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ABSTRACT: Herein, we reported an Activated Glassy Carbon Electrode (AGCE) for the detection of L-

tryptophan (Trp). AGCE was made by successive cyclic voltammetric potential scanning of glassy carbon 

electrode (GCE) from -1.5 V to 2.5 V in 0.1 M pH 7.0 phosphate buffer as a supporting electrolyte. The 

surface morphology of AGCE and Un-Activated Glassy Carbon Electrode (UGCE) was characterized by 

a Scanning Electron Microscope (SEM). The voltammetric sensing of Trp is carried out using Cyclic 

Voltammetry (CV) and Linear Sweep Voltammetry (LSV). The electrochemical properties of the AGCE 

and UGCE were also examined by CV and Electrochemical Impedance Spectroscopy (EIS). AGCE 

exhibited enhanced anodic peak current and less overpotential for the oxidation of Trp than UGCE. LSV 

was used for the quantitative determination of Trp. Two linear ranges were obtained for the determination 

of Trp using LSV from 2.5 μM – 20.0 μM and 2.0 μM – 100.0 μM. The limit of detection (3σ/m) was 0.098 

μM.  The current method was successfully used to detect Trp in urine and healthy human serum. 

 

KEYWORDS: Electrochemical activation; activated glassy carbon electrode; L-tryptophan; linear 

sweep voltammetry. 

 

 

INTRODUCTION 

L-tryptophan (Trp) is one of the essential amino acids 

that plays a vital role in human growth and metabolism [1].  

It is an important part of hormones for neurotransmitters 

such as serotonin and other essential biomolecules in various 

biochemical routes. It has been widely applied for the 

control and cure of numerous illnesses. It is also crucial for 

keeping the balance of nitrogen in human nutrition [2-4]. Since 

the human body is unable to synthesize Trp, it is used as 

an additive in food and pharmaceuticals to avoid dietary 

insufficiencies [5]. Due to improper metabolization  

 

 

 

of Trp, highly harmful metabolites are formed and 

believed to be toxic to the human brain and cause 

schizophrenia, hallucinations, delusions, and can cause 

certain cancers [6-9]. Thus, it is of great importance  

to develop an accurate, consistent and cheap method  

to detect Trp in food, pharmaceutical and biological 

samples. So far, many analytical methods have been 

established for Trp sensing such as chromatographic [10,11], 

chemiluminescence [12,13], colorimetric [14] and 

electrochemical methods [15-18]. As Trp is electroactive,  
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electrochemical methods with high sensitivity, selectivity, 

fast response and easy operation gained more devotion. 

However, it is still difficult to assess Trp directly at 

unmodified electrodes due to the slowness of the redox 

process leads to high overpotential at the electrode [19]. 

Because of the fascinating properties, such as 

inexpensiveness, chemical stability, good electrical 

conductivity, high hardness, high electrochemical 

inertness, impermeability to gases, simplicity to surface 

modification and low thermal coefficient expansion, 

glassy carbon electrode (GCE) has become widely 

employed material as an electrode in electrochemical 

reaction [20-22]. In electrochemical reaction enhanced 

electron transfer process is highly needed for sensitive 

determination of electroactive species. Therefore, to have 

more electroactive surface and fast electrode kinetics, 

modification of electrode surface has gained considerable 

attention [23, 24]. In recent time the widely used approach 

for the modification of GCE is application of 

electrodeposition of conducting polymers [25], carbon 

containing materials [26], nanoparticles [27-31], organic 

monomers [32] and nanocomposite [33,34]. Due to the 

involvement of harmful materials and tiresome steps in the 

synthesis of nanomaterials and polymer, electrode surface 

modification with simple, convenient and low cost method 

is still highly needed [35]. Previous experimental works 

revealed that electrochemical activation of GCE takes 

place by applying high voltage to introduce surface 

functional groups which leads activation of its surface. 

Activation of electrode in electrochemical analysis is getting 

much consideration because of its simplicity, efficiency, 

sensitivity and low cost. The electrochemical activation 

process helps to obtain accurate, definite and reproducible 

electrochemical signals [36-38]. So electrochemically 

activated GCEs are demonstrating rapid electron transfer 

kinetic and low background current, better sensitivity, 

reversibility, reproducibility, stability and reduced over 

potential compared with their precursors [39-42].  

Therefore, in this study the activated GCE (AGCE) 

was employed for sensitive electrochemical detection of 

Trp. The electrochemical response of Trp was studied  

at un-activated GCE (UGCE) and AGCE. The AGCE 

displays better electrochemical performance than the 

inactivated one. Hence, the AGCE has been used for the 

electrochemical investigations of Trp.  

EXPERIMENTAL SECTION 

Chemicals 

Trp obtained from Sinopharm Chemical Reagent Co. 

Ltd. (Beijing, China), dopamine (DA) and uric acid (UA) 

purchased from Sigma–Aldrich (USA), potassium 

chloride (KCl), dipotassium hydrogen orthophosphate 

(K2HPO4) and potassium dihydrogen phosphate (KH2PO4) 

bought from Aladdin Bio-Chem technology (Shangai, 

China). All chemicals were used as received. Ultrapure 

water (18.25 MΩ cm) was used during the course of the 

experiments. 

 

Instrumentations 

Electrochemical impedance spectroscopy (EIS), cyclic 

voltammetry (CV) and linear sweep voltammetry (LSV) 

experiment was conducted with a CHI660 electrochemical 

workstation with three electrode system, using GCE, 

Ag/AgCl (saturated KCl) and platinum wire as a working, 

reference and auxiliary electrode, respectively. Surface 

morphology of UGCE and AGCE was measured with a 

scanning electron microscope (SEM) (Philips XL30 ESEM). 

 

Preparation of AGCE 

First of all GCE (3.0 diameter) was polished with slurry 

of alumina (0.3 and 0.05 µm sequentially) on a polishing 

pad and rinsed thoroughly with ultrapure water to obtain a 

clean electrode surface. Subsequently, the electrode was 

dipped in 0.1 M PBS (pH 7.0) and activated by scanning 

the potential between −1.5 and +2.5 V at 100 mV/s for 15 

scans according to the literature procedure [43].  

 

Sample preparation  

The stock solution of Trp was prepared by dissolving 

an accurate mass and dissolved in appropriate volume of 

the solvent and stored in a refrigerator until used. Working 

solution of Trp was prepared by diluting appropriate 

volume of stock solution of Trp in 0.1 M PBS pH 4.0 at 

the day of the experiment. 0.1 M phosphate buffer 

solutions (PBS) pH 4.0 was prepared by mixing 0.1 M 

KH2PO4 and K2HPO4 each and used as supporting 

electrolyte throughout the experiments. 

 

Real sample analysis 

For real samples analysis, the percentage recoveries 

were done by spiking different standard solution of Trp  
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in 200 folds diluted healthy human urine and serum. 10.0 

µL of the collected human serum and urine was diluted to 

2000.0 µL in 0.1 M PBS pH 4.0.  Then, 15 µM and 20 µM 

standard Trp was spiked into the diluted serum and urine 

samples followed by determination of Trp in the diluted 

and spiked samples.  

 

RESULTS AND DISCUSSION 

Activation of GCE 

Figure 1A exhibits uninterrupted CVs of GCE in 0.1 M 

pH 7.0 PBS as a supporting electrolyte by potential 

scanning from -1.5 to 2.5 V. Anodic peak nearly at 1.5 V 

and the cathodic peak at about -0.65 V were observed, 

respectively at the first scan. In the consequent scanning, a 

new oxidation peak was found at +0.4 V, and then the 

value of the peak current increased with the continuous 

scanning. This indicates the anodization of the GCE at 

high potential possibly due to the introduction of different 

surface functional groups, and then undergo  cathodic 

process [43]. After ten scans, the peak currents at 1.5 V 

and at -0.65 V almost remain constant, so ten scans were 

selected for the activation of the GCE. 

 

CV and EIS characterization of the electrode 

CV and EIS were used to examine the electrochemical 

activities of UGCE and AGCE in 5 mM [Fe(CN)6]
3-/4- 

containing 0.1 M KCl.  As shown in Figure 1B, a pair of 

reversible redox peaks of [Fe(CN)6]3-/4– was seen at both 

UGCE and AGCE. But AGCE exhibited enhanced redox 

peak current than UGCE. Using the Randles Sevcik 

equation, the active surface area of both electrodes was 

calculated from the CV peak current and the diffusion 

coefficient of [Fe(CN)6]
3- [44]. 

3 2 1 2 1 2
p

5i 2.69 10 n AD v C=   

where n is the number of electrons involved (1 for 

[Fe(CN)6]
3-), A the electrode surface area, D the diffusion 

coefficient (7.6 ×10−6 cm2s−1),  the scan rate (0.1 Vs−1), and 

C the concentration of [Fe(CN)6]
3- (5 × 10-3 molcm-3). The 

active surface area of AGCE was obtained as 0.35 cm2 

whereas the UGCE was 0.016 cm2. The active surface area 

of AGCE was about 2.19 times greater than UGCE. 

EIS is also an important technique to examine the 

interfacial electrochemical behavior of an electrode. So the 

impedance of the UGCE and AGCE was studied by 

recording EIS data in the solution containing  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: (A) Continuous CVs (30 cycles) of GCE in 0.1 M pH 7.0 

PBS; (B) and (C) CVs and the Nyquist plots of the UGCE (a) 

and AGCE (b) in 5 mM [Fe(CN)6]3−/4− solution in 0.1 M KCl; 

scan rate 0.1 Vs-1. 

 
[Fe(CN)6]3−/4−. The diameter of the semicircle of the Nyquist 

plots is equivalent to the charge transfer resistance (Rct) at the 

electrode surface [45]. Figure 1C shows the Rct of the AGCE 

(curve a) obtained was almost zero. Whereas, Rct of UGCE 

(curve b) was about 150 Ω, indicating that the activation 
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Fig. 2: SEM images of (A) UGCE and (B) AGCE. 

 

of GCE remarkably improved the conductivity of the 

electrode. 

 

Morphological analysis of UGCE and AGCE 

Morphological investigation of UGCE and AGCE was 

done using SEM to study the changes that take place 

during the anodization of the GCE. As we can see from 

Figure 2, the AGCE shows a relatively rough surface 

(Figure 2A) as compared to UGCE (Figure 2B) which 

could be ascribed to activation of the GCE surface. 

 

Electrochemical behavior of Trp at UGCE and AGCE 

The CVs of 0.1 mM Trp at UGCE and AGCE in 0.1 M 

pH 4.0 PBS were shown in Figure 3A. It can be observed 

that the oxidation peak current and potential at the UGCE 

is about 0.015 mA and 1.0 V (Figure 3A curve c), 

respectively, while the anodic peak current response is 

noticeably enhanced at the AGCE (Figure 3A curve d), and 

the oxidation peak potential is shifted cathodically. AGCE 

gives an anodic peak potential and current at 0.93 V and 

0.09 mA, respectively. 

The experimental result shows the enhancement  

in the electrochemical response of Trp at the AGCE is 

about 6 times greater in the anodic peak current than the 

peak current at UGCE and nearly 70 mV of the oxidation 

peak potential shifts to the negative side. This can be 

ascribed to the introduction of more surface functional 

groups during activation and their catalytic role. 

 

Effect of scan rate 

The impact of the scan rate on the anodic peak 

current of Trp was examined at AGCE by CV method 

and shown in Figure 3B. The anodic peak currents of 

Trp rise with rising scan rate from 10 to 169 mV/s. 

Moreover, the peak currents of Trp is directly correlated 

to the square root of the scan rate (Figure 3C) in the 

studied scan rate range, which shows the anodic reaction 

of Trp was diffusion-controlled. To confirm the 

irreversibility of the anodic process of Trp at the AGCE, 

the correlation between the oxidation peak potential and 

scan rate was studied. It was seen that the anodic peak 

potential slowly shifted to more positive values on the 

rise in the scan rate. The correlation between the anodic 

potential (E) and the logarithm of scan rate (log v) was 

presented in Figure 3D. It is observed that E is linearly 

proportional to log v and the regression equation was 

found to be E (V) = 0.063 log v + 0.945 (R2 = 0.988) in 

the scan rate range of 9 to 169 mV/s. According to 

Laviron’s equation, the peak potential for an irreversible 

electrode reaction is given by equation [46]:  

 

o
o 2.303RT RTk 2.303RT

E E log log
nF nF nF

  
= + +          

 

Where α is the transfer coefficient, k0 is the formal 

heterogeneous rate constant of the redox reaction, n is 

the number of electrons involved in the redox reaction, v 

is the scan rate, E0 is the standard redox potential and the 

other symbols have their common meanings. Therefore, 

the value of αn can be obtained from the slope of E vs log 

v in the above equation. 

In most systems, the value of α found between 0.3 and 

0.7, and it can commonly be estimated by 0.5 in the 

absence of actual measurements [44]. Thus, the number of 

electrons transferred during the oxidation of Trp was 

calculated to be 1.9 ~ 2.0. According to the above results, 

the electrochemical reaction of tryptophan on AGCE was 

a two-electron two-proton process. 
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Fig. 3: (A) CVs recorded at UGCE in blank (PBS) (a) and with 0.1 mM Trp (c); AGCE in blank (PBS)  

(b) and with 0.1 mM Trp (d) in 0.1 M PBS pH 4; scan rate 0.1 Vs-1; (B) CVs of 0.1 mM Trp recorded at AGCE in 0.1 M pH 4.0 

PBS with different scan rates (9, 25, 49, 81, 121 and 169 mV/s); (C) Plot of I (mA) vs. v1/2 [mV/s]; (D) Plot of E (V) vs. log v (V/s). 

 

Effect of pH 

The effect of the pH on the anodic peak currents and 

potentials of 0.1 mM Trp were studied by CV in the pH 

range of 2.0 to 8.0 at 100 mV/s. As represented in Figure 

4A and B, the oxidation peak current increases when the 

pH increases from 2.0 to pH 4.0, and then declines with  

a further increase in pH. As a result, pH 4.0 was chosen  

as the optimum pH for the consequent experiments. 

Moreover, the anodic peak potential was also affected by 

a change in pH. The anodic peak potential of Trp shifted 

negatively with an increase in pH values (Figure 4B), 

indicating the involvement of the proton in the oxidation 

process. The anodic peak potential is directly related to pH 

with a calibration equation of E (V) = -0.049pH + 1.07, 

R2 = 0.992. For pH vs. peak potential plot, the theoretical 

value for the slope is -0.059V/pH for the transfer of equal 

numbers of protons and electrons  [47]. Here, the slope 

obtained is about 0.049V/pH, which is close to the 

theoretical value. Therefore, we can conclude that during 

the oxidation process of Trp of equal number of protons 

and electrons are involved as represented by Scheme 1. 

Trp is oxidized by a participation of two electron-two 

proton process takes place at the amine in the indole ring 

and methyl in the side chain. 

 

Calibration curve  

The electrochemical behaviors of Trp with different 

concentrations were studied using LSV under the optimum 

reaction conditions. The LSV experiment shows the anodic 

peak current (Ipa) increases with increasing concentration 

(Figure 5A). As shown in Figure 5B, the change of LSVs 

indicates that the oxidative peak current (Ipa) is correlated 

directly to the concentration (C) of Trp in two linear ranges 

between 2.5 µM and 20.0 µM and 20.0 µM and 100.0 µM, 

with a linear regression equations: 

Ipa = 0.0034 C (µM) + 0.0091, R2 = 0.993 and  

Ipa = 0.0005 C (µM) + 0.0651, R2 = 0.995, respectively.  
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Fig. 4: (A) CVs at AGCE in buffer solutions containing 0.1 mM Trp of different pH; (B) Plot of variation of E and I of 0.1 mM Trp 

in buffer solutions of different pH at AGCE; (scan rate: 0.1 Vs-1). 

 

 
Scheme 1: Anodic reaction mechanism of Trp at AGCE. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. LSVs recorded (A) for determination of different concentration of Trp, (B) the calibration curve (plots of Ipa vs. CTrp). 

 

The obtained Limit of Detection (LOD) (3σ/m) was  

0.92 µM. The dynamic linear range and LOD of the present 

work was compared with other related electrochemical 

techniques reported earlier in the literature for the 

detection of Trp and summarized in Table 1. We can 

confirm that the AGCE attained a comparable linear range 

and LOD with the previously reported electrochemical 

methods.  

 

Repeatability and reproducibility 

Fig. 6A shows the LSVs recorded ten times for  
 

20 µM for the same electrode. The extent of 

repeatability shows outstanding precision of AGCE. 

Also, the Relative Standard Deviation (%RSD) of the 

oxidation peak currents obtained for ten measurements 

of 20 µM Trp at the same electrode was about 1.3% (n 

= 10). Similarly, the reproducibility of AGCE was 

evaluated by comparing the values of the oxidation 

current of Trp of three AGCEs independently activated 

under the same experimental conditions as shown in 

Figure 6B. The %RSD of the anodic current responses 

of 20 µM Trp was 3.87% (n = 3).  
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Table 1: Comparisons of the electrochemical performances of AGCE with other Trp sensors. 

Electrode materials Technique Linear range (μM) LOD (μM) Ref 

AuNPs/Polyimidazole/GCE DPV 3.0 - 34.0  and 84.0 - 464.0 0.7 [48] 

Clay‐ZnHCF/CPE SWV 2.4 - 24.0 and 24.0 -  60.0 0.8 [49] 

Au NPs/ Carbon Ionic Liquid Electrode SWV 5.0 - 900.0 4 [50] 

Nafion/TiO2-graphene/GCE DPV 5.0 - 140.0 0.7 [51] 

β-CD/carbon QDs/GCE DPV 5.0 - 270.0 0.16 [52] 

Fe3O4/C/GCE LSV 1.0 - 80.0 and 80.0 - 800.0 0.26 [53] 

AGCE LSV 2.5 – 20.0 and 20.0 – 100.0 0.92 This work 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: (A) LSV recorded for 10 successive measurement of 20 µM Trp at AGCE in 0.1 M pH 4.0 PBS (Inset: Bar graph  

showing the current value for each measurement); (B) Comparison for the reproducibility of three electrodes  

separately activated; (C) LSV of Trp and mixture of AA, DA, UA and Cys (D) Effect of Interferences. 

 

Real sample analysis  

To examine the analytical application of AGCE for real 

samples, recovery experiments were done by standard 

addition method. 15.0 µM and 20.0 µM standard Trp were 

spiked into 200 times diluted healthy human serum and 

urine (Figure 7). As revealed in Table 2, using AGCE the 

detection of Trp found satisfactory recoveries from 

92.0−109.3%. Therefore, it is a good candidate for  

the practical detection of Trp in biological samples. 

 

Effect of interferences 

For the selectivity of the method, interferences that 

might coexist in biological fluids were tested and the result 

is shown in Figure 6C and Figure 6D. The oxidation  
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Table 2: Real sample analysis results for Trp detection in healthy human serum and urine samples. 

Sample Added (µM) Found (µM) RSD,% Recovery, % 

Serum 
15.0 15.84 1.75 94.7 

20.0 18.8 1.55 109.3 

Urine 
15.0 15.26 2.02 98.3 

20.0 21.74 1.52 92.0 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 7: LSV of determination of Trp in serum (A) and urine (B). 

 

current of 20 µM of Trp with 100 fold excess of common 

ions for instance Na+, K+, Cu2+, Cl-, NO3
-, CO3

2-, and 

SO4
2- did not show interference for Trp detection. Also 

10-fold concentrations of commonly found substances  

in biological samples such as ascorbic acid, dopamine, 

uric acid and cysteine had less than 5% interfering effect. This 

suggests good selectivity of AGCE for the detection of Trp. 

 

CONCLUSIONS 

To sum up, GCE was activated by electrochemical 

method in PBS as a supporting electrolyte by potential 

scanning from -1.5 to 2.5 V. Due to the introduction of 

different functional groups on the surface of GCE, the 

AGCE owns high effective surface area and different 

functional groups, which is very beneficial for 

electrochemical sensing application. Hence, the 

performance of the AGCE is better than UGCE. The 

analytical performance of the AGCE was examined using 

CV and LSV for the detection of Trp. AGCE exhibited 

outstanding catalytic activity towards the oxidation of Trp 

and revealed a low detection limit. Moreover, ACGE was 

successfully employed for the detection of Trp in healthy 

human serum and urine.  
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