
 

Page | 866 

 

 

Synthesis of perovskite type NdFeO3 nanoparticles and used as electrochemical sensor for 

detection of paracetamol 

Yogendra Kumar 
1

, Vinod Kumar Vashistha 
2

, Dipak Kumar Das 
1, * 

 
1Department of Chemistry, GLA University, 17 km stone NH-19 Delhi Mathura Highway Chaumuhan, Mathura, 281406 India 

*corresponding author e-mail address:deepak.das@gla.ac.in | Scopus ID 57207705690 

 

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.  
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1. INTRODUCTION 

 For identification of pharmaceutical compounds in micro-

fluids, 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], high-

performance 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, nano-

composites 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 ], nitrogen-

doped 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-p-

aminophenol) 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 [25-

28].  

 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 NdFeO3nano-

particles 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. 

 

Table 1.Comparison of sensitivity of ortho-ferrite modified graphite paste 

electrodes with other previously developed electrodes. 

Electrodes PCM  References 

Linear 

range (µM) 

Detection 

limit(nM) 

CCNMnps 10-100 600 [21] 

f-MWCNT 3-300 600 [29] 

Pyrolytic carbon 15-225 1400 [30] 

MWNTs/GCE 5-100 2400 [31] 

npNdFeO3/GP 5-120 400 Our method  

 

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. 
 

1Relative standard deviation 
2
Recovery= 

     (  )                                               (  )

       (  )
 × 100% 

 

 

Table 2. Determination of PCM in real samples at modified NdFeO3 electrode (n=3). 

Electrode Sample Original/Diluted  sample 

(µM) 

Spiking 

(µM) 

Found 

(µM) 

R.S.D
1
 (%) Recovery

2
 (%) 

NdFeO3/GPnps Commercially 

available PCM 

20 30 50.6 1.91 101.6 

Human serum 

sample / PCM 

20 30 49.8 1.5 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. 

5. REFERENCES 

1. de Carvalho, R.M.; Freire, R.S.; Rath, S.; Kubota, L.T. 

Effects of EDTA on signal stability during electrochemical 

detection of acetaminophen. J. Pharm. Biomed. Anal. 2004,34, 

871-878,https://doi.org/10.1016/j.jpba.2003.11.005 

2. Jensen, L.S.; Valentine, J.; Milne, R.; Evans, A. The 

quantification of paracetamol, paracetamol glucuronide and 

paracetamol sulphate in plasma and urine using a single high-

performance liquid chromatography assay. J Pharm Biomed 

Anal. 2004, 34, 585-593,https://doi.org/10.1016/S0731-

7085(03)00573-9. 

3. Nebot, C.; Gibb, S.W.; Boyd, K.G. Quantification of human 

pharmaceuticals in water samples by high performance liquid 

chromatography–tandem mass spectrometry. Anal. Chim. Acta 

2007, 598,  87-94, https://doi.org/10.1016/j.aca.2007.07.029. 

4. Baranowska, I.; Markowski, P.; Baranowski, J. Simultaneous 

determination of 11 drugs belonging to four different groups in 

human urine samples by reversed-phase high-performance liquid 

chromatography method. Anal. Chim. Acta 2006, 570, 46-

58,https://doi.org/10.1016/j.aca.2006.04.002. 

5. Khaskheli, A.R.; Shah, A.; Bhanger, M.I.; Niaz, A.; 

Mahesar, S. Simpler spectrophotometric assay of paracetamol in 

tablets and urine samples. Spectrochim. Acta Part A 2007,68, 

747-751, https://doi.org/10.1016/j.saa.2006.12.055. 

6. Easwaramoorthy, D.; Yu, Y.C.; Huang, H.J., 

Chemiluminescence detection of paracetamol by a luminol-

permanganate based reaction. Anal. Chim. Acta 2001, 439, 95-

100, https://doi.org/10.1016/S0003-2670(01)00968-0. 

7. Speed, D.; Dickson, S.; Cairns, E.; Kim, N. Analysis of 

paracetamol using solid-phase extraction, deuterated internal 

standards, and gas chromatography-mass spectrometry.J Anal 

Toxicol. 2001, 25, 198-202, https://doi.org/10.1093/jat/25.3.198. 

8. Kumar, T.M.; Bairwa, M.K.; Theja, D.H.; Srinivas, R. 

Development and validation of RP-HPLC and ultraviolet 

spectrophotometric methods of analysis for simultaneous 

determination of paracetamol and lornoxicam in pharmaceutical 

dosage forms. J. Liq. Chromatogr. Relat. Technol. 2012, 35, 

129-140, https://doi.org/10.1080/10826076.2011.597064. 

9. Lavanya, N.; Sekar, C.; Murugan, R.; Ravi, G. An 

ultrasensitive electrochemical sensor for simultaneous 

determination of xanthine, hypoxanthine and uric acid based on 

Co doped CeO2 nanoparticles. Mater. Sci. Eng. C 2016,65, 278-

286,https://doi.org/10.1016/j.msec.2016.04.033. 

https://doi.org/10.1016/j.jpba.2003.11.005
https://doi.org/10.1016/S0731-7085(03)00573-9
https://doi.org/10.1016/S0731-7085(03)00573-9
https://doi.org/10.1016/j.aca.2007.07.029
https://doi.org/10.1016/j.aca.2006.04.002
https://doi.org/10.1016/j.saa.2006.12.055
https://doi.org/10.1016/S0003-2670(01)00968-0
https://doi.org/10.1093/jat/25.3.198
https://doi.org/10.1080/10826076.2011.597064
https://doi.org/10.1016/j.msec.2016.04.033


Synthesis of perovskite type NdFeO3 nanoparticles and used as electrochemical sensor for detection of paracetamol 

Page | 869 

10. Yari, A.; Derki, S. New MWCNT-Fe3O4@ PDA-Ag 

nanocomposite as a novel sensing element of an electrochemical 

sensor for determination of guanine and adenine contents of 

DNA. Sens. Actuators B Chemical 2016, 227, 456-

466,https://doi.org/10.1016/j.snb.2015.12.088. 

11. Li, J.; Jiang, J.; Feng, H.; Xu, Z.; Tang, S.; Deng, P.; Qian, 

D. Facile synthesis of 3D porous nitrogen-doped graphene as an 

efficient electrocatalyst for adenine sensing. RSC Adv. 2016, 6, 

31565-31573, https://doi.org/10.1039/C6RA01864E. 

12. Wang, H.; Ren, F.; Wang, C.; Yang, B.; Bin, D.; Zhang, K.; 

Du, Y. Simultaneous determination of dopamine, uric acid and 

ascorbic acid using a glassy carbon electrode modified with 

reduced graphene oxide. RSC Adv. 2014, 4, 26895-

26901,https://doi.org/10.1039/C4RA03148B. 

13. Pradhan, S.; Das, R.; Biswas, S.; Das, D.K.; Bhar, R.; 

Bandyopadhyay, R.; Pramanik, P. Chemical synthesis of 

nanoparticles of nickel telluride and cobalt telluride and its 

electrochemical applications for determination of uric acid and 

adenine. Electrochim. Acta 2017, 238, 185-193, 

https://doi.org/10.1016/j.electacta.2017.04.023. 

14. Pradhan, S.; Biswas, S.; Das, D.K.; Bhar, R.; 

Bandyopadhyay, R.; Pramanik, P. An efficient electrode for 

simultaneous determination of guanine and adenine using nano-

sized lead telluride with graphene. New J. Chem. 2018, 42, 564-

573,https://doi.org/10.1039/C7NJ03308G. 

15. Kumar, Y.; Pradhan, S.; Pramanik, S.; Bandyopadhyay, R.; 

Das, D. K.; Pramanik, P. Efficient electrochemical detection of 

guanine, uric acid and their mixture by composite of nano-

particles of lanthanides ortho-ferrite XFeO3 (X= La, Gd, Pr, Dy, 

Sm, Ce and Tb J. Electroanal. Chem. 2018, 830, 95-105, 

https://doi.org/10.1016/j.jelechem.2018.10.021. 

16. Kumar, Y.; Singh, P.; Pramanik, P.; Das, D. Electrochemical 

Determination of Guanine and Uric Acid using NdFeO3 Nps 

Modified Graphite Paste Electrode. J. of Sci. & Indu. Res. 2019, 

78, 177-181. 

17. Sihombing, K.; Tamba, M.C.; Marbun, W.S.; Situmorang, 

M. Urease immobilized potentiometric biosensor for 

determination of urea. Indian J. Chem A 2018, 57, 175. 

18. Kim, D.; Lee, S.; Piao, Y. Electrochemical determination of 

dopamine and acetaminophen using activated graphene-Nafion 

modified glassy carbon electrode. J. Electroanal. Chem. 2017, 

794, 221-228,https://doi.org/10.1016/j.jelechem.2017.04.018. 

19. Kemmegne-Mbouguen, J.C.; Ngameni, E. Simultaneous 

quantification of dopamine, acetaminophen and tyrosine at 

carbon paste electrodes modified with porphyrin and clay. Anal. 

Methods 2017, 9, 4157-4166, 

https://doi.org/10.1039/C7AY01173C. 

20. Chen, D.; Tian, C.; Li, X.; Li, Z.; Han, Z.; Zhai, C.; Quan, 

Y.; Cui, R.; Zhang, G. Electrochemical determination of 

dopamine using a glassy carbon electrode modified with a 

nanocomposite consisting of nanoporous platinum-yttrium and 

graphene. Microchim Acta 2018, 185, 

https://doi.org/10.1007/s00604-017-2624-2 

21. Fu, L.; Xie, K.; Zheng, Y.; Zhang, L.; Su, W. Graphene ink 

film based electrochemical detector for paracetamol analysis. 

Electronics 2018, 7, https://doi.org/10.3390/electronics7020015. 

22. Kachoosangi, R.T.; Wildgoose, G.G.; Compton, R.G. 

Sensitive adsorptive stripping voltammetric determination of 

paracetamol at multiwalled carbon nanotube modified basal 

plane pyrolytic graphite electrode. Anal. Chim. Acta 2008, 618, 

54-60, https://doi.org/10.1016/j.aca.2008.04.053. 

23. Goyal, R.N.; Gupta, V.K.; Oyama, M.; Bachheti, N. 

Differential pulse voltammetric determination of paracetamol at 

nanogold modified indium tin oxide electrode. Electrochem. 

Commun. 2005, 7, 803-807, 

https://doi.org/10.1016/j.elecom.2005.05.005. 

24. Cramer, D.W.; Harlow, B.L.; Titus-Ernstoff, L.; Bohlke, K.; 

Welch, W.R.; Greenberg, E.R. Over-the-counter analgesics and 

risk of ovarian cancer. Lancet. 1998, 351, 104-

107,https://doi.org/10.1016/S0140-6736(97)08064-1. 

25. Goyal, R.N.; Rana, A.R.S.; Aziz, M.A.; Oyama, M. Effect of 

gold nanoparticle attached multi-walled carbon nanotube-layered 

indium tin oxide in monitoring the effect of paracetamol on the 

release of epinephrine. Anal. Chim. Acta. 2011, 693, 35-

40,https://doi.org/10.1016/j.aca.2011.03.026. 

26. Fan, Y.; Liu, J.H.; Lu, H.T.; Zhang, Q. Electrochemical 

behavior and voltammetric determination of paracetamol on 

Nafion/TiO2–graphene modified glassy carbon electrode. 

Colloids and Surfaces B: Biointerfaces 2011, 85, 289-

292,https://doi.org/10.1016/j.colsurfb.2011.02.041. 

27. Goyal, R.N.; Gupta, V.K.; Chatterjee, S. Voltammetric 

biosensors for the determination of paracetamol at carbon 

nanotube modified pyrolytic graphite electrode. Sens. Actuators. 

B 2010, 149, 252-258,https://doi.org/10.1016/j.snb.2010.05.019. 

28. Raoof, J.B.; Baghayeri, M.; Ojani, R. A high sensitive 

voltammetric sensor for qualitative and quantitative 

determination of phenobarbital as an antiepileptic drug in 

presence of acetaminophen. Colloids. Surf. B 2012, 95, 121-

128,https://doi.org/10.1016/j.colsurfb.2012.02.038 

29. Keeley, G.P.; McEvoy, N.; Nolan, H.; Kumar, S.; Rezvani, 

E.; Holzinger, M.; Cosnier, S.; Duesberg, G.S. Simultaneous 

electrochemical determination of dopamine and paracetamol 

based on thin pyrolytic carbon films. Anal. Methods 2012, 4, 

2048-2053, https://doi.org/10.1039/C2AY25156F. 

30. Wan, Q.; Wang, X.; Yu, F.; Wang, X.; Yang, N. Effects of 

capacitance and resistance of MWNT-film coated electrodes on 

voltammetric detection of acetaminophen. J Appl Electrochem 

2009, 39, 1145-1151, https://doi.org/10.1007/s10800-008-9773-

2. 

31. Wang, S.F.; Xie, F.; Hu, R.F. Carbon-coated nickel magnetic 

nanoparticles modified electrodes as a sensor for determination 

of acetaminophen. Sens. Actuators B 2007, 123, 495-

500,https://doi.org/10.1016/j.snb.2006.09.031. 
 

6. ACKNOWLEDGEMENTS 

 All the authors acknowledge the management of GLA University, Mathura (India) for providing financial support and Jadavpur 

University, Kolkata (India) for experimental and technical supports. 

 

 

© 2020 by the authors. This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 

https://doi.org/10.1016/j.snb.2015.12.088
https://doi.org/10.1039/C6RA01864E
https://doi.org/10.1039/C4RA03148B
https://doi.org/10.1016/j.electacta.2017.04.023
https://doi.org/10.1039/C7NJ03308G
https://doi.org/10.1016/j.jelechem.2018.10.021
https://doi.org/10.1016/j.jelechem.2017.04.018
https://doi.org/10.1039/C7AY01173C
https://doi.org/10.1007/s00604-017-2624-2
https://doi.org/10.3390/electronics7020015
https://doi.org/10.1016/j.aca.2008.04.053
https://doi.org/10.1016/j.elecom.2005.05.005
https://doi.org/10.1016/S0140-6736(97)08064-1
https://doi.org/10.1016/j.aca.2011.03.026
https://doi.org/10.1016/j.colsurfb.2011.02.041
https://doi.org/10.1016/j.snb.2010.05.019
https://doi.org/10.1016/j.colsurfb.2012.02.038
https://doi.org/10.1039/C2AY25156F
https://doi.org/10.1007/s10800-008-9773-2
https://doi.org/10.1007/s10800-008-9773-2
https://doi.org/10.1016/j.snb.2006.09.031

