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Abstract- A chemically modified carbon paste electrode (CPE) founded on electrospun 
manganese oxide (Mn3O4) nanofibers (MONFs) was constructed as a new simple 
electrochemical sensor for a sensitive simultaneous determination of dopamine (DA) and 
tyrosine (Tyr). To investigate their electrochemical behavior several methods like differential 
pulse voltammetry (DPV) and cyclic voltammetry (CV) methods were used. MONFs were 
fabricated by an electrospinning process by manganese acetate stabilized with polyvinyl 
alcohol (PVA) as the precursors. In order to characterize MONFs several techniques such as 
field emission scanning electron microscopy (FE-SEM), X-ray diffraction (XRD) technique 
and energy dispersive X-ray spectroscopy (EDX) were used. Application of MONFs as the 
modifier of the CPE (MONFs/CPE) showed high oxidation peak currents for determination of 
DA and Tyr due to its catalytic effect and its surface area. Optimization of experimental 
parameters, by DPV method, showed the best sensitivity in determination of DA and Tyr in 
phosphate buffer solution (PBS) at pH of 7 with accumulation time of 20 s. Using DPV 
technique, the sensor revealed broad linear ranges of 0.05-180 µM and 0.1-270 µM with 
detection limits of 49 nM and 56 nM toward DA and Tyr, respectively. The fabricated sensor 
exposed excellent sensitivity, simplicity and high selectivity toward simultaneous 
determination of DA and Tyr. The analytical application of the sensor has been assessed for 
analysis of DA and Tyr in human blood serum and urine with acceptable results.   
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1. INTRODUCTION  

Nowadays nanostructural compounds have been widely investigated owing to their various 
applicability and scientific attentions [1,2]. One dimential nanostuctral materials such as 
nanowires, nanorods or nanofibers received more attentions due to their possible applications 
in nanotools [3-5]. 

Among various oxidation states of manganese oxide, Mn3O4 (MO) has established much 
considerations owing to its various oxidation states, inexpensive and abundance in environment 
[6,7]. Several techniques like solvothermal, ultrasonic and hydrolyzation, cathodic 
electrodeposition have been used to produce MO nanoparticles. MO showed good 
electromechanical potentials lead to its application in electrode material for super capacitors 
and batteries [8,9]. In addition MO also applied to fabricate catalyst and water filtration [10]. 
Electrochemical features of MO depend on method of its synthesis which lead to different 
morphology, particles size, pore size and distribution. These methods of fabrication of 
nanomaterials are normally high price, long time consuming and also need complicated 
instruments. Therefore, it was a demand to invent a method overcome these deficiencies. 
Electrospinning is found to be an easy, flexible, adaptable and quick method to fabricate 
reproducible fine nanofibers [11]. There are few reports on fabrication of Mn3O4 nano fibers 
(MONFs) [12,13]. In a report Suktha et al. used MONFs as a supercapacitor [14]. 

Tyrosine (Tyr) is one of the important amino acids for the living organism. Human body 
uses Tyr to make chemical neurotransmitters such as dopamine, norepinephrine and serotonin. 
Therefore, Tyr supplements could be employed to get rid of symptoms and to collect the 
requires of the body [15,16]. Various analytical methods have been employed to determine 
tyrosine like spectrophotometry [17], high performance liquid chromatography (HPLC) [18], 
liquid chromatography- mass spectrometry (LC/MS) [19], gas chromatography-mass 
spectrometry (GC/MS) [20] and fluorimetric techniques [21]. Tyr is an electroactive material, 
which can be studied by electrochemical methods. There are some reports on electrochemical 
determination of Tyr [22,23]. 

Dopamine (DA), a vital catecholamine, is an important neurotransmitter in living 
organisms [24]. Several analytical techniques have been used to determine DA using 
electrochemiluminescence [25,26], HPLC-fluorescence [27], LC-MC [28], surface plasmon 
resonance (SPR) [29,30] and calorimetric methods [31]. In addition various electrochemical 
methods have been reported to determine DA [32-34].  

  In animals the concentration of Tyr could be changed by dietary intake. In addition, Tyr 
can effect optimize synthesis of central catecholamine such as DA in human body [35]. DA 
and some other cathecolamine are vital for performance of memory in human bodies [36,37]. 
Various investigations in young peoples have shown that Tyr management can overturn 
working memory injuries under worrying conditions [38,39], or boost awareness, including 
working memory, in normal environmental situations [40]. 
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Therefore, fabrication of a sensor for simultaneous determination of DA and Tyr could be 
significant. Some of analytical techniques for determination of DA and Tyr have some 
drawbacks include sample pre-treatment, long time and elevated analysis price. These 
difficulties of the techniques avoid application of these methods for scheduled investigations. 
Therefore, improvement of electrochemical techniques as a sensitive, accurate and fast 
technique with low price for simultaneous determination of DA and Tyr is essential . 

Considering high surface area of Mn3O4 nanofibers (MONFs) and its catalytic effect, we 
used MONFs as modifier of carbon paste electrode (CPE) to fabricate MONFs/CPE as a simple 
novel electrochemical sensor for simultaneous determination of DA and Tyr. As far as we 
know, there is no report on the simultaneous electrochemical determination of DA and Tyr 
using MONFs/CPE. The results showed broad linear range, small detection limit and high 
sensitivity. The application of the sensor was examined by analyzing real samples which 
showed satisfactory results. 
 

2. EXPERIMENTAL  

2.1. Chemicals and Instruments 

Polyvinyl alcohol (PVA, with mean molecular weight of 72000–75000 gmol-1) and 
manganese acetate were bought from Sigma Aldrich chemical company. Further, chemical 
compounds with analytical grade bought from Merck chemical company. They were used as 
they obtained without additional treatments. Triply distilled water was used to prepare all 
aqueous solutions. Phosphate buffer solution (PBS) as the supporting electrolyte was prepared 
by mixing appropriate amounts of 0.1 M H3PO4, 0.1 M KH2PO4 and 0.1 M K2HPO4 solutions 
to obtain desired pH values. Human urine and human blood serum as the real samples were 
diluted 100 times with PBS before determination of spiked DA and Tyr samples. 

AUTOLAB 30V device Potentiostat / Galvanvastat (ECO CHEMIE) was used for all 
electrochemical measurements. The instrument was controlled by GPES software version 4.9. 
The electrochemical cell was constructed with three electrode system include MONFs/CPE as 
the working electrode, Pt wire as a counter electrode and Ag/AgCl as a reference electrode. All 
solutions of included DA and Tyr carried out 20 s of stirring preceding to any voltammetric 
experiments. To adjust pH of the buffer solutions, a Metrohm 744 pH meter with combined 
glass electrode was used.  

SEM images were obtained on Zeiss DSM-960A SEM instrument. The X-ray diffraction 
pattern was recorded by a Rigaku SmartLab instrument. Electrospinning was executed by 
application of electrospinning equipment (Fanavaran Labscale Electrospinning Machine, Iran). 
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2.2. Preparation of MONFs 

MONFs were fabricated with the same procedure as previously reported.12 PVA powder 
was dissolved in distilled water and the heated at 800 C with stirring for 2 h to provide aqueous 
PVA solution (about 10 wt %). The solution was cool down to room temperature by stirring 
for 12 hours. Then 20.0 g of the PVA solution was added sluggishly into the solution of 
manganese acetate (Mn(CH3COOH)2.4H2O: H2O at 50% w/w). The reaction was continued in 
a water bath at 500C for 5h to obtain manganese acetate composite gel (MACG).  

The MACG was filled in a plastic capillary syringe of electrospining instrument. A copper 
pin attached to a high – voltage generator was put in the capillary and an aluminum foil was 
used as the counter electrode (collector). A voltage of 20 KV electrical potential was applied 
between the syringe and the collector to obtain dense manganese oxide fibers. Then the 
calcination procedure was applied at 1000 °C for 10 h to obtain Mn3O4 nanofibers hereafter 
named as MONFs. 

 

2.3. Preparation and optimization of MONFs/CPE  

Appropriate amounts of graphite powder and MONFs with paraffin oil was mixed to 
fabricate suitable modified carbon paste electrodes. Then the fabricated paste was inserted into 
the end of an insulin syringe (i.d. 2 mm) and a copper bar with suitable size was inserted into 
the paste to provide electrical link. The prepared modified electrode was named as 
MONFs/CPE. The unmodified carbon paste electrode was fabricated in a same way without 
addition of MONFs and it was nominated as CPE. 

 
Fig. 1. Effects of percentage of modifier on the oxidation peak currents of 100 µM Tyr (a) and 
50 µM DA (b) 
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In order to obtain high sensitivity in determination of DA and Tyr, the amount of MONFs 
as the modifier in the modified electrode was optimized (Fig.1). Fig. 1b showed that by 
increasing MONFs% the oxidation peak for 50 µM DA was increased up to 15% and 20%, 
then it decreased by increasing of MONFs up to 25%. Fig. 1a showed that by increasing 
MONFs% from 10 to 25%, the oxidation peak current of 100 µM Tyr was decreased. 
Therefore, composition of 15% MONFs in the modified MONFs/CPE, which showed the 
highest sensitivity, was selected as the most favorable value for additional experiments. 
 

3. RESULTS AND DISCUSSION  

3.1. Structural characterization of MONFs 

The morphology of MONFs was determined by SEM (Fig.2). Fig. 2A and 2B show the 
images of PVA/Mn(CH3COO)2 nanofibers before calcinations. The results showed that the 
electrospun nanofibers are accidentally and uniformly distributed. In addition, the results 
confirmed that the nanofibers are not containing of beads. By calcinations of MONFs the shape 
of the fibers changed to more porous with lower diameters (Fig. 2C). Fig. 2D shows SEM 
image of modified CPE with optimum value of MONFs. 

 

 
 
Fig. 2. The SEM images of MONFs: before calcinations (A, B); after calcinations (C) and as 
15% MONFs dispersed in carbon paste electrode (MONFs/CPE) (D) 
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The crystal structure and phase composition of the prepared MONFs after calcination at 
1000 °C were also confirmed by XRD measurements (Fig. 3).  The dominant peaks are at 2θ 
values of 18.2°, 29.1°, 31.2°, 32.5°, 36.3°, 36.7°, 38.1°, 44.4°, 49.9°, 50.9°, 54.0°, 56.2°, 58.7°, 
60.0°, 64.8°, 69.9° and 74.3° which could be signed to tetragonal phase of Mn3O4 according to 
JCPDS card 24-734 [12]. 

 

 
Fig. 3. XRD pattern of the MONFs after calcination at 1000 °C 

 
In order to explore the elemental analysis of the synthesized MONFs, EDS measurements 

was performed. The EDX analysis of MONFs is shown in Fig 4. The results confirm presence 
of the Mn and O in the fabricated MONFs. 

 

 
Fig. 4. EDX spectrum of MONFs 
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3.2. Optimization of experimental parameters 

According to the investigation on effect of electrolyte, MONFs/CPE revealed the greatest 
sensitivity toward determination of DA and Tyr in 0.1M PBS. Therefore, additional 
electrochemical investigations were obtained in 0.1M PBS. The effect of pH on the 
electrochemical oxidation of 150 µM DA and 150 µM Tyr is shown in Fig. 5A using DPV 
method. As it can be seen, the oxidation peak currents for both DA and Tyr raised from pH 4.0 
to 7.0 and then diminished with pH variations from 7.0 to 10.0 (Fig. 5B). Consequently, the 
PBS with a pH of 7.0 was chosen as the optimum value for simultaneous determination of DA 
and Tyr.  

Fig. 5C reveals the affiliation between oxidation peak potentials of DA and Tyr solutions 
and pH. The affiliations between the Epa and pH were as follows: 

Epa (V) = 0.8696 - 0.053pH        (R2=0.994)                    Tyr     (1) 

Epa (V) = 0.4924 - 0.0492pH         (R2= 0.994)                    DA     (2)   

Near Nerstian slopes of the equations suggests that the same number of electron and proton 
transfer are involved in the corresponding electrochemical oxidations of DA and Tyr. 
 

 
Fig. 5. DPVs of MONFs/CPE in 0.1 M PBs at different pH values in the presence of 150 µM 
of DA and 150 µM of Tyr. Insets: plot of peak currents vs. pH values (B), and plots of E vs. 
pH (C) 
 

In order to get the highest sensitivity for simultaneous determination of DA and Tyr, 
accumulation time was optimized (not shown). The results showed that the anodic peak 
currents of DA and Tyr elevated by raising accumulation time and then leveled off at 20 s. 
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Therefore accumulation time of 20 s was selected as the optimum operation parameter for 
additional experiments. 
 

3.3. Electrochemical investigation of DA and Tyr at MONFs/CPE 

Cyclic voltammetry (CV) experiment of 100 µM TYR and 100 µM DA in 0.1 M PBS at 
MONFs/CPE under optimum conditions was inspected (Fig. 6). As can be seen in Fig. 6A, the 
results indicated irreversible oxidation peak for Tyr. However CV experiments showed 
reversible redox peaks for DA (Fig. 6B).  
 

 
Fig. 6. The Cyclic voltammograms of (A)100 µM TYR and (B)100 µM DA in 0.1 M PBS (pH 
7.00) at MONFs/CPE with scan rate of 100 mVs-1 

 

 
 
Fig. 7. DPVs of 70 µM of DA and 100 µM of Tyr in 0.1 M PBS (PH=7) at (a) unmodified CPE 
and (b) MONFs/CPE 
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Figure 7 show differential pulse voltammograms of 100 µM DA and 200 µM Tyr at (a) 
CPE, (b) MONFs/CPE under optimum conditions. The results show very high oxidation peaks 
for DA and Tyr at MONFs/CPE respect to CPE. In addition slight shifts of peak potentials 
toward less positive potentials for DA and Tyr were detected at modified electrode. These 
phenomena might be due to electrocatalytic effect of MONFs. In addition high surface area of 
MONFs leads to higher oxidation peak currents for DA and Tyr. Therefore in this work 
application of MONFs as the modifier of CPE was concerned. 

To investigate the effect of the potential scan rate on the oxidation peak potentials and peak 
currents of DA and Tyr at MONFs/CPE in PBS (pH=7), CV experiments were carried out 
under various scan rates in the range of 20-800 mV s-1. The results indicated that as the scan 
rate (ν) raised, the oxidation peak potentials of DA and Tyr were moved to more positive 
potentials however reduction peak potential of DA shifted to less positive potentials. These 
phenomena strongly suggest the kinetic limitation of both electrochemical processes. 

According to Laviron’s theory, for a reversible process, the charge transfer coefficient (α) 
and electron transfer rate constant (ks) can be gained by determining the deviation of ΔEp as a 
function of log scan rate at scan rates higher than 200

𝑛𝑛
 mV s−1  using Eqs (3), (4) and (5) [41].    

Epc = K − 2.303 (RT/(αc)nF) log (ν)            (3) 
Epa = K + 2.303 (RT/αanF) log (ν)          (4)  
logks=αlog(1-α)+(1-α)logα-log(RT/nFʋ)-α(1-α) (nF∆Ep/2.3RT)      (5) 

By considering two electron transfers for oxidation of DA the value of 0.54 for α was 
obtained. By substituting α value into equation (5), an electron transfer rate constant,  
ks=3.44 s−1, was obtained. 

According to Laviron’s theory, for an irreversible anodic reaction, the relationship between 
Ep and ν can be obtained as follow: 

Ep = E0 – (RT/αanF) ln (RTKs/ αanF)+ (RT/αanF) lnʋ        (6) 

Using the slope of the straight line of Ep vs. lnν and by considering value of n equal to 1, 
value of α for Tyr was obtainedd to be 0.42 at 25°C. Considering Eq. (6) E˚ can be calculated 
from the intercept of a plot of the Ep vs. lnν. Finally, ks value for TYR was calculated as 1.008 
s-1 by applying value of E0 and αa in the Eq. (6). The great amount of the electron transfer rate 
constants illustrated the high efficiency of the MONFs/CPE to accelerate electron transfer 
between the DA, Tyr and the electrode plane. 

 

3.4. Linear range and detection limit of the method 

DPV technique was used to draw calibration curve for simultaneous determination of DA 
and Tyr under optimum conditions.  
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Fig. 8. (A) DPV voltammograms for different concentrations of DA and Tyr mixture as (a) 
0.05+0.1, (b) 10+10, (c) 30+20, (d) 40+50 (e) 60+70, (f) 80+110, (g) 110+190, (h)150+240 
and (i) 180+270 respectively, in which the first value is the concentration of DA in μM and the 
second value is the concentration of Tyr in μM, respectively; Insets: (B) Plot of peak currents 
as a function of DA concentration; (C) Plot of the peak currents as a function of Tyr 
concentration. 
 
Table 1. Comparison between analytical performance of the proposed sensor in determination 
of DA and Tyr with previous works 
 

Electrode Analytes Linear range 
(µM) 

 

Detection limit 
(µM) 

 

Ref. 

Iron(III) Doped Zeolite /CPE 
 
Porphyrin-clay/CPE 
 
 
GRnanowalls/Ta 
 
 
p-Gly/Nafion/MWCNTs/  
CPE-PMEP  
 
MONFs/CPE 
 

DA 
Tyr 

 
DA 
Tyr 

 
DA 
Tyr 

 
DA 
Tyr 

 
DA 
Tyr 

0.1-200 
0.5-200 

 
0.4-10.3 

3-51 
 

0.2-10 
3-200 

 
0.025-10 

0.2-40 
 

0.05-180 
0.1-270 

0.05 
0.08 

 
0.1 
0.7 

 
0.04 
0.6 

 
0.008 
0.070 

 
0.049 
0.056 

[42] 
 
 

[43] 
 
 

[44] 
 
 
 

[45] 
 
 

This work 
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The solutions were made of various concentrations of DA and Tyr in a 0.1 M PBS (pH=7) 
at MONFs/CPE to carry on DPV experiments (Fig. 8). Fig. 8A shows differential pulse 
voltammograms of mixture of DA and Tyr by synchronous changing their concentrations. The 
corresponding calibration curves were shown in insets B and C respectively. The results 
indicated that the equivalent anodic peak currents were proportional to DA and Tyr 
concentrations in the range of 0.05-180 µM and 0.1-270 µM, respectively. The limits of 
detection (LOD) were calculated to be 49 nM and 56 nM (S/N=3) for DA and Tyr, respectively.  

The analytical performance of the proposed electrode in determination of DA and Tyr was 
compared with the previous reports in Table 1. The comparison reveals that our proposed 
method provides wider linear range and lower detection limit using simple fabricated sensor 
which confirm its superior analytical performance respect to previous works. 
 

3.5. Stability and repeatability of MONFs/CPE 

The stability of MONFs/CPE was evaluated at dry and wet conditions for certain period of 
time intervals by repetitive DPV experiments. The measuring solution includes 100 µM of DA 
and 200 µM Tyr in 0.1 M of PBS with pH of 7 and the storage solution was contained only 
PBS (0.1 M) with same pH. Under wet condition, while the modified electrode was subjected 
to an experiment every 30 min up to ten hours, the corresponding oxidation peak current for 
DA and Tyr were decreased only 4.8% and 6.9%, respectively.  However, when the electrode 
was hold in the atmosphere for 10 days (dry condition), the oxidation peak currents of DA and Tyr 
in the solution were decreased less than 3.6% and 5.4 %, respectively. These results confirm 
excellent stability of the sensor under wet and dry conditions. 

The repeatability of the sensor was measured by 8 successive determinations of the 100 μM 
DA and 150 μM Tyr using DPV method. The measured RSDs for Da and Tyr were 0.6% and 0.9% 
respectively. These little values point out that the electrode was steady in continuous 
voltammetric experiments, and it was not influenced by any chemical reactions on the surface 
of the electrode. 
 

3.6. Interference studies of the method 

To investigate selectivity of the suggested method, the effect of some probable interfering 
species were evaluated in 100 µM DA and 100 µM Tyr solutions under the optimum conditions 
using DPV technique. The tolerance limit for each potential interfering species was taken as 
the utmost concentration of other species as interferent which gives an error of ≤5% in the 
determination of DA or Tyr. The results are shown in Table 2. The results indicated that 
interfering species did not considerably influence the peak currents for DA and Tyr which 
confirm good selectivity of the sensor.  
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Table 2. Maximum tolerable concentration of interfering species 
 

Interfering species DA Tyr 
Uric Acid 500 400 
NaCl 
MgCl2 

900 
240 

600 
450 

Ascorbic acid 800 750 
L-glutamic acid 
Histidine 

600 
1100 

450 
950 

CaCl2 
Tryptophan 

850 
800 

500 
650 

L-alanin 
Sodium Citrate 

600 
1500 

350 
1200 

Aspartic acid 750 600 

                                                      aCint refers to interfering compound concentration 

 

3.7. Real sample analysis 

Human urine and blood serum were selected to investigate the suitability of the presented 
method in simultaneous determination of DA and Tyr in the real samples using DPV method. 
The prepared real samples were spiked with appropriate amounts of DA and Tyr samples and 
their corresponding oxidation peak potential were obtained under optimum conditions.  
Concentrations were obtained using standard additions method to reduce any probable matrix 
effect. The obtained data are shown in Table 3 and Table 4. The good recoveries verify that the 
proposed modified electrode has potential to apply for simultaneous determination of DA and 
Tyr in real samples, without need any special pretreatments and using time consuming analysis 
time. 
 

Table 3. Estimation of DA and Tyr in diluted (100-fold) urine Table 4 
 

Spiked (µM) Founded aR.S.D. (%) Recovery(%) 
DA Tyr DA Tyr DA Tyr DA Tyr 
20 10 19.2 9.5 1.8 2.7 96.0 95.0 
150 100 152.0 97.6 1.1 2.3 101.3 97.6 

aAverage of five determinations at optimum conditions 

 
Table 4. Estimation of DA and Tyr in diluted (100-fold) blood serum 

 
  Spiked (µM) Founded aR.S.D. (%) Recovery(%) 
DA Tyr DA Tyr DA Tyr DA Tyr 
20 10 20.4 9.3 1.6 3.1 102.0 93.0 
150 100 153.3 96.1 1.9 2.8 102.2 96.1 

aAverage of five determinations at optimum conditions 
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4. CONCLUSION 

In this work, MONFs were fabricated via an electrospinning technique by manganese 
acetate and PVA as the precursors. For the first time calcinated MONFs was used to modify 
CPE (MONFs/CPE) as the simple and novel sensor for electrochemical determination of DA 
and Tyr. The results showed high sensitivity toward electrochemical oxidation of DA and Tyr 
due to electro-catalytic properties and high surface areas of the MONFs present in the modified 
electrode. In addition the good recovery of the proposed sensor in analysis of DA and Tyr in 
real samples, suggest that sensor has potential to be used in regular analysis of biological 
systems. The excellent properties of MONFs/CPE suggest that the analytical application of the 
modified electrode could be extended to analysis of other biological and pharmaceutical 
samples.  The simple fabrication of the sensor, high sensitivity, broad linear dynamic range, 
elevated stability and superior repeatability of the modified electrode suggest that this electrode 
can be a suitable applicant for further practical purposes. 
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