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Carbon nanoparticles were prepared by refluxing the combustion soot of natural gas in nitric acid.
Transmission Electron Microscopy measurements showed that the resulting particles exhibited an average
diameter of 4.8 £ 0.6 nm, and the crystalline lattices were consistent with graphitic carbons. *C NMR and
FTIR spectroscopic measurements further confirmed the presence of sp” carbons in the form of aryl and
carboxylic/carbonyl moieties. The resulting carbon nanoparticles were found to emit photoluminescence
with a quantum yield of approximately 0.43%. Additionally, the emission band energy of the carbon
nanoparticle was very similar to that of much smaller carbon nanoparticles obtained from candle soot,
suggesting that the photoluminescence might arise from particle surface states, analogous to the behaviors
of semiconductor quantum dots with an indirect bandgap. In electrochemical measurements, two pairs of
well-defined voltammetric waves were observed, which might be ascribed to the peripheral functional
moieties that were analogous to phenanthrenequinone derivatives. Interestingly, the carbon nanoparticles
might also be exploited as nanoscale structural scaffolds for the deposition of nanostructures of varied

transition metals, leading to the formation of metal—carbon functional nanocomposites.

Introduction

Carbon is one of the most abundant elements in nature. A
wide variety of carbon-based nanomaterials have been
prepared, such as carbon nanotubes, fullerenes, nanofibers,
nanodiamond, carbon nanoonions, and other carbonac-
eous nanomaterials. The immense research interest is pri-
marily driven by their potential applications as a high
performance material in a broad range of areas. For
example, in environmental research, carbon nanomaterials
have been used as sorbents,' ¢ high-flux membranes,”
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depth filters,” ' antimicrobial agents,'*”'* environmen-
tal sensors,'>~!” renewable energy technologies,'* > and
pollution prevention materials.”' In biological science,
carbon-based tubular nanostructures have been utilized
as excellent platforms for facilitating biochemical reac-
tions and processes, such as sensitive recognition of
antibodies,?* sequencing of nucleic acids,** bioseparation
and biocatalysis,** and ion channel blocking.? Fullerenes
have also been employed as neuroprotective agents,
HIV-1 protease inhibitors,?’ X-ray contrast enhancers,®
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and drug delivery transporters.”’ More recently, nitro-
gen-doped carbon nanotube arrays have been found to
exhibit marked enhancement of electrocatalytic activity,
long-term operation, stability, and tolerance to crossover
effects in comparison to platinum for oxygen reduction
reactions in alkaline fuel cells.*® The unique chemical and
physical properties of carbon nanomaterials are largely
attributed to their high surface area, special morphology,
unique electronic, optical, and thermal characteristics,
biocompatibility, and chemical inertness.?! ~*

Among these various forms of carbon nanomaterials,
carbon nanoparticles represent a unique class of func-
tional materials that warrant further and more thorough
investigation. Typically, these nanoparticles are prepared
by laser ablation. For instance, Hu et al.*® synthesized
photoluminescent carbon nanoparticles of 3 nm in dia-
meter by laser irradiation of a suspension of carbon
powders in an organic solvent. Sun and co-workers**
demonstrated that carbon nanoparticles might be
produced by laser ablation of a carbon target in the
presence of water vapor with argon as the carrier gas,
and subsequent surface passivation with simple organic
ligands rendered the particles to emit strong photo-
luminescence. Carbon nanoparticles have also been pre-
pared by electrochemical treatments of multiwall carbon
nanotubes, as demonstrated by Zhou and co-workers®
where carbon nanoparticles of spherical shape and
narrow size distribution (2.8 4 0.5 nm in diameter) were
formed.

More recently, a very simple and yet effective synthetic
protocol*® was reported for the preparation of multicolor
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luminescent carbon nanoparticles (~1 nm in diameter)
from the combustion soot of candles. In the present study,
the procedure was adopted to synthesize carbon nano-
particles from the combustion soot of natural gas (instead
of candles). After thermal refluxing in acid, the obtained
carbon nanoparticles become water-soluble and may be
readily purified by dialysis. Despite the large particle size
(ca. 5 nm in diameter), the particles exhibit similar
photoluminescence characteristics as compared to those
from candle soot, suggesting that the nanoparticles
behave as indirect bandgap materials and the surface trap
states are responsible for the photoluminescence proper-
ties. Interestingly, these carbon nanomaterials may also
be used as a unique structural scaffold on which nano-
structures of varied transition metals may be deposited,
leading to the formation of functional nanocomposite
materials.

Experimental Section

Chemicals. Nitric acid (HNO3, 69.8%, Fisher), sodium car-
bonate (Na,COs, 99+ %, Aldrich), silver nitrate (AgNOs,
Matheson Coleman & Bell), palladium chloride (PdCl,, MP
Biomedicals), cupric nitrate (Cu(NO3),, Matheson Coleman &
Bell, 99.5%), sodium chloride (NaCl), and ascorbic acid (99%,
ACROS) were all used as received. Water was supplied by a
Barnstead Nanopure Water System (18.3 MQ-cm).

Synthesis of Carbon Nanoparticles. Carbon nanoparticles
were prepared by adopting a procedure reported in the litera-
ture.*® Briefly, carbon soot was collected on the inside wall of a
glass beaker by placing the beaker upside-down above the flame
of a natural gas burner. Typically 100 mg of the soot was then
refluxed in 10 mL of 5 M HNOs for 12 h. When cooled downed
to room temperature, the brownish yellow supernatant after
centrifugation was neutralized by Na,CO;, and then dialyzed
against Nanopure water through a dialysis membrane for
3 days, affording purified carbon nanoparticles.

Deposition of Metal Nanostructures on Carbon Nanoparticles.
In a typical reaction, 5 mg of carbon nanoparticles was dissolved
in 5 mL of water. Then a water solution of selected metal salts
(AgNOs;, Cu(NOs;),, or PdCl,) at a concentration of 1 mg/mL
was added into the carbon particle solution under magnetic
stirring. The mixture was allowed to stir overnight, to which a
calculated amount of ascorbic acid was added in a dropwise
fashion. The solution color changed gradually from light brown
to dark red for silver, to dark yellow for copper, and to black for
palladium. The observed coloration signified the formation
of metal nanostructures. Excessive salts were then removed
by dialysis against Nanopure water, and the metal/carbon
nanocomposite materials remained soluble in water.

Transmission Electron Microscopy (TEM). The particle core
diameter and lattice fringes were examined with a JEOL 2100-F
200 KV Field-Emission Analytical Transmission Electron
Microscope in the Molecular Foundry and the National Center
for Electron Microscopy at Lawrence Berkeley National
Laboratory. The samples were prepared by casting a drop of
the particle solution (~1 mg/mL) in Nanopure water onto a
200-mesh holey carbon-coated copper grid. The particle dia-
meter was estimated by using ImageJ software analysis of the
TEM micrographs. Elemental analysis of the carbon—metal
nanostructures was also carried out by high solid-angle energy-
dispersive X-ray analysis with a Gatan Tridiem spectrometer
used for energy-filtered imaging.
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