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ARTICLE INFO ABSTRACT

Herein, we have reported a simple sonochemical synthesis of multi-layer graphene covered tungsten trioxide
nanoballs (WO3; NBs) and the nanocomposite was characterized by FESEM, HRTEM, XRD, XPS, CV and EIS.
Furthermore, progesterone (PGT) is a preferred marker for various biological problems like pregnancy problem,
mood swings, anxiety, depression, nervousness and body pain. Therefore, its selective and sensitive determi-
nation in various biological fluids is beneficial for the evaluation of malformation problems. We describe the
fabrication of an amperometric and non-enzymatic biosensor based on WO3 NBs@GR nanocomposite modified
electrode for nanomolar detection of PGT. The results showed that the nanocomposite modified electrode exhibit
well-defined electro-oxidation peak compared to bare and control electrodes, demonstrating the superior elec-
trocatalytic ability and performances. The fabricated modified sensor was facilitates the analysis of PGT in the
concentration ranges of 0.025-1792.5 uM with a low detection limit of 4.28 nM. Further, the as-prepared WO3
NBs@GR electrode has been applied to determination of PGT in human blood samples with outstanding recovery
results and more importantly, the facile and environment-friendly sonochemical construction strategy extended
here, may be open a cost-effective way for setting up the nanocomposites based (bio) sensing platform.
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1. Introduction as radioimmunoassay (RIA), gas-high performance liquid chromato-

graphy (HPLC) [11], enzyme-linked immunosorbent assay (ELISA) [2],

Progesterone (PGT) are important hormone and it is endogenous-
steroid and female sex hormone involved in the pregnancy, menstrual
cycle and embryogenesis of humans [1-3]. Furthermore, PGT is an
important signal biomolecule for various biological and chemical pro-
cesses. Studies on the electro-chemistry of PGT is significant as it reg-
ulates biological functions and play significant role in women health
[2,4]. PGT is level ranges from 11.2 to 90 ng/mL in blood serum for
pregnant women and the menstrual cycle level range is 5-20 ng/mL
[5,6]. An abnormal concentration level is an indication of several
problem such as pregnancy problem, mood swings, anxiety, depression,
nervousness, body pain and etc [7-10]. Therefore, a sensitive and rapid
detection in low concentrations in biological fluids are becoming more
and more important. Hence, various detection methods including such
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fluorescence-based screening assay (FSA) and micellar electrokinetic
chromatography [12]. However, most of these methods are tedious
protocols, time consuming, and more expensive [13-18]. On the con-
trary, the electrochemical method is simple and rapid current response
with high sensitivity.

Trioxide based transition metal oxides (TMO) have received much
attention due to their excellent physicochemical properties which are
suitable for electrocatalysis, batteries, hydrogen and oxygen evalua-
tions, electrochemical sensor and biosensors [19-22]. Moreover, the
tungsten trioxide (WO3) nanoparticles are well known for their inter-
esting electronic and electrocatalytic properties and efficient way to
improve the performances in energy and sensing applications [23-26].
Furthermore, this work we have synthesized the WO3; NBs catalyst by a
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Scheme 1. Sonochemical synthesis of nanocomposite.

simple sonochemical reduction approach. Therefore, this studies report
that the trioxide based electrocatalyst amplify the electrocatalytic re-
sponse towards hormone detection.

Furthermore, graphene (GR) is a two-dimensional layered na-
nosheets and its interesting physicochemical properties such as high
electrical conductive and large surface area [27-32]. Moreover, owing
to their significant electrocatalytic properties of GR is provide a nu-
merous prospect into the energy and (bio) sensing applications
[33-35]. Nonetheless, WO3 NBs based carbonaceous nanomaterials that
are exhibited the excellent electrochemical properties [36-38]. Be-
cause, the presence of GR can enhance the electrocatalytic ability of the
nanocomposite and the GR is essential for improving the electro-
chemical surface area of nanocomposite [39-41]. In this studies, the
synthesized WO3 NBs were combine with GR using a simple and facile
sonochemical approach (Scheme 1). In the present work, the synthe-
sized WO3; NBs@GR nanocomposite modified electrode was fabricated
by a drop-casted strategy. After the fabrication, the synthesized WO
NBs@GR nanomaterial was used to determination of endogenous-
steroid. We achieved, the high sensitivity and excellent practical ability
were analyzed using by voltammetry and amperometric techniques
(Scheme 2). To the best our knowledge, this modified sensor has
achieved a lowest LOD (limit of detection).

2. Experimental section
2.1. Synthesis of WO3 NBs@GR nanocomposite

All reagents and chemicals were collected from Sigma-Aldrich and
used without any other purifications (chemicals and methods detail are
given in Supporting information file). A typical synthesized 20 mg of
graphene oxide were subsequently added to the pre-prepared mixture
solution of sodium tungstate in 50 mL of deionized water. Then, 5mL
HNO; was added under the stirring and then ultrasonicated for 15 min.
After the suspension was sonicated in ultrasonic bath of 100 W at
50 kHz for 2 h. Finally, WO; NBs@GR nanocomposite was obtained by
filtrating and drying at 80 °C for 12h (Scheme 1). For controlled ex-
periments, pure WO3 NBs and GR were also prepared using the pro-
cedure described above but without an addition of graphene oxide and
sodium tungstate respectively.
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2.2. Fabrication of WO3 NBs@GR modified electrode

The WO3; NBs@GR nanomaterials dispersed solution (3 mg/mL;
ethanol/water; 50/50%) about 3 uL. was drop-casted (three times) on
the pre-cleaned electrode surface. Finally, the WO; NBs@GR modified
electrode was dried at room temperature. Furthermore, same produce
was applied to fabricate the control electrodes such as GR and WO3
NBs. Then, the modified electrode was applied for the electrochemical
determination of the PGT.

3. Results and discussion
3.1. Surface morphological analysis

FESEM image of reduced graphene nanosheets shown in Fig. 1A. Its
paper like layered multi-carbon sheets and WO3; NBs are given in
Fig. 1B—C. The surface morphology of the as-synthesized reduced gra-
phene nanosheets wrapped WO3 NBs nanoparticles was scrutinized by
HRTEM and the corresponding images were presented in Fig. 1D-F. As
HRTEM shows the nanoballs like structure was observed for the syn-
thesized WO3 NBs nanoparticles with (Sonochemically reduced) GR.
These results are confirmed that the formation of WO; NBs@GR na-
nocomposite.

3.2. XRD and XPS analysis

The XRD patterns of GR, WO3; NBs and WO3; NBs@GR was displayed
in Fig. 2. The XRD pattern of the WO3; NBs@GR shows, several dif-
fraction peaks are observed that are correlated to cubic plane and this
diffraction patterns are matched with the cubic phase of WO3; NBs
(JCPDS No. 20-1324) [42-44]. Therefore, the XRD pattern indicates the
successful formation of WO5 NBs. Besides, the GR exhibited the dif-
fraction peaks assigned for the miller indices plane is (002) [45].
Furthermore, formation of WO3; NBs are evaluated by XRD (Fig. 2).
Finally, these information are regenerated in the WO3; NBs@GR con-
firms the composite formation.

X-ray photoelectron spectroscopy (XPS) is one of the specific tool for
the evaluation of the oxidation states in the nanocomposites. Fig. 3A
demonstrates the XPS survey spectra of the WO3 NBs@GR. As can be
seen that the characteristic peaks for C 1s, O 1s and W 4f levels were
observed at their correlated binding energies [46,47]. As shown in
Fig. 3B, the high resolutions scan of the C 1s represents the major peak
due to ring carbon [48]. In Fig. 3C, two dominant peaks of W 4f
bounded with the metals that exhibited the W 4f,,, and W 4f5 » located
at the (35.4 eV) and (37.5 eV). Furthermore, the XPS spectrum of the O
1s present in the WO3 reveals the primary peak denotes the W-O bond
located at 530.7 eV (Fig. 3D), which demonstrate the oxygen present in
the form of bridging with tungsten atom [49-51]. The XPS results
confirms existence of all elements in the WO3; NBs@GR nanocomposite
[52,53].

3.3. Electrochemical behavior of modified electrodes

The interfacial electron transport behavior of the electrocatalyst
modified electrodes were studied using EIS (electrochemical impedance
spectroscopy). The Nyquist plot is at WO3; NBs/GCE (a), GR/GCE (b)
and WO3 NBs@GR/GCE (c) shown in (Fig. 4A). The EIS analysis were
carried out by 0.1 M KCl containing 5mM [Fe(CN)e] ~*/~* electrolyte
solution (frequency range = 100 MHz-100 kHz). For the comparison,
the GR/GCE and WO3 NBs/GCE depicts the higher semicircular and
larger R, value around 587.43 Q and 243.31 Q than WO3; NBs@GR/
GCE. Furthermore, the WO3 NBs/GR nanocomposite shows the lowest
R, value of 128.56 Q. Therefore, the nanocomposite has good con-
ductivity and excellent catalytic ability.

Furthermore, the interfacial electron transport behavior was ana-
lyzed using cyclic voltammetry (CV) method. The CV analysis was
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Scheme 2. The electrochemical oxidation mechanism of PGT based on WO; NBs@GR/GCE.

Fig. 1. FESEM images of GR (A). HRTEM images of WO3 NBs (B-C), WO; NBs@GR nanocomposite (D) and high magnification images (E-F).

carried out by 0.1 M KCl containing 5 mM [Fe(CN)g] 8/=%solution at a
fixed scan rate of 50 mVs ™~ *. Fig. 4B depicts the CVs of modified elec-
trodes including bare GCE (a), GR/GCE (b), WO3 NBs/GCE (c) and WO
NBs@GR/GCE (d). The nanocomposite has high peak current compared
with other control electrodes such as bare GCE, GR/GCE, and WO;
NBs/GCE. Fig. 4C, shows that the scan rate of the WO3 NBs@GR
modified electrode. Fig. 4D, is corresponding calibration plot of the
scan rate (20 mVs~! to 300 mVs™!). In addition, using the randles
sevcik equation (1) the electrochemical active surface area of WO3 NBs/
GCE, GR/GCE, and WO; NBs@GR/GCE were calculated to be 0.121,
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0.148 and 0.174 cm? respectively. Therefore, the WO3 NBs@GR nano-
composite modified GCE exhibit the higher surface area and good
catalytic activity.

I, = 2.69 x 10°n*2AD!/2Cv!/2

3.4. Electro-oxidation of PGT on WO3 NBs@GR/GCE

The electrochemical behavior of the PGT was investigated at mod-
ified and unmodified electrodes by CV method. Fig. 5A exhibited the CV
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Fig. 2. XRD analysis of GR, WO3; NBs, and WO3; NBs@GR nanocomposite.
curves of the bare GCE (a), GR/GCE (b), WO3 NBs/GCE (c¢) and WOs3

NBs@GR/GCE (d) for the addition of (100 uM) PGT in 0.05M PB (pH
7.0). The bare GCE oxidation of PGT is low peak current value (3.12
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pA). Moreover, the GCE was modified with GR and WO3; NBs, the
oxidation peak current was increased. Fascinating, the excellent anodic
peak current (32.5 pA) and lowest overpotential at 0.31 V was obtained
at WO3 NBs@GR nanocomposite modified GCE (Fig. 5B). Therefore, the
electrochemical performance towards PGT oxidation is improved due to
the synergistic effect of the GR nanosheets and WO3; NBs. Moreover, the
electrochemical oxidation mechanism of PGT is given in Scheme 2.

Furthermore, the electrocatalytic ability of the nanocomposite was
analyzed towards the PGT oxidation by adding the various concentra-
tions in 0.05 M PB. As shown in Fig. 5C, the anodic peak currents were
increased linearly for the increasing concentration PGT from 25 to
125puM. In addition, the oxidation linear regression equation
y = —0.2195x—12.714 with the correlation co-efficient of
R? = 0.9937 (Fig. 5D). Therefore, these results are valuable evidences
for the excellent electrochemical performance of PGT on the WO;
NBs@GR/GCE.

The effect of the different scan rates on WO3; NBs@GR/GCE in the
presence of 100 pM PGT was displayed in Fig. 6A. Moreover, the anodic
peak currents were increase with the increasing of scan rates from 20 to
200 mV/s. Moreover, the obtained anodic peak currents are plotted
against the square root of the scan rates. In Fig. 6B, anodic peak cur-
rents were linearly proportional to the square root of the scan rates and
the correlation coefficient of R* = 0.9972 was observed. These results
clearly indicate that the electro-oxidation of PGT at WO3; NBs@GR/GCE
is diffusion controlled process.
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Fig. 3. XPS survey spectrum of WO3; NBs@GR (A) and de-conventional peaks of Cls (B), W 4f (C) and O 1s (D).
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Fig. 4. (A) EIS spectra of WO3; NBs/GCE (a), GR/GCE (b), and WO3 NBs@GR/GCE (c). (B) CVs of bare GCE (a), GR/GCE (b), WO3 NBs/GCE (c) and WO3 NBs@GR/
GCE (d) in 0.1 M KClI containing 5 mM [Fe(CN)¢] —3% =% and Randles equivalent circuit model (inset). (C) Scan rate of the nanocomposite modified electrode and (D)

Calibration plot of (scan rate)'/? vs (mVs™1)'/2

In Fig. 6C, shows the CV plot of different pH 3.0 to pH 11.0 in
presence of 100 uM PGT at WO3 NBs@GR/GCE. It can be seen that the
anodic peak current response was increased form pH 3.0 to pH 7.0, then
it gradually decreases from pH 7.0 to pH 11.0. Moreover, the faradic
process which involves the deprotonation during the electro-oxidation
of PGT that facilitated at the higher pH values. The obtained anodic
peak current values are plotted against the different pH in Fig. 6C.
According to the results, the maximum electro-catalytic response of
PGT at the WO3; NBs@GR/GCE was obtained at pH 7.0. Therefore, we
chose this pH 7.0 for all the electrochemical detection experiments.

3.5. Electrochemical determination of PGT by amperometric technique on
WO3; NBs@GR

The amperometric technique is one of the important technique for
the quantitative determination of analysis. Fig. 7A, shows the am-
perometric i-t response of WO3 NBs@GR nanocomposite film modified
rotating disc GCE upon various addition of PGT into continuously
stirred PB (pH 7.0) at the rotation speed of 1200 rpm and constant
applied potential is +0.21 V. Fig. 7A, shows the amperometric for the
determination of PGT for the different concentrations additions from
0.025 to 1792.5 uM and Fig. 7A (inset) depicts the amperometric peaks
of the lower concentration of PGT. Mainly, the electrocatalytic peak
current response was increased for each addition of PGT. Moreover, the
obtained peak current values were plotted against the different con-
centrations of PGT and the results are displayed in Fig. 7B.
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Furthermore, the linear regression equation of PGT is
y = 0.293x + 0.969 with the correlation coefficient R* = 0.9998.
Therefore, the peak current responses were increased linearly propor-
tional to the different concentration of PGT. According to the results,
the sensor linear range is 0.025-1792.5 uM. The sensitivity of the
sensor was estimated to be 3. 708 pA uM~' cm™? and the limit of
detection (LOD = 3s,/S, s, = standard deviation of blank signal and
S = sensitivity) was calculated to be 4.28 nM. Notably, the modified
sensor was achieved very low detection limit compared with previous
literature. In the comparison, the amperometric technique was ex-
hibited the good linear range and excellent LOD [2,3]. These results
confirm that the outstanding electrocatalytic performance of the WO3
NBs@GR modified electrode towards PGT.

3.6. Selectivity, stability, reproducibility and repeatability of the sensor

In order to investigate the biologically important molecules on the
WO3 NBs@GR modified electrode. Fig. 8A. exhibited the amperometric
responses for the additions of 0.5 mM of H,0,, folic acid (FA), uric acid
(UA), glucose (Glu), NO,~, Tyrosine (TS), dopamine (DA), serotonin
(ST), vanillin (VI) and ascorbic acid (AA) in presence of 50 uM of PGT.
Furthermore, the obtained amperometric responses reveal that other
biological molecules are not affects much of the PGT response. There-
fore, these results are explaining the good selectivity based on the WO;
NBs@GR/GCE towards PGT detection.

The nanocomposite fabricated sensor retained 96.12% of its initial
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Fig. 5. (A) CVs of bare GCE (a), GR/GCE (b), WO3; NBs/GCE (c) and WO3; NBs@GR/GCE (d) containing 100 uM PGT in 0.05 M PB at the scan rate at 50 mV/s. (C)
Increasing concentration of PGT (25-125 uM) in 0.05 M PB (pH 7.0) at WO3 NBs@GR/GCE. (D) the calibration plot between [PGT]/uM vs anodic peak currents.

response current after 45 days of its storage (WO3; NBs@GR/GCE) va-
lidating the appreciable storage stability. For the reproducibility ana-
lysis ten different WO3 NBs@GR/GCE were prepared and the ampero-
metric response were recorded in presence of 100 uM of PGT. The
obtained results were given in Fig. S1 and the relative standard de-
viation (RSD) value were calculated to be 3.21%. The WO3; NBs@GR/
GCE was tested for eight times and the RSD value were calculated to be
3.52% (Fig. S2). As a results, WO3; NBs@GR/GCE shows the excellent
selectivity, stability and reproducibility towards the detection of PGT.

3.7. Real sample analysis

The practical feasibility of the WO; NBs@GR/GCE modified elec-
trode was investigated. First, the human serum samples were diluted
with buffer and spiked with a specified concentration of PGT by using
the standard addition method. Later, the samples were used to explore
the practicality of the proposed sensor. Amperometric responses for the
addition of human serum samples spiked with 100-500nM con-
centration of PGT. Hence, the peak current responses were increased for
each addition of PGT spiked samples (Fig. S3). The obtained peak
current responses have calculated against the concentration. Moreover,
the RSD (n = 3) results were calculated and tabulated in Table 1. It can
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be seen that the appreciable recovery results were obtained for the
determination of PGT in human serum samples Table 1. These results
clearly reveal that the practical feasibility of the proposed sensor.

4. Conclusion

In summary, we synthesized the WOz NBs decorated graphene na-
nocomposite through simple and facile sonochemical method.
Moreover, the nanomaterial was characterized through the appropriate
spectrophotometric techniques such as FESEM, HRTEM, XRD, XPS, EIS
and electrochemical method. As-prepared WO3; NBs@GR nanocompo-
site was used to fabricate the modified GCE for the determination PGT.
The electrocatalytic activity of the WO3; NBs@GR/GCE for the detection
of PGT was evaluated by CV and amperometric methods. Furthermore,
the amperometric analysis reveals the wide linear range
0.025-1792.5uM and nanomolar LOD (4.28 nM) towards PGT.
Additionally, proposed sensor has exhibited a good selectivity, stability
and reproducibility. Furthermore, the practical feasibility of the PGT
sensor was demonstrated in human blood samples.
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Table 1

Determination of PGT in real samples based on WO3 NBs@GR/GCE.
Real Samples Added/nM Found/nM Recovery/% "RSD/%
Blood serum samples 1 100 98.36 98.36 3.59
Blood serum samples 2 200 192.78 96.39 3.12
Blood serum samples 3 300 291.02 97.00 3.36
Blood serum samples 4 400 389.78 97.44 3.19
Blood serum samples 5 500 491.42 98.28 3.36

* Related standard deviation (RSD) of n = 3 independent experiments.
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