
 

A new look at disordered carbon
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Unlike diamonds (left) and graphite, amorphous carbon (right) has no crystalline
structure; PME researchers have now shed new light on its electronic properties.
Credit: Galli Group

When carbon atoms stack into a perfectly repeating three-dimensional
crystal, they can form precious diamonds. Arranged another way, in
repetitive flat sheets, carbon makes the shiny gray graphite found in
pencils. But there are other forms of carbon that are less well
understood. Amorphous carbon—usually a sooty black material—has no
repetitive molecular structure, making it challenging to study.
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Now, researchers at the University of Chicago's Pritzker School of
Molecular Engineering (PME) have utilized a new framework for
understanding the electronic properties of amorphous carbon. Their
findings let scientists better predict how the material conducts electricity
and absorbs light, and were published in Proceedings of the National
Academy of Sciences.

"We need to understand how disordered carbon works at a molecular
level to be able to engineer this material for applications like solar
energy conversion," said Giulia Galli, the Liew Family Professor of
Molecular Engineering and Professor of Chemistry at the University of
Chicago. Galli also holds a senior scientist appointment at Argonne
National Laboratory, where she is the director of the MICCoM center.

For decades, scientists have modeled the way the atoms move in
amorphous carbon using the laws of classical mechanics—the set of
equations that describe, for example, how a car accelerates or how a ball
falls through the air. For some heavy atoms of the periodic table, these
classical equations are a good approximation to accurately capture many
of the materials' properties. But for many forms of carbon, and
amorphous carbons in particular, the team led by Galli has found that
using these classical equations to describe the movement of atoms falls
short.

"Amorphous carbon has many properties that make it valuable for a
number of applications, however modeling and simulating its properties
at the fundamental level is challenging," said postdoctoral research
scholar Arpan Kundu, Ph.D., the first author of the paper.

Galli has spent the last thirty years developing and applying quantum
mechanical methods to model and simulate the properties of molecules
and solids. She originally investigated amorphous carbon at the very
beginning of her career, and she has recently returned to the challenge
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with new insight.

Galli, Kundu and undergraduate physics researcher Yunxiang (Tony)
Song carried out new simulations of the electronic properties of
amorphous carbon, this time integrating quantum principles to describe
the movements of both the electrons and nuclei of carbon atoms. They
found that using quantum mechanics for both—rather than classical
mechanics for the nuclei—is critical to accurately predict the properties
of amorphous carbon.

For instance, using their refined, quantum mechanical models, the PME
team predicted a higher electrical conductivity than would have been
otherwise expected.

The findings reported in the PNAS article are useful not only for
understanding amorphous carbon, but other similar amorphous solids as
well, the researchers said. But they also pointed out that much more
work remains to be done—disordered carbon materials can exhibit
radically different properties depending on their density, which in turn
depends on the method used to prepare the material.

"When something is arranged in a crystal, you know exactly what its
structure is, but once it is disordered, it can be disordered in many
possible ways," said Kundu.

The team plans to continue studying amorphous carbon and its potential
applications.

  More information: Arpan Kundu et al, Influence of nuclear quantum
effects on the electronic properties of amorphous carbon, Proceedings of
the National Academy of Sciences (2022). DOI:
10.1073/pnas.2203083119
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