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Abstract: This contribution reports first time synthesis of Cr,O3 nanostructures from chromium (111)
chloride hexahydrate precursor using Vernonia amygdalina leaves extract as a reducing and stabilizing
agent. Powder X-ray diffraction, Fourier-transform infrared spectroscopy, and scanning electron
microscopy techniques were used to study the structural and morphological properties of the as-
synthesized Cr,Os; nanostructures. Powder X-ray diffraction patterns spectral analysis showed that
hexagonal Cr,O3 nanostructures with an average crystallite size of 23.4 nm were synthesized with the
minor appearance of CrO,. SEM images showed that the synthesized nanomaterials are granules.
Fourier-transform infrared spectra represent a sharp absorption band at 552 cm™ which indicates Cr-O-
Cr vibrational and stretching modes.
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1. Introduction

Chromium (I11) oxide (Cr203), among the various oxides of chromium, is the most
stable oxide found in a wide range of temperature and pressure [1,2]. Cr20s is technologically
important due to its numerous applications, including green pigment, catalysts, coating
materials for UV protection, and visible light transmittance [3,4]. Cr20s is the hardest oxide
that also exhibits many attractive functionalities among these lower coefficient of friction, high
wear, and corrosion resistance, and good optical and adiabatic characteristics are key properties
[5,6]. It also exhibits a high melting point (2435 °C) and high-temperature oxidation resistance
[7-9]. Despite its intrinsic insulator nature, Cr203 films can exhibit either p-type or n-type
semiconductor behavior, depending on the synthesis conditions [1]. The confluence of all these
properties in Cr203 makes it a preferable material for the development of a broad range of
industrial applications.

Chromium (I11) oxides can be synthesized by different methods such as thermal
decomposition [9-11] precipitation [12], chemical vapour deposition [2], sol-gel [8],
hydrothermal [13,14], solution combustion [15,16] and biological [1,17]. Among these, the
biological (bio-mediated) method is non-toxic, inexpensive, and environmental friendly, which
involves the use of bacteria, fungi, or plant materials to synthesize chromium (l11) oxide,
playing a significant role in controlling surface morphology and size of the material [18,19].

So far, fewer studies have been reported on the synthesis of Cr.O3 nanostructures using
different plant extracts. For instance, nano-sized Cr.Os nanoparticles were synthesized from
potassium dichromate solution reduction using Tridax procumbens leaf extract, which acts as
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a reducing agent [17]. Single-phase a-Cr203 nanoparticles’ were also synthesized using the red
flower of Callistemon viminalis’ extract [1]. In the present study, Cr2O3 nanostructures were
successfully synthesized using Vernonia amygdalina (V. amygdalina) plant leaves extract as a
reducing and stabilizing agent.

V. amygdalina is a small evergreen tree (about five-meter tall), a very popular plant that
grows, preferably in most parts of tropical Africa [20-22]. The plant is commonly called bitter
leaf due to its bitter taste [21] and known as ‘Grawa’ in Amharic (Ethiopia). V. amygdalina is
known for its high production, as its seeds propagate easily by wind, high adaptability, and its
ability to improve the soil fertility and growth of crops [23]. In developing countries, disease
treatment using herbal plants plays a key role in medication. In the rural highlands of Ethiopia,
the water extract of V. amygdalina leaves serves as a traditional medicine for the prevention of
stomach-ache as it is a non-toxic plant. Phytochemical analysis of V. amygdalina revealed high
levels of flavonoids, phenol, saponin, tannins, and alkaloids [24]. It exhibits excellent
antioxidant properties due to the presence of flavonoid and phenolic constituents [22,24], and
this has been reported in an attempt to synthesize NiO nanoparticles [25].

2. Materials and Methods

2.1. Materials.

Chromium (I11) chloride (Cr2Cl3*6H20) and distilled water were purchased from
Sigma-Aldrich. Fresh and healthy leaves of V. amygdalina were collected from Hawariat town,
Gurage zone in the South region, Ethiopia.

2.2. Synthesis of Cr,O3 nanoparticles.

Freshly collected and taxonomically authenticated leaves of V. amygdalina were
washed thoroughly with tap water followed by distilled water to avoid dust and impurities and
shade dried for a couple of weeks. The dried V. amygdalina leaves were powdered and stored
in an airtight plastic bag for subsequent use.

f

To prepare the extract solution, a weighed 10 gm of the dried leaves were added into
100 ml of distilled water in a flask and boiled at 60 °C for 30 min. Then the extract was cooled
to room temperature and filtered (Whatman No. 1) to get the brown color aqueous extract
solution shown in Figure la, and a 0.1M solution of the precursor was prepared using
CrClz*6H20 as shown in Figure 1b.

The synthesis protocol employed was the commonly applied process [25]. In a typical
experiment, 50 ml of the prepared precursor solution was mixed with 40 ml of V. amygdalina
leaves extract solution in a beaker dropwise. After 30 min. The solution changes color from
dark to green, indicating the formation of chromium oxide nanostructures (Figure 1c). The
purpose of the plant extract here is to reduce and stabilize the synthesized nanostructures
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[26,27]. The solution was heated at 60 °C for 30 min. under continuous magnetic stirring. After
cooling down to room temperature, the resulting solution was centrifuged at 3500 rpm and
washed repeatedly using distilled water to avoid impurities. As it is assumed that Cr20s
nanostructures can be obtained in the range of 110-217 °C [10], the final precipitate was oven-
dried at a temperature of 120 °C. The dried powder was annealed at 500 °C in an air furnace
for 2 hrs [1,15] to get Cr20O3 nanostructures.

3. Results and Discussion

3.1. X-ray diffraction (XRD) analysis.

For phase identification, X-ray diffraction (XRD) patterns were recorded from an X-
ray diffractometer with 2 theta geometry, operating with CuKa radiation (A\=1.540598 A) at a
voltage of 40 kV and current of 30 mA. The XRD patterns of the powder sample were recorded
with a step size of 0.02 at a scan speed of 3°/min and a counting time of 0.4 sec. /step in the
10° to 80° 20 range. The resulting XRD patterns of the as-prepared nanopowder can be indexed
to the hexagonal structure of Cr203 from JCPDS card no. 96-210-4123 (Figure 2a), and the
patterns are compared to the standard using match software Figure( 2b). The peaks are indexed
to 24.37°, 33.56°, 36.28°, 41.53°, 50.23°, 55.5°, 63.47°, and 65.47°, which corresponds to the
crystal planes (102), (104), (110), (113), (204), (116), (214) and (300), respectively, of
crystalline Cr20s.
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Figure 2. XRD patterns of Cr,03 nanostructures(a) and Retvield refined XRD data (b).

Inter planar spacing 'd’ for hexagonal phase structure of Cr20s, is determined by the
following relation:
1 _ 4(h? +hik+k?) N z
dz 3a2 cz’
where ‘h’, ‘’k’, and ‘I’ are miller indices.
Average crystallite size Dy;,; was estimated using the Scherrer equation from prominent
XRD peaks:

(1)

kA
Dpj = Tcosd’ (2)

where ‘k’ is a shape factor ( k =0.9), ‘A’ is the X-ray wavelength, and ‘4’ and ‘6’ are the half-
width of the peak and half of the Bragg angle, respectively. Using this equation, the crystallite
sizes of Cr203 nanostructures was calculated to be 23.4 nm.
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3.2. Fourier-transform infrared (FTIR) spectroscopy.

Spectral analysis was recorded using a Fourier-transform infrared instrument whose
spectral range is from 4000cm™ to 400cmt. Figure 3a is representative FTIR spectra peak of
V. amygdalina leaves extract indexed to 3354 cm™, 2927 cm™, 2857 cm™, 1647 cm?, 1402 cmr
11251 cm™, 1059 cm™ and 611 cm™. The broad absorption band around 3354 cm™ is related
to the O—H bond stretching of the phenolic group, the peaks at 2927 cm™ and 2857 cm™ are
related to the C-H bending, and the peaks at 1647 cm™, 1402 cm™ and 1251 cm™ are related
to the N—H bending [28]. The absorption spectra of Cr.O3 nanostructures are observed at 3396
cm?, 2920 cm?, 2853 cmt, 1605 cm, 1402 cm™, 1039 cm™?, and 552 cm™, as shown in Figure
3b. The broadband observed at 3396 cm™ is due to the —OH stretching modes and the peaks at
1605cm™ and 1039 cm™ indicate the presence of hydroxyl groups associated with Cr3* ions
[10]. The peak at 2920 cm™ can be assigned to the C-H stretching and bending vibrations [11].
Metal oxides, generally, exhibit absorption bands around 1000 cm™ as a result of inter-atomic
vibrations. Hence, the weak band around 1039 cm™ is due to Cr=0 vibration modes, and the
band at 552 cm™ is the characteristic stretching bonds of Cr-O-Cr, which indicate the presence
of hexagonal Cr203 nanostructure [10].
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Figure 3. FTIR spectra of (a) V. amygdalina leaf extract and (b) synthesized Cr,O3 nanostructures.
3.3. Scanning electron microscopy (SEM).

The morphological studies of Cr203 nanostructures synthesized using V. amygdalina
leave extracts were analyzed by scanning electron microscopy, SEM model JSM-IT300LV, in
the micrometer scale. SEM images of the samples are shown in Figure 4 below. The images of
the as-synthesized nanostructures revealed that it is granular in structure.
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Figure 4. SEM images of Cr,03 nanostructures synthesized from V. amygdalina leaf extracts.
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4. Conclusions

In summary, a simple, cost-effective, and eco-friendly biological technique was
employed for the successful synthesis of Cr20s nanostructures using CrClss6H20 as a
precursor, and aqueous extract of V. amygdalina leaves as a reducing and stabilizing agent
under low-temperature condition. The mean crystallite size was 23.4 nm, as confirmed from
the detailed analysis of XRD patterns using the Scherrer equation. Rietveld refinement of XRD
spectra also confirmed that Cr203 was dominantly observed in the pattern with minor existence
of CrO2 peaks as an impurity. V. amygdalina leaf extract is, therefore, a good reducing and
stabilizing agent for the synthesis of Cr20s nanostructures. The as-synthesized Cr20s
nanostructures were also stable, and this shows that the synthesis method is reproducible for
large scale production.
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