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In the present work, for the first time, a homogeneous sponge-like porous CuO nanostructure was suc-
cessfully developed via an eco-friendly precipitation route. The product was obtained using copper (II) ni-
trate hemi(pentahydrate) and NaOH as reactants without thermal treatment or use of any additives and
surfactants. The crystallographic structure, functional group and surface morphology of the samples were
characterized by X-ray diffractometry (XRD), Fourier transform infrared spectroscopy (FTIR) and scanning
electron microscopy (SEM). XRD analysis reveals the formation of a pure and highly crystalline CuO mon-
oclinic structure with an average grain size of around 23.8 nm. Besides, the FTIR result indicates that the
characteristic vibrational bands appeared in the 400-650 cm -1 range can be ascribed to the stretching vi-
bration of the Cu—O bond. Moreover, SEM images of the CuO sample clearly demonstrate a uniform
sponge-like nanoporous structure with fiber growth on the surface with pore sizes ranging from 70 to
90 nm. Hence, this fascinating structure could potentially serve as a catalyst for the destruction of pollu-
tants as well as a solar absorber for capturing sunlight energy.
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1. INTRODUCTION

Nanostructured materials with particle dimension
below 100 nm provide useful applications in the fields
of medicine, pharmaceutics, environment, energy, and
materials [1, 2]. Tenorite or copper oxide (CuO) nano-
structure is a black transition metal oxide with a mon-
oclinic crystal structure. It is also a p-type semiconduc-
tor with a narrow optical band gap of 1.2 eV [3-6]. Ow-
ing to its special features, such as stable structure with
high optical absorbance, environmental friendliness,
relatively non-toxicity, low cost and natural abundance
[4, 5], it becomes a promising material and is widely
utilized in heterogeneous catalysis or photocatalysis for
purification and wastewater treatment, electrochemical
and solar cells for lithium-ion batteries and energy
storage applications, high temperature superconduc-
tors, gas sensors, biomedical agents for antimicrobial
activity and anticancer drugs and optoelectronic devic-
es such as optical switches [4, 7-12].

Up to this moment, CuO nanomaterials have been
formulated by different techniques such as laser abla-
tion, hydrothermal synthesis, sol-gel method, precipi-
tation, green synthesis, microwave-assisted irradia-
tion, spray pyrolysis, thermal evaporation, electrodep-
osition etc. [3, 4, 7,9, 13, 14]. As a result, the synthe-
sized CuO nanostructures exist in many different
forms like nanocrystals, nanospheres, nanocubes, na-
norods and nanoparticles [3]. However, some of these
synthesis techniques involve high cost, low output and
lack of crystallinity in the resulting product. Precipita-
tion synthesis is a well-defined method due to its non-
toxic and safe approach with high yield and better
crystallinity, cost-effective as it needs a lower produc-
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tion temperature and less expensive starting materials
for large-scale production, which is mainly used in the
industry [3, 4, 9, 15]. Thus, in the present work, CuO
nanostructures have been prepared in alkaline medi-
um using precipitation method near the boiling point,
and the crystal structure, functional groups and sur-
face morphology were instantly characterized by XRD,
FTIR and SEM.

2. MATERIALS AND METHODS

Copper (II) nitrate hemi(pentahydrate)
(Cu(NO3)22.5H20) was purchased from HmbG Chemi-
cals (Germany), while sodium hydroxide (NaOH) pal-
lets were procured from Merck. All the reagents were of
analytical grade and used without any further refine-
ment. CuO nanomaterials were prepared by precipita-
tion route from Cu(NOs)z2-2.5H20 in alkaline medium.
Distilled water was used to prepare solutions and re-
move any possible impurities in the solution. In a typi-
cal procedure, appropriate amount of Cu(NO3)z2 2.5H20
was dissolved in 20 ml of distilled water and constantly
stirred for 10 min to form a blue aqueous solution
(0.3 M). Thereafter, NaOH was slowly added dropwise
to Cu(NOsz)22.5H20 solution. The solution was then
stirred and gently heated at 90 °C for 2 h until a black
precipitate is formed. Afterwards, the black precipitate
formed was separated by filtration and rinsed 5 times
with distilled water to remove any unwanted ions or
impurities from the product. Eventually, the collected
precipitate was dried in air at room temperature for
24 h prior to subsequent characterizations. The synthe-
sized CuO nanomaterials were stable at room tempera-
ture and thus were dried to obtain smaller particles.
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The structural properties of the samples were inves-
tigated using XRD (Rigaku Miniflex-TM II) with mono-
chromatic Cu-Ka radiation (4=1.541 A) generated at
an operating voltage of 40 kV and a current of 40 mA.
The diffraction pattern was recorded at room tempera-
ture in the 26 = 20-80° scanning range with a scan step
size of 0.04°. The average crystallite sizes of the sam-
ples were then calculated by Debye-Scherrer method.
The surface morphology and particle size of the samples
were monitored through a scanning electron microscope
(SEM) of model JSM JEOL-6360 at an operating volt-
age of ~ 15 kV. A Fourier transform infrared spectrom-
eter (FTIR-Thermo Nicolet Alvatar 380) was utilized to
identify functional groups present in the samples. The
FTIR spectra were recorded at room temperature in the
mid-infrared spectral range from 4000 to 400 cm ~! with
a resolution of 2 cm — 1.

3. RESULTS AND DISCUSSION

XRD analysis was initially performed by a Rigaku
Miniflex-TM X-ray diffractometer in order to elucidate
the crystal structure and crystallite size of as-prepared
CuO nanostructures. The result of the wide-angle XRD
diffractogram recorded for the CuO nanostructure syn-
thesized by chemical precipitation route is displayed in
Fig. 1. The diffractogram shows that the peaks are
visible in the studied 26 value range. First of all, the
sample exhibits a pure polycrystalline nature, and no
amorphous states are tracked by XRD. Also, all peaks
can be exactly matched to the pure phase of the desired
materials. As can be visualized from the figure, the
XRD pattern shows twelve distinguishable diffraction
peaks positioned at 26 values of 32.34°, 35.50°, 35.65°,
38.63°, 48.91°, 53.63°, 58.22° 61.39°, 66.41°, 68.13°,
72.30° and 74.98°. Accordingly, these peaks correlate
well with the crystallographic lattice planes (110),
(002)/(-= 111), (111)/(200), (—202), (020), (202), (- 113),
(022)/(- 311), (220)/(113), (311), and (004)/(—222). All
the defined XRD peaks are well matched to the JCPDS
card no. 00-48-1548 and further indicate the formation
of pure single-phase CuO in the crystalline monoclinic
tenorite structure that belongs to C2/c symmetry space
group. Kannan et al. [16] and Daira et al. [7] discovered
a similar CuO structure using, respectively, facile mi-
crowave-assisted synthesis and spray pyrolysis. Moreo-
ver, sharp and prominent peaks with a narrow width
located at 35.50°, 35.65° and 38.63° reveal that the
crystalline nature of CuO is relatively high in related
planes. No peaks corresponding to impurities or other
compounds such as Cu(OH)z2 and Cu20 were detected in
the XRD diffractogram, indicating a high purity phase
of the CuO nanostructure. Furthermore, the crystallite
size was computed applying the Debye-Scherer relation
[17, 18]: D =0.94/pcosB, where D is the average crystal-
lite size, A is the wavelength of applied X-ray radiation,
P represents the full width at half maximum (FWHM)
value, and 6 is the Bragg’s diffraction angle. The aver-
age crystallite size of CuO is estimated to be 23.8 nm,
implying the nano dimension of CuQO. The lattice pa-
rameters a, b and c for the present structure are repre-
sented by the following formula [7]:
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where h, k and [ are the Miller indices, d is the lattice
spacing and = 99.45°. Hence, the mean lattice parame-
ters and unit cell volume of the synthesized CuO are
obtained to be a=4.685 A, b=3.423 A, ¢=5.135 A and
V =280.875 (A)? under the restriction a= y=90° = . The
obtained lattice parameters values agree well with the
previously reported works [9, 12]. The degree of crystal-
linity is dependent on the arrangement and periodicity
of the crystals structure [15], and widening of the XRD
diffraction peak is usually correlated with the crystallite
size and lattice strain [9]. Even though CuO was syn-
thesized at a temperature close to the boiling point by
one-step precipitation without undergoing any thermal
treatment, nevertheless, the crystallinity of the as-pre-
pared CuO is quite comparable with the one reported in
literature [7, 16]. Therefore, based on the XRD analysis,
it can be considered that, the present method is appro-
priate to fabricate highly crystalline and purified CuO.
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Fig. 1 — XRD pattern of CuO nanostructure

The FTIR analysis was carried out to examine the
presence of various functional groups on the surface of
the synthesized materials [10, 19, 20]. Fig. 2 depicts the
typical FTIR spectra of CuO in the spectral region from
400 to 4000 cm-1. The band appeared in the range
between 400 and 650 cm —! can be assigned to the bond
formation of Cu—O stretching vibration [4, 21, 22]. In
the present case, precipitated CuO exhibits the charac-
teristic vibrational modes at 453 and 569 cm — !, where-
by a sharp and a very strong peak is observed centered
at 453 cm !, which corresponds to the characteristic
vibrational modes of Cu—O stretching along the (002)
direction [9, 14]. Meanwhile, a small hump emerged at
569 cm~! might be ascribed to the Cu-O stretching
vibration along the (220) direction. On the one hand,
there is a point of view based on the group theory pro-
posed by Dolai et al. [6], in which the peaks located at
453 and 569 cm ! may be due to Eu and A2u modes,
respectively, as for the unique characteristic of pure
tenorite CuO phase. Therefore, the samples produced
were affirmed to be CuO. Furthermore, on the other
hand, several IR bands observed in the range of 700 to
1700 cm -1 are related to carbonyl groups [4, 16]. The
band located at 759 cm ~! can be attributed to aromatic
bending vibration of the C—H group, while a small band
at 1122 ecm -1 is due to the stretching vibration of the
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C-0O group. The band occurred at 1355 cm -1 can be
ascribed to the deformation vibration of the C—H band
of alkane (CHs and CHg) group [6,9]. Moreover, a
sharp peak centered at around 1620 cm~1! corresponds
to aromatic bending of alkene group (C=C) [9]. Thus, it
is worth to deduce that these residues or intermittent
functional groups are more likely to induce and stabi-
lize the formation of CuO. A broad band at around
3213 cm ! is related to the O—H stretching vibration of
hydroxyl groups of physical adsorbed water molecules
on the sample surface [23-25]. Also, the existence of
asymmetric stretching vibration of COz molecules at-
tached to the particle surface can be detected as small
peaks located at 2341, 2104 and 1907 cm -1 [16]. Addi-
tionally, the bands of Cu20 and other impurities cannot
be detected in the spectra, hence assuring the formula-
tion of a high purity CuO crystal.
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Fig. 2 — FTIR spectra of the CuO nanostructure

SEM imaging is conducted to characterize the nano-
structure morphology. The morphology of the nano-
structure depends on the stoichiometric ratio, nature of
stabilizers, and reaction conditions, such as tempera-
ture, reaction time, solvent etc. [14]. Fig. 3 displays the
SEM images of CuO surface morphology with two dif-
ferent magnifications (x5,000 and x10,000). The as-
grown CuO sample exhibits a uniform, well-defined
sponge-like structure with a size ranging between 200
and 350 nm along its porous surface. The spongy struc-
ture consists of many small pores, which are evenly
distributed throughout the surface with an average
pore size of 70 to 90 nm. Moreover, there are also nano-
fibers that are attached to the surface, and some are
even outgrow through the sponge surface. The presence
of nano-sized pores can increase the surface area of the
particles and, hence, improve the photocatalytic and
sensing ability of the materials. Also, alkaline based
liquid media present in the process cause self-assembly
growth and enhance non-classical formation of grains
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4. CONCLUSIONS

In summary, the CuO nanostructure has been effec-
tively fabricated by employing a low-cost and environ-
mentally friendly precipitation route. The physical
characterizations have been carried out using XRD,
FTIR and SEM. The XRD result indicates the presence
of a pure and highly crystalline monoclinic CuO teno-
rite with a crystallite size of 23.8 nm. FTIR study sug-
gests that the characteristic bands appeared at 453 and
569 cm~! can be associated with the Cu—O stretching
vibrational mode. SEM images reveal a uniform,
sponge-like nanoporous structure with fiber growth on
the surface in nano dimension. Based on the results
obtained in the study, it is worth to propose that the
present CuO nanostructure can potentially be used for
wastewater treatment and also as a solar collector.

ACKNOWLEDGEMENTS

The authors would like to thank the Faculty of Sci-
ence and Marine Environment, Universiti Malaysia,
Terengganu and Malaysian Government for the tech-
nical and financial support of this work through the
research grant (TAPE-RG-55290).

5. A. Razeghizadeh, M.M. Ghalvandi, F. Sohilian, V. Rafee,
J. Nanostruct. 9, 230 (2019).

6. S.Dolai, R. Dey, S.N. Sarangi, S. Hussain, R. Bhar, A.K. Pal,
J. Magn. Magn. Mater. 495, 165903 (2020).

7. S.Pansambal, K. Deshmukh, A. Savale, S. Ghotekar, O. Pardeshi,
G. Jain, Y. Aher, D. Pore, J. Nanostruct. 7, 165 (2017).

8. A.V. Narasimha Rao, V. Swarnalatha, P. Pal, Micro Nanosyst.
Lett. 5, 23 (2017).

05015-3


https://chalcogen.ro/297_AlrababahYM.pdf
https://chalcogen.ro/297_AlrababahYM.pdf
https://doi.org/10.1016/j.solidstatesciences.2020.106296
https://doi.org/10.1016/j.mssp.2020.105021
https://doi.org/10.1016/j.mssp.2020.105021
https://dx.doi.org/10.22052/JNS.2019.02.005
https://doi.org/10.1016/j.jmmm.2019.165903
https://dx.doi.org/10.22052/jns.2017.03.001
https://doi.org/10.1186/s40486-017-0057-7
https://doi.org/10.1186/s40486-017-0057-7

N.A.S.K. ANUAR, C.K. SHENG

9.

10.

11.

12.
13.

14.

15.

16.

17.

S. Thakura, M. Shandilya, S. Thakur, D. K Sharma, Surf.
Interfaces 20, 100551 (2020).

K. Velsankar, R.M.A. Kumar, R. Preethi, V. Muthulakshmi,
S. Sudhahar, JJ. Environ. Chem. Eng. 8, 104123 (2020).

dJ. Liang, Y. Ning, X. Wu, W. Chen, W. Wu, K. Wang, Mater.
Lett. 263, 127231 (2020).

S. Amalraj, P.A. Michael, Results Phys. 15, 102797 (2019).
A. Bhattacharjee, V. Morya, C. Ghoroi, Colloids Interface
Sci. Commun. 35, 100239 (2020).

K. Mansi, Raj Kumar, Jaspreet Kaur, S.K. Mehta, S.K. Pandey,
D. Kumar, A. K. Dash, Neeraj Gupta, Environ. Nanotechnol.
Monit. Manag. 14, 100306 (2020).

Q. Liu, We. Deng, Q. Wang, X. Lin, L. Gong, C. Liu, W. Xiong,
X. Nie, Adv. Powder Technol. 31, 1391 (2020).

K. Kannan, D. Radhika, M.P. Nikolova, V. Andal,
K.K. Sadasivuni, L. S. Krishna, Optik 218, 165112 (2020).
C.K. Sheng, Y.M. Alrababah, J. Nano- Electron. Phys. 12,
01017 (2020).

19.

20.

21.

22.

23.

24.

25.

J. NANO- ELECTRON. PHYS. 13, 05015 (2021)

. Y.M. Alrababah, C.K. Sheng, M.F. Hassan, Nano-Struct.

Nano-Objects 19, 100344 (2019).

C.K. Sheng, KA.M. Amin, L.L.. Hong, M.F. Hassan, M. Ismail,
Int. J. Electrochem. Sci. 12, 10023 (2017).

K.S. Chan, H.B. Senin, I. Naimah, AIP Conf. Proc. 1136,
366 (2009).

N.F.A. Neto, P.M. Oliveira, R.M. Nascimento, C.A. Paskocimas,
M.R.D. Bomio, F.V. Motta, Ceram. Int. 45, 651 (2019).

J. Xu, G. Yuvaraja, W. Zhang, Colloids Surf. B: Biointer-
faces 149, 184 (2017).

C.K. Sheng, K.A.M. Amin, K.B. Kee, M.F. Hassan, E.G.E. Ali,
AIP Conf. Proc. 1958, 020002 (2018).

M.F. Hassan, N.S.N Azimi, N.S.N. Kamarudin, C.K. Sheng,
ASM Sci. J. 2018, 17 (2018).

M.F. Hassan, Siti K. Zainuddin, K.H. Kamarudin, C.K. Sheng,
M.A.A. Abdullah, Malaysian J. Anal. Sci. 22, 238 (2018).

CrpykrypHe Ta mopdosioriune gocaimkenns naHocTpykrypu CuO, aska ocamkyerbca
BOOOpPO3unHHUM HiTpaT-reMmi(meurarigparom) mini (II) ra NaOH ak peareuramu
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¥V pobori Brepure Braso Oyia po3pobieHa omHOpigHA ryduacra mopucra HaHocTpykrypa CuO muisxom
€KOJIOTTYHO YucToro ocaaxeHHs. [IpogykT OyB oTpuMaHMil 3 BUKOPUCTAHHSIM HiTpaT-reMi(IeHTariapary) mi-
i (II) ra NaOH sk pearenTiB 6e3 TepMiuHOi 00poOKY a00 BUKOPUCTAHHS 0yIb-IKUX JOMIIIOK TA HOBEPXHEe-
BO-aKTHUBHHUX peuoBuH. Kpucranorpadiuua crpykTypa, QyHKI[OHAJBHA TPyla Ta MOPQOJIOTisS ITOBEpPXHI
3pasKiB XapaKTepHU3yBaJIMCA PeHTreHiBehbKoo mudparirieno (XRD), iHdpauepBoHOIO CIIEKTPOCKOIIIEO 3 IIepe-
tBoperuaM Dyp'e (FTIR) Ta ckamyiouoio enerTporHO0 Mikpockomieio (SEM). XRD anasia moxasye yTBopeH-
HS YKMCTOl 1 BHCOKOKPHMCTAJIYHOI MOHOKJ/IHHOI cTpykTypu CuO i3 cepemHiM po3MipoM 3epHA OJIM3BKO
23,8 M. Pesyabrar FTIR Brasye Ha Te, 1m0 XapaKTepHI CMyrd KOJMUBAHbB, AKi 3'aBusmca B miamasoni 400-
650 cM -~ 1, MOKHA IIPUIUCATA KOJUBAHHAM poaTaryBaHus 3B'a3ky Cu—0. Kpim toro, SEM 300pasenHs 3pa-
3xa CuO dYiTKO JeMOHCTPYIOTEH OJIHOPIAHY I'y0YaCTy HAHOIIOPUCTY CTPYKTYPY 3 POCTOM BOJIOKOH Ha IIOBEPXHI
3 poamipom 1op Bix 70 10 90 M. OTixe, 1151 He3BUYANHA CTPYKTYpPA MOTEHITIMHO MOYKE CIIYKUTH KATaJIi3aTo-
POM 3HUIIEHHS 3a0PYIHIOIOYNX PEYOBUH, a TAKOMK HOTJIMHAYEM COHAYHOI eHepril CBITJIA.

Kmouori crosa: CuO, Hanocrpyrrypa, Ocamxenns, SEM, XRD.
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