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Abstract—In this work, an electrochemical sensor based on a poly threonine modified graphite-carbon nano-
tube paste electrode was developed for the investigation of tyrosine. The modification of the electrode was
characterized by field emission scanning electron microscopy, cyclic voltammetry, and differential pulse vol-
tammetry. The modified electrode shows many advantages such as simple preparation, good sensitivity, short
response time, good stability and reproducibility. The developed electrode was highly selective because of the
determination of tyrosine in the presence of the ascorbic acid and the uric acid. Under optimal conditions;
the cyclic voltammetry provides a linear response with the concentration range from 2 × 10–6 to 2.5 × 10–5 M and
3 × 10–5 to 1.2 × 10–4 M with the limit of detection and limit of quantification values of 2.9 × 10–7 and 9.6 ×
10–7 M. The developed sensor was employed for tyrosine detection in pharmaceutical sample, recoveries
obtained were in a range of 99.0 to 102.80%.
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INTRODUCTION
Tyrosine (Tyr) is an essential aromatic amino acid

precursor for thyroxine, dopamine, adrenalin, and
noradrenalin [1]. As reported elsewhere, high Tyr con-
taining foods such as cheese, eggs, dairy, and beans
could improve people’s memory when under stress
[2]. Hypochondrium, depression, and some other
psychological diseases can be results of the deficiency
of Tyr [3]. Therefore, it becomes a paramount task to
develop an efficient analytical method for the resolu-
tion of Tyr in nutriment samples. The uric acid (UA)
is a major nitrogenous compound in urine. The con-
centration of UA is around 2 mM in urine and 120 to
450 mM in the blood of healthy persons. Normally,
healthy human beings excrete 400 to 700 mg urine per
day. The abnormal UA levels reveal such problems as
gout, hyperuricemia, or Lessch-Nyhan syndrome.
Ascorbic acid (AA) is a water-soluble vitamin that is
found in biological systems and foodstuffs; it acts as
strong antioxidant [4]. The surplus of amino acids can
lead to gastric irritation. Various analytical techniques

have been reported elsewhere for the resolution of Tyr,
such as chemiluminescence chromatography, spectro-
photometry, and capillary electrophoresis [5–9].
Those methods are time-consuming and expensive,
they also have low sensitivity in the determination of
Tyr. To conquer these defects, electrochemical meth-
ods are extensively used due to their good sensitivity,
reproducibility, and low cost.

For the past few decades, chemically modified
electrodes became the focus of interest of researchers
due to their potential application in a variety of analy-
ses [10–27]. Carbon nanotubes (CNTs) and graphite
carbon electrodes have got considerable attention due
to their extraordinary advantages over conventional
electrodes such as an improved mass transport, high
porosity, a highly effective surface area, and reactive
sites; they also provide a feasible platform for electro-
analysis. In the past few years, carbon electrodes were
applied and described for the fabrication of electro-
chemical sensors and biosensors [28–36]. Among a
wide variety of modification results are, the amino
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acid modified electrodes that have lots of advantages
like biocompatibility, stability, easy availability. Elec-
tropolymerization is extensively used for the prepara-
tion of polymer-modified electrodes by adjusting elec-
trochemical parameters, which can control the film
thickness (a polymer film shows excellent stability and
reproducibility) and charge transport characteristics.

This study deals with the electrochemical investi-
gation of Tyr at a mixed carbon paste electrode made
from graphite powder and carbon nanotubes modified
by threonine (Thr) by electro-polymerization. The
method is based on subduing the peak current of the
modifier due to the analyte in a modified carbon paste
electrode. Compared to the oxidation response of a
bare graphite-carbon nanotube paste electrode
(BGCNT/PE) that at the modified electrode was
remarkably higher. In addition, a simultaneous study
of UA and AA was also carried out. The developed
modified electrode was employed for the resolution of
Tyr in real sample. The oxidation mechanism of Tyr,
UA, and AA are schematically presented in Fig. 1.

EXPERIMENTAL
Chemicals and Reagents

Both Tyr and Thr were uses as obtained from
Molychem. Graphite, silicone oil, and KCl were used
as procured from Nice Chemical Pvt. Ltd. CNTs pur-
chased from Sisco Research Laboratories Pvt. Ltd.
Mumbai. Di-hydrogen sodium phosphate, di-sodium
hydrogen phosphates, and K4[Fe(CN)6] were used as
procured from Merck. The Thr (25 × 10–3 M) and Tyr
(25 × 10–4 M) stock solutions were prepared using a
suitable solvent (diluted HCl). A 0.1 M phosphate buf-
fer solution (PBS), as a supporting electrolyte, was

made by combining a suitable amount of monosodium
di-hydrogen phosphate and di-sodium hydrogen
phosphate.

Instrumentation

Electrochemical measurements were made with a
potentiostat CHI6038 E. All experiments were carried
out with a conventional three-electrode cell that con-
sisted of a platinum wire as auxiliary electrode,
(BGCNT/PE) and poly threonine modified graphite-
carbon nanotube paste electrode (PT/GCNT/PE) as
working electrode and calomel electrode as reference
electrodes. The prepared electrodes such as
BGCNT/PE and PT/GCNT/PE was characterized
by field emission scanning electron microscopy
(FESEM) with a device from DST-PURSE Labora-
tory, Mangalore University.

Development of Bare Graphite-Carbon Nanotube
Paste Electrode

The BGCNT/PE was developed by combining
graphite (35%), CNTs (35%), and silicone oil (30%)
in an agate mortar for 20 minutes for homogeneous
paste. The prepared paste was tightly packed into a
cavity (3 mm) of the electrode, and then the surface
was polished by tissue paper.

RESULTS AND DISCUSSION
Electropolymerization of Threonine on Bare Graphite-

Carbon Nanotube Paste Electrode

The electrochemical polymerization technique was
used for the preparation of PT/GCNT/PE in 0.1 M

Fig. 1. Schemes of oxidation mechanisms of Tyr, AA, and UA.
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Fig. 2. (a) CVs for electropolymerization of 1 × 10–3 M of Thr on BGNT/PE in 0.1 M PBS, pH 7.0, scan rate – 0.1 V/s; and (b)
Proposed polymerization structure of Thr at the surface of BGCNT/PE.
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PBS (pH 7.0) containing 1 × 10–3 M of Thr at the
potential window from –0.3 V to 1.4 V at a scan rate of
0.1 V/s (Fig. 2a). The peak current increased with an
increased number of cycles; thus a polymeric film was
grown on the surface of the bare electrode. The cur-
rent response was maximum for 10 cycles, after that it
decreased. Hence 10 cycles were chosen as the most
favorable scan number. After 10 cycles, the exterior of
the modified electrode was rinsed with distilled water
to remove the physically adsorbed material. The sug-
gested polymerization structure of threonine on
BGCNT/PE is shown in Fig. 2b.

Cyclic Voltammetric Iinvestigations

To study the electrochemical behaviour of the bare
and the modified electrodes, 1 mM K4[Fe(CN)6] and
KCl solution with a sweep rate of 0.1 V/s were chosen.
Figure 3a shows the cyclic voltammetric behaviour of
K4[Fe(CN)6] at PT/GCNT/PE (curve a) and
BGCNT/PE (curve b). It is evident that the anodic
and cathodic peaks increased due to modification but
∆Ep became lower at the modified electrode
(BGCNT/PE = 0.163 V, PT/GCNT/PE = 0.077 V).
This result shows that the electron transfer process and
electroanalytical activities have been highly improved
at the modified electrode.

Figure 3b displays the cyclic voltammogram of
1 mM K4[Fe(CN)6] with various scan rates from 0.1 to
0.250 V/s, at PT/GCNT/PE. It was noticed that the
peak current increased at a higher scan rate. The oxi-
dation peak current on the scan rate shows the linear
response with the linear regression equation of Ipa
(μA) = 7.43 + 149.87v (V/s) with the correlation coef-
ficient of 0.99. Figure 3c shows the CVs of the bare
electrode for different scan rates. It was observed that
the peak current increased linearly with an increase of

the scan rate, with the regression equation of Ipa (μA) =
7.69 + 25.95v (V/s), with the correlation coefficient of
0.99. The peak current response is related to the square
root of the scan rate according to the following equa-
tion, [37]

(1)

where Ip is peak current, the constant K is 2.69 ×105; n
is the number of electrons transferred per mole of elec-
troactive species; A is the active surface area of the
electrode in cm2; D is the diffusion coefficient (6.70 ×
10–6 cm2/s); C is the concentration in mol/L (1 mM);
and v is the scan rate of the potential in V/s. From the
slope of the plot Ip vs v1/2 of the bare and modified
electrodes, the surface area, as calculated from the
above equation, was found to be equal to 0.0325 and
0.1613 cm2 for the bare and modified electrodes,
respectively. This indicates that the BGCNT/PE
when modified with Thr by electro-polymerization
significantly increases the surface area of the working
electrode.

Morphological Studies
Morphological behaviour of the bare and modified

electrodes was characterized by FESEM. Fig. 4a
shows the FESEM image of BGCNT/PE, with an
irregularly arranged structure. Fig. 4b is the FESEM
image of PT/GCNT/PE. It demonstrates that the
bare electrode was subject to electro-polymerization
of Thr, with a uniform film of the latter being depos-
ited on the surface of the former.

Electrochemical Behaviour of Tyrosine
To evaluate the electrochemical properties of Tyr,

both the modified and the bare electrodes were stud-

3 2 1 2 1 2
p ,I Kn AD C= v
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ied in 0.1 M PBS (6.5 pH) containing 1 × 10–4 M Tyr,
at a scan rate of 0.1 V/s (Fig. 5). An electro-catalytic
reaction at the electrode surface runs usually via the
exchange of protons with the solution. As can be seen,
the modified electrode (curve a) has a higher peak
current than that of the bare electrode (curve b), with
a peak current of 21.48 μA and its potential of about
0.604 V. It confirms the fact that the presence of a
polymer film at the electrode surface can contribute to
the sensitivity of the developed sensor.

Figure 6 shows the CVs of the blank solution and of
the solution containing electroactive species at the
modified electrode (curve a), with a scan rate of 0.1
V/s in 0.1 M PBS of pH 6.5. As can be seen, no oxida-
tion peak was noticed for the blank solution (curve b)
but upon the addition of Tyr into the solution, an
anodic peak was observed at the potential of 0.604 V,
with the current response of 21.48 μA. It means that
the admirable catalytic activity of the polymer film can

also play an essential role in the electrooxidation of Tyr
at the surface of the modified electrode.

Effect of pH on Oxidation of Tyrosine

The oxidation of Tyr is evidently affected by pH.
The oxidation peak current and the oxidation poten-
tial of Tyr were investigated in a pH range of 6.0–8.0,
in 0.1 M PBS, with the sweep rate of 0.1 V/s. Figure 7a
shows the CVs of Tyr at various pH values. It can be
observed that an a higher pH, the oxidation peak
potential for Tyr shifts to negative values because a pH
increase indicated that there was a proton, at least,
involved in the oxidation reaction; the maximum cur-
rent was obtained at pH 6.5 (Fig. 7b). The pH and Epa
relationship was linear, and a regression equation was:
Epa (V) = 0.967–0.0564 pH (Fig. 7c), with the coeffi-
cient of correlation 0.983. The value of 0.056 V/pH
(slope) indicates that the electrode obeys the Nernst

Fig. 3. (a) CVs of 1 mM K4[Fe(CN)6] at PT/GCNT/PE (curve a) and BGCNT/PE (curve b) in 1 M KCl; (b) CVs of 1 mM
K4[Fe(CN)6] at PT/GCNT/PE in 1 M KCl with different scan rates (0.1 to 0.250 V/s) and (c) CVs of 1 mM K4[Fe(CN)6] at
BGCNT/PE in 1 M KCl with different scan rates.
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equation that involves the proton and the electron in a
1:1 (m/n) ratio [38–40]. The mechanism is in accor-
dance with Tyr scheme presented in Fig. 1. The proton
transfer number (m) is equal to the electron transfer
number (n).

Effect of Sweep Rate

The relationship between the sweep rate and the
peak current can give useful information on the elec-
trochemical mechanism. Figure 8a shows the impact
of the sweep rate on the oxidation peak current.
According to Fig. 8b, the anodic peak current was
amplified linearly, with the scan rate in a range of 0.1–
0.275 V/s, with the linear regression equation of Ipa
(μA) = 9.92 + 84.63v (V/s), with the correlation coef-
ficient of 0.99, which confirms the adsorption con-
trolled process [41, 42], at the electrooxidation of Tyr
at the surface of the modified electrode. The relation

between the peak potential and the log of the scan rate
is as follows (Fig. 8c) [43],

(2)

where R, T, and F are the gas constant, the tempera-
ture, and the Faraday constant, respectively; α is the
electron transfer coefficient; and n is the number of
electrons involved in the reaction. The slope
2.303RT/2(1–α) nF is equal to 0.05817; the α value
was assumed to be 0.5 (irreversible process). Based on
the above equation, the number of electrons was cal-
culated to be 1.016, which was close to the ideal value.

Effect of Variation of Concentrations

To evaluate the correlation between the oxidation
peak current and the concentration of Tyr, the CV
experiment was executed with diverse concentrations

p
2.303( ) log( ) ,

2(1 α)
RTE V K

nF
 = + − 

v

Fig. 4. FESEM images of: (a) BGCNT/PE, and (b) PT/GCNT/PE.
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Fig. 5. CVs of 1 × 10–4 M Tyr at PT/GCNT/PE (curve a)
and BGCNT/PE (curve b) in 0.1 M PBS, pH 6.5, scan rate
– 0.1 V/s.
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Fig. 6. CVs of 1 × 10–4 M Tyr at PT/GCNT/PE (curve a)
and for blank solution (curve b) in 0.1 M PBS, pH 6.5, scan
rate – 0.1 V/s.
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Table 1. Comparison of detection limits of the proposed method with those reported elsewhere

GCE: glassy carbon electrode; ERGO: electrochemically reduced graphene oxide; CNF: carbon nanofiber; SDS: sodium dodecyl sul-
fate; CNT: carbon nanotube; CPE: carbon paste electrode.

Modified electrode Technique Linear range, μM Detection limit, M Reference

Graphene nanosheet/GCE DPV 5.0–120.0 2.0 × 10–8  [46]

ERGO/GCE DPV 0.5–80.0 0.2 × 10–6  [47]

CNF/ CPE CV 0.2–107.0 0.1 × 10–6  [48]

SDS/CNTPE CV 2.0–50 7.29 × 10–6  [49]

CPE-CNT/SDS DPV 3.6–240.0 1 × 10–7  [50]

PT/CPE DPV 0.5 to 10 and 10 to 250 1 × 10–8  [51]

2.0 to 25 and 3.0 to 120
PT/GCNT/PE CV 2.9 × 10–7 Present work

Fig. 7. (a) CVs of Tyr at solution pH 6.0–8.0; (b) dependence of anodic peak current (Ipa) of Tyr on solution pH; and (c) depen-
dence of anodic peak potential (Epa) of Tyr on solution pH.
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of Tyr. It was observed that the peak current increased
linearly with the Tyr concentration ranges of 2 × 10–6

to 2.5 × 10–5 M and of 3 × 10–5 to 1.2 × 10–4 M, with
the corresponding linear equation: Ipa(A) = 4.19 +
0.076 M (C), with the correlation coefficient of 0.996
(Fig. 9). The limit of detection was estimated to be
2.9 × 10–7 M (S/N = 3), with S being the standard
deviation for blank and N being the slope obtained
from the calibration graph [44, 45]. Table 1 lists the
comparison of some of the analytical parameters
obtained for Tyr here with those published in [46–51].

Differential Pulse Voltammetry for Determination
of Tyrosine

A differential pulse voltammetry (DPV) technique
shows superior sensitivity and improved resolution in
comparison with those via CV, as well as the back-
ground current which is negligible in DPV. DPV was
performed in the concentration of Tyr 1 × 10–4 M.

Figure 10 shows the DPV of Tyr at the bare (curve a)
and modified (curve b) electrodes in 0.1 M PBS, pH
6.5, the scan rate 0.05 V/s, and the pulse width 0.05
Sec. The oxidation of Tyr at the bare electrode is at
0.643 V, with a low current response of 3.25 μA, but
the current response at the modified electrode at the
potential of 0.548 V was 11.70 μA which is 3.6 times
higher than that obtained for the bare electrode. This
can be associated with a strong electrocatalytic effect
of the modified electrode in the direction of this com-
pound.

Reproducibility and Stability of Modified Electrode

The reproducibility of PT/GCNT/PE was deter-
mined via 4 successive removals of the electrode. It
was noticed that the relative standard deviation value
of 3.1% for the analytes indicates that good reproduc-
ibility of the developed electrode. In addition, the sta-
bility of the modified electrode was measured by the
current response decay during repetitive CV cycling

Fig. 8. (a) CVs of 1 × 10-4 M Tyr at PT/GCNT/PE, scan rate – 0.1–0.275 V/s; (b) plot of anodic peak current (Ipa) as function
of scan rate; and, (c) plot of log of anodic peak current as function of peak potential.
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(35) at room temperature in 0.1 M PBS, with pH 6.5
at the sweep rate of 0.1 V/s. It was found that there is a
9% decrease in the current from the initial value after
35 cycles, which demonstrates good stability of the
electrode.

Electrochemical Investigations of Uric Acid
and Ascorbic Acid

The UA shows a single voltammetric anodic peak
with the peak current of Ipa = 13.23 μA and the peak
potential Epa = 0.261 V at the modified electrode at a
sweep rate of 0.1 V/s in 0.1 M PBS (pH 6.5). Figure 11a
shows the cyclic voltammogram of the modified
(curve a) and the bare (curve b) electrodes. At the bare
electrode, electrooxidation occurs at 0.254 V (1 × 10–4 M
UA) in PBS buffer of pH 6.5, which proves slow elec-
tron transfer kinetics. It was observed that the oxida-
tion of UA was irreversible. Figure 11b shows the cyclic
voltammogram of UA at different scan rates. A linear

relationship was obtained between the peak current
and the scan rate with the linear regression equation of
Ipa (μA) = 3.79 + 76.84 v (V/s) (Fig. 11c), with the cor-
relation coefficient of 0.99.

The irreversible process on the electrode obeyed
the following equation [52]

(3)

where E0 is the standard potential; R, T, F (ideal gas
constant, temperature, faraday constant); Ks is the
heterogeneous reaction rate constant; α is the charge
transfer coefficient. From the slope of the Epa vs lnv
plot, α value was obtained by equating the slope of
RT/αnF. For an irreversible process, α value is usually
assumed to be 0.5. Herein, the electron transfer in the
reaction was calculated to be 2.2~ = 2 and was theoret-
ically close to 2.

The AA shows an anodic peak with the peak current of
Ipa = 10.60 μA and the peak potential Epa = –0.110 V at
the modified electrode, at a sweep rate of 0.1 V/s in
0.1 M PBS, pH 6.5. Fig. 12a shows the cyclic voltam-
mogram of the modified (curve a) and the bare (curve b)
electrodes. At the bare electrode, no anodic peak was
observed. It indicates that the electrocatalytic
response is improved at the modified electrode.
Fig. 12b presents the CVs of AA at the modified elec-
trode with various scan rates. The oxidation peak
shifted positively with a rise of the scan rate, which
also shows a linear relationship of the scan rate with
the regression equation of Ipa (μA) = 0.915 + 105.64v
(V/s) with the correlation coefficient of 0.99. Figure
12c shows that the process on the modified electrode
is an adsorption controlled one. The number of elec-
trons transferred was calculated using the above equa-
tion. The slope of the graph Epa vs lnv was obtained to
be 0.022, assuming the value of α is 0.5, the number of

0
p( ) ln ln ,

α α α
sRTKRT RTE V E

nF nF nF
= + + v

Fig. 9. Plot of oxidation peak current as function of Tyr
concentration in 0.1 M PBS, pH 6.5 scan rate – 0.1 V/s.
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electrons involved was calculated to be 2.3~ = 2, which
is close to the theoretical value.

Simultaneous Determination of Tyrosine, 
Uric Acid, and Ascorbic Acid

To the best of the authors’ knowledge, so far there
is no research reported on the simultaneous resolution
of Tyr, UA, and AA using PT/GCNT/PE. The most
significant objective of the present was the simultane-
ous determination of Tyr, AA, and UA. This was per-
formed using the CV technique. Figure 13 shows the
cyclic voltammograms of Tyr (1 × 10–4 M), UA (1 ×

10–4 M), and AA (1 × 10–3 M) in 0.1 M PBS, pH 6.5,
with a scan rate of 0.1 V/s. Well-defined oxidation
peaks of Tyr, AA, and UA were observed at 0.631 V,
‒0.0087 V, and 0.477 V, respectively, with the peak
current responses of 26.20, 10.28, and 32.48 μA,
respectively, representing that the simultaneous reso-
lution of these electroactive species is achievable at
PT/GCNT/PE.

Application of PT/GCNT/PE

A favourable electrochemical response of Tyr
makes it a highly suitable object for the detection in
pharmaceutical samples. To explain the applica-bility,
a Tyr tablet was selected, and an analysis was accom-
plished by the standard addition method (Table 2).
The recoveries obtained were from 99.00% to
102.80%, suggesting that the developed electrode is
reliable and sensitive enough for the resolution of Tyr
in real samples.

Table 2. Determination of Tyr in pharmaceutical samples

Sample Added, mg Found, mg Recovery, %

1 0.4 0.396 99.00
2 0.48 0.488 101.85
3 0.56 0.575 102.8

Fig. 11. (a) CVs of 1 × 10–4 M UA at PT/GCNT/PE (curve a) and BGCNT/PE (curve b) in 0.1 M PBS, pH 6.5 scan rate – 0.1 V/s;
(b) CVs of 0.1 mM UA at PT/GCNT/PE at scan rate 0.1 – 0.300 V/s; and (c) plot of anodic peak current (Ipa) as function of scan
rate.
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Fig. 12. (a) CVs of 1 × 10–3 M AA at PT/GCNT/PE (curve a) and BGCNT/PE (curve b) in 0.1 M PBS, pH 6.5, scan rate 0.1 V/s;
(b) CVs of 1 × 10–3 M AA at PT/GCNT/PE, scan rate 0.1 – 0.250 V/s; (c) plot of anodic peak current (Ipa) as unction of scan rate.
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Fig. 13. CVs at PT/GCNT/PE, solution containing Tyr (1 × 10–4 M), UA (1 × 10–4 M), and AA (1 × 10–3 M) in 0.1 M PBS,
pH 6.5.
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CONCLUSIONS
In this study, a modified electrode (PT/GCNT/PE)

was fabricated for the individual and concurrent reso-
lution of Tyr, UA, and AA. Enhanced current
responses were observed for these electroactive species
at the modified electrode compared to those of the
bare electrode. Under optimized conditions, the peak
current of Tyr linearly was related to its concentration
in a range of 2 × 10–6 to 2.5 × 10–5 M and of 3 × 10–5

to 1.2 × 10–4 M, leading to the detection limit of 2.9 ×
10–7 M. The developed method could be applied to the
resolution of Tyr in pharmaceutical sample with quite
promising results. A high current response, a low limit
of detection, and high selectivity of the modified elec-
trode for the determination of Tyr demonstrate its
potential as a sensor for practical use.
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