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ABSTRACT:  

In this work, Electrochemical detection of Dopamine and EMI Shielding behavior of PANI-Fe3O4 

studied. The polyaniline doped Fe3O4 nanocomposite synthesized by in-situ polymerization. The 

spectroscopic characterization of samples carried out using various techniques such as FTIR, SEM, 

TGA and XRD techniques. The variation of EMI Shielding effectiveness of PANI- Fe3O4 studied with 

the help of Vector Network Analyzer in X-band region (8.2–12.4 GHz). The total EMI blocking 

efficiency for PANI sample found to be ~ -14 dB, and the blocking efficiency of PANI is found to be 

further improved with the embedment of Fe3O4 nanoparticles. Also the PANI/ Fe3O4/GC electrode 

express good sensing performance for Dopamine. Further PANI/ Fe3O4/GCE shows excellent long 

linear range, sensitivity and LOD are 100 to 1200 µM/L, 0.00143 and 66.666 and R2 is 0.9978. Also 

this sensor shows repeatability and stability without leaching property. 

 

1. Introduction 

In the era of recent modern technologies and the 

demand of high-speed, high-efficient communication 

systems, the satellite communication, disaster 

surveillances, wireless technologies, accident and 

mobile phones etc., are increasing exponentially. To 

balance with daily life needs, modern electronic devices 

are developed with the high-frequency radiation 

devices. The nuisance of electromagnetic (EM) 

pollution has increased more significantly in two 

decades[1]. Hence Electromagnetic shielding 

applications are very much important to protect human 

health and electronic devices against hazardous effects 

of these electromagnetic radiation [2]. Materials, like 

intrinsically conducting polymers(ICPs) such as 

Polyaniline (PANI) are capable to reflect as well as 

absorb electromagnetic waves, and exhibits various 

advantages over metallic materials, such as light weight, 

less cost, easy preparation, good environmental 

resistance, greater optical and electronic property[3].  

Also, alternatively used in several applications like 

electromagnetic interference (EMI) shielding, 

rechargeable battery etc,[4-8] The PANI 

nanocomposites containing Fe3O4 nanoparticles are 

mostly studied as the PANI having both electrical and 

magnetic characteristics[9]. The  integration of Fe3O4 

nanoparticles into the conductive PANI matrix is 

expected to form a heterogeneous hybrid system 

expressing the novel electromagnetic functionalities. 

The studies illustrating the usage of novel PANI/ Fe3O4 

nanocomposites provides considerable EMI shielding 

over X-Band [6-10].  Furthermore, Dopamine (DA), a 

monoamine neurotransmitter (NT) plays a major role in 

functioning of central, renal nervous and hormonal 

systems. The abnormal concentration of DA serves as a 

crucial indicator for the human health problems like 

Huntington’s, Alzheimer’s and Parkinson’s diseases 

[32].  The treatment of such diseases necessitates the 

accurate determination of DA in biological samples 

because of its less concentration in brain and its major 

action depending on the overall levels and short burst, 

which makes its detection a challenging role [33-34].  

The electrochemical analysis is the most effective and 

reliable technique because of its excellent results 
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reproducibility, high sensitivity, low cost of operation 

and wide selectivity [35].  However, the DA overlapped 

oxidation potential with other biomolecules like uric 

acid (UA) and ascorbic acid (AA) hindered the 

electrochemical sensing of DA. Therefore, to overcome 

this issue by modifying an electrode with suitable 

materials for an efficient way to enhance the electrode 

sensitivity and selectivity [36,38]. The Fe3O4 

nanoparticle attracted more attention due to their 

simplicity in the synthesis method, high electrical 

conductivity, chemical stability, non-toxicity, good 

catalytic behavior and low cost [37].  which plays a 

important role in their uses in field of electrochemistry. 

The main aim of this analysis was to synthesize and 

compare the electrochemical behavior of Fe3O4 

nanoparticles doped with PANI (i.e., PANI- Fe3O4) and 

further it is characterized to affirm their microstructural 

characteristics[38,39].   Also, the detection of DA with 

synthesized nanocomposite was attempted.  

2. Materials and Methods 

The chemicals, reagents and solvents are used of high-

grade quality and were used as such without further 

purification obtained from Sigma Aldrich. 2.1 

Preparation of Fe3O4 Nanoparticles: 

        Fe3O4 nanoparticles synthesized by coprecipitation 

method. FeCl3.6H2O (5.20 g, 0.02 mol) and (NH4)2 

Fe(SO4)2 .6H2O (3.52 g, 0.01 mol) were dissolved in 

50 mL of deionised water. NaOH 3M solution added 

dropwise into the iron solution[7].  Then, the reaction 

mixture was heated at 60 °C with a constant stirring for 

1 hour. Fe3O4 nanoparticles were obtained as black 

precipitates. The products were separated from the 

solution using external magnetic field and washed using 

distilled water until neutral pH to remove impurities. 

Furthermore, Fe3O4 was dried at 800 C for 16 hours and 

continued at 1000 C for 4 hours[8].  

2.2 Preparation of PANI/ Fe3O4 NCs: 

        PANI-Fe3O4 nanocomposite synthesized through 

in-situ polymerization method using ammonium 

persulfate (APS) as oxidant without the support of 

surfactants [9].  The synthesis procedure is as followed: 

0.61 mol/L aniline into polymerization vessel consisting 

Fe3O4 in 100 ml of 1.13 mol/L H2SO4 acid solution at 

normal room temperature and continuous magnetic 

stirring for 2h.Then 50 ml (1M) of Ammonium Per 

Sulfate (NH4)2S2O8 added slowly to above reaction 

mixture. Then it is filtered and washed with distilled 

water and methanol. The resultant product dried in oven 

at 700 C for 24h to get green–black powder of PANI – 

Fe3O4 nanocomposite[10].  

2.3 Detection Method 

         EMI shielding effectiveness of sample can be 

obtained using Vector Network Analyser at CIF & 

CMFF IIT Palakkad. FTIR Spectra were reported using 

Shimadzu Spectrometer, TGA of sample was found by 

SDT Q600 in a N2 atmosphere at USIC, Karnartaka 

University Dharwad (KUD). SEM analysis of sample 

was obtained by JSM-IT500 at SAIF in KUD. XRD 

analysis was found by single crystal XRD at Tumkur 

University. The CV were carried out using CHI1608D 

electrochemical workstation (USA) at SSC shimoga. 

3. RESULTS AND DISCUSSION 

3.1. FTIR Spectroscopy 

The FT-IR spectra were used to determine the chemical 

structure and functional groups of synthesized samples.  

Fig.-1. Shows FT-IR characteristic peaks of (a) Fe3O4 

nanoparticles (b) PANI and (c) PANI- Fe3O4 

nanocomposites . The short peak in 1620 cm－1 can be 

correlated to the different modes of bonded water 

molecules existing in the ferrofluid while the prominent 

peaks at 452 and 690 cm－1, are due to the stretching 

and torsional vibration modes of Fe-O bonds in 

tetrahedral and octahedral sites, respectively. 

Furthermore, FT-IR spectrum of PANI exhibits 

characteristic peaks at 3109 cm-1 due to N–H stretching 

vibrations of amino groups. The bands at about 1614 

and 1352 cm-1 arise because of quinoid rings and 

benzenoid ring units [12].  The existence of all these 

bands in Fig. 1c clearly indicating that PANI is 

composed of both imine and the amine units. The peak 

appeared at 642 cm−1 in nanocomposite is ascribed to 

Fe–O stretching band of Fe3O4. The noticed shift on 

bands at 490 and 543 cm-1 confirmed the introduction 

of Fe3O4 in PANI[11].  
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Fig.-1: FTIR of a. PANI  b. Fe3O4 nanoparticles and 

c. PANI- Fe3O4 nanocomposite 

3.2. S

EM analysis: 

Fig.-2 shows SEM microphotographs of (a) PANI (b) 

Fe3O4 and (c) PANI- Fe3O4 nanocomposite. It can be 

seen from Fig.-2, PANI shows that all particles are 

agglomerated irregular along some are spherical in 

nature [14]. While the PANI– Fe3O4 consists of 

granular particles. Small irregular  nanostructured Fe3O4 

nanoparticles dispersed on surface of PANI matrix. The 

agglomeration of Fe3O4 on PANI matrix confirms the 

formation of nanocomposite [13].  

 

Fig.-2: SEM images of a. PANI, b. Fe3O4 and c. 

PANI- Fe3O4 nanocomposite 

3.3.  XRD Analysis: 

The structural investigation of the PANI, Fe3O4 and 

PANI-Fe3O4 were studied by powder X-ray diffraction 

(XRD) shown in Fig.-3(a,b,c). The XRD pattern of 

Fe3O4 shows spinel structure with diffraction peaks at 

2Ɵ = 30.620, 35.220, 44.060, 56.100 and 64.070. The 

XRD spectra of PANI has broad peak in the range 2Ɵ = 

23-260 and a small peak at 2Ɵ = 22.080 exhibiting 

amorphous nature. Fig.-3c. shows XRD spectral pattern 

of PANI- Fe3O4 nanocomposite are very likely to that of 

PANI. It is exhibiting a broad peak at 2Ɵ = 22.50 also 

peaks at 2Ɵ = 25.20, 30.140 confirming the formation of 

PANI- Fe3O4 nanocomposite[14,15]. 

 

 
 

Fig.-3: XRD of a. PANI  b. Fe3O4 nanoparticles and 

c. PANI- Fe3O4nanocomposite 

 

3.4. TGA analysis:  

The TG thermogram of Fe3O4, PANI and PANI/ Fe3O4 

NCs are shown in Fig.-4. Fe3O4 undergoes two steps 

degradation. The initial loss at 103 ◦C observed due to 

loss of adsorbed water. The second stage weight loss is 

due to decomposition of bounded ethylene glycol above 

230 ◦C and afterward, above 460 ◦C there is no loss but 

we can observe the rise in curve, which  may  be due to 

the fact that thermal expansion of Fe3O4 at higher 

temperature. PANI shows three-step weight loss 

behavior[15]. The loss above 200 ◦C may be due to loss 

of SDBS and thermal oxidative degradation and 

decomposition of PANI started after 300◦C. 

PANI/Fe3O4 composite undergoes similar 

decomposition steps as that of PANI, but it has greater 

stability. The greater stability of composite may be 

because of the interaction between PANI and Fe3O4 

which controls the thermal motion of PANI chain in 

composite and enhances the thermal stability of the 

composite[16-18].  
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Fig.-4: TGA analysis of PANI, Fe3O4 and PANI- 

Fe3O4 nanocomposite 

 

3.5. EMI shielding effectiveness: 

The phenomenon of loss of electromagnetic radiations 

by the attenuating medium to protect the electronic 

devices from interference is known as electromagnetic 

interference shielding efficiency/effectiveness (EMI-

SE)[18,19].  The composites of conducting and 

magnetic materials are more preferable due to their 

excellent shielding efficiency.20,21 The total shielding 

efficiency (SET) of the attenuating medium can be 

expressed as the sum of reflection shielding efficiency 

(SER) and absorption shielding efficiency (SEA):  SET = 

SER + SEA. The first component of Equation is the 

consequence of the mismatching of impedance at air–

barrier interface, whereas the second component is 

resulting from the loss of incident EM radiation in the 

form of heat in the inside of shield [22,23]. These 

shielding efficiencies are also measured from the 

scattering parameters (S11, S12, S21 and S22) of the EM 

wave using the VNA.  In terms of scattering parameters, 

the coefficients A, R, and T can be expressed as [1]: 

R=│S11 or S22│2 

T=│S12 or S21│2               (1) 

A=1- R – T 

SER = −10 log(1 − 𝑅)                 (2) 

The EMI SE due to absorption is: 

SEA = −10 log  (
𝑇

1−𝑅
)             (3) 

The shielding efficiencies estimated from expressions 2 

& 3 are drawn in Fig.- 5, 6 & 7 with the variation in 

applied frequency. Fig.-5 demonstrates the variation of 

absorption shielding efficiencies of the pure PANI and 

nanocomposite sample of PANI with Fe3O4 with 

applied frequency. This is perceived that absorption 

shielding efficiency for the prepared samples increases 

from 9 dB for pristine PANI to 18 dB for composite 

sample with  loading concentration of Fe3O4. The 

enhancement in absorption shielding efficiency can be 

accredited to the rise in electric as well as magnetic 

dipoles in the bulk of attenuating medium and to 

enhancement in electrical conductivity and 

heterogeneity in composites[24]. Fig.-6 illustrates the 

reflection shielding efficiencies for the PANI and 

PANI/ Fe3O4 nanocomposite sample, indicating the 

increase in reflection shielding efficiency with loading 

of Fe3O4 nanoparticles. The shielding efficiency of pure 

PANI is found to increase from 5 dB for pure PANI to 

10.4 dB for PANI/ Fe3O4 nanocomposite with loading 

of Fe3O4 nanoparticles. The enhanced shielding 

efficiency with Fe3O4 nanoparticles loading 

concentrations may be indorsed to the enhancement in 

electrical conductivity of PANI composites and 

availability of  free charge carriers for interaction with 

EM radiation at the air–barrier interfere for 

reflection[25,26].  Fig.-7 shows the enhancement in 

total shielding efficiencies of PANI and PANI- Fe3O4 

with applied frequency. It can be observed that total 

shielding efficiency (SET) of the prepared sample 

enhanced with the addition of Fe3O4 into PANI 

matrix[27].  

 

Fig.-5: SEA of PANI and PANI- Fe3O4 

nanocomposite 

The observed values of SET for the pure PANI and 

nanocomposites are 14 and 28 dB respectively, at 8.2 

GHz applied frequency, and these values are greater 

than the industrial standard of shielding effectiveness, 
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i.e., 12 dB for good attenuators. The significant 

contribution in the total shielding efficiency from the 

absorption loss as compared to reflection loss indicates 

the better device performance in extinction of EM 

radiation from environment instead of merely reflection 

in the environment from the device surface[24-28]. The 

comparative studies of EMI Shielding property of 

various reported materials under optimal conditions can 

be shown in Table 1.             

                  

                      Fig 6                           Fig 7                                                

                   

Fig.-6: SER of PANI and PANI- Fe3O4 

nanocomposite 

Fig.-7: SET of PANI and PANI- Fe3O4 

nanocomposite 

 

Table 1: comparative studies of EMI Shielding 

property of various reported materials under 

optimal conditions 

Material  Frequency  SET 

(dB) 

Thick

ness  

Ref. 

PANI-CuO 

(5%, 

10%,15%) 

8.2-

12.4GHz 

~ -18.2 

to -

23.1 

2mm [27] 

MWCNT/C

uO/Fe3O4/ 

Polyaniline 

8.2- 18 

GHz 

~ -87.4 2mm [28] 

RGO/PANI

/Cu2O 

2-18GHz ~ -52.8 2mm [29] 

Polyaniline/

V2O5 

12-18GHz ~ 19 2mm [30] 

PANI/ 

Fe3O4 

8.2-

12.4GHz 

~ -28 2mm Pres

ent 

work 

3.6. Electrochemical Characterization 

3.6.1. Preparation of modified glassy carbon 

electrode 

  0.5 mg of PANI-Fe3O4/GCE taken in IPA 

(isopropanal) solvent were sonicated of 30 min and the 

5 µL of the finely dispersed solution was drop coated on 

the previously cleaned and dried GCE and the electrode 

surface dried at normal room temperature under 

ambient conditions. 

         3.6.2.       Electro catalytic behaviour of the 

different electrode 

        Electro catalytic activity of different electrodes, the 

electrochemical oxidation of the DA was accomplished 

in PBS (pH 7.0) via CV technique bearing 100 μM DA 

for the comparision of the bare electrode as depicted in 

Fig.-8. A bare GC electrode displayed linear peak wave 

and also a small peak current growth was observed 

when the DA was added to the buffer solution in the 

range of 0.5 V in  presence of a surface modified GCE 

(curve b). quasi-reversible peaks were noticed on 

modified PANI-Fe3O4/GCE[29,30]. Upon comparing 

with bare GCE, about 12 times larger current signal was 

received from PANI-Fe3O4/GCE at around 0.5 V which 

confirmed that PANI-Fe3O4/GCE could notably 

promote oxidation of pesticide[32,40].  

      

Fig.-8. CV of a) bare GCE b) PANI-Fe3O4/GCE with 

DA concentration of 100 μmol L− 1 in PBS at pH 7.0 

at a scan rate of 50 mV s − 1 in N2 

 

3.6.3. Electrocatalytic behavior of PANI-

Fe3O4/GC electrode towards DA             

Electrochemical sensing of DA was examined utilizing 

PANI-Fe3O4/GCE which exhibited well-defined peaks 

at 0.5 V in the presence of varied amount of DA in PBS 

at pH 7.0 can be shown in Fig.-9. The peak current was 
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increases linearly when the concentration of DA rises 

from 100 to 1200 μmol L−1 with a sensitivity of 0.00143 

μAμM− 1 mm− 2, LOD of 66.666 μAμM−1 mm−2 and a 

linear regression equation Y = 0.00143x + 3.090, R2 = 

0.9978[31,40].   The electrochemical property of the 

PANI-Fe3O4/GCE was compared with the bare GCE 

(Fig. 12(a)). According to the CV of modified 

electrodes, PANI-Fe3O4/GCE (0.5) displayed an 

appreciable electrocatalytic effect with enhanced peak 

current compared to the bare GCE[33]. 

 

Fig.- 9.  CVs of the PANI-Fe3O4/GC electrode in PBS 

(pH 7.0) with different concentrations of DA. Scan 

rate: 50 mV/s. 

 

3.6.4. Effect of Scan Rate  on 

electro catalytic capability of DA 

  CVs for DA in a PBS at PANI-Fe3O4/GC electrode 

showed a pair of quasi-reversible peaks shown in Fig.-

10. There is a increase in oxidation peak current with 

increasing scan rate, in range from 50-100 mVs−1 the 

redox peak current is proportional to scan rate[34-36]. 

The plot of peak current vs scan rate for DA exhibited a 

linear relationship and the straight line equation is 

represented by Y= 0.0268(DA) - 0.1136 with 

correlation coefficient of R2 =0.9731. The linear plot of 

peak current vs scan rate inferred that the electrode 

reaction is a adsorption-controlled process[37-39].  

Results presents that our PANI- Fe3O4/GCE modified 

electrodes has excellent stability, sensitivity and 

repeatability. PANI- Fe3O4/GCE synthesized 

compounds characterized by electrochemical and 

spectral methods. Also, the comparison of results for 

DA shown in Table 2. 

 

Fig.-10.(a) CV of dopamine at PANI-Fe3O4/GCE 

scanning rate ranging from (50 mV-1 to 100 mVs-1). 

(b) Inset: Calibration graph of peak current vs scan 

rate 

 

Table 2. Comparison of results for the DA with the 

literature reports 

 

Electr

ode 

mater

ial  

Linea

r  

range 

µM/L 

Tec

hni

que  

LOD 

µM/L 

Sensi

tivity   

 

Referenc

e 

rGO-

Zn(II)

TPEB

iPc 

   

0.02-

1.0 

CV 0.006 2.878

4 

[32] 

poly(l

-

argini

ne)/C

PE 

50-

100 

CV 

 

0.5 - [31] 

PANI-

CuO/

GCE 

 10 – 

130 

CV 3.666 0.015

3 

[27] 

PANI-

Fe3O4

GCE 

  100-

1200 

CV 66.66

6 

0.001

43 

This 

work 
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3.6.5. Determination of Real 

Sample Analysis 

   The relevance of modified GCE as electrochemical 

sensor conducted for the effective detection of DA in 

Pharmaceutical drug, DA hydrochloride solution. The 

measurement of concentration of DA hydrochloride in 

solution done by applying a calibration plot with the 

methods suggested in effect of concentration in standard 

DA. Results obtained after the standard addition 

procedure shown in Table 3. The Recoveries from 97 to 

105.5% of DA secured for dopamine hydrochloride 

samples (n = 5 repetitions). It is a evident of accuracy of 

the suggested procedure. Statistical calculations for 

aquired outputs depicted excellent precision for CV 

method, showing PANI-Fe3O4/GC modified electrode 

used for sensing of dopamine hydrochloride solution 

samples[31,38].  

Table  3. Determination of DA in dopamine 

hydrochloride solution 

No 

 Spiked 

DA 

(mg) 

Found 

DA 

(mg) 

    

Recovery 
RSD % 

1 4 3.87 97.25 2.42 

2 4 4.18 105 3.32 

3 4 3.8 95 2.2 

4 4 4.08 101 2.66 

5 4 3.89 97.5 2.47 
 

4. CONCLUSION 

The synthesis of PANI-Fe3O4carried out by in-situ 

chemical polymerization reaction. The spectroscopic 

characterization of synthesized samples can be done 

using FTIR, XRD, SEM and TGA techniques. The 

PANI-Fe3O4 exhibits semi-crystalline nature and the 

semi-crystallanity of Fe3O4 nanoparticles are not 

disturbed in the PANI matrix. The synthesized 

composite exhibits a very good thermal stability. The 

EMI SE of nanocomposite in X-band indicating that 

synthesized samples exhibits excellent EMI SE of -28 

dB. Also, incorporation of Fe3O4 on PANI matrix 

affects the EMI SE value. As the concentration of Fe3O4 

nanoparticles on PANI increases the EMI SE also 

increases. Hence, the synthesized nanocomposites can 

be potent EMI shielding materials in various electronic 

devices and applications. Furthermore, PANI-Fe3O4 

/GCE can be used in the detection and sensing of 

Dopamine.. Additionally, PANI-Fe3O4 /GCE used in 

the detection and sensing of Dopamine also in the real 

samples i.e., Dopamine hydrochloric solution. All these 

results indicates PANI-Fe3O4 can be an excellent EMI 

shielding material with a high sensing performance of 

Dopamine. 
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