
Anal. Bioanal. Electrochem., Vol. 9, No. 4, 2017, 424-438 

 

 

 

 

 

 

 

Full Paper 

Poly (phenosafranine)/SAOS Modified Sensor for the 

Determination of Dopamine and Uric Acid 

Tandreborekaval Swamy Naik Sunil Kumar Naik and Bahaddurghatta Eshwaraswamy 

Kumara Swamy
* 

Department of P. G. Studies and Research in Industrial Chemistry, Kuvempu University, 

Jnana Sahyadri, Shankaraghatta -577451, Shivamoga (D), Karnataka(S), India 

*Corresponding Author, Tel.: +91-8282-256225; Fax: +91-8282-256255 

E-Mail: kumaraswamy21@yahoo.com 

Received: 13 December 2016 / Received in revised form: 30 December 2016 /  

Accepted: 21 January 2017 / Published online: 30 June 2017 

 

Abstract- The phenosafranine (PS
+
) and sodium alpha olefin sulphonate (SAOS) used as the 

modifiers for the modification of bare carbon paste electrode (BCPE). Electropolymerization 

and immobilization technique has been employed for the modification of carbon paste 

electrode to get poly (phenosafranine)/SAOS/MCPE. The electrocatalytic behaviour of the 

modified electrode was investigated by voltammetric techniques. The modified electrode 

exhibits excellent electrocatalytic activity towards the determination of dopamine (DA) and 

uric acid (UA) in presence of 0.2 M phosphate buffer solution (PBS) at pH 7.4 with the scan 

rate of 50 mVs
-1

. The various parameters like effects of scan rate, concentration and pH 

variation was studied and the overall electrode process was found to be adsorption-controlled 

at poly (phenosafranine)/SAOS/MCPE. Both dopamine and uric acid exhibit good detection 

limits at modified electrode (4.43 µM and 4.18 µM respectively). Hence, the proposed sensor 

shows good sensitivity towards the determination of DA and UA individually and 

simultaneously. 

Keywords- Dopamine, Uric acid, Poly (phenosafranine), Sodium alpha olefin sulphonate, 

Modified carbon paste electrode, Cyclic voltammetry  

 

 

1. INTRODUCTION  

Dopamine (DA) (scheme 1) is one of the crucial catecholamine neurotransmitter 

molecule widely distributed in the mammalian central nervous system, renal, hormonal and 
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cardiovascular systems for message transfer [1-3]. Neurotransmitters (NTs) are chemical 

messengers that transmit a message from one neuron to the next. This transmission proceeds 

by secretion of the NTs from one neuron, followed by their binding to the specific receptor 

located on the membrane of the target cell [4-5]. Low levels of DA are related to neurological 

disorders, such as schizophrenia, Parkinson’s disease and to HIV infection [6-8]. As a 

cholinergic drug, DA is widely applied to the treatment of circulatory collapse syndrome 

caused by myocardial infarction, trauma, renal failure, cardiac surgery, or congestive cardiac 

failure. Consequently, it has attracted much of interest of electrochemists to develop the 

detection methods of DA, no matter in route or in vivo analysis [9]. One of the most common 

routes is to use a modified carbon paste electrode which has the ability to eliminate the 

interfering substances from DA determination. The study of electrochemical determination of 

DA with different modified electrode was reported [10-11].  

 
NH2HO

HO  

 

Scheme 1. Structure of Dopamine 

 

Uric acid (UA) (2,6,8-trihydroxypurine) (scheme 2) is the primary product of purine 

metabolism in the human body. Abnormal concentration level of UA can leads to several 

disorders such as gout, Lesch–Nyhan syndrome, hyperuricaemia, cardiovascular disease and 

multiple sclerosis [12-14]. DA coexists with UA and AA in body fluids [15-16]. In general, 

electroactive UA can be irreversibly oxidized in aqueous solution and the major product is 

allantoin[17-18]. Usually DA and UA can be oxidized almost at the same potential upon 

traditional electrodes. Thus, the development of modified electrodes for the simultaneous 

determination of them with sensitivity and selectivity is highly desirable for diagnostic and 

analytical applications [19]. 
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Scheme 2. Structure of Uric acid 

 

Phenosafranine (scheme 3), a phenazine dye, is a simple red safranine dye made by 

oxidation of a 1:2 mixture of para-phenylenediamine and aniline. It is widely used as redox 
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mediator and sensitizer in photogalvanic cells [20]. Usually, most of the polyazines prepared 

so far are cationic polyelectrolytes, they provide a simple and convenient method for fixing 

chelating reagents, enzymes and cofactors on electrode surfaces. In present work, 

phenosafranine was electropolymerized on the surface of bare carbon paste electrode to 

confer poly (phenosafranine) modified carbon paste electrode (PPS/MCPE). 

 
N
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+
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Scheme 3. Structure of Phenosafranine 

 

The sodium alpha olefin sulphonate (SAOS) (scheme 4) is an anionic surfactant, formed 

by the direct reaction of olefins with strong sulphonating agents, such as sulphur trioxide. The 

sodium alpha olefin sulphonate surfactant can be used in the formulation of a variety of skin 

cleaning products including toilet bars and bubbles bath compositions, a suggested liquid 

bubble bath formulation containing SAOS. SAOS surfactant shows excellent foaming and 

detergency in hard water, also well known for its relative mildness, cleaning efficiency and 

favourable cost [21-24]. The term surfactant is a compound that contains a hydrophilic 

(attracted to water) and a hydrophobic (repelled by water) segments, plays an important role 

in electrochemistry and electroanalytical chemistry for various purposes [25-28]. Surfactants 

are frequently used in a variety of textile technology and biotechnology. To improve the 

detection limit of some biomolecules, Hu’s group has introduced surfactants to 

electroanalytical chemistry [29-31]. In the present study, SAOS (anionic surfactant) is used as 

the modifier on the surface of poly (phenosafranine) modified carbon paste electrode using 

immobilization technique. 

The aim of this paper is to investigate electrochemically modified poly 

(phenosafranine)/SAOS modified carbon paste electrode (PPS/SAOS/MCPE) towards the 

determination of dopamine and uric acid at physiological pH.  

 

SO3NaR
 

 

Scheme 4. Structure of sodium alpha olefin sulphonate 
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2.  EXPERIMENTAL 

2.1. Reagents and chemicals 

The chemicals used were Dopamine (DA) from Merck and Uric acid from Sigma-

Aldrich. The Disodium hydrogen phosphate (Na2HPO4), Sodium dihydrogen orthophosphate 

(NaH2PO4), Phenosafranine and sodium alpha olefin sulphonate were purchased from 

Himedia chemicals. Spectrally pure graphite powder (particle size <50 mm) from Merck and 

high viscous paraffin oil (density=0.88 gcm
-3

) from Fluka were used for the preparation of 

the carbon paste electrode. The phosphate buffer (0.2 M pH 7.4) was used as optimum 

measurements. All chemicals used in this experiment were of analytical grade and used 

without any further purification. 

 

2.2. Apparatus   

Voltammetric (CV) measurements were performed with a model CHI-660c (CH 

Instrument-660c electrochemical workstation). All electrochemical measurements were 

performed in a standard three electrode cell. The bare and Poly (phenosafranine)/SAOS 

modified carbon paste electrode (PPS/SAOS/MCPE) were used as working electrodes, 

Platinum electrode as counter electrode and saturated calomel electrode (SCE) as the 

reference electrode. All the potentials reported versus the SCE.  

 

2.3. Preparation of bare carbon paste electrode (BCPE) 

The graphite powder and silicone oil were hand mixed in the ratio 70:30 (w/w) for about 

30 minutes in an agate mortar to produce homogeneous mixture of carbon paste. The paste 

was then packed into the homemade Teflon cavity. The electrical contact was provided at the 

end of the PVC tube.  

 

2.4. Preparation of Poly (phenosafranine)/SAOS modified carbon paste electrode 

(PPS/SAOS/MCPE) 

The phenosafranine (1 mM) was electropolymerized on the surface of bare carbon paste 

electrode (BCPE) using 0.2 M PBS (pH 7.4) as supporting electrolyte with the scan rate 50 

mVs
-1

. The electropolymerization was achieved by the repetitive potential cycling between    

-0.5 V to 1.3 V for ten cycles. After polymerization, the poly (phenosafranine) film was 

washed with distilled water to remove unreacted phenosafranine. The sodium alpha olefin 

sulphonate surfactant (5 µL) was immobilized on the surface of poly (phenosafranine) 

modified carbon paste electrode to obtain poly (phenosafranine) / SAOS modified carbon 

paste electrode. The modified electrode was used for further electrochemical investigations. 
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3.  RESULTS AND DISCUSSION 

3.1 Electropolymerization of phenosafranine on the surface of bare carbon paste 

electrode (BCPE) 

Fig. 1a shows the cyclic voltammograms of electropolymerization of phenosafranine at 

the surface of bare carbon paste electrode (BCPE). The electropolymerization was carried out 

at the surface of bare carbon paste electrode by taking 1 mM phenosafranine in presence of 

0.2 M PBS with the scan rate 50 mVs
-1

. Electropolymerization was achieved between the 

potential -0.5 V to 1.3 V. Increase in peak current with increase in the cycle, shows the 

growth of polymeric film at the surface of CPE [32]. The effect of multiple cycles on 

electropolymerization was shown in Fig. 1b. The CPE was modified by applying different 

multiple cycles of polymerization (from 5 to 25) and the corresponding electrochemical 

behaviour towards the determination of DA (0.3×10
-4 

M) was examined, which can be 

observed that the current enhancement towards the determination of DA goes on increases. 

Finally, 10 cycles was selected for electropolymerization shows comparatively good cyclic 

voltammograms.  

 

 

 

 

 

 

 

(a) 

 

 

 

Fig. 1. (a) Repetitive cyclic voltammograms for the electropolymerization of 1 mM 

phenosafranine on the surface of CPE in presence of 0.2 M PBS (pH 7.4) with the scan rate 

50 mVs
-1

; (b) Effect of polymerization cycle variation on the peak current of 0.3×10
-4 

M DA 

in presence of 0.2 M PBS (pH 7.4) with the scan rate 50 mVs
-1

 

 

3.2. Effect of surfactant concentration (sodium alpha olefin sulphonate) on the surface 

of poly (phenosafranine) modified carbon paste electrode 

Cyclic voltammetry (CV) was employed to study the effect of surfactant on the surface of 

poly (phenosafranine) modified carbon paste electrode. Different concentrations of surfactant 

(5, 10, 15, 20 and 25 µL) was immobilized on the surface of poly (phenosafranine) modified 

carbon paste electrode and their electrochemical response towards 0.3×10
-4 

M dopamine was 

(a) (b) 
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studied in presence 0.2 M PBS as supporting electrolyte at pH 7.4 with the scan rate of 50 

mVs
-1

. The plot of anodic peak current (Ipa) of 0.3×10
−4 

M DA versus quantity of SAOS in 

μL was depicted in Fig. 2. Finally, 5 µL SAOS was selected and immobilized on the surface 

of poly (phenosafranine) modified CPE to give poly (phenosafranine)/SAOS modified carbon 

paste electrode (PPS/SAOS/MCPE). The modified electrode was employed for further 

studies. 

 

 

 

Fig. 2. Effect of concentration of SAOS (µL) on the surface of PPS/MCPE towards the 

oxidation peak current of 0.3×10
-4 

M DA in presence of 0.2 M PBS (pH 7.4) with the scan 

rate 50 mVs
-1

 

 

3.3. Voltammetric behaviour of dopamine at PPS/SAOS/MCPE 

The voltammetric redox behavior of dopamine (DA) was investigated by cyclic 

voltammetric technique at poly (phenosafranine)/SAOS modified carbon paste electrode. The 

cyclic voltammograms of 0.3×10
-4 

M DA at BCPE (dotted line), poly (phenosafranine) 

modified CPE (dashed line) and poly (phenosafranine)/SAOS/MCPE (solid line) in 0.2 M 

PBS (pH 7.4) with the scan rate of 50 mVs
-1

 was shown in Fig. 3. The BCPE exhibits poor 

electrochemical response towards the determination of DA and difference in redox peak 

potential (ΔEp) was found to be 0.045 V. The poly (phenosafranine)/MCPE shows better 

electrochemical response than BCPE and difference in redox peak potential (ΔEp) was found 

to be 0.051 V. Comparatively, poly (phenosafranine)/SAOS/MCPE shows great enhancement 

in the redox peak current and difference in redox peak potential (ΔEp) was found to be 0.039 

V. Since the ΔEp is a function of rate of electron transfer, lower the ΔEp value higher will be 

the electron transfer rate [33]. Thus, from the above experimental observations poly 

(phenosafranine)/SAOS/MCPE proved its electrocatalytic ability towards the determination 

of dopamine.  
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Fig. 3. Cyclic voltammograms obtained for 0.3×10
-4 

M DA at BCPE (dotted line), 

PPS/MCPE (dashed line) and PPS/SAOS/MCPE (solid line) with the scan rate 50 mVs
-1

 

using 0.2 M PBS (pH 7.4) 
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Fig. 4. (a) Cyclic voltammograms obtained for 0.3×10
-4 

M DA with different scan rates (10-

100 mVs
-1

) using 0.2 M PBS (pH 7.4) at PPS/SAOS/MCPE; (b) Plot of anodic peak current 

(Ipa) versus scan rate (ν) of 0.3×10
-4 

M DA in presence of 0.2 M PBS (pH 7.4); (c) Plot of 

anodic peak current (Ipa) versus square root of scan rate (ν
1/2

) of 0.3×10
-4 

M DA in 0.2 M PBS 

(pH 7.4) 

(a) 

(b) (c) 



Anal. Bioanal. Electrochem., Vol. 9, No. 4, 2017, 424-438                                                   431 

 

3.4. Scan rate variation towards the redox behaviour of dopamine at PPS/SAOS/MCPE 

Cyclic voltammetry (CV) technique was employed to study the scan rate () variation of 

dopamine at PPS/SAOS/MCPE. The cyclic voltammograms of 0.3×10
-4 

M DA at different 

scan rate in presence of 0.2 M phosphate buffer solution (pH 7.4) was shown in Fig. 4a. The 

redox peak current of DA increases with increase in the scan rate from 10-100 mVs
-1

. Fig. 4b 

shows the plot of anodic peak current (Ipa) versus scan rate () exhibits good linearity and 

correlation coefficient value was found to be r
2
=0.999. Fig. 4c shows the plot of anodic peak 

current (Ipa) versus square root of scan rate (
1/2

) also exhibits good linearity with correlation 

coefficient value r
2
=0.992. From the above experimental observation, the electrode process 

was found to be adsorption-controlled. 

 

3.5. Concentration variation of dopamine at PPS/SAOS/MCPE 

The effect of dopamine concentration was studied by cyclic voltammetry (CV) technique 

at PPS/SAOS/MCPE. The cyclic voltammograms of DA at different concentration in 

presence of 0.2 M PBS (pH 7.4) with the scan rate of 50 mVs
-1

was shown in Fig. 5a. The 

redox peak current of DA increases with increase in concentration from 0.1-0.9×10
-4 

M. Fig. 

5b shows the plot of anodic peak current (Ipa) versus concentration of DA having good 

linearity with correlation coefficient value r
2
=0.998.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. (a) Cyclic voltammograms of DA at different concentration (0.1 to 0.9×10
-4 

M) in 

presence of 0.2 M PBS (pH 7.4) with the scan rate 50 mVs
1
; (b) Plot of anodic peak current 

(Ipa) versus concentration of DA at PPS/SAOS/MCPE 

 

The limit of detection (LOD) and limit of quantification (LOQ) for DA at 

PPS/SAOS/MCPE was found to be 4.43 µM and 14.7 µM respectively. It can be calculated 

by the following equation (1) and (2) [34-37]. 

LOD=3S/M                                                                                                                    (1) 

(a) (b) 
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LOQ=10S/M                                                                                                                  (2) 

 Where, S is the standard deviation and M is the slope  

 

3.6. Effect of pH variation at PPS/SAOS/MCPE   

In order to investigate the electrocatalytic ability of the proposed electrode, the effect of 

pH variation was studied at PPS/SAOS/MCPE using cyclic voltammetry method. The cyclic 

voltammograms of 0.3×10
-4 

M DA at different pH (6.2, 6.6, 7.0, 7.4, and 7.8) using 0.2 M 

phosphate buffer solution (pH 7.4) with the scan rate of 50 mVs
-1 

was shown in Fig. 6a. With 

the increase in pH, anodic peak potentials of the DA were shifted to positive value. Fig. 6b 

shows the relationship between anodic peak potential of DA and pH. Finally, pH 7.4 was 

selected as an optimum solution pH for present study.  

 

 

 

 

 

 

 

 

 

 

Fig. 6. (a) Cyclic voltammograms obtained for 0.3×10
-4 

M DA with different pH (6.2, 6.6, 

7.0, 7.4 and 7.8) at PPS/SAOS/MCPE; (b) Plot of peak potential (Ep) versus pH at 

PPS/SAOS/MCPE in presence of 0.2 M PBS 

 

3.7. Voltammetric behaviour of uric acid at PPS/SAOS/MCPE   

The electrochemical behaviour of uric acid (UA) was studied at PPS/SAOS/MCPE using 

cyclic voltammetry method. Fig. 7 shows the cyclic voltammograms obtained for 0.3×10
-4 

M  

UA at BCPE (short dashed line) and PPS/SAOS/MCPE (solid line) using 0.2 M PBS at pH 

7.4 with the scan rate of 50 mVs
-1

. The BCPE exhibits poor electrochemical response towards 

the determination of UA and the oxidation peak potential (Ep) was observed at 0.28 V. 

Comparatively, PPS/SAOS/MCPE shows great enhancement in the anodic peak current (Ipa) 

of UA and the oxidation peak potential (Ep) was observed at 0.27 V. Hence, the modified 

electrode proved its electrocatalytic behaviour towards the determination of uric acid. 

 

(a) (b) 
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Fig. 7. Cyclic voltammograms obtained for 0.3×10
-4 

M UA at BCPE (short dashed line) and 

PPS/SAOS/MCPE (solid line) with the scan rate 50 mVs
-1

 using 0.2 M PBS (pH 7.4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. (a) Cyclic voltammograms obtained for 0.3×10
-4 

M UA with different scan rates (10-

70 mVs
-1

) using 0.2 M PBS (pH 7.4) at PPS/SAOS/MCPE; (b) Plot of anodic peak current 

(Ipa) versus scan rate (ν) of 0.3×10
-4 

M UA in presence of 0.2 M PBS (pH 7.4); (c) Plot of 

anodic peak current (Ipa) versus square root of scan rate (ν
1/2

) of 0.3×10
-4 

M UA in 0.2 M PBS 

(pH 7.4) 

 

(a) 

(b) (c) 
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3.8. Scan rate variation of uric acid at PPS/SAOS/MCPE 

The type of electrode process was investigated by varying the scan rate of UA at 

PPS/SAOS/MCPE. The cyclic voltammograms of 0.3×10
-4 

M UA at different scan rate in 

presence of 0.2 M phosphate buffer solution (pH 7.4) was shown in Fig. 8a. The oxidation 

peak current of UA increases with increase in the scan rate from 10–70 mVs
-1

. Fig. 8b shows 

the plot of anodic peak current (Ipa) versus scan rate () with good linearity and correlation 

coefficient value was found to be r
2
=0.999. Fig. 8c shows the plot of anodic peak current (Ipa) 

versus square root of scan rate (
1/2

) also exhibits good linearity with correlation coefficient 

value r
2
=0.995. Hence, the modified electrode shows adsorption-controlled type of electrode 

process. 

 

3.9. Concentration variation of uric acid at PPS/SAOS/MCPE 

The concentration variation of UA was investigated at PPS/SAOS/MCPE by cyclic 

voltammetry. Fig.9a shows the cyclic voltammograms obtained for UA at different 

concentration (0.3-1.0×10
-4 

M) in presence of 0.2 M PBS (pH 7.4) with the scan rate of 50 

mVs
-1

. The oxidation peak current of UA increases gradually with increase in the 

concentration. Fig. 9b shows the plot of anodic peak current (Ipa) versus concentration of UA, 

which shows good linearity with correlation coefficient value r
2
=0.998. The limit of detection 

(LOD) and limit of quantification (LOQ) for UA at PPS/SAOS/MCPE was found to be 4.18 

µM and 13.9 µM respectively using the equation (1) and (2). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. (a) Cyclic voltammograms of UA at different concentration (0.3 to 1.0×10
-4 

M) in 

presence of 0.2 M PBS (pH 7.4) with the scan rate of 50 mVs
1
; (b) Plot of anodic peak 

current (Ipa) versus concentration of UA at PPS/SAOS/MCPE 

 

 

(a) (b) 
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3.10. Simultaneous electrochemical determination of dopamine in presence of uric acid 

at PPS/SAOS/MCPE 

The simultaneous electrochemical determination of DA in presence of UA was 

investigated by both cyclic voltammetry and differential pulse voltammetry technique at 

PPS/SAOS/MCPE. Fig. 10 shows the cyclic voltammograms obtained for the binary mixture 

containing 0.2×10
-4 

M DA and 0.5×10
-4 

M UA in the presence of 0.2 M PBS (pH 7.4) with 

the scan rate of 50 mVs
-1

. The short dashed line shows cyclic voltammogram of the binary 

mixture (DA and UA) at BCPE. The solid line shows cyclic voltammogram obtained for the 

binary mixture (DA and UA) at PPS/SAOS/MCPE. The above experimental observation 

illustrates the PPS/SAOS/MCPE exhibits a huge enhancement in peak current (Ip) of the 

binary mixture (DA and UA) than the BCPE. The differential pulse voltammograms of the 

binary mixture (0.2×10
-4 

M DA and 0.5×10
-4 

M UA) at PPS/SAOS/MCPE was shown in inset 

Fig. 10. Therefore, newly developed sensor has the ability and capability towards the 

determination of dopamine and uric acid individually and simultaneously.  

 

 

 

Fig. 10. Cyclic voltammograms obtained for the mixture of 0.2×10
-4 

M DA and 0.5×10
-4 

M 

UA at BCPE(short dashed line) and PPS/SAOS/MCPE (solid line) using 0.2 M PBS (pH 7.4) 

with the  scan rate of 50 mVs
-1

. The inset figure shows the DPVs of the mixture contains DA 

and UA at PPS/SAOS/MCPE 

 

3.11. Interference study 

Differential pulse voltammetry was employed for the study of interfering substances on 

the peak current of DA and UA at PPS/SAOS/MCPE. The differential pulse voltammograms 

of binary mixture (DA and UA) was shown in Fig. 11, in which the concentration of DA was 

varied (from 200-1000 µM) while keeping the concentrations of UA constant. With increase 

in the concentration of DA, peak current goes on increases. The plot of anodic peak current 
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(Ipa) versus concentration of DA was shown in inset Fig. 11. Fig. 12 shows the DPVs of the 

binary mixture contain DA and UA, in which the concentration of UA was varied (from 500-

1200 µM) while keeping the concentration of DA constant. The peak current increases with 

increase in UA concentration. The plot of anodic peak current (Ipa) versus concentration of 

UA was shown in inset Fig. 12. 

 

 

 

Fig. 11. DPVs of DA with different concentration (200–1000 µM) in presence of UA (500  

µM) at PPS/SAOS/MCPE using 0.2 M PBS (pH 7.4) with the scan rate of 50 mVs
-1

. The 

inset figure shows the plot of anodic peak current (Ipa) versus concentration of DA at 

PPS/SAOS/MCPE 

 

 

 

Fig. 12. DPVs of UA with different concentration (500–1200 µM) in presence of DA (200 

µM) at PPS/SAOS/MCPE using 0.2 M PBS (pH 7.4) with the scan rate of 50 mVs
-1

. The 

inset figure shows the plot of anodic peak current (Ipa) versus concentration of UA at 

PPS/SAOS/MCPE. 
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4. CONCLUSION 

The poly (phenosafranine)/SAOS/MCPE was developed and employed for the 

simultaneous electroanalysis of dopamine and uric acid by CV and DPV techniques. The 

newly developed sensor exhibits significant increment in the peak current of DA and UA 

individually and simultaneously. The modified electrode show adsorption-controlled type of 

electrode process and good detection limit (LOD) was found for DA and UA. Hence, 

proposed sensor exhibits good electrocatalytic properties towards the simultaneous 

determination of DA and UA. 
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