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Silver oxide (Ag:0) and copper(I)hydroxide (Cu(OH)2) nanoparticles were synthesized through a
simple solution reduction method using silver nitrate (AgNOs3) and copper sulphate pentahydrate
(CuS04.5H20) in the presence of sodium hydroxide (NaOH) as reducing agent. X-ray diffraction (XRD)
analysis, scanning electron microscopic (SEM) analysis, Fourier transform infrared spectroscopic (FT-
IR) analysis, UV-absorption and photoluminescence (PL), vibrating sample magnetometer (VSM)
studies were performed to confirm the size distribution measurement, surface morphology, optical and
magnetic properties of the synthesized samples. Silver nanoparticles synthesized in the form of Ag;0
and copper in the form of Cu(OH); was confirmed by the XRD study. The UV-Vis absorption analysis
indicates that the absorption peak for Ag.0 in the lower wavelength region of the optical spectrum. The
sharp intensity peaks in the FTIR spectrum of Ag20 and Cu(OH): indicate the stretching and bending
frequencies of the molecular functional groups in the samples as well as their high crystalline nature.
The SEM images show the shape of Agz0 nanoparticles is nearly spheroid. The VSM study of Cu(OH)
shows ferromagnetic interaction at room temperature. The antibacterial properties of Ag20 and Cu(OH).
on Staphylococcus aureus and Escherichia coli indicate that both the samples are effective on
Staphylococcus aureus, which is concentration dependent.
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1. Introduction

The noble metal nanoparticles have been the subject of focused
research due to their unique optical, electronic, mechanical, magnetic, and
chemical properties that are significantly different from those of bulk
materials [1]. Preparation of silver nanoparticles has attracted
particularly considerable attention due to their diverse properties and
uses, like magnetic and optical polarizability [2], electrical conductivity
[3], catalysis [2], antimicrobial and antibacterial activities [4-5], DNA
sequencing [6], and surface-enhanced Raman scattering (SERS) [7].

Nano scale copper compounds are of research interest for the many
applications. Synthesis of copper compounds at nano scale has been
actively researched for many decades, this is because, it is an important
industrial material and it has novel physical and chemical properties.
Among all metals used in modern electronic circuits, Cu is the most
common one because of its excellent electrical conductivity and low cost.
Copper compounds are one of the most normal conductors in modern
technologies and could be used widely in nano device. Therefore, the
development of uniform copper compound nanoparticles has been
intensively pursued [8]. Copper hydroxide [Cu(OH)z] nanoparticle is one
of the copper compounds and it has many applications. One of the main
uses for Cu(OH): is a fungicide and nematicide. Cu(OH)2 is the most toxic
compound against E. vermiculata [9]. People also use it for insecticides for
walnuts, wine grapes, and peaches among many other types of fruits and
nuts commonly grown for agricultural purposes throughout the world.
Cu(OH): is used as fungicide on fruits, vegetables, ornamentals, the
manufacture of rayon, as a source for copper salts, as a mordant, kill mold
in paints. It can be used to color ceramics, as a catalyst, as an alternative to
the bordeaux mixture, nematicide. Cu(OH): is also occasionally used as
ceramic colorant, combined with latex paint, making a product designed
to control root growth in potted plants [8,9]. Synthesis of Cu(OH):
nanoparticles attracted increased attention due to reliable low cost,
specific size, well-defined morphologies and wide range of potential
applications. Various methods of synthesis of Cu(OH)2 nanoparticles
include, biosynthesis [10], chemical co-precipitation method [11], a two-
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step template approach [12], wet chemical route [13, 14], anion exchange
method [15], and an electrochemical method [16, 17] have been reported.

The most common and simplest bulk-solution synthetic method that
has been used for the preparation of metal nanoparticles is chemical
reduction of metal salts. For the synthesis of nanoparticles, soluble metal
salt is generally used as a reducing agent, and a stabilizing agent (caps the
particle and prevents further growth of the particle or aggregation). It was,
therefore, thought worthwhile to prepare Ag.0 and Cu(OH)2 nanoparticles
for its various applications through simple chemical modification using
Sodium hydroxide (NaOH), Silver nitrate (AgNO3) and Copper sulphate
pentahydrate (CuSO04.5H20). In the present study NaOH was used as the
reducing agent.

2. Experimental Methods

The Agz:0 and Cu(OH). nanoparticles were produced using starting
materials such as AgNO3, CuS04.5H20 and NaOH pellets (Merck, Mumbai,
India). All the chemicals were of analytical grades and used without
further purification.

2.1 Synthesis of Ag20 and Cu(OH). Nanoparticles

To synthesize Ag20 nanoparticles, 2.195 g of AgNOs and 0.4 g of NaOH
were dissolved in 20 mL of distilled water separately at the ratio of 5:1.
The NaOH solution was taken in a burette and the AgNOs solution was
taken in a beaker. The solution was allowed to be stirred (990 rpm) for 2
hours at room temperature and NaOH was added drop-wise into to the
solution simultaneously. Immediate color change was observed when
NaOH was added into AgNOs. This mixture was sonicated for 30 min and
centrifuged for five times with distilled water and ethanol at the rpm rate
of 800. The resultant precipitate was filtered and dried in an oven for an
hour at 100 °C to get Ag20 nanoparticles. In summary, the following chain
reaction accompanies the whole process AgO — Ag.0 < Ag + 0, AgO + Ag
— Ag;0. The same protocol was followed for the synthesis of Cu(OH)..
Instead of AgNO3, CuS04.5H20 was used as the starting material. In both
the cases, NaOH was used as the reducing agent.
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Fig. 1 Photos of Ag20 and Cu(OH)2 Nanopowder

3. Results and Discussion

3.1 Structural Analysis

The structural analysis of the samples was studied using XRD analysis.
Fig. 2 shows the XRD pattern recorded from powder samples of Ag.0 and
Cu(OH)2. XRD pattern of Agz0 reveals that the sample is nano sized and
crystalline. The fine particle nature of the sample is reflected in the X-ray
line broadening. The experimental diffraction angle (26) of the specimen
is consistent with the standard diffraction angle (20) of the specimen. Five
peaks at 26 values of 32.9885¢, 38.2556¢, 55.1869°, 66.0084°, 69.2414°
corresponding to (111), (200), (220), (311), and (222) planes of Ag0 are
observed. The observed XRD data is compared with the standard powder
diffraction card JCPDS file No. 41-1104. The three strongest lines ( (111),
(200) and (220)) with the d- spacing (2.715 &, 2.352 A and 1.66 A) in the
XRD pattern is in good agreement with standard values (2.73 4, 2.36 & and
1.67 A) of Ag>0.The experimental diffraction angle (26) of Cu(OH) is in
good agreement with the standard diffraction angle (26) of the specimen.
Five peaks at 20 values of 16.6438°, 22.8704°, 28.0885°, 34.5357°,
35.6738° corresponding to (020), (021), (110), (002), and (111) planes of
Cu(OH). are observed. The observed XRD data is compared with the
standard powder diffraction card JCPDS, Cu (OH): file No. 35-0505. The
crystallite size of Ag20 and Cu(OH)z was calculated using Scherer equation.
The average crystallite size of both the samples was found to be 26 nm and
21 nm respectively.
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Fig. 2 XRD pattern of Ag20 and Cu(OH)2
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Fig. 3 Morphology index (vs) crystallite size for Ag20 and Cu(OH)2

3.2 XRD- Morphology Index, Lorentz Factor, Lorentz Polarization Factor

A XRD morphology index (MI) is developed from FWHM of XRD data of
the synthesized samples. MI relates the FWHM of two peaks to its particle
morphology (peak having highest FWHM and a particular peak’s FWHM
for which MI is calculated). Generally, highest FWHM peak MI is 0.5
because the Ml is derived from the single peak only. MI is obtained using
Eq.(1). The value of MI ranges from 0.2 to 0.5 for experimental Ag.0
nanopowder, and the details are presented in Table1l. It is correlated with
the crystallite size. The result shows that morphology index has direct
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relationship with crystallite size. For Cu(OH)z, the value of Ml is 0.5 and it
is presented in Table 2. These results are shown in Fig. 3.

Ml = FWHM;, o)

FWHMy+FWHM,,

Lorentz factor (LF) is a multiplicative factor involved in converting
diffracted radiation intensities in to structure factors during the process
of structure determination in XRD experiments, involving moving crystals.
Controlling X-ray intensities of diffraction angles needs to be monitored,
hence Lorentz-polarization factor (LPF) was introduced. In the intensity
calculations, Lorentz factor is combined with the polarization factor and
further the variation of the LF with the Bragg angle (8) is shown [18, 19].
The overall effect of LF is to decrease the intensity of the reflections at
intermediate angles compared to those in the forward or backward
directions. LF and LPF are calculated from Eqs.(2) and (3) and tabulated
in Tables 1 and 2 for Ag,0 and Cu(OH)2 nanoparticles. It is observed that,
the values of LF and LPF decrease as the angle of diffraction increases.

L F _ cos@ 2

orentz Factor = Sn228) 2)
, . 1+cos? (20)
Lorentz Polarization Factor = SIn2(8) cos(0) 3)

3.3 XRD - Dislocation Density

The dislocation density is defined as the length of dislocation lines per
unit volume of the crystal. In materials science, a dislocation is a
crystallographic defect, or irregularity, within a crystal structure. The
presence of dislocations strongly influences many of the properties of
materials. The movement of a dislocation is impeded by other dislocations
present in the sample. Thus, a larger dislocation density implies a larger
hardness. The X-ray line profile analysis has been used to determine the
dislocation density. The dislocation density can also be calculated from
equations (4)

1
o) =12 (4)

where, § is dislocation density and D is the crystallite size. In the present
study, the dislocation density is of the order of 1014 m?2 (Table 1). It is
known that annealed crystals have a dislocation density of about 108 m-2.
This can be increased to 101° - 1012 m2 by moderate cold working and to
1014- 1016 m2 by heavy cold working. As the dislocation density increases,
the stress required to move any one dislocation increases due to the
interfering effect of the stress fields of the surrounding dislocations. This
phenomenon is the basis of work hardening.

Table 1 Crystallite size, MI, LF and LPF values of Ag.0

20 hkl Crystallite Morphology Lorentz Lorentz Dislocation
(degree) size (nm)  Index Factor  Polarization Density
Factor 5 =1/D2?
(1014m-2)
329885 (111) 33.67 0.500 3.2344 22.039 8.820
38.2556 (200) 28.48 0.450 2.4644 15936 12.23
55.1869 (220) 36.43 0.500 1.3148 6.9734 7.530
66.0084 (311) 16.06 0.294 1.0047 4.6834 38.77
69.2444 (222) 16.36 0.294 0.9410 4.2367 37.36

Table 2 Crystallite size, M1, LF and LPF values of Cu(OH)2

20 hkl Crystallite Morphology Lorentz Lorentz Dislocation
(degree) size (nm)  Index Factor  Polarization Density
Factor 5=1/D2?
(1015m-2)
16.6438 (020) 27.22 0.50 12.06 9253 1.349
22.8704 (021) 23.55 0.46 6.489 4812 1.803
28.0885 (110) 27.76 0.50 4376 3113 1.298
33.4381 (002) 28.12 0.50 3154 2140 1.265
35.6738 (111) 28.29 0.50 2.799 18.58 1.249

3.4 UV- Vis Absorption Analysis of Ag20 and Cu(OH):

The UV -vis absorption spectra of Ag20 and Cu(OH): is shown in Fig. 4.
It is observed that no prominent peaks are seen in the visible range of the
UV -vis absorption spectra of both Ag20 and Cu(OH)z. It is also observed
that Amax is only in the UV range for both the samples and this may be due
to the agglomeration of particles, and the oxidized form of the samples.
The cut off wavelengths (where the absorption value is small) are 305 nm
and 400 nm respectively for Ag,0 and Cu(OH)-.
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Fig. 4 UV-Vis absorption spectra of Ag,0 and Cu(OH)2
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3.5 FTIR Analysis of Ag20 and Cu(OH):

The FTIR spectrum of Agz0 is shown in Fig. 5. The absorption bands in
the region of 500 to 600 cm-! include those for crystal (lattice) and
coordinated water as well as Ag.0. The absorption bands for Ag.0 are
weak and overlap with those of rotational H-O-H vibration and vibrational
of trapped H.0. The asymmetric and symmetric stretching H-O-H
vibration bands are observed at 3,100 cm-!. The doublet band at
approximately 1,400 cm~! can be ascribed to H-O-H bending vibrations.
The bands, observed between 855 and 702 cm-1, can be attributed to the
bending vibrational modes (wagging, twisting, and rocking) of
coordinated water molecules.
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Fig. 5 FTIR spectrum of Agz20
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Fig. 6 FTIR spectrum of Cu(OH)2

The FTIR spectrum for Cu(OH): (Fig. 6) shows a peak at 3565.90 cm-!
corresponding to the free O-H group. Another strong and sharp peak with
a maximum of 3382.90 cm-! is due to the hydrogen bonded hydroxyl
groups and bending mode of the hydroxyl group of water. The spectrum
also shows a strong peak at 1082.53 cm-! indicating strong SO4 stretching
and the peak at 845.55 cm~! indicates Cu-OH vibrations.

Fig. 7 SEM Images of Ag0 Nanopowder
3.6 SEM Analysis of Ag20

SEM images (Fig. 7) of Ag.0 nanopowder, obtained from chemical
reduction method obviously show that the tendency of nanoparticles to
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agglomerate decreases. The shape of the nanoparticle is spheroid. The size
of the nanoparticles obtained from the given scaling is 40 nm.

3.7 VSM Study of Cu(OH):

The VSM study of Cu(OH); shows ferromagnetic interaction at room
temperature (Fig. 8). This is a relaxed ferromagnetic effect due to decrease
in the size of the particle as well as due to magnetostriction effect. It is also
observed that the area of the hysteresis loop is narrow, which indicates
the soft magnetic behavior of the sample. The value of coercivity is 482.35
Gauss and the value of retentivity is 191.10x10-¢ emu.

°

Momert(mernu)

10000 ° 10000 20000
Faid(G)

Fig. 8 M-H curve of Cu (OH):

3.8 Antibacterial Activity of Agz0 and Cu(OH); Nanoparticles

The antibacterial effects of Ag,0 and Cu(OH). nanoparticles have been
tested with two Dbacterial strains Staphylococcus aureus and
Escherichia coli at various concentrations (500,100,50,10,5, and 1 pg/mL).
Of the two synthesized samples, Ag.0 was effective against Staphylococcus
aureus in comparison with Cu(OH) (Fig. 9). From the present study, it is
also observed that the effect is concentration dependent (Table 3). On the
other hand, both the samples had no effect on Escherichia coli (Table 4).
Ag20 had inhibition zone of 17 mm at higher concentration of 500 ug/mL
on the bacterial strain Escherichia coli.

Ag:0
16 Ag,0
14

12
Cu (OH);

Ag,0
- Ag0
o Ag,0 Cu(OHp
B
2
: 1 5 10 50

100 500

Zone of inhibition {mm)

Concentraion in pg/ml

Fig. 9 Concentrations of Ag,0 & Cu(OH): nanoparticles in pg/mL (vs) zone of
inhibition in mm

Table 3 Antibacterial activity of the Ag,0 and Cu(OH): against Staphylococcus
aureus ATCC 25923 standard strains

Compound Concentration (pg/mL)

500 100 50 10 5 1
Ag20 17mm 15mm 12 mm 10 mm 8 mm No Zone
Cu(OH): 10mm 8mm NoZone NoZone NoZone No Zone

Table 4 Antibacterial activity of the compounds against Escherichia coli ATCC 25922
standard strains

Compound Concentration (pg/mL)

500 100 50 10 5 1
Ag20 16 mm NoZone NoZone NoZone NoZone No Zone
Cu(OH): No Zone NoZone NoZone NoZone NoZone No Zone

4. Conclusion

Ag;0 and Cu(OH): nanoparticles were successfully syntheisized by
simple solution reduction method. The powder XRD patterns of both the
samples indicate the well cystalline nature of the samples and also in good
agreement with their characteristic peaks. The crystallite size calculated
using Scherer equation was 21 nm and 27 nm, respectively, for Ag.0 and
Cu(OH).. The absorption peaks in the UV range of both the samples,
observed from UV absorpton analysis indicate the agglomeration of the
particles and oxidized form of the samples as well. The SEM images of Ag.0
show nealy spherical nanoparticles of size 40 nm. The VSM study of
Cu(OH). showed relaxed ferromagnetic interaction at room temperature,
inspite of Cu being a paramagnetic material. The Ag:0 and Cu(OH):
nanoparticles were tested for their antibacterial activity on the bacterial
strains Staphylococcus aureus and Escherichia coli upon varying their
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concentrations. The Ag.0 nanoparticles showed zone of inhibition on
Staphylococcus aureus, which was concentration dependent. Cu(OH)2
nanoparticles had zone of inhibition only on the higher concentrations of
100 pg/mL and 500 pg/mL. Both the samples had no effect on
Escherichia coli even at higher concentrations.
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