Researchers open path to finding rare,
polarized metals
2 April 2014
This automated system of virtual chemical matchmaking sifts through volumes of structural
chemistry data to churn out combinations of
elements that could exist as stable compounds.
Rondinelli and Puggioni, both members of Drexel's
Material's Theory and Design Group, worked
through a step-by-step process to isolate shared
features of known polar metals, thus creating a way
to classify them.
"We sought first to classify all known compounds
and look for commonalities and ways to
systematically describe them," Rondinelli said. "By
creating the classification scheme we identified the
key features. That knowledge was formulated into a
working principle that allowed us to predict a new
compound using quantum mechanical
Drs. James Rondinelli and Danilo Puggioni, researchers calculations."
in Drexel's College of Engineering, have theoretically
predicted the existence of a polarized metal chemically
termed strontium-calcium ruthenate and are working with
experimental groups to produce the compound in a
laboratory. Credit: Drexel University/Materials Science
Engineering

Drexel University researchers are turning some of
the basic tenets of chemistry and physics upside
down to cut a trail toward the discovery of a new
set of materials. They're called "polar metals" and,
according to many of the scientific principles that
govern the behavior of atoms, they probably
shouldn't exist.
James Rondinelli, PhD, a professor in the College
of Engineering, and Danilo Puggioni, PhD, a
postdoctoral researcher in the College, have shed
light on this rare breed of electrically conductive
polar metal—whose atomic makeup actually has
more in common with a drop of water than a flake
of rust—using an advanced computing method
called density functional theory.

These metals are considered rare because of their
unusual atomic and chemical structure, specifically,
an imbalanced distribution of electrons in a material
with metal cations and oxygen. Most metallic
materials have an even or symmetric distribution of
electrons, in other words it does not have positively
and negatively charged poles. But these
asymmetric polar metals, appear to be an
exception to the rule.
"They challenge our notions of what it means for a
material to be a metal or to be polar," Rondinelli
said. "By polar, I mean just like the water molecule,
which has an asymmetric distribution of charge. It's
nearly the same case here, where the material we
predict is polar, but it is simultaneously metallic
owing to mobile electrons, rather than bound
electrons."
Scientists have hypothesized the existence of polar
metals, dubbed "metallic ferroeletrics" by Nobel
Laureate Phil Anderson, since the 1960s -but with
little theoretical understanding of how to discover
them. Since then, researchers have essentially
stumbled upon about 30 metals with asymmetric
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charge distributions.
More than half a century later, Rondinelli and
Puggioni were able to examine the crystal structure
of these known polar metals, and show that the
geometric arrangement of atoms is key to
understanding their asymmetric charge distribution.
This information, in turn, will make it possible for
materials scientists to discover more compounds.
Putting their theory to the test, the duo designed a
polar metal of their own. The material, chemically
termed strontium-calcium ruthenate,
(Sr,Ca)Ru¬O6, is currently in the theoretical stage,
but Rondinelli and Puggioni are working with
experimental groups around the country to produce
the compound in a laboratory.
While it's too early to predict what applications
these materials are ideally suited for, other
materials in this class of polar metals are
superconducting—they are able to conduct
electricity with zero resistance—so they could find
use in a variety of advanced electronic and thermal
devices. The pair's research was funded by the
Army Research Office's Young Investigator
Program and was recently published in Nature
Communications.
"The way these materials behave and the reasons
for their stability are rather unconventional, yet our
classification scheme provides a general design
strategy that could guide the discovery and
realization of many more polar metals," said
Rondinelli. "I don't believe these materials are as
rare as is currently thought despite their
counterintuitive nature; researchers may have
simply been looking in the wrong places."
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