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ABSTRACT

In the present work, Cadimum oxide (Cd O), Manganese oxide (Mn O)
and Manganese cadmium oxide (Mn Cd, O) nanopowders (where x = 0,
0.5, and 1) were synthesized by a simple chemical co-precipitation method
followed with calcination. Physical properties that reported through XRD
analysis, FTIR analysis, surface morphology, and Energy dipersive X-ray
spectroscopy (EDS). XRD spectra predicted the average size of synthesized
Cd O nanoparticles is decreased with calcination at 700C for 3 hrs while it
was increased for Mn O and Mn Cd, O The lattice constant was decreased
with increasing of the crystallite size except with Cd O. The FTIR spectral
analysis present reduction in the water-related peaks after calcination
indicated successful removal of residual hydroxides and moisture hat help
in control particle growth and lead to increase agglomeration. This result
shown in FESEM micrographs revealed that the calcination process lead to
increase agglomeration. The elemental composition of the nanoparticles

was determined by EDS analysis.
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INTRODUCTION

Metal oxide nanoparticles have attracted
significant attention due to their unique chemical,
optical, and electronic properties, which differ
considerably from their bulk counterparts. Among
these, CdO and MnO nanoparticles are widely
studied for applications in gas sensing, catalysis,
batteries, and optoelectronic devices [1]. Various
synthesis routes exist for preparing metal oxide
nanoparticles, including sol-gel, hydrothermal,
and microemulsion methods.

However, the co-precipitation technique
offers notable advantages: simplicity and ease
of scaling up [2]. In co-precipitation, metal salts
(e.g., chlorides, nitrates) are dissolved in a suitable
solvent, and a precipitating agent (often a base)
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is gradually introduced to form insoluble metal
hydroxides. Subsequent drying and calcination
transform these hydroxides into the desired oxide
phases [3]. By optimizing synthesis parameters—
such as pH, temperature, and calcination
conditions—researchers can control particle size,
crystallinity, and morphology [4].

The large surface area and active sites of metal
oxide nanoparticles make them promising for
organic transformations and pollution control
[5]. Sensors: MnO nanoparticles, in particular,
are often employed in gas sensing due to their
sensitivity to changes in the ambient atmosphere
[6].

Many of the most appealing inorganic minerals
is manganese dioxide (MnO,). Manganese dioxide
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isatransition metal oxide of P-type semiconductors
with a band gap of 3.3 eV and 3.8 eV [7].

Energy Storage that depend on CdO is also
studied for its potential in battery electrodes and
supercapacitors, owing to its high theoretical
capacity [8]. CdO in Optoelectronics has interesting
optical properties and is explored in transparent
conducting oxide (TCO) applications [1].

Similarly, due toits n-type metallic oxide feature,
cadmium oxide (CdO) has been discovered to be
useful in Photocatalytic application such as solar
cells, photovoltaics, flat displays, and sensors with
explicit and implicit band gaps of 2.3 eV and 1.36
eV respectively [9].

Among synthesize routes, co-precipitation
method is popularly adopted to synthesize nano-
NPs due to its low cost, uniform and high yield of
nanoparticles [10].

This paper focuses on synthesizing CdO and
MnO nanoparticles using co-precipitation. The
prepared samples are characterized by XRD, FTIR,
and FESEM to determine phase purity, average
crystallite size, functional groups, and surface
morphology. Also, EDS test was done to discover
the percent of each components of nano oxides
after calcination.

MATERIALS AND METHODS
The Fig. 1 shows the steps followed in this study.

Synthesis metal oxide nanoparticles
Preparation methods

Cadimum and Manganese chloride [S.D. Fine.
CHEM LTD, 98.0 %] were used as a raw metal
source to prepare Cd O, MnO and Cd Mn _O
nanoparticles where [x=0, 0.5 and 1].

The co-precipitation method was adopted,
which is considered one of the important
methods for preparing nanoparticles of similar
size due to its high efficiency as well as being an
easy and cheap method. This method starts from
the core (bottom up) through homogeneous co-
precipitation.The co-precipitation method has the
following properties:

1. The precipitated material is
dissolved.

2. Due to supersaturation, a large number of
small particles are formed.

3. The saturation state affects the particle size,
surface area and the distribution ratios of its
particles.

4. The general equation for the co-precipitation
method is:

partially

Preparation of nano-

oxides

N

Doping of nano-
oxides

EDS

Calcination of
test nano-oxides

v

Test of nano-oxides with
XRD, FTIR and FESEM

Fig. 1. Block diagram of the study.
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XA o+ VB ™ AXBY

5. The co-precipitation reaction can be carried
out in different ways such as chemical reduction,
oxidation and hydrolysis. Co-precipitation can
be carried out by changing some other factors
related to solubility such as temperature and
concentration [10].

Preparation of Cadimum oxide nanoparticles

0.94 M of aqueous Cadimum chloride CdCl,.
H,O was prepared by dissolving 11 g of it in 100 ml
of deionized water and placing the solution on a
magnetic stirrer for 30 minutes until the substance
was completely dissolved.

37 ml of sodium hydroxide NaOH [HiMedia,
99.0 %] with a concentration of 3.57 M was added
dropwise to bring the pH to 10. Then the precipitate
was filtered and washed using deionized water.
The precipitate was placed in oven and dried for
6 hours at 100 C. Then it was grind to change the
precipitate into powder. After that, the precipitate
was placed on Porcelain crucible in furn and
burned at 450 C for 3 hours.

CdCl,.H,0 + H,0 + 2NaOH - CdO +3H,0 + 2Nacl

Preparation of Manganese oxide nanoparticles

0.94 M of aqueous nickel chloride MnCl,.4H,0
was prepared by dissolving 19.5g of it in 100 ml
of deionized water and placing the solution on a
magnetic stirrer for 30 minutes until the substance
was completely dissolved.

44 ml of sodium hydroxide NaOH with a
concentration of 3.57 M was added dropwise to
bring the pH to 12. Then the precipitate was filtered
and washed using deionized water. The precipitate
was placed in oven and dried for 6 hours at 100 C.
Then it was ground to change the precipitate into
powder. After that, the precipitate was placed on
Porcelain crucible in furn and burned at 450 C for
3 hours.

MnCI2.4HZO +H,0 + 2NaOH - MnO + 6H,0 +
2NaCl

Doping of Manganese oxide with Cadimum oxide
This doping was carried out by the following

procedure:
1. Take 9.75g from MnO mix with 5.5g from CdO
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2. Dissolving the mixture in 100ml of deionized
water.

3. Placing the solution on a magnetic stirrer for
30 minutes with 30C

temperature until the substance was completely
dissolved.

4.40 ml of sodium hydroxide NaOH with a
concentration of 3.57 M

was added dropwise to bring the pH to 9

5. Then the precipitate was filtered and washed
using deionized water.

The precipitate was placed in oven and dried
for 6 at 100 C. Then it was grind to change the
precipitate into powder. After that, the precipitate
was placed on Porcelain crucible in furn and
burned at 450 C for 3 hours.

MnCl,4H,0 + CdCI,H,0 + 4NaOH -> Mn(OH), | +
Cd(OH), + 4NaCl + 5H,0

Calcination

For reducing impurity in prepared nano-
materials, Calcination was done by placing them
on Graphite crucible in furn at 700 C for 3 hours.
After that, XRD, FTIR, and FESEM for CdO, MnO and
the doping of CdO with MnO, then EDs tests were
accomplished for each prepared nano-material
except the doped nano- oxide.

RESULTS AND DISCUSSION
Phase Formation and Structural Analysis

The phase formation and structure analyses
of synthesized nanoparticles before and after
calcination are shown in Fig. 1, Fig. 2 and Fig. 3
along with the standard data for Cd O, Mn O and
Cd Mn__0O nanoparticles respectively where [x= 0,
0.5and 1].

The X-ray diffraction analyses were obtained
from the Al-Khora Lab. In baghdad, Iraq using the
XRD device manufactured in Malvern Panalytical,
Company Head-quarters, Netherlands.

All the distinctive peaks of CdO were observed
at 33.05°, 38.35°, 55.36°, 66.01°, 69.35° and 82.13°
which were indexed to can be easily indexed to
(111), (020), (022), (131), (222) and (040), crystal
planes respectively before and after calcination;
which are comparable with the standard values and
suggested by literature [11]. While for MnO, all the
distinctive peaks were observed at 23.10°, 32.91°,
38.19°, 45.11°, 49.28°, 55.12° and 65.68°,which
were indexed to can be easily indexed to (121),
(222), (040), (233), (134), (404) and (226) crystal
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planes respectively before and after calcination; and 65.18°, which were indexed to can be easily
which are comparable with the standard values indexed to (111), (310), (-311), (220), (112), (421)
and suggested by literature [12]. All the distinctive and (-223) crystal planes respectively before and
peaks for doping of MnO with CdO were observed after calcination; which are comparable with the
at 28.14°, 30.47°, 30.99°, 35.55°, 45.55°, 56.33 standard values and suggested by literature [13].
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Fig. 2. XRD patterns of CdO before and after calcination.
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Fig. 3. XRD patterns of MnO before and after calcination.
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The XRD patterns for the nano CdO, MnO and
the doping of MnO with CdO revealed sharp
diffraction peaks, confirming the formation of
single-phase cubic structures for each oxide as
shown in Fig. 2, Fig. 3 and Fig. 4 respectively before
calcination. Calcination at 700 °C significantly
reduced any residual hydroxide phases and
improved crystallinity, as evidenced by the
enhanced peak intensities [14]. Calcination lead to
decreasing of the impurities and give good purity
in the nano oxides [15] and that appeared in Fig.
2, Fig. 3 and Fig. 4 alternatively after calcination
(shown by smoothing XRD curves).

Using Debye-Scherrer’s equation [16] an
average crystallite sizes (D) were calculated and
described in the Table 1, D was ranged from 8.56

nm to 70.7 nm depending on the specific metal
oxide. Lattice constants (a) of the corresponding
nano materials were also obtained [17]. and
summarized in Table 1.

TheresultsinTable 1showsincreaseincrystallize
size of MnO with and without doping with CdO,
while CdO show little decrease after calcination.
Inversely to crystallize size, lattice constant show
decreasing of MnO with and without doping with
CdO, while CdO show increase after calcination.
This result has no acceptance with (Hassan A.,
et,al.). revealed if the annealing temperature
increases, the crystallite size increases gradually
for CdO sample calcined at 700 °C, and the
crystallite size direct has proportional with lattice
constant [15].
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Fig. 4. XRD patterns of (Mn Cd, O) before and after calcination.

Table 1. Crystallite size and other Structure parameters of the
before and after calcination.

Cd,0, Mn 0 and (Mn Cd, O) nanopowders (where x =0, 0.5, and 1)

No. Samples 26° (deg) FWHM (deg) d (A°) D (nm) a (A°)
1 CdO (before) 33.1097 0.1396 2.70344 61.96 4.6824
2 CdO (after) 32.976 0.1481 2.71409 58.47 4.7009
3 MnO (before) 32.7824 0.2593 2.72968 30.4 9.4558
4 MnO (after) 32.9078 0.1621 2.71956 62.2 9.4208
5 MnO+CdO (before) 30.8522 1.0058 2.8959 8.56 9.6046
6 MnO+CdO (after) 35.709 0.1519 2.5123 70.7 8.3323
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FTIR Spectroscopy

FTIR spectra for Cd O, Mn O and Mn Cd, O
nanopowders (where x = 0, 0.5, and 1) were
recorded by Infrared Spectroscopy (Manufacturing
by Shimadzu, Japan).

Before calcination there was strong absorptions

in (400-600) cm™ (Fig. 5) attributed to Cd-O
stretching vibrations and its typical for CdO nano-
particles, low transmittance reflects the presence
of surface-bound species and incomplete
crystallinity. [18]. The absorptions in (500—
650) cm™ (Fig. 6) Mn—0O stretching vibrations,
confirming formation of MnO [19]. Broad peaks
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Fig. 5. FTIR spectrum for CdO before and after calcination.
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Fig. 6. FTIR spectrum for MnO before and after calcination.

416

J Nanostruct 16(1): 411-420, Winter 2026
[@)er |



S. Yaseen, and W. Sami / Synthesis of Some Metal oxide Using Co-Precipitation Method

showed in the (500-700) cm™ range (Fig. 7) refer
to overlap Cd—O and Mn-O stretching vibrations
[20].

Also, before calcination showed characteristic
metal-oxygen  stretching  vibrations  were
attributed to the stretching and bending modes of
adsorbed water molecules shown in Fig. 5, Fig. 6
and Fig. 7 respectively.

After calcination, the reduction in these water-
related peaks indicated successful removal of
residual hydroxides and moisture [16], that seen

clearly in Fig. 5, Fig. 6 and Fig. 7 alternatively.

Morphological analysis

The surface morphology for Cd O, Mn O and
Mn Cd, O nano powders (where x = 0, 0.5, and
1) were examined by direct observation using FE-
SEM device kind [The Inspect F50 is manufactured
by FEI, Thermo Fisher Scientific Inc.,Netherlands].
The FE-SEM images of all samples are depicted in
Fig. 8, Fig. 9 and Fig. 10.

The FE-SEM images show the formation of CdO,

150 — after
—— before
2
5
‘% 100
0
I
/2]
C
©
|_
W’\/—_
50
T T T T T T
1000 2000 3000 4000

Wave length (cm-1)

Fig. 7. FTIR spectrum for Mn Cd, O before and after calcination.
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MnO, and (Mn Cd, O) nanopowders (where x =
0, 0.5, and 1) possessed near-spherical or slightly
agglomerated morphologies. The agglomeration
ensues in nanoparticles owing to its magnetic
nature and the binding of primary particles seized
together by frail surface interaction such as Vander
Waals force [21].

Also the voids and apertures in the images
may be ascribed to the discharge of enormous
volume of gas created by the decomposition
throughout the combustion. Similar observed
were seen in other ferrites [22]. The particle size

500 nm

0-FEI Company

mag det ] +
30.00 kV 120 000 x ETD 2 2 mm inspect f 50-F

Fig. 10. FESEM for Mn Cd, O before and after calcination.

418

distribution was relatively uniform, consistent
with the XRD-based crystallite size estimates
before calcination. The calcination process lead to
increase agglomeration; that have no acceptance
with another researcher that found the calcination
helped to control particle growth and minimize
agglomeration [17].

There was an elevation in the average particle
size of samples that shown clearly in the FESEM
test after calcination. The removal of residual
organics and structural reorganization during
calcination further contributes to agglomeration

500 nm
inspect f 50-FEI Company

— 500 nm -
inspect f 50-FEI Company
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Fig. 11. EDs for CdO after calcination.
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Fig. 12. EDs for MnO after calcination.

and particle enlargement. Similar findings were
reported for CdO and MnO systems, where higher
calcination temperatures resulted in increased
crystallite and particle sizes [23,24].

Energy dipersive X-ray spectroscopy (EDS)

EDS test is an analytical technique that enables
the chemical characterization elemental analysis
of materials [25,26]. The purity of nano oxides
(Cd,O and Mn O) after calcination (where x =0,
0.5, and 1) were accomplished by EDs test that
show the peaks and percent of the elements Fig.
11 and Fig. 12.

CONCLUSION
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CdO and MnO NPs provide a wide range of
possible uses due to their unique properties.
Detailed structural and morphological
investigations using XRD revealed the change in
the lattice constants and particle sizes of the CdO
and MnO. Crystalline size and lattice constant have
inverse relationship before and after calcination
where increasing in crystallize size lead to decrease
in the lattice constant and vice versa. Also,
calcination affects lead to improve crystallinity and
decreasing of the impurities and give good purity
in the nano oxides, increase particle size and
altering morphology, reduction in these water-
related peaks that indicated successful removal
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of residual hydroxides and moisture. This leads to
enhanced transmission and sharper metal-oxygen
bands in FTIR, and finally increase agglomeration.
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