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Abstract

In this work, an attempt to prepare cadmium borate nanostructures is presented. These nanostructures were
prepared by reactive magnetron co-sputtering technique. The cadmium and boron targets were mounted in a
geometrical configuration allowing to produce a stoichiometric compound. 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.

Keywords: Cadmium borate; Nanostructures; Magnetron sputtering; Reactive sputtering
Received: 15 April 2024; Revised: 10 May 2024r; Accepted: 17 May 2024; Published: 1 July 2024

1. Introduction

Many industrial applications are employing
metal borate compounds due to their mechanical,
chemical and thermal properties [1]. Metal
borates nanostructures have added new and
unique features allowing for new uses and
applications such as magnetoelectronics, tunable
and optical fiber communication systems [2-5].
Ohmic photoconductivity is one of most
important features exhibited by metal borates
nanostructures [1]. Among all metal borates,
cadmium borate has attracted intensive research
interest due to its different chemical
compositions, structures and stoichiometry those
result in a variety of physical and chemical
properties [6-9]. For example, due to excellent
luminescence properties, cadmium borate was
used as a coating for fluorescent tubes [10,11]. It
was used in the fabrication of localized hopping
conductors (LHCs) due to the dependencies on
frequency and temperature [12]. Also, cadmium
borate nanoparticles were effectively used as
additives in tribology [13-15].

The active sites of cadmium borate structure
may produce different reactive species as a result
of the structural composition [16]. As
nanoparticles, the production of reactive species
is dependent on the physicochemical properties
of cadmium borate, mainly the dominant crystal
phase, average nanoparticle size, mean and
average surface roughness, agglomeration and
stability [17-19].

In this work, highly-pure stoichiometric
cadmium borate nanostructures were prepared
by reactive magnetron co-sputtering technique
and their structural properties were investigated.
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2. Experimental Part

A dc sputtering system was used to prepare
cadmium borate thin films on glass substrates.
Two highly-pure targets of cadmium and boron
were mounted on the cathode — as shown in Fig.
(1) — to perform the co-sputtering process. The
dimensions of targets were mainly determined
by an empirical model that takes into account
several parameters of the target materials, such
as sputter yield, surface binding energy, atomic
mass, and material density, in addition to the
configuration of the magnetrons maintained on
the cathode. This configuration can ensure the
stoichiometric reaction of boron and cadmium
with oxygen atoms available in the discharge
volume. The discharge power was ranging in 35-
40W. Consequently, the evaporation of target
materials is not expected as the temperature was
not raised to the melting points of them (594.1
°C for Cd and 2349 °C for B).

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. Several mixing
ratios were used (1:1, 2:1, 3:1, 4:1, 1:2, 1:3, 1:4),
but the results of only two mixtures (1:1 and 4:1)
were presented herein. The total gas pressure
was 0.1 mbar. The cathode was cooled down to
4 °C in order to prevent thermal heating of the
target — and hence the uncontrolled evaporation
— as well as to minimize the thermoionic
emission, while the anode was left to heat up to
about 150°C in order to induce the reaction
producing the required compound (cadmium
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borate). More details on the preparation
conditions can be found elsewhere [20-23].
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Fig. (1) Configuration of the B and Cd targets and magnetron
on the cathode

The nanopowders were extracted from thin
film samples by conjunctional freezing-assisted
ultrasonic extraction method. In this method, the
thin film sample deposited on glass substrates
was cooled down to -20° inside an evacuated
chamber and then left to restore its initial
temperature  gradually.  Accordingly, the
adhesion between the thin film and the substrate
is reduced and the film material can be extracted
by applying ultrasonic waves at frequencies
ranging in 3-50 MHz. One of the advantages of
this method is the extraction of nanopowder
from nanostructured thin film samples with no
increase in the nanoparticle size. Another
advantage is no other material than of the thin
film is extracted (e.g., from the substrate)
[24,25].

3. Results and Discussion

Figure (2) shows the FTIR spectrum of the
cadmium borate sample prepared using Ar:O;
mixing ratio of 4:1. Three bands are observed
around680, 1000 and 1400 cm, which ascribed
to the vibrations of B-O-B, BO4 and BO3 bonds,
respectively [26-28]. A wide band was observed
in the range 2400-2800 cm™, which is ascribed
to the vibration of O-H bond in water molecules.
This may be attributed to the possible adsorption
of water by the prepared sample. In the samples
prepared using gas mixtures other than 4:1,
poisoning of the targets is very possible due to
higher amount of oxygen in the gas mixture.
Some vibrational bands ascribed to the Cd-O and
B-O bonds were observed in the FTIR of the
deposited films as a result of formation of CdO
and B>0O; compounds.
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Fig. (2) FTIR spectra of the samples prepared in this work
using Ar:O, mixing ratio of 4:1 and deposition time of 30 s

Figure (3) shows the simulated XRD pattern
of the cadmium borate samples prepared in this
work. Figure (3a) shows the XRD pattern of the
sample prepared using gas mixture of 1:1 and
deposition time of 60 s. All peaks belonging to
the polycrystalline structure of cadmium borate
are observed while no peaks belonging to other
compounds are seen in this pattern [29]. This is
an initial indication of 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 4:1 and after 30 s of deposition,
three small peaks were suppressed as shown in
Fig. (3b). This result can be attributed to
decreasing the amount of oxygen in the reaction
volume as well as the time required for growth
of more crystal planes.
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Fig. (3) Simulated XRD patterns of the cadmium borate
samples prepared in this work using Ar:O, mixing ratio of 1:1
and deposition time of 60 s (upper) and 4:1 and 30 s (lower)
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In order to confirm the formation of
nanostructures, figure (4a) shows the SEM
image of the most-pure cadmium borate sample
prepared in this work using gas mixture of 4:1
and deposition time of 60 s. 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 s. The stoichiometry 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.

SEM HV: 10.00kV | Date(m/dly): 09/02/16 | 500 nm

Fig. (4) SEM and EDS results of the cadmium borate sample
prepared using gas mixture of 4:1 and deposition time of 30 s

An elemental analysis of the prepared
samples was performed with the GC-MS system.
The gas chromatography (GC) spectrum and
mass spectrometry (MS) retention time plot are
shown in Fig. (5).

On the GC spectrum shown in Fig. (5a), a
sharp and intense peak is observed at retention
time of 19.525 ms in addition to three lower
peaks at 22.536, 12.462 and 15.888 ms. The
elemental composition of the highest peak is
shown in Fig. (5b). It is clear that the prepared
samples does not include any other components
than cadmium, boron and oxygen in their
elemental form in addition to the cadmium
borate as a final product.
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Fig. (5) GC spectrum (a) and MS analysis (b) of the sample
prepared using gas mixture of 4:1 and deposition time of 30 s

4. Conclusions

In concluding remarks, a new geometrical
configuration was used for co-sputtering to
prepare cadmium borate depending on the
surface binding energies as well as dimensions
of cadmium and boron targets with respect to
each other. The prepared nanostructures were
highly pure. 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.

References
[1] R. Ezhil Pavai and P. Shalini Priya Dharsini,
“Effect of NaoO on Structural and Thermal Properties
of Cadmium Borate Glasses”, IOSR J. Appl. Phys.,
9(3) (2017) 67-70.
[2] G.A. Prinz, “Magnetoelectrnics”, Science,
282(5394) (1998) 1660-1663.
[3] P. Becker, “Borate materials in nonlinear optics”,
Adv. Mater., 10 (1998) 979-991.
[4] G. Schmidt, D. Ferrand, L.W. Molenkamp, A.T.
Filip and B.J.V. Wees, “Fundamental obstacle for
electrical spin injection from a ferromagnetic metal
into a diffusive semiconductor”, Phys. Rev. B, 62(8)
(2002) R4790-R4793.
[5] W.D. Fragoso, C. de Mello Donega and R.L.
Longo, "A structural model of La,O3—Nb,0Os—B,03
glasses based upon infrared and luminescence
spectroscopy and quantum chemical calculations”, J.
Non-Cryst. Solids, 351 (2005) 3121-3126.
[6] S. Sindhu, S. Sanghi, S. Rani, A. Agarwal and
V.P. Seth, “Modification of structure and electrical
conductivity of cadmium borate glasses in the

Printed in Iraq 9



IRAQI JOURNAL OF APPLIED PHYSICS LETTERS

presence of V205", Mat. Chem. Phys., 107(2) (2008)
236-243.

[7] Y.K. Sharma, R.P. Joshi and P. Goyal, “Optical
band gap and physical properties of Nd** doped
cadmium borate glasses”, Am. J. Phys. Appl., 2(6)
(2014) 162-166.

[8] G. Sohr, N. Ciaghi, K. Wurst and H. Huppertz,
"The high-pressure cadmium borate CdsB22039.H20",
Z. Naturforsch. 70(3) (2015) 183-190.

[9] P.N.V.V.L. Pramila Rani, D. Ramachandran,
R.V.S.S.N. Ravikumar, and C. Rambabu, “Synthesis
and spectral characterizations of chromium doped
cadmium borate nanopowder”, Int. J. Eng. Res.
Appl., 7(11) (2017) 60-67.

[10] O. Annalakshmi, M.T. Jose, B. Venkatraman and
G. Amarendra, “Synthesis and study on the
luminescence properties of cadmium borate
phosphors”, Mater. Res. Bull. 50 (2014) 494-498.
[11] Y.K. Sharma, R.P. Joshi and S.L. Surana, “NIR
Luminescence  from Nd®" and Er®* lons  Doped
Cadmium Borate Glasses for Optical Amplification”,
AIP Conf. Proc., 1393(1) (2011) 381.

[12] R.K. Gupta, A.A. Al-Ghamdi, O.A. Al-Hartomy,
F. Al-Hazmi, F. El-Tantawy and F. Yakuphanoglu,
“Synthesis and characterization of nanostructured
aluminum borate by sol-gel method”, J. Sol-Gel Sci.
Technol. 64 (2012) 100-103.

[13] G. Zhao, Q. Zhao, W. Li, X. Wang and W. Liu.,
“Tribological properties of nano-calcium borate as
lithium grease additive”, Lubric. Sci., 26 (2014) 43-
53.

[14] Z.-W. Jiao, D.-Z. Shen, R.-J. Wang, G.-Q. Shen
and X.-Q. Wang, " Crystal structure of calcium
cadmium borate, CasCd1.4(B20s)4", Z. Kristallogr.
NCS 225 (2010) 623-624.

[15] Y. Huazhao and M. Li, “Tricadmiumbis(borate),
Cds(B0s)2”, Acta Crystallograp. E, 63(2) (2007) i50-
i52.

[16] L.K. Limbach, P. Wick, P. Manser, R.N. Grass,
A. Bruinink and W.J. Stark, “Exposure of Engineered
Nanoparticles to Human Lung Epithelial Cells:
Influence of Chemical Composition and Catalytic
Activity on Oxidative Stress”, Environ. Sci. Technol.,
41(11) (2007) 4158-4163.

[17] C.B. Almquist and P. Biswas, “Role of synthesis
method and particle size of nanostructured TiO; on its
photoactivity”, J. Catal., 212 (2002) 145-156.

[18] J. Jiang, G. Oberdorster, A. Elder, R. Gelein, P.
Mercer and P. Biswas, “Does nanoparticle activity
depend upon size and crystal phase?”,
Nanotoxicology 2 (2008) 33-42.

[19] X. Jin, M. Li, J. Wang, C. Marambio-jones, F.
Peng, X. Huang, R. Damoiseaux and E.M.V. Hoek,

Vol. (7) No. (3) July-September 2024, pp. 7-10

“High-Throughput Screening of Silver Nanoparticle
Stability and Bacterial Inactivation in Aquatic Media:
Influence of Specific Ions”, Environ. Sci. Technol.,
44(19) (2010) 7321-7328.

[20] O.A. Hammadi, M.K. Khalaf and F.J. Kadhim,
“Fabrication of UV Photodetector from Nickel Oxide
Nanoparticles Deposited on Silicon Substrate by
Closed-Field Unbalanced Dual Magnetron Sputtering
Techniques”, Opt. Quantum Electron., 47(12) (2015)
3805-3813.

[21] E.A. Al-Oubidy and F.J. Al-Maliki, “Effect of
Gas Mixing Ratio on Energy Band Gap of Mixed-
Phase Titanium Dioxide Nanostructures Prepared by
Reactive Magnetron Sputtering Technique”, Iraqi J.
Appl. Phys., 14(4) (2018) 19-23.

[22] F.J. Al-Maliki, O.A. Hammadi and E.A. Al-
Oubidy, “Optimization of Rutile/Anatase Ratio in
Titanium Dioxide Nanostructures prepared by DC
Magnetron Sputtering Technique”, Iraqi J. Sci., 60
(Special Issue) (2019) 91-98.

[23] F.J. Al-Maliki and E.A. Al-Oubidy, “Effect of
gas mixing ratio on structural characteristics of
titanium dioxide nanostructures synthesized by DC
reactive magnetron sputtering”, Physica B: Cond.
Matter, 555 (2019) 18-20.

[24] O.A. Hammadi, “Production of Nanopowders
from Physical Vapor Deposited Films on Nonmetallic
Substrates by Conjunctional Freezing-Assisted
Ultrasonic Extraction Method”, Proc. IMechE, Part
N, J. Nanomater. Nanoeng. Nanosys., 232(4) (2018)
135-140.

[25] O.A. Hammadi, “Effects of Extraction
Parameters on Particle Size of Titanium Dioxide
Nanopowders  Prepared by Physical Vapor
Deposition Technique”, Plasmonics, 15 (2020) doi:
10.1007/s11468-020-01205-8

[26] Standard X-Ray Diffraction Powder Patterns,
Section 10, National Bureau of Standards,
Monograph 25 (1972) p. 24.

[27] N.N. Greenwood and E.J.F. Ross, “Index of
Vibrational Spectra of Inorganic and Organometallic
Compounds”, vol. I, Butterworth Group (London,
1960), p. 326, 328.

[28] N.N. Greenwood and E.J.F. Ross, “Index of
Vibrational Spectra of Inorganic and Organometallic
Compounds”, vol. II, Butterworth Group (London,
1963), p. 457.

[29] N.N. Greenwood and E.J.F. Ross, “Index of
Vibrational Spectra of Inorganic and Organometallic
Compounds”, vol. III, Butterworth Group (London,
1966), p. 800, 1078.

ISSN 1999-656X (print) 2958-6488 (online)

© All Copyrights are reserved

Printed in Iraq 10


https://doi.org/10.1007/s11468-020-01205-8

