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Abstract- The sorbitol film coated pencil graphite electrode was developed for the 
determination of Dopamine (DA) by using cyclic voltammetric method. Compared to bare 
pencil graphite electrode (BPGE) the poly (sorbitol) modified pencil graphite electrode 
(MPGE) exhibited a high sensitivity and better electrocatalytic performance towards the 
oxidation of DA in phosphate buffer solution (PBS) of pH 7.4. A well-defined redox peaks 
were observed with good enhancement signals at poly (sorbitol) MPGE. From the study of scan 
rate variation the electrode process was found to be diffusion controlled. A complete 
investigation of electrochemical parameters such as the heterogeneous rate constant (ks), and 
detection limit were measured for DA at poly (sorbitol) MPGE. The pH studies confirm that 
an equal number of protons and electrons were involved in the electrochemical detection of 
DA. The simultaneous determination of DA and Uric acid (UA) in their sample mixture was 
analysed by using cyclic voltammetric and differential pulse voltammetric techniques. 

Keywords- Pencil graphite electrode, Sorbitol, Dopamine, Uric acid, Electropolymerisation, 
Cyclic voltammetry, Differential pulse voltammetry 
 

1. INTRODUCTION  

Graphite pencil leads used as working electrodes are currently known as pencil graphite 
electrodes (PGEs). The PGE has been successfully acting as a biosensor in modern 
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electroanalysis field. A porous composite of graphite particles is used to produce pencils 
consisting of fine graphite powder in an inorganic resin and other additives like organic matrix 
clay and polymeric binder. PGEs are easy to use and more convenient because of 
environmental-friendly (it is nontoxic) and there is no time-consuming electrode surface 
cleaning/polishing step and also Due to high electrochemical reactivity, good mechanical 
rigidity, high electrical conductivity, low cost technology and ease of modification, renewal, 
low background current and miniaturization, the PGE has good application in electroanalysis 
of neurotransmitter and in the detection of traces of metal ions [1-4]. PGE has a large active 
surface area and is therefore able to detect low concentrations and volume of the analyte [5]. 
This type of electrode has been successfully applied to design various biosensors [6-9]. In 
recent days the PGEs are most attractive electrode compared to other commonly electrodes. 
The electropolymer modified PGE works with very much excellent effort in acting as a sensor 
for dopamine [10-12]. Especially, the electropolymer film coated electrodes with some dyes 
have good stability, reproducibility, more active sites, homogeneity in electrochemical 
deposition [13,14]. The electropolymerisation generally results in polymer film which is 
uniform and strongly adherent to the electrode surface. It was also reported comparatively that 
pencil electrode offers easily renewable surface in such a simpler and faster manner than other 
solid electrodes involving the tedious common surface polishing procedures [15,16]. For this 
reason PGE has been considered useful for electroanalytical studies on biologically important 
molecules [17-19]. 

Dopamine (DA) (Scheme 1) is an important neurotransmitter molecule 
of catecholamine’s  and belongs to the family of excitatory chemical neurotransmitters. This is 
widely distributed in the mammalian central nervous system [20], renal, hormonal and 
cardiovascular systems for the purpose of message transfer in nervous system. DA is also 
involved in the regulation of cognitive functions. DA can be supplied as a medication that acts 
on the sympathetic nervous system, producing effects such as increased heart rate and blood 
pressure. However, DA cannot cross the blood-brain barrier, DA given as a drug does not 
directly affect the central nervous system. High concentration of DA is present in a particular 
region of brain called caudate nucleus [50 nmolg-1] and very low concentration of DA is present 
in extra cellular fluids (0.01-1 mM).  

 
 

 
Scheme 1. Structure of Dopamine 

https://www.omicsonline.org/open-access/prenatal-maternal-stress-due-to-repeated-exposure-to-a-cold-environment-affects-6-1000271.php?aid=39698
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The excess level of DA can lead of euphoria whereas depletion in DA level can lead to 
neurodegenerative disease such as Parkinsonism, Schizophrenia, Huntington`s diseases and 
senile dementia [21-24]. Therefore determination of the concentration of these 
neurotransmitters is a challenging key task. Hence, the detection of various electrochemical 
techniques has been proved to be advantages in the selective and sensitive determination of 
DA concentration [25-28]. 

The electrocatalytic oxidation of organic molecules, especially those derived from biomass, 
like alcohols and polyols, has been widely studied in the last two decades for use in 
electrochemical power source [29,30]. Sorbitol, (Scheme 2) a polyol (sugar alcohol), is one of 
the bulk sweetener compound found in variety of food products.  Sorbitol is approximately 
70% as sweet as sucrose with one-third of the calories. It is a non-cariogenic and finds many 
dietetic applications, but can cause gastrointestinal problems in adults if large quantities are 
consumed (10-50 g per day). It has been safely used in processed foods for almost half a century 
and finds many applications in the cosmetics and pharmaceuticals industries. Sorbitol occurs 
naturally in a wide variety of berries and fruits. By the hydrogenation of glucose it can be 
produce commercially. The electro-oxidation of D-Mannitol and D-Sorbitol, on gold single-
crystal faces, was recently studied by cyclic voltammetry [31]. 

 

 
Scheme 2. Structure of Sorbitol 

 
Uric acid (UA) (Scheme 3) is one of the non-protein nitrogen constituent of the blood 

produced by purine metabolism and it is filtered in the kidney and excreted in the urine. The 
concentration of uric acid plays a very important role in human body. The normal uric acid 
range for males is between 3.7 mg/dL and female is 2.4-6.7 mg/dL [32]. I’ts abnormality in 
human body leads to several disorders such as gout, Lesch-Nyhan syndrome, Hyperuricemia, 
cardiovascular disease and multiple sclerosis [33]. High concentation of urate level also leads 
to the phenumonia and leukaemia. 

 

 
Scheme 3. Structure of Uric acid 
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The main aim of our work is to fabricate stable electrode by electropolymerising Sorbitol 
on the surface of pencil graphite electrode to achieve determination of DA in presence of 
physiological pH. In this investigation electrochemical method was chosen for the detection of 
DA because, the electrochemical methods have proved to be selective, sensitive, reliable and 
cost effective. This work discussed about sensitivity, selectivity and reproducibility of 
neurotransmitter at poly (sorbitol) MPGE. 

 

2. EXPERIMENTAL SECTION 

2.1. Chemical Reagents and stock solutions 

The Camlin pencil-lead rods were (HB 0.7 mm in diameter and 6 cm length) purchased 
from book store. DA, UA and Sorbitol were received from Himedia and Merck, respectively. 
25 mM Sorbitol stock solution was prepared in double distilled water. 25×10-4 M DA stock 
solution was prepared by dissolving in 0.1 M per chloric acid solution. 25×10-4 M stock solution 
of UA was prepared by dissolving in 0.1 M NaOH solution. Phosphate buffer solution (PBS) 
containing required pH was obtained from a mixture containing proper ratio of 0.2 M sodium 
dihydrogen phosphate (NaH2PO4) and 0.2 M disodium hydrogen phosphate (Na2HPO4). 
Sodium bicarbonate and acetic acid were used for increasing and decreasing the pH of the 
buffer solutions. Analytical grade chemicals used without any further purification. 
 
2.2. Apparatus 

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) were performed in an 
analytical system model CHI-660c potentiostat (CH Instrument-660c Electrochemical 
workstation). All the experiments were carried out in a conventional three electrochemical cell. 
The electrode system contained a working electrode, which was bare pencil graphite electrode 
(BPGE) and poly (sorbitol) modified pencil graphite electrode (poly (sorbitol) MPGE), a 
platinum electrode as counter electrode and saturated calomel electrode (SCE) as reference 
electrode. The pH values were measured with a digital pH meter MK VI (systronics). All the 
redox potentials of electroanalysis were recorded versus the SCE at an optimum temperature 
of 25±0.5 ºc. 
 
2.3 .Preparation of bare pencil graphite electrode  

The pencil rod of 0.7 mm diameter and 6 cm length was used as BPGE. The electrical 
contact has been made at one end of the pencil lead using copper wire and then polished the 
surface by rubbing on a weighing paper.   
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2.4. Preparation of poly (sorbitol) Modified pencil graphite electrode  

The electropolymerization of sorbitol on the surface of BPGE was carried out by using 
cyclic voltammetric technique in 0.1 M NaOH solution containing 25 mM sorbitol in 0.2 M 
PBS of pH 7.4 with the scan rate of 50 mVs-1. The electropolymerisation was conditioned by 
cyclic potential sweeping from -0.7 to +0.7 V for 10 cycles with the scan rate of 50 mVs-1 on 
the surface of BPGE. After electropolymerization the unreacted sorbitol film was rinsed 
thoroughly with double distilled water and was used for the determination of DA. 

 

3. RESULT AND DISCUSSION 

3.1. SEM image 

To investigate the differences between the electrode surfaces of BPGE and poly (sorbitol) 
MPGE, scanning electron microscopy images were taken. Fig. 1A and Fig. 1B show the 
scanning electron microscopic image of BPGE and poly (sorbitol) MPGE. From the 
microscopy image it could be seen that compact natured surface of BPGE and after 
electropolymerisation there could be observed large number of flakes which were uniform 
arranged and also formation of many cavities on the poly (sorbitol) MPGE surface, which could 
help to grab the analyte molecules in large amount than at compact natured BPGE. 
 

     
                                          (A)                                                          (B) 

Fig. 1. A) SEM image of BPGE; B) SEM image of poly (sorbitol) MPGE 
 
3.2. EDX Analysis  

Composition and quality of pencil graphite is depending upon the manufacturer, some of 
the impurities present in BPGE act as surface resistance. Fig.2A and Fig.2B show EDX analysis 
of BPGE and poly (sorbitol) MPGE. From EDX analysis the Fig.2A and Fig.2B show that the 
percentage of carbon was high in poly (sorbitol) MPGE compared to BPGE. This indicates that 
the sorbitol was increases the surface modification of the BPGE. Due to this it enhances the 
current and minimization of over potential.  
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                                          (A)                                                        (B) 

Fig. 2. A) EDX analysis of BPGE; B) EDX analysis of poly (sorbitol) MPGE 
 

3.3. Electrochemical polymerization of Sorbitol on the surface of BPGE 

The working electrode was fabricated by Pencil graphite electrode in an electrochemical 
cell containing Sodium hydroxide (0.1 M NaOH) with sorbitol (1 mM). The potential range 
was maintained from -0.7 to +0.7 V at 0.05 Vs-1 scan rate for ten multiple cycle as shown in 
Fig. 3A. The result of the process multiple scanning voltammogram was decreased as the 
number of cycles increases and later became virtually constant and becomes more stable which 
suggest the deposition of a uniform thin film reached the level of saturation of sorbitol on the 
surface of BPGE. 

The electrocatalytic performance of the modified electrode directly depends on the 
thickness of the adhered film which can be controlled by varying the number of sweep 
segments during the electro polymerisation process (from 5 to 20 multiple cycles). A maximum 
anodic peak current was reached at the tenth cycle as shown by the Fig. 3b therefore, ten cycles 
were considered as a standard for the electropolymerisation of sorbitol on the surface of BPGE.  
The potential region of -0.7 to +0.7 V was chosen in electropolymerisation of sorbitol, because 
the positive potential is less than 0.7 V there is no polymer film would be obtained due to the 
lack of the monomer free radical sorbitol. The positive potential more than 0.7 V and initial 
potential was negative less than the -0.7 V will cause the distortion in the uniform arrangement 
of polymer film. An appropriate estimated amount of incorporated sorbitol polymer on the 
surface of BPGE was calculated by the equation (1) [34]: 

Ip= n2F2AΓυ/4RT                                                                                                                     (1) 

where, Γ (M/cm2) is the surface coverage concentration, Ip is the peak current, υ and A are the 
scan rate and area of the working electrode respectively, n is the number of electrons 
exchanged, and R, F and Τ are physical constants with their usual meanings. The surface 
coverage concentration of sorbitol on PGE was calculated to be 0.0180×10−10 M/cm2. 

https://www.sciencedirect.com/topics/chemistry/modified-electrodes
https://www.sciencedirect.com/science/article/pii/S2214180418300278#f0005
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Fig. 3. A) Cyclic voltammograms  of fabrication of poly (sorbitol) MPGE recorded at 1mM 
sorbitol with 0.1 M NaOH for ten multiple cycles on the surface of  BPGE with the scan rate 
of 50 mVs-1; B) Graph of anodic peak current (Ipa) vs. number of multiple cycles 
 

3.4. Electrochemical response of DA at poly (sorbitol) MPGE  

Fig.4 shows the cyclic voltammograms obtained for the electrochemical response of 
0.1 × 10-4 M DA at poly (sorbitol) MPGE (Solid line) and BPGE (dashed line) in 0.2 M PBS 
of pH 7.4 with the scan rate of 50 mVs-1. At the BPGE, the anodic peak potential (Epa) was 
0.1825 V and the cathodic peak potential (Epc) was 0.0685 V. The cyclic voltammogram 
obtained at the BPGE exhibited poor current signal. However, the voltammetric response of 
DA at poly (sorbitol) MPGE shown a good increment in redox peak current as compared to the 
BPGE. Because the peak currents increased at the poly (sorbitol) MPGE.  

 

 
Fig. 4. Cyclic voltammograms of 0.1 × 10-4 M DA at BPGE (dashed line) and poly (sorbitol) 
MPGE (solid line) in 0.2 M PBS of pH.7.4 with the scan rate of 50 mVs-1 
 

The Epa shifting negative side 0.1335 V and the corresponding Epc was 0.0780 V. The 
significantly enhanced redox peak current with minimization in over redox potential shows the 
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enhanced electrochemical and electrocatalytic property of poly (sorbitol) MPGE towards the 
detection DA. 
 

 

 
Scheme 4. Oxidation mechanism of DA 

 

3.5. Effect of scan rate on the peak current of DA at poly (sorbitol) MPGE 

To study the scan rate effect at BPGE and poly (sorbitol) MPGE the voltammograms were 
recorded for different scan rates. Fig. 5A shows the cyclic voltammogram recorded for  
0.1 × 10-4 DA in 0.2 M PBS at pH 7.4 with different scan rates from 50 to 400 mVs-1 at poly 
(sorbitol) MPGE. The redox peak currents were increased with increase in the scan rate. The 
graph of  log of anodic peak current (log Ipa) of DA versus log of scan rate (log υ) and anodic 
peak current (Ipa) of DA versus square root of scan rate (υ1/2) were plotted for poly (sorbitol) 
MPGE as shown in Fig. 5B and Fig. 5C, respectively. The graph shows good linear 
relationships between anodic peak currents and scan rates. The resulted graph shown excellent 
linearity. The linear regression equation is log (Ipa) = 0.6263(log υ) + 4.9620 with correlation 
co-efficient (r2) 0.9947.This revealed that the electrode process was diffusion controlled [35]. 
The surface area available for the electron transfer species in solution can be estimated by the 
Randles–Sevcik equation (2) [36] for reversible electron process assuming charge transfer 
coefficient to reversible electrode process is 0.5 (αna=0.5) .This equation relates the peak 
current for an electron transfer-controlled process with the square root of the scan rates as 
follows: 

Ip = (2.69 × 105)n3/2 A D1/2 C0 ν ½                                                                                           (2) 

where, ip is the peak current, A is the electroactive area (cm2), C is the concentration of the 
electroactive species (mol cm−3), n is the number of exchanged electrons, D is the diffusion 
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coefficient (cm2s−1) and υ is the scan rate (V s−1). The values of the diffusion coefficients were 
obtained from the slopes of Ipa versus υ1/2 and by using equation (2), the surface area of 
electrode for the poly (sorbitol) MPGE was calculated. The surface area of poly (sorbitol) 
MPGE at 0.05 Vs−1 was found to be 0.0873 cm2 for DA.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. A) Cyclic voltammograms of 0.1×10−4 M DA in 0.2 M PBS of pH 7.4 with different 
scan rates (a-h;50 to 400 mVs-1) at poly (sorbitol) MPGE; B) Graph of log of anodic peak 
current (log Ipa) vs. log of scan rate (log υ); C) Graph of anodic peak current (Ipa) vs. square 
root of scan rate (υ1/2) 
 
Table 1. Variation of the voltammetric parameters gathered from the plots shown in Fig.5A as 
a function of the potential scan rates 
 

υ/mVs-1 ΔEp/mV ko / s-1 
50 32.2 1.0977 

100 33.1 2.1463 
150 33.3 3.2527 
200 34.1 4.2973 
250 36.6 5.2201 
300 38.3 6.1439 
350 39.4 7.0783 
400 41.8 7.8686 
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Compared with BPGE, the poly (sorbitol) MPGE exhibits enhanced surface area of 
electrode. Hence the probable mechanism may be Sorbitol combine with the hydrogen bond of 
the hydroxyl group of DA, which activates hydroxyl group, weakens the bond energy of O–H 
and improves the electron transfer rate. At the same time, high surface area of the sorbitol 
improved the electrode contact area of DA.  

The determination of the heterogeneous rate constant (k0) values for DA was carried out 
by using the difference in the peak potential (ΔEp) from the experimental data and equation (3) 
[37].  

ΔEp= 201.39 log (ν/k0) - 301.78                                                                                              (3) 

The ΔEp values and the respective values of the k0 for the oxidation DA are listed in Table 1. 
 

3.6. Effect of pH value on the peak current of DA at poly (sorbitol) MPGE 

The effect of pH on the electrochemical response of poly (sorbitol) MPGE towards DA was 
investigated. Fig. 6A demonstrates the electrochemical response of 0.1 × 10-4 M DA with 
different pH range (5.8-7.8) at poly (sorbitol) MPGE with the scan rate of 50mVs-1. The pH 
7.4 was selected for all successive electrochemical analysis of DA because it is a physiological 
pH. The anodic peak potentials (Epa) shifts to slight negative potential with increasing in pH 
value. The anodic peak potential of DA shifted from 0.2357 to 0.1446 V with an increase in 
the pH 5.8-7.8. The potential diagram Fig. 6B was constructed by plotting the graph of anodic 
peak potential (Epa) of DA versus pH of the solution. The graph shows good linearity with a 
slope of 0.0551 V/pH this behaviour is nearly obeyed the Nernst equation for equal number of 
electrons and protons transfer reaction. 

 
 
 
 
 
 
 
 
 
 
Fig. 6. A) Cyclic voltammograms of 0.1×10−4 M DA in 0.2 M PBS of pH 7.4 at different pH 
(a-f; 5.8 to 7.8) with the scan rate of 50mVs-1 at poly (sorbitol) MPGE; B) Graph of anodic 
peak potential (Epa) vs. pH 
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3.7. Effect of DA concentration at poly (sorbitol) MPGE 

The effect of concentration of DA in the range (10-40 µM) was studied at poly (sorbitol) 
MPGE in 0.2 M PBS of pH 7.4 with the scan rate of 50 mVs-1 as shown in Fig. 7A and  
Fig. 7B.  
 
 
 
 
 
 
 
 
 
 
Fig. 7. A) Cyclic voltammograms of different concentration of DA (a-d; 10 to 40 µM) in 0.2 
M PBS of pH 7.4 with the scan rate of 50 mVs-1 at poly (sorbitol) MPGE; B) Graph of anodic 
peak current (Ipa) versus different concentrations of DA [µM] 
 
 
 
 
 
 
 
 
 
 
Fig. 8. a) Cyclic voltammograms of 10 µM DA in 0.2 M PBS (pH 7.4) at BPGE with scan rate 
of 0.05 Vs-1; b) Cyclic voltammograms of 10 µM DA in 0.2 M PBS (pH 7.4) at Sorbitol/PGE 
with 
 

It is clear that the concentration of DA goes on increases the Ipa and Ipc also increases with 
shifting of Epa towards slight positive side potential and Epc towards slight negative side 
potential. The plot of Ipa verses concentration of DA shows increase in peak current .The plot 
of Ipa verses concentration of DA gives almost straight line with good linearity. The linear 
regression equation can be expressed as Ipa(µA) = 0.1106(C0µM/L)+1.1976 and correlation  
coefficient (r2) value 0.9910 as in the Fig. 7B. The limit of detection (LOD) (4) and limit of 
quantification (LOQ) (5) was calculated by using the equations. 
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LOD = 3 S/M                                                                                                                (4)      
LOQ = 10 S/M                                                                                                              (5) 

where, M is the slope of the graph and S is the standard deviation of the six measurements  
[38-39]. The LOD and LOQ values for DA were found to be 0.58 µM and 8.9 µM. 
 

3.8. Stability of BPGE and poly (sorbitol) MPGE 

To check the stability of the electrode, the BPGE and poly (sorbitol) MPGE were made to 
undergo the 10 multiple cycles for 10 µM DA in 0.2 M phosphate buffer solution system 
individually. Fig. 8A and Fig. 8B shows the cyclic voltammogram obtained for 10 µM DA at 
BPGE and poly (sorbitol) MPGE, respectively with 10 multiple cycles at scan rate 0.05 Vs-1.  

The voltammograms shows slightly change in the redox peak potentials and currents. 
Compare to BPGE, the poly (sorbitol) MPGE were showing good stability towards the 
detection of DA and sensitivity increases in the poly (sorbitol) MPGE. 
 

3.9. Simultaneous electroanalysis of DA and UA sample mixture 

DA and UA co-exist in the biological fluids and often determination of a homogeneous 
mixture of biomolecules is challenging due to interference caused by overlapping of their 
oxidation potential [40]. The Fig. 9 shows the cyclic voltammograms for simultaneous 
electroanalysis of binary mixture i.e. 0.1 × 10-4 M DA and 0.1 × 10-4 M UA in 0.2 M phosphate 
buffer solution of pH 7.4 at the BPGE (dashed line) and the poly (sorbitol) MPGE (Solid line) 
with the scan rate of 50mVs-1. The simultaneous electroanalysis of binary mixture gives least 
sensitivity and selectivity at BPGE. The separation of individual identification is due to 
difficult task for BPGE because of less sensible for oxidation potential. On the other side, the 
poly (sorbitol) MPGE showed better oxidation peaks for DA and UA. The Peak to peak 
potential difference for DA and UA were found to be 0.1304 V with poor sensitivity for BPGE 
and 0.1441 V with remarkable enhancement in peak current for poly (sorbitol) MPGE 
respectively. The Peak to peak Potential difference was large in poly (sorbitol) MPGE 
compared to BPGE. Due to the large potential difference the simultaneous determination of 
DA and UA was very easy at poly (sorbitol) MPGE . 

The anti-interference ability of the poly (sorbitol) MPGE sensor was examined by 
differential pulse voltammetric (DPV) technique due to higher current sensitivity and absence 
of non- faradic current. The Fig. 10 shown simultaneous determination of a homogeneous 
mixture of 0.1 × 10-4 M DA and 0.1 × 10-4 M UA in 0.2 M PBS at pH 7.4 with an amplitude of 
50 mV. At BPGE (solid line) there is no separation for anodic peak potential of DA and UA 
but in poly (sorbitol) MPGE (dashed line) shows very good enhancement of anodic peak 
potential (EPa).The oxidation peak potential of DA and UA situated at 0.1063 V and 0.2478 V 
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respectively. The peak to peak separation between DA and UA was 0.1415 V at poly (sorbitol) 
MPGE. 

 
Fig. 9. Cyclic voltammograms of 0.1×10-4 M DA and UA at BPGE (dashed line) and poly 
(sorbitol) MPGE (solid line) in 0.2 M PBS of pH.7.4 with the scan rate of 50 mVs-1 

 

 

 
 
 
 
 
 
 

 
 
Fig. 10. Differential pulse voltammograms obtained for oxidation of DA and UA at BPGE 
(solid line) and poly (sorbitol) MPGE (dashed line) in 0.2 M PBS of pH.7.4 with an amplitude 
of 50 mV 
 

4. CONCLUSION 

The present study reveals that the electropolymerisation of sorbitol on the surface of BPGE 
by cyclic voltammetric technique and its application to the electrochemical investigation DA 
was proposed. The above results shown that the poly (sorbitol) MPGE exhibited an 
electrocatalytic activity towards the oxidation of DA in 0.2 M phosphate buffer solution of 
physiological pH. Because of its electrocatalytic capability and sensitivity the poly (sorbitol) 
MPGE was very useful in the development of electrochemical sensors for the detection of DA.  
Cyclic voltammetric and differential pulse voltammetric techniques using poly (sorbitol) 
MPGE was successfully employed for the simultaneous determination of biomolecules in their 
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homogeneous mixture with excellent selectivity and sensitivity. The proposed method can be 
applied to the other electroactive molecules determination to the interest. 
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