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Abstract – Electrochemical determination of epinephrine (EP) was investigated with a new MWCNT/
Dopamine dithiocarbamate (DDTC) modified graphite electrode. The Dopamine dithiocarbamate was
synthesized and characterized by FTIR spectroscopy. The performance of the modified electrode was studied
at different electrolytes, scan rates and at different pHs. Under optimal conditions, the modified electrode
shows good performance towards the electrochemical determination of epinephrine with the linear range
from 3.32 x 10-5 M to 8.25 x 10-4 M and the detection limit was found to be 1.1 x 10-5 M (S/N = 3).
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I. INTRODUCTION

Epinephrine is a type of catecholamine also called as adrenaline which is synthesized in adrenal gland in human
body. It is one of the important hormones that is release in result of pain, fear and anger. Epinephrine also known as
a fligh or fight hormone which provides rapid energy by catabolism of tissue glycogen[1]. Epinephrine is release in
respond to stress and also it enlarges the peripheral blood vessels thus cause a free flow of blood and hence it was
used as emergency healthcare medicine during the cardiac arrest and asthma. The normal level of epinephrine in
humans is 0.037 ± 0.006 ng/ml[2] and various physiologic conditions can alter the concentration of epinephrine. The
abnormal levels of epinephrine may leads to adverse effects like Parkinson’s disease as a result of low level of EP.
Hence the determination of epinephrine concentration in human fluids such as urine and plasma plays a key role in
the clinical diagnosis of some diseases.

There were number of methods available for the quantitative determination of epinephrine. Various
methods like liquid chromatography[3], Spectrophotometry[4], HPLC with MS[5], Fluorescence[6], flow injection
chemiluminesence[7], photentiometric[8], capillary electrophoresis[9] and electrochemical[10,11] methods are used
to determine the EP. Among the various methods electrochemical method is considered to be the best method
because of its sensitivity, selectivity, reliability and reproducibility. Other methods have some demerits with the
determination like separation, derivatization, and time consuming procedure where as the electrochemical methods
are rapid, accurate, ease of handling and economic.

The electrochemical method seems to be an emerging area for the determination of biologically importance
compounds compared with other methods. The modification of electrode plays a key role in the sensitivity and
selectivity. There were numerous mediators used for the modification of electrodes including Curcumin[12], Iron
and Cobalt phthalocyanines[13,14], vinly ferrocene[15], polymerized modification of electrodes with poly(p-xylenol
sulfone phthalein), poly(L-arginine), poly (3,3’-bis[N.N-bid(carboxymethyl)aminomethyl]o-cresulfonephthalein),
poly(p-aminophenol) and 1-butyl-4-methyl-pyridinium tetrafluroborate ionic liquid[16-20] modified electrodes.
The determination of EP by voltammetric method not only consist chemical mediators and it also expands to the
biochemistry where the white rot fungi cells based microbial biosensor[21] also be used.

In the present work Dopamine dithiocarbamate was employed as a mediator for the determination of EP.
The MWCNT provides larger surface area and also enhancing the current response of the mediator. The
electrochemical behavior of the new MWCNT/DDTC modified electrode has been studied by cyclic voltammetry
and the utility of the modified electrode for the determination of EP by cyclic voltammetry and chronoamperometry
was also checked. The findings exhibit that the modified electrode can act as a better mediating platform for the
electrocatalytic oxidation of EP.
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II. EXPERIMENTAL

a. Chemicals and reagents
Graphite rods (3 mm) and Epinephrine were purchased from Aldrich, Germany. Dopamine hydrochloride

and Carbondisulphide were purchased from Hi-media and Merck respectively. All other chemicals and reagents
were of analytical grade and used without further purification.  All aqueous solutions were prepared with doubly
distilled water. Electrochemical determination of EP was carried out with Acetate buffer solution (ABS 0.1 M) of
pH 6.0 as supporting electrolyte.

b. Instruments
Electrochemical measurements were performed using a CH Instruments 400A Electrochemical

Workstation. A platinum wire and SCE electrode served as the counter and reference electrode, respectively.
MWCNT/DDTC modified electrode was used as a working electrode with a geometric area of 0.07 cm2. pH
measurements were made with an Elico pH meter (model LI 120, India).  All experiments were carried out at
ambient temperature.

c. Preparation of DDTC
Dopamine dithiocarbamate was synthesized with a slight modification of a reported procedure [22].

0.5mmol of carbondisulphide(30µl) and 0.5mmol of Ammonium hydroxide were added to 10ml of ethanol and to
the mixture was added to 0.5mmol of dopamine(94mg) and stirred for 2h in an ice bath then 3h at ambient
temperature. The dopamine dithiocarbamate was formed in solution. Solid DDTC was obtained after evaporation of
the solvent.

d. Preparation of MWCNT/DDTC modified electrode
The preparation of MWCNT/DDTC modification of electrode involves three steps as follows. In the first

step PIGE was prepared from graphite rod as reported [23] and used for electrode modification.  One end of the
electrode was carefully polished with emery paper and then with 0.05µm alumina slurry, washed with distilled water
and dried in air. Then, in the second step a pinch of MWCNT was mechanically immobilized on the electrode
surface, washed with doubly distilled water and tried. Finally 10µl of dopamine dithiocarbamate in ethanol was drop
casted on to the MWCNT/PIGE electrode and dried at room temperature. MWCNT/PIGE electrode and
DDTC/PIGE were also prepared by immobilizing MWCNT and drop casting 10µl of DDTC on the PIGE
respectively for comparison.

III. RESULTS AND DISCUSSION
a. Characterization of Dopamine dithiocarbamte

The DDTC was characterized by FTIR spectroscopy and the spectrum confirms the formation of dopamine
dithiocarbamate. Fig.1 illustrates the FTIR spectrum of DDTC. The peak at 936 cm-1 for ν (C-S)s, 1080 cm-1 for ν(C-
S)as, 2543 cm-1 for ν(S-H) and 1498cm-1 for ν(C-N) of NCS2 confirms the bond formation between the amine of
dopamine with the  carbon of CS2.

b. Electrochemical behavior of the MWCNT/ DDTC modified electrode
Fig.2 shows the CV response of the bare (a), DDTC (b) and MWCNT/DDTC (c) modified electrodes in

0.1M ABS (pH 6.0) at a scan rate of 50mV/s. The DDTC modified electrode shows the oxidation and reduction
peaks at 0.36V and -0.06V respectively. Whereas the MWCNT/ DDTC Modified electrode exhibits a well defined
oxidation peak at 0.25V and a reduction peak at 0.105V with higher current. The above results clearly suggest that
the current enhancement is due to the surface enrichment of MWCNT.

The comparative cyclic voltammetric responses of the modified electrode with different supporting
electrolytes of the same concentration of 0.1M shown in Fig.3. Here, ABS, Ba(NO3)2, KCl, KNO3, LiCl, NaCl,
NaNO3, NH4Cl, NH4NO3 and PBS were used for this study at  scan rate of 50mV/s. The result shows that the
modified electrode exhibits a well defined redox peak in 0.1M ABS compared with other electrolytes. Hence further
experiments were carried out with the 0.1M ABS as a background electrolyte.
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Fig.1 FTIR spectrum of Dopamine dithiocarbamate

Fig.2 Cyclic voltammograms of (a)Bare, (b)DDTC and (c)MWCNT/DDTC modified electrode
in 0.1M ABS (pH 6.0).

Fig.3. Cyclic voltammogram of the modified electrode in 0.1M (A)KNO3, (B)NaNO3, (C)NH4Cl, (D)NaCl,
(E)NH4NO3, (F)BaNO3, (G)LiCl, (H) ABS, (I)KCl, (J)PBS.
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The effect of scan rate was examined using CV for the MWCNT/DDTC modified electrode in 0.1M ABS
as a background electrolyte. Fig. 4 indicates the effect of scan rate on the MWCNT/DDTC modified electrode by
varying the scan rates from 2 to 150 mV/s in 0.1M ABS, The anodic and cathodic peak currents observed at the
MWCNT/DDTC modified electrode increased with increases in the scan rate and from the calibration plot it can be
seen that the electrode undergoes surface confined process.

Fig. 4 (A) CVs of MWCNT/DDTC modified electrode at different scan rates in 0.1M ABS. The scan rates from
inside to outer 2,5, 10 – 150 mV/s with increments of 10 mV/s. (B) Calibration plot of current vs scan rate.

c. Electrochemical oxidation of EP at MWCNT/DDTC modified electrode
The electrocatalytic oxidation of EP was examined using MWCNT/DDTC modified electrode by cyclic

voltammetry technique. The modified electrode shows remarkable response for the electrocatalytic oxidation of
Epinephrine in 0.1M ABS (pH 6.0). Fig.5 shows the CVs of bare (a), MWCNT/DDTC modified electrode (b) in
7.62 x 10-4 M EP in 0.1M ABS (pH 6.0) at a scan rate of 50 mV/s. The results demonstrate that the bare electrode
shows the oxidation peak at 0.5V with lesser current but the modified electrode shows the oxidation at 0.3 V with
enhanced current for the EP in 0.1M ABS. Compared with bare electrode, MWCNT/DDTC modified electrode
shows a significant negative shift in the peak potential at 0.3 V with high current response. The above results show
that the modified electrode is suitable towards the electrochemical oxidation of the EP in the lower potential range
with enhanced current response.

The CV response of MWCNT/DDTC modified electrode in the presence of different concentration of EP in
0.1M ABS (pH 6.0) and the calibration plot are shown in Fig.6. The CVs suggest that the anodic current increases
with the increase in the concentration of the EP. The calibration plot of current response against the concentration
clearly states that the oxidation peak current increases linearly with the increase in the concentration of EP in the
range from 3.32 x 10-5 to 8.25 x 10-4M with a detection limit of 1.10 x 10-5 M (S/N = 3). The linear response
suggests that the modified electrode can be employed for the determination of Epinephrine.
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Fig.5 Cyclic voltammetric response of the (a)Bare, (b)MWCNT/DDTC modified electrode in the absence and
(c)Bare, (d)MWCNT/DDTC modified electrode in the presence of 7.62 x 10-4 M EP at a scan rate of 50mV/s in
0.1M ABS (pH 6.0) as background electrolyte.

Fig.6 (A) Cyclic Voltammograms of various concentrations of EP from 0 to 8.25 X 10-4 M in 0.1M ABS,
Scan rate – 50 mV/s. (B) Calibration plot of catalytic current vs concentration

d. Amperometric determination of EP at MWCNT/DDTC modified electrode
In order to ensure the applicability of the modified electrode for the determination of EP under dynamic

conditions, hydrodynamic studies were carried in the potential range of -0.2 to 0.6 V and the current response for the
oxidation of EP at a concentration of 7.62 x 10-4 M was measured in a stirring solution of 0.1 M ABS. It can be
observed that the modified electrode exhibited maximum current response for EP at a potential of 0.3 V under
dynamic conditions. Based on the hydrodynamic studies, an operational potential of 0.35V was chosen for the
chronoamperometric determination.

The electrocatalytic oxidation of the EP with MWCNT/DDTC modified electrode for the oxidation of EP
was studied by chronoamperometric technique at an applied potential of 0.35 V. The current response of the
modified electrode in a stirred solution for successive increments of 49µM of EP in 0.1M ABS shown in Fig.7. On
each addition of EP the oxidation current increases linearly implying that the modified electrode can be used for the
determination of EP in the dynamic conditions.

Fig.7(A) Amperometric response of MWCNT/DDTC modified electrode for the successive addition of 49 µM of
EP  in 0.1 M ABS(pH 6.0). (B) Calibration plot for amperometric determination of EP
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f. Stability and reproducibility

The modified electrode was used for repetitive determination of EP with the concentration of  7.62 x 10-4 M
in 0.1M ABS and the result shows that the modified electrode can reproduce almost the same current for same
concentration. The result also implies the modified electrode does not undergo any surface fouling and leaching
during the experiment. Also 5 modified electrodes were employed for the determination of 7.62 x 10-4 M EP and all
the electrodes exhibit almost identical results indicating the appreciable stability and reproducibility towards the
determination of EP.

Conclusion

A new electrode based on MWCNT/DDTC was prepared and characterized. The DDTC has been
synthesized and confirmed by FTIR spectroscopy. The modified electrode was successfully employed for the
electrochemical determination of EP. The modified electrode exhibited good current response for the electrocatalytic
oxidation of EP and the oxidation current increase linearly with increase in concentration of EP in the range of 3.32
X 10-5 to       8.25 x10-4 M with a detection limit of 1.10 x 10-5 M (S/N = 3). The modified electrode showed good
stability and reproducibility.
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