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Abstract—A polyfluorene-molybdenum oxide nanocomposite (PF-MoO;) was successfully prepared in swollen liquid
crystalline (SLC) lamellar phase. The morphology, shape, and structure of the nanocomposite are characterized by field
emission scanning electron microscopy (FESEM), X-ray powder diffraction (XRD), and Fourier transform infrared spec-
troscopy (FTIR). The obtained PF-MoO, material was loaded over a glassy carbon electrode (GCE). The PF-MoO,/GCE
was employed as a working electrode for the detection of glucose by differential pulse voltammetry (DPV) and cyclic
voltammetry (CV) techniques. The determined limits of detection (LOD) and the limits of quantification (LOQ) from
CV were 7.90x10° M and 2.63x107° M, respectively. The calculated sensitivity of the PE-MoO; electrode material for
glucose was estimated to be 4.29x10" uA L mol ™" cm ™. The values of LOD and LOQ obtained from DPV data were
7.05x10° M and 2.35x10°° M, respectively. The results were in agreement with CV observations. Similarly, the glucose
sensitivity for the PF-MoQ/GCE by DPV technique was 5.18x10° uA L mol™ cm™. In this research, we have developed
a highly sensitive glucose sensor by modification of the GCE electrode surface with PF-MoO; nanocomposite.
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INTRODUCTION

In healthy human blood, the normal concentration of glucose is
around 72 mg/dL, but any drastic change in sugar level leads to dia-
betes and kidney disease [1]. Nowadays, diabetes is the foremost
health care challenge, and approximately 171 million people across
the globe are suffering from it. Testing glucose levels is especially
important for diabetic patients to avoid complications. Most dia-
betic patients are accustomed to dealing with blood sugar checks as
part of their daily routine. Therefore, considering healthcare aware-
ness, the area of glucose sensors is identified as a top priority among
researchers.

Enzymatic glucose biosensors have been developed for a long
time. The most common and serious problem with these enzy-
matic sensors is their lack of stability arising due to the nature of
enzymes. To overcome this issue, nonenzymatic glucose sensors
have been explored [2]. Despite significant dedicated efforts towards
the development of non-enzymatic nanomaterials-based electrodes
for accurate sensing of glucose, there are some drawbacks. Typi-
cally, inert (noble) metals such as platinum (Pt), gold (Au), and
palladium (Pd) based nanomaterials or composites are reported as
non-enzymatic glucose sensors by using different electrochemical
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approaches like CV and DPV [3,4]. However, these noble metals
are costly and have limited formation of a homogeneous disper-
sion, which is directly impacting the cost and reproducibility [5,6].
Therefore it is important to investigate low-cost and enzyme-free
glucose sensors. Transition metal dichalcogenides (WS,, MoS,, and
WSe,) [7,8], transition metal oxide (TiO,, CuO) [9,10], and poly-
mer-metal composite [11,12] can be used for electrochemical sens-
ing of glucose. Among various transition metal dichalcogenides,
MoS, has been widely explored and believed to be a potential can-
didate in electrochemical sensing towards glucose due to its chem-
ical inertness, unique atomic structure (sheet-like), and high surface
area. However, MoS, has shown poor electrochemical performance
due to low electrical conductivity and restacking sheet structure,
which reduces the rate of charge transfer reaction and active reac-
tion sites. Whereas molybdenum-based oxide (MoQ;) has promi-
nent features, such as a unique structure composed of octahedron
MoOs layers and connected by weak van der Waals force consist-
ing of the gap between the layers (around 2.6 A) [13]. These dis-
tinctive structural aspects of MoO; expedite the intercalation of
glucose analyte, and considerable redox behavior of MoO; would
improve the electrode/electrolyte interface area [14]. Therefore, MoO;
is substantially utilized for electrochemical sensing of biomolecules
such as dopamine. It has been reported that bonding between
Mo-O in MoO; facilitates electrocatalytic oxidation of dopamine
[15]. Bonding character and unique structural features make MoO,
an excellent candidate for electrochemical sensing applications. The
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rise of conducting polymers like polyaniline, polypyrrole, and poly-
fluorene (PANI, PPY, and PF) can give a new prospect for the pro-
duction of hybrid composites having high thermal, chemical stability
with good conductivity [16-18]. Conducting polymers and metal
oxide nano-composites are anticipated to be a vital example of
materials in various fields such as electronics, [19] energy storage
[20], and sensing [21]. The combination of polymer and metal
oxide has been applied in various fields, such as conducting PANI-
ZnO coating as a high corrosion resistance [22] and conducting
PANI-MoO; hybrid nanomaterials for supercapacitor [23]. These
studies have suggested that doping of conducting polymers with
transition metal oxide increases the charge delocalization in the
conducting polymer backbone, leading to higher conductivity [24].
The association of MoO; with redox-active conducting polymers
is an excellent way to enhance the electro-catalytic properties and
stability. Among various polymers, polyfluorene (PF) possesses pla-
nar biphenyl units with high 7bond conjugation and good electri-
cal conductivity [25]. Hence, polyfluorene has drawn considerable
attention in mechanical properties [26,27].

A stable and sensitive electrode material for selective glucose-
sensing can be obtained through the combination of PF and MoO;.
Surfactant-based swollen liquid crystalline (SLC) mesophase is well
known soft template nanoreactor for the synthesis of conducting
polymers and different metal nanostructures. We have recently
demonstrated this method for synthesizing multifunctional PANI-
Pd composite [28] and hybrid nanocomposite PANI-ZnO-GO for
pesticide detection [29]. In the current study, we prepared PF-MoO;
nanocomposites in SLC. The morphology, shape, and structure of
nanocomposites were characterized by field emission scanning elec-
tron microscopy (FESEM), X-ray powder diffraction (XRD) and
Fourier transform infrared spectroscopy (FI-IR), respectively. Cyclic
voltammetry (CV) and differential pulse voltammetry (DPV) were
used to evaluate the electrochemical performance of PF-MoO; nano-
composites modified electrode towards glucose. Here we have suc-
cesstully developed PF-MoO; nanocomposite electrode material as
a non-enzymatic glucose sensor.

EXPERIMENTAL

1. Reagents

Ethyl alcohol (C,H;OH, 99%), concentrated nitric acid (HNO;,
99.0%), ammonium heptamolybdate tetrahydrate (AHM, (NH,)s
Mo,0,,-4H,0, 99.0%) cetyl-pyridinium chloride monohydrate
(CPCI-H,0, 99.0%), cyclohexane (CgH,,, 99%), 1-pentanol (C;H,,0,
99.0%), potassium permanganate (KMnO,, 99.0%), glacial acetic
acid (CH;COOH, 99.0%), sodium acetate (CH;COONa, 99.0%),
isopropyl alcohol (CH;,CHOHCHS,, 99.0%) of the best available
purity grade were purchased from Thomas Baker Pvt. Ltd., India.
Fluorine monomer was procured from Sigma-Aldrich Chemical
Company, USA. The values in the parentheses are purities of these
substances as stated by the vendor. The water used to prepare solu-
tions was triple distilled. All the reagents were of AR grade and
utilized with no further purification.
2. Synthesis of MoO); by Facile Hydrothermal Method

We used hydrothermal method with slight modification for the
synthesis of MoO, [30]. Aqueous solution of AHM (0.05 M) was

prepared and stirred for 10 minutes. The concentrated HNO, was
added dropwise into aqueous AHM solution with continuous stir-
ring. 20 mL of the acidic AHM solution was added to a Teflon lined
stainless steel autoclave (capacity 50 ml). The reaction was done in
a muffle oven for 8 hrs at 180 °C. The resulting product was subse-
quently separated via centrifugation and cleaned with deionized
water and ethanol, respectively. Later, MoO; was dried at 60 °C and
annealed at 350 °C.

The overall reaction mechanism of MoO; as per reported litera-
ture [30] is depicted in reaction Egs. (i)-(ii).

(NH,);Mo,0,,-4H,0+6HNO,~>HMo0,0,,-4H,0+6NH,NOy,, (i)
HMo,0,,-4H,0—7Mo0,+7H,0 (ii)

According to the above reaction equations, initially, acidified pre-
cursor (AHM) gets converted into intermediate species depicted
in (i), which is further later dehydrated into a final product of MoO;
shown in reaction Eq. (ii).
3. Synthesis of PF-MoO; Composite in Swollen Liquid Crys-
talline Lamellar Mesophase

Synthesized MoO; was further used for in situ preparation of PF-
MoO; nanocomposite by swollen liquid-crystalline method (SLC)
[29]. Initially, the fluorene monomer was dissolved in ether (0.1 mol
L™). The dissolved monomer was introduced into a 30-ml glass
tube and mixed with cetylpyridinium chloride (CPCI). This was
followed by the addition of 2 ml of water, which resulted in a vis-
cous and turbid solution. Sequentially; cyclohexane (3 ml) was added
to the prepared mixture and vigorously vortexed to yield lamellar
mesophase. Co-surfactant 1-pentanol (350 pL) was added to the
mixture by strong vortexing for 2 min and previously dispersed
MoO; in ethanol (1 mg/ml) was added to the above mixture. At
this stage, the formation of lamellar mesophase took place. To this
transparent lamellar mesophase, KMnO, (0.01 M) was added as
initiator and then the whole system was placed at the darkroom
temperature. Primarily; the mesophase transformed to a dark brown,
and then the entire system was kept for the chain polymerization
process for 24 hours. The composite materials were washed several
times with isopropyl alcohol followed by water. The brown-colored
product was dried in the oven at 60 °C for 12 hrs. Fig. 1 shows the
overall schematic presentation of the experimental procedure.
4. Active Surface Area of PF-MoO,/GCE Electrode

The active surface area of the modified electrode was calculated
using Randles-Sevcik equation for a reversible redox process [59].
1 mM ferrocene was used as a standard redox couple in 0.1 M KCL

. /. / /
1,=(2.69x10°)(n)** AD,,,"*C, 0" 1)

where, i, represents the oxidative peak current (anodic), 1’ is num-
ber of electrons involved in the electrode reaction=1, A is the sur-
face area of the electrode, ‘D,,,, is the diffusion coefficient=0.16x
10°°cm® s7' [31]. ‘U is the scan rate (V s™"). The concentration of
ferrocene (1 mM) is denoted by ‘C; The active surface area of the
modified electrode was (0.54cm’), which is eight-times greater
than the geometric area (0.07 cm?) of bare GCE. The calculated
roughness factor was found to be 7.73.

5. Instrumentation

The diffraction spectra were recorded at the angle of 5° to 90°
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Fig. 1. Schematic illustration of the hydrothermal synthesis of MoO; and synthesis of PF-MoO; nanocomposite by SLC.

using XRD (Thermo ARL X'TRA with CuKa A=0.154 nm). The
crystalline characteristics of the PF-MoQ;, crystalline size, and
structural parameters were determined. Functional group studies
were done using Fourier transform infrared spectroscopy (FT-IR
Spectrometer 4600, Jasco) using KBr pellets. The morphology of
the PF-MoO; composite was investigated by field emission scan-
ning electron microscopy (FE-SEM). (Nova nanosem 450). Three
electrode systems PGSTAT 302N Autolab Metrohm were used
for the electrochemical performance study:.

RESULTS AND DISCUSSION

1. Structural Studies

Crystalline performance of synthesized PE MoO;, and PE-MoO;
is depicted in Fig, 2. The typically developed diffractogram of MoO;,
thin film is represented in Fig. 2(a). Every peak was well indexed
to hexagonal MoO; [JCPDS card (21-0569)] [32]. Sharp and highly
intense peaks demonstrate the fine crystallinity of hexagonal MoOs.
Fig. 2(b) shows the slightly thin peak at 9° and wide peaks between
10° and 30° (26) which are the characteristic peaks of polyfluorene
due to the presence of polymeric chain. This observation confirms
the presence of polyfluorene in the semi-crystalline phase and the
results are consistent with earlier reports [33-35]. Fig. 2(c) shows
the XRD pattern of the PF-MoO; composite. The disappearance
of crystalline peaks with the incorporation of polyfluorene to MoO;
indicates modification of MoO; with PF results in enhancing the
amorphous nature in PF-MoO; composite. This is attributed to
the subsistence of polyfluorene. The existence of broad peaks in
Fig. 2(c) is ascribed to the stacking phase of polymers caused by
the stacking of aromatic main chains [36]. Additionally, the disap-
pearance of XRD peaks (20=25") of MoO; suggests that the low
concentration of molybdenum influences the overall crystal fea-
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Fig. 2. X-ray diffraction patterns (a) MoO;, (b) PF and (c) PF-MoO,
composite.

tures of the PF-MoO; composite. The mean crystallite sizes of
MoO; and PF-MoO; were calculated by Scherrers eq and it was
found to be 90 nm and 27.37 nm, respectively.

2. Morphological Analysis (FE-SEM)

Morphological and structural analysis of PE-MoO; composite
was carried out by field emission scanning electron microscopy
(FE-SEM). In Fig. 3, (a) and (b) are FE-SEM images for synthe-
sized MoO; while (c) and (d) are for PF-MoO; composite. It is
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Fig. 3. FESEM images of MoO; (a) and (b); PF-MoO; composite (c) and (d).

seen from FE-SEM images that MoO; is in the hexagonal rod
shape morphology and PF-MoO, composite represents sphere
shape morphology. The discrepancy in the morphology is due to
the association of polymer matrix with metal oxides. The mor-
phology of composite is influenced by polymer matrix by their
properties like surface functionalization and stabilizer. From the
FE-SEM analysis, it was confirmed that microspheres of polyfluo-
rene were effectively encapsulated all over the surface of MoO;. As
a result, the surface became rough, indicating the efficient coating
of polymers at the surface of MoO; [37,38] and, consequently, the
hexagonal morphology of MoO; vanished. The disappearance of
the hexagonal shape of MoO; is due to the modification of metal
surfaces with appropriate polymers via strong steric interaction
[39]. Increasing the concentration of polyfluorene in the compos-
ites leads to reducing the hexagonal shape of MoO; in the com-
posite. Thus, it is predictable that PF-MoO; can exhibit superior
sensitivity towards glucose due to the presence of a rough surface
which offers more active sites for the immobilization of glucose
analyte.

3. Functional Group Studies (FT-IR)

FT-IR spectra provide the details of functions groups and con-
firm the complexation and interaction among the compounds. Fig.
4(a) shows the FT-IR spectrum of MoO; with the resultant absorp-
tion band occurring at 521 cm™' and 646 cm™" that are related to
the vibration of Mo-O bond; peaks at 913 cm ™' and 974 cm™' are
characteristic vibration bands of Mo=0O in hexagonal phase, while
vibration detected at 1,402 cm™" was associated with the vibration
mode of the Mo-OH bond. Absorption peaks at 1,689 cm™" and
3,550cm are allied with bending and stretching vibration of
hydroxyl (-OH) group of water molecule [40]. The absorption peaks
in the region of 1,000-400 cm™' suggest the inter-atomic vibration
of metal and oxygen. Fig. 4(b) describes the FI-IR spectra of PF
with chain C-H stretching at 2,846 cm™". The band at 2,924 cm™
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Fig. 4. FT-IR spectrum (a) MoO;, (b) PE, (c) PF-MoO;.

confirms the aromatic C-H stretching. The absorption bands 1,400
cm™' and 1,650 cm ™" are a sign of the presence of aromatic ring
vibration and C=C stretching frequency. The stretching and bend-
ing vibrations in PF-MoO, composite are depicted in Fig. 4(c).
The fingerprint region peaks at 526 cm™' and 916 are attributed to
Mo-O and M=0 bond stretching frequency [40]. Vibrations ob-
served at 1,370 cm ™ and 1,630 cm™ confirm the conjugation upon
a combination of polyfluorene to MoO,. A spacious band at 3,376
cm™' corresponds to the stretching frequency of the OH- group.
The bands at 2,863 cm ™" and 2,914 cm™" are characteristic of the
C-H stretching (alkyl chain) and C-H stretching of the aromatic
ring of polyfluorene, respectively [41]. These results of the FT-IR
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Fig. 5. Voltammogram of glucose (0.1 M acetate buffer; pH 7.4) at the PF-MoO;/GCE (a) CV of 2.78x10*M glucose (b) DPV of 2.78x10*M

glucose.

spectrum confirm the successful formation of composite and strong
interaction of PF and MoO; particles.
4. Flectrochemical Activity of Glucose at PF-MoQO;/GCE

The voltammetric response of glucose (2.78x 10™* M) was inves-
tigated in 0.1 M acetate buffer (pH 7.4). Fig. 5(a) and 5(b) depict
CV and DPV in the presence and absence of glucose (blank solu-
tion) over the surface of PF-MoO,/GCE at optimum conditions. It
is clearly evident from Fig. 5(a) that no Faradic response was
recorded in the blank solution. In the presence of glucose, the for-
ward scan shows single broad, plateau-shaped peak at E,,=0.75V
signaling the oxidation of glucose (anodic peak). The reverse scan
shows the corresponding reduction peak at E,,=0.38 V (cathodic
peak). This implies that the modified PF-MoO,/GCE is highly
sensible towards glucose. The redox behavior of glucose is found
to be quasi-reversible, as can be seen peak separation of 370 mV
in the oxidation and reduction peak positions. Similarly, in Fig.
5(b) DPV of glucose (2.78x10™* M) exhibits a broad oxidation
peak at 0.6 V due to the significant electro-catalytic activity of glu-
cose at the surface of PE-MoO,/GCE. While in the absence of glu-
cose no redox response is recorded. In the forward scan (0 to
1.2V), the molybdenum metal is in (V1) state. This electron-defi-
cient state catches up the electrons from glucose to produce gluco-
nolactone. During this process, Mo (VI) is reduced to Mo (V) in
the form of PF-MoO, (OH") [42]. The possible reaction mecha-
nism is according to the following reaction equation:

PF-MoO,+Glucose—PF-MoO, (OH) +Gluconolactone

Fig. 6 shows a general representation of the electron transfer pro-
cess involved in glucose oxidation.
5. Effect of Glucose Concentration on the CV and DPV

CV and DPV method were employed to study the influence of
glucose concentration at the surface of PF-MoO,/GCE at the opti-
mized conditions. Fig. 7(a) shows CV of rise in concentration of
glucose ranges from 1.39x10* M to 9.72x10™* M. The anodic peak
current increases linearly with respect to increasing glucose con-
centration. The oxidation peak potential is allied with the low to
high concentration (0.75 to 0.76 V). The negligible shifting in peak
potential signifies the rapid electron transfer of glucose over the
surface of PF-MoO,/GCE. Fig. 7(b) portrays the linear correlation
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Fig. 6. Electron transfer process of glucose at surface of PF-MoO5/
GCE.

in oxidation peak current and concentration of glucose. The lin-
ear regression Eq. (2) is as follows:

L(A)=0.0232 C+2.0x10°(A) (R>=0.9936) )

Fig. 7(c) depicts DPV of glucose concentration varies from 2.77x
10~ to 9.72x10™* M under optimum conditions. Fig. 5(c) decodes
that the anodic peak current was increased with an increase in
glucose concentration, while Fig. 7(d) shows the linearity between
anodic peak current against concentration of glucose. The linear
regression Eq. (3) is given by

1,(A)=0.0028C+5.0x10 *(A) (R*=0.9934) (3)

CV and DPV are sensitive tools towards electrochemical analysis
and to give significant information about lowest concentration of
an analyte. Therefore, from the calibration curve of CV and DPV,
the detection limits were calculated by using Eqs. (4) and (5),
respectively [43]. LOD were found as 7.90x10”° M, and 7.05x10~° M
and LOQ were calculated 2.63x107° M and 2.35x10™° M:
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Fig. 7. (a) Effect of glucose concentration (CV) (1.39x10™* M to 9.72x10™* M) at the PF-MoO,/GCE (acetate buffer of 0.1 M, pH 7.4) at scan
rate 50 mV/s. (b) The linearity of oxidation peak current with respect to the increasing concentration of glucose. (c) DPV of various
concentration of glucose (2.77x107*9.72x10* M) at PF-MoO,/GCE (acetate buffer of 0.1 M; pH 7.4) with the scan rate 50 mV/s. (d)
The linear variation of oxidation peak current against the concentration of glucose.

Table 1. Comparative study of glucose oxidation potential at various electrode materials

Sr No Electrode material for glucose sensing Potential (V) Ref.
1 Au/Fe,04 0.9 52
2 ZnFe,0,/PPy 0.9 53
3 SWCNT/GOx/Nafion composite 0.8 54
4 NiNPs/PEDOT/RGO 0.5 55
5 RuOx-Prussian Blue/GCE 1.10 56
6 PF-MoO,/GCE 0.75 (CV) Present work
7 PF-MoO,/GCE 0.60 (DPV) Present work
LOD=30/M 4) synthesis of PF-MoO,, which involves in situ polymerization at room
LOQ=106/M 5) temperature. Table S1 represents the designed sensor PF-MoO,

where, o signifies the standard deviation (obtained from anodic
peak current) and M represents the slope (from calibration curve)
(Fig. 7(b) and Fig 7(d)). Table SI provides comparative performance
of the PF-MoO,/GCE with other molybdenum based modified
electrode; from the comparison it is clear that PF-MoO,/GCE pos-
sesses remarkable sensitivity towards glucose and even better detec-
tion limit than some of the modified electrodes [44,47,50]. Few
molybdenum based materials (MoS,) [45,46,49,51] have better per-
formance than PE-MoO; but require doping of expensive noble
metals (Ag, and Pd) and mix metals, which involves sensitive syn-
thesis route. Herein, we have developed simple surfactant-based

with wide linear range compared to the other reported modifiers.
The sensitivity of the electrode is analogous to the literature.

Table 1 represents a comparison of obtained oxidation poten-
tial signals for glucose at different electrodes. This work describes
low cost, versatile synthesis tactics for highly sensitive electrode
materials for glucose at the lower oxidation potential. The syner-
getic influences between the PF and MoO; module enhanced cat-
alytic activity for detection of glucose at lower energy:

6. Influence of Electrolyte pH

Fig. 8(a) shows redox behavior of glucose (9.72x10™* M) with
PF-MoO,/GCE in 0.1 M acetate buffer of different pH (pH 3.6,
49, 9.0 and 74) at scan rate 50 mVs . From Fig. 8(a) it is quite

Korean J. Chem. Eng.(Vol. 39, No. 6)
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peak current against different pH. (c) The plot of Epc against different pH.
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Fig. 9. Stable isomeric form of glucose at equilibrium state.

clear that there is no Faradic activity in pH 3.4, while pH 4.9 and 9
show some redox activity. However, drastic change in the redox
peak current was achieved at only pH 7.4. This implies that pH
74 is energetically favorable for glucose sensing. Glucose has been
more extensively studied in neutral media (pH 7.4) than basic or
acidic media, since in neutral media glucose exists in equilibrium
state with three isomers ¢, 3 and y as represented in Fig. 9 [57]
[52-55]. In the aqueous solution (pH 7.4), the ratio of a: f: yiso-
mers is [37:63:0.003] at the equilibrium state. A similar ratio is
found in the blood as well. The protic environment of solution
can shift the ratio of & and £ orientation significantly [58]. In basic
medium, adsorbed dehydrogenated intermediate gets oxidized to
form gluconolactone and slow desorption of gluconolactone takes
place along with formation of gluconic acid. In acidic media, glu-
cose is not reactive. Considering the above observation, neutral
medium is favorable for glucose oxidation [59].

As is evident, Fig. 8(b) shows a plot of peak current against pH
that implies oxidation of glucose is dependent on the pH of an elec-
trolyte. The oxidation peak current of glucose increases as pH value
increases, until it reaches a maximum at pH 7.4 and then decreases
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slowly above pH 7.4, Fig. 8(c) depicts the shifting of Epc towards
less positive potential with increasing pH; the linear regression Eq.
(6) is as follows:

©)

where, R” is correlation coefficient and the obtained slope —0.065
V/pH is nearly equal to theoretical value 0.059. This result confirms
the redox reaction of glucose involves equal number of protons
and electrons [60]. From the above experimental observations, pH
7.4 was taken as optimum pH for further electrochemical investi-
gations.
7. Effect of Scan Rate

Dependence of relative change of oxidation and reduction peak
current of glucose (9.72x10™* M) with scan rate was studied. Fig.
S1(a) shows an overlay CV of glucose and Fig. S1(b) represents a
plot of the redox peak current depending on the square root of
the scan rate. A linear increase in anodic (oxidation) and cathodic
(reduction) peak current was observed with increasing scan rate.
However, this was accompanied by slight potential shifting and
this shifting of oxidation peak arose due to the disproportion
between the Faradic process and mass transport [61]. This effect
of scan rate seems to appear as a result of kinetic factors of electro-
chemical processes at the sensor surface and instrumental circum-
stances. This behavior indicates that electrode reaction is controlled
by a diffusion process [62]. The linear regression equations were
found to be with R’=0.99 (Egs. (7)-(8)).

Epc (V)=—0.065 pH+0.89 (R*=0.99)

,,(107° A)=0.00008+0.000005 (V s )" R*=0.99 )

1,(10”° A)=—0.00006-0.000002 (V' s~)"* R*=0.99 ®)

8. Electrochemical Impedance Spectroscopic (EIS) Studies
Electrochemical impedance spectroscopy is a major technique
for the elucidation of the charge transfer process at the interface of
modified electrode. Fig. S2 shows a Nyquist plot of bare GCE and
PF-MoO; modified GCE in 0.1 M KCl containing 1 mM ferro-
cene. A Nyquist plot of bare GCE shows the semicircular region
that appears when the charge transfer process is limited between
electrode and electrolyte. This indicates a barrier of electron trans-
fer of redox probe at bare GCE. While PF-MoO; modified elec-
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trode shows a linear region at low frequency, suggesting higher
rate of electron transfer process. This observation implies that PE-
MoO, modified GCE possesses higher conductivity due to the
synergic effect of PF and MoO;. Moreover, the charge transfer resis-
tance (Rct) of bare GCE and PF-MoO,/GCE was found to be
21.7Q, and 1.79 Q. Low Rct value of PF-MoQ,/GCE shows the
high efficiency of PF on MoO;; therefore, PF-MoO; exhibits higher
interfacial electron transfer rate.
9. Chronoamperometry Studies

Chronoamperomtery technique was employed to find the num-
ber of electrons transferred during glucose oxidation in the opti-
mum condition. It is an extensively used method due to its high
sensitivity; here, the Cottrell Eq. (10) was used to derive the num-
ber of electrons. From the Cottrell plot of I vs. t *, the linear regres-
sion equation was found as Eq. (9) (Fig. S3):

1(A)=3.0x10"°-2.0x10"* (R*=0.99) ©)

The obtained slope from the above equation was used in the Cot-
trell Eq. (10):

nFAC* D'?
1/2,1/2
Tt

I(A)= (10)
where, F is denoted for Faraday constant=96,485 C mol ', A’ signi-
fies geometrical area=0.07 cm’, concentration of ferrocene given
by ‘C¥=0.5mM, and the value of D was obtained from literature
86x10™ cm?/s [63]. The calculated number of electrons transferred
in glucose oxidation was 1.83~2; this calculated value is consistent
with Fig. 6.
10. Reproducibility and Stability

The reproducibility was investigated by four repetitive measure-
ments with unlike PF-MoO,/GCE. As a result, nearly the match-
ing oxidation peak current was monitored by the CV at optimum
conditions and the resultant RSD (relative standard deviation.) value
was 2.0%. The stability of the modified GCE was inspected by CV
using glucose (2.78x107* M) in favorable conditions (0.1 M ace-
tate buffer; pH 7.4), for consecutive 25 cycles. The percentage deg-
radation was calculated using the following formula (Eq. (11)) [60]:

degradation %= ;—plx 100 (11)
where, ip; and ip; signify last and initial anodic peak current, the
calculated degradation percentage was 94% of initial current, which
implies suitable stability. Therefore, these observations specify that
the proposed sensor exhibits outstanding stability and reproduc-
ibility.

11. Estimation of the Diffusion Coefficient of Glucose

Diffusion coefficient of glucose (2.78x10™* M) was anticipated

Table 2. Recovery study of glucose at the PF-MoO,/GCE

using the modified Randles-Sevcik Eq. (12) [59] at the surface of
PF-MoO,/GCE:

1,=(2.99x10)(em)""n** AD,,,*C,0"? (12)

where, ‘C, is concentration of electro-active species (mol cm™), v
is the scan rate (V s™'). Oxidation peak current is denoted by 9,
(A), the geometrical area is represented by A’ (cm’), ‘@ stands for
electron transfer coefficient, diffusion coefficient is given by D,,,
(cm’ s7'). The calculated apparent diffusion coefficient of glucose
was 2.51x107" cm’ s
12. Interference Study of Biomolecules

Probable interference for the sensing of glucose was studied using
several coexisting antibiotic, lipids(fats), amino acid and enzymes
like Ampicillin, Cholesterol, L-Cysteine, L-Asparagine etc. More-
over, the biomolecules such as dopamine (DA), ascorbic acid (AA)
and uric acid (UA), which are contemporaneous alongside with
glucose, were also examined during interference study. A cyclic
voltammogram was recorded to investigate the interference test as
represented in Fig. S4. The experiment was carried out with suc-
ceeding addition of Ampicillin (874 uM), L-Asparagine (375 uM),
L-Cysteine (303 uM), Cholesterol (967 uM), DA (40 pM), AA (35
pM) and UA (35 pM) along with the glucose (0.278 mM), in ace-
tate buffer (pH 7.4). The resultant CV shows higher oxidation peak
current at relatively low potential for glucose compared to the other
biomolecules and interfering group. This implies that the PF-
MoO,/GCE shows good selectivity towards glucose even in pres-
ence of common interfering species.
13. Determination of Glucose in Human Urine Sample

The workability of the designed sensor was inspected using a
human urine sample of three healthy volunteers. Urine samples of
three volunteers were tested for recovery. The analysis was per-
formed by the addition of 0.684 mM, 0.833 mM and 0.972 mM
glucose in each sample, respectively, as shown in Fig. S5. The ob-
tained results show an analysis of glucose concentration in human
urine samples using anodic peak potential. The obtained voltam-
mogram shows a clear signal of glucose oxidation with good per-
centage recovery close to 100. The recovery efficiency was calculated
using following formula (Eq. (13)) [64]:

glucose concentration found
glucose concentration added

Recovery (%)= x 100 (13)
The results of this study confirm the accuracy and suitably of the
PF-MoO,/GCE electrode for glucose sensing. The recovery results
are represented in Table 2.
14. Chronoamperometry Studies for Stability and Electro-cat-
alytic Activity

The electro-catalytic activity and stability of PF-MoO,/GCE was

Urine sample Glucose added (M) Glucose found (M) Recovery (%) RSD (%)
I 6.94x107° 6.80x107° 97.9 6.3
II 7.80%x107° 7.49%107° 96.0 5.8
111 7.72%107° 7.72%x107 100.0 5.6
Standard deviation =147x107*
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evaluated by steady state chronoamperometry tests conducted at
0.7 V for 5,000 s. Fig. S6 shows a current versus time measurement
plot for glucose oxidation. It was noted that during initial 6 minutes,
current density decreased gradually due to presence of intermedi-
ate species and followed by stabilization. This process occurs because
of the initial availability of active sites without any adsorbed inter-
mediates. However, as reaction continues further, the degree of
adsorption of intermediate species is based on active sites of cata-
lysts, which further leads to oxidation of adsorbed intermediate
species leaving faster from active sites [65]. Therefore, PF-MoO;
has superior catalytic activity to defeat poisoning of catalyst and
thus provides high current density and stability. High electro-cata-
lytic activity and excellent stability of PF-MoO; is governed by
advantageous synergic effect between PF and MoO, which may
cause structure roughness with high surface area. Therefore, these
observations suggest PE-MoO; is a better electro-catalyst.

CONCLUSIONS

We have developed an enzyme free glucose sensor based on
PF-MoO; nanocomposite. Successful synthesis of PE-MoO; com-
posites was carried out in swollen liquid crystal lamellar mesophase.
Micro-sphere structured PF-MoO; modified GCE electrode was
used as glucose sensor. The designed sensor of PE-MoO,/GCE
boosted the analytical sensitivity of glucose by yielding a low
detection limit of 7.90x10™° M and 7.05x10"° M by CV and DPV,
respectively. The developed sensor provides excellent stability and
reproducibility along with high catalytic activity. A highly sensitive
glucose sensor was obtained due to enhancement of synergic effect
shown by PF-MoO;. Moreover, the sensor was successfully em-
ployed to determine glucose in human urine sample, and also PF-
MoO,/GCE served as a highly selective even in the existence of
interfering species. Therefore, the sensing performance of the mod-
ified sensor reveals excellent environmental and electrochemical
stability. This implies that with these characteristic features, the elec-
trode materials have a potential to fabricate magnificent glucose
sensing devices and assuredly open doors towards low-cost and
sensitive glucose sensors.
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Table S1. Comparatives outputs of the modified electrode used in the Glucose determination

Sensitivi Li LOD
Methods Modified Electrodes u A:rrrlls’lz l:ltl\};[’ y 1ne?;/[r)ange (M) Reference
Amperometry Au-Pd/MoS,/GCE a - 5x107* to 2x107 4x107* [44]
SwWv GC/Colloidal AgNPs/MoS, 9,044.6 1x107 to 110~ 3x107° [45]
Ccv MoO,/PVP/GCE 86.42 up to 1x107* 2.20x10° [46]
154 5x107-1.75x107" 5.10x107°
A t MoO 47
Tperometry o 7.5 1.75%10" 6.15x10™" 1.04x10™ [47]
CV MoS,/NF 570.71 0-30 - [48]
Amperometry Ni;S,/NiMoO, 10.49 0 to 2.40x10™* 5.50x107° [49]
Colorimetric MoO,/C nanorods - 1x10°to 1x107* 1x107° [50]
Amperometry Cu,0/MoS, 3,108.08 1x107°-4x107° 1x10°° [51]
Cv PF-MoO,/GCE 429x10* 1.39x107* t0 9. 72x107* 7.90%x10°° This work
DPV PF-MoO,/GCE 5.18x10° 2.77x107* t0 9.72x107* 7.05x10°° This work
Effect of Scan Rate
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Fig, S1. (a) Cydlic voltammogram of (9.72x10 *M) glucose at the PF-MoO,/GCE (acetate buffer of 0.1 M; pH 7.4) at diverse scan rate
(10 mVs ™" to 100 mVs ). (b) Dependance of redox peak current I (A) with respect to the square root of scan rate.



Electrochemical Impedance Spectroscopic (EIS) Studies
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Fig. S2. Nyquist plot obtained for the electrodes (a) Bare GCE (b)
PF-MoO,/GCE in 1 mM ferrocene (inset figure represents
circuit used in fitting EIS data for PF-MoO,/GCE).

Chronoamperometric Study
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Fig. $3. Cottrell plot of t"* Vs I(A) of 1 mM of glucose in 0.1 M ace-
tate buffer solution (pH 7.4).

Interference Study of Biomolecules
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Fig. $4. The plot of anodic peak current Vs. Interfering species (DA,
AA and UA) at PF-MoO/GCE in 0.1 M acetate buffer (pH
74).

Determination of Glucose in Human Urine Sample
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Cycdlic voltammogram of 0.694 mM, 0.833 mM and 0.972
mM glucose added in urine sample at PF-MoO,/GCE in
0.1 M acetate buffer (pH 7.4).

Chronoamperometry Studies for Stability and Electro-cata-

lytic Activity
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Fig. S6. Chronoamperometry at 0.7V for PF-MoO,/GCE in pres-

ence of 2.78x10™* M of glucose in 0.1 M acetate buffer (pH
74).



