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Fluorescent carbon nanodots formation in laminar flames
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Highlights
*  Fluorescent carbon nanoparticles
*  Carbon dots from controlled combustion
¢ Fuel-rich combustion: a direct source of fluorescing carbon nanodots that do not need to be
passivated to become photoactive.

1. Introduction

Carbon dots emitting visible fluorescence are the emerging materials which have been recently added to the
big family of carbon materials after their discovery in 2004 in arc discharge soot [1]. They are considered as
cheaper and health friendly substitutes of inorganic nanostructures currently featuring quantum nanodots.
Laser ablation plasma, chemical vapor deposition processes followed by laboratory treatment with oxidation
agents are the main sources of carbon dots. Research is currently very active in discovering alternative
sources. Combustion in fuel-rich, i.e. pyrolytic, conditions is a known source of strongly fluorescing
molecules as polycyclic aromatic hydrocarbons (PAH). In looking for higher molecular weight species
and/or particles involved in soot formation, green-fluorescing species have been for the first time detected in
the raw soot particles [2]. Thereafter, simple combustion systems like candles have been found as source of
carbon nanodots precursors [3].

In view of a possible exploitation of fuel-rich combustion as a convenient and tunable source of quantum
carbon nanodots, this work presents insights in the spectroscopic (absorption and fluorescence) properties of
fluorescing carbon which accompanies soot formation in laminar flames.

2. Methods

Flame-formed carbon particulate matter was sampled in an ethylene laminar flame and extracted with
dichloromethane (DCM) and N-Methyl-pyrrolidone (NMP) getting blue-violet fluorescent carbon and green
fluorescent carbon, respectively. It is worth to note that such carbon materials were insoluble in water
suggesting the low presence of oxygen functionalities. Absorption and fluorescence spectra of the samples
are necessary for determining the excitation and observation wavelengths. The linear absorption spectra of
the samples were recorded on a diode array spectrophotometer (HP8453) in the wavelength range 260-800
nm. The steady-state fluorescence spectra have been recorded with a spectrofluorometer (Perkin-Elmer LS-
50) in the 220-700 nm wavelength range.

3. Results and discussion

The absorption and synchronous fluorescence spectra of the blue-violet and green fluorescent carbon are
reported in Figs. la and 1b. The absorption maximum of the blue-violet fluorescent carbon extracted with
DCM from soot (Fig. 1a) corresponds to the maximum excitation wavelength (250nm) as shown in Fig. 1c
where excitation and emission spectra of the blue-violet fluorescing carbon are contrasted. This spectral
feature, along with the fine structure of synchronous and emission spectra and the high quantum efficiency
measured (10™), is consistent with a distribution of PAH molecules in the mass range of 100-800 u [2, 4-5].

The green fluorescence is own of the species extracted from soot with a powerful solvent as NMP. The
absorption spectrum is broader and extended into the visible in respect to the blue-violet fluorescent carbon
(Fig. 1a). Moreover, the green-fluorescing carbon presented a lower quantum efficiency (107-10~) [2]. The
maximum of the excitation spectrum is largely shifted into the visible (400nm) in respect to the UV
absorption maximum (<250nm) (Fig. 1d). This difference suggests the higher complexity of the green-
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ﬂuorescmg carbon featured by the presence of non- emlttmg and emlttlng chromophores If these different
chromophores are associated to a unique carbon network is verified by looking at synchronous spectra (Fig.
1b) and the time-resolved fluorescence polarization anisotropy (TRFPA) measures (Fig. 1e). The diameter of
the fluorescing particles obtained from the TRFPA rotational time [4,5] was measured in previous work to be
around 1-3nm [4-5]. Actually, the synchronous spectrum of the green-fluorescent carbon shows a broad
feature as opposed to the fine structure exhibited by the blue-fluorescing carbon, confirming the hypothesis
of a unique big molecule and/or particle making up the green-fluorescent carbon. The absence of a
correlation between the TRFPA diameter, reported on the ordinate of Fig. le, and the chromophore size
related to the emission wavelength reported in the abscissa of Fig. le indicates that the green-fluorescent
carbon is composed of chromophores (4-8 aromatic rings) emitting in the 350-600nm range bonded together
in a sort of archipelago structure, or attached to a carbon network with average 1-2 nm size.
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Figure 1. Absorption spectra (a), synchronous fluorescence spectra (b), excitation and emission spectra of blue-violet (c) and green-
fluorescing carbon, (d) extracted from a typical ethylene flame soot sample; TRFPA diameter of green fluorescent carbon [4-5] (e).

4. Conclusions

In comparison with current production technologies, the fuel-rich combustion showed to be a direct source of
fluorescing carbon nanodots that do not need to be passivated to become photoactive. By using different
solvents, blue-violet and green fluorescing carbon, promising for preparing carbon nanodots, were easily
separated and spectroscopically characterized.
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