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a b s t r a c t

This study aims to synthesize the (Cr2O3)x (NiO)1-x nanoparticles at lower and higher pre-

cursor values using the calcination method. There is a lack in regard to investigating the

lower and higher precursor values on structural and optical properties of the (Cr2O3)x

(NiO)1-x nanoparticles. To synthesize the (Cr2O3)x (NiO)1-x nanoparticles, Cr (III) acetate

hydrate and Ni (II) acetate tetrahydrate were reacted with poly (vinyl alcohol). Several

techniques, including X-ray diffraction (XRD), transmission electron microscopy (TEM) and

Fourier transform infrared spectroscopy (FT-IR), have been employed to characterize the

synthesized sample. The XRD pattern analysis indicated that, following calcination,

nanoparticle formation occurred, indicating hexagonal crystalline structures (HCP) and

face-centred cubic (FCC) of (Cr2O3)x (NiO)1-x nanoparticles. FT-IR verified the existence of Ni

eO and CreO as the original compounds of ready (Cr2O3)x (NiO)1-x nanoparticle samples. In

term of average particle size, this varied from 5 to 16 nm when the precursor concentration

rised from x ¼ 0.20 to x ¼ 0.80, as reflected in the TEM results. X-ray photoelectron spec-

troscopy (XPS) was employed to measure the valence state and surface composition of the

prepared product nanoparticles. To identify the optical band gap using the KubelkaeMunk

equation, diffuse UVevisible reflectance spectra were employed, which revealed that the

energy band gap fell with a rise in the value of x. In addition, photoluminescence (PL)

spectra indicated that the photoluminescence intensity was related to a directly
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proportional way to particle size. Hence, the results can be employed with a broad range of

applications in solar cell energy applications at higher x values and antibacterial activity at

lower x values.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Research activity in the field of nanomaterials has been

growing significantly in recent years, and some researchers

have been interested in leveraging the distinctive physico-

chemical properties of nanomaterials [1e9]. These research

initiatives have led to novel systems, nanoplatforms, devices,

and structures that can be applied in numerous areas

[6,10e20]. An advantage of biodegradable, biocompatible, and

functionalized nanomaterial applications relates to the fact

that an increasing number of publications have focused on

this area [21e30]. An increasingly prominent issue involves

the use of nickel oxide with face-centred cubic (FCC) and

chromium oxide with hexagonal close-packed (HCP) struc-

tures, in semiconductor nanomaterials, which has been

investigated more and more in empirical studies [31e35].

Given its II-IV composite semiconductor status, NiO contains

both group II and group IV elements (i.e., in terms of the pe-

riodic table) [36]. Many applications have sought to leverage

the unique structural characteristics of the nanomaterial-

based on desirable chemical and physical properties [37e39].

NiO has a notable FCC crystalline structure, along with a n-

type indirect and direct energy band gaps amounting to

3.5e3.8 eV [39e41]. Multiple physical applications of NiO have

been reported, including NiO semiconductors nanostructures

[42e44]. In these devices, the high internal viability of visible

light waves means that they are valuable in photovoltaic ap-

plications (e.g., solar cells) [45,46]. Additionally, diodes,

transparent electrodes, and gas sensors are other notable

applications, and antibacterial properties are also worth

considering [47]. A range of NiO nanostructures can serve

varying purposes depending on the nanoscale [48]. Examples

include nanoparticles [49], nanocrystals [44], nanoclusters

[50], nanowires [51,52], nanotubes [53], nanoflowers [54], and

NiO nanoflake arrays [55].

In a similar way, hexagonal chromium (III) oxide (Cr2O3) is

classified as a composite semiconductor, II-VI, which consists

of the metal Cr (II) and the non-metallic element oxygen (VI)

[41]. A range of Cr2O3 semiconductor materials have been

associated with noteworthy properties, as a result of which

valuable applications have been developed [56,57]. This

structure is employed as the standard hexagonal crystal

structure, and in terms of its classification, it is viewed as a p-

type semiconductor with 3.00 and 3.40 eV with direct band

gaps [29,40]. Therefore, given the distinctive properties of

Cr2O3 nanomaterials, which derive from their unique crystal

structure and the dimensions of the nano-sized particle, a

range of studies and applications have leveraged these fea-

tures. Examples include use as solar cells [58], and optoelec-

tronic devices [59], as well as the focus on exploiting the
pellucidity that exists in the observable area of the solar

spectrum. Additional applications include catalysis [60], di-

odes [61], gas sensors [62], and biomedical tools [57]. Multiple

methods have been used to generate diverse types of Cr2O3

nanomaterial, including nanocrystals [63], nanoclusters

[64,65], nanotubes [66], and nanorods [67]. As the literature

suggests, a range of techniques can be used to fabricate Cr2O3

nanomaterials, including sonochemical [68], solvothermal

[69], co-precipitation [70], microwave hydrothermal [71],

thermal [72], and solegel treatment [34].

Nevertheless, the distinctive composition of (Cr2O3)x
(NiO)1-x, in terms of the band gaps and sizes that grow from

both oxide semiconductors, reflects the complementary fea-

tures. There is also the potential likelihood of displaying

unique features compared to different singular semi-

conductor components. A critical issue to consider that relates

to the distinctive composition of (Cr2O3)x (NiO)1-x nano-

composites relates to the utilization of (Cr2O3)x (NiO)1-x with

biocides, disinfectants, and other purposes. Compared to

organic-based materials, the composition is significantly

more stable and has a longer life, and it is also researched

more intensely in the field of biological activity [73,74] (Cr2O3)x
(NiO)1-x nanostructures can be generated in various ways,

including thermal decomposition, the co-precipitation

method [75], and the chemical method [76]. However, the

production of (Cr2O3)x (NiO)1-x nanoparticles on an industrial

scale using these methods is limited owing to the complex

nature of the synthesis process. In particular, it requires long

reaction times, toxic reagents, and effluent by-products.

Furthermore, these methods do not generate the product in

powder form. There are also no studies on the heat treatment

synthesis of (Cr2O3)x (NiO)1-x nanoparticle at different x

values. Hence, to address the limitations mentioned above,

this study examines the heat treatment technique in pro-

ducing pure powder oxide nanoparticles. To produce nowaste

(Cr2O3)x (NiO)1-x nanoparticles products, a straightforward

heat treatment route is used. This research is novel since it

seeks to generate the product in a way that is worthwhile for

industrial applications, focusing on simple handling, particle

in different size. Indeed, smaller size can be used in antibac-

terial activity, and bigger size can be used in energy applica-

tion [77]. Other advantages are low cost, high-quality, high

adaptability, in powdered form, and with an effective band

gap. Notably, the present technique does not necessarily re-

quires additional chemical reagents. This paper focuses on a

novel technique and the impact of precursor values for pro-

ducing a (Cr2O3)x (NiO)1-x nanosize. The obtained results have

revealed that the smaller particle size is obtained from lower x

values and the smaller energy band gap is obtained from

higher x values. From these results, it is suggested that the

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1 e A proposed mechanism of the (Cr2O3)x (NiO)1-x nanoparticles growth.
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product at lower x values and higher x values can be usedwith

antibacterial activity and solar cell energy applications,

respectively.

The technique given in this paper uses a thermal-based

treatment process for the synthesis of (Cr2O3)x (NiO)1-x sam-

ples. In addition, it investigates the impact of Cr2O3 and NiO

contents on the structural, morphological, and optical fea-

tures of (Cr2O3)x (NiO)1-x nanoparticle. The technique relies on

a solution containingmetal acetate ions as predecessors and a

poly (vinyl alcohol), which serves as a capping agent. How-

ever, a required calcination technique was undertaken for the

purpose of producing pure desirable nanoparticles. The pro-

duct’s morphology and crystallinity have been examined

using a range of techniques, and the study also focused on the

variable of x values.
2. Experimental work

2.1. Materials

The following metal precursors were used in this experiment:

(0.20, 0.40, 0.60, 0.80 and 1.00mmol) of Cr (III) acetate and (0.20,

0.40, 0.60, 0.80 and 1.00 mmol) of the Ni (II) acetate. Addi-

tionally, the capping agent was polyvinyl alcohol (PVA), which

facilitated particle dispersal, and deionized water was used as

a solvent. Synthesis of Cr2(CH3CO2)4 � 2(H2O) (99%),

Ni(OCOCH3)2 � 4H2O (99%), and PVA (MW ¼ 61,000) took place

using SigmaeAldrich. The chemicals used throughout this

study’s experiments were procured from SigmaeAldrich in

the United States, and they were research-grade in terms of
quality. All chemicals were used without additional

purification.

2.2. Samples preparation

At the outset, 4 g of poly (vinyl alcohol)was dissolved in 100ml

of deionized water to prepare the (Cr2O3)x (NiO)1-x nano-

particle product. In turn, vigorous stirring occurred for 2 h at

70 �C. Following this, Cr (III) acetate hydrate Cr2(CH3CO2)4 �
2(H2O) was dissolved in the following quantities: 0.00, 0.20,

0.40, 0.60, 0.80, and 1.00 mmol. Afterward, to facilitate the

formation of a homogenous solution, Ni (II) acetate tetrahy-

drate Ni(OCOCH3)2�4H2O was combined and vigorously mixed

in the following quantities: 1.00, 0.80, 0.60, 0.40, 0.20, and

0.00 mmol. The combined solution was then moved inside a

Petri dish, after which an oven was used to dry it for 24 h at

80 �C. The solid that resulted from this process was crushed

for 30 min in a mortar, thereby attaining a powdered form. A

calcination temperature of 700 �C was then applied to the

powder, using a box furnace, and this lasted 90 min. This

completed the as-synthesized and calcined oxide nano-

particle samples, meaning they were ready for

characterization.

2.3. Characterization

Several techniques were employed to study the structural,

morphological, and optical features of the samples. X-ray

diffraction was employed to record observed measurements,

using Cu Ka (l¼ 1.54187�A) radiation at 40 kV and 30mA. Using

the range of 280e4000 cm�1, Fourier transform infrared (FTIR)

https://doi.org/10.1016/j.jmrt.2021.01.007
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Fig. 2 e XRD patterns of (a) no calcination, (b) (Cr2O3)0.20 (NiO)0.80, (c) (Cr2O3)0.40 (NiO)0.60, (d) (Cr2O3)0.60 (NiO)0.40 and (e)

(Cr2O3)0.80 (NiO)0.200.
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spectroscopy measurements have been taken. Additionally,

transmission electron microscopy (TEM) images were ac-

quired. The wide scan analysis was undertaken using the X-

ray photoelectron spectroscopy (XPS) with a pass energy

amounting to 280 eV (with 1 eV for each step). To assess the

sample optical properties in the 200e800 nm range in terms of

wavelength, a ultravioletevisible (UVevis) spectrophotometer

was employed. Furthermore, photoluminescence (PL) was

measured based on a PerkinElmer spectrofluorometer LS-55,

which was equipped with a xenon lamp. This measurement

took place at room temperature (RT). All investigations have

been done at RT.
3. Results and discussion

3.1. Formation of mechanism of nanoparticles

Fig. 1 provides an overview of the mechanism and behavior of

the nanoparticles in the course of calcination. The main aim
of poly (vinyl alcohol) was to stabilize the complex metallic

salts produced [78]. Onmany occasions, this is achieved using

side steric and electrostatic stabilization for the amide groups

linked to poly (vinyl alcohol) chains and linked to the meth-

ylene groups. When blending the solution continues, the

suppression of metallic ions occurs, and amine groups again

capture them by ionic dipole created inside polymeric chains.

In turn, in the drying phase, the metallic cations stop moving

inside the cavity polymer chain. This is attributable to H2O

loss. When the next calcination stage occurs, various gases

evolve as the decomposition of organic materials occurs.

These gases include N2, NO, CO, or CO2. Additionally, in the

calcination stage, metal oxide nanoparticle nuclei production

is influenced by poly (vinyl alcohol). Thus, in the absence of

poly (vinyl alcohol), the Ostwald ripening process would

advance, which leads to an increase in nanoparticle size with

higher surface energy levels. Nevertheless, poly (vinyl alcohol)

presence deactivates steric hindrance that affects nano-

particle conglomeration. Hence, poly (vinyl alcohol) amend-

ment can stimulate a reduction in nanoparticle grain size,

https://doi.org/10.1016/j.jmrt.2021.01.007
https://doi.org/10.1016/j.jmrt.2021.01.007


Fig. 3 e TEM images of (a) (Cr2O3)0.20 (NiO)0.80, (b) (Cr2O3)0.40 (NiO)0.60, (c) (Cr2O3)0.60 (NiO)0.40, (d) (Cr2O3)0.80 (NiO)0.200, (e)

(Cr2O3)1.00 (NiO)0.00 and (f) (Cr2O3)0.00 (NiO)1.00 nanoparticles calcined at 700 �C.
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which stems from the restriction of metal ion breakdown on

nanoparticle surfaces [79e85].

3.2. XRD analysis

Fig. 2 provides an overview of the XRD pattern (Cr2O3)x (NiO)1-x
nanoparticles following the calcination process, which took

place at 700 �C for 3 h. As shown in Fig. 2 (b-e), the triangle and

square mark the diffraction peaks for the NiO and Cr2O3

nanoparticles. A broad spectrum was exhibited at the sample

before calcination treatment, which suggested that the sam-

ple is still in an amorphous stage, as shown n Fig. 2a. In the

XRD pattern, the diffraction peaks are typical values corre-

sponding to NiO (FCC) and Cr2O3 (HCP) nanoparticles.

Consistent with the JCPDS Card 36e1451 [29,86], the NiO

nanoparticles’ peaks are matched effectively to (111), (200),

(220), and (311) planes. In a similar way, as indicated by the

JCPDS Card 38e1479 [72,87], the peaks of Cr₂O₃ are matched to

(012), (104), (110), (006), (113), (024), (211), (018), (214), (030),

(211), (010), and (220) planes. The synthesised (Cr2O3)x (NiO)1-x
nanoparticles displayed a combination of the cubic phase of

NiO nanoparticles and hexagonal Cr2O3 nanoparticles.

Notably, in terms of peaks, no other contamination peak has

been identified in the samples’ XRD patterns. The crystal size,
which is denoted D, for the nanoparticles can be calculated

from the most intense peak (110) using the formula given

below, known as Scherrer’s formula [77,88]:

D ¼ (0.9l)/(bcosq)

where l is the X-raywavelength (1.5406�A), b is the full width

at half maximum, and q is the angle of diffraction. Therefore,

the crystallite size rose from 5 to 15 nm when the values of x

rose to 1.00 mmol Chromium acetate. Hence, the findings

indicate that an increase in the x value leads to a sharper and

narrower diffraction peak, accompanied by higher intensity.

This is shown in Fig. 2 (c, d, f). The higher particle size in the

case of the nuclei promotes the results regarding crystalline

volume ratio, causing them to increment and contribute to the

reinforcement and enhancement of crystallinity [89,90].

3.3. TEM analysis

Sample nanoparticle characterization relied on TEM evalua-

tion. It is usually the case for samples to show homogeneous

morphological features, as shown in Fig. 3 (aef). The figure

shows TEM images, in this case (Cr2O3)x (NiO)1-x nano-

particles, which were calcined at 700 �C. An important feature

https://doi.org/10.1016/j.jmrt.2021.01.007
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of TEM analysis is that it verifies the uniform spherical shape

of the nanoparticles produced. As previously noted, x values

are directly and proportionally related to particle size, where

particle size rises ascribable to the accumulation of contig-

uous particles (which itself occurs from the surface melting at

greater calcination temperatures and x values).

The results indicated that the (Cr2O3)x (NiO)1-x nano-

particles have been homogeneous and in spherical shape.

Furthermore, the results demonstrated that they were not an

issue to crystal tangle, as revealed by TEM images focusing on

the synthesized (Cr2O3)x (NiO)1-x nanoparticles. The typical

process showed how efficient it could be in producing sample

nanoparticles, where a noticeable PVA existence affects

nanoparticle size through the agglomerationesuppression

mechanism. Table 1 provides an evaluation of the XRD and

TEM results. In particular, it shows a relationship between

particle sizes of 5 and 16 nm and heating treatment at 700 �C.
PVA operates as a stabilizer for particles, and it facilitates

nucleation and development of the nanoparticle. It has also

been shown to promote consistency. Hence, it can be used to

limit the size of nanoparticles, and also to safeguard against

the agglomeration of nanoparticles [17,85,91e94].

Based on the broad sample band observed in the XRD

patterns, the reasonable assumption was made that NiO

nanoparticles are significantly smaller compared to Cr2O3-

nanoparticles. Hence, the use of Cr2O3concentration in the

sample (x ¼ 0.20 to x ¼ 0.80) led to a rise in particle size, which

can be ascribed to the greater aggregation level. Regarding the

decreasing trend, one way to account for this may stem from

differences in the ionic crystal radii of Cr3þ and Ni2þ. Given
that the ionic radius of Cr3þ is larger in relation to Ni2þ, it is
worth noting that a substitutional defect usually occurs. This

happens when the NiO atom replaces its Cr2O3 counterpart in

the crystal lattice site of Cr2O3solid. In turn, this leads to lattice

stress, which leads to a disturbance in particle growth.

3.4. FT-IR analysis

Fig. 4 (a) shows all absorption bands which are ascribed to the

PVA and metal oxide nanoparticles. The sample at RT, 3414,

2945, and 1646 cm�1 wave number have been allocated to

NeH, CeH, and C ¼ O stretching vibrations, respectively.
Table 1 e XRD and TEM results for (Cr2O3)x (NiO)1-x
nanoparticles at various x.

Sample Crystallite size (XRD)
(nm)

Particle size (TEM)
(nm)

(Cr2O3)0.20
(NiO)0.80

5 ± 0.50 5 ± 2

(Cr2O3)0.40
(NiO)0.60

7 ± 0.70 8 ± 3

(Cr2O3)0.60
(NiO)0.40

8 ± 0.40 9 ± 2

(Cr2O3)0.80
(NiO)0.20

15 ± 0.50 16 ± 4

(Cr2O3)1.00
(NiO)0.00

39 ± 0.30 40 ± 3

(Cr2O3).0.00
(NiO)1.00

20 ± 0.40 22 ± 2
Additional, the sample at 1428 cm�1 wave number has been

attributed to CeH bending vibration originated, whereas

1277 cm�1 was related to CeN stretching vibration. Lastly, 839,

639, and 582 cm�1 have been matching to the vibrations

occurred outstanding to CeC ring and CeN ¼ O bending

[18,40,83,95,96]. Fig. 4 (b-e) provides an overview of the FT-IR

spectrum, which was attained at 280e4000 cm�1 for the

sample nanoparticles formed by the calcination technique

summarized above. The dual absorption bands were attrib-

uted to the production of outstandingly pure sample nano-

particles, whichwas also reflected by amovement in thewave

number for the (Cr2O3)x (NiO)1-x nanoparticles spectra

accompanying with rising x values. In the case of the x effect,

evidence for this was also suggested by the crystallinity

improvement associated with the resulting (Cr2O3)x (NiO)1-x
nanoparticles. Hence, Fig. 4 indicates that the x-related

increment leads to a characteristically more pointed peak for

the sample, demonstrating that an increasing x value is linked

to more prominent crystalline natures for the resulting metal

oxide. Each of the characteristic infrared bands associated

with the samples, that is, with x ¼ 0.20 to x ¼ 0.80, was

identified inside the CreO, and NieO stretching vibrations

range. This can be considered as adequate proof of the fact

that the samples are pure (Cr2O3)x (NiO)1-x nanoparticles. As

such, the samples do not have further impurities.

3.5. XPS analysis

To identify the chemical state and phase compositions of Ni,

Cr, and O, X-ray photoelectron spectroscopy (XPS) analysis

has been successfully used. Fig. 5a provides the high-

resolution XPS spectra for the existence of the O 1s element.

Furthermore, Fig. 5bec illustrates the XPS spectra for Cr 2p

and Ni 2p, respectively. In the case of the XPS spectrum for Cr,

this is concerned with corresponding binding energies of

578 eV and 585 eV for Cr 2p3/2 and Cr 2p1/2 peaks (see Fig. 5b)

[72]. It is worth emphasizing that comparable results have

been reported elsewhere in the literature. In Fig. 5c, Ni 2p3/2

https://doi.org/10.1016/j.jmrt.2021.01.007
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and Ni 2p1/2 have a binding energy of 855 eV and 875.5 eV,

corroborating nickel’s 2þ oxidation state [97]. In the case of

Fig. 5a, this shows the O 1s spectrum, indicating the existence

of two oxygen types with binding energies at 531.2 eV [77]. It is

important to recognize that, in the case of the former, this

correlates with Cr2O3, while in the case of the latter, this

correlates with NiO. Furthermore, the results show that every

element in the nanoparticle has pure oxidation states in the

absence of all impurities.

3.6. Band gap study

The KubelkaeMunk function involves plotting the

KubelkaeMunk function’s square, that is, (F (R∞)hv)
2 against

energy, and then extending the curve’s linear portion to F (R)
2 ¼ 0 [98e101]. The function is used to calculate direct energy

band gaps for nanoparticles based on diffuse reflectance

spectra for samples heated at a temperature of 700 �C, as

represented in Fig. 6a-d. This shows that, for the oxide

nanoparticles, the bandgap energy has been produced. An

inversely proportional relationship has been identified be-

tween energy band gap values and the x value. When the x

value increases, this is generally attributed to quantum size

effects. Moreover, the reduction that takes place with respect

to the bandgap can be ascribed to the transitions between the

partly appropriate valence and the conduction bands for the

d-shell electrons of Cr3þ ions [102e104].
With the abovementioned considerations in mind,

excluding the particle size impact in terms of the bandgap is

complex. Due to the reduction of particle size, a change can be

achieved in the material properties and band structure.

However, the size of nanoparticles increases in line with a

https://doi.org/10.1016/j.jmrt.2021.01.007
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Table 2 e Energy band gap of nanoparticles at different concentrations of x.

x values x ¼ 0.20 x ¼ 0.40 x ¼ 0.60 x ¼ 0.80

(Cr2O3)x (NiO)1-x Nanoparticles Eg (eV)

Cr2O3 2.59 ± 0.04 2.55 ± 0.06 2.41 ± 0.09 2.38 ± 0.07

NiO 3.77 ± 0.05 3.63 ± 0.02 3.46 ± 0.07 3.39 ± 0.04

460 480 500 520 540 560

In
te

ns
ity

 (a
. u

.)

Wavelength (nm)

a

b

c

d

Fig. 7 e PL of (a) (Cr2O3)0.20 (NiO)0.80, (b) (Cr2O3)0.40 (NiO)0.60,

(c) (Cr2O3)0.60 (NiO)0.40, and (d) (Cr2O3)0.80 (NiO)0.20
nanoparticles at calcination temperature of 700 �C.
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reduction of the bandgap. Thus, when the energy regime is

higher, the conduction bands of the s-electrons and p-elec-

trons become severed. Hence, the overlap may occur in con-

ditions with small-sized particles. Regarding the Fermi level

distance, which is far away from the particle’s center, the

nuclear potential for electrons conduction is low. Conse-

quently, transitions with allowed quantum numbers will be

associated with an absorption energy that amounts to the

conduction band energy. To facilitate comparative analysis,

band gap values were lowered while the x values were

increased (see Table 2). When x increases, this may grow the

defected states, thus incrementing the absorption coefficient.

Photon absorption produces electronehole pairs, which can

change the features of the optical nanomaterial and its elec-

tronic structure.

3.7. PL analysis

To study the photoluminescence possessions of the pro-

duced (Cr2O3)x (NiO)1-x nanoparticles, the samples have

been examined at excitation of 390 nm as shown in Fig. 7.

Under excitation of 390 nm, the PL spectra for sample

nanoparticles synthesized in poly (vinyl alcohol) and

various precursor concentrations were recorded at room

temperature. Fig. 7 shows that the PL spectra for the sample

nanoparticles produced in poly (vinyl alcohol) had a broad

emission, scattering over a range of approximately

465e550 nm. This can be attributed to the compounded

effect, as well as the energy states associated with the
valence and conduction bands. In the case of the broad

peaks, they constitute a pair of sub bands at approximately

480 and 527 nm, which are not as distinctive. The initial

such band is interpreted as the recombination of

electronehole pairs in vacancies of metal and oxygen

[105,106]. As for the next peak (green-yellow emissions

centred at 527 nm), this is clearly visible in the PL spectra of

metal oxide nanoparticles, which are transitioning between

valence and conduction bands. Notably, intensification of

the PL intensities was observed to correlate with higher x

values, and the maximum was attained at x ¼ 0.80 mmol,

which was also closely related to the maximum attained

crystallinity. After comparatively examining a range of

precursor concentrations where an increase in the x value

generated an increase in intensity, it was found that the

most intense peaks against the weak spectral bands pro-

duced x values lower than 0.80. This indicated that, for x’s

values, they are noteworthy in attaining a sample

morphology marked by high surface and structural

regularity.
4. Conclusion

This study’s findings indicate that (Cr2O3)x (NiO)1-x nano-

particles can be prepared successfully using the calcina-

tion method. The (Cr2O3)x (NiO)1-x nanoparticles have been

found in a face-centred cubic and hexagonal structures for

nickel oxide and chromium oxide, respectively. This

occurred at all x values, using X-Ray Diffraction investi-

gation. The particles’ size has been directly proportional

to the x value, and the sizes ranged from 5 to 16 nm at

x ¼ 0.20e0.80. The FT-IR spectrum indicated the main

vibrational modes of CreO and NieO. The energy bandgap

decreased with a higher x value (as indicated using the

UVeVis absorption spectrum). In the case of the lumi-

nescence spectrum, photoluminescence intensity was

directly and proportionally related to particle size. The

obtained results have revealed that the smaller particle

size is obtained from lower x values, and the smaller

energy band gap is obtained from higher x values. From

these results, it is suggested that the product at lower x

values and higher x values can be used with antibacterial

activity and solar cell energy applications, respectively.
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