











found intercalated in coal beds. Redating of the
sanidine in these ash beds (using an age of 27.83 Ma
for the FCs) led to a revised age of ~65.0 Ma for the
K-T boundary, which was adopted in (47). The
same single-crystal sanidine dates now provide an
age of ~65.95 Ma, relative to our FCs age of
28.201 Ma.

We argue that our astronomically calibrated FCs
age 0f 28.201 Ma should be incorporated in the next
standard GTS to recalculate all other “°Ar/*?Ar ages
after it is confirmed by independent (intercalibration)
studies. Only in this way is a mutually consistent
age calibration of the GTS assured. Moreover, our
integrated approach may lead to a stable time scale
with unprecedented accuracy, precision, and resolu-
tion that will not be forced to undergo any further
substantial revisions.
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Sign Change of Poisson’s Ratio for
Carbon Nanotube Sheets
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Most materials shrink laterally like a rubber band when stretched, so their Poisson’s ratios are
positive. Likewise, most materials contract in all directions when hydrostatically compressed and
decrease density when stretched, so they have positive linear compressibilities. We found that
the in-plane Poisson’s ratio of carbon nanotube sheets (buckypaper) can be tuned from positive
to negative by mixing single-walled and multiwalled nanotubes. Density-normalized sheet
toughness, strength, and modulus were substantially increased by this mixing. A simple model
predicts the sign and magnitude of Poisson’s ratio for buckypaper from the relative ease of
nanofiber bending and stretch, and explains why the Poisson’s ratios of ordinary writing paper are
positive and much larger. Theory also explains why the negative in-plane Poisson’s ratio is
associated with a large positive Poisson’s ratio for the sheet thickness, and predicts that
hydrostatic compression can produce biaxial sheet expansion. This tunability of Poisson’s ratio
can be exploited in the design of sheet-derived composites, artificial muscles, gaskets, and

chemical and mechanical sensors.

hen stretched, most materials contract
in both lateral dimensions to decrease
stretch-induced volume change. The
ratio of percent lateral contraction to percent ap-

plied tensile elongation is the Poisson’s ratio.
Some rubbers have Poisson’s ratios of about 0.5
for both lateral directions, so their volume does not
appreciably change upon stretching. In very rare

materials the sum of Poisson’s ratios for lateral
dimension changes exceeds unity, so they increase
density when stretched and, inversely, expand in at
least one direction when hydrostatically com-
pressed (7). If a lateral dimension expands during
stretching, the associated Poisson’s ratio is neg-
ative and the material is called auxetic (2). Recent
interest in this counterintuitive behavior originated
from pioneering discoveries that partially collapsed
foams and honeycombs (2, 3), fibrillar polymers
(4), and polymer composites (J) can be auxetic.

Poisson’s ratio was unknowingly used 2000
years ago in the empirical selection of cork for
wine bottle stoppers. Cork stoppers have a near-
zero Poisson’s ratio for radial directions when
subjected to orthogonal uniaxial stress (6). A pos-
itive Poisson’s ratio makes a stopper difficult to
insert but easy to remove, and the reverse occurs
for a negative Poisson’s ratio.

Carbon nanotube sheets (buckypaper) were
fabricated (7, 8) by filtration of aqueous dis-
persions of single-walled nanotubes (SWNTs)
(9) and multiwalled carbon nanotubes (MWNTSs)
(10) produced by chemical vapor deposition, a
technique reminiscent of ancient methods for
making writing paper by drying a fiber slurry.
The SWNTs are seamless cylinders of graphite
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