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Abstract

In this work, an attempt to prepare cadmium manganite (CdMn,O4) nanostructures is presented. These
nanostructures were prepared by reactive magnetron co-sputtering technique. The cadmium and manganese
targets were mounted in a geometrical configuration allowing to achieve the stoichiometry of the prepared
compound. The effect of Ar:O, mixing ratio on the structural characteristics of the prepared nanostructures
was introduced. The growth of crystal planes in the prepared samples could be reasonably controlled by tuning
the operation parameters and preparation conditions. The structural characterization showed that the prepared
nanostructures were highly pure.
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1. Introduction

Cadmium manganite (CdMnO3) nanostructures have garnered significant attention in recent years
due to their unique structural, electronic, and magnetic properties, which make them promising
candidates for applications in spintronics, catalysis, and energy storage devices [1-3]. The DC reactive
magnetron co-sputtering technique is a versatile and efficient method for synthesizing high-quality
CdMnO; nanostructures with controlled composition and morphology. This technique involves the
simultaneous sputtering of cadmium (Cd) and manganese (Mn) targets in a reactive oxygen (O)
environment, enabling the formation of cadmium manganite thin films or nanostructures with precise
stoichiometry and structural uniformity [4-6].

One of the key structural characteristics of CdMnO; nanostructures prepared by this method is their
crystallinity [7]. The perovskite-like structure is a common feature of manganite compounds. The
perovskite structure of CdMnQO; is characterized by a cubic or orthorhombic unit cell, depending on the
synthesis conditions and post-deposition treatments [8,9]. The crystallite size usually ranges from a few
nanometers to tens of nanometers, indicating the formation of nanocrystalline domains [10,11]. The high
crystallinity of these nanostructures is crucial for their functional properties, as defects and grain
boundaries can significantly impact their electronic and magnetic behavior [12,13].

The surface morphology of CdMnO; nanostructures often exhibits a dense and homogeneous
distribution of nanoparticles or nanograins [14,15]. The co-sputtering technique allows for fine-tuning of
the surface roughness and grain size by adjusting parameters such as sputtering power, oxygen partial
pressure, and substrate temperature. For instance, higher substrate temperatures generally promote
larger grain sizes and improved crystallinity, while lower temperatures may result in finer nanostructures
with higher surface area, which is beneficial for catalytic applications [16-19].

The microscopic studies provide further insights into the microstructure of CdMnO3 nanostructures.
The well-defined lattice fringes often confirm the high crystallinity and single-phase nature of the material
[20]. Selected-area electron diffraction (SAED) patterns typically exhibit sharp rings or spots,
corresponding to the perovskite structure of CdMnO; [21]. Additionally, the stoichiometric composition
of the nanostructures can be verified to ensure the desired Cd:Mn:O ratio is achieved [22].

Another important structural characteristic is the presence of defects, such as oxygen vacancies or
cation disordering, which can significantly influence the material's properties. For example, oxygen
vacancies are known to enhance the electrical conductivity and catalytic activity of manganites. The
density of such defects can be controlled by varying the oxygen flow rate during the co-sputtering
process or through post-deposition annealing in different atmospheres [23-25].

Recently, the research interests in cadmium manganite (CdMn204) have increased due to the
effectiveness of this material in the fabrication of supercapacitors and Li-ion batteries [26]. As well, this
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material was successfully used as an electrode material in electrochemical sensors of NOx gases [27].
The CdMn204 nanostructures such as nanoparticles and nanofibers exhibit much better properties in
such applications because of the drastic increase in surface-to-volume ratio [28]. Spinel cadmium
manganite is described as a multifunctional material as the quantity and chemical identity of the Cd?*
ions can be tuned to obtain a wide range of properties [29]. The replacement of Mn2* ions on the
tetrahedral sites by Cd?* ions mostly cause a large tetragonal distortion as a result of the Jahen-Teller
effect [30]. The bulk CdMn204 is prepared by the solid state reaction method as the CdO and Mn2Os3
powders are mixed and sintered at high temperatures (~900 °C) [31], while the CdMn204 nanostructures
are mainly synthesized by electrospinning technique [32]. In both cases, the synthesized structures
include compounds other than CdMn20a.

The CdMnO; nanostructures prepared by DC reactive magnetron co-sputtering exhibit excellent
crystallinity, controlled morphology, and tunable defect density, making them highly suitable for a wide
range of applications. The ability to precisely control the structural characteristics of these materials
through synthesis parameters underscores the versatility and potential of this fabrication technique.

In this work, highly-pure CdMn204 nanostructures were synthesized by reactive magnetron co-
sputtering technique and the effect of mixing ratio on their structural properties was introduced.

2. Experimental Part

A dc sputtering system was used to prepare CdMn204 thin films on glass substrates. Two highly-
pure targets of Cd and Mn were mounted on the cathode — as shown in Fig. (1) — to perform the co-
sputtering process. The dimensions of targets were determined in light of the surface binding energies
of both materials (2.92 eV for Mn and 1.16 eV for Cd) and the stoichiometry of the required compound.
The diameters of Mn and Cd targets were 80 and 15mm, respectively. This configuration can ensure
the stoichiometric reaction of Mn and Cd with oxygen atoms available in the discharge volume. A
magnetron of 450G flux density was attached to the backside of the Mn target at the cathode to confine
the ions near the target surface and hence increase the collisional ionization.
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Fig. (1) Configuration of the Mn and Cd targets and magnetron on the cathode

The mixing ratio of argon and oxygen in the gas mixture can be precisely controlled by premixing
these gases in a mixer before pumped into the discharge chamber. The total gas pressure reached 0.1
mbar. The cathode was cooled down to 4 °C in order to prevent the ion-induced secondary electron
emission, while the anode was left to heat up to about 150 °C in order to induce the reaction between
CdO and Mn20s3 particles and form the required compound (CdMn204).More details of the preparation
conditions can be found elsewhere [33-36]. The nanopowders were extracted from thin film samples by
conjunctional freezing-assisted ultrasonic extraction method [37-39].
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The structural characteristics of the prepared thin films were determined by x-ray diffraction (XRD),
scanning electron microscopy (SEM), energy-dispersive x-ray spectroscopy (EDS) and the Fourier-
transform infrared (FTIR) spectroscopy.

3. Results and Discussion

Figure (2) shows the simulated XRD pattern of the CdMn204 samples prepared in this work. Figure
(2a) shows the XRD pattern of the sample prepared using gas mixture of 1:1 and deposition time of one
hour. All peaks belonging to the polycrystalline structure of CdMn204 are observed while no other peaks
belonging to both CdO and Mn20s are seen in this pattern [40]. This initially highlights the structural
purity of the prepared samples. Further tuning of the operation parameters and preparation conditions
may lead to suppress some peaks and allow fewer number of crystal planes to grow. Using gas mixture
of 2:1 and after 30 min of deposition, about half the number of peaks were suppressed as shown in Fig.
(2b) and marked with the asterisk in table (1) as the amount of oxygen in the reaction volume was
decreased as well as the time required for growth of more crystal planes. Table (1) shows the structural
parameters of the prepared samples.
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Fig. (2) Simulated XRD patterns of the CdMn,0, samples prepared in this work using Ar:O, mixing ratio of 1:1 and
deposition time of 60 min (upper) and 2:1 and 30 min (lower)

Figure (3) shows the FTIR spectrum of the CdMn204 samples prepared at different conditions in this
work. As shown in Fig. (3a), three bands are observed at 451, 650 and 1304 cm-, which ascribed to the
stretching vibrations of metal-oxygen (Mn-O, Cd-O and O-M-O) bonds [41-43]. No other bands are
observed and this confirms the structural purity of the prepared samples. The two featured bands of
metal-oxygen bond were seen in the sample prepared using gas mixture of 2:1 and deposition time of
30 min, while the band ascribed to the stretching vibration of O-M-O disappeared. Instead, a band
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around 1590 cm-1, which is ascribed to the vibration of O-H bond in water molecules, was seen. This
may be attributed to the possible adsorption of water by the prepared sample.

Table (1) Structural parameters of the prepared samples determined from XRD results

20 (deg.) | FWHM (deg.) | duu (R) | Crystallite size (nm) | (hkl)
28.147 0.303 3.519 27.02 (112)
30.951 0.562 3.525 14.66 (200)
31.026 0.519 2.375 15.88 (103)
35.852 0.692 3.525 12.06 (211)
48.357 0.173 3.518 50.32 (204)*
49.014 0.433 3.520 20.16 (105)*
53.167 0.649 3.502 13.68 (312)*
55.069 0.369 3.525 24.27 (303)*
58.297 0.512 3.757 17.76 (321)*
58.792 0.593 2.510 15.37 (224)
64.28 0.673 3.522 13.94 (400)*
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Fig. (3) FTIR spectra of the CdMn,0, samples prepared in this work using Ar:O, mixing ratio of 1:1 and deposition time
of 60 min (upper) and 2:1 and 30 min (lower)

In order to confirm the formation of nanostructures, figure (4a) shows the SEM image of the most-
pure CdMn204 sample prepared in this work using gas mixture of 1:1 and deposition time of one hour.
The minimum particle size is 20 nm, however, larger sizes are dominantly observed. The minimum
particle size was not decreased further as the deposition time was reduced to 30 min. The stoichiometry
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of the prepared compound can be approved by the EDS result shown in Fig. (4b). No traces for other
elements were found, which reflects the high structural purity of the prepared samples.
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Fig. (4) SEM images of the CdMn,0, sample prepared using (a) gas mixture of 1:1 and deposition time of 60 min, (b) 2:1
and 30 min, and (c) EDX spectrum for sample prepared using gas mixture of 1:1 and deposition time of 60 min

4. Conclusion

In concluding remarks, an attempt to prepare CdMn204 nanostructures by reactive magnetron co-
sputtering technique. A new geometrical configuration was used for co-sputtering process depending
on the dimensions of Cd and Mn targets with respect to each other. The mixing ratio of argon and oxygen
was found very effective on the structural characteristics of the prepared nanostructures, those were
highly pure as no elements other than cadmium, manganese and oxygen were found in the final sample.
The growth of crystal planes in the prepared samples can be controlled by tuning the operation
parameters and preparation conditions, especially gas mixing ratio and deposition time.
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