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We report the room temperature (25–30∘ C) green synthesis of cobalt nanomaterial (CoNM) in an aqueous medium using gallic
acid as a reducing and stabilizing agent. pH 9.5 was found to favour the formation of well dispersed flower shaped CoNM. The
optimization of various parameters in preparation of nanoscale was studied. The AFM, SEM, EDX, and XRD characterization
studies provide detailed information about synthesized CoNM which were of 4–9 nm in dimensions. The highly stable CoNM
were used to study their catalytic activity for removal of azo dyes by selecting methyl orange as a model compound. The results
revealed that 0.4 mg of CoNM has shown 100% removal of dye from 50 𝜇M aqueous solution of methyl orange. The synthesized
CoNM can be easily recovered and recycled several times without decrease in their efficiency.

1. Introduction
Metal nanoparticles have attracted much attention in nanoscale science and engineering technology over the past
decades due to their unusual chemical and physical properties, such as catalytic activity, novel electronic, and optical and magnetic properties. Their main application areas
include catalysts, absorbents, chemical and biological sensors, optoelectronics, information storage, and photonic and
electronic devices [1]. Cobalt nanomaterial (CoNM) exhibits
high resistance to oxidation, corrosion, and wear. CoNM
have been prepared by several synthetic methods including
solvothermal process [2], thermal decomposition method
[3], hydrothermal microemulsion process [4], high temperature solution phase method [5], and reduction by NaBH4 at
room temperature [6]. Among all, the wet chemical reduction
method has the advantage over the others in easy control

of the reaction process. However, most of the wet chemical
reduction methods reported to date rely strongly on the use of
environmentally and biologically hazardous organic solvents
and reducing agents (i.e., hydrazine, sodium borohydride,
dimethyl formamide, formaldehyde, sodium hypophosphite,
or hydroxylamine hydrochloride, etc.) [1].
Recently, there is an increased emphasis on the subject of
green chemistry, to avoid the problems related to toxic chemicals and solvents. Nanomaterials prepared by green rout are
environmentally benevolent. Raveendran et al. [7] prepared
silver nanoparticles using water as a solvent, 𝛽-D-glucose as
a reducing agent, and starch as a protecting agent. Liu et al.
[8] synthesized gold nanocrystals using 𝛽-D-glucose as both
the reducing and stabilizing agent. In addition Xiong et al.
[1], worked on the synthesis of highly stable nanosized copper
particles with an average particle size of less than 2 nm using
a nontoxic L-ascorbic acid as a reducing and capping agent;
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precursor in aqueous medium was studied by Xiong et al.
[1]. Moreover Martinez-Castanon et al. [9] worked on the
synthesis and antibacterial activity of silver nanoparticles
with gallic acid in an aqueous chemical reduction method.
Gallic acid is a natural poly-phenolic compound that can be
used as a reducing agent [10]. To our best knowledge, the
nanomaterials with urchinlike and flowerlike architectures
can be used in catalysis because of their high specific surface
area [11].
Here, we tried firstly one-step method for the synthesis
of biocompatible highly stable flower shape CoNM, by using
natural gallic acid as reductant and stabilizing agent at
the room temperature without any additional protecting
reagents. We also monitor the catalytic activity of synthesized
CoNM by selecting methyl orange (MO) azo dyes for their
removal by adsorption. Regarding the toxic effect of dyes,
studies have been carried out that show the extensive release
of a number of azo dyes (such as MO) from effluents of the
textile industry and many other sources which cause aquatic
environmental pollution leading to severe health problems in
aquatic life [12]. Numerous approaches have been introduced
to purify the waters including biodegradation, ion exchange,
and adsorption [13]. However, these processes are insufficient
to control the pollution because they basically perform
transformation of the hazards from one phase to another and
need additional costs for treatments like incineration or land
filling to terminate the end product [14]. In view of the risky
effects of the dye, we have fabricated small size CoNM via
greener route that possess marvelous potential as catalytic
materials to completely degrade MO azo dye, which can be
taken as a model for other degradable dyes.
Because of the magnetism of CoNM, they can be recovered by a magnet after adsorption. Hence, it can be applied
to use in the field of catalysis and wastewater treatment,
which may play important roles in the future of industrial
effluents. The effect of gallic acid moles to cobalt metal on
the size and shape of CoNM as well as their characteristic
was also investigated. UV-Vis and IR spectroscopy, scanning
electron microscopy (SEM), and X-ray diffraction (XRD)
were employed in the characterization of the prepared CoNM
[10].

2. Experimental
2.1. Chemicals and Reagents. CoCl2 ⋅6H2 O (99.9%), gallic
acid (99%), MO dye (99%), and sodium hydroxide (98%)
were purchased from Sigma-Aldrich, ACS reagent. All chemicals were of analytical grade and were used as received
without further purification. Ultrapure water was used for
preparation of CoNM.
2.2. Preparation of Stock Solutions. Stock solutions of 0.1 M
CoCl2 ⋅6H2 O and 0.1 M gallic acid were prepared in 100 mL
volumetric flasks using the required quantities of each and
diluted to the mark with ultrapure CoNM in aqueous
medium. Further, 1 M NaOH solution was prepared to
maintain desired pH. 0.001 M stock solution of MO dye was
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prepared in ultrapure water to carry out the catalytic activity
of CoMN for reduction/degradation of dye.
2.3. Procedure for Fabrication of CoNM. The synthesis of
CoNM was carried out at room temperature by using gallic
acid as reductant and stabilizer. Typically, a 10 mL aqueous
solution containing 1 × 10−3 M CoCl2 ⋅6H2 O solution was
taken. To this solution 1.0 mL of 1 × 10−3 M solution of
gallic acid is added under continuous stirring and then the
resulting solution was adjusted to pH value 9.5 by addition
of 1 M NaOH solution. The reaction solution was left for 10–
15 min to confirm the completion of reduction reaction. The
solution color was observed to change from light pink to
blue and then brown after adjusting pH 9.5. After 10 min,
no further change in color took place, indicating that the
reactions were complete. As-prepared gallic acid derived
CoNM obtained in an aqueous medium were separated by
magnet or simple decantation of remaining aqueous phase.
The collected CoNM were then dried for 24 hours in air.
The solution was analyzed by UV-Vis spectroscopy and it was
found that the as-prepared sample of CoNM was stable up to
60 days.
2.4. Instrumentation. The UV-Vis spectroscopic absorbance
was taken using UV Probe 2.35 spectrophotometer (shimadzu). Fourier transform infrared (FTIR) spectra of standard gallic acid and CoNM were recorded using a Vertex
70 (Bruker, Germany) with Platinum ATR Diamond. Atomic
force microscopy (AFM) images were recorded using a NTMDT, NTEGRA (Russia) AFM, MFM, and Nanoscope IV
controller. Scanning electron microscopy (SEM) EVO LS 10,
AEISS (England), images were taken on aluminum sample
holder. Energy dispersive X-ray analysis EDX was completed
with Bruker 123 eV (Germany). The X-ray diffraction (XRD)
pattern of synthesized nanoparticles was recorded using a
Bruker Advance D8 XRD instrument, equipped with Cu K𝛼
source (wavelength = 1.5406). The XRD pattern was obtained
in powder mode.
2.5. Sample Preparation for AFM Studies. In a typical AFM
analysis, 10–20 𝜇L volumes of dispersed solution of CoNM
were put through drop casting method on glass cover slip and
heated at 60∘ C for 30 min followed by air drying up to 5 min
to ensure binding of CoNM with the glass surface and thereby
loss of water molecules.
2.6. Sample Preparation for SEM/EDX Studies. Small quantities of dispersed solution of CoNM in aqueous medium
were mounted on aluminum sample holder (Gold sputter
quarter 7 nm), by a dip coating method and forwarded for
vacuum drying in a Cressington Sputter Coater, Auto 108, in
the presence of Argon gas for 2 min to clean the surface and
ensure that solvent had been removed. The sample prepared
in this way was also used for EDX studies.
2.7. Sample Preparation for XRD and FTIR Studies. Solid state
CoNM capped with gallic acid was dried and poured into
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a glass tube. As-prepared Co nanoparticles were utilized for
XRD and FTIR analysis without any additional pretreatment.
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2.8. Catalytic Test for Reduction of Dye. The catalytic activity
of CoNM was inspected for reduction/degradation of MO
dye by putting 0.4 mg of CoNM in a solution having 50 𝜇M
concentrations of dye and diagnosed with the help of UVVis spectroscopy. Several experiments like dosage of catalyst,
concentration of dye solution, and time study were performed
to find out the catalytic performance of CoNM.
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3. Results and Discussions
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3.1. Co Nanomaterial Synthesized with Gallic Acid. In this
work we present a simple green aqueous method for the
fabrication of small size CoNM using gallic acid as reducing
and stabilizing agent in the absence of any other capping
reagents. The phenol group in the gallic acid molecule is
responsible for the reduction of metal ions by providing
electron through redox reaction. Gallic acid has two pKa
values, first is 4.1 for the carboxylic group and second is 8.38
for the hydroxyl group [15], and that is why the stabilization of
CoNM at higher pH value could come through the complex
formation between oxygen of hydroxyl group and the CoNM.
Basically, pH shows a great role on the size of nanoparticles;
therefore, at high pH value, it could be possible that the
complexation of Co (II) ions by NaOH decreases its reactivity
and slows down the rate of nucleation and growth resulting in
a smaller particle size [16]. UV-Vis absorbance spectroscopy
is a very useful technique for studying metal nanoparticles
because the shapes and positions of peak are sensitive to
size of particle. The influence of gallic acid concentration on
the UV-Vis absorbance of as-prepared CoNM is shown in
Figure 1. As we can see that the surface plasmon band of
CoNM has shown a continuous blue shift with the variation
in the concentration of gallic acid which indicates the presence of very small size Co nanoparticles. Regarding the above
results, the high amount of gallic acid leads to the formation
of small size nanoparticles due to its enhanced capping ability.
3.2. XRD Analysis. Figure 2(a) shows the diffraction pattern
obtained for the 4–9 nm CoNM; this analysis was made to
confirm the identity of the products. The diffractogram shows
broad prominent peaks around 2𝜃 = 47.01∘ corresponding
to the (111) plane of fcc (face centered cube) cobalt which
have a good match with the standard diffraction pattern
(JSPDC no. 05-0727) [17]. The broad XRD peak indicates
a nanocrystalline nature. Owing to the noisy XRD pattern
the other weaker peaks that correspond to the fcc cobalt
nanomaterial was not visibly seen in a diffraction pattern
[18]. The average crystallite size is determined through X-ray
diffraction line broadening by the Debye-Scherrer formula.
Consider the following:

𝐷=

𝐾𝜆
.
𝛽 cos 𝜃

(1)
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Figure 1: The absorption spectra of CoNM synthesized by various
amounts of gallic acid to metal at room temperature.

In (1), 𝐷 shows the average crystallite size, 𝐾 = 0.89 is
the Scherrer constant, 𝜆 = 1.5406 A∘ is the wavelength of Xray (Cu K𝛼1 radiation), 𝜃 is the diffraction angle of the peak,
and 𝛽 represents the full width at half maximum of the peaks
[19]. The average crystallite size of CoNM was found to be 4–
9 nm which is also confirmed by SAXS pattern as shown in
Figure 2(b).
3.3. Fourier Transform Infrared (FTIR) Spectroscopy. IR spectrum was also measured for the further investigation to
identify the possible molecular response for efficient stabilization of CoNM. The dried CoNM were used for IR
analysis. Figures 3(a) and 3(b) show the infrared spectra
of gallic acid standard and CoNM obtained by gallic acid
reduction of CoCl2 ⋅6H2 O. In Figure 3(a), the strong and
broad band between 3600 and 2500 cm−1 and the strong
and narrow peak at 1702 cm−1 could be assigned to the
stretching vibration of OH group and carbonyl group, which
indicated the existence of carboxyl group in the gallic acid.
Three peaks observed at 1616, 1541, and 1450 cm−1 are typical
stretching vibrations of C–C bonds in an aromatic ring. There
are several peaks in 1300–1000 cm−1 region that could be
assigned to the stretching vibration of C–O bond and bending
vibration of O–H bond of gallic acid. In Figure 3(b), the
strong and broad band in the 3650–2700 cm−1 region was
considered to be stretching vibration of OH group, which
basically covered C–H bond stretching vibration at about
3100 cm−1 . Stretching vibration of C–O bond and bending
vibration of O–H bond in 1300–1000 cm−1 region was still
retained, but the intensity obviously decreased. In contrast
with that of gallic acid shown in Figure 3(a), the IR absorption
spectrum of CoNM observed from Figure 3(b) indicated that
the stretching vibration peak of carbonyl group shifted from
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Figure 2: (a) The XRD diffraction pattern for the 4–9 nm CoNM (b) with SAXS profile.
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Figure 3: (a) FTIR spectra for gallic acid standard and (b) CoNM capped with gallic acid molecule.

1709 to 1634 cm−1 , and the stretching vibration of C–C bond
at 1616 and 1537 cm−1 was covered with a broad and middle
intensity band at around 1634 cm−1 [10]. Since phenolic compounds are easily oxidized to form quinones, it was speculated that the product of gallic acid reduction of CoCl2 ⋅6H2 O
might be a quinoid compound. The results indicated that
quinoid compound with keto-enol system might be produced
by gallic acid reduction of CoCl2 ⋅6H2 O and absorbed on
the surface of CoNM. Usually, when molecule absorbs on
the nano scale metal island, surface-enhanced Raman and
infrared spectra can be observed [20].

and 4(b) show the SEM images of the synthesized CoNM with
two different magnifications. It clearly reveals that uniform
flower-like microspheres can be synthesized successfully by
a simple reduction of gallic acid. Atomic force micrographs
(AFM) present highly distributed CoNM grown after capping
with gallic acid molecules on glass cover slips as shown in
Figure 4(c). One of the most beneficial features of atomic
force microscopy is its ability to quantitatively measure the
spectral dimensions of different surface features and high
resolution images. The flower images obtained from SEM
were relatively similar to AFM images which confirm the
formation of nanoflowers shape CoNM.

3.4. Morphology of CoNM by SEM and AFM. Scanning
electron microscopy was used to investigate the surface morphology, structure, and particle size of CoNM. Figures 4(a)

3.5. Stability Study of CoNM. Stability of synthesized CoNM
was assessed for 60 days of storage at ambient room temperature 25 ± 2∘ C by UV-Vis analysis. There was no change
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Figure 4: (a) SEM micrographs of CoNM at low magnification, (b) at high magnification, and (c) AFM image of CoNM.

observed in the appearance or color intensity during the
entire period of storage time.

1.50

3.6. Catalytic Performance of Methyl Orange (MO) Dye.
Methyl orange (C14 H14 N3 NaO3 S, MW = 327.33 Da) is an
intensely colored compound used in dyeing and printing
textiles. It is made from sodium nitrite, dimethylaniline, and
sulfanilic acid through diazotization process. It is considered to be a harmful and carcinogenic pollutant causing
various diseases and disorders in living organisms [6]. UVVis spectroscopy was used to measure the concentration of
MO dye in an aqueous solution. The color of MO solution
changes from orange to colorless after the addition of CoNM
within 50 seconds. Figure 5 shows the decrease of MO dye
absorbance with respect to time which suggests the 100%
removal of MO dye within 50 sec. The as-prepared CoNM
showed high adsorption capacity and a faster reaction rate
and thus can be potentially used to remove harmful dyes from
aqueous solution within a small time and easily separated
from aqueous solution.

1.00

3.7. Recovery of CoNM Catalyst after Reuse. The newly
synthesized CoNM can be used several times without loss
of their catalytic efficiency. In addition the CoNM can be
easily recovered after the removal of MO dye then washed
with sufficient amount of deionized water followed by drying.
Then, the dried CoNM is kept at room temperature. The high
catalytic efficiency of CoNM was observed during recycling
experiments the results shows that 0.4 mg CoNM can be even
eight times reuse for removal of 50 𝜇M solution of MO dye
within 50 sec each time.
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Figure 5: UV-Visible spectra of methyl orange in the presence of
CoNM.

4. Conclusions
In conclusion, we have demonstrated a facile green method
to synthesize low cost CoNM 4–9 nm in size on average
with a narrow size distribution and a uniform shape by
employing gallic acid as both the reducing and capping agent.
The prepared dispersions of CoNM are highly stable and do
not show any sign of sedimentation even after storage for
60 days. Since the reagents used in the reaction medium are
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completely nontoxic and environmentally friendly, this green
method can be readily used for biomedical applications.
Moreover, the highly stable freshly prepared CoNM shows
highly catalytic performance for MO azo dyes removal within
50 sec at room temperature. The CoNM found to be recovered
easily and recycle several times without loss of their catalytic
activity.
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