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tually lead to a risk of osteoporosis. “In the 
circulatory system,” Lieberman continues, 
“vigorous activity stimulates expansion of 
peripheral circulation,” improves the heart’s 
ability to pump blood, “and increases ar-
terial elasticity.” Without exercise, arter-
ies stiffen, the heart pumps less blood, and 
metabolism slows.

All of this “downregulation” of biological 
systems evolved to conserve energy whenev-
er possible. Muscles use about 25 percent of 
daily calories, so they are costly to maintain. 
Muscle wasting thus evolved as one among a 
range of adaptive mechanisms that lowered 
energy consumption whenever physical ac-
tivity was not required. But at no prior point 

in human history was it feasible to lead an 
existence devoid of activity; exercise was lit-
erally part of the environment. The result 
is that mechanisms for reducing energy ex-
penditure in the absence of physical activ-
ity now manifest as diseases. Heart disease, 
diabetes, osteoporosis, and other maladies 
of modern life are the consequence of adap-
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Printing in  
Free Space

In action,  what looks like a sharp glowing pen squeezes out a 
coil of silver, starting from a base and curling upward into the 
air. It’s actually a nozzle attached to a 3-D printer, and the 
coil of silver, made of an ink composed of nanoparticles, is 

thinner than a strand of hair. A few twisting motions, and the 
microscopic wire emerges from the nozzle to form sharp angles, 
a spherical antenna, a butterfly with open wings.

These complex shapes, and their ability to hold up as free-
standing structures, represent a big step forward in 3-D metal 
printing, which in the past has produced curvilinear structures 
by printing them flat on a supportive base (also called a substrate) 
and later heating them to solidify the material. That two-step 
process limited the structures’ complexity. Now a technique 
pioneered by Harvard researchers at the Wyss Institute for 
Biologically Inspired Engineering and the Paulson School of En-
gineering and Applied Sciences opens new possibilities: printed 
metal will be able to assume more—and more complicated—
shapes, for applications ranging from 3-D antennas to electrical 
interconnects.

The breakthrough innovation is a laser positioned right beside 
the 3-D printer nozzle, says Mark Skylar-Scott, a Wyss Institute 
postdoctoral fellow in materials science and electrical engineer-
ing and lead author of a May 31 Proceedings of the National Acad-
emy of Sciences paper on the research. As the ink—actually silver 
nanoparticles suspended in a polymer solution— flows out of 
the nozzle, the metallic wire has the consistency of toothpaste: 
not liquid, but also not rigid enough to form freely supported, 
complex 3-D structures.

The laser heats the ink as it emerges from the nozzle, anneal-
ing it; the nanoparticles fuse together and the polymer decom-
poses so that the printed filament becomes a solid yet flexible 
metal wire able to support its own weight as the printhead, 
moving in x, y, and z axes, forms it into a number of shapes, in-
cluding helical springs and those curved butterfly wings.

During the fusing process, the metal achieves an electrical 
conductivity that nearly matches that of bulk silver. And the la-
ser’s precision and the ability to adjust its temperature “on the 
fly,” Skylar-Scott says, enables researchers to vary the level of 

conductivity within a single structure and to heat only the wire, 
without risking damage to the substrate, which could be made 
of plastic, rubber, or flexible materials. 

Working as he does in the research lab of Wyss professor of 
biologically inspired engineering Jennifer Lewis, who is his coau-
thor on the paper, Skylar-Scott sees many potential uses for 
these complex metal structures: in biomedical devices, wearable 
and flexible electronics, sensors, displays, small antennae, elec-
tromagnetic devices, a coil in a speaker, a transformer to am-
plify signals. But first, he says, someone will have to further refine 
the technique. “Right now there are a lot of knobs to tweak,” he 
says, including the position of the laser, its pulse frequency and 
direction, and the print speed. “With a bit more work,” adds 
Lewis, “these parameters can be optimized and automated.”   
                 vlydialyle gibson

jennifer lewis website:
http://lewisgroup.seas.harvard.edu

A 3-D printer “draws” a coiled antenna in the air. What allows 
the printer to work this way is a laser that hardens the silver 
nanoparticles as soon as they emerge from the nozzle.
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