrestrial temperatures. This
is due to the fact that, during
their formation, the difference
in chemical binding energy
exceeds thermal energy, lead-
ing to mass fractionation.

Thus, according to Floss,
a senior research scientist in
earth and planetary sciences
and physics, the organic mate-
rial in Benavente originated

more than 4.5 billion years
ago, making it older than the
estimated age of the solar
system. The organic material
likely formed in molecular
clouds in the cold interstellar
medium that existed before
the evolution of the sun and
planets. Benavente was likely
preserved in the cold envi-
ronment of the comets at the
edge of the solar system before
migrating to Earth.

Mark S. Lesney

Regrowing Tooth
Enamel
Tooth decay is considered the
most common disease on the
planet. The protective enamel
on the outside of human teeth
is an extremely hard coating
that protects from physical
and biochemical harm. It is
made up of substituted hy-
droxyapatite and organic
macromolecules. Any imper-
fection or fissure (cavity) in
tooth enamel is generally
filled by a dentist using un-
structured substitutes such as
amalgam, ceramics, or poly-
mer composites to prevent
further decay. Several efforts
are currently under way to
further harden this surface or
remineralize tooth minerals
in order to prevent tooth
decay before it even starts.

Fluoride treatment has
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been the most common and
best way to harden the sur-
face since the 19th century,
and fluoride was even added
to the water supply in the
1960s. Researchers have always
believed that the native struc-
ture of tooth enamel was too
complex to be imitated or
improved on, but now there
is an in vitro technique that
induces the localized forma-
tion of enamel-like mineral
on human teeth with tight
contact to the substrate. The
results of this experiment
show great possibility for the
change of compound biolog-
ical minerals in vitro in addi-
tion to the remineralization
of superficial enamel defects
in vivo, with the advantage
of lower acid solubility of
fluorapatite compared with
tooth enamel.

Studies of the mineral-
ization of fluorapatite in gela-
tin gels led to the formation
of spherical composite parti-
cles that show a significant
likeness to tooth enamel in
morphology and chemical
composition. Although there
were many similarities, differ-
ences include higher fluoride
content of the particles, the
composition of the organic

component, and shorter crys-
tal length. From these results,
a technique was developed
to form dense fluorapatite
layers on human tooth
enamel to cover the surface
of the tooth, thereby making
it stronger. 

For the dentistry field,
this procedure has the po-
tential to offer a means of
remineralizing teeth that
have superficial mineral
loss with a material closer
to nature than any restora-
tive material used to date.
(Angew. Chem. Int. Ed.
2004, 43, 1428–1431).

Felicia M. Willis

Diagnosing Tumors
Cancer survival greatly
increases for many cancers
with early detection, but
traditional testing often waits
for tumors large enough to
be detected by the patient.
One way to avoid this is
to develop blood tests that
recognize antibodies that
the body produces in re-
sponse to tumors while they
are growing. 

Sam Hanash and col-
leagues at the University of
Michigan have developed a

method to produce micro-
arrays with proteins separated
directly from tumor cell lines
(J. Proteome Res. 2004, 3,
261). These microarrays can
then be used to test blood

from patients to deter-
mine whether they have
antibodies to any of the
specific tumor’s cells,
and because of the mi-
croarray format, many
tumors could be screened
at once. 

The protein micro-
array is made by lysing
tumor cells and filtering
them via centrifuge. The
cells are then fractionated
in two dimensions by
liquid-phase isoelectric
focusing and then by
reverse-phase HPLC.
The resulting fractions
are printed onto nitro-
cellulose-coated slides. 

By using proteins from
actual tumor cells, the
researchers sidestepped
potential problems with
using recombinant pro-
teins. Such proteins could
require post-translational
modification, or there
may be unidentified
proteins responsible for
immune system recogni-

tion. The researchers success-
fully used the microarray to
distinguish between recently
identified lung cancer patients
and healthy individuals.

Michael J. Felton ◆

Nano gold spheres.
Researchers at the Chinese
Academy of Sciences have used
gold chloride attached to an
organic compound along with a
reducing agent and a stabilizer
to form hollow spheres of gold
that are approximately 160 nm
in diameter. The organic com-
pound is thought to form a
liposome on the interior with
the gold chloride nanoparticles,
which are reduced and create
the gold shell. This method may
be applied to making spheres
with other metals. (Langmuir
10.1021/la035884p)

Nano-imprints. Researchers
at Seoul National University have
developed an imprinting tech-
nique that can form nanoscale
features in plastics using a
fluoropolymer film at low pres-
sure (2–3 bar). Existing meth-
ods that use silicon masters at
higher pressures (>100 bar)
can produce fractures of the
silicon and also require more
steps to ensure the two mate-
rials separate cleanly. The tech-
nique may lead to cheaper
production of lab-on-a-chip
products. (Nano Lett. 10.1021/
nl049887d)

Structure to solubility.
To help predict how a com-
pound conceived in a computer
may be digested, one needs to
estimate its solubility in water.
To address this, John Delaney
at Syngenta (U.K.) developed
ESOL, or estimated solubility,
which uses four parameters to
outperform the existing general
solubility equation when look-
ing at the absolute error of
prediction. The algorithm is fast
enough to be used on large
numbers of virtual compounds.
(J. Chem. Inf. Comput. Sci.
10.1021/ci034243x)

The sulfur cycle. Although
the carbon and nitrogen cycles
are well known, the sulfur cycle,
which is important for ocean
life, was thought to be constant.
Sulfur is added by rivers, removed
by becoming part of the crust,
and oxidized and reduced by
plants and processes. Using
oxygen isotope ratios, researchers
at Harvard University have deter-
mined that sulfur levels have
changed and, therefore, the re-
dox capacity of the ocean may
have changed more frequently
than thought. (Science 2004,
303, 2004)

Science Bits

Finding cancer proteins. Red dots indi-
cate proteins that antibodies from cancer
patients bound to. Antibodies from healthy
subjects mostly did not bind to these proteins.
(Adapted with permission from Hanash, S.;
et al. J. Proteome Res. 2004, 3, 261.)


