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Shining Light on Functionalized Carbon Nanotube
Emission

Image courtesy of Journal of Physical Chemistry C (cover page).
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Spatial extent of the electron-hole pairs (excitons) around the defect site in functionalized carbon
nanotubes. Three defect configurations are synthetically possible. The topological position of defects
defines emission characteristics.
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The Science

Through a close collaboration between experimentalists and theorists in the Center for Nonlinear
Studies (CNLS) and Center for Integrated Nanotechnology (CINT), researchers have unearthed the origin
of diverse emission features in single-walled carbon nanotubes (SWCNTSs) with functional groups bonded
to the sidewalls. Absorption of a photon in such system generates an electron-hole pair (exciton) on the
unmodified portion of the SWCNT. The exciton then moves to the defect site, from which emission
occurs. Since the defect site forms a quantum well and lowers the energy of the exciton, emission
energies are significantly lower than absorption and can be manipulated by controlling the geometry of
the defect.

The Impact

The emission features of functionalized SWCNTs are brighter and at lower energies than for pristine
systems, increasing their utility as single-photon sources (SPSs) in fiber optical telecommunications. The
discovery that geometry at the defect site heavily influences the energies of emission features suggests
a strategy for tuning their optical properties for such applications.

Summary

Single-walled carbon nanotubes (SWCNTSs) are pseudo one-dimensional nanostructures that exhibit
diameter-dependent electronic and optical properties. Taking advantage of these propertiesin a
number of applications from photovoltaic devices to light emitting diodes has been considered for the
past decade. However, the lowest energy electronic transitions in pristine systems are optically dark,
and therefore their emission is inefficient. Adding chemical groups to the sidewall of carbon nanotubes
results in brightening of emission features. While this makes functionalization an attractive strategy for
manipulating the optical properties of SWCNTSs, it is accompanied by the generation of multiple emission
peaks with an unexplained origin. To approach this issue, scientists at CINT and CNLS performed a joint
study in which aryl-functionalized SWCNTS were both synthesized and modeled computationally.
Taking cues from synthetic chemistry, they identified the positions at the surface of the SWCNT that
could react with chemical groups during functionalization. The energies of emission features were
shown to be significantly influenced by the positions of functionalization. These findings justify the
existence of multiple emission features and suggest a strategy for further experimental tuning of the
optical properties in functionalized SWCNTSs. This is a major step toward using such materials for fiber
optical applications.
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Funding

The work at Los Alamos National Laboratory (LANL) was supported by LANL Laboratory Directed
Research and Development (LDRD) program. Work at North Dakota State University (NDSU) was
supported by grant CHE1413614 from the National Science Foundation (NSF). This research used
resources of the Center for Functional Nanomaterials, which is a U.S. DOE Office of Science facility, at
Brookhaven National Laboratory under contract no. DE-SC0012704. Computational resources were
provided by the NDSU Center for Computationally Assisted Science and Technology (CCAST), LANL
Institutional Computing (IC), and National Energy Research Scientific Computing Center (NERSC)
allocation awards 86678, supported by the Office of Science of the DOE under Contract No. DE-AC02-
05CH11231.
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