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ABSTRACT

In this communication, we report a simplistic non-aqueous fabrication route for oleic-acid capped luminescent cad-
mium sulphide quantum dots at low temperature. The resulting quantum dots, obtained without using any complicated
reagents, are cubic in phase, monodispersed and have excellent optical properties. The simplicity of this fabrication
route is also promising to develop other oleic acid-capped metal sulphide quantum dots at relatively low temperature.
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1. Introduction

Metal chalcogenides has achieved significant attention in
recent years and amongst them, nanoscale cadmium sul-
phide (CdS) has been considered as a very useful mate-
rial for modern industrial applications [1,2]. CdS is one
of the most important 11-1V groups of semiconductors
with a direct band gap of around 2.4 eV at room tem-
perature [3]. The size dependent properties of CdS
Quantum dots (QDs) have been studied very frequently
because of their potential application in photoelectric
conversion devices [4], light-emitting diodes [5], non-
linear optics [6], and biological labeling [7]. Recently,
CdS QDs are also considered as photocatalytic and
nanoelectronic materials [2,8,9].

Morphology and size control of nanomaterials are key
factors to improve their properties. Therefore, a variety
of new fabrication routes have been investigated to con-
trol the size and shape of CdS QDs.

CdS QDs were fabricated via numerous fabrication
routes in various media; these routes include soft tem-
plates (such as liquid crystals, polymers, micelles [10-
12]), sonochemical [13], capping agent [14], multi phase
[15] or coordination complexes [16] in order to control
the size and morphology of CdS QDs. Other important
fabrication routes based on block copolymers, hy-
per-branched polymers and dendrimers, were also used
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for the fabrication of CdS QDs. These special polymers
act as nanoreactors as well as stabilizers for CdS QDs in
order to restrict their diffusion and growth [17,18]. First,
cadmium ion is stabilized by the polymer matrix; then
after sulfurization, obtained CdS QDs are stabilized
without any agglomeration [18]. Stabilization of metal
sulphide QDs in a polymer matrix ultimately forms a
nanocomposite. The final properties of this nanocompo-
site correspond to the combination of those of the dis-
persed QDs and the polymer matrix. This polymer based
approach provides an opportunity to improve the optical
and electrical properties of nanoscale CdS [19]. Among
the above fabrication routes; capping-assisted fabrication
is very promising for the development of diversified se-
miconducting QDs. It is well known that the final mor-
phology of nanocrystals or QDs is largely depended on
the type of capping agent absorbed on their surfaces [20,
21]. Among the various capping agents, oleic acid (OA)
is one of the well-known capping agents for various QDs.
The nature of binding of OA depends on the synthesis
route used and in the most of these routes, OA is chemi-
sorbed as carboxylate onto QDs surface leading to good
stability and better size control [22].

In this paper, we report a simple, cost effective and
straightforward non-aqueous synthesis route to develop
OA-capped CdS QDs without using any complicated
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Figure 1. TEM images (at two different magnifications) of
OA-capped CdS QDs along with SAED.
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Figure 2. Absorption spectrum of OA-capped CdS QDs.
The inset shows the plot of (a hv)?, as a function of photon
energy, used to determine the energy band gap.

reagents compared to previously reported fabrication
routes [15,23]. Temperature used throughout this process
is lower than that already used for CdS synthesis (~
200°C). Compared to aqueous fabrication techniques,
non-aqueous fabrication medium allows the re-dispersion
of OA-capped CdS QDs in other non-polar solvents for
their further utilization in different applications, includ-
ing nano-electronics.

2. Experimental

CdS QDs were prepared through thermal reaction of OA
stabilised Cd*? and thioacetamide in hot n-hexane media.
A 0.05 mmol (266 mg) of cadmium acetate dihydrate
was mixed with 1.0 ml of OA and 20 ml of n-hexane.
The mixture was then heated at 140°C under continuous
stirring in an oil bath using water condenser. After 25
minutes of heating, 0.05 mmol (75 mg) of thioacetamide
were added to the heated mixture. After 10 minutes of
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Figure 3. PL spectrum of OA-capped CdS QDs at room
temperature.

additional heating, the colorless solution was converted
into transparent lemon yellow color, as shown in Figure
4, due to formation of CdS QDs.

3. Results and Discussion

Figure 1 shows transmission electron microscopic (TEM)
images, along with selective area electron diffraction
(SAED) pattern, of synthesized OA-capped CdS QDs.
TEM images confirm that CdS QDs are monodispersed
and spherical in shape with an average diameter of about
2.6 nm. It is well known that one of the main reasons of
QDs agglomeration is their high surface energy at small
dimension. However, the absence of agglomeration in
our case is due to the effective coating of CdS by OA.
The SAED pattern shows a set of concentric rings corre-
sponding to (111), (220) and (311) planes of the cubic
CdS phase (JCPDS card No. 75-1546).

The optical absorption of OA-capped CdS QDs (col-
loidal solution), reported in Figure 2, was studied for a
wavelength range of 300 - 800 nm. The absorption spec-
trum shows that CdS QDs absorb sharply (from 484 nm)
in the visible region, as previously reported [23]. This is
due to their high monodispersity. The fundamental ab-
sorption, which corresponds to electron excitation from
valance to conduction bands, was used to determine the
nature and the value of the optical band gap. As shown in
Figure 2, the estimated band gap of CdS QDs is around
2.91 eV, and, compared to that of bulk CdS crystals (2.4
eV), it shows a blue shift because of size quantization
effect. Also, the fabrication of this size quantized CdS
QDs is very difficult compared to other metal sulphides,
such as PbS, because of their small excitonic Bohr radius
[24].

Figure 3 shows the photoluminescence (PL) spectrum
at room temperature of OA-capped CdS QDs upon exci-
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Figure 4. XPS analysis of OA-capped CdS QDs: (a) a typi-
cal XPS survey scan; (b) HR XPS scans for Cd 3d core; (¢)
HR XPS scans for S 2p core.

tation at 420 nm. As shown, CdS QDs have a broad

emission with a maximum value at around 545 nm. It is
well known that, for the 11-VI capped QDs, the optically
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excited charge carrier emits light by band-to-band and
band-to-defect recombination processes [25]. The latter
is mostly driven by the defects that are generated in the
gap by surface states and most of the capped CdS QDs
fluoresces through this process. In such case, the emis-
sion band is normally observed between 400 to 800 nm
and is almost 1.0 eV below the energy band gap of most
common QDs [26]. Therefore, in our case, OA-capped
CdS QDs emit light between 400 to 750 nm due to band-
to-defects recombination. Due to their core-shell struc-
ture, these QDs emit light close to their energy band gap,
with a narrow range emission, due to strongly confined
photocarriers in the core [25]. After one month, OA-
capped CdS QDs shows same luminescence upon excita-
tion at 420 nm (Figure 3). Stable luminescence indicates
that OA-capped CdS QDs are highly stable without any
agglomeration.

In order to check their purity and composition, the
synthesized OA-capped CdS QDs were characterized by
X-ray photoelectron spectroscopy (XPS). The correspon-
ding XPS spectra are shown in Figure 5. As shown in
Figure 4(a), the XPS survey scan shows no peaks other
than those corresponding to Cd, S, C and O. This con-
firms the high purity of the synthesized CdS QDs. High-
resolution (HR) XPS spectra for Cd 3d and S 2p regions
are shown in Figures 4(b) and 4(c), respectively. All
binding energy values were charge-corrected to the C 1s
signal (285.0 eV). As shown in Figure 4(a), the Cd 3d
core is split into Cd 3d5/2 and Cd 3d3/2 peaks at 405.3
and 411.9 eV, respectively. Figure 4(c) shows two peaks
at 161.7 and 162.9 eV, corresponding respectively to S
2p3/2 and S 2pl/2 of S 2p transitions. All the observed
binding energy values are in good agreement with those
previously reported for pure CdS [27]. Also, Figure 4(a)
confirms the absence of CdO in the synthesized OA-
capped CdS QDs. The Cd 3d5/2 and S 2p3/2 peak areas
were used to calculate the elemental ratio of Cd and S.
This ratio was approximately 1:1. The additional ob-
served peaks for C and O are possibly due to the absorp-
tion of these elements on the surfaces of CdS QDs be-
cause of their exposure to the air.

Thermogravimetric analysis (TGA) was used in this
study in order to check the quality of OA capping of CdS
QDs. Figure 5 shows the TGA curve of the synthesized
CdS QDs heated from 50 to 650°C in presence of air.
The figure shows no weight loss for temperatures up to
100°C, which proves the absence of moisture. Weight
decrease observed between around 160°C to 360°C is
due to the elimination of the OA skin on the capped CdS
QDs. This sharp decrease is an indication of a monolayer
OA coating of CdS QDs surface. At higher temperatures,
further decrease in mass is due to the oxidation of CdS
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Figure 5. Thermogravimetric pattern of OA-capped CdS
QDs.

QDs. After 550°C, no weight loss is observed due to
fully conversion of CdS QDs into CdO. The TGA curve
shows that OA capped CdS QDs are composed of about
26 wt% of OA capping shell and 74 wt% of CdS.

4. Conclusions

In conclusion, a novel low temperature non-aqueous
synthesis route is used to develop luminescent OA-
capped CdS QDs without using any complicated reagents.
According to their physical, optical and thermal proper-
ties, CdS QDs are cubic in phase, pure, monodispersed
and stable with good optical properties. We believe that
this synthesis technique can also be used to synthesize
low temperature and cost effective series of other metal
sulphide QDs, such as PbS, CusS, NiS, ZnS, etc.
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