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ABSTRACT
Neodymium ortho-ferrite nanoparticles have been synthesized by using multiple analytical techniques. The synthesized material
possesses cubic crystal structure with crystallite size in the range of 40 to 45 nm as characterized by XRD and FESEM techniques. The
synthesized nanoparticles were used as electrode modifiers with graphite powder to prepare NdFeO3/GP electrode. The electro-catalytic
activity of prepared electrode was examined to determine paracetamol in biological fluids using cyclic voltammetry and differential
pulsed voltammetry. The npNdFeO3 based electrodes exhibits noteworthy results in the estimation of paracetamol with a limit of
detection (400 nM) with a linearity range between 05 μM to 120 μM.
Keywords: Electrochemical-catalyst; NdFeO3nano-particles; electrochemical determination; Paracetamol; Cyclic voltammetry.

1. INTRODUCTION
For identification of pharmaceutical compounds in microfluids, drug control is of great significance, and therefore can play
a significant role in the regulation of product efficiency. Several
analytical technologies were established, like titremetry [1], highperformance liquid chromatography [2,3,4], spectrophotometery
[5], chemiluminescence [6], gas chromatography-mass
spectroscopy [7] and UV spectroscopy [8]. Therefore, these
traditional approaches being quite costly, this is advantageous to
establish a quick, reliable, effective, cheaper and sensitive process
for detecting drug molecules in bio-fluids with probable low
detection limit.
The investigators were attracted to electrochemical
technique because of benefits such as quick response, improved
selectivity, higher sensitivity and lower cost. Traditionally, nanocomposites with porous morphology and small size were used as
precursor chemicals for electrode creating material for the
identification of drug substances.
Many substances such as Co-doped CeO2 nanoparticles [9
], MWCNT-Fe3O4@PDA-Ag nanocomposites [10 ], nitrogendoped graphene nanoparticles [11 ], reduced graphene oxide[12 ],
telluride nickel and cobalt telluride nanoparticles [13], PbTe/GP
electrode [14], lanthanide-orthoferrites (XFeO3/GP) [15, 16], and
urease immobilized biosensor for the estimation of urea [17],
activated graphene-Nafion modified glassy carbon electrode [18],

carbon paste electrode modified with porphyrin and clay [19], a
glassy carbon electrode modified with a nanocomposite containing
nanoporous platinum-yttrium and graphene [20], graphene ink
film derived electrochemical detector for paracetamol [21] were
applied as electrode materials.
Paracetamol
(PCM)
(acetaminophen-N-acetyl-paminophenol) is an established antipyretic & analgesic agent
which performs a quite important function in the treatment of
fever, cough & cold, pain involving muscle pain, chronic pain,
migraine, headache, and toothache [22-23]. PCM provides certain
safety towards ovarian cancer [24] in therapeutic concentrations
with no side effects, however the higher concentration and its
persistent administration create harmful metabolite aggregation
that can lead to kidney and liver malfunction or even death [2528].
In this study the synthesis of neodymium ortho-ferrite
nano-particles was carried out by combustion process with
neodymium oxide and ferric nitrate as precursor substance and
monoethanolamine and sugar as fuel. Further, the material was
used as an electrode modifier using graphite paste to design an
electrochemical sensor for PCM detection. To the best of author’s
knowledge, this is the first report on PCM determination using
neodymium ortho-ferrite as a modifier of the electrodes.

2. MATERIALS AND METHODS
2.1. Materials and Methods.
Rare earth oxides (Nd2O3), iron nitrate (Fe(NO3)3·9H2O),
nitric acid (HNO3), paraffin oil, ethanolamine (HOCH2CH2NH2)
and paracetamol, etc. were procured from Merck (India) and
graphite flakes were obtained from Sigma Aldrich, USA. All the
reagents were of analytical grade and used as such. Double
distilled water was used in all the studies.

Characterization techniques: For crystallite size of
synthesized nanoparticles a powder X-ray diffraction (PXRD)
spectra was obtained using X-ray diffractometer (XRD) (Bruker
D8 advanced), operated at 40 KV with 40 mA with Cu Kα
radiation (l=0.15406 nm); and for morphology, a field emission
scanning electron microscope (FESEM) using Hitachi SU-8010
field emission scanning electron microscope was used.
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2.2. General procedure.
In a 500 ml beaker having 50 mL of nitric acid (3.5 mole),
10 mL of Nd2O3 (1.0 mole) was added and heated until a clear
brown solution was formed. Then, ferric nitrate (1.0mM),
ethanolamine (1.7mM) and sugar solution (2.5mM) were mixed in
the solution and the beaker was left on a hot plate at 150°C till
evaporated to dryness. A black fluffy mass produced was calcined
at 800°C for 6 h to get neodymium orthoferrites (NdFeO3). The
synthesized material was characterized by multiple analytical
techniques such as XRD, FESEM etc.
2.3. Preparation of electrode.
In a mortar, the graphite powder and NdFeO3 in 4:1 (w/w)
ratio were ground thoroughly, a paste is made with paraffin oil.
The paste was then introduced into a capillary glass tube (2 mm,

i.d.) and packed firmly with a metal rod. A platinum wire was
introduced from the back of the capillary tube for electrical
connection. A similar procedure was applied for bare GP
electrodes. Lastly, the electrodes were washed with ethyl alcohol
and dried under N2 atmosphere prior to investigation.
2.4. Detection Method.
The electrochemical measurements were carried out using a
three electrode system potentiostat/galvanostat, Autolab101
(Netherlands). Here, the Ag/AgCl electrode acted as a reference
electrode, Pt electrode as the counter electrodes whereas the newly
prepared electrode as a working electrode with phosphate buffer
(pH 5.0 at 25±2 oC) as supporting electrolyte at a scan rate of 100
mVs-1.

3. RESULTS
3.1. XRD and FESEM analysis of synthesized nano-material.
Crystal structure and phase purity of synthesized
nanomaterial (NdFeO3) were carried out by XRD (Fig 1a). The
nanoparticles were observed to have perovskite phase with a cubic
structure. The average crystallite size of synthesized nanomaterial
were in range of 40 to 50 nm, calculated from the full width at half
maxima (FWHM) of the diffraction peak by Debye – Scherrer
equation D = Kλ/β cos θ, (“where D is average crystallite size, β is
full width at half maxima (FWHM), λ is wavelength of X-rays
(λ¼1.5406Å), θ is diffraction angle, and k is a constant value
which depends on a number of factors including the miller
indices”). Fig 1b shows the FESEM image of NdFeO3nanoparticles with the size range of 40 to 50 nm.

Figure 1.(a) XRD image and (b) FESEM image of syntheized NdFeO3
NPs.

3.2. Electrochemical studies and effect of pH on NPS
NdFeO3/GP & bare GP electrode.
At the preliminary label, the standard [Fe(CN)6]-4/
[Fe(CN)6]-3 redox system was employed for the investigation of
the electrochemical property of developed electrodes. 3 mM
K4[Fe(CN)6] solution was used to obtain cyclic voltammograms at
bare GP and npNdFeO3/GP electrodes Fig. 2 a, which clearly
indicated that the oxidation current value (455 µA) of NdFeO3/GP
electrode is greater than the oxidation current value of bare GP
electrode (345µA), confirming the better electrochemical activity
of NdFeO3/GP over bare GP electrode. The effect of pH on the
values of peak potential and peak current of PCM was investigated
by varying the pH of phosphate buffer from 4 to 7. Up to a pH of
5, the peak current of PCM increases whereas further increase in
pH leads to decrease; it may be due to the polybasic character of
the drug-molecules, as shown in Fig. 2b. Hence, buffer with pH
5.0 was taken for all the experiments.
3.3. Electrocatalytic oxidation of PCM at modified electrodes.
The cyclic voltammograms (Fig 3a) obtained at bare GP
and npNdFeO3/GP electrodes for PCM, the oxidation peak

potentials at npNdFeO3/GP electrode was 0.602 µA whereas, at
bare GP, it was 0.613. Conversely, the peak current values for
PCM at the npNdFeO3/GP electrode were 10.38 µA and at bare
GP the peak current was found to be 5.2 µA and at blank buffer
solution, no current peak observed.

Figure 2.(a) CV plot at npXFeO3/GP and bare GP electrode for 3 mM V
[Fe(CN)6] -4/[Fe(CN)6] -3 redox system (b)pH variation vs. current plot in
PBS from pH 4 to pH 7.

All these observations reflect efficient electrocatalytic behavior,
minimum detection limit, and quick electron transfer at the
prepared electrode. A controlled DPV experiment has been
preferred for better resolution and higher peak current density, and
it was observed that for PCM the linearity range was from 5 µM to
120 µM at npNdFeO3/GP electrode (Fig 3 b). The voltage range
was varied between 0.2 to 0.8 V for CV and 0.35 to 0.6 V for DPV
at npNdFeO3/GP electrodes. The lower detection limit was found
to be 400 nM using the npNdFeO3/GP electrode.

Figure 3. CV plots of (a) 0.1 mM PCM at npNdFeO3/GP electrodes
(black), at bare GP electrode (red) and blank buffer solution (blue) (b)
DPV plots in the range from 05 µM to 120 µM PCM at npNdFeO3/GP
electrodes in 0.1M phosphate buffer of pH 5.0 and a scan rate 100 mVs-1
(for CV) and a scan rate 50 mVs-1 (for DPV).

For DPV study, the scan rate was kept constant at 50 mVs-1
with 5 mV step potential, 40mV modulation amplitude, 0.02s
modulation time and 0.1s interval time. For the estimation of
paracetamol, the CV plots were obtained in the voltage range from
0.2 to 0.8 V. Table 1 represents the comparative results on the
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basis of npNdFeO3/GP modified electrode performance and
previous reports, which clearly indicates that the proposed
modified electrode (NdFeO3/GP) is efficient for the determination
of paracetamol, and it can be exploited for determination of other
commercially available drug molecules.
3.4. Electro-chemical characteristics of the prepared electrode.
The stability of the prepared electrode was tested by storing
it at 30°C ± 1°C for thirty days and was observed to preserve
above 96% sensing response. For repeatability, the sensitivity
experiment has been repeated up to 20 times and no noticeable
changes in sensitivity were observed. It confirmed the good
sensitivity of the prepared electrode.
To investigate the
reproducibility of the electrode, five electrodes were prepared by
identical experimental condition and the similar response for all
five electrodes were observed indicating the reproducibility.
3.5. Real sample analysis using npNdFeO3/GP modified
electrode.
The efficiency of the modified electrodes was also tested in
real samples (in urine) as well as in dosage formulations (tablets &
injections). The recovery values for PCM in tablets and injection
were 98.3%, 99.7%, respectively.

Electrode
NdFeO3/GPnps

Table 1.Comparison of sensitivity of ortho-ferrite modified graphite paste
electrodes with other previously developed electrodes.
Electrodes
PCM
References
Linear
Detection
range (µM)
limit(nM)
10-100
600
[21]
CCNMnps
3-300
600
[29]
f-MWCNT
15-225
1400
[30]
Pyrolytic carbon
5-100
2400
[31]
MWNTs/GCE
5-120
400
Our method
npNdFeO3/GP

The urine samples were collected after 5 h of administration of
PCM and centrifuged at 4000 r.p.m. followed by dilution with
phosphate buffer (pH 5.0). The recovery values of PCM in urine at
the npNdFeO3/GP electrode was 99.7%. The results indicated that
the np-NdFeO3/GP electrodes are efficient for the estimation of
PCM in real sample also.
1

Relative standard deviation

2
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(

)

(
(

)

Table 2. Determination of PCM in real samples at modified NdFeO3 electrode (n=3).
Original/Diluted sample
Spiking
Found
R.S.D1 (%)
(µM)
(µM)
(µM)
20
30
50.6
1.91
Commercially
available PCM
20
30
49.8
1.5
Human serum
sample / PCM
Sample

)

× 100%

Recovery2 (%)
101.6
99.2

4. CONCLUSIONS
In this paper, we report the simple synthesis procedure of
neodymium ortho ferrite nano-particles. Advanced techniques like
XRD and FESEM were used to characterize newly synthesized
nano-material. These nanomaterials were used as electrode
modifiers to develop the NdFeO3/GP electrode for the
determination of PCM. Electrocatalytic properties of the
developed electrode have been checked by CV and DPV
techniques The synthesized npNdFeO3 based electrodes exhibited

significant results in the determination of paracetamol with a low
detection limit (400 nM), better than previous reports. The
developed electrode showed good stability, reproducibility and
repeatability. The simple synthesis protocol and superior
sensitivity of detection are the main advantages of this proposed
composite electrode. The proposed npNdFeO3/GP electrode may
be suitable for application in the field of the clinical and
pharmaceutical industry.
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