Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 9(2): 82- 84
© Scholarlink Research Institute Journals, 2018 (ISSN: 2141-7016)

jeteas.scholarlinkresearch.com

Synthesis and Characterization of PbS/CdS Quantum Dot by SILAR
Technique

N.I Azubuike® & Prof. A.J Ekpunobi?
2Department of Physics & Industrial Physics,
Nnamdi Azikiwe University, P.M.B 5025 Awka, Anambra State, Nigeria

Corresponding Author: N.1 Azubuike

Abstract

We determine the optical properties of PbS quantum dot and PbS/CdS core/shell quantum dot investigating the
effect of the CdS passivation on the optical properties of the PbS quantum dot. The unpassivated PbS QD
exhibit high absorbance value at lower wavelength of 397nm indicating a large increase in the band gap. A band
gap of 2.96ev is obtained due to quantum confinement. The unpassivated PbS QD exhibit high absorbance value
at higher wavelength of 427nm indicating reduction in the band gap. This spectral response confirms the
presence of the CdS QD on the PbS QD. The PbS/CdS core/shell QD has a reduced band gap of 2.57ev when

compared to the PbS QD due to quantum size effect.
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INTRODUCTION

Semiconducting solids have been an active research
subject for decades. It has been found recently that in
addition to the naturally occurring three-dimensional
(3D) semiconductors, it is possible to synthesize low-
dimensional (LD) semiconductors such as the two-
dimensional (2D), one-dimensional (1D) and zero-
dimensional (0D) systems. These semiconductor
nanostructures are known as quantum wells, quantum
wires and quantum dots respectively. Quantum dots
are attractive nanostructures in which the excitons are
confined in all three dimensions and have no degree
of spatial freedom. Colloidal QDs are prepared by
wet chemical synthesis which allows accurate control
over the size and shape of the QD. This results in the
easy control of their optical and electronic properties
by tuning their size and  shape. Rogach, A.L et al.,
(2007) and Talapin, D.V et al., (2010)

Such systems have demonstrated their potential in
various applications including light emitting diodes,
photo detectors, excitonic solar cells, biomedical
labeling, nanothermometer and photo catalysts.
Shirasaki, Y. et al., (2013) and Wang, C., et al.,
(2011)

The most investigated colloidal QDs are the
concentric core/shell QDs. Donega, C.D.M (2011).
Recent studies have shown that the formation of a
core/shell structure can largely enhance the chemical,
thermal and photochemical stability of QDs. This
property of these structures stems from the fact that
the exciton is confined to the core, and therefore is
protected from interacting with the surface and the
environment. Reiss, P., et al., (2009). In addition, the
properties of the excitonic are dictated primarily by
the narrow gap material. This implies that upon the
shell overgrowth, the emission and absorption spectra
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of the core should remain unaffected except for the
appearance of new high energy absorption peaks
associated with the shell material.

Early studies on photoelectrode materials for
electrochemical cells have been focused on TiO, and
ZnO hecause of their appropriate energy band
position and stability. However, due to their
relatively large band gap of about 3.0 — 3.2ev
(Hagfeldt, A. et al., 1995) their photo activation
requires UV- light, which account for only ~ 5% of
the incoming solar energy on the earth’s surface.
Therefore to enhance the solar energy conversion, it
is necessary to extend the light absorption edge of the
photoelctrodes.

Among various kinds of QDs, Lead Chalcogenide
QDs have large exciton Bohr radii (18nm for PbS)
and small bulk energy band gaps (0.41eV), thus
allowing quantum confinement in relatively large
sized QDs. Cocina, I. et al., (2015) PbS QDs have
enormous potential for applications ranging from
tunable infrared lasers to solar cells due to their
efficient emission over a large spectral range in the
infrared. Multiple exciton generation has been
observed in PbS QDs which makes them have great
potential for high efficiencies in solar cells.
Unfortunately, due to their large surface-to-volume
ratio, the optical properties of colloidal Pbs QDs are
very sensitive to their surface chemical condition.
Szendrei, K.,et al., (2012). Such sensitivity contribute
to the presence of surface traps leading to a high
density of recombination centers, which means that
injected electrons in conduction band of TiO,
semiconductor tend to recombine readily with
positively charged PbS QD and thus a considerable
decrease in charge collection. Jin-nouchi, Y., et al.,
(2010). Recent studies have shown that an effective
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strategy to improve the PbS stability is by post
growth of a robust thick CdS inorganic shell through
successive ionic layer adsorption and reaction
(SILAR) technique thus resulting in core/shell
PbS/CdS QDs. lJin, L., et al., (2016). CdS is an
interesting material for QDs because it is an
important direct band semiconductor with a band gap
Eg of 2.42ev. By tailoring its composition and size,
or surface functionality, it is possible to enhance
luminescence and quantum yield of these QDs. When
used as a co-sensitizer, the thick CdS shell inhibits
surface oxidation and the formation of surface traps
of PbS core due to better surface passivation and
isolation from their environment.

SILAR is an efficient approach to synthesizing
semiconductors. It offers an in situ deposition route,
resulting in high surface coverage and hence large
loading quantity of the QDs inside a mesoporous
substrate. Ruhle, S., et al., (2010). It implements
based on reaction between ionic species at atomic
scale in which thin films of compound
semiconductors can be deposited by alternate dipping
of a substrate into separately placed aqueous cationic
and anionic precursors thus making possible to fill up
the mesoporous substrate. Between every immersion,
the substrate is rinsed in water. This method provides
the control of the film thickness at atomic level.

In this study, we investigate the effect of the CdS
passivation on the optical properties of the PbS QD.

MATERIALS & METHODS

All reagents used for the synthesis of PbS/CdS
cosensitized quantum dot were of analytical grade
and were used without further purification.

Materials: Titanium oxide (TiO,) from Solaronix,
Cadmium acetate from BDH reagent, Lead nitrate
from Qualikems Lab, Potassium hydroxide from
Merck KGaA, aqueous ammonia, ethanol, aqueous
polysulphide, substrates and distilled water.

Preparation of TiO, Thin Film: The TiO, was screen
printed on the substrate and annealed at 450°C for
about 40mins, after which it was allowed to cool
gradually.

Cationic Precursor for PbS QD: 3.3g of Lead nitrate
was put in a beaker and 1M of potassium hydroxide
titrated into the lead nitrate and all were disolved in
water. Initially the solution became cloudy, we
continued titrating until a clearer solution was
obtained. Distilled water was added to obtain 100ml
of the lead solution.

The lead solution was placed first, followed by a
200ml of distilled water, followed by the 100ml of
polysulphide placed on the programmable plate and
maintained at temperature of 58°C and finally
followed by another 200ml of distilled water.
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Cationic Precursor for CdS QD: The CdS cationic
precursor was prepared by putting 0.1M of Cadmium
acetate in a 100ml beaker to which 40ml of distilled
water was added followed by a gradual addition of
10ml of aqueous ammonia. Then 50ml of ethanol was
also gradually added to the solution resulting in the
formation of precipitates.

Synthesis of PbS Quantum Dot

PbS quantum dots were deposited on the surface of
TiO, film using successive ionic layer adsorption and
reaction (SILAR) method. The mesoporous TiO,
coated substrate was first dipped in the Pb salt
solution for 20s, rinsed in distilled water for 20s, at
this point the film remained colourless but as soon as
the slide got into the polysulphide solution it changed
to dirty brown. The film was bathed in the
polysulphide solution for another 20s and finally
rinsed in distilled water for 20s. This completes one
cycle with the film brownish at the end of the first
cycle. The next cycle, the film turned black. For the
lead sulphide quantum dot, the deposition was done
in 2 cycles for 160s at the end of which sufficient
distilled water was poured on the films.

Synthesis of Pbs/CdS Quantum Dot

To synthesize PbS/CdS quantum dot, CdS quantum
dot was grown on the already synthesized PbS
guantum dot by SILAR technique. This involves
alternately dipping the TiO,/PbS substrate in the CdS
cationic precursor and polysulphide and rinsing
appropriately in between. The procedures were
repeated for 3 cycles to yield overlaying CdS
guantum dot, at the end of which the TiO,/PbS/CdS
quantum dot was properly rinsed and allowed to air
dry.

RESULTS & DISCUSSION

To enhance the study of the effect of cosensitization,
the UV-visible absorption spectra of the PbS
quantum dot and the PbS/CdS quantum dot were
obtained with a UV-vis spectrophotometer Axiom
UV752 in the range of 345nm-1000nm. Fig 1
presents the UV-visible absorption spectra of the PbS
sensitized TiO,. It indicates that the PbS quantum dot
exhibits an absorbance at wavelengths slightly lower
than 400nm with the highest absorbance value at
397nm wavelength. On the other hand, the PbS/CdS
guantum dot exhibits absorbance at higher
wavelengths with the highest absorbance at 427nm as
indicated in fig 2.

The absorbance shift of the PbS/CdS quantum dot
towards longer wavelength of 400nm and above
confirms the growth of the CdS quantum dot on the
PbS quantum dot. This consequently implies that the
cosensitization has effect on the band gap of the
guantum dots. The value of the absorption coefficient
is dependent upon the radiation energy as well as the
composition of films. The band gap energy (Eg) was
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derived from the mathematical treatment of the data
obtained from the absorbance vs wavelength with the
following relation;

Where o is the absorption coefficient, hv is the
photon energy, A is a function of refractive index and
electron/hole effective masses and n is a constant
depending on whether the material has direct or
indirect band gap. The band gap was determined by
extrapolating the straight line to base line where the
value (ahv)’ is zero in the plot of (ahv)? against hv as
presented in fig 3 and fig 4 for the TiO,/PbS quantum
dot and TiO,/PbS/CdS quantum dot respectively

As a result of quantum confinement, the maximum
absorbance peak for the PbS quantum dot shifted to a
shorter wavelength thus leading to increase in the
band gap.

The band gap of the fabricated PbS quantum dot as
depicted is 2.96ev which is quite large compared to
the band gap in bulk PbS. To ascertain the role of
CdS deposition, the absorption spectra reveals the
increment in the absorbance of the PbS/CdS quantum
dot which causes a decrease in the band gap. In
general, a red shift of absorption spectrum can be
attributed to enlarged quantum dot size (Vogel, R., et
al., 1990) and strengthened electronic coupling
between quantum dots. Williams, KJ., et al., (2009).
Such coupling is important for electronic,
optoelectronic and photovoltaic devices for efficient
charge transport in the films. The band gap of
PbS/CdS quantum dot is 2.57ev.

CONCLUSION

In conclusion, PbS quantum dots were first directly
deposited on mesoporous TiO2 film using SILAR
technique. To verify the effect of cosensitization of
quantum dots, a capping agent, CdS was introduced.
CdS is capable of being used as a passivating
material for PbS quantum dot which can be achieved
by depositing CdS on PbS quantum dot with SILAR
approach. The results above demonstrate the
feasibility of employing CdS as a passivating
material. The spectral responses of the passivated and
unpassivated PbS quantum dots were studied using
the UV-vis absorption spectra results. While the PbS
quantum dot has high absorbance value toward the
shorter wavelength (397nm) due to quantum
confinement, the CdS/PbS quantum dot has high
absorbance value towards a longer wavelength
(427nm) which is attributable to quantum size effect
and possibly electronic coupling.
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