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GREEN chemistry was used to prepare yttrium oxide (Y,0,), barium carbonate (BaCO,), and
copper oxide (CuO) nano-particles (NPs) using aqueous Neem fruit extract Azadirachta
indica as a capping agent. The resulted metal complexs were calcined at temperature of 750°C.
The produced NPs were characterized using X-ray Powder Diffraction (XRD), Scanning and
Transmission Electron Microscope (STEM), Fourier transform infrared spectroscopy (FTIR),
UV-Vis Spectroscopy and Thermal Gravimetric Analysis (TGA). XRD analysis confirmed the
monoclinic structure for CuO NPs, orthorhombic structure for BaCO, NPs and cubic structures
for Y,O,NPs. XRD data for the three metal oxides were matched with the [CDD standards. The
crystallite size for the CuO, BaCO, and Y,0, NPs were 29.9, 49.0 and 10.3 nm, respectively.
UV-vis spectroscopy showed that for the scanned suspended oxides were in the UV range which
is an indication of the formation of nano-sized materials. STEM results showed agglomerated
NPs with an average particle size of < 50 nm for all oxide samples. FTIR results confirmed that
the metal-oxide bond existed and represented by bands in the range 500-700 nm'.
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Introduction

Synthesis of Nanoparticle (NPs) has gained an
emerging interest as a result of their superior
properties and potential applications in almost
every field such as catalysis [1,2], magnetic [3],
antimicrobial activity [4], sensors and others.
Moreover, thermal, catalytic and mechanical
characteristics of a material are altered as surface
to volume ratio increases [1,5]. Using chemical
methods for the preparation of NPs are toxic and
expensive, and the by-products have negative
impact on the environment. Therefore, green
techniques became the best alternative [6].

A considerable attention has been directed
towards using plant materials to synthesize
metallic and metallic oxide NPs in an eco-friendly

(green) approach by employing several organisms
(fungi, yeast, bacteria, plants and macro and micro-
nutrients such as proteins, peptides, vitamins and
reducing sugars) has gained a great attention
[7,8, 9]. Plant-based synthesis of NPs has mainly
focused on precious metals (gold and silver) and
the synthesized NPs by the green method exhibit
a wide range of sizes and shapes comparable to
those synthesized by other organisms [10]. Plant
extracts can act both as reducing and capping
agents in NPs synthesis [11]. Surface morphology
and the size of metal NPs are highly influenced by
the plant extract materials [12].

Azadirachta indica also known as Neem
was used in medicine and medical applications
throughout centuries in India, and different parts
of Asia and Africa [13]. The leaves extract was
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used to synthesize copper and platinum NPs.
The resulted NPs were highly crystalline with an
average size of 5-48nm [14]. ZnO nanotubes were
synthesized by leaf extract of Azadirachta indica.
It shows highly crystalline with an average particle
size of 25 nm [15]. Titanium NPs were synthesized
from titanium isopropoxide using Azadirachta
indica extract. The resulted NPs exhibited
spherical shape with particle size ranging from
15-42 nm [ 16, 17]. In this work, Y,0,, BaCO,
and CuO NPs were prepared by green method
using Azadirachta indica fruit aqueous extract,
the resulted NPs were characterized using FTIR,
TGA, XRD, UV-visible spectroscopy, TEM and
SEM.

Experimental

Preparation of Azadirachta indica extract

Neem fruits (4zadirachta indica) were washed
with water several times, air-dried for 3weeks
and then crushed into small pieces (< 0.5mm).
An approximate weight of 50.0 g from crushed
Neem was boiled in 500 mL of distilled water for
30 minutes and then cooled to room temperature.
The physical appearance was monitored. The
slurry was filtered using suction filtration and
centrifugation at 6000 rpm for 10 min using
Hermle Centrifuge Model Z200A. The extract
was stored in dark at 4.0°C for further use.

Preparation of Y,0,, CuO and BaCO, NPs

A 50 mL of 0.10M metal acetate solution
was titrated with 250 mL of neem extract for 10
minutes at 1000 rpm. The solution was kept in

Ly
=1H

Y-complex

ultrasonic bath for 10 minutes at 30°C. The brown
precipitate was filtered, dried overnight. Based on
the TGA results the calcined temperature for all
metal complexes is 750°C using a muffle furnace
for 2 hours.

Characterizations

The resulted powders were characterized
using Furrier Transform Infrared (FT-IR)
technique using Thermo Nicolet Nexus 670 FTIR
spectrophotometer equipped with attenuated
total reflection (ATR) sampling accessory.
Thermo Gravimetric Analysis (TGA) using a
Netzsch STA 409 PG/PC thermal analyzer (Selb
Bavaria, Germany) was used for weight loss
determination. X-ray powder diffraction (XRD)
(7000 Shimadzu with Cu K, 1.5418A was used
for phase identification and Check Cell free-
software was used for analysis. Dual Beam Field
Emission Scanning Electron Microscope model
FEI, Versa 3D with STEM attachment was used
for morphological studies. Dual beam UV-VIS
spectrophotometer Model Cary 100, Varian-Bio
was used for measuring the Lambda max for all
nonmaterials.

Results and Discussion

Figure 1 showed the weight loss for all
complexes at function of temperature, TGA
showed a sharp weight loss between 150-550°C
due to the removal of adsorbed water on the
surface of the complexes, water of crystallization
and the decomposition of organic constituents.
The formation of Y,0, and CuO was above 550°C

Fesideal mass 27.9%

Ba-complex

Residual mass 28,9%

C=coimpl ex

Residual mass 37 8%

L0 200 300 400 300 600 ToD S0 900 100
Temperatre ()

Fig. 1. Thermal gravimetric analysis (TGA) curve of dried metal-complexes.
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mean while the formation of BaO was above
800°C.

The X-ray pattern for yttrium complex (Fig.
2a) showed an amorphous structure with a broad
peak at 21°, 28° and 43° Barium complex in Fig.
2b showed an amorphous structure with broad
peak at 2=35°. Copper complex in Fig. 2¢ showed
an amorphous structure with broad peak at 2 =
190, 36.5° 42.9°, 43.7°, 51°, 61.7° and 74°. Figure
3a showed the calcined Y,0, NPs, high intensity
peaks at 20.9°, 24.4°, 29.8°, 32.4°, 36.8°, 40.8",
44.5°, 57.5°, 60.5°, 64.9°, 71.6° and 77.1° are
belonging to cubic structure with space group
of Ia3, the lattice parameter (a ) is 10.37A +0.01
where, and are 90.00° . This result is matched with
the reference (ICDD# 00-001-0831).

The calcined NPs for BaCO, are shown in Fig.
3b, the XRD analysis showed that all identified
peaks at 24.2°, 24.6°, 27.2°,29.2°, 30.4°, 42.3
°,39.8°, 42.3°, 44.6°, 45.2°,46.9°, 53.8°, 60.2
°61.4° 70.1°,71.9°,75.7°, 77.5° and 87.2° are
belonging to Orthorhombic structure with space
group of P/mmm, the lattice parameter a , b, and
¢ are 6.25 A, 8.83 A and 6.55 A with precision of
+0.01, where, and are 90.00° and it was matched
with reference (ICDD# 00-002-0364). Figure
3¢ showed the calcined NPs for CuO, all the

identified peaks 32.8°, 35.9°, 39.1°, 46.6°, 49.0°,
53.9°, 58.6° 61.9°, 66.5°, 68.5°, 72.7°, 75.6°, 80.5
and 83.7°are belonging to monoclinic structure
with space group of C2/c, the lattice parameters
a,b andc_ are 4.68 A, 3.40 A and 5.10 A with
precision of +0.01, where is 99.53°, and are 90.00°.
The results are matched with reference (ICDD#
00-001-1117). The average crystallite size D,
for the resulted materials can be estimated using
Scherrer equation (1) [18]:

thl = k/l/ﬁCOSQ (1)

where k is the shape factor (k=0.9), 1 is the
wavelength of the radiation Cu = 1.5418 A and
is the full width at half maximum (FWHM) in
radians. The crystalline sizes are 29.9 nm 0.1,
40.0 nmx 0.1 and 10.3 nm 0.1, for CuO, BaCO,
and Y,O,, respectively.

273

The FT-IR spectrum metal-complex is shown
in Fig. 4. The sharp bands appeared at 596 cm'
and 1013 cm' are Corresponding to the existence
of metal-complex, the C-H aldehyde stretching
mode was found at the range 1251-1395 cm’!
and C=C stretching mode at 1396 -1461cm™'. The
bands appeared at 1567-1595 cm™ and 1740-1743
cm’! were assigned to the C=0 carboxylic anion

Fig. 2. XRD pattern for (a) Y-complex, (b) Ba-complex and (¢) Cu-complex.
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Fig. 3. XRD pattern for (a) Y,O, NPs, (b) BaCO, NPs and (¢) CuO NPs.
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Fig. 4. The FT-IR spectrum before calcination (a) Y-complex, (b) Cu-complex and (c) Ba-complex.

and ketone stretching modes, respectively. The
band located at 677 cm™ for C-S sulfide stretching
mode. The adsorbed CO, was found at 2160 cm.
Finally, the band at 2923 cm™ was assigned to (O-
H) of phenol group stretching mode.

The FT-IR spectrum of Y,0, is shown in Fig.
5a, where a sharp peak appears at 565 cm' that
assigned to (Y-O) stretching vibration and Y,0,

Egypt. J. Chem. 62, No. 4 (2019)

formation, the intense peak at 588 cm corresponds
to the anti-symmetric Y-O-Y stretching mode of
the surface—bridging oxide. The peak at 873 cm’!
is responsible for the presence of trace of Y-OH.
The peaks at 1216, 1085 and 1026 cm™ are the
characteristic asymmetric stretching of Y-O-Y
present in the nanostructure [19].

The FT-IR spectrum CuO is shown in Fig.
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Fig. 5. FT-IR spectrum after calcination (a) Y,O, NPs, (b) CuO NPs and (¢) BaCO, NPs.

5b. A strong absorption bands located at 591 cm!
and 701 cm! were assigned to the vibration of the
Cu-O, the bands at 2382 ¢cm™ and 1660 cm™ are
corresponding to C-O stretching mode and C=0O
stretching mode, respectively. 1073 c¢cm™! peak
corresponding to C-0O, 1344 cm™ Cu-O cm’!, the
band which represents the formation of covalent
bond between OH on the surface of Cu (Cu-
OH) was located at 1546 cm’'. The broad band
appeared between 2800-3100cm™ is assigned to
O-H stretching vibration caused by the presence
of water molecules [20,21].

The FT-IR spectrum for BaCO, is shown in
Fig. 5c, the vibration frequency at 565 cm™ is
characteristic of (Ba-O) stretching mode, where
the vibration frequency at 850 is characteristic of
N-H bending mode, while the vibration frequency
at 1376 cm™ for O-H bending mode, the band at
1710cm™ is responsible for the presence of C-O
stretching mode. band at the range 2400- 2449
cm’'is responsible for the presence of C=0 (CO,)
stretching mode and the broad band peak appear
from 2900-3500cm' is assigned to O-H stretching
vibration caused by the presence of water
molecules. These results are in good agreement
with the one obtained by literature [22].

Figures 6a, b & c represent the STEM
micrographs for Cu, Y and Ba complexes. The
agglomerated nanoparticles are clearly observed
with spherical shapes, the average grain size

for the complexes are 5.0, 20.0 and 35.0 nm,
respectively. After calcinations (Fig. 6d, e & f)
the nanoparticles look more regular spheres with
average grain size are 28.0, 20.0 and 45.0nm for
Cu0, Y,0, and BaCO,, Respectively.

UV-VIS spectrogram measured for all calcined
NPs as shown in Fig. 7. The for Y,0,, BaCO, and
CuO NPS are found to be 284.0 nm, 289.0 nm
and 300.0 nm. These data are in the UV region
as a sign for the nanometer scale of the produced
powders. These results are in good agreement

with that in the literature [20,23].

Conclusion

Copper oxide (CuO), yttrium oxide (Y,0,)
and barium oxide (BaCO,) nanoparticles were
successfully prepared using green method, the
neem fruit extract was used as a capping agent.
The brown slurry was dried overnight at 80°C,
the calcination was carried out at 750°C for
CuO, BaCO, and Y,0,, respectively, for a period
of 2 hours. the calcinations temperatures were
selected on the basis of Thermal-Gravimetric
Analysis (TGA). X-ray Powder Diffraction
analysis confirmed the monoclinic structure for
CuO NPs, orthorhombic structure for BaCO,
NPs and cubic structures for Y,0, NPs. All the
above-mentioned oxides data were matched with
the ICDD standards. The crystallite size for the
CuO, BaCO, and Y,0, NPs were 29.9, 40.0 and
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Fig. 6. STEM micrographs for (a) Cu-complex, (b) CuO NPs, (¢) Y-complex, (d) Y,0, NPs, (¢) Ba-complex and
(f) BaCO, NPs.

10.3 nm, respectively. UV-VIS spectroscopy
showed that for the scanned suspended oxides
were in the UV range which is an indication of
the formation nano-sized materials, these results
are in good agreement with the literature. STEM
results showed agglomerated NPs with an average
particle size of <50 nm for all oxide samples. FTIR

Egypt. J. Chem. 62, No. 4 (2019)

confirms the metal-oxide bands in the range 500-
700nm. Results of the current study are important
for agricultural applications, industrial catalysis,
petroleum industries, water splitting, production of
ceramics and composite materials applications.
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Fig. 7. UV-VIS spectrum for nanoparticles, (a) Y,O,, (b) CuO and (¢) BaCO.,.
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