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Chiral luminescent CdS nano-tetrapods
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The utilisation of chiral penicillamine stabilisers allowed the
preparation of new water soluble white emitting CdS
nano-tetrapods, which demonstrated circular dichroism in the
band-edge region of the spectrum.

Semiconductor nanocrystals or quantum dots are remarkable
for their size dependent optical and photonic properties, which
differ significantly from the bulk material. These unique
properties are of great interest for a number of potential
applications including biomedical imaging, '* sensing,’
light-emitting diodes (LEDs),® photovoltaics’ and displays.®

Previously the preparation of new chiral quantum dots
which demonstrate circular dichroism (CD) activity was
achieved by the microwave synthesis in the presence of the
chiral penicillamine stabiliser.” In this case the formation of
chiral defects in the nanocrystals structure leads both to the
defect emission and CD response.!® More recent reports on
chiral CdTe based nanoparticles have also been published.'"*!?
There is also a very recent theoretical work, which demonstrated
that the electric field of the metal or semiconductor nano-
particle enhances the signal from the chiral stabiliser and other
chiral species.'® Chirality is a common occurrence in the
natural world and chiral compounds have very important
applications in chemistry, biology, pharmacology and medicine.
Therefore chiral nanoparticles have been envisaged to play an
important role in science and technology.'*!'® In particular CD
active luminescent nanoparticles have a great potential for the
development of new chiral nanosensors.

Over last years there have also been several reports on
semiconductor nanomaterials with tetrapodal morphology.
These amazing nanostructures have been of great interest
due to their potential use in photovoltaics,'® in the synthesis
of asymmetric nano-assemblies'” as well as prospective additives
for polymer reinforcement.'® These materials have also displayed
anisotropic emission'® as a direct result of their morphology.
Normally the synthesis of nanotetrapods %2 involves the
use of high temperature organic phase reactions or the utilisation
of solvothermal approach. The mechanism proposed for the
formation of these structures® engages the generation of seed
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nanocrystals that subsequently act as sites for preferential
growth of the arms. Evidence for this mechanism may be
found in the production of heterostructures using prepared
pre-formed seed of one material followed by the use of
additional materials to grow the arms.*®3°

Here we report new chiral CdS nanotetrapods, which have
been produced by heating of a basic aqueous solution of
CdCl,, thioacetamide and racemic (Rac), D- or L-enantiomeric
forms of penicillamine (Pen) under reflux.f Samples of the
products have been diluted and examined using UV-VIS and
photoluminescence (PL) spectroscopy to analyse the absorbance
and emission characteristics of the samples. The absorbance
spectra show a defined band edge at approximately 370 nm for
both enantiomers of the stabiliser used as well as for the
racemate sample. The PL spectra of the samples (Fig. 1) have
shown a very broad emission band between 400 and 700 nm,
which is indicative of defect emission.>!*?

Quantum yields for the samples have been determined using
the rhodamine B standard in ethanol®® and gave values of up
to 12.8% for the D-Pen samples, up to 24.5% for the L-Pen
and up to 17% for Rac-Pen samples.

CD spectra of the D- and L-Pen stabilised samples showed
clear CD responses within the band-edge region of the
spectrum from 300400 nm. According to CD results in
Fig. 2, the D and L-Pen stabilised samples display mirror
image spectra involving the band-edge region, while the
Rac-Pen samples as expected show no CD activity at all.

Further work was also conducted on analysis of the
luminescence lifetimes. It was found that the bi-exponential
fit was the most suitable for analysis of these species as has
been suggested for analysis of similar defect emitting CdS *'-**
with both short (D-Pen —48.71 ns, L-Pen —50.66 ns and
Rac-Pen —52.59 ns) lifetimes followed by a longer (D-Pen
—197.6 ns, L-Pen —196.9 ns and Rac-Pen —198.7 ns) lifetime
values.
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Fig. 1 UV-VIS and PL spectra of Pen stabilised CdS. The spectra
were recorded using a SHIMADZU UV-2401PC and a CARY Eclipse
spectrometers.
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Fig. 2 CD Spectra of penicillamine stabilised CdS. Spectra were
recorded using a JASCO J-810 spectropolarimeter.

TEM analysis (Fig. 3) of all samples demonstrated mostly
the presence of nanostructures with a tetrapodal morphology,
which have tapered arms. The majority of these structures
were of 10-20 nm in diameter. Exactly the same tetrapodal
morphology was observed for all D-, L-, and Rac-Pen samples.

We have also performed energy-dispersive X-ray
spectroscopy (EDX) and thermogravimetric analysis (TGA)
characterisation of D-Pen stabilised CdS samples (see ESIY).
The EDX results have shown an appropriate content of
cadmium and sulfur. The occurrence of carbon peaks in the
EDX spectra as well as TGA data have also clearly
demonstrated the presence of organic (penicillamine) ligands.

Fig. 3 A wide field TEM images of D-Pen nano-tetrapods showing a
number of tetrapods (A), a closer look of two tetrapods (B) and a
high-resolution image of a single tetrapod (C).
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Fig. 4 Histograms showing the evaluation of cell viability depending
on tetrapod concentration.

Monitoring of the nano-tetrapod formation by in situ
spectroscopic techniques at different times of reflux showed
a distinct red-shift in the band-edge which would be symptomatic
for the nanoparticle growth and a corresponding decrease in
the intensity of the original band (see ESIt). In the case of the
L-Pen sample there is a isobastic point which would be
indicative of a transformation from the initial small to larger
particles. The most interesting result can be seen in the CD
spectra of the tetrapod synthesis monitoring for the D and
L-Pen stabilised materials. Both of them show a red shift in the
main CD peaks as well as a gradual reduction in the strength
in the CD signals. This should be expected if the CD signals in
CdS nano-crystals is originated by surface defects.'”

We also investigated the cytotoxicity of CdS-penicillamine
tetrapods by incubating them at various concentrations
(0.4 pg/ml, 4 pg/ml, and 40 pg/ml) for 24 h with NG108-15
neuroblastoma cell. In general, the tetrapods, regardless of the
chirality of penicillamine, produced little to no cytotoxicity in
the NG108-15 cells. There was only a slight decrease (<10%)
in cell viability as the concentration of tetrapods increased
100 folds from 0.4 pg/ml to 40 pg/ml (Fig. 4). Our data
indicate that the CdS core of the tetrapods is well protected
by penicillamine molecules, producing a nanostructure that is
biocompatible and suitable for biological studies.

In conclusion, new chiral light emitting CdS nano-tetrapods
have been prepared using an aqueous synthesis. To the best of
our knowledge this is the first reported example of an aqueous
heating under reflux leading to the production of semiconducting
nano-tetrapods. Preliminary biological testing showed that
these materials demonstrate a very low cytotoxicity, that
makes them potentially useful for in vitro cellular imaging
and biological sensing. Future work will include testing of
nanotetrapods as chiral sensors for recognition of various
chiral species (drugs, proteins, nucleic acids). We also plan
to perform more detailed studies of the photophysical
properties of CdS nanotetrapods and the investigation of the
electron and energy transfer processes in these systems.

We would like to thank Science Foundation Ireland and
CRANN for financial support.

Notes and references

1 Synthesis: The CdS nano-tetrapods have been prepared as follows.
Penicillamine (0.01 M, 10 mL) and CdCl, (0.01 M, 8 mL) aqueous
solutions were mixed with 40mL of millipore water in a 150mL round
bottomed flask. Then 2 M NaOH solution was added drop-wise to the
mixture in order to adjust the pH to 11.5-12. After that thioacetamide
solution (0.01 M, 2 mL) was added to the mixture and it was heated
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under reflux for 2 h. Then the mixture was wrapped in aluminium foil
and was allowed to cool to ambient temperature. The solution was
concentrated through evaporation of the water under reduced pressure
followed by filtration via ultracentrifugation with a 30 kDa MWCO.
The precipitate was washed with water-ethanol mixture and then was
re-dispersed in millipore water and stored in refrigerator at + 4 °C.

Characterisation: The concentrated purified nanotetrapod samples
were diluted by the addition of millipore water and were analysed
using UV-VIS on a SHIMADZU UV-2401PC, PL on a CARY Eclipse
and CD on a JASCO J-810. TEM images were taken on copper
formvar grids using a JEOL, JEM 2100 TEM.
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