
 

Tailor-made carbon can help scientists find
hereditary diseases and the right doses of
medication
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The new methodology allows the experimental spectrum produced by X-ray
spectroscopy to be separated into atomic-level data. Credit: Anja Aarva / Aalto
University

Sensors manufactured with carbon-based materials can provide uniquely
accurate and real-time information on hereditary diseases or the
concentrations of drugs in the body. In addition to medicine,
carbonaceous materials are used in batteries, solar cells and water
purification.
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Other elements, such as hydrogen and oxygen, are almost always present
in carbon-based materials, which alters the materials' properties.
Therefore, modifying materials for desired applications requires atomic-
level knowledge on carbon surface structures and their chemistry.
Researchers at Aalto University, the University of Cambridge, the
University of Oxford and Stanford University have now taken a
significant new step forward in describing the atomic nature of
carbonaceous materials.

Detailed information on carbon surfaces can be obtained by X-ray
spectroscopy, but the spectrum it produces is challenging to interpret
because it summarizes information from several local chemical
environments of the surface. The researchers have developed a new
systematic analysis method that uses machine learning to integrate the 
computational model (density functional theory) with the experimental
results of the carbon sample. The new methodology allows the
experimental spectrum produced by X-ray spectroscopy to be separated
into atomic-level data.

"In the past, experimental results have been interpreted differently,
based on varying literature references, but now we were able to analyze
the results using only computational references. The new method gives
us a much better understanding of carbon surface chemistry without
human-induced bias," says Anja Aarva, a doctoral student at Aalto
University.

The new method expands knowledge of carbon-based
materials

In a two-part study, the researchers initially studied how differently
bound carbon affects the formation of the experimental spectrum
qualitatively. The researchers then attempted to aggregate the measured
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spectrum with computational spectrum reference data to obtain a
quantitative estimate of what the experimental spectrum consists of. This
was to help them determine what the nature of the carbon sample at the
atomic-level is. The new methodology is suitable for analyzing the
surface chemistry of various forms of carbon, such as graphene,
diamond and amorphous carbon.

The study is a continuation of the work of Aalto University postdoctoral
researcher Miguel Caro and professor Volker Deringer from Oxford
University, which extensively mapped the structure and reactivity of
amorphous carbon. The study utilizes machine learning methods
developed by professor Volker Deringer and professor Gabor Csányi
from Cambridge University. Experimental measurements were carried
out by Sami Sainio, an Aalto based postdoctoral researcher at Stanford
University.

"Next, we intend to use the methodology we have developed to predict,
for example, what kind of carbon surface would be best for
electrochemical identification of certain neurotransmitters, and then try
to produce the desired surface. In this way, computational work would
guide experimental work and not vice versa, as has typically been the
case in the past," Tomi Laurila, professor at Aalto University said.

The study was published as a two-part article in Chemistry of Materials.

  More information: Anja Aarva et al. Understanding X-ray
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Machine Learning. Part II: Quantitative Fitting of Spectra, Chemistry of
Materials (2019). DOI: 10.1021/acs.chemmater.9b02050
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