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ABSTRACT
Most organic stabilizers for semiconductor nanoparticles used such as hexadecylamine, troctylphosphine oxide,
alkylpyridine, organic thiols, oleic acids etc. are water insoluble and not biocompatible. Zinc and cadmium oxide
nanoparticles give significant stability under the influence of any type of stabilizer. Glucose is a sugar molecule with
both water solubility and biocompatibility and is used as capping for the CdO and ZnO nanoparticles. The synthesis
of the nanoparticles was carried out in an alcoholic medium The amount of glucose is varied from 0.25 g to 1.00 g to
study its influence on the morphologies and optical properties of the zinc and cadmium oxide nanoparticles. The
morphologies of the nanoparticles were characterized by TEM images and the optical properties were analysed
using UV-Visible spectrophotometry and photoluminescence, which shows the general blue shift in their absorption
features and red shifts of the emission maxima. The use of glucose as stabilizer for nanoparticles provide route for
direct synthesis of semiconductor nanoparticles especially at lower glucose amount to avoid its crystallinity
obscuring the particles crystallinity.
Keywords: Metal oxides, glucose-capped, zinc and cadmium oxide nanoparticles.
1. INTRODUCTION
Semiconductor nanocrystals have been of interest in research and technical applications, with respect of its sizedependent optical and electronic properties [1-3]. Metal oxides play a very important role in many areas of
chemistry, physics and materials science [4-9]. Generally metal elements form very large diversity of compounds
with various stoichiometry [10] and can form a number of structural geometries with electronic structure that can
display metallic, insulator or semiconductor character. The band gaps of metal oxides, ZnO (3.3 eV) and CdO (2.3.
eV) makes them desirable for the applications relating to quantum mechanics [11], leading a role in various
applications in piezoelectric transducers, light-emitting devices [12], photonic crystals [13], nanoelectronics [14],
transparent UV protection and conductive films, chemical sensors and biological (drug delivery, bio-imaging, etc)
systems [15-17]. Several synthetic methods have been employed to fabricate nanostructured metal oxides such as
mechanochemical processing [18], metal alkoxide hydrolysis [19], hydrothermal [20] and nonhydrolytic sol-gel
reaction process [21, 22].
The synthesis of ZnO and CdO nanoparticles by thermal decomposition is one of the most common methods to
produce stable monodisperse suspensions with the ability of self-assembly. Nucleation occurs when the metal
precursor is added into a heated solution in the presence of surfactant, while the growth state take place at a higher
reaction temperature. Colloidal ZnO has been mostly produced in aqueous or alcoholic solutions by direct reaction
of zinc compounds with bases in the presence of appropriate stabilizers [23-32]. A synthesis of nanoparticulate
metal oxides is currently challenging and have limited usability when using organic compounds such as metal
alkoxides as source of metals. When metal alkoxides are used as the precursors, the hydrolysis and
polycondensation rate can be easily controlled by adjusting the reaction conditions [33-35]. Several methods have
been reported for synthesis of metal oxide nanoparticles using metal inorganic salts as precursors [36-38], but most
of these nanoparticles are poorly crystalline or exhibit broad particle size distribution. In the past years, a few studies
on the quantum-confined effect and surface modifications on the electronic structure of the oxide nanoparticles have
been published [39-40]. Reported results indicated that oxide nanoparticles may have different optical properties
than the frequently studied II-VI semiconductor nanoparticles.
In this work, the conventional method has been used for the synthesis of metal oxide nanoparticle in which a base
such as sodium or potassium hydroxide was used in the presence of metal salt to give metal oxide. This is also
known as chemical capping, in which an organic molecule (glucose) is used to passivate the surface of the particles
so that the particles do not agglomerate or ripen to form larger particles. This ensures that the nanoparticles
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synthesized using different amounts of capping yields stable nanoparticles with uniform size distribution. The metal
oxide nanoparticles were characterized for their optical properties and morphological features with varying amounts
of capping agent. The properties of the metal oxides prepared depend on the size and structure of the particles,
which are affected strongly by the synthetic processes and also control their widely varying optoelectronic and
chemical properties [41].
2. EXPERIMENTAL DETAILS
2.1. Chemical reagents
The oxides of zinc and cadmium were synthesized using hydrated salts of zinc and cadmium chloride (ZnCl 2 and
CdCl2H2O), methanol, sodium hydroxide, glucose which were purchased from Sigma Aldrich and used as obtained.
2.2 UV-visible and FT-IR spectroscopic measurements
The absorption spectra of ZnO and CdO were taken using a Analytikjena SPECORD 50 UV-visible
spectrophotometer and the emission spectra were recorded on a LS 45 Perkin-Elmer fluorimeter with a Xenon lamp
at room temperature using methanol as a solvent in a 1-cm pathlength quartz cuvette. Surface interaction of glucose
on the nanoparticles of all samples was characterized using FT-IR Perkin Elmer 100 spectrometer. Measurements
were performed with manually placing the solid sample on a diamond tip and pressed for analyses.
2.3 Electron Microscopy
The transmission Electron Microscopy (TEM) and High Resolution TEM images were obtained using a JEM -2100
JEOL electron microscope. The samples were prepared by placing a drop of a dilute solution of sample in methanol
on a copper grid. The samples were allowed to dry completely at room temperature.
2.4 X-Ray Diffraction
X-Ray diffraction (XRD) patterns on powdered samples were measured on Phillips X’Pert materials research
diffractometer using secondary graphite monochromated Cu Kα radiation (λ=1.54060 Å) at 40kV/50 mA.
Measurements were taken using a glancing angle of incidence detector at an angle of 2º, for 2θ values over 20º-70º
in steps of 0.05º with a scan speed of 0.05º 2θ.s-1 .
2.5 Synthesis of Zinc and Cadmium oxide nanoparticles
Zinc and cadmium oxide nanoparticles were synthesized using zinc chloride (ZnCl 2) and cadmium chloride
(CdCl2.H2O), methanol (CH3OH), sodium hydroxide (0.10 M) and glucose. The solutions were prepared in
methanol (50 mL). To prepare 0.10 M solution, sodium hydroxide pellets were dissolved and in 20 ml methanol
stirred for 20 minutes at room temperature. Amounts of glucose were varied from 1.00 g, 0.50 g and 0.25 g for each
experiment was added into the prepared solution stirring and continued further for 40 minutes. Zinc chloride (0.10
M in 20 ml methanol) and was slowly added to this solution and stirred for 2 hours. The precipitate obtained was
washed with methanol and separated by centrifuge and dried to get ZnO nanoparticles in solid form. The synthesis
for cadmium oxide nanoparticles was carried out in a similar way.
3. RESULTS AND DISCUSSION
UV-Visible and fluorescence spectroscopy are powerful non-destructive techniques to explore the optical properties
of semiconducting nanoparticles. The optical properties of glucose capped ZnO and CdO nanoparticles have been
analyzed with methanol as a solvent. The absorption spectra of glucose capped ZnO and CdO in methanol solution
in the UV range are presented in Fig. 1 and 3.
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Figure 1: Absorption spectra of ZnO nanoparticles at different glucose amounts 1.00 g (a), 0.50 g (b) and 0.25 g (c).
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Figure 2: Emission spectra of glucose capped ZnO nanoparticles prepared using different amounts of glucose 1.00 g
(a), 0.50 g (b) and (c) 0.25 g (c).
The glucose capped ZnO nanoparticles reveal absorption band edges at 417, 402 and 362 nm for amounts of 1.00 g,
0.50 g and 0.25 g, respectively, which shows red shifts in relation to the bulk, at high glucose amounts and that
correlates with the change in the shapes. Fig. 2 illustrates room-temperature photoluminescence (PL) spectra of
glucose capped ZnO nanoparticles. This indicate that the observed emission is intrinsic to glucose capped ZnO and
red-shifted in relation to the absorption band edges. Glucose capped CdO nanoparticles (Fig. 3) gave absorption
edges of 488, 482 and 468 nm for 1.00 g, 0.50 g and 0.25 g respectively, and are blue shifted in relation to the bulk
band gap (bulk CdO, 538 nm). The PL spectra gave emissions at 518, 493 and 437 nm and are red shifted in
comparison to the absorption band edges (Fig. 4). The blue shift in the excitation absorption reflects the
correspondingly gradual removal of the initial trap and surface states during the crystallization process of
nanoparticles.
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Figure 3: Absorption spectra of glucose capped CdO nanoparticles prepared using different amounts of glucose, 1.00
g (a), 0.50 g (b) and 0.25 g (c).
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Figure 4: Emission spectra of glucose capped CdO nanoparticles prepared using different amounts of glucose 1.00 g
(a), 0.50 g (b) and 0.25 g (c).
The morphology of glucose capped ZnO and CdO nanoparticles was examined by TEM and HMTEM (Fig. 5 and
6). Fig. 5 for glucose capped ZnO nanoparticles shows TEM and HMTEM images of the as-obtained nanocrystals
from nanorods to spherical shapes. The particle size distribution of ZnO nanoparticles for the amounts, 1.00 g, 0.50
g and 0.25 g was determined to give rods with an average length of 80 nm, spheres of 4.2 – 4.9 nm and 6.0 – 8.0 nm,
respectively.
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Figure 5: TEM images of glucose capped ZnO nanoparticles prepared using 1.00 g (a), 0.50 g (b) (HMTEM) and
0.25 g (c).
Lower concentration (0.25 g of glucose) gave larger particle sizes as compared to intermediate concentration (0.50 g
of glucose) with smaller particle size for spherical shape. The highest concentration (1.00 g of glucose) gave rod
shaped particles, which can be attributed to more glucose molecules on the surface of the particles from nucleation
to growth combined with the structure of glucose molecule with OH groups. The capping agent provides protective
organic shell to particles to prevent nanoparticles from aggregating in solution. The higher capping agent
concentration (1.00 g glucose) promotes the formation of fewer, larger nuclei and, thus larger nanocrystals particle
sizes. It also allows nanocrystals to be chemically manipulated like large molecules with solubility and reactivity
determined by the identity of the surface ligands. It has been reported that varying the capping agent or ratio of the
capping agent to precursor has changed particle morphology in a number of systems, due to varying ability to
stabilize certain planes [42-44]. The crystal morphology is determined by the relative growth rates of the crystal
planes, which can differ greatly due to differences in surface free energies [45, 46]. O’Brien and co-workers reported
the synthesis of zinc oxide nanorods through nonhydrolytic method with a high degree of crystallinity and a narrow
size distribution [47]. The particle size distribution showed different particle sizes for nanorods of 1,00 g glucose
from 89 - 155 nm in length, nanospheres of 18 – 23 nm for 0.50 g glucose and 2.3 - 5.5 nm for 0.25 g glucose
capped CdO nanoparticles. Fig. 6c shows TEM and high magnification TEM images for spherical particles of CdO
nanoparticles with sizes ranging from small particles 2.0 – 5.0 nm and larger ones of 35 – 45 nm in diameters. At
higher magnification lattice planes are observed indicating the high crystallinity of the particles prepared especially
at 0.50 and 0.25 g of glucose (Fig. 6b and c).
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Figure 6: TEM images of (a) 1.00 g, (b) 0.50 g and (c) 0.25 g glucose- capped CdO nanoparticles.
The coordination of the surfactant molecules glucose on the surface of the nanoparticles (ZnO and CdO) prepared
were characterized using Fourier Transform Infra-red (FTIR). The organic molecules in the synthesis of
nanoparticles are to overcome the high surface energy and to stabilize their thermodynamically unfavourable state.
These stabilizing agents control nucleation, growth and are able to bind on the surface of the crystals and stabilize
them against aggregation. The surface chemistry of ZnO nanoparticles has been studied in which the growing rods
showed similar features with nanodots, in which acetate groups were strongly chemisorbed to ZnO surfaces in
ethanol, and instead of surface hydroxyl termination, there is a measurable presence of adsorbed ethanol solvent
[48]. Fig. 7 and 8 shows FT-IR spectrum of glucose capped ZnO and CdO nanoparticles.
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Figure 7: FT-IR spectrum of glucose ZnO nanoparticles prepared using 1.00 g (b), 0.50 g (c), 0.25 g (d) and free
glucose (a).

132

IJRRAS 14 (1) ● January 2013

Faleni & Moloto ● Effect of Glucose as Stabilizer

100

Transmittance

(d)
(b)
(c)

80

(a)
(b)
(c)
(d)

60
(a)

40

4000

3500

3000

2500

2000

1500

1000

500

-1

Wavenumber(cm )

Figure 8: FT-IR spectra of glucose capped CdO nanoparticles prepared using 1.00 g (b), 0.50 g (c), 0.25 g (d) and
free glucose (a).
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The glucose capped ZnO nanoparticles showed peaks at 3342 cm-1 for O-H broad bands and appears at lower
wavenumbers for glucose only 3246 cm-1. It has been found the coupling of glucose and glucose capped ZnO
spectrums appearance of peaks at 1442 and 1014 cm-1 for C-H bands. The intensity at 1572 cm-1 is attributed to C-O
band and at 835 cm-1 Zn-O band for glucose capped ZnO indicating the interaction of glucose and zinc oxide
nanoparticles. This indicated that the glucose capping has been introduced onto the nanoparticles surface. Fig. 8
shows characteristic broad bands at 33342 cm-1 for O-H band and at lower wavenumbers for glucose only of 3246
cm-1. At 1394 and 1014 cm-1 indicates the C-H bands and 848 cm-1 showed characteristic band of Cd-O bond. Fig. 9
(a-c) shows typical XRD pattern of glucose capped ZnO diffraction peaks indexed to hexagonal phase. The
diffraction peaks of as synthesised glucose capped CdO in Fig 10 (a-c) were indexed to crystalline cubic structure
cadmium oxide along with (*) hexagonal phase. The solvothermal method was utilised to prepare single-crystalline
cadmium oxide (CdO) micro-octahedron, polycrystalline CdO nanowires and cadmium hydroxide (Cd(OH) 2)
nanorods by varying the amount of NaOH and synthesis temperature. The synthesis of CdO with an increase in a
precursor concentration of sodium hydroxide (1 - 4 g) can lead to formation of mixed phases of cubic along with
hexagonal phases [48]. All XRD patterns show obvious size-broadening effects, due to small crystallite sizes. The
smaller particles diffracted the X-ray weakly compared to bigger ones and show broader peaks. The relative
intensity of the peaks in the XRD spectra of the spherical nanoparticles matches the bulk, confirming the formation
of wurzite ZnO nanocrystals [49,50].
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Figure 9: XRD spectra of glucose capped ZnO nanoparticles prepared using 1.00 g (a), 0.50 g (b) and 0.25 g (c) of
glucose.
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Figure 10: XRD spectra of glucose capped CdO nanoparticles prepared using 1.00 g (a), 0.50 g (b) and 0.25 g (c) of
glucose.
4. CONCLUSIONS
The variation of glucose at 0.25 to 1.00 g affects the ZnO nanoparticles morphology and hence the red shifts at
higher glucose amounts, 1.00 and 0.50 g of glucose. CdO nanoparticles show no variation in optical properties and
morphology except particle size increases with increase in glucose amounts. The nanoparticles prepared showed
different morphology from nanorods at 1.00 g to nanospheres at concentrations of 0.50 g and 0.25 g.
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