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ABSTRACT

The method of in situ generation was employed to produce binary silver and copper bimetallic nanocomposites (BNCFs) using lesser
emission pollutant biological plant species i.e., Tinospora cordifolia (TC) leaf broth as reducing agent. The generated BNCFs were
confirmed by different spectrophotometric studies i.e. Fourier Transform Infrared (FTIR), Scanning Electron Microscope (SEM) along
with Energy Dispersive X-ray (EDX), X-ray Diffractometer (XRD), Primary and Secondary thermogravimetric (TG & DTGQ) analysis
and Differential Scanning Calorimetry (DSC). The bio synthesized nanocomposite cotton fabrics (NCFs) were found to be spherical in
shape and with an average size of 80nm from SEM analysis. The elements silver and copper were confirmed by observing peaks at 3keV
and lkeV, respectively, from EDX spectra. The XRD studies revealed the crystalline nature of BNCFs. TG and DTG analysis explained
the catalytic activity of silver and copper with lesser thermal stability. The BNCFs showed good tensile properties, using universal
testing machine. The BNCFs also exhibited good antibacterial activity against disease producing G™° and G™V° bacteria. The BNCFs mat
be considered to make bandage cloths, napkins etc., in the medical field.

Keywords: TC leaf extract; Nanocomposite cotton fabrics; silver and copper bimetallic nanoparticles; Mechanical properties; In situ

generation; Antibacterial activity.

1. INTRODUCTION

Many researchers have been attracted towards biological
reduction processes to produce metal nanoparticles (MNPs), metal
oxide nanoparticles due to their lesser toxicity emission into
environment, easy and simple methodology, available abundantly,
biocompatibility and genuine applicability in medicine [1-5]. The
in situ generation method was adopted by many researchers to
minimize agglomeration and inferior properties while preparing
MNPs in polymer matrices [6]. A few researchers utilized plant
species constituents for the in situ generation of MNPs such as
copper nanoparticles (CuNPs) and silver nanoparticles (AgNPs)
[7-9]. Recently, the bimetallic nanoparticles (BMNPs) were
synthesized owing to their improved properties, variety of
applications and synergy with a provision to change their molar
ratio than individual monometallic nanoparticles (MNPs) [10,11].
BMNPs are showing more technological advantages than their
individual counterpart MNPs due to improved properties in
electronics, catalysis and optics [12,13]. A few reports are
available in the literature for the synthesis of BMNPs utilizing
plant parts species by bioreduction method [14-17]. Tinospora
cordifolia (TC) is found to be one of the most divine plants of
ayurvedic medicine and commonly known as Guduchi and
Tippateega in southern areas of India [18]. The TC plant species
parts were found to be useful and extensively employed to cure a
number of diseases and disorders of human beings. The TC plant

releases anxiety, stress and illness by acting as adaptogen potent
and increases the resistance of human body. The TC leaf extract
mixed with Ocimum sanctum (Tulasi) utilized as a medicine for
curing dengue patients to increase the immunity and platelet
count. Alleviate allergies, high fever gout arthritis, rheumatic
disorders of inflammation, chronic skin disorders i.e. psoriasis-
eczema were cured, reduce the side effects of chemotherapy drugs
and control of blood glucose levels, TC plant, employed as a
medicinal plant. It is also used as a health supplement due to its
anti-oxidant properties and capability to support the liver and
immune system. Guduchi acted as an antiangiogenic [19-23]. TC
plant species parts are employed in various medical applications.
Hence, the authors in the present work employed aqueous TC leaf
broth as a reductant for the generation of BNCFs. The BNCFs
were confirmed by FTIR, SEM, XRD and EDX. The thermal
stability and catalytic effect were studied, utilizing TG-DTG
studies. Universal testing machine (UTM) and disc diffusion
method were performed to test mechanical strength and
antimicrobial activity of BNCFs. These NCFs were considered to
make antibacterial napkins, bandage cloths etc. in medicine,
agriculture as target pesticides and packing applications.
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2. MATERIALS AND METHODS
2.1. Materials.

Fresh leaves of TC plant, white fabric, Nutrient Agar (AR),
CuS04.5H,0 (AR) and AgNO; (AR) (Sigma Aldrich) were
utilized in the present research work.

2.2. Aqueous TC leaf extract.

The TC plant leaves were confirmed by consulting a botanist
before preparing the extract. The TC leaves were plucked from the
plant before sunrise. The picked TC leaves washed the number of
times with conductivity water until all the adhered soil
contaminants, dust particles and if any other impurities were
removed. The cleaned leaves were dried in the sunlight and
chopped into pieces. 100g of chopped leaves were poured into 900
mL of distilled water present in a glass vessel. It is heated at 80 °C
for 20min on a thermally controlled magnetic stirrer with 200rpm
rotating speed. The aqueous leaf extract turned into pale yellowish
green. For obtaining a clear leaf extract solution, the contents in
glass vessel were centrifuged and filtered. The obtained TC leaf
extract was stored in reagent bottles and placed at 4 °C in the
coolers until it was used.

2.3. Preparation of the matrix.

The cellulose cotton fabric was rinsed in water and washed to
remove adhered starch impurity. The dried white cotton fabric was
cut into pieces of 80mm x 270mm. 200mL of prepared TC leaf
extract was taken in 250mL beaker and each piece was dipped in
it. The beaker was then placed on a magnetic stirrer at laboratory
temperature and subjected to a constant stirring with a speed of
200rpm for 24 h. The color of white cotton cloth was changed to
pale green due to TC leaf extract got diffused into it. These pieces
are known as matrices. The matrix was further washed a number
of times to remove unadhered organic and other impurities of the
leaf extract present on it. The matrices were dried and preserved in
desiccators until tested.

2.4. Generation of BNCFs.

AgNOj; and CuS0O,4.5H,0 Aqueous source solutions (1-5mM)
were made using earlier standard procedures and taken separately
in 250mL beakers. Different aliquots mixture concentrations
source solutions with a total concentration of 5SmM (4+1mM,
3+2mM, 2.5+2.5mM, 2+3mM and 1+4mM AgNO; and
CuS0,4.5H,0) were prepared and taken in individual beakers.
Each piece of matrix was dipped in 250mL beakers with different
concentrations of aliquots of source solutions. These beakers
containing source solutions were placed on a magnetic stirrer and
stirred at 200rpm for 24h. It was covered with tin foil to overcome

3. RESULTS
3.1. Physical visual identification of BNCFs.

The instantaneously generated AgNPs and CuNPs on NCFs
were confirmed initially with persistent color change by physical
visual observation. The BNCFs made utilizing equimolar aliquot
mixtures of CuSO4.5H,0 and AgNOj; source solutions (2.5mM +
2.5mM) concentrations, 5mM individual MNPs and for
comparison matrix and cotton fabric were photographed and
presented and the obtained digital images were shown in Fig. 1a-e.
During the formation of matrix, the white color changed to pale
yellow green (Fig. 1b). The individual MNPs (AgNPs and CuNPs)

catalytic oxidation of silver at laboratory conditions. For
comparison, SmM individual source solutions of AgNO; and
CuS0,4.5H,0 were utilized for the generation of MNPs (AgNPs
and CuNPs) with a similar procedure on NCFs. The pale yellow
greenish color matrix was changed to a color between brown and
greenish brown owing to the generation of BMNPs on NCFs. The
BNCFs and individual MNCFs were removed and washed a
number of times to remove unadhered source solutions and it was
dried. The in situ generated BMNPs on NCFs were initially
confirms with the color change.

2.5. Characterization.

The BNCFs with instantaneous generation of AgNPs and
CuNPs were analyzed by different spectral characteristics such as
XRD, FTIR, SEM and TGA. The tensile and antibacterial
properties were also tested. The SEM with EDX spectra of BNCFs
were recorded using JEOL JSM-IT500 scanning electron
microscope (Akishima, Tokyo, Japan) operated at 10 kV. The
Smart Tiff software of the microscope was employed to determine
the size of BMNPs. FTIR (BRUKER ALPHA-II, Billerica, MA -
USA) spectrophotometer was employed to record the spectra in
the range of 4000 cm™ to 400 cm™ wavenumber with 32 scans at a
resolution of 4 cm”. RIGAKU MINI FLEX-600 XRD was
employed to know the crystalline nature of BNCFs and matrix.
The diffractograms were recorded at 20 = 10° to 80° at a scanning
rate of 4°/min. Perkin Elmer TGA-7 thermogravimetric analyzer
(Akron, Ohio, United States) was utilized to record the primary
and derivative thermograms employing the heating rate of
10°C/min to know the thermal stability and catalytic activity of
BMNPs. The thermograms of DSC were obtained using
PERKINELMER-STA600 analyzer (Westborough, MA, United
States). The antibacterial killing activity of BNCFs [24] was tested
using standard disc method against pathogenic bacteria S. aureus
(AATCC 6538) and K. pneumonia (AATCC 147) with AATCC
100 standard test. Image J software was utilized to calculate the
diameter of the zone of killing of pathogenic bacteria. The tensile
properties of BNCFs were tested with INSTRON-3369 Universal
testing machine (Norwood, MA 02062-2643, USA) as per ASTM
D 638 specifications. The BNCFs were cut into rectangular pieces
with dimensions of 150 mm length and 10 mm width and
employed in the present study with a gauge length of 50 mm by
conducting at an extension rate of 5 mm/min using 5 specimens
for each sample and their average values are given.

were changed to brown (Fig. 1c) and bluish brown ((Fig. 1d),
respectively.

Figure 1. Digital photographs of (a) white cloth; (b) matrix; MNCFs (c)
AgNPs (5mM); (d) CuNPs (SmM); (e) BNCFs (2.5mM Ag+ 2.5mM Cu).
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However, the BNCFs obtained with equimolar solution of
AgNO; and CuSO,4.5H,0 appeared as light bluish brown (Fig. 1e).
The BNCFs using different aliquots of source solutions remained
unaffected in their color even after several washings with
conductivity water. The in situ generation of BMNPs on NCFs
was preliminarily confirmed with visual change of color between
the matrix and the BNCFs.

3.2. SEM with EDX.

The SEM studies were investigated to confirm the generation
of BMNPs in NCFs. The recorded SEM images of BNCFs and
individual MNCFs are presented in Fig. 2a, Fig. 2b and Fig. 2c,
respectively. The shape of generated BMNPs and MNPs on NCFs
in all the three cases was globular. In the case of MNPs it can be
noticed from Fig. 2a and Fig. 2b, the individually generated
AgNPs and CuNPs were found to be in moderate number.
However, a large number of BMNPs in NCFs were generated
(Fig. 2c). Silver and copper elements present in MNCFs and
BNCFs were confirmed by EDX spectra is given in Fig. 2a'-c'. An
energy band peak was observed at 3keV and 1keV for individual
MNPs (AgNPs and CuNPs). The BMNPs on NCFs were also
exhibited similar peaks at 3keV and 1keV. The similar peaks were
also observed by earlier researchers [25]. The other reported EDX
spectra energy band peaks for copper at 8keV and 9keV were not
found in the present work due to the use of lower concentration of
CuS04.5H,0 source solution and reveals the generation of
BMNPs on NCFs. The size distribution of generated MNPs and
BMNPs was presented in the form of histograms as shown in Fig.
2a"- ¢". The average size of BMNPs was in the range of 20-180
nm with a mean size of 80 nm. But the size of individual MNPs
were found to be 90 nm and 120 nm for AgNPs and CuNPs,
respectively. However, BNCFs exhibited reduced particle size as

Figure 2. SEM photographs of NCFs made with (a) AgNPs, (b) CuNPs
(5mM) and (c) BNPs (2.5mM + 2.5mM); EDX spectra of NCFs (a')
AgNPs, (b') CuNPs and (c') BNPs; Histograms of NCFs (@" AgNPs, (b”)
CuNPs and (c'"") BNPs.

3.3. FTIR studies.

The molecular entities present in TC leaf extract which are
responsible for the formation of BMNPS and MNPs in NCFs were
analyzed by FTIR spectral studies. The Fig. 3 represents the
recorded FTIR spectra of individual MNPs (AgNPs and CuNPs)
and BMNPs on NCFs, white cloth and matrix. The FTIR spectra
of white cloth and matrix are presented in Fig. 3 indicating that
both matrix and white cloth contain similar functional groups. The

spectra of individual MNPs and corresponding BMNPs on NCFs
are also presented in Fig. 3. It is also observed from Fig. 3 that the
matrix exhibited a high intensity of the peak than that of cotton
fabric. It is because of some molecular functionalities are diffused
into cellulose cotton fabric. However, the FTIR spectra of BMNPs
and MNPs generated on NCFs by in situ method also showed the
same absorption peaks as observed in the case of matrix. The
BMNPs showed an absorption band at 3279cm™ corresponding to
—OH functionality as in alkaloids, flavonoids, glycosides, steroids
and poly alcohols present in TC leaf extract [26]. The other
absorption bands at 2878cm’™, 1637cm™, 1327cm™ and 1008cm™
were due to C-H stretching vibrations of alkanes, C=O stretching
vibration of fatty acids, carboxylic O-H bending vibration of fatty
acids and C-O and C-O-C stretching vibrations, respectively [27].
Further, it is also observed that the intensity of absorption peak
exhibited by BNCFs was lower than that of matrix at 3279cm™,
indicating the involvement of —OH functional group of TC leaf
extract in the bio reduction of bimetallic ions (Ag" and Cu'?) into
metallic silver and copper (Ag’ and Cu’) nanoparticles. The
generated BMNPs and MNPs in NCFs was further confirmed with
bioreduction. The shift of absorption peaks towards lower
frequencies (Fig. 3) of BMNPs as compared with absorption peaks
of MNPs owing to generation of large number of BMNPs in NCFs
with a little agglomeration.

Transmittance (%)

T L=——rg 2.5mM + Cu2.5mM |

T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wave length (cm'')

Figure 3. FTIR Spectra of white cloth, Matrix, MNCFs and BNCFs

3.4. XRD spectral studies.

To study the effect of crystallinity of MNCFs and BNCFs,
the XRD spectral study was carried and the obtained X-ray
diffractograms of BNCFs, MNCFs and matrix are presented in
Fig. 4a. Both matrix and white cloth exhibited similar bands with
the planes which are overlapping with each other (not shown in
Figure) at 15.04° (101), 16.71° (10-1), 22.92° (002) and 34.41°
(040) related to cellulose -I structure [28]. The intensity of the
individual MNCFs was found to be higher than the matrix.
However, the BMNPs generated on NCFs exhibited higher and
intensity than the matrix and individual MNCFs,
respectively. The higher peak intensity of BNCFs indicates an
increase in crystallinity, but lesser than individual MNPs. It is due
to the utilization of lower concentrations of CuSO,4.5H,0O source
solutions to produce a lesser number of CuNPs with slight
agglomeration. The X-Ray diffractograms of generated MNPs and
BMNPs as shown in Fig. 4a have not clear peaks for visualization.
In order to see them clearly, the diffractogram of the BNCF
(2.5mM + 2.5mM) was highlighted in 20 = 30°-80° range (Fig.
4b). The XRD peaks at 38.84° (111), 46.91° (200), 64.75° (220)
and 77.89° (311) and other peaks 44.26° (111), 51.26° (200) and
70.99° (220) were related to AgNPs and CuNPs, respectively.
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[10,29]. But, MNPs generated on NCFs exhibited higher intensity
peaks of AgNPs as compared with CuNPs. The formation of
BMNPs in NCFs was further confirmed by observing XRD
analysis.

26000
24000
22000

(b)

#AgNPs
§ CuNPs

Intensity (A.U)
Intensity (A.U)

[——Agz5mh+ CuzsmM

1 20 30 40 50 60 70 80 30 40 50 80 70 80
260 20

Figure 4. XRD spectra of (a) Matrix, MNCFs and BNCFs; (b) Expanded
diffractogram of BNCF (26=30°-80°).

3.5. TG-DTG &DSC analysis.

Thermogravimetric analysis was carried to test whether the
produced MNPs and BMNPs on NCFs exhibit thermal stability or
not. The recorded primary and secondary thermograms of
individual MNPs and BMNPs generated on NCFs are presented in
Fig. 5a and Fig. 5b. The thermograms of DSC were given in Fig.
5c. Both MNCFs and BNCFs exhibited two stages of thermal
degradation. The initial phase of deterioration was started at
temperature range of 43 °C and ended at 180 °C. This type of
degradation was owing to the evaporation of moisture content and
the volatile constituents of the NCFs and matrix. From Fig. 5a, the
other step of degradation was initiated and ended in the case of
matrix at 310 °C and completed at 416 °C, respectively. However,
the MNPs and BMNPs formed on NCFs exhibited the degradation
temperatures started at 284 °C and 276 °C and ended at 398 °C and
377 °C, respectively. But, the NCFs with generated BMNPs
showed lesser thermal stability than the matrix indicating that
BMNPs in NCFs and individual MNPs in NCFs exhibited
catalytic activity to increase the thermal degradation [30,31]. The
behavior of two stages of thermal degradation and exothermic
reaction were confirmed by the secondary thermogravimetric and
DSC studies, respectively.

8 &

Waight (imin)
Hoat fow miimg

& & &

Temparature ('C)

Figure 5. (a) TG analysis, (b) DTG analysis and (c) DSC analysis of
NCFs with MNPs and BNPs.

3.6. Mechanical properties.

The tensile properties [32,33] of individual MNCFs and
BNCFs were tested to make thermally stable and high strength
BNCFs. The computed tensile parameters and obtained stress
strain curves are shown in Fig. 6 and are presented in Table 1. The
tensile stress and percentage of strain for white cotton fabric and
matrix were given as 16.65 MPa and 17.52 MPa and 0.23% and
0.23%, respectively as shown in Fig.6 and Table 1. The matrix
exhibited higher values than the white cloth due to the diffusion of
leaf extract. The tensile stress and percentage of strain for
individual AgNPs and CuNPs on NCFs and BMNPs on NCFs
were found to be 22.59 MPa and 0.23 %, 21.46 MPa and 0.21 %,
27.61 MPa and 0.19 %, respectively. An increase in the tensile
strength and decrease the percentage of strain was observed in

both cases i.e., individual MNCFs and BMNCFs. The BMNPs on
NCFs exhibited the highest tensile stress and the modulus value
was also high as compared with white fabric and the matrix.
However, the BNCFs exhibited lower modulus value than
individual MNPs.

30 4 [— White cloth
—— Matrix
|—— Ag 5mM
26 4 |——Cu 5mM
24 4 |[=——Ag2.5mM + Cu 2.5mM|

Tensile stress (MPa)
=

T T T T T
0.00 0.05 0.10 0.15 0.20 025
Tensile strain (%)

Figure 6. Tensile properties of white cloth, MNCFs, BNCFs and Matrix.

3.7. Action on disease producing pathogenic bacteria.

One of the important applications of MNCFs in medical field
is antibacterial property. Hence, the authors tested the microbial
activity of synthesized BMNPs on NCFs (2.5mM + 2.5mM),
individual MNCFs (5mM) by the disc method against S. aureus
and K. pneumonia disease producing bacteria. The zones of
clearance obtained for both bacteria by individual MNCFs,
BNCFs and matrix were photographed and the obtained digital
images were presented in Fig.7a and Fig. 7b, respectively. The
diameters of zone of inhibition were measured and the values are
presented in Table 2. The matrix does not show any zone of
inhibition indicating that it does not exhibit antibacterial property.
While the NCFs exhibited their outstanding antibacterial activity
due to the formation of clear zones than MNPs. The measured
values of zone of inhibition are in comparison with other
researcher’s work [34].

Figure 7. Photographs of antimicrobial activity by MNCFs and BNCFs
against (a) K. pneumonia (b) S. aureus.

Bacteria

BMNPs binding on ;
cell wall @ AgNPs
€ CunPs

g
et
ﬁ%ﬁi‘

Figure 8. Action mechanism of BMNPs on pathogenic bacteria

Jaswanth et al., observed a similar behavior in case of
BMNPs (Ag and Cu) synthesized by bioreduction method [11].
Hence, the NCFs with BMNPs possessing good mechanical and
antibacterial activity and can be utilized in medical applications
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such as beds and pillows in hospitals, for wound dressing,
antibacterial bandage cloths and also as napkins.

3.8. Mechanism of antibacterial activity of BMNPs on
pathogenic bacteria.

A possible general mechanism of killing of pathogenic
bacteria by BMNPs was presented in Fig. 8. It can be inferred
from Fig. 8 that both AgNPs and CuNPs on NCFs can adhere to
cell wall of bacteria. The respiratory enzymes in bacterial cells are

in contact with BMNPs and inhibit several functions in the cell
and cause damage to the cells [35]. As a result, there will be a
generation of reactive oxygen species, which are produced
possibly through the inhibition of a respiratory enzyme by both
silver ions and copper ions and attack the cell. BMNPs may bind
on soft base Phosphorus (P) and Sulfur (S) in the DNA molecule
of bacteria.

Table 1. Induced tensile stress-strain values of NCCFs, white cloth and matrix at maximum loads

Type of cloth Tensile Strain (%) Tensile Stress Young’s Modulus Maximum Load
(MPa) (MPa) (1))
White cloth 0.23 16.65 189.11 91.56
Matrix 0.23 17.52 190.85 101.85
Ag 5SmM 0.23 22.59 214.35 129.89
Cu 5SmM 0.21 21.46 233.38 150.21
Ag 2.5mM + Cu 2.5mM 0.19 27.61 289.12 196.82

Table 2. Antibacterial Zone of inhibition exhibited by NCCFs vs K. pneumoniae and S. aureus

Sample with Diameter of clear zone (mm)
label K. pneumoniae S. aureus
White cloth (1) 0 0
Matrix (2) 0 0
Cu5SmM (3) 16 17
Ag SmM (4) 16 18
Ag 2.5mM + Cu 2.5mM(5) 21 22

4. CONCLUSIONS

The in situ generated BMNPs on NCFs were generated
using aqueous Tinospora cordifolia leaves broth as reducing
agent. The bio synthesized BNCFs and for comparison, MNCFs
were analyzed by different spectral characteristics such as SEM,
FTIR, XRD and TGA. The antibacterial activity and tensile were
also studied. The molecular functionalities of TC leaf broth are
responsible for bioreduction and to obtain both BMNPs and MNPs
on NCFs were confirmed by FTIR spectral studies. The average
size of the calculated BMNPs by SEM analysis was found to be
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