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phase. Scanning electron microscopy (SEM) showed that the obtained
rhombus-like structure is composed of nanoparticles with the average
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Cadmium oxide rhombus-shaped nanostructure was synthesized using
hydrothermal process followed by heating treatment. Clearly, X-ray
diffraction pattern demonstrated the formation of CdO crystalline

size of 29 nm. In addition, we evaluated adsorption of organic dye i.e.
Congo red from water using the prepared CdO rhombus like
microstructure. UV-visible absorption spectroscopy was used to record
the adsorption behavior. It was found that the removal process is
performed via electrostatic absorption mechanism. The maximum
adsorption capacity of CdO rhombus structures (0.01 g) for Congo Red
(CR) in the concentration range (5-50 mg L-1) studied, as calculated
from the Langmuir isotherm model at 25 ˚C and neutral pH, was found
to be 41.20 mg g−1.
2012 JNS All rights reserved

1. Introduction
Nowadays, due to optical and electrical
properties, semiconductor metal oxides in
nanoscale have been nominated for various
applications in several scientific and industrial
fields. Cadmium oxide, CdO, is a known n-type
semiconductor with the direct band gap energy of
2.2-2.5 eV and the indirect band gap of 1.36-1.98

eV [1-4]. In fact, the lattice’s defects in the
crystalline structure are led to difference at the
band gap energy [5]. This material is synthesized
by numerous methods such as microemulsion [2],
chemical vapour deposition [5], sol-gel process
[6,
7],
sonochemical
technique
[8],
hydrothermal/solvothermal method [9-11] and
mechanochemical process [12, 13]. Hydrothermal
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reaction can be a beneficial technique to prepare
various nanostructures amongst methods so that
more researchers prefer it to others [14].
CdO has not only the unique optical and
optoelectrical characteristics but also has the
selective catalytic properties that can be used to
photodegrade some of the organic compounds,
dyes, pigments and many of environmental
pollutants [15-17].
In various industries such as textile, food, paper
and dyeing industries, different pigments and dyes
are used to color products. The use of these
colored compounds produces colored wastewaters,
which lead to environmental pollutions. These
pollutants have to be eliminated before
discharging into environment. Congo red (CR) is
the anionic hazardous organic dye, which despite
being banned, it is still widely consumed in
several industries. Many techniques such as
electrochemical, sonochemical, photocatalytic
oxidation and adsorption methods have been
employed to remove these pollutions from water
bodies and refinement of wastewater. Adsorption
is a suitable, low-cost, available treatment for this
aim [18-21]. In this research, the rhombus-shaped
structures of cadmium oxide consisting of the
nanoparticles were synthesized by hydrothermal
process followed by calcination treatment. In the
next stage, the obtained product was employed for
removing CR by adsorption removal at room
temperature and natural pH. To the best of our

2 Experimental
2.1. Materials
Cadmium chloride monohydrate (CdCl2. H2O,
Merck, pure), ammonium oxalate monohydrate
((NH4)2.C2O4.H2O, Merck, 99% purity), sodium
hydroxide (NaOH, Merck, 99.99% purity) were
supplied as initial reagents to synthesize CdO
nanostructure. Cogo Red (CR), C32H22N6Na2O6S2,
with molecular weight 696.66 g mol−1 (Merck)
was used as a model dye. Deionized and distilled
water were used to prepare all solutions.

2.2. Characterization
The

powder

X-ray

diffraction

(XRD)

measurements were carried out by a JEOL
diffractometer with monochromatized Cu Kα
radiation (λ =1.5418 Å). Fourier transform
infrared (FT-IR) spectra were recorded on a
Shimadzu-8400S spectrometer in the range of
400-4000 cm-1 using KBr pellets. Scanning
electron microscopy (SEM) images were obtained
on a Philips (XL-30) with gold coating.
Thermogravimetric analysis (TGA) measurement
was carried out on a NETZSCH TG 209 F1 Iris
apparatus with a heating rate of 10 °C min−1 under
nitrogen atmosphere. A double-beam UV
spectrophotometer (Shimadzu UV-1700) was used
for determination of CR concentration in the
supernatant solutions before and after adsorption.

knowledge, decontamination of CR dye by CdO
rhombus particles has not been reported yet.

2.3. Synthesis method

The resultant products were characterized by
using FT-IR, XRD, TGA and SEM techniques.

structure, CdCl2. H2O and (NH4)2.C2O4.H2O as

In order to synthesize CdO rhombus-like
starting materials with a molar ratio of 1:1 were
dissolved in 30 mL of the distilled water at
alkaline pH. Alkaline conditions were obtained by
adding the certain volume of 1.5 M NaOH
solution under ultrasonic waves and continuous
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stirring for 30 min so that the pH reaches to 11.
The resulting solution was transferred into an 80
mL Teflon-lined stainless steel autoclave and
performed the hydrothermal reaction at 160 ˚C for
24 h. The autoclave was cooled down to room
temperature. The resulting precursor was filtered,
washed with distilled water and ethanol several
times to remove the additional ions and finally
dried at 70 ˚C for 24 h in an air oven. The
resulting precipitation (precursor) was calcined at
450 ˚C for 2 h in a furnace. Finally, the obtained
compound was characterized.

2.4. Adsorption behavior of CR dye
Adsorption value was determined in the
following conditions: 25 mL of CR dye with a
known initial concentration (in the range of 5 mg
L−1 to 50 mg L−1) was agitated accompanied by
0.01 g of the adsorbent, prepared CdO rhombus
microstructure, on a magnetic stirrer at 25 °C for 2
h in the dark to estimate only adsorption
performance. Then CR loaded CdO powder was
separated with centrifugation at 1800 rpm for 5
min. The concentration of the residual dye was
measured by using UV–VIS spectrophotometer at
appropriate wavelength corresponding to the
maximum absorption of CR (498 nm). The percent
removal of dye from the solution was calculated
by the following equation:
% Removal efficiency=

C0 − Ci
C0

×100

(1)

Where C0 is the initial concentration of dye and
Ci is the final concentration of dye after treatment
with CdO rhombus particles. The removal

percentage of CR molecule increased with time
due to its adsorption onto adsorbent sites.

3. Results and discussion
3.1. Structural study
Fig. 1 shows the FT-IR spectra of the obtained
precursor from the hydrothermal process (Fig.
1a) and the resulting product of the calcination at
450 °C for 2 h (Fig. 1b). The observed peaks in
Fig. 1a are related to the organic groups of the
precursor. The absorption bands at 3454 and
3321 cm-1 are attributed to the N-H
antisymmetrical and symmetrical stretching
vibrations, respectively, which are in a close
agreement with the vibrations of the amine
groups. Probably, the overlapping O-H vibration
bands of the H2O molecules with the vibration
bands of the functional groups of NH2 can lead to
broaden these bands. The appeared peaks at 1606
and 1307 cm-1 are assigned to C=O and C-O
stretching vibrations of the carbonyl groups,
respectively. Actually, the frequency of the CO
vibrations has decreased by the resonance effect.
The observed peaks at 904, 759 and 491 cm-1 can
be attributed to the ν(CO) and ν(CO2) [22-24].
Likewise, the appeared peak at 673 cm-1 can be
corresponded to the vibration band of formed
Cd-O in the precursor [25]. Due to the heating at
450 ˚C, the typical peaks of the organic
molecules of the precursor were disappeared and
no absorption band was observed in the FT-IR
spectrum of the obtained product (Fig. 1b).
Indeed, the organic section was removed and
only the broad band as CdO phase remained.
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Fig. 2. The curve of thermal gravimetric analysis (TGA)
of the precursor.
Fig. 1. FT-IR spectra of the precursor as prepared
intermediate molecule by hydrothermal reaction (a) and
the resultant CdO after calcinating treatment at 450 ˚C
for 2 h (b).

According to the FT-IR data, we can propose the
probable reactions for the formation of the
intermediate molecule (precursor) and CdO as the
resulting product of the hydrothermal reaction.
Fig. 2 illustrates the curve of thermal gravimetric
analysis of the precursor. According to this curve,
the decay of this compound is performed in a twostep pattern of weight loss. The first weight loss of
1.8 % is observed in the range of temperature

The X-ray diffraction patterns of the products
are presented in Fig. 3. Fig 3a shows the XRD
pattern of the resultant product after the
calcination step. This pattern confirms the
formation of CdO phase with a lattice parameter a
= 4.695 Å. The diffraction peaks at 2θ values of
33.01˚, 38.20˚, 55.20˚, 65.80˚, and 69.20˚
matching with the 111, 200, 220, 311, and 222
planes of cubic CdO (JCPDS- 05-0640) indicated
the formation of cadmium oxide phase. No other
peaks related to the impurities were detected.

between 300 – 380 ˚C, which can be related to
decomposition of adsorbed water molecules. The
second weight loss of 29.66% observed in the
temperature range between 380-450˚C can be
attributed to decomposition of the organic sections
in the precursor. It was found that the weight loss
terminates at 450 ˚C, so this temperature was
determined as the calcination temperature of the
intermediate molecules and reaching the CdO
phase.
Fig. 3. XRD pattern of the obtained CdO nanostructure.
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3.2. Morphological study
Fig. 4 indicates the SEM images of the
obtained CdO nanostructure. The low
magnification images of SEM (Figs.4a and 4b)
clearly indicate rhombus-like structures with
regular facets and the sharp edges between the
facets. Meanwhile, high magnification of SEM
images shown in Figs. 4c and 4d reveals that the
mentioned structure consists of the particles in
nanoscale with the average size of 29 nm. It can
be found that the special orientation of the
nanoparticles can be aggregated into rhombus
form. Probably, the coordination mode of the
ligand molecules (oxalate ions) to metal ions
(cadmium ions) in precursor, before calcining
treatment, can lead to this aggregation, which
confirms the mentioned FT-IR data and proposed
mechanism.

The effect of contact time (in the range 0.5-2.5 h)
on the adsorption of CR was studied to determine
the
time
taken
CdO
rhombus-shaped
nanostructure to remove 10 mgL-1 of CR solution
at neutral pH. A certain amount of adsorbent,
0.01 g of CdO rhombus particles was added into
a 25 mL of CR solution. The decrease in the
concentration of CR with time is owing to its
adsorption on CdO rhombus structure. The results
are shown in Fig 5. According to the mentioned
diagram; the maximum removal efficiency of CR
dye (97%) occurs about 2h that almost all the CR
dye became adsorbed. Likewise the adsorption
efficiency of CR was constant after 2.5 h;
therefore agitation time of 2h was selected for
further studies. Although pH is a significant
controlling parameter that intensely influences
adsorption efficiency of cationic or anionic dyes
onto adsorbent sites, this type of adsorbent
presents a well behaviour of adsorption at neutral
pH. In fact, adsorption performance at neutral pH
is an excellent advantage that few adsorbents
show this feature. The most of reports provided
by researchers to remove the CR dye are at pH 5
and 6 [26, 27].

Fig. 4. SEM images of CdO rhombus nanostructure
obtained from the hydrothermal reaction.

3.3. Adsorption investigation
3.3.1. Effect of contact time and pH on
removal

Fig. 5. Removal of CR dye in various times.
Conditions: 0.01 g CdO rhombus particles, 25 mL of
10 mg L-1 CR and neutral pH.
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reach the saturation point at higher concentrations

3.3.2. Effect of amount of CdO rhombus
nanostructures
The effect of amount of the adsorbent needed
for the maximum recovery of CR dye is shown in
Fig. 6. Different quantities of CdO rhombus
nanostructures were investigated in the range of
0.005 to 0.015 g. Maximum recovery percentage
was specified when 0.01 g of CdO rhombus
nanostructures was used in 25 mL solution of CR

(40 and 50 mgL-1). Langmuir equation, a famous
adsorption isotherm pattern, was applied to
examine the relationship between the amount of
CR adsorbed onto CdO rhombus particles and its
equilibrium concentration in solution. This
process was found to obey very well from
Langmuir model. Although Langmuir’s model
does not consider the variation in adsorption
energy, it obviously describes the adsorption
method. It is based on the physical theory that the
maximum adsorption capacity includes of a
monolayer adsorption [28]. The general form of
Langmuir isotherm equation is as follows:

qe a L
K LCe
=
KL
(1+ K LCe )

(2)

After linearization of the Langmuir isotherm,
Eq.3, we obtain:

Fig. 6. Effect of amount of adsorbent on the recovery
of CR removal. Condition: 25 mL of CR dye with
10 mg L-1 concentration and neutral pH.

dye with 10 mgL-1 concentration at neutral pH.
Therefore further studies were conducted on CR
dye at optimum amount of mentioned adsorbent.

3.3.3. Adsorption Isotherm

a
Ce
1
)
= Ce ( L ) + (
KL
KL
qe

(3)

aL (Lmg−1) and KL (Lg−1) are the Langmuir
constants. These constants were calculated from
the slope and intercept of the plot of Ce/qe vs. Ce
in Fig. 8. Ce is the equilibrium concentration of
the CR in the solution (mg L−1). qe, the amount of
CR adsorbed (mg g−1) per unit of adsorbent at
equilibrium (mg g−1), was calculated by equation
as given below:

Fig. 7 shows the capacity of CdO rhombus
structures to adsorb CR solution studied by
measuring the initial and final concentration of
CR in the dark for 2 h. It is found that the
adsorption of CR molecules increases with the
concentration of dye solution and inclines to

qe =

V (Ci − Cf )
m

(4)

Where Ci and Cf are the initial and final
concentrations of CR in mgL−1, respectively; V is
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the volume of experimental solution in L, and m
is the weight of CdO rhombus particles in g.
The maximum adsorption capacity (mg g−1) is
indicated by [Qm= KL/aL]. As the qmax highly
depends on the number and structure of
adsorption sites, current study aimed at preparing
CdO rhombus structures to increase the contact
sites and the number of available sites in accord
with sharp edges of rhomb structure. As long as
there are unoccupied sites, adsorption process
will resume with increasing CR concentrations,
but as soon as all of the adsorbent sites are filled,
an additional increase in concentrations of CR

Fig. 7. Adsorption isotherm of CR on CdO rhombus
particles. Conditions: ambient temperature, neutral
pH, 25 mL of CR dye with known initial
concentrations (in the range of 5 mg L−1 to 50 mg L−1)
and 0.01 g of adsorbent.

solutions does not increase the amount of CR on
adsorbents [29].
The parameters of the Langmuir equation were
calculated and given in Table 1. The maximum
adsorption capacity (qmax) for adsorption of CR
onto CdO rhombus structures was found to be
41.2 mg g-1. This value is higher than that of
other adsorbents such as hollow Zn-Fe2O4
nanospheres [26], bagasses fly ash [30], chitosan
montmorillonite [31] acid activated red mud [32],
and Anilinepropylsilica xerogel [27] However,
another study on maghemite nanoparticles has
been also reported with qmax much higher than
present work [28].

3.4.4. Mechanism of adsorption
CdO rhombus particles have the surfaces
(sharp edges of rhomb) or sites which have been
positively charged related to the metal cation of
Cd2+. As CR dye is an anionic compound, a
strong
electrostatic
interaction
between
adsorption sites of adsorbent and dye anions leads
to remove the CR molecules from solution in the
short time.

Fig. 8. Langmuir plots for the adsorption of Congo
Red.

4. Conclusion
In a summary, we successfully synthesized the
rhombus-shaped structure of CdO by using
hydrothermal method and then calcination
treatment at 450 ˚C for 2 h. The SEM images
clearly revealed that the rhombus structure
consists of uniform nanoparticles with the
average size of 29 nm. The present study
indicates that the prepared CdO rhombus-like can
be considered as an adsorbent with a qualified
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efficiency to remove CR dye from aqueous
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