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Stability of luminescent 3C-SiC nanocrystallites in aqueous solution
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Abstract

We study the long-term stability of luminescent suspended 3C-SiC nanocrystallites. Polycrystalline 3C-SiC wafers were electrochemically
etched in HF-ethanol electrolyte and then ultrasonically treated in water to achieve spherical crystallites with diameters of 1-7 nm. The suspended
3C-SiC nanocrystallites exhibit tunable intense emissions which follow well the quantum size effect. After storage in air for over 7 months, partial
larger 3C-SiC crystallites aggregate and form precipitates, while smaller ones remain uniformly dispersed in water and retain well luminescent
properties. This characteristics makes small 3C-SiC crystallites excellent micro-emitters which are especially useful in biological and medical

applications.
© 2006 Elsevier B.V. All rights reserved.
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Quantum dots have become one of the hottest research topics
in recent years because they have huge range of potential ap-
plications in nanophotonics and biomedicine [1-3]. According
to quantum size effect [4,5], the emission wavelength of semi-
conductor quantum dots changes with particle size. They have
tunable and strong emissions and thus are suitable as micro-
emitters used in biotechnology for in vivo cancer targeting and
imaging [6,7], long-term imaging of live cells [8], and so on.
Compared with other semiconductors, the quantum dots of sil-
icon carbide are superior in several aspects. Firstly, SiC has
wide bandgap (2.2 eV for 3C-SiC) as well as ultra thermal and
chemical stabilities, so the nanocrystallites can be taken as blue
or UV light emitters especially for uses in harsh environments.
Next, SiC has low weight, high rigidity, and good biocompati-
bility [9], thereby being appropriate as biomedical tags.

Much research has recently been done on luminescence
property of SiC nanocrystallites using different fabrication
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methods such as anodization and plasma immersion [10-13].
The obtained emissions from SiC crystallites behaved quite dif-
ferently in different experiments and were generally attributed
to surface or defect centers which were generated in crystal
growth or crystallite fabrication processes. Recently, we fab-
ricated suspended 3C-SiC nanocrystals which exhibit intense
emissions with wavelength tunable from yellow to UV [14].
Detailed analysis shows that the photoluminescence (PL) orig-
inates from band edge recombination of electrons and holes
inside single 3C-SiC crystallites and follows well the quan-
tum size effect [15]. This fabrication method is very simple
and reproducible, based on which Si-based solid blue lumines-
cent films can be synthesized [16]. In this Letter, we perform
a detailed study of long-term stability of 3C-SiC crystallites
suspended in water. Our result shows that only partial larger
3C-SiC crystallites tend to aggregate after naturally aged in air.
In contrast, smaller ones remain well dispersed and retain their
luminescence properties.

We electrochemically etched polycrystalline 3C-SiC wafers
in an HF-ethanol (40 wt.% HF: 98 wt.% CoHsOH =2:1) elec-
trolyte under UV illumination by a halogen lamp at current den-
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Fig. 1. Optical image of the newly-prepared water suspension of 3C-SiC
nanocrystallites with illumination of room light by using fluorescent lamps.

sity 90 mA /ecm? (measured after illumination) for 60 min. UV
illumination can facilitate generation of holes at SiC surfaces
thereby accelerate the etching process [17]. After the anodiza-
tion the wafer was ultrasonically treated in water for 20 min,
where the porous layer on the 3C-SiC surface was crumbled
into small crystallites and dispersed in the solution [14]. Af-
ter performing microstructural and spectroscopic characteriza-
tion, the 3C-SiC suspension was stored in airtight vessels under
air for 7 months. After that it was shortly agitated in ultra-
sonic bath and PL spectra were measured again. Transmission
electron microscopy (TEM) observations were conducted on a
TECNAI_F20 TEM at an accelerating voltage of 200 kV. The
PL spectra were taken by using a FluoroMax-2 fluorescence
spectrometer which has a resolution limit of 1 nm. For com-
parison, the intensities of Xe lamp lines are normalized. All
measurements had been performed at room temperature.

Our TEM observation shows that the fabricated 3C-SiC
crystallites are nearly spherical in shapes, with diameters rang-
ing from 1 to 7 nm following an approximate normal distribu-
tion [14,15]. High resolution transmission electron microscopy
(HRTEM) images indicated that the particles are highly crys-
talline and have the crystal structure of bulk 3C-SiC. The ob-
tained water solution of 3C-SiC crystallites was uniform, ex-
hibiting a color of weak olivine under illumination of room light
from fluorescent lamps (Fig. 1). Room light can be scattered
by the suspended 3C-SiC particles. And photons with energies
higher than bandgap of 3C-SiC crystallites would result in pho-
toluminescence. These two effects, combined together, cause
the color of the suspension. After the storage for over 7 months,
some precipitates appear at the bottom of the 3C-SiC solution,
suggesting that some particles have aggregated. The remaining
solution is still uniform.

Fig. 2 depicts the PL spectra of the as-prepared and stored
samples, taken under different excitation energies. For the
newly prepared sample, its PL. shows continuous redshift with
increasing excitation wavelength. The PL curves are broad
and asymmetric. Single 3C-SiC nanocrystallites should have
narrow emission lines with wavelength dependent on their
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Fig. 2. PL spectra of the as-prepared (a) and stored for over 7 months (b) sam-
ples under different excitations.

sizes [18]. However, under one specific excitation many par-
ticles with different sizes are excited and contributed to the full
emission curve [15]. Because smaller particles have greater op-
tical gaps [4,5], lowering the excitation energy would reduce
the number of excitable 3C-SiC crystallites, thereby resulting
in the continuous redshift of the PL. No emissions could be ob-
served for excitation energies lower than ~ 2.48 eV (500 nm) in
the as-prepared samples. This result shows that this ~ 2.48-eV
value is near the absorption edge of the largest 3C-SiC par-
ticles (~ 7 nm) in the solution, thus no particles can be ex-
cited for lower energies. The maximum emission wavelength
is 544 nm, which corresponds to the optical gap of the largest
3C-SiC particles. It is very close to the bulk bandgap and thus
lies in the weak confinement regime [1]. Since the radius of
the largest suspended SiC nanocrystallites (3.5 nm) is a little
greater but very near the Bohr radius of the exciton in bulk
SiC (2.7 nm), according to quantum size effect, their band gap
should be slightly widened [14,19]. The PL peak wavelength
increases monotonously with increasing excitation wavelength
in the aged sample (Fig. 2(b)), being the same as that in the
as-prepared sample. However, it disappeared under higher ex-
citation energy of ~ 440 nm, showing that some larger 3C-SiC
particles have aggregated.

Fig. 3 shows the PL peak wavelength as a function of ex-
citation wavelength in the as-prepared and aged samples. For
the as-prepared sample, the emission wavelength shows first
slow and then fast redshift with increasing excitation wave-
length. This variation can be explained based on quantum size
effect combined with the normal size distribution of 3C-SiC
crystallites [15]. The PL is also continuously shifted to red as
the excitation wavelength increases in the aged sample (Fig. 3).
However, the emission wavelengths exhibit small redshifts for
excitations between 360—420 nm in the aged sample with re-
spect to those in newly prepared sample. This could be caused
by several reasons. Firstly, the size distribution changes and
becomes irregular for the aged sample. Secondly, in this size
range, the size distribution for the aged sample shows a much
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Fig. 3. The PL peak wavelength as a function of excitation wavelength for the
as-prepared and aged samples.
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Fig. 4. The PL peak intensity as a function of excitation wavelength for the
as-prepared and aged samples.

smaller changing magnitude compared with the as-prepared
sample, which can result in a greater redshift in aged sample
with increasing excitation wavelength.

Fig. 4 displays the PL peak intensity versus the excitation
wavelength in both the newly prepared and aged samples. For
the as-prepared sample, the PL peak intensity increases first and
then decreases as the excitation wavelength increases, and ap-
proaches a maximum at 420 nm. This change is in agreement
with the original normal size distribution of 3C-SiC particles.
The small peak at ~ 460 nm was induced by the 467 nm line
leakage of the Xe lamp. The PL peak intensity changes simi-
larly in the aged sample. However, its maximum emission in-
tensity is located at 380 nm, a much higher energy with respect
to that of the as-prepared sample. It shows that most proba-
ble particles are much smaller in the aged sample than those
in the newly prepared sample. Note that during excitations be-
tween 320-360 nm, the emission intensity shows only slight
decrease after the suspension is stored, beyond which it de-
creases very fast. This result indicates that the aggregations of
smaller 3C-SiC particles could be negligible and meanwhile
they remain their luminescence properties after the storage.

It also shows that surrounding oxygen has less influence on
emissions of the suspended 3C-SiC crystallites. Larger 3C-SiC
crystallites are more easy to collide with each other and form
aggregates through Van der Waals force between them. By con-
trast, smaller ones could steadily stay in water as colloid-like
particles.

In conclusion, we have studied the stability of luminescent
3C-SiC nanocrystallites suspended in water over a long pe-
riod of time. Our result indicates that larger 3C-SiC crystallites
tend to aggregate with time, while smaller ones remain well
dispersed in water and meanwhile retain their luminescence
properties. Because 3C-SiC has good biocompatibility and their
crystallites are easy to dissolve in water, so small 3C-SiC crys-
tallites could find wide uses as micro-emitters in biology and
medicine.
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