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a b s t r a c t

The phenol (PhOH) is a toxic chemical and can affect to the environment and human directly and
indirectly. Due to their toxic nature it is listed as a carcinogenic compound for human health. The
sensitivity of the PhOH in liquid medium can be detemine through various techniques in liquid medium
was detected through various techniques for instance HPLC, mass, fluorescence and spectrophotometry
etc but all of these techniques are expensive and not easily available to detect the longer range of samples
in a very less time. To keep this view the present manuscript was designed to shows the utilization of
metal oxide nano and microstructures as sensor material, therefore, initially highly crystalline molyb-
denum oxide rods assembled with nanosheets (referred to as a-MoO3 RANs) was synthesized via so-
lution process and utilized for sensing against PhOH. The a-MoO3RANs exhibit numerous applications in
various directions such as catalyst, LEDs, Field emission devices, batteries etc. The a-MoO3RANs were
formed from the solution processes in a short time span. The formed powder was well characterized
through the techniques such as XRD, SEM, TEM and FTIR. From the analysis, it reveals that the size of
each NS is ~200 nm in diameter whereas rods shaped structures length goes to 2e6 mm with good
structural and chemical characteristics. The crystalline a-MoO3RANs were applied for the electro
chemical studies as three electrode system (GCE as working electrode, Ag/AgCl as reference and pt wire
as counter electrode) with PhOH as an analyte in PBS. The electrochemical studies were conducted
through cyclic voltammetry (CV) in terms of their low to high conc-entration ranges from 7.8 to 1000 mM
in PBS, scan rate at different potential from 5 to 100 mV with the a-MoO3RANs based working electrode
(a-MoO3RANs/GCE). The designed working electrode sensor having excellent reproducibility, sustained
in presence of 62.25 mM (PhOH) for seven consecutive cycles. Including this, the chronoamperometry (0
e1500s) and electrochemical impedance spectra (EIS) were also analyzed. A probable mechanism was
also discussed based on the analysis and their observations.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

The clean and safe environment is a great concern in the com-
munity for the health and security purposes in the current scenario.
The semiconductor materials, which are largely utilized in detoxi-
fication of environment with a well-organized technique. To con-
trol this, the small scale nano and microstructures are very efficient
and exhibit an exceptional properties for instance larger surface to
volume rations, organized geometry, facilitates to adsorb and
absorbed the surfaces of toxic chemical also responsible to
degradate the larger molecular weight organic chains. With these
properties, the oxide based metal-oxide nanostructures exhibit a
great concern due to their excellent standards such as higher
porosity value, easy formation process, good quantum confinement
effect, and larger stability at high temperature etc [1,2]. Enroute of
this, the nano-carbons, which have an excellent bio-sensing activity
against to detect the bacteria and it can be utilized the nano-
carbons materials as a nanodevice for next generation [3]. The
nano-carbon based sensing devices have capability to produce fast,
efficient, profound, precise detection of bacterial cells, which could
replace the complex procedures [3]. In continuation to this,
recently the Graphene sheets have enormous attention due to their
excellent properties such as high surface-to-volume ratio, excellent
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conductivity, and high electron transpiration, which provides new
stage of sensing and graphene-based sensors are utilized for the
detection of volatile organic compounds (VOCs) to diagnose various
types of diseases [4]. Based on the morphology, doping and surface
modification, atomic scale organization, and various shaped
nanostructured materials exhibit gas sensing properties and pro-
vides opportunities for further developments and applications in
different fields [5]. The polymeric materials, which exhibit high
flexibility with a wide range of applications such as in flexible
electronics, transducers, lithium ion batteries and other various
biomedical applications including self-healing property in human
organs [6]. Although, polymeric material provides various appli-
cations in different directions but it has long processing conditions
and needs various complexing agents. The single and conjugated
oxide based materials are largely used to sense the hazardous
chemicals also to enable to monitor the air and water pollution in
the environment. The sense and elimination of toxic compounds
from the industrial waste water is one of the crucial issues in the
environmental and health prospects. Over various industrial haz-
ardous compounds the toxicity assessment of PhOH and their de-
rivatives in normal water, discharged effluents are exhibit major
significance and envisioned for environmental management and
safety [7,8]. The derivatives of PhOH or their related compound’s
having toxic impact on human, animals, and plants. These com-
pounds provide unsolicited taste, and odor for the consumption of
water, even at very trace level consumption [9,10]. The PhOH and
their related compounds are extensively employed in industry to
manufacture a variety of polymeric and drugs compounds such as
rubber, fertilizer, paints, petroleum, pharmaceutical, and agricul-
tural trades etc [9e11]. It’s well documented that the PhOH is a
carcinogenic compound and exposure resulted several symptoms
for instance convulsions, dizziness and irregular respiration [9,12].
Besides this, some other phenols derivatives (eg. phenol, o-cresol,
m-cresol, and p-cresol) are treated as atmospheric pollutants,
whereas phenols are treated more toxic as water pollutants than as
air pollutants [9]. This is often that the pollutant released from the
industries as an industrial waste and arises in soil and drinking
water supplies [13]. Although, their toxic effect, it’s largely utilized
as an essential compound for the beverages, fruit juices, wines
[14,15], also exhibit bad and undesirable odor with highly toxic in
nature for human health [16]. Therefore, it is required and urgent
demand for the analysis of hazardous compounds at their trace
level [17,18]. Because of the larger applicability of compounds in
various directions, required qualitative and quantitative determi-
nation with various ways and also need to develop and determine
the phenolic compounds. Towards this, the electrodes are signifi-
cant components for the formation and determination of electro-
chemical analysis and also sensors formation. In the current
scenario, the electrochemical analyses are largely applied for the
determination of numerous analytes of interests in various envi-
ronmental and medical applications [19]. Materials for electrodes
must possess mixed electronic-ionic conductivity as well as elec-
trocatalytic activity and obligatory to modify the electrodes with
adding suitable electrocatalytic materials [20]. The features of
electrodes for electrochemical detection can be well optimized
through to their structure, material and the applied analyte to be
detected. The electrochemical technique is simple, cost effective
and provides rapid response, which offer high sensitivity, selec-
tivity, reliability [21] and can play an important role in the detection
and protection from the hazardous materials from the environ-
ment. The electrochemical sensors and detectors have the facility to
detect and monitor on site for the priority pollutants; also can
address other environmental requirements. These electrochemical
devices are sensitive, selective, fast, accurate, compact, portable
and inexpensive. Such type of arrangement in the electrochemical
2

devices; facilitates and has significant impact for the decentralized
and in clinical analysis. Hitherto, despite their great potential for
the environmental monitoring, the electrochemical sensors for
pollution control are still to their infancy stage. The current
advancement in electrochemical sensor technology will definitely
enlarge their scope of such type of devices for the detection,
quantification and analysis of a series of organic and inorganic
contaminants. The advances include ultra-micro electrodes (UME)
of molecular devices (MD) or chemical and biological sensor arrays,
micro-fabrication, computerized instrumentation and flow de-
tectors etc. Several spectrophotometric and chromatographic
techniques such as gas chromatography (GC), high performance
liquid chromatography (HPLC), flow-injection analysis (FIA), capil-
lary electrophoresis (CE) have been largely utilized [22e27]. Over a
long range of applied chromatographic techniques for the separa-
tion and quantification of mixtures need various complex treat-
ments for the analytical determination, whereas from the
spectrophotometry the detection of colored polluted sample is
complicated [28]. Out of these applied techniques, the electro-
chemical sensing provides the facility to analyse samples auto-
matically, rapid detection, reliable and inexpensive measure-
ments for a large number of pollutants. Considering the fact that
selectivity and sensitive of electrochemical detection are strongly
dependent on microstructures and properties of electrode mate-
rials, researchers are now focusing on the use of nanostructured
materials or chemically modified electrodes [28e31]. The electro-
chemical detection technique provides a better platform to fabri-
cate a robust sensor with high sensitivity, low-detection limit, good
reproducibility and high durability. For the fabrication of electro-
chemical sensors, generally, artificial electron mediators are used,
which help to transfer the electron from the electrode to the ana-
lyte. To this, number of materials were applied as an efficient
electron mediator for the construction of electrochemical sensors.
Over a past decade, it’s found that the nanostructured materials
exhibit good property such as high surface area, enhanced porosity
etc; enable to transport electron in solution and electrode and work
efficiently for various types of electrochemical sensors [32e36].
Among various nano and microstructured materials, the molyb-
denum oxides based nanostructures possess special place due to
their excellent properties and wide applications [37e44]. The as-
sembly of metal oxide nanostructures into ordered and perfect 2D
& 3D superstructures has become an interesting aspect in sensors,
catalysis etc [45e52]. The nanosized metal particles mediate the
chemical reaction and provide better electro-catalytic activity in
chemical sensor applications. From the past decade a number of
innovatematerials in a nano andmicro scale have been synthesized
via a wide range of green, chemical and physical methods. The
exceptional properties for the nano and microstructures make
them valued materials hence their enormous applicability in
various fields such as photoelectric, catalysts, sensors, solar ab-
sorbers, energy etc [53e55]. The metal oxides nano materials are
having a wide range of applications such as detection of catalysts,
heavy metals, pathogens, organic and inorganic pollutants due to
their special properties for instance high reactivity, enhanced
specific surface area, optimized size distribution [53e55]. The ox-
ides nanostructures have been shown to be highly efficient and
active adsorbents for many toxic chemicals including air pollutants,
chemical warfare agents, acidic gases, and water pollution [53e55].
Also serves as nanodevices, substrate for catalyst, sensor material
[56e63]. The special property of metal oxide structures are credited
to their excellent electron transfer and ultra-high surface area
resulted from their nanoscale surfaces [64e67]. Towards this di-
rection various types of nanocrystals including particles, rods,
wires, cubes, octahedrons of noble metals have been synthesized
and their catalytic properties were explored [68e70].
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In a series of metal oxides nanostructures, the molybdenum
oxide nano and micro structures exhibit larger band gap
(2.8e3.6 eV) with vast applications in various directions such as
batteries, optical and field emission devices, storage, solid lubri-
cants, superconductors, photo chromic films, methanol oxidation,
ionic conductors etc [71e73]. The MoO3 is thermodynamically
stable with different crystal phases (orthorhombic a-MoO3,
monoclinic b-MoO3 and hexagonal h-MoO3). Out of other phase the
orthorhombic a-MoO3 is highly anisotropic with layered structures
stacked with bilayer of sheets bonded with van der Waals forces
[74]. A number of ways were applied to form the molybdenum
oxide nanostructures such as high temperature methods, thermal
decomposition (TE), evaporation, PECVD, CVD, sonochemical, ul-
trasonic irradiation, hydrothermal and various other etc [74]. Out of
these, the chemical or solution process is safe and cost effective to
produced nano and micro structures in a bulk amount [75].

The present work described the formation of molybdenum nano
and microstructures through chemical methods with using
ammonium heptamolybdate tetrahydrate ((NH4)6M o7O24 4H2O))
and sodium hydroxide. The synthesized powder was well charac-
terized for to know their crystalline, structural and chemical char-
acteristics. The formed molybdenum rod shaped structures
assembled with nanosheets (a-MoO3RANs) were applied on glassy
carbon electrode (GCE), including platinum wire (counter elec-
trode) and silver chloride (Ag/AgCl as reference electrode) for to
sense the hazardous PhOH in liquid medium (PBS), opted various
parameters such as effect of concentration, effect of potential, scan
rates, chronoampherometric and electrochemical impedance (EIS)
were measured with a-MoO3RANs/ GCE electrode. Based on the
acquired results and their discussions a mechanism was also
presented.
2. Experimental

2.1. Material and methods

2.1.1. Synthesis of rod shaped molybdenum structures assembled
with nanosheeets (a- a-MoO3RANs)

The rods shaped assembles with nanosheets of molybdenum (a-
MoO3RANs) structures were produced via solution process with
using ammonium heptamolybdate tetrahydrate ((NH4)6M
o7O24$4H2O)) as a precursor material for rods shaped structures
formation with NaOH. The entire chemicals such as
(NH4)6Mo7O24$4H2O and NaOH were purchased from Aldrich
chemical corporation Co. U.S.A, received in Riyadh, Saudi Arabia
and employed without any further purification. In a typical
experiment: ammonium heptamolybdate tetrahydrate (NH4)6
Mo7O24$4H2O (8 mM, ~0.93 g) and NaOH (0.3 M, ~1.2 g) were
dissolved in double distilled water (DDW) and prepared solution
separately. To this aqueous solution of ammonium heptamolybdate
tetrahydrate, sodium hydroxide was added gradually in 100 mL of
DDW under a uniform stirring condition and mixed well. The so-
lutions pH was detected via pH meter (cole parmer, U.S.A) and it
reached to 12.3. The solution was transferred in a refluxing pot and
heated at 60 �C for 90 min. At initial, once the refluxing pot tem-
perature rises the solution gets precipitates at the bottom of
refluxing pot. The semi aqueous product was settled at the bottom
of refluxing pot. After the complete refluxing process, the precipi-
tated solution refluxing pot was cooled it at room for overnight. The
product was transferred in a beaker and washed many times with
solvents (alcohol, acetone etc) for to eliminate the scums in the
solution. Further the product was washed through centrifugation
(3000 rpm for 4 min) and desiccated to keep for other analysis.
3

2.1.2. Characterizations
The X-ray diffraction pattern (XRD) was used to know the pro-

cessed powder particle size, phase and crystalline characteristics of
the sample and analyzed from 10 to 60� with CuKa radiation
(l ¼ 0.154 nm) at 6�/min scanning speed with an accelerating
voltage of 40 kV and current of 30 mA. The structural detail of the
powder was accessed through SEM at room temperature. To
examine the SEM observation, the powder was consistently
sprinkled on carbon tape which is pasted on sample holder. The
sample holder was coated with powder and it transferred to the
sputtering chamber for ~2e3 s to get the conducting layer on the
surface of powder sample. Once the sample was sputtered, fixed it
to SEM sample clamp and analyzed. For more clarification, the
powder sample was further investigated through TEM (JEOL JEM-
1011, Japan at 100 kV). For the observation, a pinch of synthesized
powder was sonicated for ~10e15 min in an ethanol (EtOH) solvent
with a 50mL capacity beaker. Once the sonicationwas completed, a
copper grid was inserted to this solution for ~2e3s and removes
from the suspension solution and dried it at room temperature. The
grid was fixed in a sample holder and analyzed the sample at room
temperature. The functional detail of the processed material was
examined through FTIR spectroscopy with using KBr pellets in the
range from 400 to 4000 cm�1. To analyse the FTIR spectroscopy,
very small amount of sample was mixed with KBr powder and form
a pellet with applying a high pressure (~4 ton (t)). The formed pellet
was fixed with a sample holder of FTIR spectroscopy and examined.

2.2. a-MoO3RANs based sensor for the detection of PhOH sensor

The processed powder of a-MoO3 in the form of rod shaped
structures with various nanosheets (a-MoO3RANs) were utilized as
an electroactive/working electrode to sense the PhOH in PBS
(phosphate buffer saline, 0.1 M, PH ¼ 7.2). The electrode was fabri-
cated with the use of a-MoO3RANs, coated as film form on GCE
electrode (active surface area ¼ 7 � 10�2 cm2). The coating was
performedwith the use of very less amount of a-MoO3RANsmixed it
with the butyl carbitol acetate (BCA, specified ratio 75:25) and the
semi liquidy a-MoO3RANs solution was casted on GCE electrode,
dried at 60±5 �C for 30e45min to get a uniform layer over the entire
GEC surface. The coated electrodes electrochemical studywas run via
autolab potentiostat/galvanostat, PGSTAT 204-FRA32 control with
NOVA software (Metrohom Autolab B$V.Kanaalweg 29-G, 3526 KM
Utrecht, Netherlands) in three electrode system [74,75]. The a-
MoO3RANs/GCE was employed as a working electrode, whereas a
platinum (pt) wire was castoff as a counter electrode and Ag/AgCl
(sat.KCl) was involved as a reference electrode. The PBS (0.1 M; pH
7.2) with PhOH was used as an electrolyte solution for the entire
electrochemical measurements. For to sense PhOH conc. with a-
MoO3RANs/GCE, an inclusive range of PhOH (7.8 mM, 15.62 mM,
31.25 mM, 62.25 mM, 250 mM, 500 mMand 10 00 mM in PBS) with�1.5
to þ1.5V current was adopted to determine the sensing evaluations.
The potential datawas examinedwith in a range from5 to 100mV of
PhOH. The reproducibility of the processed sensor was checked at
seven and 30 days reprehensive cycles. With this, the amperometry
was also checked from 0 to 1500s of PhOH in PBS, the effect of
impedance at different concentrations of PhOH (7.8 mM, 15.62 mM,
31.25 mM, 62.25 mM, 250 mM, 500 mM and 1000 mM) with current-
time (i-t) curves were examined at a set potential in PBS solution.

3. Result and discussion

3.1. X-ray diffraction pattern (XRD results)

The procured powder crystalline property and their crystal
phases were examined as described inmaterial andmethod section
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2.1.2. The XRD data shows several peaks obtained at a defined po-
sitions such as 12.5�, 23.14�, 25.34�, 27.15�, 33. 52�, 35.29�, 38.80�,
45.49�, 46.05�, 49.03�, 52.68�, 54.88� and 58.53� relate to the
planes (020), (110), (040), (021), (111), (041), (060), (210), (002),
(042), (211), (112) and (081) respectively. The XRD pattern shows
peaks, which are very similar to the crystalline a-MoO3, except any
other impurities and matched with JCPDS data card no. 05e0508
with crystal lattice constants are a ¼ 3.962 Å, b ¼ 13.858 Å and
c ¼ 3.697 Å with orthorhombic structure. The X-ray diffraction
pattern displayed the formation of a-MoO3 nanostructures ((Fig. 1)
[73,74].

3.2. Structural observations (SEM& TEM results)

Fig. 2. Show the low & high magnified images of processed
structures of the prepared powder. The SEM analysis was employed
for to know the structural detail of the powder sample. From the
image (Fig. 2a shows that in a larger amount of rod shaped struc-
tures are seen and it covered the whole surface and it confirmed
that the processed powder is in a large quantity. Fig. 2b also shows
and confirms that the formation of rods shaped structures. The
structural detail display of the recovered powder having an esti-
mated magnitude of rod like structure with a diameter of ~2 mm
and length goes up to ~6 mm. Once we have observed the images at
higher magnification (Fig. 2c and d), it reveals that each rod is made
up with several sheets like structures with ~200 nm in size. Some
particles are jointed with each other; it appears that the sheets are
in conjugation with other structures (Fig. 2c). The surface of each
rod shaped structures are exhibit smooth and clean (Fig. 2 (d)).
From the low and high magnified images, it shows that the sheets
are stacked/combination and jointed with each other to form in a
manner of rods shaped structures [73,74].

For to know the comprehensive detail of the prepared structure
about the morphology of the formed powder material was further
examined with TEM, as described in materials and methods (sec-
tion 2.1.2). The TEM data exposed that the morphology of a-
MoO3RANs, which exhibited a similar result as obtained from SEM.
From Fig. 3a and b, shows that the individual rods shaped struc-
tures exhibit 2 mm in diameter whereas length reached up to 6 mm.
Each rod is having specified structures with smooth surfaces. From
TEM image (Fig. 3), it is apparent that the rods shaped structures
are made up with several sheets of nuclei and the acquired in-
formations are consistent with the X-ray diffraction pattern (XRD)
(Fig. 1) & SEM (Fig. 2) [73,74].
Fig. 1. X-ray diffraction of the prepared a-MoO3 Nanorods, whereas the * shows the
unidentified peaks.
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3.3. FTIR spectroscopy of a-MoO3RANs

The processed powders chemical/functional characteristics
were evaluated through FTIR spectra and displayed as Fig. 4.The
FTIR spectrum shows the fingerprints of ammonium heptamo-
lybdate tetrahydrate ((NH4)6Mo7O24$4H2O) and NaOHwere used in
the preparation of a-MoO3. The broad and curved peak ranges from
3200 to 3600 cm�1 is corelated to the water molecule adsorbed on
the surfaces whereas the asymetric striching of water molecules is
associated at 1643 cm�1. A small and pointed peak at 2364 cm�1

displayed for CO2. The peak at 991 cm�1 is because of the stretching
mode in Mo]O terminal oxygen, whereas at 875 cm�1 is related to
the straching mode for the metal and oxygen bond (MoeOeMo). A
semi and curved peak at around 540 cm�1 in FTIR spectrum rep-
resents the bending mode of vibration of OeMoeO molecule
[73e75]. The spectra depicts that the prepared rod shaped struc-
tures are having good chemical characteristics and justifies with
XRD data.

3.4. Possible proposed growth mechanism of a-MoO3RANs

For to investigate the growth mechanism of molybdenum oxide
rods assembled with nanosheets (a-MoO3RANs), a simple solution
method was opted with using ammonium hepta-molybdate tet-
rahydrate ((NH4)6Mo7O24$4H2O)) and sodium hydroxide (NaOH).
The metal salt was dissolved in double distilled water and to this
salt, sodium hydroxide was incorporated slowly and to make a
uniform stirring condition andmixed well. Before the stirring of the
solution, the solution looks transparent and no precipitate or any
adduct was formed in the solution. Once the solutions stirred under
sonication bath, a kind of flocculent product is generated in a
beaker for a few seconds and disappeared. We may assume these
are the initial nuclei for the formation of molybdenum oxide rods
assembled with nanosheets (a-MoO3RANs) formed in the beaker.
The solution pH plays a curtail role in the formation of any nano-
structures, as we have used the alkali sodium hydroxide in our
experiment, the solution was measured to be 12.3. For the growth
formation of nano or microstructures, it’s required to provide the
sufficient energy to solution or reaction. The aqueous solution was
transferred to the refluxing pot and refluxed at 60 �C for 90 min. As
observed from the refluxing pot no precipitate was formed initially.
Once the refluxing pots temperature increases in a prolonged
manner the growth of nuclei gets energized with heating temper-
ature. The initial nuclei formed the base and side walls of the rods
assembled sheet structure. As the refluxing temperature
completed, the final structure of the nano or microstructures were
received in an aqueous medium (as illustrated in Fig. 5) [73,76]. As
stated in material and method the prepared structures were thor-
oughly washed with alcohol (methanol, ethanol etc) and acetone to
purify the grown structures. In addition to this the structures were
also centrifuged at 3000 rpm for 4 min to eliminate the ionic im-
purities from the solution structure. The product was room tem-
perature dried to confirm the structural detail of the product. It’s
assumed that the geometry of rods assembled with nanosheets
(RANs) like structures formed completely at this stage. The confir-
mation of the complete structure, phases and their crystalline
property were confirmed from X-ray diffraction pattern and it re-
veals that the grown crystallite are a-MoO3 structures, ortho-
rhombic in nature with lattice constants are a ¼ 3.962 Å, b
¼ 13.858 Å and c ¼ 3.697 Å. The final grown morphology of mo-
lybdenum oxide rods assembled with nanosheets (a-MoO3RANs)
was confirmed from the SEM, which reveals that the final formed
structure are a combination of various nanosheets and stackedwith
each other. The size of each rod shaped structures is ~2 mm and
length goes up to ~6 mm. The higher magnified images revels that



Fig. 2. SEM images of a-MoO3 nanopowder: (aeb) apprehended at low magnification and (ced) captured at high magnified scale.

Fig. 3. Shows the TEM image of prepared a-MoO3 nanorods (a) and (b) at different directions.
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each rod is made up with several sheets like structures with
~200 nm in size. This was further confirmed from TEM, which also
shows that the individual rods shaped structures exhibit 2 mm in
diameter whereas length reached up to 6 mm. The FTIR spectros-
copy, which is a chemical foot print of the processed material, also
reveals the formation and represents the formation of a-MoO3
RANs due to the presence of oxygen bond (MoeOeMo) [73,76].

3.5. Electrochemical/cyclic voltammetry (CV) studies with a-
MoO3RANs electrode

As described in the material and methods section 2.2, at initial
on the top of the GCE electrode a film was made with the formed
nanostructures and analyzed the coated (area 3 � 3 cm2) and
noncoated electrode pasted on GCE. The modified electrode elec-
trochemical characteristics were evaluated in terms of CV with the
presence of PhOH (7.8 mM, 15.62 mM, 31.25 mM, 62.25 mM, 250 mM,
500 mM and 1000 mM) in 100 mL of PBS (0.1 M, pH 7.2) solution
(scan rate 100 mV/s). Whenwe have analyzed the bare electrode in
5

PhOH, it doesn’t show any signal in the spectrum, which is very
clear that no oxidation/reduction peak was observed and it depicts
that there is no potential on bare electrode. Once the coated elec-
trode a-MoO3RANs/GCE were checked in presence of PhOH at
500 mM concentration, it show the enhanced activity for the PhOH
oxidation [75]. As described from the obtained data, set potential
and current (0.344, 2.56� 10�4) for PhOH solution respectively [77]
and its confirmed that the a-MoO3RANs/GCE is efficient and to
transport of the electron and oxidize the PhOH solution (Fig. 6) [77].

3.6. Effect of PhOH concentration on modified electrode (a-
MoO3RANs/GCE)

To know the change of current and potential (IeV) with modi-
fied a-MoO3RANs/GCE, a series of concentration ranges from
7.8 mM, 15.62 mM, 31.25 mM, 62.25 mM, 250 mM, 500 mM and
1000 mM of PhOH in 100 mL PBS was acquired and the data is
presented as Fig. 6. From the obtained graph it’s revealed that a
sequential change in oxidation and reduction peaks from a very low



Fig. 4. FTIR spectrum of grown a-MoO3 nanorods.
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range of PhOH concentration solution with a high concentration
solution was examined at 100 mV with current potential ranges
from �1.5 to þ1.5 V. As per the data (Fig. 7), illustrates that the
current is directly proportional with PhOH concentration. Once the
concentration of PhOH raises, the current in the form of ions in-
creases and it help in the movement of electrons transfer at con-
duction band. A high potential of anodic peak was also observed
from other cycles of experiments, when PhOH was used at high
concentration level. It’s postulated that the electron was displaced
due to the increased amount of hydrogen ions in the solution and
on also surfaces oxygen on the working electrode (Fig. 7).
3.7. Influence of potential at a-MoO3RANs/GCE electrode

To know more detail related to the reliability of a-MoO3RANs/
GCE, a long range of potentials (10, 20, 30, 40, 50, 60, 70, 80, 90 and
100 mV/s) were opted and tested the sensing in PBS and the
recovered result is presented as Fig. 8. A successive cathodic peak
current of the modified electrode a-MoO3RANs/GCE was observed
with the increase of potential/scan rate from 10 to 100 mV/s which
is a characteristic of electrode. The peaks of potential shifted
positively at higher scan rate and negatively at lower scan rate,
Fig. 5. Growth Mechanis
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respectively at different cycles of fixed concentration of PhOH in
0.1 M PBS solution at pH 7.2. It shows that the enhancement be-
tween the current and potential of a-MoO3RANs/GCE for PhOH. At
initial, a small anodic and cathodic peak was observed in the
spectrum, illustrates that not enough potential was observed but
when the parameters of potential changes, it can be clearly seen in
the increase in current. This change attributes that the processed a-
MoO3RANs/GCE is functional and the material easily sense the
PhOH in PBS solution. The obtained result implies the electrostatic
interaction between the modified a- MoO3RANs/GCE and PhOH are
kinetically controlled by diffusion process [78e80]. As per the ob-
tained results and their discussion related to the variation of con-
centration and potential, the linear plots were also constructed to
know the ionization potential of cathode (IPc) and anode (IPa) also
for the evaluation of correlation coefficient (R2). The observations
reveals that in both (IPa& IPc) for a-MoO3RANs/GCE, the value of R2

were 0.997 and 0.999 respectively (Fig. 9). Apart from this, the limit
of detection (LOD) for a-MoO3RANs/GCE (IPa) and a-MoO3RANs/
GCE (IPc) were evaluated which were 0.477 and 0.121 respectively.
The limit of quantitation (LOQ) for a-MoO3RANs/GCE (IPa) and a-
MoO3RANs/GCE (IPc) were evaluated which were 1.445 and 0.363
respectively (Table 1) [81].
3.8. Reproducibility and stability of the modified (a-MoO3RANs/
GCE) electrode with consecutive cycle’s response

The formed a-MoO3RANs/GCE sensors reproducibility and sta-
bility were tested in terms of their of cycle response and the ob-
tained data is presented as Fig. 10 (a & b). The tested data at
different seven parallel reproducible cycles (Fig. 10a) and stability
(Fig. 10 (b)), respectively of a-MoO3RANs/GCE in presence of PhOH
(62.25 mM) in 0.1 M PBS was observed. It shows that the excellent
reproducibility for the consecutive measurements in presence of
PhOH. The observation for reproducibility was tested from one to
seventh days (Fig. 10a). In this time the sensor was kept in an
ambient atmosphere, that’s why it only shows a little change in the
shape of cycle response. Further the stability of the processed a-
MoO3RANs/GCE sensor was again tested for a longer period (30
days) (Fig. 10b), which further confirm that the formed sensor is
good and stable for long time interval. The data shows that the
prepared electrode possessed highly satisfying, reproducible and
sustainable for longer periods, useful to test for industrial samples
[74,75,77e80].
m of a-MoO3RANs.



Fig. 8. Cyclic voltammetric responses of a-MoO3RANs/GCE in the presence of PhOH
(62. 25 mM) as a function of scan rates (aej: 10, 20, 30, 40, 50, 60, 70, 80, 90 and
100 mV).

Table 1
Limit of detection (LOD) and Limit of quantification for a-MoO3RANs/GCE.

S.No Metal Oxide LOD (mM) LOQ (mM) Correlation coefficient (R2)

1. a-MoO3RANs/GCE (IPa) 0.477 1.445 0.997
2. a-MoO3RANs/GCE (IPc) 0.121 0.363 0.999

Fig. 6. Cyclic voltammograms of bare and modified electrodes in the absence and
presence of PhOH in 0.1M phosphate buffer (pH 7.2). Scan rate: 100 mVs�1.
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3.9. Influence of time response with a-MoO3RANs/GCE against
PhOH

The chronoamperometric curve is employed to access the ac-
tivity and steadiness of the catalyst. A successive time response was
observed from 0 to 1500 s for a-MoO3RANs/GCE in PhOH for a-
MoO3RANs/GCE to evaluate the sensor selectivity and reproduc-
ibility (Fig. 11). A systematic change was examined at different time
for the prepared a-MoO3 RANs/GCE based PhOH sensor. The time
responsewas observed in terms of current at different time interval
such as at 36 s, 93 s, 203 s, 406 s, 771 s, 1021 s and 1243 s current
improves to �2.29 � 10�4, �6. 39 � 10�5, �2.63 � 10�4,
1.40 � 10�4, �5.63 � 10�4, �5.28 � 10�5 and �4.46 � 10�5

respectively for a-MoO3RANs/GCE electrode. The chronological and
successive data showed that the sensor is specific, selective and
reproducible. The time dependent and specific study for the
Fig. 7. Cyclic voltammetric responses of a-MoO3RANs/GCE in 0.1 M phosphate buffer
at different concentrations of PhOH (aeh: 7.8 mM, 15.62 mM, 31.25 mM, 62.25 mM,
250 mM, 500 mM and 1000 mM).
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produced sensor has enough sustainability and reliability for period
of time. The currentetime response of chronoamperometric curve
illustrates that once the potential increased, the current of elec-
trode is reduced, which is indicated that the poisoning of catalyst
by intermediate species during the reduction process
[74,75,77e80].
3.10. Electrochemical impedance (EIS) for a-MoO3RANs/GCE

The electrochemical impedance spectroscopy (EIS) is a tech-
nique to know the working electrode (a-MoO3RANs/GCE) resis-
tance and conductance of analyte. In this experiment a series of
different concentrations (7.8 mM, 15.62 mM, 31.25 mM, 62.25 mM,
250 mM, 500 mM and 1000 mM in 100 mL PBS (0.1 M)) of PhOH was
opted and analyzed in a frequency ranges from 0.01 to 10 kHz
(Fig. 12). In this spectrum X-axis denotes the ohmic and Y axis
display the capacitive property in the Nyquist plot. As per the
Fig. 9. Liner calibration graph for cathode and anode potentials of a-MoO3RANs/GCE.



Fig. 10. (a). Seven consecutive cycles of a-MoO3RANs/GCE in presence of 62.25 mM
(PhO H) in 0.1 M PBS at 100 mV/s (b) Stability test first and after 30 days at the same
conditions.

Fig. 12. Electrochemical impedance spectra of a-MoO3RANs/GCE in 0.1 M PBS at
different concentrations of PhOH (aeh: 7.8 mM, 15.62 mM, 31.25 mM, 62.25 mM, 250 mM,
500 mM and 1000 mM).
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previous literature [82] and its well known that the impedance
subjected from high to low frequency regions respectively. In pre-
sent result showed many curves in semicircles shapes of EIS,
represent that less charge transfer resistance received from the
formed or modified a-MoO3RANs/GCE. The curved spectra revels
that the blank sample shows a state line, which depicts that less
Fig. 11. Amperometric test for the a-MoO3RANs/GCE by subsequent additions of in
PhOH in 0.1 M PBS.
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frequency with limited electron-transfer process but once the
different concentrations of PhOH were used in the PBS and
analyzed the EIS, many curved semicircle are in the high-frequency
region was observed. This is analogous to electron-transfer at
limited process. The diameter of each semicircle displays that the
high frequency and resistance charge transfer ((Rct), and it’s
responsible to control the electron transfer rate at electrode inter-
face. It is well-known fact that the larger the semicircle curve il-
lustrates a high interfacial Rct, and resulted a poor electrical
conductivity of the prepared/active materials. The results in the
form of curves (Fig. 12) reveals that diameter of the semicircle at
low PhOH concentrations are started and large in size, which is
directly associated to the higher concentrations, this may be due to
high Rct (U) values in the a-MoO3RANs/GCE [82]. The semicircles
diameter is increases with increase of concentration of PhOH, at-
tributes that the Rct(U) value is analogous and directly proportional
to the PhOH concentrations and that’s why the a-MoO3RANs hav-
ing an active catalytic properties [80,82,83]. Also we have calcu-
lated the values of solution resistance (Rs(U)) and charge transfer
resistance Rct(U) using circuit ((Fig. 12). The Rs and are Rct values
gradually decrease while increasing the concentration of PhOH in
PBS, which shows that the formed sensor is good and repeatable
(Table 2). A plot was also constructed on the basis of the obtained
values of solution resistance (Rs(U)) and charge transfer resistance
Rct(U) to show the difference in EIS plots with increasing concen-
tration of PhOH (Fig. 13).
3.11. Possible mechanism and discussion

The rods shaped molybdenum assembled with nanosheets (a-
MoO3RANs/GCE) like structures exhibit wide band gap
(2.8e3.6 eV), n-type semiconductor with a captivating transition
metal oxide material [74]. The a-MoO3 is largely utilized in various
fields of opto-electronic devices and sensors such as optical devices,
storage, field emission devices etc [72e75,77]. In this work, the a-
MoO3 structures were synthesized through precipitation process as
mentioned in section 2.1.1. The formed rod shaped structures
assembled with various nanosheets (a-MoO3RANs) were charac-
terized with various techniques as described in section 2.1.2 for
occurrence of XRD, SEM, TEM and FTIR spectroscopy to know the
crystallinity, structural and chemical characteristic of the material.
The well characterized material was utilized as a sensor material



Table 2
Shows the solution resistance (RS(U)) and charge transfer resistance RCt(U) for the
PhOH.

Code (Concentration mM)) RS(U) RCt(U)

Blank 332 �161
7.8 277 �2.44
15.6 263 �2.80
31.25 171 �5.41
62.5 170 �5.47
125 169 �5.64
250 167 �6.01
500 166 �6.10
1000 117 �6.34

Fig. 13. Effect of solution resistance (Rs(U)) and charge transfer resistance Rct(U) with
incr-easing concentration of PhOH.

R. Wahab, F. Khan, N. Ahmad et al. Materials Today Chemistry 18 (2020) 100347
and a film coated on GCE, which was made it as working electrode,
to evaluate their electrical and sensing property. The PhOH is a toxic
industrial chemical and it requires and an urgent demand to check
their sensing characteristic through low cost and effective process.
To keep this point, in this experiment, we have opted a long range
of PhOH concentrations (7.8 mM, 15.62 mM, 31.25 mM, 62.25 mM,
250 mM, 500 mM and 1000 mM/100 mL in PBS (0.1 M)) via prepared
working electrode (a-MoO3RANs/GCE) detection via electro-
chemical method. The prepared working electrode (a-MoO3RAN s/
GCE) plays an important role in electron transportation process. As
per the received data (cell cycles and reproducibility data) higher
and longer period stability and reproducibility of a-MoO3RANs/GCE
electrode can facilitates for the large scale industrial and environ-
mental samples detection of PhOH. The developed a-MoO3RANs/
GCE electrode works on varied concentration of analyte (PhOH),
their adsorption and conductance were completed on a-MoO3R-
ANs/GCE surfaces. As described in material and method section,
once the a-MoO3 rods assembled with various nanosheets were
mixed in an organic adhesive and to form a slurry. The formed
slurry was coated on GCE to a form a thick layer and dried well. The
well dried GCE was immersed in PBS and checked the electro-
chemical examination at a varied concentration of analyte (PhOH).
It’s postulated that the surface of the prepared electrode a-
MoO3RANs/GCE have possibility to trap the atmospheric oxygen,
adsorb on the surfaces and this trapped oxygen interchange and
further ionized (O�

ads) via the removal of electron as the conduc-
tion band and it convert into oxidized (O� or O2�) form on surface
layer of a-MoO3RANs/GCE. This conductance and interchange of
surfaces oxygen form a charged layer between the electrode (a-
MoO3RANs/GCE) and analyte [84,85]. The surface adsorb oxygen
has capability to amplifies the potential of the prepared electrode,
9

which improved the resistance in the processed assembly. The
experiment leads a reduction in conductance and increase in po-
tential of the formed (a-MoO3RANs/GEC) electrode. From this
experiment, it reveals that a crucial change in concentrations from
low to high of analyte (PhOH) delivers a higher efficiency of the
electrode. The data received from the experiments also influences
with various basic parameters such as architecture of nano-
structured materials (rods, flowers, tubes, wires, belts etc), pH of
the solution, used electrolyte, chemical properties of the used
materials, surface properties of electrodes etc. Because the rods
shaped structures is made up of several tiny nanosheets (~200 nm
size), which have high surface properties as compared to other
shaped nanostructures. The tiny nanosheets facilitates the
increased band gap and generates high electron transportation also
provides good sensing capacity. The a-MoO3RANs provides a good
affinity towards the surface of GCE and it produces feasible envi-
ronment to their surfaces also provides passages to react with the
analyte via surface adsorption. The semiconductor materials
exhibit stable and reproducible properties which authenticated
good electron transportation between electrode film (a-MoO3R-
ANs) and analyte (PhOH). In addition to this, the surface adhesion of
processed nano and micro-structures creates a bonding with ana-
lyte, which directly affects the reaction/response time, electrical
signals, and enactment of the produced sensor. The formed a-
MoO3RANs/GCE surface also enhanced the catalyst (PhOH) with
using a smooth and glassy film of electrode. In this experiment the
PhOH plays an important role as a analyte to enhance the reaction
with the surface adsorbed oxygen on film/layer (a-MoO3RANs/
GCE), and thus it increases the conductance of the a-MoO3RANs/
GCE [84,85]. The semiconductors nano or microstructures which
have various sheets like structures enbuild, facilitates a number of
routes for the surface adsorption of analyte (PhOH), leads to a
significant transportation of electrons between the electrode film
(a-MoO3RANs/GCE) and solution (PhOH in PBS) (Fig. 12). The
charge transfer resistance RCt(U) values also signify that as the
resistance circuit (RS(U)) decreases with the increase of concen-
tration of PhOH, the current of the processed sensor increases,
which is reproducible and repeatable for a longer period [82,86].

4. Conclusions

The summary of the present work states that the rods of mo-
lybdenum oxide assembled with nanosheets (a-MoO3RANs) were
formed with chemical/precipitation process. The chemical such as
ammonium heptamolybdate tetrahydrate ((NH4)6Mo7O24$4H2O))
and NaOH in a less time period (90 min) of heating at 60 �C. The
prepared powder was well characterized in terms of their powder
crystalline property, morphological study and electrochemical
evaluation in detail. For this, initially the synthesized a-MoO3R-
ANSs was characterized through XRD to ascertain the crystallinity
of the material whereas the morphology was recovered from SEM
and it revealed that the individual rod shaped structures staked
with many sheets (~200 nm) with diameter is 2 mm in and length
reached to 6 mm. The structural detail was again confirmed via SEM
and its corresponding with TEM results. The prepared powders
chemical/functional characteristics were examined via FTIR spec-
troscopy. Based on the analysis and their observations a possible
growth mechanism for the a-MoO3RANs has been proposed and
discussed. The formed a-MoO3RANs /GCE was applied to sense the
hazardous chemical compound of PhOH. The CV shows the
cathodic and anodic signal in a liquid mediumwith PBS from a very
range of electrolyte (7.8 mMe1000 mM in PhOH/100 mL) solution. It
reveals from the obtained data that a concise change was observed
in cathodic and anodic peaks, which depicts that the formed sensor
is precise and it’s useful for the detection of bulk samples. From the
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observed selectivity and reproducibility (0e1500 s) data it ex-
presses that the produced sensors exhibit abundant sustainability
for longer period.
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