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In this work, Ag-Cu nanoparticles (with different percentages of copper, 10%, 25%, 50%, 75% Cu) were synthesized by wet chemical
method. Copper(ll) sulfate and silver nitrate were taken as metal precursors, ascorbic acid as reducing agent and anhydride maleic (MA) as
a modifier. The prepared nanoparticles were characterized by means of X-ray diffraction (XRD) technique and scanning electron
microscopy (SEM-EDAX), Fourier transform infrared spectroscopy (FT-IR) and UV-Vis spectroscopy. SEM indicated the formation of
uniform spherical crystalline nanoparticle in a well distributed size and morphology. It can be seen from these pictures that the particle size
decreased with increasing of the copper percent. When the molar ratio of Cu?*/Ag" is 75/25 (>50%), mixture of the spherical and hexagonal
nanoparticles was prepared. Three pronounced Ag diffraction peaks (111), (200) and (220) appeared at 26 = 38°, 43.9° and 64.1°,
respectively. The three most intense peaks of the XRD pattern of sample showed a slight shifting of the center of the diffraction peaks
toward a lower angle. No shifting was observed in XRD lines with the increase of Cu®* to Ag" ratio in the Cu?*/Ag* mixed solution (> 50%
Cu). Fourier transform infrared spectroscopy (FT-IR) showed that nanoparticles are coordination between oxygen atoms and nanoparticles,
because functional unit C=0 present in MA, shifts to 1652.69 cm™ after embedding nanoparticles. The position of the surface plasmon
resonance (SPR) absorption band on the nanoparticles could be shifted from 380-350 nm via the change of their percentage of Cu.
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INTRODUCTION

Bimetallic nanoparticles have unique optical, magnetic,
and catalytic properties, which are very different from those
of their monometallic nanoparticles [1]. For this reason,
they have received considerable attention recently for the
expansion of new synthesis methods for bimetallic
nanoparticles. The most important examples of bimetallic
nanoparticles are Ag-Au, Ag-Cu, Au-Cu and Au-pd [2].
Optical properties of metal nanoparticles have catched much
interest recently [3]. As optical properties are dependent on
the frequency at which the surface plasmon resonance
(SPR) occurs, the ability to improve the SPR frequency is of
great importance [4]. The SPR frequency of a metal particle
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depends on the particle size, particle morphology, structure,
composition [5] and can be changed by the incorporation of
another metal element in it. Here, we synthesized Ag-Cu
(10%, 25%, 50%, 75%) nanoparticles by wet-chemical
method, and then, studied the size, size distribution, crystal
structure and optical properties of bimetallic Ag-Cu
nanoparticles with different percentages of copper. Finally,
by controlling the initial percentages of copper and silver
ions in the reaction mixtures, we controlled the size,
distribution size, and SPR frequency of Ag-Cu
nanoparticles.

EXPERIMENTAL

Materials
All of the reagents were used as purchased without
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further purification. Copper(ll) sulfate pentahydrate salt
(CuSQ,4.5H,0) of 98% purity (Merck), and silver nitrate
(AgNO3) (Merck), were dissolved in de-ionized water.
Anhydride maleic (C4H,05), ascorbic acid (C¢HgOg), Were
purchased from Sigma-Aldrich.

Method

Synthesis of Cu-Ag nanoparticles started with dissolving
anhydride maleic (0.001 M) in deionized water. Next, silver
nitrate (0.1 M) and copper(I1) sulfate (0.00755 M, 0.022 M,
0.06 M and 0.204 M) were dissolved in deionized water,
and then were added to the aqueous solution containing the
modifier in flask, while vigorously stirring. Into this
mixture, mixture ascorbic acid (0.04 M) and sodium
hydroxide (0.2 M) were rapidly injected with constant
stirring and under N, atmosphere. Color change occurred in
the aqueous phase to black. When the solution color did not
change, the reaction was ceased [6]. The synthesized
nanoparticles were centrifuged (12000 rpm, 20 min), and
then washed 3-4 times by de-ionized water and 2-3 times
with ethanol. The powder of Ag-Cu nanoparticles was
characterized by scanning electron microscopy (SEM) and
X-ray diffraction (XRD) and UV-Vis spectroscopy.
Instrument  D5000-Siemens  XRD  with  graphite
monochromatized Cu Ka radiation (A = 1.541 A°) was used
for recording X-ray diffraction (XRD) pattern operating at
30 kV operation voltage and 40 mA current in the 20 range
of 20°-80°. Scanning electron microscopy (SEM) images
was conducted using a LEO 1430 VP microscopy. UV-Vis
spectra were measured on Shimadzu UV-1601PC
spectrophotometer. Infrared (IR) spectrum was measured on
a Perkin Elmer RXI fourier transform infrared (FTIR)
spectrometer.

RESULTS AND DISCUSSION

SEM Characterization

The morphology of the Ag-Cu nanoparticles was studied
with SEM. The spherical particles are seen from the SEM
micrographs. The Cu-Ag nanoparticles exhibit uniform
shape. It can be seen from these pictures that the particle
size is decreased with the increase of copper percentage.
When the molar ratio of Cu*/Ag" was 75/25 (>50%),
mixture of the spherical and hexagonal nanoparticles was
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prepared.

EDAX analysis was done to recognize the elemental
composition of the synthesized nanoparticles. Figure 2
shows EDAX spectrum of Ag-Cu nanoparticles (for 50%
Cu) that Ag is major element; 10% Cu and 87% Ag.

XRD Diffraction Analyses

Figure 3 shows the XRD pattern of Ag-Cu nanoparticle.
All the diffraction peaks can be well indexed to face-
centered cubic (FCC) Ag, Cu according to the JCPDS cards
(NO.1-1167) and (NO.4-836). Three pronounced Ag
diffraction peaks (111), (200) and (220) appeared at 20 =
38°, 43.9° and 64.1°, respectively. The three most intense
peaks of the XRD pattern of the sample showed a slight
shifting of the center of the diffraction peaks toward a lower
angle. No shifting was observed in XRD lines with the
increase in the ratio of Cu** to Ag* in the Cu**/Ag" mixed
solution (> 50% Cu). The size of the samples was calculated
from the debye-scherer formula using (111) reflection on

XRD pattern.
Peak Ag (111) for 50% Cu:

B=(38.64 - 37.2) x % = 0.0250 radians

20=38—0=19

0.94
pcoso

0.9x0.154

D= =
0.0250 x cos19

=5.9nm

Peak Ag 111) for 25% Cu:
B=(38.2-37)x % = 0.020 radians

20=37.8—0=18.9

D =_091
pcoso

0.9x0.154

=_"I759%  =7.3nm
0.020 x c0s18.9

Peak Ag (111) for 10% Cu:

3.14

227 =0.0139 radians
180

B=(37.7-36.9)

20=372—-0=18.6

D =_091
pcoso

0.9x0.154

— D=
0.0139 x c0s18.6

=10.5nm
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Fig. 1. (a, b, ¢, d) SEM images of Cu-Ag nanoparticles: (a) 10 at%, (c) 25 at%, (c) 50 at% and (d) 75 at%.
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Fig. 2. EDAX Spectrum of the Cu-Ag nanoparticles: (a) 50 at%.
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Fig. 3. X-ray diffraction patterns of the (a) 10% Cu, (b) 25% Cu, (c) 50% Cu and (d) 75% Cu.
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Table. 1. Detailed Experimental Parameters for Preparation of Ag-Cu Nanoparticles

Morphology Concentration of ~ Concentration ~ Percentage Concentration of Concentration of Sediment
CuS0O,.5H,0 (M) of AgNO;(M)  of Cu (%) ascorbic acid (M)  Anhydride maleic (M) color

Spherical.Fig. 1a 0.00755 0.1 10% 0.04 0.001 Gray

Spherical.Fig. 1b 0.022 0.1 25% 0.04 0.001 Gray

Spherical.Fig. 1c 0.06 0.1 50% 0.04 0.001 Gray

Mixture of

spherical and 0.204 0.1 75% 0.04 0.001 Gray

hexagonal.Fig. 1d
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The values of nano crystal for different percentages of
copper are listed in Table 2, from which it is clear that the
nano crystal decreases with the increase of Cu percentage.

Optical Study

UV-Vis absorption spectra of Ag-Cu nanoparticles,
along with the pure sample of Ag, are shown in Fig. 4. The
absorption peak of pure Ag is observed at about 410 nm.
For Ag-Cu (10%, 25%, 50% Cu) only a single SPR
absorption band is revealed, which corresponding peak
position is different from that of the Ag nanoparticles. The
UV-Vis spectrum shows absorption peaks at 380 nm (for
10% Cu), 370 nm (for 25% Cu), 350 nm (for 50% Cu).
Nanoparticles of metals such as silver and copper in the size
nano strongly scatter and adsorb light due to surface
plasmon resonance (SPR). The frequency and intensity of
SPR band depend on the size, shape, structure and
composition [7,8] of the metal nanoparticles. As shown in
this figure, the SPR peak position was blue-shifted with an
increasing Cu percentage due to smaller particle sizes in the
study. In these nanoparticles, the SPR frequency can be
modulated in the range from SPR frequency of Ag

nanoparticles, by changing the percentages of Cu, and
hence, is controlled, which is of great theoretical and
practical importance.

Theoretical approach about plasmon resonance and
particle size. There is some relationship between the
absorption spectrum of silver or copper nanoparticles
caused by surface plasmon absorption and their sizes. For
nanoparticles, the excitation of the surface resonance
absorption can occur in invisible light region. Such
absorption spectra can be analyzed using Mie theory. In
particular, according to this theory, for nanoparticles smaller
than the mean free path of the conduction electrons there is
a relationship between the resonance broadening (y) and the
sizes of nanoparticles

y(R) =7, + (A3)/R[9-12]

where r is the size of nanoparticles, A attached to scattering
process (A = 3/4 for silver [13-14]), y is the velocity of bulk
scattering (for silver 5 x 10" S7) and vg is the Fermi
velocity (for silver 1.39 x 10 m s [15-17]). Size depending
of'y, leads to size depending of dielectric function ¢ (w,r) of

Table. 2. Crystallite Size Variation with Different Percent of Copper from XRD Analysis

Cu (10%) Cu (25%) Cu (50%)

Crystallite size (nm) 10.

5 7.3 5.9

Table. 3. Comparison FTIR Vibrational Assignments MA-Sample

FTIR Frequencies MA-Sample

(cm™) Assignments

505.70

822.73

1319.79
1363.79
1652.69
2925.32
3405.09

C-C out of
plane
C-Cring
CH, wag
CH bend
C=0
CH stretch
OH stretch
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Fig. 4. Optical absorption spectrum of (a) Pure Ag, (b) 10% Cu, (c) 25% Cu and (d) 50% Cu.
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Fig. 5. Extinction spectra of Ag-Cu nanoparticles in different size. For this nanoparticles, the SPR
wavelength is depending on the size of the nanoparticles.
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metal and surrounding medium [18]. The actual part of the
dielectric constant of the metal determines the SPR position
and the imagery part determines the bandwidth. The SPR
resonance occurs when e.(w) = -2&ey, [19]. Silver and copper
nanoparticles show strong SPR bands in the visible region
while other metals show broad and weak bands in the UV
region [20]. Ag NPs show the SPR band around 410 nm in

the visible region. The SPR band is shifted by the particle
size (Fig. 5). Decreasing particle size leads to the blue shifts
in the SPR wavelength.

FTIR Analysis
FTIR spectroscopy was used to analyze the interaction
between the metal and MA. Figure 6 shows the FTIR
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Fig. 6. FTIR spectra for the (a) pure MA [24] (b) MA-Sample (50% Cu).
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spectrum for pure MA [21] and MA cladded nanoparticles
(for 50% Cu). For MA the most characteristic anhydride
bands C=0 can be seen at 1860 and 1780 cm™ (both peaks
to the MA carbonyl groups). 1860 and 1780 cm™ peaks are
response from symmetric and asymmetric stretching of the
MA carbonyl. The exact position of these bands is slightly
dependent on the nature of the sample as well as the solvent
used [22]. This peak was also confirmed by O-H stretching
peak (3200-3300 cm™) because cyclic dimer has a center of
symmetry. In the sample, the peak at 1780 cm?,
representing the functional unit C=0 present in MA, shifts
t01652.69 cm™ after embedding nanoparticles. This change
of the spectrum is indicative of the coordination between O
atoms of C=0 bands and nanoparticles.

CONCLUSIONS

In summary, Ag-Cu nanoparticles were synthesized
through wet-chemical route. Scanning electron microscopy
(SEM) indicated the formation of uniform spherical
crystalline nanoparticles in a well distributed size and
morphology for nanoparticles (<50% Cu). When the molar
ratio of Cu**/Ag" was 75/25 (>50% Cu), mixture of the
spherical and hexagonal nanoparticles was prepared. The
SPR peak position was blue-shifted with an increasing Cu
percentage; therefore, by controlling the initial percentages
of copper and silver in the reaction, we could control the
SPR frequency of Ag-Cu nanoparticles.
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