Research Article

A facile synthesis of implantation of silver nanoparticles S N
on oxygen-functionalized multi-walled carbon nanotubes: structural
and antibacterial activity

Pavani Tambur' - D. Bhagawan' - B. Siva Kumari® - Ramamohan Reddy Kasa?

Received: 29 January 2020 / Accepted: 18 April 2020 / Published online: 28 April 2020
© Springer Nature Switzerland AG 2020

Abstract

Silver nanoparticles imply as a promising competitor for enhancement of future antibacterial treatments due to its wide
range of activity. The present study reports the implantation of Oxygen-functionalized Multi-Walled Carbon Nanotubes
(O-MWCNTSs) onto Silver nanoparticles in their pure phase are warily and homogenously implanted via facile approach by
means of silver nitrate as precursor material. X-ray Diffraction was performed to detect crystalline size; differentiation of
bands for P-MWCNTs, O-MWCNTs and Ag-MWCNTs was detected by Fourier Transform Infrared Spectroscopy; the exact
shift was clearly depicted using Raman Spectroscopy; weight loss percentage through Thermogravimetric Analysis;
potential values by Zeta Potential; Size, morphology and elemental analysis using Transmission Electron Microscopy
and FE-SEM with EDX respectively. The antibacterial studies of AQ-MWCNTs were performed for four bacterial strains
i.e., Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa through disc diffusion method.
As the concentration of Ag-MWCNTSs was high, the zone of inhibition is high especially in Gram+ve bacteria signifying
as a good anti-bacterial agent.
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1 Introduction

Multi walled carbon nanotubes (MWCNTSs) comprise an
encouraging application in almost all aspects of Nano-
technology [1]. In contrast to other material forms of car-
bon-diamond and graphite, carbon nanotubes (CNTs)
are one dimensional and support to function specifically
in preparing metal, metal oxide CNT composites [2, 3]. In
recent times, silver nanoparticles decorated on MWCNTs as
composite material has attracted significant interest with
abundant array of latent applications in the field of solar
power alteration and photo catalysis [4, 5]. It is well known
that the binding of metal nanoparticles on to the surface
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of CNTs (CNTs-Metals) is very poor [6]. It has been reported
[7] by the inclusion of defects and functional groups on
CNTs, the surface reactivity can be increased. Therefore,
functional groups like carboxyl (~COOH), carbonyl (-C=0)
and hydroxyl (—OH) are created by treating CNTs with
strong acids [8] that would enhance their properties. Acid
treatment leads to interfacial bonding between the metal
atoms, defective and oxidized CNTs to make certain tre-
mendous mechanical performances for the CNT-reinforced
metal-matrix composites.

The significance of bactericidal nanomaterials is due
to the amplified resistant strains of bacteria against most
potent antibiotics and has promoted the research in the
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antibacterial properties of nanoparticles. In the present
paper, the synthesis of Ag nanoparticles decorated MWC-
NTs (Ag-MWCNTs) by reduction process and characterized
by various characterization techniques is reported. Anti-
bacterial activities against two Gram negative bacteria and
two Gram-positive bacteria have been studied. A similar
antimicrobial activity study using various other nanopar-
ticles is reported in literature [9].

Bacillus subtilis is a rod shaped Gram-positive micro-
organism, catalase-positive bacterium also recognized
as Vibrio subtilis, hay or grass bacillus. It is considered as
model organism for laboratory analysis. Staphylococcus
aureus is a round shaped Gram-positive bacterium origi-
nates majorly inside upper respiratory tract and on skin.
Escherichia coli are rod-shaped, coliform Gram-negative
bacteria. Analogous to B. subtilis, E. coli is considered as
model organism in microbiology studies. Pseudomonas
aeruginosa is a rod-shaped Gram-negative bacterium. It
has special importance in medical field as multidrug resist-
ant pathogen.

2 Experimental methods
2.1 Acid treatment of MWCNTSs

Surface treatment of pristine (P-MWCNTs) with a combina-
tion of concentrated H,SO, and HNO; in a molar ratio of
3:1 were result in generate Oxygen functionalities. Under
invariable stirring at 50 °C for 8 h, 75 ml of H,SO, (97%) and
25 ml of concentrated HNO3 (65%) were carefully varied
together and added to 1 g of (P-MWCNTs) and was heated
in a round bottom flask. Equal quantity of deionized water
was added and then filtered after cooling to room tem-
perature. The residue was filtered and freeze-dried until
neutral pH was attained and washed several times with
deionised water. [10, 11] Oxidized Multi Walled Carbon
Nanotubes will be henceforth termed as O-MWCNTs.

2.2 Decoration of silver nanoparticles
on O-MWCNTs

50 ml ethanol and 77.2 mg of silver nitrate (15 wt % of
Ag) was suspended in 30 ml of ethanol independently and
then 100 mg of O-MWCNTs was dispersed and sonicated
for 30 min before blending both the solutions. At this point
a nitrogen stream of 50 ml min~! was raised through the
slurry to cleanse broke down oxygen and to accomplish a
dormant response climate. The bunch reactor was illumi-
nated for 4 h utilizing a LuzChem photoreactor furnished
with 14 low pressure mercury lights (8 W, A,,,=360 nm).
After the light time, the acquired material was washed
with ethanol, isolated by centrifugation and it was dried
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Fig. 1 XRD patterns of P-MWCNTs, O-MWCNTs, Ag-MWCNTs

at 50 °Cin a show stove. After centrifugation, the centrifu-
gate was washed with deionized water and dried at 200 °C
under the progression of nitrogen at a pace of 300 ul per
min for 2 h.

2.3 Disc diffusion method

Kirby-Bauer Disc diffusion technique was employed to
analyse the antimicrobial activity of Ag-MWCNTs. Materi-
als used for antibacterial activity of Ag-MWCNTs include
Nutrient broth 1.3 g, Agar-agar 1.5 g, petriplates, cot-
ton swabs, B. subtilis (ATCC 6633), S. aureus (ATCC 25923),
E. coli(ATCC 25922)and P. aeruginosa (ATCC 27853).

In four conical flasks, nutrient broth (1.3 g in 100 ml
D/W) was arranged and sterilized. In two conical flasks,
clinically isolated strain of B. subtilis and S. aureus were
inoculated respectively and in the other two conical flasks
clinically isolated strain of E. coli and P. aeruginosa were
added. The bacterial culture inoculated nutrient broth was
kept on rotary shaker for 24 h at 100 r.p.m. On the entire
surface of the plates, four pathogenic strains B. subtilis,
S. aureus, E. coli and P. aeruginosa were taken and spread
evenly. The plates were allowed to dry completely and
then sample was applied. 500 pl of nutrient broth culture
of each bacterial organism was added to 100 ml solution of
various concentrations of Ag-MWCNTs ranging from 50 to
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200 mg/pl. All the test plates were wrapped with parafilm
tape and kept in incubator for 24 h at 37 °C[12].

3 Results and discussions
3.1 XRD

Using X-ray diffraction (XRD) the structure furthermore
dimensions of MWCNTs were studied and shown in the
Fig. 1. The two diffraction peaks at 26=26° and 43° corre-
spond to hkl reflections (002) and (100) for Pristine-MWC-
NTs and O-MWCNTs signifying that MWCNTs were intact
still after acid treatment [13]. The ardent examination in
XRD figure represents the modification of MWCNTs as the
graph was smooth and the shift of the peaks was very
small in O-MWCNTs. By the reduction of Ag ions in etha-
nol, silver nanoparticles were successively impregnated on
the functional groups of the MWCNTSs [14]. The (002) plane
with diffraction peak could be related to MWCNT and the
other peaks detected at 26=37.80°, 44.3°, 64.46°, and
77.36° correlate to the (111), (200), (220), and (311) planes
respectively that was matching with #04-0783 JCPDS Card,
indicating the regular peaks for silver with face-centered
structure [15]. Debye—scherrer equation was used to deter-
mine the crystalline size of the particles [16] Ag-MWCNTs
have crystalline size of 30 nm.
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Fig.2 FT-IR spectra of P-MWCNTs, O-MWCNTs, Ag-MWCNTs
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where A is X-ray wavelength (1.54 A), B is the full width at
half maximum (FWHM) of the diffraction peak and 6 is the
Bragg’s diffraction angle respectively.

The cumulative dislocation density was indicated at
1.1x10'® Lines/m?. Crystalline size is important parameter
to calculate Dislocation density (§).

1

5:§

()

Micro strain was calculated by the subsequent formula
given below. Due to the lattice misfit, micro strain arises
and varies on the deposition conditions as a regulating
factor. The collective micro strain was 1.29x 107> Lines™%/

m*.

(fcos0)
e= 27

2 3)

3.2 Fourier transform-infrared spectroscopy (FT-IR)
analysis

Fourier transformed infrared spectroscopy spectrum
was plotted against transmittance versus wave number
(cm™") with a range about 500-4000 cm™' for P-MWC-
NTs, O-MWCNTs and Ag-MWCNTs as indicated in Fig. 2.
P-MWCNTs, O-MWCNTs and Ag-MWCNTs with abroad
peak at 3423.43 cm™, 3443.78 cm~'and 3442.87 cm™'are
attributed to the OH stretching mode for all the three
samples respectively [17]. Due to oxidation on MWCNTSs
surface, Carbonyl group at 1695.38 cm™'and 1695.98 cm™
were observed. For O-MWCNTs the C=C stretching band
assigned at 1602.06 cm™'and methylene group (CH,)
stretching bands at 2885.63 cm™'. COOH group was
observed at 1720.56 cm™'. Ag-C stretching mode was
observed at 609.49 cm™" [18].
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Fig. 3 Raman spectroscopy of O-MWCNTs and Ag-MWCNTs
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Fig.4 TGA curves of O-MWCNTs and Ag-MWCNTs

3.3 Raman spectroscopy

As shown in Fig. 3 Raman spectroscopy is an effective tool
to characterize any material in general and doped materi-
als. For O-MWCNTs and Ag-MWCNTs Raman Spectra range
from the wave number 600-3000 cm™'. Due to carbon-car-
bon bond stretching in the graphite plane and defects/
impurities in the MWCNTs peaks of O-MWCNTs for D’band
at 1350 cm~'and G'band at 1576 cm™' was observed. For
Ag-MWCNTs, D’band is shifted to 1352 cm™' and G-band
is shifted to 1578 cm™' representing the change in-
plane lattice constant and a weakening of either Ag-C
or C-C in plane bond strengths relative to that of a C-C
bond. A second order G’ band was evident at 2750 cm™
and 2751 cm™' for both O-MWCNTs and Ag-MWCNTSs

respectively. The G’ peak for Ag-MWCNT shifted to a higher
wave number 2751 cm™' because of charge shift interface
among the Ag nanoparticles and MWCNTs. Intensity ratio
values of D’ and G’ bands for O-MWCNTs and Ag-MWCNTs
were 0.24 and 0.39 respectively, speculating raise in the
degree of disorder of the MWCNT walls following the inclu-
sion of Silver nanoparticles [19].

3.4 Thermogravimetric analysis

Temperature (°C) versus Weight loss (%) graph was drawn
to represent thermogravimetric analysis Fig. 4. At 800 °C,
O-MWCNTs weight was 89.4%, and due to disintegration
of —-OH groups and —-COOH groups, 10.6% weight loss was
observed. The weight of Ag-MWCNTSs remained 79.20% at
800 °C and 20.8% weight loss.

3.5 Zeta potential

Particle Size Analyzer was used to know zeta potential of
Ag-MWCNTs. These silver-MWCNTs are diffused in etha-
nol and tested. The results were shown in the Figs. 5, 6
and 7 i.e., P-MWCNTs, O-MWCNTs and Ag-MWCNTs. Zeta
potential of O-MWCNTs in ethanol decreased from —8.8 to
—18.2 mV after the acid treatment. Due to acid treatment
negatively charged groups are introduced on MWCNTs
[20]. By decoration of silver on MWCNTSs, the zeta potential
of composite become more positive than non-functional-
ised MWCNTs and O-MWCNTs. It could be understood that
negative charge on MWCNTs is reduced by the deposition
of metal and metal oxides [21, 22].
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Measurement Results

Date . 09, 2019
Measurement Type : Zeta Potential
Sample Name : PP-2
Temperature of the Holder : 25.0°C
Dispersion Medium Viscosity : 0.890 mPa-s
Conductivity : 0.170 mS/cm
Electrode Voltage 133V

Calculation Results

Peak No. | Zeta Potential | Electrophoretic Mobility
1 -18.2 mV -0.000129 cm2/Vs
2 —mV —cm2/Vs
3 —mV — cm2iVs

: -18.2 mvV
: -0.000129 cmi/Vs

Zeta Potential (Mean)
Electrophoretic Mobility Mean

Fig.5 Zeta potential of P-MWCNTs
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Date : 09, 2019
Measurement Type : Zeta Potential
Sample Name : PP-3
Temperature of the Holder 2.25:2:5C
Dispersion Medium Viscosity : 0.892 mPa-s
Conductivity : 0.130 mSicm
Electrode Voltage 134V

Calculation Results
Peak No. | Zeta Potential | Electrophoretic Mobility
1 -16.1 mV -0.000119 cm2/Vs
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2 —mV — cm2/Vs
Zeta Potential (Mean) : -16.1 mV
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Fig.6 Zeta potential of O-MWCNTs
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Fig.7 Zeta potential of Ag-MWCNTs

3.6 Transmission electron microscope (TEM)

Figure 8 represents the morphology of the Silver -treated
MWCNTs by TEM. Silver nanocrystals are in irregular shapes
and dispersed on MWCNTSs surface. At 100 nm magnifi-
cation, the TEM result ranges between 20 and 60 nm for
silver containing nanoparticles. Due to capillary action of
small particles, they are well distributed all over the sur-
face collectively and formed a slightly large mass with
compact shape and conglomerated [23]. During the acid
treatment, MWCNTs might have broken but importantly
functional groups were added on MWCNTs.
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3.7 Field emission scanning electron microscope
(FESEM) with energy dispersive X-ray
spectrometer (EDX)

The synthesized Ag-MWCNTs micrograph Fig. 9a, b indi-
cate the presence of spiral, thread shape cubic and few
irregular granulated compact agglomerates. EDX report
Fig. 9¢, d signify the chemical composition/contaminants
present in the synthesized sample; indicating carbon,
silver and elemental oxygen peaks with the elemental
composition weight % of 75.4 Carbon, 23.9% Silver, 0.7%
Oxygen.
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3.8 Antibacterial activity

Inhibition zones confirmed antibacterial activity of Ag-
MWCNTs. The present study was focussed on CNTs and its
composites for antibacterial activity. There were studies
indicating that electrical properties were associated with
antibacterial activity [24]. Silver nanoparticles decorated
on MWCNTs were tested for antibacterial activity against
Gram-Positive B. subtilis and S. aureus and E. coli and P. aer-
uginosa Gram-Negative bacteria. At 37 °C for 24 h, the B.
subtilis, S. aureus, E. coli and P. aeruginosa incubated after
treating with Ag-MWCNTSs concentrations ranging from 50
to 200 pl at 50 pl interval exposed Fig. 10a, b, c and d. It
was observed that gram positive bacteria were effective
as gram negative bacteria as zone of inhibition was high
in former one. The zone of inhibition values were indi-
cated in Table 1 B. subtilis and S. aureus are Gram positive
bacteria and have a thick cell wall containing numerous
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mucopeptides, murein and lipoteichoic acids. The outer
membrane walls of bacteria might be damaged by the
reactive radicals like 0>~, —-OH and H,0, [25, 26]. It is also
known that when MWCNTs are in direct contact with
cell, they could damage the Cellular membrane’s integ-
rity, surface and metabolic activity of B. subtilis, S. aureus,
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E. coli and P. aeruginosa. Thus, MWCNTs damage the cell
membrane and oxidative states endure the stress [27].
Figure 3e signifies the antibacterial results. Related results
were observed for Fe;0, and copper nanoparticles on the
antibacterial activity of 4 bacterial strains [28].
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Table 1 Representation of inhibition zone (cm)

S.no. Ag-MWCNTs
concentra-

Test organisms inhibition zone in (cm)

tion B.subtilis  S.aureus  E. coli P. aer-
Gram+ve Gram+ve Gram— uginosa
ve Gram-ve

1 Control 0 0 0 0

2 50 mg/pl 04 03 0.2 0.2
3 100 mg/pl 0.7 0.5 0.4 0.3
4 150 mg/ul 1.0 0.8 0.7 0.6
5 200 mg/ul 1.2 1.18 0.9 1.0

4 Conclusions

The silver nanoparticles are decorated successfully on
functionalised MWCNTs. In the present study it was indi-
cated from XRD, Raman Spectroscopy and TEM results
that functionalised MWCNTs could be a good support
for silver nanoparticles. The size, dislocation density and
micro stains of the silver nanoparticles are evaluated. The
dislocation density was 1.1 x 10'® Lines/m?. Similarly, the
micro strain was 1.29x 1073 Lines2/m*. Raman spectros-
copy revealed that MWCNTs were not distorted and silver
nanoparticles were successfully decorated. The Zone of
inhibition confirmed the antibacterial activity of Ag-MWC-
NTs. It was concluded that Ag-MWCNTs are very effective
antibacterial agent.
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