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Abstract

A novel nano coating was synthesized by spin and casting methods to obtain high-
performance selective surfaces to enhance solar energy absorption. Nanomaterials
(CuO:NiO) and carbon (fly ash) were used to provide a cost-efficient coating with
high absorption efficiency. The materials were prepared with different carbon dop-
ing content, and the coating of the nanocomposite film was deposited by these tech-
niques on pre-cleaned copper and glass substrates. Energy dispersive X-ray analysis
was used to determine the component element for carbon (fly ash), and its diam-
eter was measured using scanning electron microscopy. The optical properties were
investigated by UV spectrometry and reflectivity tests in a range of 250—1300 nm
at room temperature. The absorbance coefficient, transmittance, reflectance, skin
depth, optical density, optical energy gap and Urbach’s parameters of the nanocom-
posite thin films were also determined. The data were analyzed and interpreted in
terms of the theory of phonon-assisted direct electronic transitions. The E, of the
doped carbon was measured in different composition ratios of CuO:NiO (A =0.5:2.5,
B=1:2,C=1.5:15, D=2:1, E=2.5:0.5) wt.%, and fixed carbon content at 7 wt.%.
The results of the doped samples revealed an energy gap value of 2.5-3.9 eV. When
the ratio of the CuO content ranged from 0.5 to 2.5, composition B was found to
have three regions in its figure that were dependent on the CuO content in the nano-
composite mixture. The optical band gap values were highly dependent on the CuO
content in the nanocomposite films.
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Introduction

Nanocomposite compounds have recently become a focus of interest for many
researchers as a result of the evolution of selective surface techniques for absorp-
tion of solar energy. They have shown potential for use in a number of opti-
cal devices operating in the UV-visible and near-infrared (NIR) ranges [1, 2].
Nanocomposite film coating in selective surfaces is dependent on the band gap
and may be deemed more suitable for absorbing all ranges of the electromag-
netic spectrum for solar energy [3, 4]. Moreover, thin film nanocomposites can
be designed in accord with the maximum range of the visible spectrum and NIR,
enabling the tailoring and adjustment of their physical features [5-7].

Thin film nanocomposites are semiconductors that can be used in coating,
catalysis, and solar energy absorption, and are currently found in a number of sig-
nificant technology applications. The behavior of thin films is further determined
by their surface microstructure and interface morphology and the elemental com-
position of the chemical compounds, and their optical and electrical properties
are dependent on the film thickness [6—8]. In addition, with regard to the optical
features of nanocomposite thin films, the refractive index values are often lower
than those of bulk materials, while the absorption coefficients are often higher
than those of the same bulk materials. In this work, the nanocomposite utilizes
the combined features of CuO and NiO, and is characterized by high absorption
in the visible and near-IR regions. In addition, the composition of the materials
in the nanocomposite can be tuned to achieve the best optical band gap [9-11].
No previous studies have investigated CuO:NiO nanocomposite for doping of
carbon (fly ash) to obtain thin films, and the effects on their optical properties
such as transmittance, reflectance, optical density, energy band gap, skin depth,
and Urbach energy [12-16]. With regard to the properties of CuO and NiO with
respect to carbon doping, nano copper oxide (CuO) has exceptional catalytic
activity, as evidenced by its application in gas sensors, environmental catalysis,
electrochemical cells, transistors, and solar cells. These properties differ strongly
from the bulk phase. CuO is a p-type semiconductor with superconducting prop-
erties and demonstrates a narrow band gap (1.2 eV) for the bulk phase, but this
band gap depends on the annealing temperature, and increased particle size will
lead to an increase in band gap and absorption wavelength. [17-19]. The Cu foam
doping of CuO/ZnO creates a huge surface area and heterojunction of the ZnO/
CuO composite to boost the photo-catalytic performance, and thus is useful for
application in the photodegradation of organic dyes [20, 21]. On the other hand,
ZnO was doped by the Cu component not only inside the lattice but also cov-
ering its surface and giving it electrochemical properties for the solar cell with
changed Cu content [22, 23]. CuO doping of tin oxide (SnO,) with different con-
tent also exhibits effects on optical and electrical properties. Measurements show
that an increase in CuO content leads to increased conductivity and transfer of
charge carriers from n- to p-type [24, 25]. Moreover, the addition of CuO to NiO
results in a significant increase in particle size and a decrease in surface area,
which leads to an increase in the crystalline phase for the hybrid nano oxides. For
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this mixture, the agglomeration size increases with increasing NiO in CuO and
increased calcification temperature from 400 to 600 °C, with increased crystallite
size of the particles [26, 27].

Therefore, nano NiO is a good example of a p-type semiconductor with a wide
energy band gap (range 3.2-4.0 eV) [28]. When Cu doping of NiO is used, the
obtained films will also be a p-type, which is deposited by spray pyrolysis. The
resistance of these films decreases with an increase in Cu content, and the conduc-
tivity of the films depends on the prepared solution. The absorption coefficient for
these films and their band gaps are dependent on the Cu composition for doping of
NiO [29-32]. Nickel (Ni) is then used to dope CuO, and the thin film produced is
synthesized by the sol-gel method to achieve magnetic properties. The magnetiza-
tion of this film decreases with increased temperature and depends on the content of
Ni in CuO, which will lead to a decrease in the magnetization in the lattice for the
composite Ni:CuO [33, 34]. Further, a composite NiO:PVA was synthesized and its
optical properties studied by examining the effect of NiO-doped PVA with various
NiO content. The results demonstrated the effect of NiO on optical features for the
PVA and showed a decrease in band gap for the PVA from 3.82 to 3.6 eV [35-37].
Similarly, nano Cu,O was coated on multi-walled carbon nanotubes (MWCNTs) via
a simple one-step reaction using Fehling’s reagent, and demonstrated the ability to
disperse Cu,O on different surface substrates such as graphite and graphene [38—42].
Another strategy involves a polyaniline nanostructured composite with different per-
centages of carbon black. The nanocomposite was formed as a result of the align-
ment of molecules in the micelle. This system shows maximum electrical conductiv-
ity of about 1.38 S/cm, which is three times that of the original polyaniline with no
additives [7]. Theses approaches can be utilized in applications such as optoelec-
tronics, electromagnetic interference shielding, rechargeable batteries, sensors and
electrochemical energy storage, photocatalysis and nano-electronics [43—47]

Therefore, the objective of the present work was to complete an assessment and
analysis of the optical properties of thin films of CuO:NiO with doping of carbon
to improve the physical properties of carbon. To the best of our knowledge, there is
no study published to date on the optical properties of CuO:NiO/C. The objective
of the present work was to prepare CuO:NiO/C thin films having different dopant
concentrations by using solution spin casting. The absorbance of the films was
recorded using UV—Vis spectroscopy, and measurements such as skin depth, optical
density and Urbach energy were calculated to determine the best composition of the
nanocomposite for use as a coating on a flat plate collector to absorb solar energy.
This can be used in domestic heating applications, and offers the advantage of heat-
ing from the sun as a source of energy, which is available year round for countries
around the world.

Experimental work

The nanocomposite was synthesized from the solution and deposited by spin and
casting to obtain nanocomposite thin films on the Cu and glass substrates.
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Preparation and characterization of the materials

Carbon (fly ash) obtained as a product of combustion was supplied by Midland
Refineries Company (MRC)/Daura Refineries. The fly ash was sieved to remove all
lingering particles. As shown in Fig. 1a, scanning electron microscopy (SEM) was
used to measure the particle size of the fly ash, which was 29.62-93.22 um, and
demonstrated the morphology of the carbon (fly ash). Figure 1b shows the energy-
dispersive spectroscopy (EDS) analysis of the carbon. EDS was performed using an
Inspect S50 low-vacuum (3 nm at 30 kV SE) SEM to determine the purity of the
carbon utilized in the nanocomposite thin film.

CuO and NiO were supplied by Changsha Easchem Company (Hunan, China),
with particle size of 58.43 and 30.69 nm, respectively, and purity of 99.9%. Atomic
force microscopy (AFM) was used to determine the particle size for the nanomate-
rial particles as shown in Fig. 2, which is the same particle size as that received from
the chines company and confirmed that the particles were nanomaterials.

SEM for nanocomposite thin film

The surface morphology of the nanocomposite thin film is show in Fig. 3 for differ-
ent content of CuO:NiO with carbon (fly ash). A SEM image of the nanocomposite
thin film showing the surface morphology is shown in Fig. 3a, and characteriza-
tion by AFM is shown in Fig. 3b. These images reveal the porous structure of the
nanocomposite thin film, which will enhance the absorbance of the solar energy
radiation.

Figure 3a reveals that the nanocomposite dielectric thin film layer structure of
CuO:NiO/C is a spectrally selective surface, with good properties of surface coat-
ing shape. The AFM image of the nanocomposite thin film in Fig. 3b shows a fine
roughness of the surface, leading to high absorbance through the surface in the vis-
ible and IR region for the incident wavelength.
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Fig. 1 EDS test for carbon (fly ash) by SEM
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Fig.2 AFM inspection for CuO and NiO nanomaterials

176.68nm

Fig.3 a SEM and b AFM analysis for the CuO:NiO/C nanocomposite

XRD inspection of the nanocomposite
The crystal structure was characterized to examine the crystallite properties of

the CuO:NiO/C nanocomposite thin film under the various precipitating measure-
ments by utilizing the X-ray diffraction XRD) patterns [radiation/wavelength: Cu
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Fig.4 XRD patterns for the CuO, NiO nano, carbon (fly ash), and the nanocomposite

Table 1 Values of the intensity with theta for CuO, NiO nano, carbon (fly ash) and CuO:NiO/C nano-
composite

Carbon (fly ash) CuO NiO CuO:NiO/C

2 Theta (6°) Intensity 2 Theta (§°) Intensity 2 Theta (6°) Intensity 2 Theta (6°) Intensity

29.6 271 325 156 30.2 71 38.6 186
44.9 956 35.6 1128 355 263 40.2 196
65.2 102 38.8 1085 43.2 59 51.0 406
72.6 46 48.8 323 44.8 74 66.1 118
78.2 80 535 161 535 30

58.4 215 57.0 69

61.5 249 62.7 103

66.3 254

68.05 237

72.1 133

74.1 175

K-o 1.54056 A (high-resolution)] and inspected in the 20 range (20°-80°) with a
Cu-Kal target and a monochromator at (40 kV and 250 mA). Figure 4 shows the
XRD patterns of the CuO, NiO nanomaterials, carbon (fly ash), and the nanocom-
posite film, with the intensities of all the compounds forming the composite. The
X-ray diffraction of the nanocomposite thin film annealed at 300 °C was produced,
and the intensity peaks with the theta of XRD pattern were collected from Fig. 4,
and the results are show in Table 1.
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Synthesis of the nanocomposite

The starting materials of carbon (fly ash) powdered and nano CuO:NiO were
weighed, and their mass ratios in appropriate proportions in stoichiometric quanti-
ties as determined by an electronic balance (5 digits) were used to obtain the desired
composition. Carbon content fixed at 7% was added to high-purity CuO:NiO of var-
ying composition (A=0.5:2.5/7, B=1:2/7, C=1.5:1.5/7, D=2:1/7, E=2.5:0.5/7)
wt.% to obtain a homogeneous solution mixture. A stirrer was used for 2 h to stir
the solid components with deionized water and molasses to ensure thorough mixing.
The nanocomposite thin films were then synthesized. The solution was placed in a
glass tube followed by vigorous mixing; the nanocomposite thin films were depos-
ited on Cu and glass substrates with dimensions of 2.5%x5 cm?, which had been
thoroughly cleaned several times using a detergent solution, ethanol, and acetone
to remove any grease on them, after which they were rinsed in deionized water and
dried in an oven at 50 °C for 1 h. The nanocomposite samples were deposited on
substrates by spin coating and casting, and dried in an oven at 80 °C to remove any
residual solution in the samples. The thickness of the fabricated nanocomposite thin
films was 300 nm.

Characterization

The prepared samples were analyzed using computerized diffuse reflectance spec-
troscopy (Avantes DH-S-BAL-2048 UV-Vis). Spectra were recorded in a wave-
length range of 250-1300 nm in steps of 2 nm. Then, using the computerized Shi-
madzu UV-1650 PC UV-visible Spectrophotometer, the absorbance spectra were
recorded in the wavelength range of 200-800 nm also in steps of 2 nm. All optical
investigations were carried out at room temperature (300 K).

Results and discussion
Optical properties studies
Absorbance coefficient

The optical properties of materials depend on many variables such as the preparation
method, surface morphology, and precursor conditions, according to their interac-
tion with the environment. The investigation of the spectral coefficient of absorption
for any semiconducting material provides additional information regarding the lev-
els of electrons in the high-energy region of the optical absorption spectrum, while
the low-energy region of the spectrum corresponds to the vibrations of atoms [48,
49]. Different applications are dependent on the optical absorption spectrum of the
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CuO:NiO/C nanocomposite, and the absorption coefficient can be determined from
the measurement of absorbance values with the wavelength and computed from the
Beer—Lambert law [50, 51]:

I, A
lnl—:e ’,a=2.303*7 (1)

o

where a is the absorbance coefficient (cm™), A is the absorbance value, and ¢ is the
thickness (cm).

The optical absorbance coefficient of the CuO:NiO/C nanocomposite thin films
(0.05:2.5 <% <2.5:0.05 at wt.%) is dependent on the wavelength, as shown in Fig. 5.
The results in the figure show that the absorption coefficient (a) decreases with the
increase in wavelength for all samples of the CuO:NiO nanocomposite until a cer-
tain wavelength (about ~800 nm). The thin fils samples were dependent on the film
coating, and after that the coefficient () for the wavelength was nearly invariable.

In each composition, the absorption edge was determined by extrapolating the
decreased fraction of the absorption coefficient curve to intersect the wavelength line
at a specific point. The point of intersection indicates the optical band edge amount.
It was observed that the intersection points are located in the UV—visible zone for all
nanocomposite thin films, and the absorption edge is shown in Fig. 6. The results of
the composition of the nanocomposites on the start of the curve change with the wave-
length. It was observed that with an increase in the CuO ratio, the absorption edge was
increased across wavelengths. In the nanocomposite thin films, the absorption edge val-
ues of composition A =326 nm, B=338 nm, C=328 nm, D=332 nm, and £=336 nm
respectively. It is clear from Fig. 6 that the highest value of the absorption edge is
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Fig.5 Absorption coefficient variation with the wavelength for the nanocomposite
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Fig.6 Absorbance coefficient edge in the nanocomposite shifted with increased CuO ratio

achieved with composition B (1:2/7 wt.%), whereas the lowest value is observed for
composition C (1.5:1.5/7 wt.%). Thus composition B give the highest absorption com-
pare with the other compositions for the CuO:NiO/C nanocomposite [8]. This shift is
prospective behavior, which indicates the increasing ratio of the CuO element in the
nanocomposite film and will decrease the optical band gap [50, 52].

Further, the optical density (D) is proportional to both the composition and the
film thickness of the sample and is dependent on the absorption for the coated layer.
D, of the present CuO:NiO/C nanocomposite thin films can be determined by utiliz-
ing the following equation [50]:

DOpt = at 2)
where a is the absorbance coefficient (cm™"), and 7 is the film thickness (cm).

Figure 7 interprets the variance of the optical density (D,,,) with the photon energy.
The optical density is observed to vary with the photon energy, and its behavior is
opposite that of the absorbance coefficient: the optical density increases as photon
energy increases along the x-axis, and when the content of CuO:NiO in all samples is
increased.

Figure 8 shows the variance in the optical density (D) with the wavelength. The
behavior is similar to that of the absorbance coefficient, where the optical density
decreases with increasing wavelength along the x-axis of all samples.

Skin depth of the nanocomposite
The absorption of the nanocomposite inside the thin films for the electromagnetic

wave spectrum is dependent on many factors including thickness, the ratio of doping
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Fig. 7 Variation in optical density of the nanocomposite with photon energy

5.0
45 Dopt
—— Dy B
4.0 —
Dy
3.5 —D opt D
>
2 3.0 DoptE
=
"]
= 25 -
=
<
£ 20 -
o
1.5 +
1.0
0.5
0'0 T T T T T T T T T T

300 350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. 8 Variation in optical density of the nanocomposite with the wavelength

@ Springer



Polymer Bulletin (2021) 78:433-455 443

material and the extinction coefficient of the thin films. A portion from the incident
energy that enters the sample is absorbed as any semiconductor, and the remaining
portion of this energy is reflected from the surface. Thus, there are several important
factors associated with the photon absorption inside the texture of the thin film, such
as skin depth and the optical conductivity of the nanocomposite [7, 8]. Skin depth
is also dependent on the photon frequency and the conductivity of the thin films,
because the semiconductor conductivity is strongly dependent on the band gap. A
correlation between skin depth and optical features is found in any semiconducting
material. The skin depth correlates with the absorbance coefficient () by the fol-
lowing equation [53]:

A
Y=o 3)

where x is the skin depth (nm), A is the wavelength (nm) and x is the extinction
coefficient.

The skin depth can be calculated for the nanocomposite thin films by utilizing
the wavelength with extinction coefficient data. Figure 9 shows the dependence of
skin depth on the photon energy for the CuO:NiO/C nanocomposite thin films. It
is evident from Fig. 9 that the skin depth (x) is increased with increased photon
energy and is dependent on the composition of the CuO:NiO in the dopant carbon.
The skin depth value decreases with increased photon energy until it becomes zero.
When the content of CuO:NiO increases, the skin depth decreases, and the increase
in CuO:NiO leads to darkness of the nanocomposite thin films, which reduces the
transparency of the thin films. The curves obtained from the skin depth-photon
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Fig. 9 Skin depth variation with photon energy for the nanocomposite
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energy data show a peak value in one region of the photon energy, with the value
reaching 5.5 eV.

The peak in Fig. 9 is dependent on the CuO:NiO content in the nanocomposite
films. The amplitude of this peak decreases when CuO:NiO content is increased.
The skin depth peak found in composition C has an equal amount of CuO and NiO,
and exhibits the largest peak, at 5.5 eV value [51, 53].

Transmittance and reflectance for the nanocomposite

Figure 10 shows the optical transmission spectra of carbon (C) thin films with
various composition of nano CuO:NiO. The transmittance intensity increases with
increasing wavelength. The transmittance is increased when the doped nanomaterial
composition of CuO:NiO increases.

The transmittance is invariant along the horizontal axis when the wavelength
increases. Figure 10 shows that the transmittance begins at the lower value at
the UV region and increases with increasing wavelength up to the visible region
(A=460 nm), after which it remains steady along the wavelength axis for all com-
positions. Also, the transmittance increases with a decrease in the composition of
CuO in various compositions only up to a wavelength of (1=460 nm), after which it
remains steady. The composition of sample E (2.5:0.5/7 wt.%) is the best content for
the CuO:NiO/C nanocomposite and has a lower transmittance value [50, 53].

The optical reflectance spectra of the nanocomposite thin films with various
CuO:NiO composition are shown in Fig. 11, which demonstrates that for all compo-
sitions, the reflectance decreases with increasing wavelength for samples A, B, C and
D, while it increases with increasing wavelength for sample E.
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Fig. 10 Transmittance with wavelength for all samples
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Fig. 11 Reflectance spectra with wavelength for all samples

From these data, the optical absorption for the samples is increased when the
reflectance and transmittance values are lower. The surfaces of the deposited thin
films for the nanocomposite film on the substrates has a rough nature to harness the
incident light in the visible and near-IR regions. This confirms that the incident light
over the nanocomposite films is thoroughly absorbed. Therefore, the absorptivity (a)
can be computed from the relation between the reflectivity (R) and the absorptivity
(a) for all nanocomposite samples, with values of absorptivity () of 88-98% [53].

Extinction coefficient and refractive index

A basic optical feature of nanocomposite materials is the refractive index (r), which
correlates directly with their optical features [50]. The refractive index was com-
puted from the values of the reflectance and extinction coefficient of the nanocom-
posite thin films by utilizing the equation:

[14—R] 4R, @

1-R (1-R?

where 7 is the refractive index, R is the reflectivity and « is the extinction coefficient.

The analyzed domain of wavelengths for the refractive index to the doped nano-
composite films as shown in Fig. 12. All compositions for the samples are indicating
that the refractive index decreases with increasing wavelength for samples (A, B, C,
and D) but in the sample (E) increases with wavelength. Then the refractive index is
invariant with the wavelength increases along the x-axis.
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Fig. 12 Refractive index with the wavelength for the nanocomposite

The refractive index demeanor in Fig. 12 was attributed to an increase in nanoma-
terial content (CuO:NiO) in the nanocomposite was led to increase of the packaging

bulk as a result of filler amount for thin films.
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Fig. 13 Extinction coefficient with wavelength for all samples
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The extinction coefficient (k) is dependent on the wavelength range for the doped
samples of the nanocomposite as shown in Fig. 13. The extinction coefficient for
the nanocomposite film shows a decrease in value for wavelengths of 280-360 nm,
while it increases for all samples in the wavelength range of 360-800 nm [36].

The extinction coefficient is dependent on the wavelength and the absorption
coefficient, and may be calculated by the equation [54, 55]:

k_a/l

T 4z

)

where « is the absorbance coefficient (cm™") and 1 is the wavelength (cm).

The extinction coefficient increased for nanocomposite thin films with dop-
ing composition because of the increase in absorption coefficient and wavelength.
Figure 13 demonstrates that the extinction coefficient decreases to a lower value
at a wavelength range of 300-360 nm and then increases at a wavelength range of
360-800 nm, which is due to the doping process for the carbon with nano CuO:NiO.

Real and imaginary of dielectric constant

The dielectric constant of the nanocomposite thin films has two parameters: real (g,)
and imaginary (g,) parts. This relationship can be expressed as (w) = €,(®) + ig,(w).
These parameters depend on n and k values, and are therefore computed from the

equations [51, 56]:
e =n* -k ©)
&, = 2nk

where the values of (¢;) and (g,) are dependent on the wavelength, n and k
parameters.

The real (¢;) and imaginary (g,) merit is increased with increasing wavelength
and with carbon doping of the CuO:NiO nanomaterials, as shown in Figs. 14 and
15, which demonstrate the values of these parameters for the dielectric constant. In
Fig. 14, the real part (g,) is related to the values of the refractive index (n) and the
extinction coefficient (k) with Eq. (6). Therefore, n is higher than k, and the figure
will be of the same shape as the refractive index (n) [50, 56].

In Fig. 15, the imaginary part (g,) of the dielectric constant is also related to n
and k, but the value of « is lower than that of n, and when multiplying k by »n, the
result is low, and the shape of Fig. 15 is the same as the figure of the extinction
coefficient.

Optical conductivity for the nanocomposite

The optical conductivity (¢) was correlated to the absorbance coefficient (@) and the
refractive index (n) and is computed by utilizing this equation [57]:

anc

4 (7

o =
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Fig. 15 Imaginary part of dielectric constant with wavelength for all samples
where o is the optical conductivity (Q.cm™), a is the absorbance coefficient (cm™")
and (n) is the refractive index, and (c) is the velocity of light (3 X 10" cm/s).

Figure 16 demonstrates the variance between optical conductivity and wave-
length. As can be seen, the optical conductivity has high value at a wavelength of
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Fig. 16 Optical conductivity with wavelength for all samples

320 nm, and decreases along the x-axis of the wavelength with an increase in the
doping nanomaterials of CuO:NiO to carbon (C). The composition B has high opti-
cal conductivity from the other amount of composition as shown in Fig. 16 [7].

Optical energy gap for the nanocomposite

The nanocomposite band gap is defined by utilizing Tauc’s relation and is dependent
on the absorption coefficient (a) and the photon energy (hv), as shown in the follow-
ing equation:

ahv =A(hv —Eg)" 8)

where A is a constant, E, is the energy gap of the nanocomposite, and n is the power
representing the value of the allowed transition (n=0.5 for indirect transition and
n=2 for direct transition) [58]. The high absorption energy of the electron in the
nanocomposite in the confined region of the energy gap between the valence band
and the conduction band causes acceleration of the electrons to move between
bands. This depends on the absorption wavelength of each composition for the nano-
composite thin films.

Practically, to locate the energy gap of the CuO:NiO/C nanocomposite thin films,
the photon energy (hv) vs. (ahv)? is plotted utilizing the information obtained from
the optical absorption spectra, as demonstrated in Fig. 17 [36, 51].

The plot obtained shows a direct line in a definite region. Therefore, to obtain
the direct allowed transition of the energy gap (E,) of the nanocomposite thin
films dependent on the CuO:NiO composition, the direct line is extended and
it is intersected at (hv) in the X-axis. It can be observed that the optical energy
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Fig. 17 Energy gap for all nanocomposite thin films

gap decreases with increasing CuO content in the nanocomposite films [8, 58].
The value of the energy gap ranges from 2.5 to 3.9 eV; composition A, C, D and
E have the same energy gap (3.1 and 3.7 eV) which is dependent on the CuO
and NiO in the nanocomposite to dope carbon (C), but composition B has three
energy gap values (2.5, 3.1 and 3.9), as shown in Fig. 17. The reason for this is
because the amount of NiO to dope carbon was 2.5 and CuO was 1 wt.%, which
led to this behavior, as the content of NiO was higher than CuO. Thus the behav-
ior of composition B is irregular, which is due to the mixing of the mixture or
the precipitation of the composition over the glass substrate [50, 53].
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Absorption band tail (Urbach energy)

Semiconductor materials that have optical absorption spectra play an important role
because they provide the principal data about the contents and band gap. The opti-
cal absorbance spectra of a semiconductor may be classified into two essential parts:
(1) a region of weak absorbance, which can appear because of impurities, defects,
or disordered lattice structure for the nanocomposite, (2) high absorbance, which is
determined from the optical energy gap. The Urbach band tail is an exponential part
that may be near the band gap edge and along the absorbance coefficient curvature;
the exponential band tail shows poor crystallinity, and materials have an amorphous
and disordered structure. The Urbach practical base takes place in the lowest field
of photon energy, by depending on the absorbance coefficient (@) and photon energy
(hv), which is known by the equation [48, 50]:

a=a,ex hy
0 €XP E, ©)]
where a,, is a constant, and E, is the Urbach energy.
Taking the logarithms for the two sides of Eq. (9) gives a straight line equation
and becomes:

hv
Ina=Ina, + — (10)

Theoretically, the Urbach energy (E;) may be obtained from the slope of the
straight line by plotting In(ar) versus the photon energy (hv) on a horizontal axis.
Figure 18 shows a graphic representation of In(a) against (hv). The slope for a
straight line is equal to (1/E};) and by intersecting the y-axis in an amount is equal to
In(a,) for the nanocomposite thin films [50].

It may be observed that the value of the Urbach energy (E;) is increased by
increasing the rate of the CuO:NiO amount in the nanocomposite films, but the cor-
relation is exactly linear by taking a suitable fitting of all curves [50]. Further, it may
observed from Fig. 18 that the relation for the Urbach energy (Eu) and the photon
energy (hv) will be fitted to obtain a linear interrelation for all composition of the
nanocomposite thin films.

The results for the paper can be summarized in Table 2.

Conclusion

Spun nanocomposite thin films of CuO:NiO/C for various rates
(0.5:2.5 <x<2.5:0.5) wt.%, were deposited on preheated copper (Cu) and glass
substrates. Optical analysis revealed that the nanocomposite thin films have good
crystalline surface morphology, and exhibited a shift in the optical absorption
edge to higher wavelengths with the addition of carbon doping to CuO:NiO. The
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Fig. 18 Urbach energy with photon energy for all samples

Table2 Results of the absorbance edge, energy gap (E,), Urbach energy (E,) and (a,) constant for the
nanocomposite thin films

Nanocomposite thin ~ Absorbance Energy gap (E,) (nm) Urbach energy (a,) con-
film (wt %) edge (nm) (E,) (nm) stant*10°
(em™)
A (0.5:2.5/7) 326 3.1,3.7 2.86 15.99
B (1:2/7) 338 2.5,3.1,39 4.76 32.86
C (1.5:1.5/7) 328 3.1,3.7 37.04 30.64
D (2:1/7) 332 3.1,37 11.91 32.86
E (2.5:0.5/7) 336 3.1,3.7 47.62 36.32

high absorbance obtained by doping is important for use of the nanocomposite as
a coating on a flat plate collector to absorb solar energy. For these nanocomposite
film samples, a higher absorption coefficient (@) was determined. The skin depth
(x) and optical density (D) were computed and discussed. The energy band gap
results were calculated, and the values ranged from 3.9 to 2.5 eV. Carbon was
doped with a certain amount of nanomaterials (CuO:NiO), and the values of the
energy gap were determined, revealing that the energy gap values were decreased,
which compared favorably with results reported by other researchers. The Urbach
energy (E,) and its components were determined for the nanocomposite, and it
was found to be dependent on the absorbance coefficient for the nanocomposite.
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From these results it was ascertained that the nanocomposite thin films are a
semiconductor.

The TEM examination, conductivity, -V characteristics, chemistry concept, band
gap and quantum yield of the CuO-NiO/C composite will be taken into considera-
tion for future work.
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