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ABSTRACT

In this study, chromium three oxide (Cr,0,) nanoparticles (NPs) were synthesized by a chemical
method, using (NaBH,) as a reducing agent at various concentrations. The obtained Cr,0, NPs
were characterized by scanning electron microscopy (SEM), UV-Vis and nitrogen adsorption-
desorption measurements. The SEM analysis of the nanopowders, showed the formation of nano-
meter size particles. Fourier-transform infrared spectroscopy confirmed the Cr-O and Cr=O
bands by their characteristic peaks. The values of the specific surface area of mesoporous pow-
der changed according to the NaBH, concentration. UV-Vis spectrum for Cr,0, NPs revealed two
strong bands (in solution) and for the solid UV-Vis three peaks were seen. Finally, as an applica-
tion, the effect of Cr,0, nanoparticles (NPs) was monitored on 2-aminophenol dissolved in water
under UV lamp irradiation (210 nm).
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1. Introduction

Chromium is widely abundant on earth and can be
found in various places such as in rocks, soil, animals, and
plants. The current study assessed two oxidation states, tri-
valent chromium Cr* and hexavalent chromium Cr®. The
very different physiological effects between Cr** and Cr®,
have been investigated by a number of researchers. It was
discovered that Cr** is an oligo-element. This means that
a trace amount of this material is essential for the proper
functioning of living organisms. On the other hand, Cr® is
extremely toxic. Madrakian et al. [1] studied the presence
of Cr® in tap water. Jamali et al. [2] assessed the potential
accumulation of heavy metals (between them Cr) in vege-
tables grown in land treated for a long time with a mixture
of wastewater and sewage sludge (SIDWS). They attributed
the high percentage of Cd and Cr in SIDWS to waste effluent
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from small industries (tanneries and batteries) situated in
domestic areas. Pouzar et al. [3] developed a procedure for
analysis of chromium in a dyed wool fabric using a com-
mercially available spectrometer. Salnikow and Zhitkovich
[4] highlighted the differences between Cr® and Cr*, by
nutritional effects of Cr** and the involved of Cr® in the pro-
cess of carcinogenesis. Gjerde et al. [5] developed an anion-
exchange method to perform chromium speciation that
could be carried out under acidic pH conditions. Their aim
was to have a medium in which both Cr* and Cr® were sol-
uble. Escobar et al. [6] successfully applied their method
in the determination of Cr* in water and food samples.
Also, Madrakian et al. [7] established a simple, selective,
and sensitive fluorescence quenching method for the deter-
mination of Cr®. In the second-part of this work, specific
surface area, crystal phase, morphology, and optical prop-
erties of the prepared Cr,0, nanoparticles were examined.
Finally, the synthesized nanoparticles (NPs) were tested by
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photostabilization of 2-aminophenol (2AP) under UV irradi-
ation. To the best of our knowledge, this kind of study has
never been reported on Cr-NPs.

2. Materials and methods

Chromium three oxide colloidal NPs were chemically
synthesized from chromium six oxide, which is water sol-
uble (0.05 M of CrO, in water), in the presence of NaBH,
(0.125, 0.25 and 1 M) as the reducing agent, Fig. 1. We had
chosen those quantities of different products by varying
their molarity. All experiments were performed at room
temperature and all the products were used without any
further purification. In this experiment, Cr,0, NPs were
separated from the solution phase by ultra-centrifuga-
tion at 400 rpm for 30 min. The separated NPs were then
washed with distilled water several times by re-suspen-
sion and ultra-centrifugation cycles consecutively. The
collected samples were then characterized. And used
for the photo-stabilisation of 2AP.

3. Results and discussion

3.1. Brunauer—Emmett=Teller analysis and UV-Visible
spectroscopy

The specific surface area of the powder was measured by
the Brunauer-Emmett-Teller method (BET). The BET mea-
surement was conducted using a Quantachrome NovaWin,
Quantachrome Instruments v 11.0. The values of the spe-
cific surface area of mesoporous powders changes accord-
ing to the NaBH, concentration (66.06, 130 and 65.45 m?/g),
(Fig. 2a). The Cr,0, nanopowders (NPWs) synthesized was
type II, which is most frequently found when adsorption
occurs on nonporous powders or powders with diameters
exceeding micropores. The NPWs with radius between
2~50 nm were classified, by the L'TUPAC, as mesoporous
NPWs and in the current work this was 3.86, 3.66 and 4.84 nm
(Fig. 2b). The inflection point occurred near the completion

CrOs:+ H:0

of the first adsorbed monolayer. The type of hysteresis loop
for concentrations 0.25 and 1 M of NaBH, were type ‘H3’
(non-rigid aggregates of plate-like particles (slit-shaped
pores)) and for 0.125 M of NaBH, the type was ‘H4,
narrow slit pores including pores in the micropore region.

The UV-Vis spectroscopy of different oxidation states
of chromium has been widely studied. Chromium was
detected, by UV-Vis, due to its specific peaks [8-12]. Jin
et al. [13] found the same results that were observed in the
current investigation for liquid UV-Vis analysis (colloidal)
(Fig. 3a). For Cr®, the peaks were at 257 and 356 nm’ [13] in
the current work ‘257 and 349 nm’. Also for Cr*, the peaks
were at ‘273 and 375 nm’ [13], in present work correspond-
ing respectively to ‘0.125, 0.25 and 1 M of NaBH,’, for the
first peak: 273, 267 and 269 nm and for the second-peak
to 372, 371 and 372 nm.

The solid UV-Vis analysis (NPWs) (Fig. 3b), revealed
three peaks at 268, 396 and 593 nm for the first concentra-
tion of NaBH, (0.125 M), at 268, 397 and 603 nm for the
second-concentration (0.25 M) and finally for the third
concentration peaks were at 268, 387 and 606 nm. These
results were similar to other works [14,15]. Zavitsanos et al.
[16] found two maxima in the region of 410 and 575 nm,
attributed to the (4Azg—>4T1g) and the (4A2g—>4T2g) Cr* tran-
sitions, respectively. In the UV-Visible spectrum, a widen-
ing of the absorption peak, indicates the aggregation of
NPs. The largest half-height width of the second-peak was
the 2nd NPWs. The more the concentration of NaBH, was
increased the further the first peak moved to the smaller
wavelength. For the second-peak, it stayed approximately at
the same position (272, 271 and 272 nm).

3.2. Scanning electron microscopy, energy-dispersive X-ray
analysis and Fourier-transform infrared spectroscopy

Several studies on synthesis of chromium three oxide
have been reported [17-19]. The investigators obtained
NPs in the range of 50 nm-39 um. The MEB images of the
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Fig. 2. (a) Nitrogen adsorption and desorption of Cr,0, NPWs (for 0.125, 0.25 and 1 M of NaBH,) and (b) analyzed BET results

of Cr,0, NPWs.
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current NPWs, are shown in Fig. 4. It can be seen that the
NPs were nanometrical, with sizes between 22-150 nm for
the first sample, between 17-68 nm for the second-sample
and for the third one, sizes between 19-80 nm (determined
by Image]). This means that the second-quantity of NaBH,
is the one that gives the smallest NPs sizes, the images also
showed an even size distribution.

Scientists use energy-dispersive X-ray analysis (EDX
or EDS) to determine which species are present in each
sample. The present investigation employed a ‘Zeiss Smart
EDX’ an EDX analysis, used together with a ‘Zeiss” scan-
ning electron microscope (SEM). The EDX (Fig. 5) shows
that all samples contained chromium and oxygen. Jin
et al. [13] reported an EDX pattern which was similar to
the current results. Oxygen and chromium were the high-
est percent by mass in the first sample (0.125 M NaBH),
57.30 (3.62% of error) and 35.04% (2.07% of error), respec-
tively. The second-sample contained more ‘Cr” and less of
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‘Q’, but there was some ‘Na’ (the mass was 7.07% with a
12.42% of error). This was due to the high concentration of
NaBH, (0.25 M of NaBH,), 47.33 (5.15% of error) of oxygen
and 39.93% (2.21% of error) for chromium. Finally, with
the 1 M of NaBH,, the ratio was 45.04 (5.76% of error) of
oxygen and 25.30% (2.24% of error) for chromium and for
‘Na’, the mass was 22.42% with a 9.06% of error.

The Fourier-transform infrared spectroscopy (FT-IR) of
different Cr-NPWs, are shown in Fig. 6. The broad bands
appearing around 3,433 and 3,169 cm™ were attributed to
the stretching vibrations of hydrogen-bonded water mol-
ecules and hydroxyl groups, and the absorption of H,O
by the sample from atmospheric moisture [20]. Kamble
et al. [21] mentioned that metal oxide showed absorption
bands below 1,000 cm™ due to inter-atomic vibrations. The
band at 1,630 cm™ exhibited the bending OH-group. The
current study found a lot of similarities with the work of
Vuurman et al. [22]. The latter attributed the region between
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Fig. 5. EDX spectroscopy of chromium NPs (0.125, 0.25 and 1 M of NaBH,, respectively, a, b and c).
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Fig. 6. FT-IR pattern of chromium-NPWs.

2,150-1,850 ecm™ to infrared (IR) absorptions in the chro-
mium oxygen overtone stretching, two bands at 2,010 and
1,986 cm™ in the first Cr=O overtone region, and two bands
ataround 1,020 and 1,005 cm™ in the Cr=0 stretching region.
They also reported that the presence of two bands in the
overtone region supported the presence of two surface Cr=O
species, which meant that two kinds of Cr=O bands were
present in the molecule. Vuurman et al. [22] mentioned that
the broadness of the 880-850 cm™ bands in all the spectra
indicated a wide range of OCrO bond distances. Rakesh et al.
[23], said that the bands at 967-1,037 cm™ were assigned to
Cr=0 vibrations, 585-641 cm™ was assigned to Cr-O vibra-
tions and 1,046-1,085 cm™ were assigned to Cr-O-Cr vibra-
tions. The bands between 401 and 447 cm™ were attributed
to v(Cr-0O) [24]. The ‘Cr-O’" band was between 413 and
442 cm™ [25,26]. Sousa et al. [27], reported that the IR peak
at 401 cm™ was an indication of crystalline Cr,0O,. Harrison
et al. [28], noted that the antisymmetric CrOCr stretch
had an energy of 870 cm™.

3.3. Application

The ability of 2AP to oxidise very quickly gives it mul-
tiple applications, for example as photographic developers
and catalytic properties of NPs. This application is directly
related to the dye industry [29] and to the environmental
impact, due to the biocompatibility of Cr,O, [30], compared
to CrO,, which is harmful to living tissue [31]. One of the
nanopowders (NPWs) was used to assess the behavior of

2AP during exposure to UV light (210 nm). The chosen
chromium NPW, was the one with the highest specific area
(0.25 of NaBH,, 130 m?/g). The impact on the stabilization
of 2AP as a function of time was monitored. Fathalla et al.
[32] used 2AP as a substrate for their work. They evalu-
ated the catalytic performance of their compounds (four
different products) for the oxidative coupling of 2AP to
2-aminophenoxazin-3-one (APO), by UV-Vis measurement.
They followed the growth of APO (a peak at 431 nm as in
the current work) in an aqueous solution of 2AP (a peak at
280 nm, same as in the present work). The study by Elder
[33] revealed that 2AP is safe as a cosmetic ingredient. They
reported that chlorination of drinking water may increase
the toxicity of 2AP. The main use of 2AP is as a powerful
reduction agent as a synthetic precursor. Its products are
represented in virtually all classes of dyes [29]. The prox-
imity of the amino and hydroxyl groups on the benzene
ring of 2AP and the ease of condensation with appropri-
ate reagents, makes 2AP an excellent intermediate in the
synthesis of heterocyclic systems [34]. This product has
been used as an inhibitor of inflammation [34].

The 2AP is water soluble. A solution with a low con-
centration of 2AP was prepared by dissolving in distilled
water. The exposure to UV irradiation was made in a con-
trolled temperature bath to simulate the heat of the sun,
with magnetic agitation. The measurements were made by
UV-Vis spectroscopy, every 1 h or a 1/2 h, to see the changes
in our solution composition (rising or decreasing of peaks),
in both cases(with or without NPW).

Referred to the previous works [35,36], the peak at
250-300 nm was attributed to 2AP and the one situated at
350-500 nm was attributed to APO. The current samples,
were monitored with and without adding 0.02 g of NPW to
100 mL of 2AP solution. The mixture was placed in ultra-
sound for 30 min. After that the mixture was exposed to
the UV irradiation. The 2AP was irradiated with UV irra-
diation for 6 h, in the absence of our NPW (Fig. 7a). It can
be seen that with every 1 h of irradiation, the peak of 2AP
(250-300 nm) decreased. In the other side, the peak of APO,
gain of intensity was observed every 1 h compared to the
peak of 2AP. The addition of Cr-NPW had a stabilizing
effect (Fig. 7b). For the chosen NPW, very high stability
was observed compared with the solution of 2AP alone.
The stability and the inhibition power is shown in Fig. 7c
and d, respectively for the first and the second-peak. It
can be seen that the presence of the Cr-NPW, has a height
efficiency to stabilize 2AP and prevent the formation of
APO, due to the small variation of the concentration of
both products with and without Cr-NPW.

4. Conclusions

The current investigation has succeeded in the synthesis
of NPWs (SEM imaging) of chromium three oxide, the com-
position is proved by EDX analysis and FT-IR, the samples
are colloids and powders with green colour. It can be seen
the characteristic peaks in the UV-Vis spectroscopy of Cr*,
which indicate also the formation of the desired metal oxide.
These powders are mesoporous (BET measurements). The
Cr-NPW was found to be effective in the photo-stabiliza-
tion of 2AP from oxidation to APO (UV-Vis spectroscopy).
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This was due to the high efficiency of Cr-NPW in protect-
ing and stabilizing 2AP from oxidation to APO under UV
irradiation. It was noticed that UV-light accelerated the
formation of APO when the 2AP was by itself compared
to when it was in the dark or under visible light.
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