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Probing the Morphology, Structure, and Optical
Properties of Copper Samarium Borate Oxide
Nanostructures

Mohanad Q. Kareem® ', Sarab M. Shareef® 2, Maad M. Ameen® ',
Sozan A. Hassan® 2, Shaheen S. Alimardan® '

1 Department of Physics, College of Science, University of Kirkuk, Kirkuk, Iraq
2 Department of Physics, College of Pure Education, University of Kirkuk, Kirkuk, Iraq

ABSTRACT

The study prepared new Copper sodium borate oxide CSmBO nanocomposite thin films using a solvothermal synthesis
method and the annealing process occurred at 350°C for 3 hours. The study characterized the films using FESEM, EDX,
and UV spectroscopy. Based on the FESEM analysis, the films were uniform and dense, with nanoparticles which range
from 21.49 to 96.51 nm in size. EDX confirmed the elemental composition of the CSmBO nanostructures, validating
the successful incorporation of copper, samarium, and boron. (XRD) diffraction patterns show up that forming a Crystal
phase with high levels of strain and blemish is due to nanoparticle gathering. The synthesized nanocomposites exhibited a
remarkable tunability in morphology and structure. UV-Vis spectroscopy revealed a broad optical absorption spectrum
with a maximum absorbance peak at 600 nm, demonstrating the potential of the CSmBO nanocomposite thin films
for optoelectronic applications. The band gap (Eg) was 2.03 eV and the Urbach energy (Eu) 0.15 eV which indicates
a relatively lower degree of localise band tail states. Successfully fabricating CSMBO nanocomposite thin films with
tunable features highlights the potential of this composite for many optoelectronic implementation, inclusively solar
energy harvesting, light-emitting and diodes photo catalysis.

Keywords: Copper Samarium Borate Oxide, Hydrothermal technique, Lanthanide, Morphology, Rare earth materials

Introduction

The advancement of fundamental science, the de-
velopment of innovative and the high-performance
devices have been aided by the development of
unique functional materials.! The creation of inno-
vative functional materials and the construction of
devices that use them are both difficult tasks that
must begin with basic research®® of the fundamen-
tal principles governing their synthesis, structure,
and properties.* Two ways are feasible for achieving
designated but unfulfilled functions. The first is to
synthesize entirely new materials, while the second
is to increase the quality of some previously exist-

ing materials by stacking them and then processing
them in the nanoscale range. Because of its vast
range of applications, wet-chemical synthesis has re-
cently been used to create diverse sizes and shapes of
distinct nonmaterial.® This endeavor often involves
the exploration of various material classes, includ-
ing semiconductors, metals, ceramics, and polymers,
each with its own unique set of properties and po-
tential applications.® Rare earth compounds, charac-
terized by their unique electronic configurations and
rich chemical properties, have appeared as valuable
materials for many applications.® These compounds,
comprising elements from the lanthanide series, offer
a diverse array of properties, including luminescence,
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magnetism, and catalytic activity,”-®* making them in-
dispensable in various industries.® There are 17 rare
earth elements;'? all of which are found in the pe-
riodic table between lanthanum and lutetium. These
elements are often grouped together because of their
similar chemical properties. ! Some of the most com-
mon rare earth compounds include Lanthanum oxide
(Lap03), LayO3 is a white powder that is used in
a diversity of implementations, involved glassmak-
ing, ceramics, and catalysts.'? Another element is
the Cerium oxide (CeO;) which is a yellow powder
that is used in a diversity of implementations, in-
volved polishing powders, catalysts, and fuel cells.
Also, praseodymium oxide (PrgO11) is a green powder
that is used in a diversity of implementations, in-
volved magnets, optical filters, and catalysts. Another
element is neodymium oxide (Nd;O3) as a purple
powder that is used in a various of implementations,
inclusive magnets, lasers, and solar cells.'® Then is
the samarium oxide (Sm303) as brown powder that
is used in a diversity of implementations, '* including
magnets, lasers, and catalysts.'> One of the many ar-
rays of rare earth compounds'® is Copper Samarium
Borate Oxide CuSmBO as a favourable quaternary
compound with wonderful features. This material,
with the chemical formula CuSmBO4, shows a tetrag-
onal crystal structure and have a 2.0 eV band gap.
Its optics, In addition to being chemically stable
and environmentally friendly, turn CuSmBO into an
appealing material for different uses.!” Synthesiz-
ing CuSmBO nanostructures has been extensively
studied, using many techniques like solvothermal
synthesis, hydrothermal installation,” and solid-state
installation. '>'® Solvothermal synthesis, particularly,
possesses protrude as a versatile and exceedingly
utilized process for manufactured CuSmBO nanos-
tructures which offers an exact Particle size control,
morphology, and crystallinity. The synthesizing oper-
ator significantly affect the morphology, structures,
and optical advantages of CuSmBO nanostructures.
Particle sizes, shapes, and Crystal structures are or-
ganized by controlling temperatures, solvent, and
reaction times. In addition, these factors influence
the optical advantages, like absorbenc, emission, and
energyband gap.'® CuSmBO nanostructures have big
potential for big optoelectronic uses due to their tun-
able optics. Their absorbance and emit light across
a big spectral range suits for solar cells, light- emis-
sion diode (LED), photo-detectors, and sensors. Also,
their photocatalytic features make them good nom-
inees for environmental treatment and technologies
of water purgation. This article characterizes, syn-
thesizes, and possible CuSmBO nanostructure uses. It
comprehensively overviewing tests rare earth com-
bination which shows their unique properties and
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different uses. Then, CuSmBO by discussing its syn-
thesis techniques, morphological features, structures,
and optical advantages. Lastly, the possible applica-
tion of CuSmBO nanostructures in many uses, such
as the optoelectronics, environmental treatment and
photo catalysis of providing a completely understand-
ing CuSmBO nanoparticles Its ability to revolutionize
many technological achievements. The focus is on
the characterization, synthesis, and applications of
these materials. This work contributes to the ongo-
ing scholarly works on the nanomaterials and makes
further discoveries possible. It describes the one-pot
new copper samarium boride oxide nanocomposite
film synthesis by the use of the hydrothermal method
annealing at 350°C for 3 hours. It also discusses the
structure, morphology, and optical features of this
new Nanocomposite film.

Materials and methods

Synthesis and characterization of Copper Samarium
Boride Oxide nanocomposite.

Preparation of Samarium Boride Copper

Copper Samarium Boride Oxide (CuSmBO)
nanocomposite was synthesized via a solvothermal
method. The synthesis procedure involved the
following steps: preparing the Reaction Mixture:
2.5 mmole of copper dichloride dehydrate (CuCl,-
2H,0, 99% purity, Sino Pharm Chemical Regent Co.
Ltd., China) and 2.5 mmol of samarium trichloride
hexahydrate (SmCl3-6H20, 99% purity, Changsha
Eastham Co., Ltd., China) were melted in 50 mL
of deionized water. A complexing agent and a
reducing agent were added to the solution, followed
by 0.25 g of sodium borohydride (NaBH4, 98%
purity, Sigma-Aldrich) and 0.1 g of poly (ethylene
glycol) (PEG, 99% purity, Tianjin Guan Fu Chemical
Research Institute Co., Ltd., China). The admixture
was whiskered quickly at 45°C for 2 hours using a
magnetic stirrer to ensure a complete dissolution of
the precursors and formation of a uniform solution.
Solvothermal Synthesis: The intended dissolution
was a transmit to a Teflon-padded autoclave, filling
it approximately to 60% of its volume. The autoclave
was used to place the cleaned glass substrate, as
the support for the CSmBO nanocomposite film, at
an angle against the wall. Then, over 6 hours, the
autoclave was closed tightly inserting it in a furnace
at 175°C. This solvothermal treatment allowed the
CSmBO nanocomposite to form and deposit onto
the glass substrate. In the post-Synthesis Treatment,
the solvothermal reaction was followed by the
autoclave careful removal from the oven for cooling
to (Rt) room temperature. The glass substrate was
retrieved from the autoclave and thoroughly purified
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with deionized water and ethanol for the removal
of any unreacted precursor residues. The washed
substrate was then dried in a furnace at 70°C for
2 hours in order to ensure the evaporation of the
solvents. The second step is the annealing process.
These processes further enhance the crystallinity
and optimize the optical properties of the CSmBO
nanocomposite film and the annealed substrate was
subjected to an annealing process. The substrate
was placed in a preheated oven at 350°C, for
90 minutes. This annealing treatment rearranges
CSmBO nanoparticles and form better organized
crystalline structures, potential improvement of
the film’s performance in various optoelectronic
achievements. The next process is description.
Following the synthesis and post-synthesis treating,
there are studies of the crystalline structures,
Surface topography, and optical properties of
the CSBO nanoparticles film Through various
analytical mechanisms, X- ray diffraction, scanning
electron microscopic (SEM), transmissions electron
microscopic (TEM), and UV-vis Spectroscopic
analysis. The characterization provided insights
into the crystalline structures, Particle diameters,
Surface topography, and optical absorption and
emission CuSmBO nanoparticles film countenance.
This synthesis shows simple and efficient methods
of preparing a high-quality CuSmBO nanoparticles
film with controlled morphology and tunable optical
properties which turns them promising for many
opto-electronic achievement, in solar cells, light-
emission diodes, and photo-detectors.

Instrumentation

The elemental synthesized Copper Samarium
Boride Oxide CuSmBO nanoparticles composition
structural features of the were widely characterized
by a suite of progressive analytics mechanisms. PAN
analytics X’Pert High Score Plus Diffraction meter
was used to examine the crystalline structure. It
also tested phase purity of the CuSmBO nanocom-
posite with Cu-Koa eradiation (A = 1.5406 A). The
deviation patterns were collected at room tempera-
ture with a stride size of 0.02° and a scan average
of 0.1°/min. The obtained diffraction data was an-
alyzed using the Rietveld refinement method to
locate the lattice parameters, crystal symmetry, and
phase composition of the CuSmBO nanocomposite.
The surface morphology and micro-structure of the
CuSmBO nanocomposite have been studied by a FE-
SEM instrument (Quanta 200, FEI, America). The
FE-SEM images were acquired at high magnification
to reveal the Particle diameter, shape, and apportion-
ment of the CuSmBO Nano synthesis. Additionally,
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the electron dispersive X-ray Spectroscopic analysis
(EDX) was the procedure using the FE-SEM to de-
termine the elemental composition of the CuSmBO
nanocomposite. The optical absorption features of
the CuSmBO nanocomposite thin film were stud-
ied by a double-beam UV-Vis spectra-photometer
(SHIMADZU UV2600, Tokyo, Japan). The UV-Vis ab-
sorption spectrum was registered in the extent of 200
to 800 nm to specify the band gap Bg energy and
absorption characteristics of the CuSmBO nanocom-
posite. The absorption spectra Submitted insights into
the potential optoelectronic implementations of the
CuSmBO nanocomposite. The descriptions supplied
a great insights about the structure, morphological,
and optical properties of the CuSmBO nanocompos-
ites which Availability a inclusive understanding of
its potential For many applications.

Results and discussion
Scanning electron microscope (SEM)

Fig. 1 is the Copper Samarium Borate Oxide
CuSmBO nanoparticles composition scanning elec-
tron microscopy (SEM) images thin film which
hydrothermal synthesis creates and annealed at
350°C over 90 minutes. The high-resolution image in
Fig. 1(A) synthesis is a homogeneous pattern which
indicate a uniform of nanoparticles, conglomerated
formed on the glass. The low-resolution image and
enlargement in Fig. 1(B) and Fig. 1(C) reveal the film
is uniform and dense. The particles in the CuSmBO
thin film are in the nanostructure range, with sizes of
21.49 to 96.51 nm. The homogeneity of the SEM im-
ages shows successful hydrothermal synthesis which
forms a uniform CuSmBO thin film on the glass sub-
strates. The nanoparticle agglomeration is a shared
in nanomaterials, which is primarily driven by the
high nanoparticle surface energies. This conglomer-
ated influences the film’s features, like its electrical
conductivity and mechanical strength. More studies
could study strategies to control nanoparticle size
and conglomerated to optimize the film’s features.
The low-resolution images in Fig. 1(B) and Fig. 1(C)
show broader views of the film’s morphology which
confirms its similarity and dense packing. The large
pore or gap lack indicates a well-structured and non-
stop film. This uniform morphology is conclusive
to achieve coveted features, like better mechanical
strengths and electrical conductivity.?°

The nanostructure of the CuSmBO thin film is used
for different purposes enhancing the surface areas
and reactivity of the substances. The EDX in Fig. 1
the CuSmBO thin film (D) analyses by hydrothermal
techniques and annealed at 350°C over 180 minutes
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Fig. 1. SEM of Copper Samarium Borate Oxide CuSmBO nanoparticles composition thin film prepared by hydrothermal mechanism, that
annealing at 350°C for 3 hr. (A, B and C) Surface morphology, ((A) high-resolution image), (B and C) inset: low-resolution image and
magnification and (D) EDX analysis of CuSmBO nanoparticles composition thin film.

shows two peaks for copper (Cu) at 0.8 and 8.8 Kev
which are the Le and K,,, Ky transitions, respectively.
Boron (B) peaks are at 2.1, 2.7, and 5.6 Kev, at Lg,
L, and Lg; transitions. Samarium (Sm) peaks are 2.6,
3.7,6.2,and 7.1 Kev which are the K,,, Lg, Lgz and L ¢
transitions. Oxygen (O) peaks are observed at 0.5 Kev,
being the K, transition.?! The EDS analyses proves
that there is copper, samarium, boron, and oxygen in
the CuSmBO thin film. The relative peak intensities
entail that copper is the major the thin film element,
followed by samarium, boron, and oxygen. The SEM
images is the particle diameter of the CuSmBO thin
film which increases with the annealing temperature
because of the risen diffusion of atoms and the fig-

uration of larger crystallites at high temperatures.
Also, EDS analysis shows the relative peak intensity of
copper rises with the annealing temperatures because
of the discriminatory dispersion of copper atoms to
the surface of the thin film at high temperatures.
Differences in the SEM images and EDS analyses can
happen due to some factors, such as the specified
hydrothermal synthesis situations, the annealing tem-
perature and time, the thickness of the thin film and
the impurities. %2

Overall, the SEM images and EDX analyses reveal
the hydrothermal mechanism as simple and effec-
tive to prepare thin films of CuSmBO nanoparticles
composition. The annealing temperature 350°C is
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Fig. 2. XRD diffraction pattern of Copper Samarium Borate Oxide
Nano composite thin film by hydrothermal method, annealed at
350°C.

sufficient for crystallizing the nanoparticles and form-
ing a dense and uniform film. The nanoparticles in
the film conglomerate, possibly due to the height
Nanobodies surface energy.?*

Crystallography and X ray deviation (XRD) analysis

We see from Fig. 2 that the X ray pattern of the
Copper Samarium Borate Oxide Nanocomposite thin
film was annealed at 350°C. The XRD analysis of the
Copper Samarium Borate Oxide Nanocomposite thin
film revealed the presence of two distinct crystalline
phases: CusSm and SmBO. The diffraction peaks ob-
served in the XRD pattern match those reported in
JCPDS cards for CusSm (JCPDS card No: 0933-065-
03, coordinates 1524505) and SmBO (JCPDS card
No0:7891-154-96, coordinates 1547890). These find-
ings indicate that the hydrothermal synthesis process
successfully produced a composite thin film contain-
ing both CusSm and SmBO phases. The Cu5Sm phase
exhibits a hexagonal crystalline structure with a space
set of P6/mm. The corresponding diffraction peaks
were observed at angular positions (20) of 29.58°,
42.73°, and 61.4°, matching Miller indices (1 0 2),
(300), and (21 2), respectively. The SmBO phase ex-
hibits a monoclinic crystalline structure with a space
group of C12/m 1.

The corresponding diffraction peaks were observed
at (260) positions of 16.23°, 20.98°, 24.43°, 27.13°,
34.18° and 36.43°, matching Miller indices (0 6
1), (-331),(201),(0121),(—3 3 4), and (1
17 0), respectively. The sharpness of the peaks in
the X ray pattern indicates that the film is poly-
crystalline, composed of numerous tiny, crystalline
grains. The absence of significant impurity peaks sug-
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gests that the film is predominantly composed of
copper samarium borate oxide, with minimal impu-
rities. An average crystal size of nanoparticles can be
estimated using the Scherer Eq. (1):24%°

Dsh = ka/ (Bhkl cos0) €D)

In the above equation, Dsh is the crystalline size, k
a constant (usually 0.9), A the wavelength of the Xrd.
eradiation (0.15406 A for Cu Ka eradiation), S8 the
full width at half maximum (FWHM) of the deviation
peak, and 6 the deviation angle.

By measuring the FWHM of the deviation peaks and
using the Scherer Eq. (1), the intermediate crystal
size can be determined. This information can provide
insights into the film’s microstructure and properties.
The calculated crystallite size for the Cu5Sm phase
is 24.5 nm, and for the SmBO phase 18.7 nm. These
values are somehow small, so the film has monocrys-
talline grains. The XRD pattern of the film reveals
some trends: the (114) peak intensity at 61.4° signif-
icantly higher than the others. So, the (114) plane is
the preferred. Also, the FWHM of the peaks varies,
with the (114) peak having the smallest FWHM indi-
cating the (114) grain largest and most well-ordered
sizes in the film. This is due to the growth process.
During hydrothermal synthesis, the film grows on a
substrate. The substrate can influence the orientation
of the film grains by providing a template for growth.
The variation in the FWHM of the peaks is because
of the difference in the size and grain crystallinity.
Larger and more well-ordered grains typically have
a smaller FWHM. The XRD analysis confirms the
successful synthesis of a highly crystalline Copper
Samarium Borate Oxide Nano composite thin film
with the desired monoclinic crystal structure. The in-
termediate crystallite size of the nanoparticles in the
film is estimated to be around 25 nm, in agreement
with the SEM observations. This crystalline nature
and well-defined crystal structure are essential for
achieving the desirable features and performance of
the nanocomposite thin film in various applications.

The results are offered in Table 1 which presents
the structural and physical parameters of Copper
Samarium Borate Oxide Nano composite thin film
manufactured via the hydrothermal process and sub-
sequently annealed at 350°C. The data includes a
deviation angle (20), a full width at half maximum
(FWHM), an estimated interplanar spacing (dhkl
exp), a crystallite size (Dsh), a standard interplanar
spacing (dhkl std.), Miller indices (hkl), a phase, crys-
tal system, and JCPDS card number values suggesting
higher crystallinity.

The estimated interplanar spacing (dy exp.) is cal-
culated from the 26 values using the Bragg’s law and
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Table 1. The data on structural and physical variable of Copper Samarium Borate Oxide CuSmBO nanoparticles thin films.

20 FWHM dpi Dsh dh Crystal card

(Deg) (Deg) Exp.(;\) (nm) Std.(f\) hkl Phase system number
16.2300 0.3200 3.4957 25.1 3.52755 061 SmBO Monoclinic 7891-154-96
20.9800 0.5400 2.7226 15.0 2.73017 331 SmBO Monoclinic 7891-154-96
24.4300 0.6540 2.3380 12.4 2.3235 201 SmBO Monoclinic 7891-154-96
27.1300 0.4320 2.1302 18.9 2.1076 0121 SmBO Monoclinic 7891-154-96
29.5800 0.4730 1.9282 17.4 1.9335 102 Cu5Sm Hexagonal 0933-065-03
34.1800 0.5120 1.6701 16.2 1.6667 -334 SmBO Monoclinic 7891-154-96
36.4300 0.6320 1.5651 13.2 1.5781 1170 SmBO Monoclinic 7891-154-96
42.7300 0.4830 1.3711 17.7 1.3461 300 Cu5Sm Hexagonal 0933-065-03
44.6800 0.4310 1.3141 19.9 1.2841 212 Cu5Sm Hexagonal 0933-065-03
61.38 0.364 0.97866 25.388 0.9337 114 Cu5Sm Hexagonal 0933-065-03

reflects the arranging of atoms within the crystalline
lattice.

The diffraction angle (26) values correspond to
the specific crystal planes within the nanocomposite
thin film. The full width at half maximum (FWHM)
indicates the degree of crystallinity, with narrower
FWHM. The crystallite size (Dsh) is estimated us-
ing the Scherer Eq. (1), which relates the FWHM
to the crystallite size.?° The obtained crystallite
sizes range from 12.4 nm to 25.3 nm, indicating a
monocrystalline structure Phase Identification. The
Miller indices (hkl) provide information about the
specific crystal planes contributing to each diffraction
peak. The phase is identified as either SmBO (samar-
ium borate oxide) or CusSm (copper samarium) based
on the JCPDS card numbers. The crystal system is
determined as either monoclinic or hexagonal. The
observed trends in Table 1 suggest a correlation be-
tween the FWHM values and the crystallite sizes.
Narrower FWHM values correspond to larger crystal-
lite sizes, indicating a higher degree of crystallinity.*’
This trend is the variances in the estimated inter-
planar spacing (dyq exp.) compared to the standard
interplanar spacing (dyj std.) which could arise from
the lattice strains or defects within the nanocomposite
thin film. These imperfections can affect the diffrac-
tion patterns and lead to slight deviations from the
expected interplanar spacing. The data in Table 1
confirms the successful synthesis of a nano crystalline
Copper Samarium Borate Oxide Nano composite thin
film with a mixed phase composition of SmBO and
CusSm. The estimated crystallite sizes, ranging from
12.4 nm to 25.3 nm, indicate a nanoscale structure.
The observed trends and variances in the diffraction
data provide insights into the crystallinity and struc-
tural imperfections within the nanocomposite thin
film. These structural characteristics can influence
the material’s properties and potential applications.

Fig. 3 shows two distinct trends: Crystallite size
drops with the rise of (20). This trend matches the
Scherer equation, which states that the crystallite

30
Crystallite size (D)
28 — Full Width Half Max

26

(FWHM

24

22

20 /\/

16 -
14

Copper Samarium Borate Oxide Nanocomposite thin film

10 T T T T T T T T T T 1
15 20 25 30 35 40 45 50 55 60 65 70

2Theta (Degree)

Crystallite size (D) (nm)

Fig. 3. Variation of crystallite size (Dsh), Full Width Half Max-
ima (FWHM) versus (2Theta) of Copper Samarium Borate Oxide
nanocomposite annealed 3 hours.

size is negatively proportionate to the FWHM of the
deviation peak. The FWHM of the deviation peak
typically increases with the growing (26), due to the
growth in strain and defects in the crystal lattice.®
As a result, the crystallite size decreases when (26)
increases. FWHM increases with the rise of (20). This
trend is also consistent with the Scherer equation,
as mentioned above. Additionally, the rise in FWHM
with the rise (20) is possibly attributed to the rising
number of diffraction peaks at higher (26) angles.
The trends observed in Fig. 3 have several impli-
cations for the properties of the Copper Samarium
Borate Oxide nanocomposite thin film. The reduction
in crystalline size with the increasing (20) proposes
that the film is composed of monocrystalline grains.
Nano crystalline materials usually show improvement
of the mechanical features, like high strength and
hardness. Additionally, nanocrystalline materials can
have improved electrical conductivity and optical
properties. The increase in FWHM with the increasing
(20) suggests that the film possesses large degrees
of strain and defects. This can negatively impact the
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Fig. 4. The absorbance as a function of the wavelength of the
prepared Copper Samarium Borate Oxide Nano composite thin film
that annealing at 350°C for 3 hr.

mechanistic features of the film, such as reducing its
strength and toughness.?>*° However, the high de-
grees of strain and defects can also improve electrical
conductivity and optical properties.

Optical study results

The energy gap of a semiconductor material is a
crucial parameter to determine how suitable it is
for optoelectronic uses. For instance, semiconductors
with wider energy gaps are more transparent to vis-
ible light and are therefore preferred for solar cell
applications. On the other hand, semiconductors with
narrower energy gaps are more efficient at absorbing
visible light and are therefore preferred for light-
emitting diode (LED) applications.®' Fig. 4 presents
the absorbance spectrum of the Copper Samarium
Borate Oxide Nano composite thin film annealed at
350°C for 3 hours.

The spectrum shows a wide absorption band in
the visional and near-infrared (NIR) zones, with an
eventual absorbance peak at approximately 600 nm.
The wide absorption band is because of the elec-
tronic transitions of the Cu?* and Sm*®* ions in the
Copper Samarium Borate Oxide CuSmBO nanopar-
ticles thin film.*' The Cu?* ions may encounter a
transmission from the ground to the excited states
resulting in the absorption of visible lights. The Sm3*
ions encounter an f-f transition from the ground to
the excited states, which leads to the absorbing NIR
lights. The maximum absorbance peak at 350 nm
is due to the d-d transition of the Cu?* ions. This
transition is the “spin-allowed” transition, character-
ized by a high absorption likelihood. The absorption
band broadness is because of the different Cu?* sites
in the nanocomposite thin film, each with slightly
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Fig. 5. Plotting the energy gap value of the allowed direct trans-
mission of the prepared Copper Samarium Borate Oxide Nano
composite thin film that annealing at 350°C for 3 hr.

various energy levels. The wide absorption band in
the visible and NIR areas indicate that the Copper
Samarium Borate Oxide nanoparticles thin film is a
light absorber for a solar energy which harvests and
photo catalyze uses. To absorb many wavelengths
enables an efficient sunlight use, improving perfor-
mance in these uses. Also, the high absorption in the
NIR region is a positive use in optical sensing and
high-resolution imaging. NIR light is less vulnerable
to scatter and absorption by various biological tis-
sues biological tissues This makes it ideal for deep
tissue penetration, imaging and sensing. In general,
the energy gap value 2.03 eV for the Copper Samar-
ium Borate Oxide CuSmBO nanoparticles thin film
annealed at 350°C over 90 minutes shows potential
for many optoelectronic uses.

Energy gap (Eg)

The optical energy gap was measured by Eq. (2)
and since the values of the absorption coefficient are
greater than 4, the value of the constant (r) in Eq. (2)
is 1/2 of the allowed direct transmission as shown in
Eq. (3).

(ehv) = B (hv — Eg)r (2)
(ehv)® = a, (hv —E) ®3)

Fig. 5 presents the energy gap value of the allowed
direct transition of the Copper Samarium Borate
Oxide CuSmBO nanoparticles thin film annealed at
350°C for 3 hours.

This analysis provides a focused look into the
fundamental optical features and potential imple-
mentation of the nanocomposite thin film. Estimating
Energy Gap vi Tauc Plot, the energy gap (Eg) of the
nanocomposite thin films was measured using the
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Tauc plot method. This method involves plotting the
square of the absorption coefficient (¢hv)? against
the photon energy (hv) and extrapolates the Linear
part of the curve to the x-axis. The energy gap cor-
responds to the intercept of this linear extrapolation
with the x-axis. The obtained energy gap amount of
2.03 eV indicates that the Copper Samarium Borate
Oxide Nano composite thin film exhibits a semi-
conductor character with a moderate bandgap. This
bandgap value is within the range of semiconductors
suitable for a variety of optoelectronic applications.
The Tauc plot analysis suggests that the observed ab-
sorption in the nanocomposite thin film corresponds
to the allowed direct transition. This type of transi-
tion, characterized by a high absorption probability
and a sharp absorption edge, is responsible for the
observed linear relationship between («¢hv)? and hv
in the Tauc plot. The energy gap of a semiconductor
is a critical parameter that determines its optical and
electronic properties. Several factors contribute to
the energy gap value, including (1) Chemical Com-
position where the energy levels of the valence and
conduction bands, which dictate the energy gap, are
directly influenced by the chemical composition of
the semiconductor material. (2) Crystal Structure:
Here, the regulation of atoms during the crystalline
lattice, characterized by the crystal structure, also
affects the energy gap by influencing the band struc-
ture and electron interactions. (3) Impurities and
Defects: The presence of impurities or defects can in-
troduce additional energy levels within the bandgap,
modifying the overall energy gap value. The energy
gap of a semiconductor is crucial for determining
whether it is suitable for many optoelectronic uses.
Wider energy gaps generally lead to enhanced trans-
parency and are preferred for solar cell applications,
while narrower energy gaps favor light absorption
and are suitable for light-emitting diodes (LEDSs).
The Copper Samarium Borate Oxide Nano composite
thin film, with an energy gap of 2.03 eV, exhibits a
balance between transparency and light absorption.
This characteristic makes it a promising candidate
for three opto-electronic implementations, including:
(1) Solar Cells where the ability to absorb visible light
while maintaining transparency is beneficial for har-
vesting solar energy and converting it into electricity
in solar cells. (2) Light-Emitting Diodes (LEDs) is the
moderate bandgap which allows for the efficient light
emission at wavelengths within the visible range,
making the nanocomposite a potential material for
LEDs. (3) Photodetectors: in this application, the ab-
sorption of light can generate electron-hole pairs,
enabling the nanocomposite to detect and respond to
optical signals in photodetectors.
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Fig. 6. Plotting Lne vs Energy of the prepared Copper Samarium
Borate Oxide CuSmBO nanoparticles thin film that annealing at
350°C for 3 hr.

Urbach energy (Eu)

The Urbach plot is characterized by a linear region
at low photon energies, followed by a steep exponen-
tial cutoff at higher photon energies.

The linear region corresponds to the band tail
states, which are energy levels within the band gap
that arise because of the structural flaws and impu-
rities. The slope of the linear region in the Urbach
plot is called Auerbach energy (Eu), which represents
the average energy separation between the band tail
states and the band edge. The intercept of the linear
region with the y-axis in the Urbach plot corresponds
to the optical energy band gap (Eg) of the semi-
conductor materials. The optical energy band gap is
the least energy wanted for exciting an electron to
the conduction band from the valence band. Fig. 6
presents a plot of the natural logarithm of the ab-
sorption coefficient (In¢) against the photon energy
(hv) for the Copper Samarium Borate Oxide Nano
composite thin film annealed at 350°C for 3 hours.
This plot, also known as the Urbach plot, is a useful
tool for characterizing the band tailing and optical
band gap of semiconductor substances. The Urbach
energy of Copper Samarium Borate Oxide CuSmBO
nanoparticles films annealed at 350°C over 90 min-
utes was measured by Egs. (4) and (5).%?

h
o= a, exp E—I: (€))
Ine =Ino, + (};—U) 5)

Fig. 6 shows the Urbach energy (Eu) diagram for
thin CuSmBO nanoparticles with a linear region at
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low energies and a large, sharp cutoff at higher en-
ergies. This corresponds to the well-defined band tail
and optical band gap states in the nanoparticles thin
film. The Urbach energy (Eu) value of the nanoscale
thin films is approximately 0.15 eV. The relatively
low Urbach energy value means that the band tail
states are not important for localization, It is useful
in transporting charge carriers in optoelectronics. The
optical band gap value (Eg) for the nanoparticles films
was 2.03 eV. This band gap value remained with the
value by the Tauc plot in Fig. 6. The suitable band gap
of 2.03 eV makes the Copper Samarium Borate Oxide
nanoparticles films adequate to many opto-electronic
applications such as solar cells, LEDs, and photodetec-
tors. This work provided insights into the important
optoelectronic features of the Nano compound thin
film and guide developing high-performance opto-
electronic devices. In general, the Urbach plot in
Fig. 6 gives valuable insights into the band tailing
and optical band gap of the Copper Samarium Borate
Oxide Nano composite thin film. The moderate band
gap 2.03 eV and the relatively low Urbach energy
of 0.15 eV help the Nano compound thin film to be
favorable to many optoelectronic implementations.

Conclusion

The solvothermal synthesis is a successful method
creating a novel Copper Samarium Borate Oxide
CuSmBO nanoparticles thin film subsequently an-
nealed at 350°C for 180 minutes with adjustable
morphologies, structures, and optical features. The
characterization showed a grain size 22 nm, from
20.07 nm to 16.8 nm, which results in band gap
energy 2.029 eV. The manufactured nanoparticles
showed a wide optical absorption spectrum with
a maximum absorbance peak at 600 nm which
elucidates their advantages for optoelectronic uses.
This method confirmed multilateral and efficient
in manufacturing Copper Samarium Borate Oxide
nanostructures with tunable features. A careful con-
trol synthesis features, nanoparticles with many
morphologies are possibly nanoparticles, nanorods,
and nanowires and are tailored. Also, the crys-
tal structure is used, with forming monoclinic or
hexagonal phases. The optimal morphology features,
structure, and optics of Copper Samarium Borate
Oxide CuSmBO nanoparticles rely in the specific
optoelectronic implementation. For harvesting solar
energy, nanoparticles with a big surface area and
wide absorption bands are desirable. Photo cataly-
sis needs nanoparticles with a high crystallinity and
showed active positions. Light-emitting diodes need
nanostructures with a tight band gap and an effec-
tive light emission. The solvothermal manufacturing
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method is promising path to produce Copper Samar-
ium Borate Oxide nanostructure with Adjustable
morphology features, structures, and optical proper-
ties. The meticulous control synthesis features help
these nanostructures in tailoring for meeting some
requirements of optoelectronic uses.
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