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In situ generation of silver and silver oxide nanoparticles on cotton
fabrics using Tinospora cordifolia as bio reductant
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Abstract

A simple, low cost and environmentally bioreduction method was adopted to in situ generate silver nanoparticles (AgNPs)
on the surface of cellulose cotton fabrics utilizing Tinospora cordifolia leaf extract as reducing agent. The bio generation
of AgNPs in nanocomposite cellulose cotton fabrics (NCCFs) was confirmed by Fourier Transform Infrared spectroscopy,
Scanning Electron Microscopy along with Energy Dispersive X-ray (EDX) spectroscopy, X-ray Diffraction (XRD), primary
and derivative thermogravimetric (TG and DTG) analysis and Differential Scanning Calorimetry (DSC). The generated
AgNPs in NCCFs were found to be spherical in shape with an average size of 90 nm. The presence of silver element was
revealed by EDX spectra with an energy absorption peak at 3 keV. The bio synthesized AgNPs were found to be crystalline
in nature from XRD. The bio generated AgNPs in NCCFs were found to be stable up to 399 °C as confirmed by DTG and
DSC analysis. These NCCFs also exhibited good mechanical properties. Further, these also exhibited good antibacterial
activity against pathogenic disease producing Gram positive (G™¢) and Gram negative (G™¢) bacteria. Basing on these
properties, the prepared NCCFs can be considered for medical applications such as hospital bed materials, aprons etc.
and also for packing applications.

Keywords In situ generation - TC leaf extract - Silver nanoparticles - Nanocomposite cellulose cotton fabrics -
Mechanical properties - Anti-bacterial activity

1 Introduction

The diversified applications of nanomaterials play an
important role in day to day activities of human beings [1,
2]. The nano sized materials are acting as bridge materi-
als between macroscopic and microscopic materials with
variety of functions [3]. Metal and metal oxide nanopar-
ticles (MNPs & MONPs) have attracted many researchers
for diversified applications [4, 5]. The synthesis of nano-
materials is generally carried out by various physical and
chemical methods which are not eco-friendly [6]. However,

the earlier physical, chemical and commercial methods
have been proved to be competent for the synthesis of
nanomaterials, but their repeated utilization may affect
human health and the environment due to the usage of
toxic chemicals, hazardous substances and production of
poisonous byproducts and substances in some cases [7,
8]. An alternate method has to be searched by the scien-
tists to overcome these problems. On comparison with
earlier physical and chemical methods, green synthesis
has found to be a faster, of low cost and environmentally
benign method for the synthesis of nanomaterials [9-11].
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Vinayagam et al. synthesized zinc oxide nano flowers using
Calliandra haematocephala plant species and carried their
characterization and photocatalytic dye degradation [12].
Varadavenkateshan et al., utilized green synthesis method
for the preparation of zinc oxide nanoparticles utilizing
Cyanometra ramiflora leaf extract and studied the photo-
catalytic degradation of Rhodamine B [13]. Sanjanaanchan
et al. prepared ferric oxide nanoparticles using biogenic
synthesis method employing Peltophorum pterocarpum
leaf extract and studied their catalytic degradation poten-
tial. [14]. Varadavenkateshan et al. synthesized silver nano-
particles using aqueous flower extract of Ipomoea digtata
Linn and reported antibacterial activity [15]. In spite of sev-
eral methods for the synthesis of MNPs, the researchers
are utilizing in situ generation method due to minimiza-
tion of agglomeration and inferior properties [16, 17]. The
researchers are now employing in situ method for the gen-
eration of MNPs and MONPs in polymer matrices to over-
come agglomeration of nanoparticles which leads to low
quality properties to the resulting nanocomposites [18].
In current times, in situ generation method was employed
for the generation of nanocomposites with silver and cop-
per nanoparticles [19, 20]. Recently, the scientists are uti-
lizing biogenic plant species parts as bio reductants and
stabilizing agents for the synthesis of nanocomposites for
the production of MNPs and MONPs using in situ genera-
tion method [21-23]. Tinospora cordifolia (TC) is one of the
most divine plants of ayurvedic medicine and commonly
known as Guduchi and Tippateega in southern parts
of India [24]. The TC plant species parts are extensively
employed for curing number of diseases and disorders of
human beings. The TC plant acts as an adaptogen potent
to release anxiety of stress, illness and increases resistance
of human body. The leaf broth of TC mixed with Ocimum
sanctum (Tulasi) is utilized as a medicine for curing den-
gue patients to increases the immunity and platelet count.
The parts of TC plant are also employed to cure 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 for control of blood glucose levels. TC species is also
used as a health supplement due to its anti-oxidant prop-
erties and capability to support the liver and immune
system. Further, Guduchi also acts as an antiangiogenic
[25-29]. Considering the significance of TC plant species
parts in various medical applications, the authors in the
present work employed aqueous TC leaf broth as reduc-
ing agent and its protein components as capping agents
to generate AgNPs in NCCFs. FTIR, SEM, EDX, XRD, TG-DTG
& DSC, Tensile and antibacterial studies were carried out
to confirm the generation of AQNPs on NCCFs by in situ
generation method. The main aim of the authors was to
use the NCCFs as antibacterial napkins, bandage cloth for
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wound cleaning and dressing, bed materials in hospitals
and as disinfectant for killing disease producing bacteria
in medical field and for packing applications.

2 Experimental
2.1 Materials

AgNO; (AR), nutrient Agar (AR) sigma Aldrich make, white
cotton cloth, G*'® and G V¢ bacteria and TC leaves were
utilized in the present research work.

2.2 TCleaf broth preparation

TC leaves were picked from the plant in early hours of
morning which were washed with distilled water until all
the dust, dirt and non-adhered impurities present on the
leaves were removed and then dried. These leaves were
cut into small pieces. 90 g of dried leaves were taken in
a steel vessel containing 900 mL distilled water. The ves-
sel was then placed on a thermally controlled hot plate
at 80 °C for 20 min with a constant stirring at 300 rpm
Peltophorum pterocarpum for obtaining TC leaf extract as
reported in the literature [30]. The obtained leaf extract
with light greenish color was filtered to get clear solution.
The prepared leaf extract was kept in reagent bottles and
stored at 5 °Ciin coolers till used to avoid fungus formation.

2.3 Preparation of the matrix

The white cellulose cotton fabric was rinsed and cleaned
with deionized water and dried. It was then cut into10cm x
28 cm pieces. 200 mL of prepared leaf extract solution was
taken in 250 mL glass beaker. Two pieces of dried white
cloth were rinsed in 250 mL beaker and kept on thermally
controlled hot plate magnetic stirrer at 25 °C for 24 h with
a constant stirring at 250 rpm with a magnetic bead. The
white cotton cellulose fabric turned to light greenish color
due to diffusion of leaf broth into it. It was removed and
washed several times with deionized water until all non-
adhered organic impurities of leaf extract were removed,
dried and utilized as matrix.

2.4 Generation of AgNPs on the surface of NCCFs
by in situ method

250 mL of different concentrations (1-5 mM) of aqueous
AgNO; source solutions were prepared as per standard
procedures and taken in separate beakers which were
covered with a tin foil to avoid photo oxidation of silver.
The prepared matrices were dipped in each source solu-
tion. These beakers were placed on magnetic stirrer at
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laboratory temperature with constant stirring (250 rpm)
for 1 day. The light greenish color matrices turned to
light brown due to instantaneous generation of AgNPs
in NCCFs. The color of NCCFs intensified with increase
in concentration of source solutions. These NCCFs were
taken out, washed number of times with distilled water
to remove unreacted AgNO; and non-adherent impurities
present on them, utilized for further studies. These were
then air dried and stored.

2.5 Characterization

The NCCFs with in situ generated AgNPs were analyzed by
FTIR spectrophotometer (BRUKER ALPHA-2, Billerica, MA.
USA in the wavenumber range of 4000 cm™' to 400 cm™
with 32 scans at a resolution of 4 cm™). The SEM images
of NCCFs along with EDX were recorded using a scanning
electron microscope (JEOL JSM IT-500 (Akishima, Tokyo,
Japan) operated at 10 kV. The sizes of the AgNPs were
measured using the inbuilt Smart Tiff software program
of the microscope. TG-DTG and DSC thermograms were
recorded employing Perkin ElImer Model STA6000ana-
lyzer (Westborough, MA, United States) at a heating rate
of 10 °C/min in Nitrogen atmosphere. The XRD spectra
were recorded using RIGAKU MINI FLEX-600 X-ray diffrac-
tometer operated at 40 kV and 30 mA in the 26=10° to
80° range at a scanning rate of 4°/min to further confirm
the bio generation of AgNPs on the surface of NCCFs. The
NCCFs were also tested for their pathogenic antibacterial
activity using disc method as reported in the literature
[31]. The bacterial cultures of S. aureus (AATCC 6538) and
P. aeruginosa (AATCC 27853) were tested by a standard test
(AATCC 100). The mechanical properties were determined
using Instron-3369 Universal testing machine (Norwood,
MA 02062-2643, USA). The specifications as per ASTM
D 638 were followed. The rectangular specimens with
dimensions of 150 mm length and 10 mm width were
employed with a gauge length of 50 mm. The experiments
were conducted at an extension rate of 5 mm/min. In each
case, 5 specimens were tested and their average values
are reported.

3 Results and discussion

3.1 Preliminary confirmation by persistent color
of NCCFs

The in situ generation of AgNPs on the surface of NCCFs
was preliminarily examined by color change of the fabric
during and at the end of the synthesis. The appearance
of the NCCFs using 1-5 mM source solutions, matrix and
white cloth were photographed and the digital images are
presented in Fig. 1. The color of the white cloth (Fig. 1a)
changed to light green due to the diffusion of leaf broth
and formed the matrix (Fig. 1b). The colors of the NCCFs
changed to light brown (Fig. 1c—g). It can be seen from
Fig. 1c—g that the color of NCCFs intensified with increase
in the concentration of source solutions and did not dimin-
ish even after number of washings with distilled water.
The physical visual change of color between the matrix
and NCCFs preliminarily confirms the generation of silver
based nanoparticles.

3.2 SEM with EDX analysis

The surface characteristics of generated AgNPs in NCCFs,
particle size distribution and the presence of elemental
silver were confirmed by SEM along with EDX analysis. The
digital SEM images of generated AgNPs on the surface of
NCCFs (1-5 mM) were recorded. For more precision, the
SEM and EDX images of NCCFs with 1 mM AgNO; solu-
tion is presented in Fig. 2a, b, respectively. Smart tiff pro-
gram was used to measure the particle size of AgNPs on
NCCFs at different areas. The size distribution of AGNPs in
NCCFs is shown in Fig. 2¢, as histograms. An absorption
energy band at 3 keV from EDX spectra reveals the pres-
ence of metallic silver (Fig. 2b). A similar observation was
made by earlier workers [32]. It can be observed from the
histograms (Fig. 2c) that in the case of NCCF using mini-
mum concentration of AgNO; the size of the generated
AgNPs was in the size range of 41-140 nm. On the other
hand, when the higher concentrated source solution was
used, the resulting NCCFs had the generated AgNPs in
the size range of 41-160 nm (not shown in the Figure).

Fig. 1 Digital photographs of a white cloth; b matrix; c-g AgNPs in NCCFs (1-5 mM)

SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2020) 2:508 | https://doi.org/10.1007/542452-020-2331-1

Yogi vemana university | sample | Area 69 | Full Area 1

o7 (b)

0.96K!
0.84K|
072K
0.60Ki
0.48K]
0.36K;
0.24K]

0124 Ag

Y

00K —
000 1.00 200 3.00 400 500 600 7.00 800 900

OCnts  0000keV  Det: Element-C2B

16

14

12

10 4

Number of particles

41-60 61-80 61-80 81-100 101-120121-140141-160161-180

Particle size range (nm)

Fig.2 SEM microgram (a), EDX (b) and ¢ Histograms of NCCF made
using 1 mM AgNO; source solution

Bio generated AgNPs in NCCFs in all the cases were found
to be globular in shape with an average size of 90 nm.
Thus the SEM with EDX analysis confirms the formation
of AgNPs on NCCFs.

3.3 FTIR spectral analysis

To probe the chemical interactions between the cellu-
lose cotton fabric and matrix and the generated AgNPs
in NCCFs, FTIR spectral analysis was carried. The recorded
FTIR spectra of cellulose cotton fabric and matrix are pre-
sented in Fig. 3a while those of the matrix and NCCFs in
Fig. 3b. FTIR spectra of matrix and cellulose cotton fabrics,
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as shown in Fig. 3a are overlapping with each other which
indicate the presence of similar functional molecularities
in them. Further, it can be noticed that the matrix exhib-
ited slightly higher intensity of absorption than white
cloth due to diffusion of molecularities from TC leaf extract
into cotton fabrics. From Fig. 3b, the absorption band at
3251 cm™', corresponds to —OH functional groups present
in alkaloids, flavonoids, glycosides, steroids and poly alco-
hols present in TC leaf extract [33]. The other absorption
bands at 2860 cm™, 1630 cm™, 1312cm™" and 1004 cm™
were due to C-H stretching vibrations of alkanes, C=0
stretching vibration of fatty acids, carboxylic O-H bend-
ing vibration of fatty acids and C-O and C-O-C stretching
vibrations, respectively [34]. Further, it is also noticed that
the intensity of absorption peak exhibited by NCCFs, using
different AGNO; source solutions (1-5 mM) was lower than
that of matrix at 3251 cm™', indicating the involvement of
—-OH functional group of TC leaf extract in the bio reduc-
tion of Ag™ ions in to Ag®. The other peaks of NCCFs except
at1004 cm™' have not shown any difference in their inten-
sity as compared to matrix. In the case of NCCFs (1 mM and
2 mM), the observed peak at 1004 cm™! exhibited higher
intensity than matrix, owing to use of lower concentra-
tions of AgNO; source solutions which are less effective on
molecular functionalities of the matrix. At higher concen-
trations (3-5 mM), the NCCFs exhibited higher intensity
than matrix due to generation of more number of AgNPs
and more effect on matrix (Fig. 4).

A possible mechanism was proposed for the bio reduc-
tion of Ag* ions into AgNPs which are instantaneously
generated on NCCFs, utilizing molecular functionalities
present in aqueous leaf extract. The chemical constitu-
ents present in TC leaves such as flavonoids, alkaloids,
poly phenols are responsible for the reduction of Ag+ ions
into AgNPs. A similar observation was also made by earlier
researchers [33, 35]. Syringin, a constituent in Glycosides,
present in leaf extract of TC contains two hydroxyl func-
tional groups. These two hydroxyl functional groups were
involved in bio reduction of 2Ag™* ions into two silver metal
atoms leading to the formation of AgNPs. The involvement
of hydroxyl functional groups for reduction of two Ag* in
to two Ag® was reported in literature by earlier workers
also [36].

3.4 XRD analysis

To verify the crystallinity of generated AgNPs in NCCFs,
XRD studies were carried. The recorded diffractograms of
NCCFs and matrix for comparison are shown in Fig. 5a. The
matrix and NCCFs exhibited similar energy peaks (Fig. 5a).
However, the diffractograms of NCCFs showed more inten-
sity than matrix due to the formation of AgNPs. Matrix
and AgNPs in NCCFs both resulted peaks at 26 =15.1°,
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Fig. 5 XRD studies of NCCFs (1, 3 and 5 mM) and matrix (a); and expanded XRD of NCCF (5 mM) (b)

17.2°,22.7° and 34.6°, corresponding to reflections from
(1-10), (101), (002) and (040) planes respectively indicat-
ing their cellulose-I structure [37]. To observe the peaks

corresponding to

the generated silver based nanoparti-

cles, the diffractogram of NCCF (5 mM) was expanded in
20=25°to 80° range, as shown in Fig. 5b. The observed
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peaks at 20 =30.6° and 41.2° with the corresponding miller
indices (111) and (200) are related to Ag,0 nanoparticles.
The other energy peaks at 26=38.7° (111), 46.3° (200),
63.2° (220) and 75.8° (311) belong to AgNPs. Amara et al.
[38] and Jayaseelan et al. [39] noticed similar type of peaks
in the synthesis of silver based nanoparticles on NCCFs.
The XRD studies revealed that both Ag,0 nanoparticles
and AgNPs were generated on NCCFs which were crystal-
line in nature with face centered cubic (FCC) lattice struc-
ture. The results from XRD studies were in accordance with
SEM analysis.

3.5 TG-DTG and DSC analysis

Bio synthesized NCCFs with in situ generated silver based
nanoparticles were tested for their thermal stability using
TG and DTG analysis. As an example, the primary ther-
mograms of NCCFs using 1 mM, 3 mM and 5 mM source
solutions and the matrix are presented in Fig. 6a. The
corresponding derivative thermograms are depicted in
Fig. 6b. From Fig. 6a, b, it is evident that both the NCCFs
and matrix showed thermal degradation in two stages.
The initial phase of thermal deterioration was noticed
between 42 and 184 °C. This stage of degradation may be
due to evaporation of volatile compounds and moisture
present in NCCFs and matrix. The second phase of ther-
mal degradation was noticed in the temperature range
of 272 to 399 °C and 296 to 423 °C for NCCFs and matrix,
respectively. From Fig. 63, b, it is perceived that the gener-
ated AgNPs in NCCFs slightly lowered their thermal stabil-
ity than the matrix, owing to catalytic activity of AQNPs. A
similar observation was also made by earlier researchers
[40]. However, NCCFs were still stable up to 399 °C, which is
far above the usage and washing temperatures. For further
confirmation, DSC studies were also conducted and the
obtained DSC thermograms are presented in Fig. 6¢. The
DSC thermograms also revealed that the degradation of
NCCFs was lower than that of matrix.

3.6 Mechanical properties

Polymer nanocomposites have drawn more attention by
various researchers due to their light weight, low cost and
high strength to weight ratio [41, 42]. In order to study
the effect of the generated silver based nanoparticles
on the mechanical properties of the NCCFs, the tensile
parameters such as maximum tensile stress, Young's
modulus and % elongation at break were determined
using UTM. The stress-strain curves of the white cloth,
matrix and the NCCFs using 1T mM (minimum) and 5 mM
(maximum) source solutions are presented in Fig. 7. The
corresponding computed maximum tensile stress, Young
Modulus, % Elongation at break and the maximum load
are presented in Table 1. From Table 1, it can be observed
that the NCCFs possessed higher tensile stress, modulus
and maximum load while the % elongation was lower
when compared to those of both the white cloth and the
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Table 1 Tensile parameters of white cloth, matrix and NCCFs with
generated AgNPs using T mM and 5 mM source solutions

Type of cloth Tensile  Tensile Young's Maximum load
strain stress modulus (N)
(%) (MPa) (MPa)

White cloth  0.27 8.52 190.85 59.07

Matrix 0.23 16.65 189.11 91.56

1T mM 0.22 22.59 214.35 129.84

5mM 0.19 27.22 269.90 176.92

matrix. For NCCF prepared using 1 mM source solution, the
maximum tensile stress and %elongation at break were
found to be 22.6 MPa and 0.22 respectively at a maximum
load of 128.9 N. These values for white cloth (maximum
stress of 8.5 MPa and %elongation at break of 0.27 for a
maximum load of 59 N) and matrix (maximum stress of
16.7 MPa and %elongation at break of 0.23 for a maximum
load of 91.6 N) were found to be lower than those of the
NCCFs. In the case of the NCCF made using 5 mM source
solution, the maximum stress and the % elongation at
break were found to be 27.2 MPa and 0.19 respectively at
a maximum load of 176.9 N. Further, the Young's modulus
for the NCCF using 5 mM source solution was found to be
269.9 MPa. These observations indicate that the generated
silver based nanoparticles enhanced the tensile stress and
modulus of the NCCFs.

3.7 Antibacterial activity of NCCFs

It is already established and well known that silver metal
annihilates the disease causing pathogenic bacteria [43,

44]. In order to examine whether the prepared NCCFs
also exhibit antibacterial activity or not, the antibacterial
test by disc method was carried out against Staphylococ-
cus aureus (S. aureus) (G™¢) and Pseudomonas aeruginosa
(P. aeruginosa) pathogenic (G™°) bacteria. The zones of
inhibition for NCCFs against both G*'¢ and G™*¢ bacteria
were photographed and are presented in Fig. 8a, b respec-
tively. For comparison, the test was also carried for white
cellulose fabric and the matrix. The diameters of inhibi-
tion zones were measured and the values are presented
in Table 2. From Table 2 and from Fig. 8, it can be deduced
that the generated AgNPs on NCCFs exhibited good anti-
bacterial activity and are comparable with that reported in
some other cases by earlier researchers [31, 38]. Hence, the
antibacterial NCCFs can be considered for making band-
age cloth for wound cleaning and dressing and also for
surgical aprons and bed materials for hospitals, napkins
etc. A possible general mechanism of killing of pathogenic

Table 2 Killing Zone of inhibition exhibited by NCCFs, white cloth
and matrix against both bacteria

Sample type with label Diameter of clear zone (mm)

P. aeruginosa S. aureus
White cloth (1) 0 0
Matrix (2) 0 0
1 mM (3) 15 14
2mM (4) 16 16
3mM (5) 16 18
4 mM (6) 18 20
5mM (7) 18 21

Fig. 8 Zones of inhibition of NCCFs along with matrix and white cotton fabric
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Fig. 9 Action mechanism of
AgNPs on pathogenic bacteria

AgNPs binding
on cell wall

I

bacteria is presented in Fig. 9. From Fig. 9, it can be inferred
that the AgNPs can be adhered to cell wall of bacteria. The
respiratory enzymes in bacterial cells are in contact with
silver based nanoparticles and inhibit several functions in
the cell and damage the cells [45]. As a result, there will be
generation of reactive oxygen species, which are produced
possibly through the inhibition of a respiratory enzyme by
silver ions and attack the cell itself. AgNPs may bind on soft
base P and S in the DNA molecule of bacteria.

4 Conclusions

A simple, low cost and environmentally benign bio reduc-
tion technique was involved in the present work for the
generation of AgNPs in NCCFs, using aqueous TC plant leaf
extract as a reducing agent. The generation of AgNPs on
NCCFs was confirmed by SEM analysis and the nanoparti-
cles were found to be globular in shape with a mean size
of 90 nm. EDX analysis confirmed the presence of Ag metal
by the presence of an energy peak at 3 keV. The generated
AgNPs were with face centered cubic (FCC) lattice struc-
ture as confirmed by XRD analysis. TG-DTG analysis and
DSC studies revealed slightly lower thermal stability for
NCCFs when compared to both the white cloth and the
matrix due to the catalytic activity of the generated AgNPs.
Further, the prepared NCCFs had higher tensile and anti-
bacterial properties than the matrix. Hence, these NCCFs
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can be utilized for making packing materials and in medi-
cine as surgical aprons, bed materials, napkins etc.
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