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ORIGINAL PAPER: SOL-GEL AND HYBRID MATERIALS FOR CATALYTIC,
PHOTOELECTROCHEMICAL AND SENSOR APPLICATIONS
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Abstract
Silver nanoparticles decorated on nanotubes morphology of Bismuth doped manganese oxide (Bi-MnOx) was prepared by Triton-
X-100 polymer assisted precipitation process. In the second step, Ag nanoparticle with very fine particle size and graphene
nanoparticle deposition by high power ultra-sonication method. Biogenic route synthesized silver nanoparticles have forms the
spherical particle morphology with particle size obtained <10 nm. Polymer assisted method prepared pristine Bi-MnOx has
existing in Nano- tubular morphology. The nanotube formation/nano particle incorporation has clearly confirmed by Scanning and
Transmision electron microgph images. The synthesized silver nanoparticle modified Bi-MnOx composite was further tested for
non-enzymatic detection of hydrogen peroxide sensor application. To exploit the biological activity of as prepared Bi-MnOx and
biogenic route prepared silver quantum dot (QDs) particle and graphene oxide (GO) modified Bi-MnOx nanocomposite was
further studied for gram positive and gram-negative bacterial strain. The nanoparticle dispersed Bi-MnOx could be adopted as low
cost coating materials in health care smart building construction. Diffuse reflectance spectral studies are described for as prepared
Ag QDs/GO doped Bi-MnOx is shown reduced band gap values (2.93 eV) than the pristine Bi-MnOx (3.17 eV) and it could be
adopted for visible light photo-catalysis and antimicrobial applications.
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Highlights
● Silver nanoparticles with quantum dot particles are produced by the biogenic route.
● Ag QDs incorporated on Bi- MnOx nanotubes show effective porous texture.
● Ag QD and GO are inserted into the tubular morphology of Bi-MnOx.
● Ag@Bi-MnOx and Bi-MnOx show effective antibacterial activity.
● Ag@Bi-MnOx and Ag-Bi-MnOx/GO show promising sensor activity.

1 Introduction

Nanostructures of porous manganese oxide based compo-
site material have studied in the past decades for catalytic
and electrochemical applications such as non-enzymatic
sensors, cathode materials in battery application and in
supercapcitor device fabrication [1–6]. Different types of
metal ion doped porous manganese oxide and silver nano-
particle modified manganese oxide material have also been
exploited in the field of catalytic oxidation reactions,
removal of heavy metal ions and antibacterial activity
application [7–11]. In recent years, many preparation stra-
tegies have exploited to synthesis porous and mesoporous
manganese oxide and nanoparticle incorporated manganese
oxide for water oxidation toward renewable energy appli-
cation and super capacitor application [12–15]. Manganese
oxides (MnOx) or MnO2 has been extensively investigated
due to variety of crystallographic forms (α, β, γ, and δ), low
cost, and high theoretical Cs (1370 F g−1) [3, 16, 17]. In
spite of being a very good pseudo capacitive material,
commercial application of manganese oxide (MnO2) is
limited due to its low electrical conductivity, structural
instability and low rate capability [3, 14]. Therefore, to
fabricate a composite form of with metal ion modified
manganese oxide could be more potential candidate to
overcome the disadvantages of bulk MnO2. In this regard, a
composite with graphene oxide, carbon nanotube (CNT)
varieties such as single wall and multi wall (MWCNT) type
carbon nanomaterial is preferred to disperse into pseudo
capacitive manganese oxide, could provide good con-
ductivity and entangled hybrid micro and mesoporous
structure for manganese oxide based composite materials
[18–20]. Insitu doping of metal ion into the manganese
oxide octahedral structure results in the formation improved
average oxidation state and provide efficient redox property
[18]. Bismuth oxide supported manganese oxide catalyst
preparation for nitrous oxide from ammonia was reported
by Ivanova et al. [21]. They prepared Mn–Bi–O-supported
catalysts using incipient wetness impregnation for the cat-
alytic production of nitrous oxide using different weight
percentage loading of Bi2O3 on MnOx matrix. The con-
version of methane to fuels is a important catalytic

technological challange and Baidikova et al. [22] reported
bismuth-manganese oxide catalysts for methane oxidative
coupling. The oxides of group II and oxides of rare earth
metal combination promoted with alkali metal are most
intensively studied catalytic materials in the past [21, 22].
Apart from catalytic study, Bismuth oxide coated amor-
phous manganese oxide materials have also recently
reported for electrochemical super-capacitor application.
The bismuth containing compounds have used as the
additives for the metal ion modified layered MnO2 elec-
trodes in the rechargeable batteries, as the doping of
bismuth to MnO2 could increase its charge-discharge
characteristics and improve the cycle-stability [23]. The
results are showing that 5 wt.% Bi2O3 is coated on the
amorphous MnO2 provide the specific capacitance value
of 352.8 F/g [24]. In another related study, redox medi-
ated synthesis of hierarchical Bi2O3/MnO2 fabricated for
development of non-enzymatic hydrogen peroxide elec-
trochemical sensor study [25]. Mamatha et al. reported
bismuth modified strontium containing perovskite mate-
rials for electromagnetic applications [26]. It is interesting
to note that the Bismuth doping creates the large magneto
caloric effect for the resultant perovskite compounds. In
terms of chemical property, Bi3+ is highly polarized in
certain Bi-O bond direction and it can increase the aver-
age oxidation state of manganese exist in the porous
octahedral tunnel structures [27]. Jothi Ramalingam et al.,
reported silver nanoparticle modified undoped mesopor-
ous texture of manganese oxide for enhanced antibacterial
and anti-cancer activity for health care applications [28].
The sonochemical assisted deposition method has not
been employed in the formation of Ag QDs/GO incor-
poration on porous Bismuth-doped MnOx nanotube fab-
rication. Therefore, in the present study, silver and
graphene oxide nanoparticles have incorporated by
ultrasonication method into the nanotube structure of Bi-
MnOx. The as-prepared materials have studied com-
paratively, with respect to their activity for hydrogen
peroxide sensor and antibacterial activity. Finally, the
physicochemical, surface textural and morphological
properties of the as-prepared nanocomposites materials
have also demonstrated.
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2 Materials and methods

2.1 Materials

Silver nitrate (AgNO3) manganese sulfate (MnSO4),
bismuth nitrate (Bi(NO3)3), non-ionic surfactant (Triton
X-100), potassium persulfate (K2S2O8), ammonia and all
other chemicals have purchased from Sigma Aldrich and
used without further purification. The detailed char-
acterization study of the prepared composite materials
were carry out by X-ray diffraction, scanning electron
microscopy transmission electron microscope, and
N2-sorption isotherms analysis. The ultra-sonication is
carry out by Sonicator (Branson Digital Sonifier-400) for
the deposition process. Diffuse reflectance spectra (DRS)
and band gap energy calculation were demonstrated
by kubelka-munk method using Shimadzu UV-2600
spectrophotometer.

2.2 Synthesis of Bi-MnOx and silver nanoparticle/
graphene oxide deposition composites

The Bi-MnOx is prepared by precipitation procedure by
taking a 2:1 ratio of manganese sulfate to bismuth nitrate
substance and both mixed in water and stirred con-
tinuously to dissolve inorganic salts (1). Similarly, in
another beaker, the required quantity (mL) of Trixton-100
was mixed with 500 ml of water (2). The sodium per-
sulphate (45 g in 50 mL), was added dropwise to the
above-mixed solution and then added 80 mL of aqueous
ammonia solution. The above-mixed solution was con-
tinued to stir at least 12–13 h followed by filtration and
dry the brown solid at 110 °C to remove the volatile
matters. The resultant solid was calcined at 400 °C for 3 h
to form mesoporous Bi-MnOx. The above route prepared
1 g quantity of Bi-MnOx is dried and calcined at 400 °C
for 3 h, after the complete removal of the surfactant. Plant
extract (extract of Alternanthera Bettzickiana) route
prepared biogenic Ag QD (10 mg) Nanoparticles is dis-
persed by wet impregnation technique on porous Bi-
MnOx. The detailed preparation of silver nanoparticle
was descripted by our previous report [28]. The required
quantity of solid Bi-MnOx is mixed with deionized water
followed by 15 min of ultra-sonication. For the prepara-
tion of Ag@GO-Bi-MnOx composite, 1 g of Bi-MnOx
mixed with 200 miligrams of commercial graphene oxide
followed by ultra-sonicated for 15 min. In the second
step, addition of 10 mg Silver QD nanoparticles on GO-
Bi-MnOx for dispersion process to fabricate Ag@GO-Bi-
MnOx. The material prepared by the above method is
designated as 1wt %Ag-BiMnOx and 1wt %Ag-GO-
BiMnOx.

2.3 Electrochemical characterization study

The required qunatity (5 µL) of silver/GO nanoparticle
deposited Bi-MnOx dropped on glassy carbon electrode
followed by dried in air. In the next step is to add the 2 µL
quantity of nafion solutions on top of modifed GCE elec-
trode to fabricate modified electrodes. The similar way
Graphene oxide mixed with Bi-MnOx followed by ultra-
sonicated for 5 min. The as-prepared GO-Bi-MnOx further
deposited with Silver nanoparticle in the ultra-sonicated
process to form the paste. The paste is dropped on cleaned
Glassy carbon electrode (GCE). The as-prepared modified
electrodes were immersed in water to wet the nafion layer
before usage.

The cyclic voltammetry studies of the as-prepared sam-
ple coated on GCE were investigated in phosphate buffer
solution (PBS) at pH 7 for H2O2 sensor analysis. The
reference electrode, a saturated calomel electrode (SCE),
and a counter electrode (platinum foil) were used to study
the electrochemical activity.

2.4 Band gap determination from diffuse reflectance
spectra analysis

To calculate band gap from DRS data, hv is Energy F(r)hv
is kubelka munk function times energy. The standard
equation is (F(r)hv)1/n=A(Eg-hv). The plot hν on x-axis
and F(r)(hν)2 on y axis could provide the information about
band gap values of the respective sample.

2.5 Determination of antibacterial activity

Agar well diffusion method has used to determine the
antibacterial activity. Mueller-Hinton agar plates were pre-
pared and bacterial strain cultures by spread plate method
using a sterile swab. In each plate, seven wells have made
using a sterile borer. To well number 1 and 2, 100 μL of
plant crude extract and 50 μL (50 μg) of AgSO4 solution has
added. Various concentrations of green synthesized AgNPs,
were added into other wells. After incubation at 35 °C for
1 day, the diameter of the inhibitory zones around the wells
in each plate has measured in millimeters.

3 Results and discussion

3.1 Physico-chemical characterization of AgNPs
modified Bi-MnOX composites

Figure 1 shows the schematic formation of undoped Bi-
MnOx and silver QD size of nanoparticle and graphene
oxide incorporation by the sono-chemical process for the
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formation of Ag@BiMnOx and Ag-GO@Bi-MnOx nano-
tube composite formations. The QDs of individual silver
nanoparticle prepared by biological reduction method was
determined by XRD, particle size, TEM analysis [29, 30].
The nanoparticle formation is first confirmed by the XRD
method before it deposits into the BiMnOX nanotube
composite.

Figure 2 shows the X-ray diffraction pattern of Ag@Bi-
MnOx and pristine Bi-MnOx, the crystalline phase forma-
tion is determined by comparing the JCPDS data of tunnel
structured manganese oxide phases and respective bismuth
oxide phases [31]. The d-space values and intense peaks
obtained for the pristine B-MnOx and silver and graphene
oxide modified nanotube composite matched very well with

α-MnO2 phase (JCPDS 42–1348), which is porous tunnel
structure manganese oxide inter-connected with MnO6

octahedrons. The major intense peak related with Bi2O3 are
matched with the JCPDS card number-01-076-1730 [32]. In
the present method, Bismuth ions are incorporated insitu to
the framework of MnO6 octahedran and it substitute in the
framework position as well as internal porous structure of
manganese oxide [23, 33]. There is no much difference
observed in the XRD patterns of silver and GO modified Bi-
MnOx composite due to its lower loading in Bismuth doped
manganese oxide phase. At the same time, bismuth and
carbon from graphene oxide content is confirmed by TEM-
EDX analysis, which is discussed in detail in the below
sections.

Figure 3 (a–b) shows the UV-Vis specta and XRD of
AgNPs synthesized by the plant extract are good crystalline
in nature. First the formation of silver nanoparticle from
plant extract is confirmed by UV-Vis analysis, which is
shown in Fig. 3a. The respective absorption spectra at 430
nm confirms the formation silver nanoparticles. The particle
size of silver NPs was calculated using Debye-Scherer’s
equation {D= 0.9λ/βcosθ} as well as by particle size ana-
lyzer. The crystallite size of AgNPs was calculated using
the above formula by utilizing the most intense peak hkl
value of (111) in Fig. 3b. The nitrate source prepared from
silver nanoparticle is utilized to incorporate on Bi-MnOx
matrix. In the coming sections demonstrate the comparative
structural morphology and electro catalytic activity were
evaluated for silver and GO nanoparticles modified bismuth
doped porous manganese oxide (Bi-MnOx) nanocompo-
sites. The HR-TEM images are indicating that the occur-
rence of a very fine nanoparticle with QDs size is confirmed
in the comming sections. The spherical shaped nucleation of
the silver particle on top and inside of nanotubes of the

Fig. 1 Schematic of Low cost
method prepared Bi-MnOx
nanotube and silver quantum dot
and graphene oxide
incorporation by green
chemistry (sonolysis) method

Fig. 2 Comparative XRD of Bi-MnOx- Nanotube and Silver (Ag)
nanoparticle QD (Quantum dots) modified Bi-MnOx nanotubes. (and)
α-MnO2; Bi2O3
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individual tube morphology of bismuth doped manganese
oxide have obtained by HR-TEM analysis [23, 33].

Figure 4 shows the Nitrogen adsorption and desorption
nature of the non-ionic surfactant method prepared Bismuth
doped manganese oxide (Bi-MnOX) and Ag-Bi-MnOx
composite. The respective pore size value and surface
area of value are measured by reported method. The
obtained N2 sorption–desorption isotherm shapes are similar
to H2-type hysteresis and type-IV (Fig. 4), with low relative
pressure of 0.4–0.9 for the hysteresis loop, which is indi-
cating the presence of ink bottle pores with narrow necks
together with the thicker wall [34]. It contains both
hybrid pore structure (micro as well as mesoporous)
with an average pore volume and a total pore volume of
2 × 10−2 cc/g. The improved surface area value of (55 m2/g)
was obtained for Bi-MnOx. The similar Nitrogen adsorption
and desorption measurement observed for Ag nanoparticles
deposited composite with reduced pore volume after the
deposition of silver nanoparticles in the internal matrix of
Bi-MnOx. The inset of Fig. 4 shows the pore volume nature
of as prepared composites, and the total pore volume
of 8.9 × 10−3 cc/g and pores smaller than 15.7 A (radius) or
1.5 nm pore radiu was obtained (Fig. 4).

3.2 Structure and morphology characterization
study

Figure 5 (a–d) shows the comparison study of SEM images
of pristine Bi-MnOx and Ag (nano) incorporated Bi-MnOx
nanocomposite materials. The pristine Bi-MnOx is showing
spherical aggregated particle morphology with small needles
at 2 and 5 µm exist inside the spherical shapes (Figs. 5a, c).
In the case of silver doped Bi-MnOx shown in Fig. 6b, d
(at a magnification of 1 µm and 0.5 µm) Ag is mostly existed

as fine nanoparticle and this can be further confirmed with
the results of high-resolution Transmission electron micro-
scopy. The marked red lines in the picture represent the
nanorods with particle size measurement of the prepared
composite and it obtained particle size of 37 nm nanotubes
for Bi-MnOx and after dispersion of silver nanoparticle
provides the aggregated particle morphology with spherical
particle size of 60 nm.

Figure 6 (a, b) shows High Resolution(HR)-TEM images
of the pristine Bi-MnOx nanotube without silver or gra-
phene oxide dispersion at 20 nm scale by high-resolution
micrographs. HR- TEM analysis provides the fascinating
nanotube shape for the as prepared bismuth doped MnOx
materials with scale range of 20–100 nm size of nanotubes.
Figure 6c, d shows the impact of glassy morphology

Fig. 3 UV-Vis spectra of prepared Silver nanoparticle (a) Silver nitrate source (1) and Silver sulfate sources (2) (b) XRD patterns Ag nanoparticle
prepared by biogenic method using plant extract of Alternanthera Bettzickiana

Fig. 4 Nitrogen adsorption desorption and pore size distribution of
Bismuth doped MnOx and silver nanoparticle incorporated Bismuth
doped manganese oxide.
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Graphene oxide insertion into the tubler structure of Bi-
MnOx after the composite formation by ultrasoinic trat-
ment. In the present method, the ultra-sonication process

influence the reduced graphene oxide formation and exfo-
liated the nanotube morphology of Bi-MnOx. Figure 6c
shows the darkish dispersion of reduced graphene oxide on

Fig. 5 a and c SEM images of Bi-MnOx Nanotubes and (b & d) Ag doped Bi-MnOx nanotube composite

Fig. 6 TEM images of Porous Bi-MnOx nanotubes at various magnification (a–b) 20 nm scale; (c–d) Graphene oxide dispersed Bi-MnOx
nanotubes at 100 nm and 20 nm scale
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manganese oxide matrix. Figure 6d showing the high-
resolution image of graphene oxide incorporation inside the
tubular structure of Bi-MnOx.

Figure 7 (a, b) displayed the individual silver quantum
dot nanoparticles formation and particle aggregation shown
at 100 nm scale range. Very fine nanoparticle shown as
black dots in the in image are due to individual silver
quantum dots with size ranges obtained below 10 nm.
Figure 7(c, d) shows the elemental composition of
Bi-MnOx nanocomposite after modification with silver
and graphene oxide additives. The EDX data shown in
Fig. 7 (c, d) for GO modified Bi-MnOx and it has shown the
higher wt% loading of carbon with peaks obtained at

0.75 eV compared to Silver nanoparticle modified Bi-MnOx
composite. The EDX analysis further confirms the presence
of Bismuth and Manganese oxide formation at 1:2 wt%
ratio in the final form of composite.

Our Biogenic method prepared silver nanoparticle shows
very effective smaller nanoparticle size compared to other
reported method of biogenic silver nanoparticle [32–35].
The reduction in the size of the particle could be potential
for sensing activity towards trace level concentration
detection in the electrochemical analysis [34, 35]. Hence,
the as-prepared silver nanoparticle and Ag@graphene
oxide-Bi-MnOx decorated composite has further applied in
chemical sensor and antimicrobial applications.

Fig. 7 (a, b) TEM Images of biogenic method prepared silver nanoparticle Quantum dots. (c) EDX spectra of GO@Bi-MnOx nanotube and (d)
EDX spectra of modified Ag@ Bi-MnOx nanotube
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Figure 8(a, b) shows the TEM images shows the tiny
nanotube morphology for Bi-MnOx and silver particle exist
as Quantum dot size (black circled in Fig. 8b). Silver
nanoparticles with metallic nature look like dark blackish
with spherical shapes particle has inserted in nanotube
morphology in Fig. 8a, b. Figure 8c is showing the higher
resolution magnified images of Ag-GO@ Bi-MnOx nano-
tube, which is marked as white line and blackish rods
deposition due to silver nanoparticle and reduced graphene
oxide (r-GO) anchoring on porous morphology of tubular
structure Bismuth doped manganese oxide. Due to ultra-
sonic action in strong dispersion of graphene oxide and
silver QDs nanoparticle causes effective dispersion and
incorporation into tubular structure of Bi-MnOx (white
circles) in Fig. 8d, compared to empty nanotube morphol-
ogy of pristine Bi-MnOx (Fig. 8). TEM images are clearly
confirming the nanotubes morphology formation by insitu

addition of Bismuth is playing key role in tubler morphol-
ogy formation and it further confirms the graphene oxide
and silver QDs insertion into the nano tubler structure of Bi-
MnOx.

3.3 Electrochemical sensor and antibmicrobial study

The silver modified metal ion undoped pure mesoporous
manganese oxide deposited with graphene oxide materials
were already studied for pollutant removal application by
our group [28]. In the present study, the ultra-sonication
deposition method prepared Ag quantum dots of size below
10 nm by bio-reduction method followed by deposited on
bismuth-doped porous manganese oxide to test the elec-
trochemical sensing nature of the same. Figure 9 (a, b) are
showing electrochemical sensing activity towards hydrogen
peroxide concentration effect for porous Ag@BiMnOx

Fig. 8 HR-TEM of Ag@ Bi-MnOx nanocomposite at (a) 100 nm (b) 20 nm; Ag/graphene oxide@BiMnOx (c) 100 nm; (d) 100 nm
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modified GC electrode. The electrochemical activity of the
non-enzymatic sensor analysis on Ag@BiMnOx modified
electrode is shown in Fig. 9a. The bare GCE and

commercial MnO2 showing poor activity than BiMnOx
modified electrode and silver and graphene oxide deposited
Bi-MnOx shows improved current density values. Figure 9a
indicating Ag nanoparticle modified Bi-MnOx has a higher
sensitivity response and higher current density values
compared to undoped Bi-MnOx. Figure 9b shows the dif-
ferent concentration of hydrogen peroxide addition on
Ag@BiMnOx for its sensing activity, upon increase in
concentration from 2 mM to 50 mM showing gradual
increase of current density. The plot of linearity follows the
straight line for the sensor activity. Figure 9c shows the
comparative cyclic voltammogram plot of electrochemical
sensing activity of as-prepared pristine Bi-MnOx and bio-
genic silver nanoparticle deposited Bi-MnOx modified GCE
at two different concentration such as in the absence and
4 mM concentrations of hydrogen peroxide addition in the
presence of phosphate buffer solution (pH= 7). The 4 mM
solution of hydrogen peroxide showing enhanced current
response on Bi-MnOx modified GC electrode for H2O2

detection and it further enhanced by silver nanoparticle
incorporated Bi-MnOx nanocomposite, which is shown in
Fig. 9c. The addition of nanoparticle in the matrix of Bi-
manganese oxide could facilitate the electron transport
between electrode surface and solution interface [35].
Hence, the as-prepared silver modified Bi-MnOx nano-
composite electrodes could provide the site-selective elec-
tro-catalysis and specific bio-sensing of drug molecule
analysis in future studies.

3.4 Band gap characterization and antimicrobial
activity of as prepared modified Bi-MnOx
composite materials

Figure 10a shows the diffuse reflectance UV-Visible
spectra of Bi-MnOx and Ag nanoparticle modified
Bi-MnOx nanotube in solid-state mode has analyzed to
determine the band gap values. Band gap values from
DRS in UV-Visible mode could provide the information
about visible light sensing activity of the respective
semiconductor metal oxide samples. DRS peaks of
Bi-MnOx nanotube shows two linear reflectance at
370 nm and another one at 423 nm linearly. After
deposition of silver quantum dot deposition on nanotube
morphology of Bi-MnOx shows distorted DRS peaks at
420 nm and another linear reflectance peak at 370 nm.
Further, Kubelka-Munk method [36] is adopted to derive
the respective band gap alteration was calculated between
nanoparticle doped and un-doped Bi-MnOx. Figure 10b
shows the clear evidence of alteration in band gap struc-
ture of Ag-Bi-MnOx and Bi-MnOx in terms of binding
energy values. After silver quantum dot deposition in
nanotube structure of Bi-MnOx reduces the energy levels
and band gap values from 3.17 eV to 2.93 eV and it

Fig. 9 a Cyclic voltammetry behavior of bare GCE (1), commercial
MnO2 (2); porous Bi-MnOx (3) Ag nano/MnOx (4) 1%Ag nano loaded
Bi-MnOx (5) 1% Ag-Graphene oxide/Bi-MnOx (6) in the presence of
2.5 mM H2O2 in phosphate buffer solution (NaH2PO4) at pH 7 and
scan rate of 50 mV s−1. b cyclic voltammetry analysis on Ag-Bi-MnOx
modified GC electrode behavior in the presence of various con-
centration (2–50 mM H2O2) in phosphate buffer (PBS) solution at
pH= 7. c Concentration effect of hydrogen peroxide on Bi-MnOx and
Ag-BiMnOx modified electrode
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enhances the redox electron transport for adsorption
reactions [25]. Hence, it indirectly suggests that the Ag
doped Bi-MnOx could be more active for possible visible
light photo catalytic applications.

The silver nanoparticle has been shown to exhibit
interesting electro catalytic and bio sensing properties in
various applications [37–39]. High surface-to-volume ratio
and particle size of AgNPs allow them to interact with
microbial membranes of different pathogens. The anti-
bacterial property of silver nanoparticle is exploited for
many applications in a wide range of fields, including
medicine and dentistry [40]. Hence, the as-prepared silver
nanoparticle with quantum dot size is an active substance
to exploit the antibacterial property against the bacterial
strains. Hence, in the present work, the silver nanoparticle
and graphene oxide modified Bi-MnOx materials are
analyzed for possible antimicrobial property against var-
ious strains of bacterial pathogens. The concentration of
Ag@Bi-MnOx addition in the cultured plate was main-
tained between 50 µg and 100 µg. The schematic bar
diagram of the overall order of antibacterial activity
demonstrated by AgNPs and Ag nanoparticle deposited
Bi-MnOx are showing in Fig. 11(a–c). The activity order
of the above materials is following the trend for various
gram-positive and gram-negative bacteria as follows:
Salmonella typhi(-) > Streptococcus mutants(+)>
Escherichia coli (-)> Staphylococcus aureus(+)~ P.aer-
uginosa (-). Silver nanoparticle alone is showing higher
activity and sensitivity towards both types of bacterial
strains. In the case of Ag nanoparticle doped Bi-MnOx
showing antibacterial activity with a concentration range
of 50 and 100 µg, the low concentration of Ag@Bi-MnOx
is not showing any sensitivity at a lower concentration of
Ag@Bi-MnOx addition in a culture plate. The silver
nanoparticle and graphene oxide modified Bi-MnOx

shows the enhanced antimicrobial activity (Fig. 11c)
compared to Ag@Bi-MnOx. Figure 11(d) showing the
Mueller-Hinton agar plates of Ag nanoparticle activity for
bacterial strain damage in the culture plates. Even, very
low concentration (1 µg) of silver nanoparticle are show-
ing effective antibacterial activity (Fig. 11d). Hence, the
purpose of silver nanoparticle deposition on Bi-MnOx for
antimicrobial activity to implement large scale production
of a low cost method prepared Ag and GO modified Bi-
MnOx composite towards smart health care building for-
mation, ceramic tiles fabrication for prevent the anti-
microbial infections in health care sector.

4 Conclusion

Ultra-sonication assisted fabrication of silver and silver-
reduced graphene oxide incorporation on Bi-MnOx
nanotube composite have successfully prepared by two-
stage process. The α- phase of manganese oxide and Bi2O3

crystalline phase are obtained as the main phase formation
for the synthesized Ag deposited Bi-MnOx and silver/r-
graphene oxide modified Bi-MnOx nanocomposite. Silver
nanoparticle and silver/graphene oxide modified Bi-MnOx
nanotubes was showing good electrochemical sensor
activity towards hydrogen peroxide detection with good
cyclic stability. The reduced band gap values has obtained
for Ag/GO doped Bi-MnOx compared to pristine
Bi-MnOx nanotubes. Silver nanoparticle modified
Bi-MnOx shows efficient antibacterial activity compared
to bulk Bi-MnOx. The large-scale synthesis of silver
quantum dot and GO decorated Bi-MnOx could be uti-
lized in ceramic tiles fixation and floorings in smart
building construction to prevent bacterial and viral
infections in healthcare sector.

Fig. 10 a Diffuse Reflectance Spectra of pristine and silver nanoparticle modifed Bi-MnOx nanotube (b) K-M Function based band gap energy
determination
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