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Abstract—Copper(II) oxide (CuO), manganese dioxide (MnO,), and silver (Ag) nanoparticles were synthesized using
Kalopanax pictus plant extract. The nanoparticle synthesis was monitored using UV-visible spectra. The occurrence of
each peak at 368, 404, and 438 nm wavelength indicated the synthesis of CuO, MnO,, and Ag nanoparticles, respec-
tively. The synthesized nanoparticles were characterized by X-ray photoelectron spectroscopy, energy dispersive X-ray
spectroscopy; field emission scanning electron microscopy, and transmission electron microscopy. Catalytic potentials
of the synthesized nanoparticles were compared to degrade two typical acidic and basic dyes (Congo red and Safranin
O). The degradation ability of MnO, nanoparticles against Congo red was higher than that of Ag and CuO nanoparti-
cles. All three types of nanoparticles showed a similar degradation ability against Safranin O over 80%. This study
demonstrates that biologically synthesized nanoparticles using Kalopanax pictus are good agents for degradation of dyes.
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INTRODUCTION

Nanoparticles, particles with a size up to 100 nm, exhibit unique
physical and chemical properties compared with their bulk mate-
rials [1,2]. There is significant interest in obtaining well-dispersed,
ultrafine and uniform nanoparticles to delineate and utilize their
distinct properties [3]. Physical and chemical processes are com-
mon choices for the synthesis of nanoparticles. However, these
methods involve the use of toxic chemicals in their synthesis pro-
tocols, which may create some hazardous effects in biomedical
applications [4]. Therefore, development of nontoxic and eco-
friendly methods for synthesis of nanoparticles is utmost import-
ant [5].

The biosynthesis of nanoparticles using microorganisms is one
of the most important methods that employ bacteria, yeasts, or
fungi in the process [6,7]. It has attracted attention of researchers
due to its important role in remediation of toxic metals through
reduction of the metal ions. However, the biological nanoparticle
synthesis route generates nanoparticles at a much slower rate, a
major drawback of biological synthesis. Biological synthesis would
have greater commercial viability if the nanoparticles could be syn-
thesized more rapidly and in large production scale [8,9]. Enzymes
function as catalysts for the synthesis of metal nanoparticles [10].
Various enzymes, such as oxidase, hydroxylase, hydrolytic pro-
teins, and NAD(P)*-dependent enzymes, are applied to biocata-
lysts for the synthesis of metal nanoparticles [11]. Plants are good
resources for bioactive chemicals [12]. Synthesis of nanoparticles
using plant or plant extracts has an advantage over other biologi-
cal synthesis of nanoparticles [3]. This method eliminates the step
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of cell culture and provides simple purification. It can also be suit-
ably scaled up for large-scale synthesis of nanoparticles [13,14].

Metal and metal oxide nanoparticles are useful as catalysts and
for various other applications due to their mildness, environmen-
tally benign nature, convenience and use without additional tem-
plates and apparatus [15]. Copper(Il) oxide (CuO) is a semiconduc-
ting compound with a narrow band gap. CuO nanoparticles gain
great interest because of the natural abundance of their starting
material, low cost production processing, nontoxic nature, and
reasonably good electrical and optical properties, such as photo-
conductive and photothermal applications [16,17]. Recently; it has
been emphasized that apart from the size, the shape of the nano-
structure is equally important for controlling different properties
such as optical absorption in CuO nanostructures and catalytic
activity [18-20]. Manganese dioxide (MnO,) nanoparticles have
applications in medicine, catalysis, ion-exchange, molecular adsorp-
tion, biosensor and energy storage [15]. Silver (Ag) nanoparticles
are receiving increasing attention because of their potential appli-
cations in medicine, forensic science, cosmetics, food chemistry,
agriculture, and variety of other fields [14].

Dyes are usually used to color materials such as leather, plastics,
textiles, food, paper, and cosmetics [21]. Estimates indicate that
approximately 1-15% of the synthetic textile dyes used are lost in
wastewater streams during manufacturing operations [22,23]. Pres-
ence of high concentration of dye in aquatic system has a tremen-
dous effect on the health of humans, animals, and plants. Conta-
mination of dye in water can cause allergic dermatitis, skin irrita-
tion, cancer, and mutation in human beings. Efforts have been
already initiated to eliminate dye from water [24]. Many methods
used for dye removal include chemical coagulation, flocculation,
chemical oxidation, photochemical degradation, membrane filtra-
tion, and aerobic and anaerobic biological degradation [25,26].
Metal nanoparticles such as Ag nanoparticles are also employed
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for decolorization of the colored effluent. The use of Ag nanopar-
ticles has shown rapid degradation ability with sustained reactivity
compared to other decomposition techniques [26,27]. Ag nanopar-
ticles synthesized using fruit extract of cucumber (Cucumis sati-
vus) were examined by degradation of methylene blue under solar
irradiation [28]. Nanocomposites of MnO, nanoparticles and fique
fibers were successfully used to decompose indigo carmine with a
maximum efficiency of 98.8% within 5 min [29].

In this study, in order to develop an eco-friendly and low cost
process for the synthesis of nanoparticles, we synthesized CuO,
MnO,, and Ag nanoparticles using Kalopanax pictus plant extract
as a reducing and stabilizing agent. Kalopanax pictus plant extract
was chosen because it showed highest nanoparticle synthesis rate
in the previous report [14]. The synthesized nanoparticles were
characterized by UV-visible spectroscopy, X-ray photoelectron
spectroscopy; energy dispersive X-ray spectroscopy, field emission
scanning electron microscopy; and transmission electron micros-
copy. Catalytic potential of three types of biosynthesized nanopar-
ticles (CuO, MnO,, and Ag) was compared to degrade two typical
acidic and basic dyes (Congo red and Safranin O) for the first time.

MATERIALS AND METHODS

1. Reagents

The reagents used in this work include a plant (Kalopanax pic-
tus), copper(Il) sulfate pentahydrate (CuSO,-5H,0; 99.0% purity,
Duksan Chemical, Korea), potassium permanganate (KMnO,; 99+%
purity, Sigma-Aldrich, USA), silver nitrate (AgNO,; 99.8% purity,
Samchun, Korea), Congo red (dye content ~40%, Sigma-Aldrich,
USA), Safranin O (dye content >85%, Sigma-Aldrich, USA).
2. Preparation of Plant Extract

Freshly collected green Kalopanax pictus plant leaves were washed
and dried at room temperature for two days. The plant leaf extracts
were prepared by taking 5 g of plant leaves in 100 ml of sterile dis-
tilled water and then boiling the mixture for 15 min before finally
decanting it. The plant leaf extracts were stored at 4 °C and used
within a week.
3. Biological Synthesis of Nanoparticles

A typical synthesis of CuO nanoparticles in solution phase was
carried out as follows: CuSO,-5H,0 was prepared as 1 mM aque-
ous solution and Kalopanax pictus plant leaf extract was added to
5% volume of the total solution. CuO nanoparticles were synthe-
sized by stirring for 24 hours at 90 °C. Similarly, MnO, and Ag
nanoparticles were synthesized using Kalopanax pictus plant leaf
extract from 1 mM KMnO, by stirring for one hour at 30 °C and
from 1 mM AgNO; by stirring for 2.5 hours at 30 °C, respectively
[14,15]. The nanoparticle solution obtained was purified by re-
peated centrifugation at 15,000 rpm for 20 min followed by redis-
persion of the pellet in deionized water and then freeze dried.
4. Characterization of Nanoparticles

UV-visible spectra of the nanoparticles were taken with a UV-
visible spectrophotometer. After freeze drying of the purified nano-
particles, the structure and composition were analyzed by trans-
mission electron microscopy (TEM, Carl Zeiss, Libra 120), field
emission scanning electron microscopy (SEM, LEO-1530), energy
dispersive X-ray spectroscopy (EDS, LEO-1530), and X-ray photo-

elecron spectroscopy (XPS, Ulvax-PHI, PHI Quantera-II).
5. Dye Degradation

Dye degradation studies involved Congo red and Safranin O
dyes. Dye solutions in water were prepared at a concentration of
20 ppm. The purified and freeze dried nanoparticles were added
at a concentration of 10 g/L in dye solutions. The decolorization of
dyes was monitored by UV-visible spectroscopy. Functional groups
before and after reaction were analyzed by Fourier transform infra-
red spectroscopy (FT-IR, IR200, Thermo Scientific, Madison, WI,
USA) in the wave number region of 4,000-400 cm™". Samples were
prepared by placing a drop of the dye solution on the face of non-
hygroscopic thallium bromoiodide disc (KRS-5, 25x4 mm, Thermo
Scientific) and evaporating the water.

RESULTS AND DISCUSSION

1. Characterization of Nanoparticles

The change in color of precursor solution after addition of
Kalopanax pictus plant extract from colorless to yellow to brown-
ish gave an indication of the synthesis of CuO nanoparticles (Fig.
1). The synthesis and characterization of CuO nanoparticles was
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Fig. 1. Time course of CuO nanoparticle synthesis by (a) UV-visi-
ble spectrophotometry and (b) color changes.
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Fig. 2. Time course of MnO, nanoparticle synthesis by (a) UV-visi-
ble spectrophotometry and (b) color changes.

monitored by different techniques. Fig. 1(a) shows the time course
of CuO nanoparticle synthesis by UV-visible spectrum. The CuO
aqueous dispersion shows an absorption peak at 368 nm. Fig. 1(b)
shows the color changing from colorless of CuSO,-5H,0 to dark
brown of CuO nanoparticles. Likewise, the time courses of reduc-
tion of KMnO, to MnO, nanoparticles and AgNO; to Ag nano-
particles were monitored by UV-visible spectrum (Fig. 2(a) and
3(a)). The aqueous dispersion of MnO, and Ag showed an ab-
sorption peak at 404 and 438 nm, respectively. The colors changed
from purple of KMnO, to dark brown for MnO, nanoparticles
(Fig. 2(b)) and from colorless of AgNO; to red for Ag nanoparti-
cles (Fig. 3(b)).

Fig. 4(a) shows XPS analysis of CuO nanoparticles. The bind-
ing energy of Cu2p for Cu™" is 934.3 eV (Cu2psy,) [30]. XPS analy-
sis shows the existence of two binding energies for Cu2p for the
CuO sample, 934.6eV (Cu2ps,) and 954.5eV (Cu2p,,), with a
difference of 19.9 eV, proving the formation of copper(Il) oxide.
Hence, the satellite peak on the binding energy values higher than
the main broad peak of Cu™* can be considered as a significant
evidence of CuO composition presence [30]. Fig. 4(b) and Table 1
show EDS analysis and element composition of CuO nanoparti-
cles. The Cu and O contents were found to be 4.1 atom% and 36.8
atom%. The result of EDS analysis shows high amount of carbon
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Fig. 3. Time course of Ag nanoparticle synthesis by (a) UV-visible
spectrophotometry and (b) color changes.

compound from plant leaf extracts. XPS, EDS, and element com-
position analysis of MnO, and Ag nanoparticles showed similar
results with previously reported [14,15], proving the formation of
MnO, and metallic Ag,

Fig. 5(a) to (c) show the SEM images of CuO, MnO,, and Ag
nanoparticles, indicating that relatively spherical nanoparticles are
formed. The particle size and morphology of the nanoparticles
was further determined using TEM. Observation of TEM image
was prepared by dropping a few micro liters of dispersions onto
the top holey carbon mesh grid. Fig. 6(a) to (c) show the TEM images
of CuO, MnO,, and Ag nanoparticles. The average particle size of
CuO was 45.6 nm with diameter of particles ranging from 26 to
67 nm. The average particle sizes of MnO, and Ag were 19.2 nm
(1-60 nm range) and 18.6nm (5-35nm range), respectively. All
three nanoparticles were predominantly of spherical shape.

2. Dye Degradation

The three types of biosynthesized nanoparticles (CuO, MnO,,
and Ag) were examined to degrade Congo red and Safranin O.
Dye degradation tests were performed by placing 0.01 g of the
purified and freeze dried nanoparticles in contact with 1 mL of
dye solution of 20 ppm for 10 min under constant stirring. Decol-
orization was monitored by UV-visible spectroscopy. Functional
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Fig. 4. (a) XPS and (b) EDS analysis of CuO nanoparticles.

groups before and after reactions were analyzed by FT-IR.
Fig. 7(a) shows time course of decolorization of Congo red by

Fig. 6. TEM image of (a) CuO, (b) MnO,, and (c) Ag nanoparticles.

Table 1. EDS analysis of elemental composition of CuO nanoparti-

cles

Element Weight% Atom%
Cu 16.45 4.07
C 4457 58.36
(@] 3741 36.77
F 0.17 0.1
Mg 0.51 0.29
S 0.58 0.29
Ca 0.31 0.12

these nanoparticles. The ability of nanoparticles to remove dye
was determined. Results showed that the decolorization by CuO
nanoparticles increased to 57% after 1 min and then gradually
decreased after 4 min. Almost 100% decolorization ability of Congo
red was obtained with MnO, nanoparticles. The decolorization by
Ag nanoparticles was about 65%. Fig. 7(b) shows spectra of Congo
red before and after treatment with nanoparticles. Congo red shows
absorption maximum at wavelength of 495nm. Most peaks at
495 nm disappeared after treatment with MnO, nanoparticles and
were considerably reduced after treatment with CuO and Ag
nanoparticles. The difference in decolorization efficiency of nano-
particles may be due to differences in catalytic activity, shape, and
size [15].

Fig. 8(a) shows time course of decolorization of Safranin O by
these nanoparticles. The decolorization ability to remove Safranin

200nm 200nm

(c)
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Fig. 7. (a) Time course of decolorization of Congo red by nanopar-
ticles and (b) spectra of Congo red before and after treat-
ment with nanoparticles.

O was similar at 90-100% for all nanoparticles. Fig. 8(b) shows
spectra of Safranin O before and after treatment with nanoparti-
cles. Safranin O shows absorption maximum at wavelength of 518
nm. After reaction, the peaks at 518 nm have almost disappeared
after treatment with nanoparticles.

Fig. 9(a) shows the FT-IR analysis of Congo red before and
after treatment with CuO nanoparticles. Fig. 9(b) shows chemical
structure of Congo red. The FT-IR spectra of Congo red displays
peaks at 3,467 cm ™" for N-H stretching vibration of primary amine,
1,584 cm™" for aromatic -C=C- stretching vibration, 1,446 cm™" for
-N=N- stretching vibration, 1,360 cm™" for -C-N bending vibration,
and 1,062 cm ™ for -S=O stretching vibration of sulfonic acid. The
IR spectra after decolorization shows removed peak at 1,446 cm ™"
for -N=N- stretching vibration of chromophoric group in Congo
red.

Fig. 10(a) shows the FI-IR analysis of Safranin O before and
after treatment with CuO nanoparticles. Fig. 10(b) shows chemi-
cal structure of Safranin O. The FT-IR spectra of Safranin O dis-
plays peaks at 3,339 cm ™' for-N-H stretching vibration of primary
amine, 1,641 and 1,610cm™" for aromatic ring stretching vibra-
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Fig. 8. (a) Time course of decolorization of Safranin O by nanopar-
ticles and (b) spectra of Safranin O before and after treat-
ment with nanoparticles.

tion, 1,493 cm ™' for -CHj stretching vibration, and 1,334 cm ™ for
aromatic C=N stretching vibration. The IR spectra after decolor-
ization show a removed peak at 1,334cm ™" for aromatic C=N
stretching vibration of chromophoric group in Safranin O.

The catalytic dye degradation by Ag nanoparticles was explained
by the electron transfer mechanism [26]. When a reducing agent
such as NaBH, and a dye molecule are adsorbed on the large sur-
face of the nanoparticles, the reduction potential of the nucleop-
hilic NaBH, decreases and the reduction potential of the electrophilic
dye molecule increases [26]. Electron transfer proceeds from a
reducing agent to a dye molecule through metal nanoparticles,
breaking the dye chromophore structure and forming a small spe-
cies such as acetamide, SO2~, CO,, and H,O [26]. Because nano-
particles have a large surface area that serves as a substrate for
electron transport reactions, nanoparticles act as efficient catalysts
through electron transfer processes [31,32]. If there is a large poten-
tial difference between the electron donor and the acceptor, no
electron transfer occurs. Nanoparticles can act as intermediate
redox catalysts by promoting electron transfer [28,33]. Without a
reducing agent such as NaBH,, nanoparticles transfer electrons
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Fig.9. (a) FT-IR analysis of Congo red before and after treatment
with nanoparticles and (b) chemical structure of Congo red.
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Fig. 10. (a) FT-IR analysis of Safranin O before and after treatment
with nanoparticles and (b) chemical structure of Safranin
0.

from plant metabolites to dyes, facilitating the reduction of dyes
through electronic relay effects [15,28,34]. FT-IR studies also showed
functional group change in dye molecules representing catalytic
action of nanoparticles on dye molecules.

In summary, CuO, MnO,, and Ag nanoparticles were synthe-
sized using Kalopanax pictus plant extract. SEM and TEM analy-
sis showed presence of the spherical nanoparticles with average
size of 45.6, 19.2, and 18.6 nm for CuO, MnO,, and Ag nanoparti-
cles, respectively. The nanoparticles showed decolorization of Safr-
anin O higher than 80%. The nanoparticle synthesis approach using
plant extracts is possible with simple reactions that do not require
catalyst, template or costly and precise equipment. This study will
be useful for easy, cost-effective, reliable, and eco-friendly produc-
tion of CuO, MnO,, and Ag nanoparticles and their utilization for
dye degradation.
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