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Abstract
In this study, copper nanoparticles were synthesized and identi�ed by laser ablation method. For the
synthesis of copper nanoparticles, a constant magnetic �eld equal to 10 mT and different electric �elds
equal to 0, 10, 15, 20 and 25 V/Cm were applied and their effect on the properties and morphology of the
nanoparticles were investigated. The synthesized nanoparticles were characterized using XRD, FTIR,
RAMAN, UV–Vis spectrum, FE-SEM and TEM analyzes. The results of UV–Vis spectrum indicated that the
size of nanoparticles was decreased by increasing the applied electric �eld. RAMAN and XRD analysis
showed that the amount of copper nanoparticles were increased with increasing the applied electric �eld
and also FTIR analysis con�rmed that copper nanoparticles were formed. The FESEM images showed
that with increasing electric �eld along with constant magnetic �eld, nanoparticles from spherical to
�ower-shaped and to rod-like were formed. The purity of the synthesized copper nanoparticles was
con�rmed by EDX spectra. TEM images of the nanoparticles showed that by increasing the electric �eld,
the crystalline form of the nanoparticles shifted from large scales spherical particles to rod-like
nanoparticles and then transformed to rod-like with very small spherical particles.

1. Introduction
The excellent properties and various applications of metal nanoparticles make these nanoparticles widely
used in many industries including energy, catalysis, environment, semiconductors and medicine, that to
be given more attention by researchers [1, 2]. Among the various noble metal nanoparticles, copper based
nanoparticles (copper, copper oxide and cuprous oxide) have received a lot of attention because of their
many physico-chemical properties such as mechanical, optical, electrical and low cost [3–5]. These
interesting and unique properties of copper have led to many applications in architectures, auto-motives,
bio-medicals, solar cells, sensors, catalysis, optoelectronics and etc [6, 7]. Copper-based nanoparticles are
synthesized by a variety of chemical and physical methods such as chemical precipitation, sol-gel,
sonochemical, hydrothermal, electrochemical, photochemical, biological method, mechanical-ball milling,
pulse laser ablation, micro-emulsion, thermal decomposition, microwave synthesis method and etc [8, 9,
18–22, 10–17].

Among the various synthesis methods, pulse laser ablation method in liquids is a unique technique for
fabricating the nanoparticles. Laser ablation is an easy, simple, fast and laboratory safe method for
synthesis of nanopraticles. On the other hand, because the laser ablation method is performed without
the use of any surfactants, other chemical agents and toxic, hazardous chemical precursors for
fabricating of nanoparticles, and thus is considered a green and environmentally friendly method, which
is an advantage compared to other methods. Also in this method, the shape, morphology and size of the
particles can be controlled by controlling the applied laser pulse [23–26]. The properties of synthesized
nanopraticles for a variety of applications in different industries depended greatly on the shape, structure
and size of the nanoparticles. Therefore, controlling the shape, size and structure were of great
importance during in the synthesis process. Recent research demonstrated that the applied of external
�elds (such as magnetic �eld and electric �eld) could be a great effect in controlling the shape and size
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of particles in laser ablation method. Therefore, in this study, the external �eld was used in laser ablation
method and their effect on the size, shape and properties of copper nanoparticles was investigated.

The aim of this study, the synthesis of copper nanoparticles by laser ablation method in the presence of a
constant magnetic �eld and different electric �elds. Also, the structure, morphology and properties of
nanoparticles synthesized under different conditions were studied by using XRD, FTIR, RAMAN, UV–Vis
spectrum, FE-SEM and TEM analyzes.

2. Experimental

2.1. Laser Ablation
The schematic of the laser ablation setup for the synthesis of nanoparticles is shown in Fig. 1. For the
synthesis of Cu nanoparticles, �rst the copper plate (10*10 mm2) was placed under ultrasonic waves in
ethanol, acetone and distilled water bath, respectively, to clean the copper surface and be free of any
impurities. Then, the copper target was immersed in distilled water and the laser waves with a wavelength
of 1064 nm were irradiated by a pulsed Nd:YAG laser source. To investigate the effect of electric �eld on
the synthesis of copper nanoparticles, voltage was applied to two 2.6*2 cm2 gold electrodes immersed in
distilled water. Fluence of the laser pulse in the nanoparticle synthesis process was estimated by energy
meter from Spectrum Laser Inc. A cubic magnet was placed under the bottom of the reaction vessel to
apply a constant magnetic �eld equal to 10 mT. Intensity of the magnetic �eld was estimated by a
Gaussmeter (Leybold didactic GMBH). Second, to apply different electrical potentials of 0, 20, 30, 40 and
50 volts (or different electric �elds equal to 0, 10, 15, 20 and 25 V/Cm) on plates and electric �elds related
to these electric potentials, i.e. 0 V/cm, 10 V/cm, 15 V/cm, 20 V/cm and 25 V/cm were created. During the
laser ablation process for the synthesis of copper nanoparticles, the temperature of water was 25°C and
the time of applied voltage for each sample was 7 minutes. After the laser ablation process,
nanoparticles were collected and analyzed.

2.2. Characterization Technics
X-ray diffraction (XRD) data was collected by d8-Burker system. Transmission electron microscopy (TEM)
image was taken using ZEISS EM 10C TEM with an accelerating voltage of 100 kV. The �eld emission
scanning electron microscopy (FE-SEM) images and energy dispersive X-ray (EDX) spectra were taken on
a JEOL JSM 6390 LV scanning electron microscope. Infrared absorption data were obtained by using a
Fourier-transform-infrared (FT-IR) spectrometer TENZOR 27 (Bruker, Germany). Raman spectra were
recorded with LabRam ARAMIS (HORIBA Jobin-Yvon) system using the exciting line at 532nm of He-Ne
laser. Dynamic light scattering (DLS) analysis was measured using a Zetasizer Nano ZS90 instrument
(Malvern, UK). UV-Vis spectra were measured with a Varian Cary 500 scan UV-Vis NIR spectrophotometer
in the range of 200–800nm with 1cm path length quartz cuvettes.

3. Results And Discussion:
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3.1 XRD analysis:
The XRD pattern of synthesized samples (No. a, b, c, d and f) in different conditions summarized in Fig. 2.
As can be seen from the XRD patterns, at 0V the most cuprous oxide (Cu2O) nanoparticles are present,
which is related to diffraction at peak at about 2θ = 36.52º (JCPDS No. 01-077-0199), and a small
amount of copper (Cu) nanoparticles, which is related to diffraction at peak at about 2θ = 43.47º. But by
applying an electrical �eld, copper nanoparticles began to form. The diffraction peak at about 2θ = 
43.47º, 50.37º and 73.95º which match with the (111), (200) and (220) Miller indices of copper by
increases the electrical �eld are clearly appeared. The corresponding crystal structure of copper
nanoparticles for these diffraction peaks was cubic with Fm-3m space group (JCPDS No. 00-001-1241).
The results show The XRD results displayed the presence of both Cu and Cu2O in the all the synthesized
samples of nanoparticles. The presence of Cu2O nanoparticles can be related to the oxidation of copper
in water during the synthesis process. The crystalline size of samples were estimated by the diffraction
peak at about 2θ = 43.47º with using well-known Scherrer equation [27]. The calculated results show that
the crystalline size of samples were found to be around 17.1 nm (0V), 14.2 nm (20V), 12.1 nm (30V), 10.7
nm (40V) and 10.9 nm (50V).

3.2. FT-IR spectroscopy:
The FT-IR spectroscopy of samples were depicted in Fig. 3 that was useful technique to identify
functional groups. The peak at about 3450 cm− 1 in all samples shows the presence of OH functional
groups. Also, the peak at about 1630 cm− 1 ascribed to the bending mode of the adsorbed water on the
nanoparticle. The peak at about 480 and 620 cm− 1 corresponded to the metal and metal oxide bond (Cu
and Cu-O) [28–30]. As seen in results of Fig. 3, the metal and metal oxide signal was appeared that
con�rmed the synthesis of nanoparticles.

3.3. UV–Vis spectrum:
The UV–Vis absorbance spectra of samples synthesized in different voltage are illustrated in Fig. 4. In
order to evaluate the optical properties of the synthesized nanoparticles, the absorbance of each sample
was measured in the range of 200–800 nm by UV-visible spectroscopy. In all the obtained samples, two
intense peaks observed at about ∼270 and ∼570 nm. The peaks at about ∼570 nm for all samples were
related to the surface plasmon resonance (SPR) of Cu nanoparticles. Another absorption peaks for all
samples have appeared at about ∼270 nm were caused from the Brillouin transitions of cuprous oxide
(Cu2O). The observed slight blue shift by increasing applied electric �eld from 0 to 50 volts, can be
attributed to the average size of nanoparticles were decreased [31, 32].

3.4. RAMAN analysis



Page 5/15

RAMAN spectroscopy has excellent application for chemical recognition of noble metals as copper, gold
or silver on nanostructured surfaces. Colloidal metals have high nanostructured surface that provides
strong RAMAN enhancements. As Fig. 5 shows, RAMAN scattering experiment of obtained nanoparticles
at 0V, shows that Cu2O peaks appeared at 76.53 and 252.11 cm− 1 and the characteristic peaks at 407.94,
1447.96 and 1772.20 are related to Cu nanoparticles. For obtained nanoparticles in 20V, the observed
RAMAN peaks of Cu2O phase are at 87.04 and 636.67 cm− 1 and 409.16, 1452.83 and 1772.20 cm− 1 are

the �ngerprints of Cu nanoparticles. In 30V, peaks in RAMAN are at 85.72 and 632.51 cm− 1 correspond to
Cu2O and Cu nanoparticles peaks appeared at 409.16 and 1448.93 cm− 1. In an electric �eld equal to 40V,

the RAMAN spectrum shows two peaks at 87.04 and 688 cm− 1 of Cu2O with two distinct peaks at 409.16

and 1447.96 cm− 1 corresponding to Cu nanoparticles. In the RAMAN spectrum of obtained nanoparticles
at 50V the characteristic peaks at 84.69 and 604.49 cm− 1 corresponds to Cu2O and 407.94 and 1446.01

cm− 1 are related to Cu nanoparticles [32–34]. The mechanism of oxidation of Cu nanoparticles is
complex but as above-reported shows that by synthesizing copper nanoparticles by laser ablation in
water, some copper oxide is also synthesized with it.

3.5. Scanning electron microscope analysis
The FE-SEM images with corresponding EDS spectrum maps are summarized in Fig. 6. As can be seen
from the FE-SEM images, the surface morphology of the synthesized nanoparticles has changed with
increasing electric �eld. First, without applying electrical potentials (0 volt), particles were mostly seen as
agglomerated with large size of scale. Afterward, by applying an electric �eld, the surface morphology of
the nanoparticles changed, which formed a spherical shaped in a 20-volt electrical potentials. In an
electrical potentials equal to 30 volts, the particles formed in �ower-shaped surface morphology. On the
other hand, nanoparticles were synthesized as rod-shape morphology by increasing the electrical
potentials to 40 volts which seems to be formed from the aggregation of very small spherical particle.
Eventually, by increasing the electrical potentials to 50 volts, spherical agglomerated nanoparticles were
formed. The EDS spectrum maps samples are also shown in Fig. 7. The EDS spectra of the samples
clearly indicate that highly pure copper nanoparticles and without any impurity were formed.

3.6. Transmission electron microscopy analysis
The TEM images were used to identify the crystal morphology of the synthesized samples, as shown in
Fig. 8. TEM images of samples synthesized without an applied electric �eld or electrical potentials (0
volt) show that the nanoparticles formed in spherical-like nano�akes. By increased the applied electrical
potentials (20 volts) nanoparticles formed in spherical shape. Afterward, by increasing the electrical
potentials to 30 volts the particles formed in �ower and rod-like shaped. In an electrical potentials equal
to 40 volts, show the unusual crystal morphology compared to surface morphology of particles which
con�rmed with SEM images. On the other hand, it appears that numerous primary small nanoparticles
roughly 7–9 nm interconnected with one another to form larger secondary rod-like architectures with
hollow boundaries by de�nite border between the small components. Then, by increasing applied
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electrical potentials to 50 volts, TEM image indicated that the crystal morphology of particles was a
combination of spherical and rod-like nanoparticles. Also, the colloids prepared as monodisperse copper
nanoparticles were measured using dynamic light scattering (DLS) analysis. The DLS analysis was used
to con�rm the particle size distribution. The DLS data (Fig. 9(a)) show that the Z-average size of
nanoparticles synthesized at 25 V/cm was 156.3nm. On the other hand, the presence of a peak indicated
the high quality of copper nanoparticles. Also, the Zeta potential of the synthesized Cu nanoparticles in
the colloidal solution was presented in Fig. 9(b), which obtained 25.1mV.

4. Conclusions
Copper nanoparticles were synthesized by laser ablation method and under a constant magnetic �eld of
10 mT and different electrical potentials of 0, 20, 30, 40 and 50 volts. The results showed that with
increasing electric �eld, the amount of synthesized copper nanoparticles have increased. Also, the XRD
and UV–Vis spectrum obtained results indicated that the crystalline size of copper nanoparticles became
smaller with increasing applied electric �eld. On the other hand, because the synthesis process with laser
ablation was in water, some copper oxide was also synthesized. The FE-SEM and TEM images clearly
showed that with increasing applied electric �eld, the morphology of the synthesized nanoparticles
changed, so that with increasing electric �eld, the nanoparticles changed from spherical to rod-like
shaped morphology that was clearly observed by TEM images.
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Figure 1

Schematic of the laser ablation setup for the synthesis of Cu nanoparticles

Figure 2

XRD pattern of Cu nanoparticles in constant magnetic �eld (10 mT) and different electrical potentials
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Figure 3

FT-IR spectroscopy of Cu nanoparticles in constant magnetic �eld (10 mT) and different electrical
potentials

Figure 4
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UV–Vis absorbance spectra of Cu nanoparticles in constant magnetic �eld (10 mT) and different
electrical potentials

Figure 5

RAMAN spectra of Cu nanoparticles in constant magnetic �eld (10 mT) and different electrical potentials
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Figure 6

FESEM images of Cu nanoparticles in constant magnetic �eld (10 mT) and different electrical potentials
equal to 0 (a), 20 (b), 30 (c and d), 40 (e) and 50 (f) volts
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Figure 7

The EDS spectrum of Cu nanoparticles
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Figure 8

TEM images of Cu nanoparticles in constant magnetic �eld (10 mT) and different electrical potentials
equal to 0 (a), 20 (b), 30 (c and d), 40 (e) and 50 (f) volts
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Figure 9

Particle size distribution obtained data from DLS (a) and Zeta potential measurements (b) of Cu
nanoparticles in magnetic �eld equal to 10 mT and electrical potential equal to 50 volts
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