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Silver-based nanomaterials have proven interesting and promising material for numerous applications such as
biosensor, antimicrobial, anticancer agent, catalyst, food and water treatment, energy storage devices etc. In this
study, nanoparticles of Silver and Copper were prepared by chemical reduction method, using hydrazine hydrate
and Sodium borohydride as reducing agent. Fine powder of Ag-Cu nanoparticles (NPs)was obtained. The structural
analysis of the sample wasdone using Powder XRD, SEM and TEM images and particle size analysis by DLS.The
chemical purity and the elemental compositions of synthesized NPs were studied using SEM-EDX. Optical
properties of the Ag-Cu NPs were analyzed using UV-DRS spectrum and FTIR spectrum. PXRD reveals that the
NPs are highly crystalline in nature. The average crystallite size is30 nm. SEM and TEM images confirm the
spherical morphology, and the particle size is in nm. The DLS-particle size analyzer shows the size distribution of
most of the NPs ranging from 9 nm to 100 nm. The EDX analysis reveals the percentage of elemental composition
as 14.71, 9.06 and 76.23 for silver, copper and oxygen respectively. UV-DRS spectrum shows the absorption
maximum occur at 371 nm. Due to the synergistic effect of silver and copper, there is blue shift in the absorption
maximum. The IR spectrum discloses the metal oxide bond in the synthesized NPs.
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Introduction

The silver-based nanoparticles (NPs) have vast
research interest in recent decades because of their
physiochemical properties especially the surface plasmon
resonance [1]. The surface plasmon resonance cause the
high reactivity and then enhance the properties which
leads AgNPs to have applications in various fields such as
medical, engineering, food, health care, cosmetics, energy
storageetc [2-4]. Recently, a bimetallic nanoparticle,
composed of two different metals, has advantages over
monometallic  nanoparticles, since bimetallization
expands the original single-metal physiochemical
properties to novel properties due to synergistic effects [5-
6]. Silver and copper based bimetallic NPs have proven
promising material for biosensing and hence have found
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applications in nano biotechnology [4]. Due to their
antimicrobial activity, Ag and Cu based nanomaterials
play an important role in the treatment of several issues
caused by bacteria and viruses. The green synthesis of Ag—
Cu bimetallic nanoparticles and their biomedical and
catalytic applications have been extensively reported
[7].However, there are efficient synthesizing methods and
important properties such as dielectrics, electrochemical
and thermal characteristics that still need to be
investigated. The aim of this study is to prepare Silver-
Copper bimetallic nanoparticles and study their structural
and optical behaviour. Here, chemical reduction method is
used to prepare Ag-Cu NPs, because this method is simple
and have high amount of yield, and to obtain better shape
and size distribution. After synthesis, characteristic
features of nanomaterials such as size, shape, aggregation,



R. Salome Mercy Ponrani, D. Esther Nancy, S.G. Rejith, S.C. Vella Durai

elemental composition and optical behaviors are evaluated
using various analyzing techniques.

I. Materials and Methods

1.1. Synthesis

Analytical grade of precursor salts silver nitrate,
copper nitrate and sodium borohydride are purchased. In
this preparation,0.5 mole of silver nitrate and 0.2 mole of
copper nitrate aqueous solution are mixed in a round
bottom flask using magnetic stirrer.Then 0.1 mole
Hydrazine hydrate and sodium borohydride solutions
were prepared using de-ionized water and this reducing
agent solution was added drop by drop to the metallic
mixture so the colour of the reacting solution changes to
black colour.Under vigorous stirring for three hours,
nanoparticles were precipitated.5 ml of ethanol is added to
this solution which can act as a stabilizer. By centrifuging,
supernatant was discharged. All the reactions and
processes are done at room temperature. Precipitated
samples were washed in ethanol and dried in hot air oven
at 80°C nearly for two hours. The dried ultrafine
nanopowder was collected in a closed vial and kept for
further use.

1.2. Instrumentation

The synthesized Ag-Cu NPs were analyzed by
Powder XRD, SEM, TEM, SEM-EDX, DLS-Particle size
Analyser, FTIR and UV-Visible spectrum. The powder X-
ray diffraction patterns was recorded on Bruker AXS D8
Advance X-ray diffractometer (Cu Ko radiation,
2=1.5406 A). Datawas taken for the 20 range from 5 to 80
degrees with a step of 0.02 degree. Scanning Electron
Microscopic image of Ag-Cu NPs with different
magnification, has taken using the instrument CAREL
ZEISS EVO18. High resolution Transmission Electron
Microscope (HRTEM) images was taken using Jeol/JEM
2100 and SEM-EDAX spectrograph was taken using the
instrument Jeol 6390LA/OXFORD XMX N model.
Make-Model Micromeritics-Nano Plus instrument is used
for DLS particle size analysis. Thermo Nicolet iS50 is the
instrument used for taking FTIR spectrum. UV-DRS
spectrum of Ag-Cu NPs has been taken using Perkin
Elmer-Lambda 35 double beam spectrophotometer.

I1. Results and Discussion

2.1. Powder X-ray diffraction analysis

The recorded powder XRD pattern of Ag-Cu NPs is
shown in Figure 1. The diffractogram contains high
intense sharp peaks which suggest that the synthesized
nanoparticles are highly crystalline in nature. There are
four characteristics diffraction peaks are observed and the
high intense peaks at 260 33.13° and 38.18°
corresponding to the elements Ag and Cu respectively,
and the peaks at 20 =29.30° and 64.54°re due to the
blended effect of both Ag and Cu in NPs. The peaks are
indexed using JCPDS data files (89-6378, 89-2531 and
89-3081). The crystallographic planes for the observed
peaks are assigned as (1 0 3), (11 1), (111)and (305).
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From PXRD it can be concluded that, both Ag and Cu
phases are clearly identified on the samples. Also, from
PXRD analysis, the average crystallite size or grain size
of the Ag-Cu NPs was determined using Scherrer equation
[8] which is about 30 nm.
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Fig. 1. Powder XRD pattern of Ag-Cu nanoparticles.
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2.2. SEM and TEM Analysis

The SEM and TEM image of Ag-Cu Nps are shown
in Figure 2. From the image, it can be identified that the
sample comprises of well dispersed particles of spherical
morphology [9]. Also, it confirms there is no
agglomeration during the synthesizing process. TEM
image [10] shows that the particles size rangestarts from
17 nm. These analyses support the results of PXRD
analysis.

2.3. EDX analysis

Elemental compositions of Ag-Cu NPs were
determined using EDX analysis and are listed in table 1.
Figure 3 shows the EDX spectral graph [11] of Ag-Cu
NPs. The approximate ratio of silver and copper in the
sample is 5:3. The abundant presence of oxygen in the
sample could be due to the oxidation of surface elements
with the atmospheric air. EDX analysis confirms the
results of PXRD and the purity of the sample.

Table 1.
EDX data for Ag-Cu nanopowder
Element | Line Type Wit% Atomic %
0 K series 36.06 76.23
Cu K series 17.03 9.06
Ag L series 46.91 14.71
Total; 100 100

2.4. Dynamic Light Scattering - Particle size
analyzer.

Particle size of the samples was analyzed using DLS.
The intensity distribution curve (figure 4) shows a single
peak with wide base which indicates that the Ag-Cu NPs
contains polydisperse nanoparticles ranges from 9 nm to
1000 nm. But most of the particles are <100 nm in size. DLS
results are complemented by the SEM images in which we
can observed that most of the particles are comparatively
smaller than the micrometer size particles.



Study of Structural and Optical Behaviour of Silver -Copper Bimetallic Nanoparticles

u

B

Differential Intenstty (%)

1.0 10.0

100

7L

50

Cumulative Irtensity{ %)

25

10004

1403
Diameter (nm)

Fig. 4. DLS-Intensity distribution curve of Ag-Cu nanoparticles.

2.5. FTIR analysis

FTIR spectrum of Ag-Cu nanopowder is shown in
figure 5. The broad nature of the absorption peaks reveals
the presence of coupled vibrations. The combination
symmetric and asymmetric stretching vibrations of O—H
bond are responsible for the strong and broad absorption
around the region 3400 cm™. By the results of EDX
spectrum the possible elements could present in the
samples are Ag, Cu and O. Therefore, the O-H bonds [11]
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could have been formed from the interaction of surface
atoms with atmospheric water molecules or may due to the
presence of water molecules in hydrate form in the
prepared nanoparticles. All other observed absorption
peaks at 1651 cm-!, 1384 cm™, 1221 cm™, 943 cm?,
671 cm™ and 523 cm™are mainly due to the symmetric,
asymmetric stretching and bending vibrations of metal
oxide bonding in the synthesized nanoparticles.
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Fig. 5. FTIR spectrum of Ag-Cu nanoparticles.

2.6. UV-DRS analysis

Silver and copper nanoparticles have unique optical
properties which make them strongly interact with specific
wavelengths of light. They exhibit strong absorption in
UV and visible region, caused due to the collective
oscillation of free electrons in resonance with the light
wave. In general, metals have highly reflecting surface.
Along with surface reflectance, diffuse reflectance of the
sample is considered for UV-DRS-Reflectance spectrum.
The recorded UV-DRS reflectance and absorbance spectra
of bimetallic Silver-Copper NPs are shown in figure 6 and
7 respectively.
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Fig. 6. UV-DRS Reflectance Spectrum of Silver-Copper
bimetallic NPs.
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From the reflectance spectrum, it can be observed that
the light reflecting nature increasing gradually in the entire
UV and visible region. In the Ag-Cu absorption spectrum,
the prominent absorption peak in the near ultra-violet
region articulates the enhancement of the surface plasmon
resonance property of the material. The small peak
absorbed around 371 nm (Ama) iS the characteristic
absorption of the silver in the synthesized nanoparticles.
The reported absorption wavelength of silver
nanoparticles [12] ranging from 380 nm to 500 nm and for
copper [13] is 500 nm - 600 nm. Since silver and copper
both are high surface plasmon resonance material, due to
their harmonic effect there is significant absorption in the
entire visible region. Thus, UV-DRS reflectance spectral
analysis agrees the synthesized Ag-Cu NPs are a
promising material for sensors and detectors due to their
high surface plasmon resonance.
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2.7. Band Gap analysis

Optical band gap energy of the synthesized
nanoparticles from UV-DRS is determined by sketch the
Tau’s plot using Kubelka-Munk theory. The Tau’s plot of
bimetallic nanoparticles is given in Figure 8. The
determined optical band gap energy of bimetallic Ag-Cu
nanoparticle is 1.5 eV. Generally, metals have
superimposed conduction and valance band, which make
them a good conductor. But, when it is in nanostructures,
the band gap engendered as like semiconductors. The band
gap 1.5 eV infer that the semiconducting nature of the
synthesized Ag-Cu nanoparticles.
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Fig. 8. Tau’s plot of Silver-Copper bimetallic NPs.
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2.8. Determination of Optical parameters

The empirical relation [14] between energy gap (Eg)
and refractive index leads to calculate other optical
parameters such as reflectance, dielectric constant and
electric susceptibility. The calculated optical parameters
are given in Table 2. From the table it can be infer that, the
high refractive index and dielectric constant of Ag-Cu
nanoparticles, makes them suitable for the photonic
applications like image sensors, anti-reflective materials,
electronic displays, solar cells etc. [15 -16].

Table 2.

Optical parameters of Ag-Cu Nanoparticles
Optical Parameters Values
Bang gap energy 15eV
Refractive index 3.307
Reflectance 0.2868
Dielectric constant 10.936
Electrical Susceptibility 9.936
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Conclusion

The Ag-Cu bimetallic nanoparticles were successfully
synthesized by chemical reduction method using double
reductants hydrazine hydrate and sodium borohydride.
The powder XRD analysis confirms the presence of
crystalline phases, and mean grain size of the
nanoparticles is 30 nm. The SEM and TEM images
confirm the synthesized nanoparticles have spherical
morphology and are poly disperse particles without
agglomeration. The purity of the nanoparticle is confirmed
by EDX spectrum, there is no unwanted impurity atoms
from the chemicals used in synthesizing process. The
DLS-particle analysis shows the distribution of different
size particles in the sample and most of the particles are
<100 nm in size. The results from all the structural

analyses complement with each other and confirm the
structural stability of the nanoparticles. The UV-DRS
spectral analysis of bimetallic silver-copper nanoparticles,
conclude that the synthesized nanoparticles possessing
LSPR property. The synergetic effect of two metals
enhanced the LSPR and making the bimetals more
promising for surface plasmon resonance applications.
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Hanomarepianui Ha 0cHOBI cpi0iia € HikKaBUMU Ta NEPCIIEKTUBHUMH MaTepiajgamMu I 6araTboxX 3aCTOCYBaHb,
Takux SK OioceHcopw, aHTUMIKpOOHI 3acoOW, MPOTHUPAKOBI areHTH, KaTami3aTopH, OOpOOKHM iXi Ta BOIM,
HaKONHYyBadi eHeprii Tomo. Y mboMy JOCIIKEHHI HaHOYaCTHHKH cpibiia Ta Mili OTpHMaHi METOIOM XiMiYHOTO
BiJIHOBJICHHSI, 3 BHKOPHCTAHHAM TiJpasHHTiZpaTy Ta OOpOTiApHIy HATpil0 sK BigHOBHHKA. OTpUMaHO
npibHoaucnepcuuii mopomok Hano4dactTuHoKk (HY) AgQ-Cu. CTpykTypHHil aHami3 3pa3ka MPOBOAMBCS 3a
noroMororo mopomkoBoi XRD, ananizy SEM i TEM 300paxeHs, a Takoxk aHami3y po3Mmipy YacTHHOK 3a
nonomoroto DLS. XimMiuHy 4HCTOTY Ta €IEMEHTHHI CKIaj, a TAaKOX aHalli3y po3Mipy YaCTHHOK 3a JIOIIOMOTOIO
DLS. XimiyHa 9iCTOTa Ta eMEeMEHTHHH CKJIajJ CHHTE30BaHNX HAHOUYACTHHOK BUBUAIH 3a gormomoroio SEM-EDX.
OnTuyHi BIacTUBOCTI HaHOYacTHHOK AQ-CU npoaHnarnizoBaHo 3a qormomororo criektpy UV-DRS Ta cniektpy @yp'e-
tpanchopmaniiinoi  indpayepBonoi cmekrpockomii (FTIR). PXRD mnoka3ye, mo HaHOYACTHHKH €
BHCOKOKPHCTAIIYHIAMHU 3a CBO€I0 npupoxoro. CepenHiit po3mip kpucramitiB craHoBUTh 30 HM. 300pakennss SEM
i TEM migrBepmxyrots cdhepruury MopdoIorito, a po3Mip 4YaCTHHOK 3HAXOJUTHCS B Jiana3oHi HaHoMeTpiB. DLS-
aHaJi3aTop pO3Mipy YAaCTMHOK IOKa3y€e PO3MOJiI pO3MipiB OIMBIIOCTI HAaHOYATHHOK y Jiama3oHi Big 9 HM a0
100 um. Anaiiz EDX nokasye, 110 BiJICOTOK €JIEMEHTHOTO CKJIaay cTaHoBUTh 14,71, 9,061 76,23 mys cpibna, misi
Ta kucHIO BianoBinHo. Criektp UV-DRS nokasye, 1110 MakcuMyM TOTIIHHAHHS criocTepiraetbes npu 371 um. Yepes
CHHEPreTHYHUH eeKT cpibiia Ta Mijli COCTEPIraEThCS 3CYB CIIEKTPY Y OiK KOPOTIIUX JOBXKHH XBIIb. [Y-criekTp
y CHHTE30BaHUX HAHOYACTHHKAX BUSIBIISIE METATOOKCHIHHUH 3B'SI30K.

Kurouosi ciioBa: Hanokommnosutu, Cpibiao-Mizap, BiTHOBHHK, 3a00pOHEHA 30HA, AieTCKTPHYHA TPOHUKHICTS,
pO3Mip YaCTHHOK.
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