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In this study, monometallic copper oxide nanoparticles (CuONPs) were synthesized by chemical reduction of copper sulfate (CuSOy,) salt
through sugar glucose. X-ray diffraction profiles approved the formation of metallic oxide nanoparticles. TEM images showed spherical
nanoparticles with an average particle size of 60 nm. The interaction of HEC and copper oxide nanoparticles was investigated by FTIR
spectroscopy. The UV-visible absorption spectrum showed a surface plasmon resonance peak at 270 nm. The effect of doping of copper
oxide nanoparticles (CuONPs) on the optical and thermal properties of HEC was studied. The results showed that the concentration of
CuO nanoparticles has a prominent influence on the optical, structural, and thermal properties of hydroxyethyl cellulose.

1. Introduction

Polymeric nanocomposites are one of the interesting materials
in the plastic industry. They attracted the attention of the re-
searcher because of their high performance. Polymeric nano-
composites usually have a polymer or copolymer with
nanoparticles or nanofiber dispersed in the polymer matrix.
They combine the advantage of both polymers and metal
nanoparticles [1]. Metal nanoparticles have distinctive and
incredible electrical, optical, and thermal properties [2-4] while
the polymer matrices have long time stability [5, 6]. Polymeric
nanocomposites have different potential applications such as
nanoelectronic devices, optical devices, optoelectronic, and
sensors [7-9].

The hydroxyethyl cellulose (HEC) polymer is relatively
cheap and has many applications in industry. It is largely used as
a water-binder and thickening agent, stabilizer in many in-
dustrial applications [10].

Copper oxide nanoparticles (CuONPs) have drawn atten-
tion mostly because of their unique optical and electrical,
thermal, and magnetic properties [11]. Copper oxide is a p-type
semiconductor metal with a narrow band gap. It was used in
several applications, such as gas sensors, the development of
supercapacitors, catalysis, near-infrared filters, magnetic storage
media, solar energy conversion, and field emission emitters [12].

The fluid viscosity and thermal conductivity of nanofluids can
be improved and enhanced by including CuO nanoparticles
[13]. It also has many applications in nanomedicine and bio-
medical sciences [14].

Different methods such as thermal decompositions of
metallic precursors, photo- or chemical reduction of metal ions
in an aqueous medium with various polymer surfactants,
chemical vapor deposition, coprecipitation, impregnation, and
microwave irradiation can be used for the preparation of
metallic nanoparticles. The green chemistry methods are eco-
friendly synthetic methods for the synthesis of nanomaterials. It
has several advantages such as simplicity, cheap cost, com-
patibility for catalysis, and biomedical and pharmaceutical fields
as well as for large-scale commercial applications [15-17].

In this work, the concentration impact of the copper oxide
nanoparticle content in HEC on the optical and thermal
characterization of hydroxyethyl cellulose will be investigated as
well as the support morphological analysis.

2. Experimental

2.1. Samples Preparation. Hydroxyethyl cellulose (HEC) was
purchased from Sigma-Aldrich Company. The average
molecular weight and viscosity of HEC are approximately
250000 and 80-125MPa. respectively. Copper sulfate


mailto:asubaie@tu.edu.sa
https://orcid.org/0000-0002-3503-5057
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/8422803

ML
MU

/\u

A

60

Intensity (arbitrary units)

20 (degree)

Figure 1: X-ray diffraction profiles of CuONPs-doped HEC
samples.

(CuS0O,) and glucose were analytic grade reagents and were
supplied by Wako Chemicals Industries. Sodium hydroxide
(NaOH) (Merck) was used as received. Colloidal copper
solutions were prepared according to Panigrah et al. [12, 18,
19]. Two grams of glucose were dissolved in 25.0mL of
double-distilled water, and then, 150 uL of 0.1 M sodium
hydroxide was added to the solution and the last mixture was
heated to 50°C. Then, 1.0 mL of 0.0l M anhydrous copper
sulfate solution was added to the hot mixture and heated
until yellow color appeared. HEC was dissolved in double-
distilled water by magnetic stirring at room temperature.
Solutions of CuONPs and HEC have been mixed together to
give 4, 6, and 8 wt.% of CuONPs-doped HEC using a
magnetic stirrer at 50°C. A pure HEC sample is indicated as
S0 while CuONPs-doped HEC samples were indicated as Sx,
where x is the CuONPs wt.%. The nanocomposite was cast in
a stainless steel Petri dish and then left to dry in the open air
at room temperature (25°C) for four days until the solvent
was completely evaporated. Films of the nanocomposite of
the thickness of ~50 ym were formed.

2.2. Spectroscopic and Thermal Measurements. X-ray dif-
fraction measurements of the film were performed using a
Bruker AXS D8 Discover diffractometer with GADDS
(general area detector diffraction system) operating with a
Cu-Ka radiation source filtered with a graphite
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monochromator (A =1.5406 A). The morphology and size of
the CuO nanoparticles were examined by Joel transmission
electron microscopy (TEM) (JEM-1011) which operates at
80kV. The UV-vis absorption measurements were made
using a spectrophotometer (Perkin-Elmer lambda 4f)
throughout the wavelength range of 190-1000 nm. The FTIR
spectra were collected in the range of 4000-400 cm ™" using a
PYE spectrophotometer. The thermal analysis of the samples
(TG/DTG/DTA) was performed using a Schimadzu DTG-
60H thermal analyzer. Around three milligrams of nano-
composite material were put in a platinum crucible. The
measurements were made in the presence of a-Al,O; as a
reference. The temperature increased from room tempera-
ture (25°C) to 1000°C at a ramp rate of 10°C/min. The TG/
DTG/DTA measurements were performed in nitrogen gas
flow with a flow rate of 20 ml/min.

3. Results and Discussion

3.1. X-Ray Diffraction. Figure 1 shows the X-ray diffraction
profiles of CuONPs-doped HEC films at room temperature
in the scanning range 6" <20<60". The spectrum of HEC
film exhibits an amorphous halo with scattered intensity
maximum centered at 20 =22°, and this is an indication of
the amorphous nature of the undoped polymer. For doped
HEC films, diffraction peaks appeared approximately at
20=35 39°, 49°, and 58" with varying intensities which give
and evidence of the formation of CuONPs within the
polymer matrix [20]. It is seen that the diffraction peak at
20 =22" that corresponds to the HEC film is shifted to lower
angles with lower intensity and increasing broadening with
increasing the CuONPs content. This behavior is an indi-
cation of the chemical interactions between HEC and
CuONPs [21].

3.2. TEM and FTIR Measurements. TEM analysis showed
that the colloidal solution of CuO nanoparticles has
spherical nanoparticles of the average size of 60 nm as shown
in Figure 2(a). The obtained particle size was in good
agreement with previous studies [22, 23].

Figure 2(b) showed the TEM micrograph of the 8 wt%
CuONPs-HEC composite sample. The TEM analysis showed
that the CuO nanoparticles are highly dispersed in
hydroxyethyl cellulose. The particle size of CuO increased to
a diameter of =78nm. The polymer prevented the ag-
glomeration of CuO nanoparticles because due to the binder
functions of the polymer [24]. Hydroxyethyl cellulose limits
the motion of the synthesized nanoparticles. The FTIR
spectroscopy measurements were performed to investigate
the electrostatic interactions between HEC and CuO
nanoparticles. Figure 3 shows the infrared spectra of HEC
doped with CuO nanoparticles. For pure HEC(SO sample)
[25], the abroad band occurs in the range 3000-3600 cm™!
and this might be referred to as stretching vibration of
H-bonded OH groups. The bands that appeared at 2910 and
2844 cm ™ 'are attributed to asymmetric and symmetric vi-
bration of CH, groups, respectively. O-H deformation vi-
brations were observed at 1385cm™" [25].



Journal of Spectroscopy 3
:}‘
@
F1Gure 2: TEM image of the (a) CuO colloids and (b) 8 wt% CuONPs-doped HEC sample.
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FIGURE 3: FTIR spectra of CuONPs-doped HEC samples.
The band at 1560 cm™ indicates symmetric vibration  increasing intensity. A new band appeared at 630 cm ™, and

C=0 groups in the polymer. The band at 1399cm™ is

designated to C-H deformation, and the bands at 1011 and
1111 are attributed to stretching C-OH vibrations. The small
intensity bans at 896cm™' are attributed to p-glucoside
linkage [26-28].

It is observed that with the addition of CuONPs to HEC,
the intensity of bands that appeared in the range
3000-3600cm™" is increased which characterizes similar
modes of vibrations of O-H [25]. The bands at 2844 and
2910 cm ™" overlabed with increasing intensity and bands at
2152 and 1963 cm™" disappeared. The carbonyl group band
at 1560 cm ™ is shifted toward 1596 cm™", and this indicates
the oxidation of hydroxyl groups of the polymer and more
formation of C=0 groups. The bands in the range from 1418
to 898 cm ™" have a small shift to a higher frequency with

this was assigned to vs(OH). From the above discussion of IR
spectra, it can be concluded that there is a strong electro-
static interaction between CuO nanoparticles and hydrox-
yethyl cellulose polymer.

3.3. Thermal Analysis

3.3.1. Differential Thermal Analysis (DTA). The differential
thermal analysis (DTA) is a dynamic technique that can give
valuable information about polymorphic phase transitions,
melting, chemical reactions, and crystallization. The DTA
thermograms of CuONPs-doped HEC films that started from
room temperature up to 1000 C are shown in Figure 4. The
various phase transitions are listed in Table 1. Sample SO (pure
HEC) shows two different endothermic phase transitions at 70
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FIGURE 4: DTA curves of CuONPs-doped HEC samples.
TaBLE 1: Transition temperatures for CuONPs-doped HEC samples.
Sample Glass phase transition Melting phase transition (Tj,) New phase transitions
T, C Tm'C *Tp'C *Tp'C
305
SO 70 320 599 243
310
S4 55 322 432 516
585
295
S6 54 324 574 514
338
S8 50 345 643 289

and 320°C, and they are assigned to glass and melting phase
transitions, respectively. This result showed good agreement
with previous report results [29].

The observed endothermic peak at 243°C might at-
tribute to the a-relaxation correlated with the crystalline
areas while the exothermic peaks appearing at tempera-
tures of 305 and 599°C are assigned to different degra-
dation processes that occur in HEC [30]. By loading
copper oxide nanoparticles into the pure polymer, it was
noted a decrease in glass transition temperature. This is
might happen because the segmental motion of HEC
polymer amorphous becomes less inflexible [31]. Fur-
thermore, it was noticed that the melting temperatures
increased after loading CuO nanoparticles. The increment
of melting temperature might refer to the increase in the
molecular weight of HEC. Moreover, the high inner
microstructure transition or high inter- and intra-
molecular hydrogen bonding might also increase the

melting temperature [32]. Also, different endo and exo-
thermic transitions appeared after mixing polymer and
copper nanoparticles. The structural modification of HEC
with CuONPs was indicated by the phase transitions and
temperature changes.

3.3.2. Thermogravimetry (TGA) and Differential Thermog-
ravimetry (DrTGA). Figure 5 shows the TGA and DrTGA
thermograms of CuONPs-doped HEC system heated in a
nitrogen atmosphere. It was noted from the figure that the
thermal degradation of HEC-doped copper oxide nano-
particles film exhibit three weight loss stages.

As seen in Table 2, the weight loss starts in the range of
26-126°C with weight loss of about 1.75-11.79%. This is due
to the evaporatization of the trapped water and/or the loss of
adsorbed moisture. The second stage takes place at
170-480°C with weight loss of about 59.44-61.25% implying
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FIGURE 5: TGA and DrTGA curves of CuONPs-doped HEC samples.

TaBLE 2: TG and DrTG data for CuONPs-doped HEC samples.

Sample Region of Temperature’C % Weight loss

P decomposition Start End T*p Partial Total
1% 26 101 80 1.75

SO ond 170 351 298 61.25 91.04
3rd 351 725 601 28.04
1% 26 102 60 10.10

S4 ond 102 458 299 60.36 89.13
3rd 458 707 585 18.67
1 26 118 58 12.09

S6 ond 118 484 288 159.01 87.24
3rd 484 802 578 16.14
1 26 126 60 11.79

S8 ond 126 480 289 59.44 91.10
3rd 480 708 577 19.87

the removal reactions of water and residual acetate groups.
These are probably due to the partially hydrolyzed form of
HEC. The final degradation step occurs between 351 and
60°C with weight loss of 16.14-28.04%. The final degradation
step is more sophisticated and involves polyene residue
degradation to produce metallic residues and hydrocarbons
[33].

It was observed that the loading of copper oxide
nanoparticles has no significant impact on the thermal
stability of hydroxyethyl cellulose. As a whole, no significant
changes have been noted in the thermal stability of all
composite samples.

3.4. Optical Properties

3.4.1. Optical Absorbance Spectra. Figure 6 shows the optical
absorbance spectra of copper nanoparticles-doped

hydroxyethyl cellulose samples. The spectra of HEC
exhibited a hump at 206 nm which may be attributed to
n—m* electronic transitions [34, 35].

It is observed that as the content of CuONPs increases
the optical absorbance increases in the full-wavelength
range. The UV-visible spectrum of HEC-doped CuO sam-
ples showed a red shift of 8 nm for the position of the hump.
This red shift can be attributed to the variation of crystal-
linity of the doped polymer [32]. Also, a shoulder-like band
is observed at 270nm which has been attributed to the
characteristic peak of CuONPs [36].

3.5. Optical Parameters. Equation (1) was used to calculate
the absorption coefficient, a(v), as well as each curve near the

edges [37]:
-1, [-1-R)? 1-R* 1
a(v)=—In ( 2) + ( > 2 += s (1)
d 2TR 4T°R* R

where d is the thickness of the film sample; R is the re-
flectance; T is the transmittance of the sample for the in-
cident photon.

The shift observed in the fundamental absorption edge of
UV-visible spectra can be correlated with the optical band
gap by Tauc’s expression [34]:

a(v)hy = B(hv - Eapt)n, (2)
where E, is the optical band gap energy; B is a constant
called band tailing parameter; v is the frequency; # is the
index that can have different values n=1/3, %, 3, and 2
depending on the mechanism of interband transitions that is
corresponding to direct forbidden transitions, direct
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TaBLE 3: Values of optical band gap (E,p), number of carbon atoms
(M) per carbonaceous cluster, and refractive index (n,) for
CuONPs-doped HEC samples.

Sample Eqpe (eV) M e
SO 5.40 ~40 1.44
S4 5.10 ~44 1.47
S6 5.30 ~43 1.38
S8 5.20 ~44 1.40
allowed, indirect forbidden, and indirect allowed,
respectively.

The optical band gap E,p values can be obtained by
intercepting the linear fitted lines in the plots of (ahv)?
versus hv, as shown in Figure 7. Table 3 lists the determined
optical band gap values. It was noted from Table 3 that the
E,p: values reduce from 5.40eV for the HEC sample to
5.10eV for the S4 sample. For S6 and S8 samples, optical
band gaps are 5.30 and 5.20 eV, respectively. The drop in the
E,pt value might be assigned to the band formation between
HEC polymer and CuO nanoparticles. Therefore, the lower
energy transitions become possible because of the formation
of trap levels between the HOMO and LUMO energy states
which in turn lead to a decrease in the optical band gap [38].
Moreover, the optical band gap, E,,, values can be asso-
ciated with the number of carbon atoms per molecule
through the expression [39]:

Eopt =

(3)

gt

where M is the carbon atoms number in the carbonaceous
cluster. M values for copper oxide nanoparticles-doped
hydroxyethyl cellulose films are calculated and listed in
Table 3.

The calculated value of M for HEC was about 40, which
could increase to 44 for other composite samples. This in-
crease might be assigned to the conjugation increase in
monomer units [39] in the matrix of HEC after loading
CuONPs.

3.5.1. Refractive Index and Complex Dielectric Constant
Analysis. The refractive index #, and extinction coeflicientk,
can be obtained by using the expression (4) that express the
reflectivity of light on a material [40]:

B [(n—1)* + K]

[((n-1)*+ K] @
where n is the refractive index, k=a)/4r is the extinction
coefficient of material, and A is incident photon wavelength.
The refractive index is an important parameter in photo-
electronic devices such as solar cell-related materials. Fig-
ure 8 shows the refractive index dispersion. It is noted that
the refractive index drops when the wavelength of the in-
cident photon increases and then reaches a constant value at
longer wavelengths () as shown in Table 3. The decrease of
refractive index with increasing wavelength proves the
normal dispersion characteristics of samples due to the
effectiveness of band levels. Reduction in polarizability,
optical losses, and surface dispersion take place through
normal dispersion because surface roughness and en-
hancement in carrier concentration are also reduced [41].

It is worth noting that the S4 sample has the largest
refractive index for the overall wavelength range compared
to other studied samples, and these variations of refractive
index with wavelength enable HEC-CuONPs to be used in
waveguide applications.
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Expressions (5) and (6) were used to calculate the real
and imaginary parts of the complex dielectric constant [42]:

e\ =n* (L) —k* (M), (5)

et (A) = 2n(M)k (1), (6)

where ¢/ and ¢/ are calculated for CuONPs-HEC composite
systems at different wavelengths. The dielectric components
depend upon the polarizability of the sample, k, n values, and
position density in the optical band gap [41]. As shown in
Figures 9(a) and 9(b), there is a strong interaction between
photons and electrons in the region from 200 to 600 nm.
Also, ¢/ and en decreased when the wavelength incident
photon increases and they have peaks at certain energies
(around optical energies). It is also noted that the S4 sample
holds the largest e/ and e/ over the whole wavelength range.

4. Conclusions

Copper oxide nanoparticles were prepared successfully by
the chemical reduction method. The formation of CuONPs
was confirmed by X-ray, UV-vis, and TEM results. The
optical properties of hydroxyethyl cellulose (HEC) were
effectively enhanced by adding CuONPs but no significant
effect was observed on the thermal stability of CuONPs-
HEC composites. The enhancement of the optical properties
of HEC loaded with CuONPs opens the doors for many
potential applications [18].
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