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Abstract: CdO nanoparticle and chromium—Zinc codoped CdO nanoparticles were synthesized
by Hydrothermal method with a calcination temperature of 400°C and various analytical
techniques were employed to examine their physical, optical and magnetic and electric properties.
The X-ray diffraction (XRD) pattern of CdO NPs indicate the cubical structure, with a prominent
peak is observed at (111) plane. The Debye-Scherer method has been used to calculate average
crystallite size and strain. The lowest crystallite size 27.86 nm was found for Cr doping. UV—
visible spectroscopy (300-900 nm) was prepared CdO NPs. From the absorbance curve, it was
observed that the absorbance increases gradually up to a certain corresponding wavelength at
around 265 nm, followed by an exponential decrease at higher wavelengths and the highest band
gap was 5.57 eV, which was found for increasing of Cr doping. Fourier transform infrared
spectroscopy (FTIR) verifies the existence of Cd—O and O—C—-O vibrations in the sample. Both
pure and Cr/Zn-doped CdO nanoparticles revealed the ferromagnetic behaviour by vibrating
sample magnetometer (PPMS-VSM) wherein the increasing doping percentage of Cr
(Cdy.00Zng25Cr90750) enhanced the ferromagnetic characteristics. The tangent loss (tand)
displayed a sharp decline followed by a minor increase in the samples with zinc concentration

x=0.1.

Keywords: Hydrothermal method, X-ray diffraction, UV, FTIR, PPMS-VSM, Dielectric loss,
EDX.
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1. Introduction

Cadmium oxide is regarded as a transparent conducting oxide (TCOs). It is an n-type
semiconductor in the transition group II-IV, exhibiting a direct bandgap ranging from 2.2 to 2.7
eV at room temperature [1]. It’s electrical resistivity is minimal, falling from 102 to 10 Q-cm,
and its electrical conductivity is uplifted because to oxygen vacancies and cadmium interstitial.
Moreover, among several metal oxide, CdO nanostructures have a lot of attention due to their
affordability, chemical stability, and non-toxicity [2]. They possess a significant linear refractive
index value, enhenced electrical conductivity, substantial carrier concentration, and upgraded
transparency in the visible portion of the electromagnetic spectrum [1]. Cadmium oxide
nanoparticles have attracted a lot of attention in recent years and are still being considered for use
in a number of possible applications, including gas sensors, optoelectronics, solar cell fabrication,
phototransistors, and photodiode applications.

However, the application of CdO is limited by the decrease in photoactivity by the fast
recombination of photo-induced electron and hole pairs [3]. But, CdO with metal ions may alter
its characteristics including band gap value, its surface and optical characteristics and can increase
its antibacterial effectiveness[4]. Due to its favourable electrical characteristics, ease of doping,
abundance in nature, and strong chemical stability doping these days researchers are paying close
attention to cadmium oxide. By adding metal ions to the CdO host at specific concentrations, the
optical, electrical, magnetical characteristics of the CdO nanoparticles may be adjusted.

To enhance the optical properties of the pure CdO crystal, a number of studies have been
documented on Zn, Ba, and anion doped CdO nanostructures that modify its crystalline structure
[5]. Various transition/rare earth metals, like as indium (In), tin (Sn), aluminium (Al), copper (Cu),
fluorine (F), zinc (Zn), magnesium (Mg), iron (Fe), lanthanum (La), cerium (Ce), gadolinium (Gd),
and many more, can be doped into cadmium oxide to alter its optical and electrical characteristics
[6]. According to the literature review, if the dopant's ionic radii are at least as high as those of
Cd?", the optical characteristics of cadmium oxide can be improved. It has been discovered that
the ionic radii of the transition metal zinc are 0.074 nm and Chromium are 0.061 nm which are
only slightly smaller than those of cadmium, which are 0.095 nm. The electrical and optical
features of cadmium oxide are improved because chromium and zinc's tiny ionic radii allow it to
easily penetrate through the crystal lattice structure [6]. It is therefore possible that Cr doping could

result in certain encouraging physical characteristics of CdO nanostructures. Based on past
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research on doping CdO nanostructures, Cr may improve the electrical conductivity. Furthermore,
it could potentially raise the optical band gap of CdO metal oxides. Based on the theory, doping
with Cr ions, which share the same coordination number as Cd** (CN = 6), and has a ionic radii of
0.0615 nm can similarly enhance the conduction properties [7], [8],[9]. In addition, because (Zn)
zinc's ionic radii are short, they can readily penetrate the crystal lattice arrangements of cadmium
oxide, improving the metal's electrical and optical characteristics. Due to their inability to readily
penetrate the host CdO crystal lattice structure, higher radii ions doping causes in structural defects

to rise and crystallite size to decrease [6].

CdO can be synthesized by various method, Co-precipitation method [10], Hydrothermal
method[11], Sol-Gel method[12], Solvothermal method[13], Green synthesis method[14], Sono-
chemical method[1] etc. However, the majority of current techniques struggle to economically and
environmentally generate CdO nanoparticles on a big scale: Using cadmium metal as the raw
ingredients, the manufacturing processes were hazardous or complex, or even the final goods were
unclean [15]. But a microwave-assisted Hydrothermal process that is effective for the controlled
fabrication of nanostructures. Additionally, it offers more benefits than other methods like melt
mixing, laser ablation, electric arc deposition, and ion implantation, comprising a substantially
greater surface area, controllable particle size, low temperature technique, narrow particle size

distribution, high purity, and cost-effectiveness.

In the current investigation the surface area, pore size, morphology, crystal arrangement, optical,
electrical and surface properties of the produced Cr-Zn Co doped CdO NPs using Hydrothermal
approach were characterized using different analysis techniques including X-ray diffraction
(XRD) and Fourier Transform Infrared Spectroscopy measurements (FTIR), Ultra- violet ray
Spectroscopy (UV), Dielectric measurements by Impedance Analyzer, EDX assures the existence
of elements, whereas the magnetic properties were tasted using a vibrating sample magnetometer

(VSM) at room temperature.
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2. Materials and methods

2.1 Materials

Chemicals: Commercially available, analytical-grade precursors, high-purity, including
Cd(NO3)2.4H>0, Cr(NO3)3.9H>0, and ZnCl, were used. In addition, solutions of pH 4, pH 7, and

pH 10, ethanol, acetone, and sodium hydroxide (NaOH) were used in the experiments.

2.2 Preparation method of Cdi-x-yZnxCryO

At first in a beaker 2.36 g of Cd(NO3)2.4H20 was added 50 ml of distilled water to make solution
A. In another beaker 0.8 g of NaOH was added to a mixture of 50 ml of distilled water and 50 ml
of ethanol to make solution B. Following that, solution A and solution B were combined dropwise
while being continuously stirred. By the help of magnetic stirrer, the two solutions were mixed
properly. By controlling the heat treatment of magnetic stirrer during the operation, after

approximately one or a half hour a white milky solution was produced.

The resulting mixture was moved to a Teflon beaker and stainless-steel autoclave and eventually
placed in an oven for hydrothermal process at 150°C for 22 h. The obtained precipitate was
collected, washed several times with deionized water, and dried at 100°C for 12 h. Finally, the
product was kept in thermal calcination at 400°C for 6 h to prepare the crystalline Cdi.x-yZnxCryO
nanoparticles. To prepare 4gm Cr/Zn co-doped CdO, the precursor’s solutions having some
percentage of Cr(NO3)3-9H>0 and ZnCl in place of Cd(NO3)2.4H>0 respectively in distilled water.
The synthesized materials consisted of pure CdO (CD-1) and five Zn/Cr co-doped variants with
compositions Cdo.s0Zno.10Cr0.00 (CD-2), Cdo.90Z10.0Ct0.100 (CD-3), Cdo.90Zn0.025Cr0.0750 (CD-4),
Cdo.90Z10.05Cr0.0s0 (CD-5), and Cdo.90Zn0.075C10.02s0 (CD-6), maintaining a constant cadmium

content while changing the zinc-to-chromium ratio.
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Figure 1: Diagrammatic representation of the Cr, Zn co-doped CdO production process.

3. Results and discussion

3.1 X-ray diffraction analysis of Cdi-x-vZnxCryO

(200) peaks

1)

(200)

~ (220)
= (222)
P (400)
(o]
=)
&
L
é

= l i D5 =
4 / : B
& £ —J\
£ z CD-4
g u 4 CD-4 2|
21 E e e cp-3
= h | o W CD3 |
J I l e -_J CD-2
l h A it d__/_/ﬂ CD-1
y v T r ; 37.8 37.9 380 381 382 383 384 385 386 387 388
30 40 ] S?) 60 70 20 ()

Error! Reference source not found.:
Shows the variation in different
parameters as a function of dopant

Figure 1: XRD patterns of
synthesized Cdi-x-yZnxCryO.

The X-ray diffraction method was used to study the desired sample's structure and morphology.
Figure 2 shows the XRD patterns of the synthesized Cdi.x-yZnxCryO. It shows that the diffracted
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peaks located at 20 =33.02°, 38.38°, 55.36°, 65.90° and 69.26° are linked to the plans of the miller
(111), (200), (220), (222), and (400) respectively, which are consistent with (JCPD Card No; 96-
900-6674, cubic symmetry Fm-3 m) [16]. The prepared samples are all cubic in shape and feature
an orientation plane (111). XRD patterns of as-grown CdO and Cr/Zn co-doped CdO NPs show
that Cr/Zn ions are effectively substituted or incorporated into the CdO host lattice when there is
no additional peak caused by impurity or dopant oxide. This also verifies that Zn or Cr ions have
no effect on the lattice structure of cadmium oxide[16],[6]. X-ray diffraction patterns revealed
distinctive peak shifts due to doping. For better understanding, we examined the (200) diffraction
peak in details, as illustrated in 3. The pristine CdO exhibited a characteristic (200) peak at 38.34°.
The position of the (2 0 0) peak in Cr-doped CdO is somewhat higher than in pure CdO as seen in
Figure 3. This change could result from Cr ions occupying the Cd sites [17], [18]. When the sample
was fully doped with Zn, the peak shifted to the left side. However, when the sample was double
doped with Cr-Zn, then there were two peaks at the (hkl) value (200). This phenomenon provides
compelling evidence for successful co-doping of both Zn and Cr into the CdO crystal structure.
Table 1 summarizes the key structural parameters derived from XRD analysis, including lattice
parameters, crystallite size, x-ray density, bulk density, and porosity [19] for all synthesized
samples calculated using equations from the literature [20]. The Debye-Scherer method was used
to determine the average crystallite size of CdO nanoparticles based on their position, incoming
radiation, and Full Wave Half Maximum (FWHM).There is a correlation between average

crystallite grain size and When
D=kA/Bcosh....(1)

where A is proportional to the wavelength of the (CuKa) radiation, k is the particle form factor
(0.94), 0 1s the Braggs diffraction angle, and the full width at half maximum of the pattern peaks
is given in radians (A=1.5405 A) [21].
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Table 1: Several parameters of Cdi-x-yZnxCryO nanoparticles.

Samples Lattice parameters Crystal  x-ray density bulk density, Porosity
a=c size D px pb p
A nm gm/cc gm/cc gm/cc
CD-1 5.1018 31.57 12.84408 0.897 93.01624
CD-2 4.69763 43.05 15.85009 0.7231 95.43788
CD-3 5.02895 2786 12.7752 1.066 91.65571
CD-4 4.69486 59.24 15.74528 0.976 93.80132
CD-5 4.6921 52.64 15.81753 0.939 94.06355
CD-6 4.69763 36.43 15.80589 0.8641 94.53305

The corresponding raw XRD data are provided as Supplementary Data S1

3.2 Fourier-transform infrared spectroscopy (FTIR) analysis of Cdi-x-yZnxCryO
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Figure 4: FTIR spectra of the synthesized Cd;-x.yZnxCryO.
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Fourier Transform Infrared (FTIR) Spectroscopy study of pure CdO and Cdi-x-yZnxCryO
nanoparticles was performed to study the compositional characteristics of Cdi-x-yZnxCryO in the
frequency range of 400—-4000 cm™! are shown in Figure 4. The pure CdO sample (CD-1) exhibits
characteristic absorption bands at 431 cm™', 2440 cm™, and 3547 cm™. Here, observed vibrational
bands for (431 cm™!) are characteristic of Cd-O stretching vibrations, [22] C-H bending,[23] and
hydroxyl (-OH) stretching modes[24] respectively. After Zn doping (CD-2), the characteristic
band at 431 cm™! corresponding to the Cd-O stretching vibration, a new band at 795 cm™ was
observed that can be assigned to Zn-O stretching vibrations [25], [26]. Similarly, the Cr-doped
sample (CD-3) exhibits a distinctive band at 561 cm™ attributed to Cr-O vibrations [27], along
with bands at 863 cm™ (C-H) and 3563 cm™ (-OH). CD-4 displays bands at 431 cm™ (Cd-0O), 600
cm™! (Cr-0), 863 cm™! (Zn-0), and 3520 cm™ (-OH). CD-5 shows bands at 431 cm™ (Cd-O), 651
cm™! (Cr-O), 874 cm™ (Zn-0), and 3563 cm™' (-OH). CD-6 exhibits bands at 431 cm™ (Cd-O),
595 cm™ (Cr-0), 853 cm™ (Zn-0), and hydroxyl bands at 3368 cm™ and 3768 cm™'. The metal-
oxygen stretching of CdO is responsible for the distinctive bands in the 400—700 cm ™ range [22].
Table 2: The functional group of Cr-Zn co-doped CdO

Wavenumber Functional Groups and Vibrational
cm’! Modes
CD-1 CD-2 CD-3 CD-4 CD-5 CD-6
~431 (Cd-O) (Cd-O) (Cd-0) (Cd-0) (Cd-O)  (Cd-0)
stretching stretching  stretching  stretching stretching stretching
500-650 e e (Cr-0) (Cr-0) (Cr-O) (Cr-0)
bending bending bending  bending
700-890 e (Zn-0O) (Zn-0O) (Zn-0) (Zn-0)  (Zn-0)
bending bending bending bending bending
2000-3000 (C-H) (C-H) (C-H) (C-H) (C-H) (C-H)
3000-4000 (-OH) (-OH) (-OH) (-OH) (-OH) (-OH)

The corresponding raw XRD data are provided as Supplementary Data S2
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3.3 UV-Vis spectral analysis
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Figure 5: UV—Vis absorption spectra of the synthesized Cd 1-x.y Znx Cr y O.

The optical properties of generated CdO nanoparticles have been examined using UV-Vis
spectroscopy. The UV—Vis absorption spectra of pure CdO and Zn/Cr co-doped CdO are shown
in Figure 5. From the spectra, the absorption peaks were observed at 264.93 nm, 264.98 nm, 265.08
nm, 265.05 nm, 265.08 nm, and 265.98 nm for CD-1, CD-2, CD-3, CD-4, CD-5, and CD-6
respectively. This suggests that as Zn concentration rises, the band gap energy decreases. The
observed absorption peaks positions show good agreement with previously reported values in the
literature [28], confirming the expected optical behaviour of the synthesized materials. From the
absorbance curve, it is observed that the absorbance increases gradually up to a certain
corresponding wavelength at around 265 nm, followed by an exponential decrease at higher
wavelengths. These properties ensure us the absorbance of CdO nanostructured particles, which
show some wonderful optical properties. The Tauc relation can be used to determine the optical
band gap (Eg) by utilizing the relationship between the optical absorption coefficient (o)) and the
incident photon energy (hv).
(ahv)? = A (hv- Eg)

Where, A is a constant and n is the exponential coefficient dependent on the nature of the transition.
Figure 6 shows the Tauc’s plot (plot of (ahv)? vs. hv) for pure CdO and Zn/Cr co-doped CdO. The

Tauc's plot was used to calculate the samples' optical bandgap value by extending the linear part
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of the curves to the energy axis [29]. The obtained bandgap values were around 5.58 eV, 5.36 eV,
5.57eV,5.42 eV, and 5.50 eV for sample CD-1, CD-2, CD-3, CD-4, CD-5, and CD-6 respectively.
The band gap measurement of the samples indicates that when the doping percentage of Zn
increases the band gap decreases. Strong quantum confinements and an increase in their surface
area to volume ratio are the causes of the band gap decrease [30],[31], while increasing Cr doping

concentration leads to bandgap widening due to Burstein-Moss effect [32].
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Figure 6: Tauc plots of Cd 1.x.-y Zn x Cr y O nanoparticles for the estimation of optical band gap
energy.

Table 3: The Band-gap Energy of Cr-Zn co-doped CdO

Sample name Absorbance Band-gap Energy
(nm) (eV)
CD-1 264.93 5.58
CD-2 264.98 5.36
CD-3 265.08 5.57
CD-4 265.05 5.51
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CD-5 265.08 542

CD-6 265.91 5.50

The corresponding raw XRD data are provided as Supplementary Data S3
3.4 Magnetic Properties (VSM Analysis)
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Figure 7 : M-H hysteresis loop of (a) CdO (b) Cdo.s0Zno.10Cr0.00 (CD-2) (c)
Cdo.90Z10.0Cr10.100 (CD-3), (d) Cdo.90Zn0.025Cr0.07s0 (CD-4) (e)
Cdo.90Z10.05Cr0.050 (CD-5) and (f) Cdo.90Zn0.075Cr0.0250 (CD-6).
Table 4: Saturation magnetization (Ms), remnant magnetization (Mr),

coercivity (Hc) and SQR = (Mr/Ms) of Cd 1-x-y Zn x Cr y O nanoparticles.

Sample  Coercivit Saturation Remanent Anisotropy Squareness
S y Magnetization = Magnetization constant,
He Ms x1073 Mr x1073 Ka= (Ms*Hc)/2 Mr/Ms
(Oe) (emu/gm) (emu/gm)

CD-1 6.6025 195.324 32.433 0.6447 0.1658
CD-2 4.3057 195.322 48.344 0.4206 0.2477
CD-3 7.2083 111.332 8.625 0.4011 0.0768
CD-4 5.5848 200.124 20.338 0.5587 0.1042
CD-5 4.3289 54.756 12.324 0.1185 0.2274
CD-6 1.854 184.623 43.542 0.1711 0.2340

The corresponding raw XRD data are provided as Supplementary Data S4
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Figure 7 depicts the M-H loops of Cd i1-x-y Zn x Cry O NPs. The magnetic parameters such as
saturation magnetization (Ms), remanence magnetization (Mr), and coercivity (Hc) of all samples
determined by the M-H loops for CD-1, CD-2, CD-3, CD-4, CD-5, and CD-6 are listed in Table
3. The undoped sample (CD-1) exhibits hysteresis with coercivity of 6.6025 Oe and retentivity of
32.433 (x10*emu/g) and saturation magnetization of 195.324 (x10-emu/g). This provides proof
of modest ferromagnetism even though bulk CdO exhibits diamagnetic activity at ambient
temperature[33], This can result from the exchange interaction between the oxygen vacancies'
localized spin moments [34]. The spontaneous magnetization Ms of the Cd 1.x.y Znx Cr y O
nanoparticles is 195.324 for (CD-1), 195.322 for (CD-2), 111.332 for (CD-3), 200.124 for (CD-
4), 54.756 for (CD-5), 184.623 (x103emu/g) for (CD-6), respectively. The coercivity Hc is
approximately 6.6025 for (CD-1), 4.3057 for (CD-2), 7.2083 for (CD-3), 5.5848 for (CD-4),
4.3289 for (CD-5), 1.854 for (CD-6) Oe. Higher Cr doping has been discovered to boost the
ferromagnetic ordering in CdO. Because of the antiferromagnetic coupling between adjacent Cd-
Cr and Cr-Cr ions, Cr co-doping reduced the saturation magnetization of the Cr-doped CdO.

The antiferromagnetic ordering of Zn-substituted and Cr-substituted equally nanoparticles is
linked to the exchange interactions between Cd ions and O ions [35]. Higher Zn-ion concentrations
may therefore have produced a localized antiferromagnetic interaction between the ions, hence
decreasing the samples' net magnetization. Additionally, the decrease in magnetization values may
have possibly been caused by Zn?* ions replacing Cd**ions at octahedral locations.[36]

The ratio of remanent magnetization (Mr) to saturation magnetization (Ms) is used to determine
the squareness ratio (SQR), which is a measure of the square of the hysteresis loop of pure and
doped CdO. The obtained SQR values of Cdo.90Zn0.0Cro.100 (CD-3) and Cdo.90Z10.025Cr0.0750 (CD-
4) are 0.0768 and 0.1042 respectively. Its low SQR value and low remanent magnetization make
it suitable for use in data storage applications, particularly in read-only and random access memory
[37]. They has the characteristics needed for recording media, as well as being utilized as cathode
materials in batteries and soft magnetic materials in transformers [38]. For every sample, the
computed squareness ratio SQR=(Mr/Ms) is less than 0.5, indicating the uniaxial magnetic
anisotropy caused by internal strains [39]. And SQR values of Cdo.s0Zno.10Cro.00 (CD-2) is 0.2477,
which is highest.
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3.5 Electric Properties

The materials' electrical characteristics are impacted by the presence of oxygen vacancies and
mixed valence states. Thus, we investigated the prepared samples' dielectric characteristics. Figure
8 displays the room-temperature dielectric patterns of Cd 1-x-y Zn x Cr y O nanoparticles.

3.5.1 Dielectric constant:
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Figure 8 : The room-temperature dielectric patterns of (a) CdO (b) Cdo.90Zno.10Cro.00 (CD-2) (c)
Cdo.90Z10.0Cr0.100 (CD-3), (d) Cdo.90Zn0.025Cr0.0750 (CD-4) (€) Cdo.90Zn0.05Cr0.0s0 (CD-5) and (f)
Cdo.90Z10.075Cr0.0250 (CD-6).

The corresponding raw XRD data are provided as Supplementary Data SS.

The dielectric constant is a complicated physical quantity, with &’ as the real portion and € as the
imaginary part (¢* =¢'+¢”"). When placed in a fluctuating electric field, the nanoparticles' stored
energy is indicated by the real part, while their wasted energy is indicated by the imaginary part.
The dispersion at lower frequencies is indicated by the dielectric constant (¢'). The dominance of
grain borders, as opposed to grains, can be linked to the dielectric dispersion. Koop's theory states
that conducting grains are separated by poorly conducting grain borders to form a polycrystalline
nanomaterial. [40] Free charges caused by defects (oxygen vacancies) build at the resistive grain
borders and travel freely within the grains when exposed to an electric field. This leads to strong
interfacial polarization, which in turn causes a high dielectric constant at lower frequencies. At
higher frequencies, these polarizations gradually disappear because these charges trail the applied
electric field. Higher frequencies result in a constant dielectric constant due to this loss of
polarization. [41] According to Table 4, the dielectric constant varies with average grain size Zn-

doping and Cr-doping to the CdO lattice. Because the average particle size and the dielectric
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constant are directly correlated. However, a thicker grain boundary can be the cause of the
decreasing dielectric constant [40]. For both pure and (Zn, Cr) doped CdO samples, the £"(f)
exhibits a peak value at a moderate frequency, and remains nearly a constant at higher frequency.
The dielectric constant is found to rise with increasing Cr content. Cr-doping increases defects
such vacancies and interstitials as well as the density of free charge carriers. Dielectric constants
rise as the density of charge carriers (free charge carriers and vacancies) within the grains
increases[42].

3.5.2 Dielectric loss:

Dielectric loss (tand) computations reveal significant loss at lower frequencies (Figure 8). It results
from the presence of resistive grain boundaries, which cause high energy to be needed for carrier
transport [40]. Nevertheless, dielectric loss is frequency independent at higher frequencies because
the electron exchange interaction (hopping) between Cd**, Cr**, and Zn*" ions lags behind the
alternating applied electric field beyond a certain frequency while the polarization stays constant
[43]. Low dielectric constant and dielectric loss are caused by high porosity and low density[44].
At larger Zn contents, dielectric loss may be reduced because impurity phases have good electric
insulation.[40]. Because the governing parameters are comparable, the dielectric losses imitate the
fluctuation of the dielectric constant with Zn concentration. Nevertheless, in the samples with zinc
content x=0.1, the loss tangent (tand) showed a sudden fall followed by a little increase (Figure 8).
This shows that because of the samples' uneven microstructure, the lag between dipoles and the
applied field changed as frequency rose[36]. Tand rises as Cr-doping concentrations rise from
Y=0.025 to 0.1. It is a good material for high frequency applications because of its low dielectric

constant and dielectric loss at high frequencies.

3.6 EXD Analysis:
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Figure 8: EDX spectra of CdO sample (CD-2)

Table 5: EDX quantitative elemental ratio of CdO sample (CD-2)

Element Weight% Atomic % NetInt.  Error% R A F
0 26.71 70.35 49 72 13.08 0.7746 0.0647 1.0000
Cr 1.06 0.86 6.10 29.39 0.8661 0.8194 1.0448
Zn 6.35 4.09 18.33 12.20 0.9049 0.9479 1.1243
Cd 65.88 24.70 347.24 4.28 0.8395 0.8137 1.0049

4. Conclusion

In this study, Cr-Zn co-doped Cadmium Oxide NPs were synthesized through a simple and cost-
effective hydrothermal method. XRD analysis confirmed that the CdO nanoparticles possessed a
cubic crystal structure, with crystallite sizes ranging from 27.86 nm to 59.24 nm. The cadmium
and hydroxyl functional groups in CdO nanoparticles integrated at several peaks frequency ranges
of 400-4000 cm™ ! are what the title nanoparticles disclosed using Fourier Transform Infrared
Spectroscopy. The presence of Cd—O bands at 431 cm™', Zn-O bands at 795 cm™, Cr-O vibrations
at 863 cm™! and O—C—O band at 1541.72 cm—1, hydroxyl bands at 3368 cm™ and 3768 cm™" has
been confirmed by FTIR. From the absorbance curve, it is observed that the absorbance increases
gradually up to a certain corresponding wavelength at around 265 nm, followed by an exponential
decrease at higher wavelengths. The band gap ranged from 5.36 to 5.57 eV. Strong quantum
confinements cause the band gap to narrow as the Zn doping percentage rises, whereas the
Burstein-Moss effect causes the bandgap to widen as the concentration of Cr doping rises. The M-
H loops were used to determine all samples' magnetic properties, including saturation
magnetization (Ms), remanence magnetization (Mr), and coercivity (Hc). The undoped sample
(CD-1) exhibits a modest ferromagnetism even though bulk CdO exhibits diamagnetic activity at
ambient temperature. The €"(f) shows a peak value at a modest frequency and stays almost constant

at higher frequencies for both pure and (Zn, Cr) doped CdO samples. The dielectric constant is
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found to rise with increasing Cr content. For the samples with zinc concentration x=0.1, the loss
tangent (tano) showed a sudden fall followed by a minor increase. From Y=0.025 to 0.1, Tan &
increases as Cr-doping concentrations rise.
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