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a b s t r a c t

Ultralong CdO nanowires (NWs) were synthesized on Au coated Si and quartz substrates by using vapor
transport method. The synthesis temperature was chosen via thermal gravimetry analysis (TGA) and it
was 1150 �C. The formation of CdO was confirmed by energy dispersive analysis of X-ray (EDAX) and Fou-
rier transform infrared (FT-IR) spectroscopy analysis. The CdO nanowires was found to grow via a vapor–
solid growth mechanism. The diameters of the nanowires were in the range 30–90 nm and the lengths
were greater than 30 lm. The optical constants, the thickness and the surface roughness of the prepared
CdO NWs films were determined by spectroscopic ellipsometry measurements. A two layers model was
used to fit the calculated data to the experimental ellipsometric spectra. The obtained optical constants
were compared with those obtained by other preparation methods. The optical band gap was found to be
2.41 eV. An emission peak at �550 nm was recorded, which should corresponds to the near band-edge
emission of CdO.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

Low dimensional (0D and 1D) nanoscale semiconducting metal
oxide materials have attracted much attention because they have
new functional properties and numerous applications [1–3]. The
synthesis of metal oxide nanowires with uniform shape and diam-
eter has special interest because they have large surface area and
provide superior electrical conductivity when compared to other
morphologies [4,5]. Also, the mixed nanostructures such as nano-
wires mixed with nanoparticles, nanowires mixed with nanosheets
and dendrites nanowires have also important applications [6–8].

Low dimensional cadmium oxide (CdO), as an important n-type
semiconductor metal oxide, has also widely investigated owing to
its potential applications in optical fields, photovoltaic cells and
transparent electrodes [9–11]. So far, various 1D CdO nanostruc-
tures have been prepared through different synthetic routes. For
example, CdO nanowires, nanoneedles, nanobelts and nanorods
have been obtained by chemical bath deposition [11], solvothermal
method [12] and vapor phase transport [13,14]. However, the work
done for 1D CdO nanostructures by vapor phase transport is still
very few. Therefore we report the synthesis of uniform and ultr-
along CdO nanowires by a simple vapor transport method. The

crystal structure, the chemical composition, photoluminescence
and the optical constants are analyzed.

2. Experimental

The CdO nanowires were grown using evaporation–condensation method with
VLS growth technique. The synthesis processes of CdO were carried out in a control-
lable horizontal tube furnace with an alumina tube (inner diameter of 44 mm and
length of 90 cm). The synthesis was carried out on Au coated (�5–10 nm) Si (100)
wafers and quartz substrates (cut into 1 cm � 1 cm and ultrasonically cleaned). The
Au coating of the substrates were done using AC Ion sputtering device (JFC-1100E).
The CdO nanostructures were prepared using CdO powder, (Aldrich chemicals;
99.999%). The CdO was placed in an alumina boat positioned at the center of the
heating zone of the furnace. The Au coated Si substrates were placed downstream
where they were covering a distance of 7–15 cm from the alumina boat. A mixture
of flowing Ar with 300 sccm (standard cubic centimeter per minute) and O2 with
20 sccm was introduced into the alumina tube. Concurrently the temperature
was raised 10 �C/min up to 1150 �C and kept for 30–60 min. After that, the furnace
was cooled down to room temperature.

The thermal gravimetry analysis (TGA) was employed to determine the synthe-
sis temperature for the CdO precursor using Schemadzu DTG-60AH Thermo-gravi-
metric Analyzer. A sample (mass app. 2.993 mg) was heated in a standard platinum
pan. The measurements were carried out in air atmosphere. The heating rate was
20 �C/min and started from RT to 1400 �C.

The surface morphology and crystal structure of the synthesized nanostructures
were characterized by scanning electron microscope (SEM) type JOEL model JSM-
6380 LA (Japan) and X-ray diffraction (XRD) using Shimadzu Diffractometer XRD
6000, Japan, which utilizing Cu Ka1 radiation (k = 1.54056 Å), respectively. The
chemical composition of the synthesized nanostructures was analyzed using energy
dispersive analysis of X-ray (EDAX) unit attached with the SEM. Transmission elec-
tron microscopy (TEM) images were obtained with a 2000 EX II microscope (JEOL,
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Japan) at an acceleration voltage of 200 kV. For TEM observation, the synthesized
products were ultrasonically dispersed in ethanol and a drop of the suspension
was placed on a Cu grid coated with carbon film.

Powder of CdO was scratched easily out of the Au coated Si substrate, grounded
and used for Fourier transformation infrared (FT-IR) analysis. The CdO powder was
mixed with KBr for FT-IR measurements. The FT-IR measurements were carried out
using a Fourier transformation infrared spectrophotometer (IRPrestige-21, SHIMA-
DZU) in the wavenumber range 400–4000 cm�1 with 3.85 cm�1 resolution and at
room temperature (RT).

The spectroscopic ellipsometry (SE) data for CdO nanostructured films were
acquired using a PHE-102 variable angle spectroscopic ellipsometer (Angstrom
Advanced Inc.) in the wavelength range 350–1100 nm (energy range 3.54–
1.13 eV). The data were acquired at three deferent angles of incidence of 60�, 65�
and 70�. The instrument measures the complex ratio of the Fresnel reflection coef-
ficients for p- and s-polarized light and reports the ratio in terms of the ellipsomet-
ric parameters W and D defined by the following equation:

F ¼ tanðWÞ expðiDÞ ¼
~rp

~rs
ð1Þ

where ~rp and ~rs are the amplitude reflection coefficient for light polarized in the p-
and s-plane of incidence, respectively. The data obtained from the ellipsometer were
accurately modeled using the PHE-102 software package. Ellipsometric data W and
D for variable wavelengths were fitted in the optical model.

The spectral transmittance (T) and reflectance (R) of the synthesized nanostruc-
tures, on Au coated quartz substrates, were measured by a JASKO V-570 spectro-
photometer in the wavelength range 200–2500 nm. The room temperature
photoluminescence (PL) spectrum of the products was measured using Edinburgh
Instruments FLS920 steady-state fluorescence spectrometer (UK) with Xe lamp as
the excitation light source (with a wavelength of 350 nm).

3. Results and discussion

3.1. Structural, morphological, compositional and thermal
examinations

The choice of the synthesis temperature was based on the ther-
mal stability of the CdO precursor. Fig. 1a shows the TGA thermo-
gram of the CdO precursor. It can be seen that the CdO precursor is
almost stable up to 1050 �C, above which a large weight loss is
observed. The weight loss becomes much sharper at 1150 �C,
which has been chosen for the preparation of CdO nanowires.
The negative TGA values observed between 1300 �C and 1400 �C
may be ascribed to the removal of water adsorbed at the crucible.

Fig. 1b shows the XRD pattern of CdO nanostructure. The exis-
tence of sharp peaks in this figure indicates that the CdO nano-
structure has a polycrystalline nature with high degree of
crystallinity. All the diffraction peaks can be indexed to CdO with
cubic structure (JCPDS file no. 78-0653). The pattern also confirms
that there are no Cd characteristics peaks. The lattice parameter (a)
was calculated from the equation:

a ¼ d
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h2 þ k2 þ l2

q
ð2Þ

where d is the spacing between adjacent (hkl) planes. The lattice
parameter is a = 4.725 Å. The mean grain size, calculated from the
Scherrer formula [15], is 49 nm. Harris analysis was performed to
investigate the preferential orientation of the crystallographic
planes in the CdO nanostructure. The texture coefficient P(hi ki li), a
preferential orientation indicator of the (hi ki li) plane, is given by
the following equation [16]:

Pðhi ki liÞ ¼
Iðhi ki liÞ
Irðhi ki liÞ

� �
1
m

Xm

i¼1

Iðhi ki liÞ
Irðhi ki liÞ

 !�1

ð3Þ

where I(hi ki li) is the diffraction intensity of the (hi ki li) plane of the
sample under investigation, Ir(hi ki li) is the intensity of the (hi ki li)
plane of a random powder sample and m is the number of diffrac-
tion peaks. Eq. (3) shows that P(hi ki li) of each crystallographic plane

Fig. 1. TGA thermogram of the CdO precursor (a) and XRD pattern of CdO NWs (b).

Table 1
X-ray diffraction intensities and preferred orientation factors of CdO nanowires.

(hkl) I Ir
a Ph k l

(111) 2004 999 1.72
(200) 1596 857 1.60
(220) 383 459 0.72
(311) 416 291 1.23
(222) 194 125 1.33

a From JCPDS, International Centre for Diffraction Data, 1996.

Fig. 2. EDAX spectrum (a) and FT-IR spectrum (b) for CdO NWs.
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is unity for a randomly distributed powder sample, whereas is lar-
ger than unity if (hi ki li) plane is preferentially oriented. The Harris
analysis results are summarized in Table 1. The texture coefficient
value of the index (111) plane is the highest indicating that is more
preferentially oriented.

The atomic percentages of Cd and O were evaluated by EDAX
(Fig. 2a), on Si substrates, and are found to be 50.81 and
49.19 at.%, respectively. The results indicates the formation of the
CdO. The FT-IR spectrum for the prepared CdO nanowires is shown
in Fig. 2b. The strong absorption band at 3415 cm�1 is attributed to
stretching vibrations of surface hydroxyl group (O–H). The band at
2770 cm�1 is to the symmetric stretching vibrations of C–H group.
The strong band at 2354 cm�1 and the bands at 1649, 1534, 1433,
1146 and 1075 cm�1 could be ascribed to ms(C–O) and mas(C–O)
vibrations of atmospheric CO2, which results from the preparation
and processing of FT-IR samples in the ambient atmosphere [17].
The typical absorption bands from 974 cm�1 to 413 cm�1 are char-
acteristics of the metallic bonds and are ascribed to Cd–OH and the
Cd–O groups [18,19].

Fig. 3a and b shows low and high magnifications of SEM image
of the CdO nanowires grown on a silicon substrate. There is a dense
growth of uniform and long nanowires. Most of the nanowires
have lengths greater than 30 lm. The diameters of these nano-
wires range mostly between 30 and 90 nm. To further analyze
the crystal structure of CdO nanowires, TEM characterization of
the nanowires was conducted. Fig. 3c–d represent TEM images.
Although the nanowires have different diameters, the single nano-
wire has a uniform diameter with smooth surface. The examina-

tion of a single CdO nanowire (Fig. 3d) shows that there is no
clear evidence for particles or dotes can be found at the tips of
these nanowires. This suggested that the nanowires are formed
via vapor–solid (VS) growth mechanism. It is worth mentioning
that length and diameters of the nanowires depend on different
preparation factors as well as the preparation methods [13,20].

3.2. Optical constants

SE data were analyzed by a multilayer model consisting of the
ambient, a surface overlayer, the main CdO layer and the Si(100)
substrate. The optical response of the surface overlayer was mod-
eled within a Bruggeman effective medium approximation (BEMA).
The main CdO layer was described by Lorenz oscillator model [21].
The optical constants of Si obtained by Herzinger et al. [22] were
used for the Si(100) substrate. An example for the quality of the fits
results of the experimental and fitted ellipsometry data is shown in
Fig. 4. The thicknesses of the surface overlayer and the main CdO
layer are 6.4 nm and 67.2 nm.

The refractive index (n) and extinction coefficient (k) depen-
dences on wavelength are illustrated in Fig. 5. The refractive index
decreases with increasing wavelength up to 545 nm, above which
the refractive index increases continually with increasing wave-
length. This behavior is similar to that observed by Ziabari et al.
[23] for un-doped and Al doped cadmium oxide thin films depos-
ited on glass substrates by sol–gel dip coating method. However
the refractive index values are lower than their obtained values.
The k values decrease with increasing wavelength and became

Fig. 3. SEM image (a and b) of CdO NWs with low (0.3 lm) and high (1 lm) magnifications. TEM images (c and d) of CdO NWs with low (100 nm) and high (0.3 lm)
magnifications.

70 S.H. Mohamed et al. / Journal of Alloys and Compounds 609 (2014) 68–72



Author's personal copy

much closer to zero at higher wavelengths. It is known that the k
values depend on the absorption by atoms, the surface roughness,
the polycrystalline grain size and the defects in the film [24].

The optical transmittance (T) and reflectance (R) spectra of CdO
sample prepared on quartz substrate are presented in Fig. 6a. As
seen in Fig. 6a, the optical transmittance decreases gradually up
to 900 nm below which the transmittance decreases strongly with
the decrease in wavelength. The sharp decrease in transmittance at
the wavelength k < 900 nm is due to the onset of interband transi-
tions at the fundamental edge. The reflectance remains almost con-
stant up to 550 nm below which the reflectance increases strongly
with the decrease in wavelength.

The optical absorption in the UV region is dominated by the
optical band gap of the semiconductor. The optical band gap (Eg)
of a semiconductor is related to the optical absorption coefficient
(a) and the incident photon energy (hm) by [25]

ðahmÞ ¼ bðhm� EgÞg ð4Þ

where g depends on the kind of optical transition that prevails. Spe-
cially, g is 1/2 and 2 when the transition is directly and indirectly
allowed, respectively. The CdO sample is known to be a semicon-
ductor with a directly allowed transition [26]. The optical band
gap is obtained fom (ahm)2 versus hm plot and extrapolating the lin-
ear portion of the curve to (ahm)2 = 0 (Fig. 6b). The optical band gap
of the CdO NWs sample is found to be 2.41 eV. This is in good agree-
ment with the previously reported values of 2.4 eV and 2.42 eV
[27,28].

3.3. Photoluminescence (PL)

Fig. 7 shows the photoluminescence spectrum of CdO NWs that
is measured at room temperature using the excitation wavelength
of 350 nm. An emission peak at�550 nm is recorded, which should
corresponds to the near band-edge emission of CdO. The photolu-
minescence spectra of CdO have been reported by many research-

Fig. 4. Measured and calculated W and D spectra at 60�, 65� and 70� angles of
incidence for CdO NWs film.

Fig. 5. The refractive index and extinction coefficient of CdO NWs film.

Fig. 6. Optical transmittance (T) and reflectance (R) spectra for CdO NWs film (a).
Plot of (ahm)2 versus hm for CdO NWs film (b).

Fig. 7. Photoluminescence spectrum of CdO NWs.
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ers [29–32] which suggest that the band at 484 nm arises from the
transition between the conduction and valence bands. The band at
550 nm is due to near band-gap radiative recombination [33]. The
suggested mechanism of the green emission (490–570 nm) is
mainly due to the concentration of free electrons, and the existence
of various point defects identified as Vo due to the heat treatments
and or oxidation associated with the process which helps form the
recombination centers [34]. With such a strong emission peak at
�550 nm, the CdO NWs can be utilized in the industry of high
quality monochromatic laser [35].

4. Conclusions

Ultralong CdO NWs were grown on Si and quartz substrates via
vapor transport method. XRD analysis revealed that the product is
a single crystalline phase of cubic CdO. The nanowires were syn-
thesized by VS growth mechanism. The NWs have smooth surfaces,
diameters in the range of 30–90 nm and lengths greater than
30 lm. The thickness and optical constants were accurately deter-
mined from the SE which may prove useful in the design of nano-
optoelectronic devices. The strong emission peak at �550 nm indi-
cates that the CdO NWs can be utilized in the industry of high qual-
ity monochromatic laser.
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