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ABSTRACT Chromium oxide nanoparticles (NPs)have been rapidly synthesized by precipitation method using

ammonia as precipitating agent and are characterized by using X-ray Diffraction (XRD), Thermo Gravimetric Analysis
(TGA), UV-Visible absorption (UV), Infrared Spectroscopy (IR), Scanning Electron Microscopy (SEM) and Transmission
Electron Microscopy (TEM). XRD studies show that chromium oxide NP is formed as Cr:03 and it has hexagonal
structure. The shape and particle size of the synthesized Cr203 NPs is determined by SEM and TEM. The images showed
that the size of NPs of Crz20s3 varied from 20 nm to 70 nm with average crystalline size 45 nm. UV-Visible absorption and
IR spectroscopy confirm the formation of nanosized Crz203. TGA verifies that the Cr203 NPs are thermally stable up to
1000 °C.
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Introduction

Transition metal oxide NPs have many applications as catalyst [1-5], sensors [6-9], superconductors [10-11]
and adsorbents [12-13]. Metal-oxides constitute an important class of materials that are involved in
environmental science, electrochemistry, biology, chemical sensors, magnetism and other fields. Chromium
oxides have attracted much attention recently because of their importance both in science and technology.
As the chromium have different stable oxidation states, it can form the different types of oxides. Special
attention has been focused on the formation and properties of chromium oxide (Crz03), which is important
in specific applied applications such as in high temperature resistant materials[14], corrosive resistant
materials[15], liquid crystal displays[16, 17], green pigment [18], catalysts[19,20] and so on. It is well
known that intrinsic properties of inorganic materials are mainly determined by their composition,
structure, crystallinity, size and morphology; great efforts have been devoted to the investigation of
different Cr,03 materials synthesis [21-23].

Various techniques have been developed to synthesize Cr,03 NPs such as precipitation [24], precipitation
gelation [25-27], sol gel [28-30], mechanochemical reaction, oxidation of chromium in oxygen [31] and
sonochemical method [32]. Among all these methods as mentioned, chemical reduction in aqueous solvents
exhibits the greatest feasibility to be extended to further applications in terms of its simplicity and low cost.
In the present work we have reported the synthesis of Cr,03 NPs by aqueous precipitation using ammonia
as precipitating agent and Cr(SO4)3 as the source of chromium. Khatoonet al [33] reported the
internalization of Cr,03 NPs in Escherichia coli cells by flow cytometry using light scattering method. El-
ajailyet al [34] reported the antibacterial activity of Cr (VI) and Cr (III) complexes against P. aeruginosa
bacteria. Rameshet alsynthesized nano-sized Cr;03 by reduction of potassium dichromate solution with
Arachishypogaea leaf extract containing reducing sugars which act as reducing agent.

Ming Hua and co-workers [35] have studied the Nano-sized metal oxides, including ferric oxides,
manganese oxides, aluminum oxides, titanium oxides, magnesium oxides and cerium oxides, which provide
high surface area and specific affinity for heavy metal adsorption from aqueous systems. Tanya Tsonchevaet
al [36] prepared mesoporous ceria and SBA-15 silica with iron and Cr;03 NPs. The simultaneous presence
of iron and chromium oxides lead to change in their dispersion, providing easier reducibility, higher
catalytic activity and stability of the obtained materials in comparison with the corresponding mono-
component ones. P. Gibot and L. Vidal [37] prepared nanosized Cr;0; by the common thermal
decomposition of Cr(NO3)3:9H,0 chromium (III) nitrate nonahydrate. These pristine Cr;03 NPs, with a
slightly sintered sphere-shaped morphology, exhibited a 10 nm particle size with a monocrystalline
character as demonstrated by the TEM and XRD correlation. Grzegorz Lota et al [38] reported single wall
carbon nanotubes (SWNTs) filled and doped with Cr;03 used as attractive electrodes for super capacitors.
Selvam Sangeetha et al [39] reported a predominant solid state route, wherein a chromium-urea complex
prepared under solvent free conditions was calcined at high temperature to obtain Cr,03 NPs. The evolution
with calcinations of Cr;03 NPs of catalytic interest, prepared from reduction of K,Cr,07 with maleic acid, has

Research Paper [JRAR- International Journal of Research and Analytical Reviews 489




[ VOLUMES5 I ISSUE 1 I JAN. - MARCH 2018] EISSN 2348 -1269, PRINT ISSN 2349-5138

been studied by S.M. El-Sheikh et al [40]. Lifang Chen et al [41] demonstrated that the Cr,03 spheres show
an exceptional ability to remove azo-dye pollutant in water treatment. Thus, the porous Cr;03 spheres with
very good dye absorptions are expected to be useful in alternative absorption technologies. As Cr,03 NPs
have wide applications in science and technology, an attempt has been made to synthesize Cr,03 NPs by
aqueous precipitation using ammonia as precipitating agent. This method involves a simple, cheap and one
step process for the synthesis of Cr,03 NPs. The obtained NPs of Cr,03 have been characterized by XRD, TGA,
IR, UV, SEM and TEM.

Methods and materials

Chemicals

All chemicals used in the experiment are analytic reagent grade. Chromium sulphate, Cr;(S04)3 was
purchased from Merck, India. Ammonium hydroxide (liquor ammonia) was purchased from SRL. Deionized
water was used throughout the experiment.

Synthesis of Chromium oxide:

500 ml of 0.1M solution of Cr;(S04)3 was taken and aqueous ammonia was added drop wise with constant
stirring until the pH of the solution reached to 10. The precipitates thus obtained were filtered by Buckner
funnel and was washed several times with distilled water. The precipitates were dried in oven at 70°C for
24 hrs and were calcined at 600°C in a muffle furnace for 5 hrs. Obtained material was ground and sieved
through 100 mesh size sieve.

Characterization techniques

The microstructure of the particles was characterized by X-ray diffraction, Philips PW 11/90 diffractometer
using nickel filtered CuKa (1 = 1.5405 A) radiations. The average diameter (D) of the Cr,0; NPs has been
calculated from the broadening of the XRD peak intensity after Ka, corrections using the Debye-scherrer
equation. Transmission electron microscopy measurements of the sample were taken on Hitachi H7500
with a 70 kV accelerating voltage. The dispersions of NPs in water were placed on carbon-coated 400 mesh
copper grids, allowed to dry at room temperature before taking measurement. The obtained micrographs
were then examined for particle size and shape. TGA study was carried out using Perkin Elmer Pyris
Diamond. The UV-visible spectra of as-prepared aqueous solutions were taken by UV spectrophotometer
(Perkin Elmer Lambda 25) in the wavelength range of 200-900 nm to determine the absorbance due to
surface plasmon resonance (SPR) in the case of Cr;03 NPs. The infrared spectra of adsorbents, adsorbates
and adsorption adducts were recorded in KBr discs on a Perkin Elmer FTIR spectrophotometer (Model
Perkin Elmer-1600 Series).

Table1:X- Ray Diffraction Data for Chromium Oxide (Crz03)

S.No. d= A/2|d= A2/, x 1001/, x 100
Sin®(Observed) |Sin®(Reported) |%(Observed) |%(Reported)

1. 3.62189 3.6210 63.22 62.90

2. 2.65863 2.6625 80.55 80.50

3. 2.47438 2.4760 100.00 100.00

4. 2.17017 2.1035 36.34 33.05

5. 1.81171 1.8045 27.53 27.50

6. 1.46172 1.4585 17.36 17.25

7. 1.42926 1.4300 31.84 30.99

8. 1.29440 1.2830 9.80 9.70

9. 1.08658 1.0565 9.18 9.00

Results and discussions

X-ray and IR studies

X-ray diffraction of synthesized oxide is shown in Fig.1. The X-ray diffraction plot, shows peaks only due to
Cr,03 and no peak is detected due to any other material or phase indicating a high degree of purity of the as-
synthesized sample. The broadening of the X-ray diffraction lines, as seen in the Fig. 1 reflects the nano-
particle nature of the sample. In X-ray diffraction, some prominent peaks were considered and
corresponding d-values were compared with the standard. X-ray diffraction shows that the formed nano
metal oxide is pure Cr203 and having hexagonal structure.
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Figurel: X-ray diffraction for chromium oxide (Cr,03)

Sharpness of the peaks shows good crystal growth of the oxide nanoparticles. Average particle size (t) of the
particles have been calculated using from high intensity peak using the Debye-Scherrer equation
t=KA/ B cos @
Where ‘t’ is the average crystalline size of the phase under investigation, ‘K’ is the Scherrer constant (0.89),
‘A’ is the wave length of X - ray beam used, ‘B’ is the fullwidth half maximum (FWHM) of diffraction (in
radians) and ‘0’ is the Bragg’s angle. The average crystalline size calculated is 45 nm which is in close
agreement with the TEM results.
IR spectra of synthesized Cr;03 NPsshow peak due to M-0 (Cr-0) stretching at 569.30 cm'! and 632.61 cm1.

Peaks at 3436.08 cm! and 1631.32 cm''may be due to the presence of moisture and carbon dioxide present
in atmosphere [Fig. 2].
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Figure 2: IR Spectra of the synthesized chromium oxide nanoparticles
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TGA and UV studies

TGA transition shows no considerable weight loss up to 1000° C [Fig. 3]. It simply indicates that when
Crz(OH) 3 is heated, it converts into Cr;03 and it is thermally stable in nature and we can use these
synthesized NPs up to 10009 C. Nanosized Cr,03 particles show absorbance in the UV-visible region due to
SPR, which originates due to the resonance of collective conduction electrons with incident electromagnetic
radiations. It provides a sharp absorbance in the visible region around 460 nm [Fig. 4]. The shape of the
resonance peak can be qualitatively related to the nature of NP. Small and uniform-sized NP with a narrow
size distribution gives a sharp absorbance, whereas NP with a wide size distribution or any kind of
aggregation shows a broad

absorbance [42-49].
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Figure 3: TGA Graph of chromium oxide NPs
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Figure 4: UV-Visible Spectra of the chromium oxide
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SEM and TEM studies
SEM study was carried out to find out the surface morphology of synthesized Cr,0s. SEM micrograph of the

Cr;03 NPs have been represented in Fig. 5.

Photo Mo

Figure 5: SEM Image of chromium oxide (Cr,03)

SEM study shows that the chromium oxide is in pure form and the particles are beautiful white colored
nanoparticles.TEM study was carried out to find out exact particle size of synthesized Cr,03 NPs. Fig. 6
shows the TEM images of the synthesized Cr,03 NPs. TEM images show that Cr,03 NPs are having particle
size in the range of 20 nm - 70 nm [Fig. 6]. The size distribution histograms for NPs provided their
respective sizes as 32.9 + 13.3 nm [Fig. 7a], 32.2 £ 9.3 nm [Fig. 7b], 31.4 £ 9.5 nm [Fig. 7c], 28.8 £ 8.9 nm
[Fig. 7d], respectively.
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Figure i: TEM Images of chromium oxide (Cr204)
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Figure 7: Size Histograms of Figure 6
Conclusion

Chromium oxide nanoparticles with hexagonal structure are synthesized successfully by aqueous
precipitation method using ammonia as precipitating agent. From TEM study, it is found that particles are
with average size of 20 - 70 nm. XRD studies show that chromium oxide was formed as Cr;03 instead of the
commonly formed CrO,. The chemical reduction approach addressed in the present work on the synthesis
of Cr;03 nanoparticles are simple, cost effective, eco-friendly. The resultant nanoparticles are highly stable
and reproducible that exhibit the greatest feasibility to further applications in the process of stropping
knives, glasses, inks, paints and precursor to the magnetic pigment.
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