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Abstract- In this present work, we prepared a carbon paste modified electrode with 9,10-
dihydroxy-7-methoxy-6H-benzofuro[3,2-c]chromen-6-one (DMC) and titanium dioxide 
nanofiber composite (DMC/NF/CP) as a electrochemical sensor for electrochemically 
sensitive and selective detection of tryptophan (Trp.) in the presence of penicillamine (PA) 
and folic acid (FA). The modified CPE was successfully used to determine the concentrations 
of Trp., PA and FA in real samples. The electron transfer rate constant, ks, and transfer 
coefficient, α, were calculated to be 1.88 s−1 and 0.6 respectively, by cyclic voltammetry 
measurements. The catalytic peak current obtained from differential pulse voltammetry (DPV 
was linearly towards the Trp. concentration in the range of 1.0-900.0 μM. The detection limit 
(3σ) for Trp. was 0.103 μM with a sensitivity of 0.128 μA μM-1.   

Keywords- Electrochemical sensor, Nanofiber, Tryptophan, Penicillamine, Folic acid  
 

1. INTRODUCTION  

The importance of nanotechnology has gained new and widely fields for the application 
of nanomaterials in analytical chemistry [1–3]. The similar dimensions of nanomaterials and 
protein molecules offer that the integration of the two will cause to attractive new materials. 
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The fascinating physical and chemical properties of nanomaterials suggest excellent 
prospects for a wide range of bio-sensing applications [4–7].  

Nanofibers are attractive for various applications due to their intrinsically high surface 
area to mass or volume ratio and high porosities. Electrospinning is a low cost, versatile and 
simple process to generate nanofibers from different materials including polymers, ceramics 
and composites [8,9]. A rich variety of polymers are used to electrospun with sol-gel 
chemistry to generate composite and inorganic nanofibers [10]. These composite nanofibers 
such as poly(vinyl pyrrolidone) (PVP), poly(vinyl acetate) (PVAc), poly(vinyl alcohol) 
(PVA) or poly(ethylene oxide) (PEO) can be electrospun from sol-gel precursor solutions and 
calcinated in air to remove organic phase. Various inorganic components such as SiO2, SnO2, 
TiO2, ZnO, Nb2O5 and Al2O3 are used to prepare composite nanofibers [11]. During the 
electrospinning, a polymer solution flows out from needle, which is connected to a syringe 
and a high voltage causes that the charge to be induced within the polymer and polymer 
pulled onto a collector by strong electric field and form nanofibers structure. The electrospun 
nanofibers diameters are depended on a number of various parameters that include: 
1- The properties of the solution such as solvent and the type of polymers, polymer 

molecular weight, concentration (or viscosity), conductivity, elasticity and surface tension 
[12]. 

2- The operation conditions such as distance between the tip and the collecting, applied 
voltage and flow rate [13]. 

3- The environmental conditions consist of humidity and temperature has an important role 
in quality of prepared nanofiber. 
Tryptophan (2-amino-3-(1H-indol-3-yl)-propionic acid, Trp.) is a vital and essential 

component of proteins and imperative in human nutrition to establish and maintain a positive 
nitrogen balance. Abnormal levels of serotonin and melatonin have been shown to be 
associated with depression and Alzheimer’s and Parkinson’s diseases, respectively [14]. 
Therefore, various methods have been applied to the determination of Trp., such as 
colorimetric [15] and ultraviolet detection [16]. These methods have many advantages of 
sensitivity and accuracy, but their high cost, complicated operations and time-consuming 
limit their widely application for routine and benefit Trp. analysis. However, electrochemical 
method for detection of Trp. has gained attractive due to its low expense, simplicity, high 
sensitivity, and possibility of miniaturization [17–20] compared to the mentioned methods. It 
is obvious that the electrochemical determination of Trp. at the unmodified electrode is not 
arbitrary because of sluggish electron transfer processes and high over-potential [21,22]. To 
dominate the problems of selectivity and sensitivity, the electrode surface can be modified to 
decrease the overpotential, enhance the mass transfer velocity and effectively enrich the 
substance [23–25].  
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     D-Penicillamine (2-amino-3-mercapto-3-methylbutanoic acid, PA), a well-known 
chelating agent, is belongs to the amino-thiol family. It is a treatment of cystinuria, Wilson’s 
disease by acting as a chelating agent which is used to aid the elimination of copper [26], 
fibrotic lung diseases, rheumatoid arthritis, primary biliary cirrhosis, scleroderma certain 
forms of metal intoxication and progressive systemic sclerosis [27]. Different methods have 
been to detection of PA in both pharmaceutical preparations and biological samples. These 
methods include spectrophotometry [28], capillary electrophoresis [29], chemiluminescence 
[30] and electrochemical methods [31,32]. 

Folic acid or folate ((2S)-2-[(4-{[(2-amino-4-hydroxypteridin-6-yl) methyl] 
amino}phenyl)formamido] pentanedioic acid, FA) is a B vitamin. Folic acid is essential for 
numerous bodily functions. Humans cannot synthesize folates, therefore folic acid has to be 
supplied through the diet to meet their daily requirements. The human body needs folate to 
synthesize DNA, repair DNA, and methylate DNA as well as to act as a cofactor in certain 
biological reactions. Low levels of folate can also lead to homocysteine accumulation and 
associated with specific cancers [33].  

In this paper, we reported a nanostructure electrochemical sensor decorated by titania 
nanofiber composite for simultaneous determination of Tryptophan in the presence of 
penicillamine and folic acid for the first time. The use of the modified electrode in this report 
provides a simple and sensitive method for the detection of Trp.. In addition, the kinetics of 
the mediated electrooxidation of Trp. at this type of mediator–modified carbon paste 
electrode is investigated using cyclic voltammetry measurements. Our findings indicate that 
the DMC/NF/CP give several distinct advantages, including an extraordinary high surface 
charge transfer rate constant and good limit of detection for Trp.. Also, the modified 
electrode exhibited excellent electrochemical activity towards sensitive detection of Trp. in 
real samples. 
  

2. EXPERIMENTAL 

2.1. Apparatus and chemicals 

Electrochemical experiments were carried out using a potentiostat/galvanostat µAutolab 
type III (Eco Chemie B.V.A) controlled with General Purpose Electrochemical System 
(GPES) software. A conventional three electrode cell was used including modified electrode, 
Ag/AgCl/KCl (3.0 M, Azar electrode, Iran), and a Pt wire (Azar electrode, Iran) as working, 
reference and counter electrodes, respectively. Trp., PA, FA and all other reagents were 
analytical grade from Merck (Darmstadt, Germany). The graphite powder and paraffin oil, 
both from Merck (Darmstadt, Germany). The preparation of nanofibers were performed by 
using an electrospinning setup (FNM Co., Iran), which is controlling the flow rates, voltage 
and distance between tip and collector (Scheme 1). Scanning electron microscopy (SEM) was 

http://en.wikipedia.org/wiki/Essential_nutrient
http://en.wikipedia.org/wiki/Physiology
http://en.wikipedia.org/wiki/DNA_methylation
http://en.wikipedia.org/wiki/Homocysteine


Anal. Bioanal. Electrochem., Vol. 8, No. 6, 2016, 675-690                                                   678 
 

used to characterization of nanomaterials (TESCAN SEM system). X-ray diffraction (XRD) 
patterns of products were obtained by a Philips diffractometer utilizing X’PertPro and the 
monochromatized Cu Kα radiation. 

 

 
 

Scheme 1. Schematic of a typical electrospinning setup 
 
2.2. Synthesis of 9,10-dihydroxy-7-methoxy-6H-benzofuro [3,2-c]chromen-6-one (DMC) 

DMC was synthesized by electrosynthesis method and the manner described in our 
previous work [32]. Briefly, 60 mL of 0.15 M phosphate buffer (pH 7.0) in water/acetonitrile 
(85/15 volume ratio), containing 0.5 mmol of 4-methoxybenzene-1, 2-diol and 0.5 mmol 4-
hydroxycoumarin was electrolyzed at controlled-potential (0.35 vs. SCE) in a divided cell. 
The electrolysis was terminated when the current decayed to 5% of its original value. The 
precipitated solid was collected by filtration and was washed several times with water. 

 
2.3. Preparation of different electrodes 

The DMC/NF/CP was prepared by hand mixing 0.005 g of DMC with 0.5 g graphite 
powder and 0.005 g of nanofiber with a mortar and pestle. Then ∼0.7 mL of paraffin was 
added to this mixture and the mixture was ground for 20 min until a uniform paste was 
obtained. The paste was then packed into the end of a glass tube. The electrical contact was 
provided by pushing a copper wire down the glass tube into the back of the carbon paste. For 
electrical measurement, by pushing an excess of paste out of the tube and polishing it with a 
weighting paper, a new surface was obtained. For comparison, a NF modified CPE (NF/CP), 
DMC modified CPE (DMC/CP), DMC/NF modified CPE (DMC/NF/CP) and bare CPE were 
prepared in the same way but without addition of NF, DMC and both DMC and NF 
respectively.  
 



Anal. Bioanal. Electrochem., Vol. 8, No. 6, 2016, 675-690                                                   679 
 

2.4. Preparation of nanofiber 

Nanofiber was prepared according to the procedures described in the literature [35], 
briefly Poly(vinyl pyrrolidone) (PVP, Mw=1,300,000, was dissolved in 4 mL ethanol (EtOH, 
Merck, 99.8%) and 1 mL N, N-dimethylformamide (DMF, Merck, 99.8%). A solution of 
titanium isopropoxide (TiP, 98%, Aldrich) with the metal contents of 50.69 wt% was 
prepared by stirring and 2 mL acetic acid was added to the solution to get a transparent 
solution. Then, this solution was added into PVP solution and stirring for 5 h at room 
temperature to enhance its viscosity. The distance between the Al foil and the spinneret was 
10 cm and the applied voltage was 15 KV. A flow rate of 0.5 mL/h was controlled using a 
syringe pump. The nanofibers were deposited on the Al foil, dried at 80 °C for 4 h to 
evaporate their solvents and calcined in 600 °C at the rate of 2 °C /min for 2 h and utilized as 
a nanocomposite on carbon paste electrode to determine some biological species.  

 

3. RESULTS AND DISCUSSION 

3.1. SEM and XRD characterization  

Fig. 1 is shown SEM images of different electrodes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. SEM images of different carbon paste electrodes. CPE (A), CPE-NF (B), calcinated 
TiO2 nanofibers (600 °C) (C), TiO2 nanofiber with large magnification (D) 
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As shown in Fig. 1A, after nanofiber added to the carbon paste electrode (Fig. 1B) the 
distribution of these components on the paste can be seen and the ratio of area to volume has 
been increased clearly. After optimizing the critical preparation parameters, the TiO2 
nanofibers composite are obtained and the SEM micrographs of calcinated (600 °C) 
nanofibers are shown in Fig. 1C and 1D. These images show ultrafine and smooth fibers with 
the great roughness and high surface area. Fig. S1 (in supporting information) is shown the 
XRD results of TiO2 nanofibers that were electrospun from an ethanol solution containing 1 
mL TiP and PVP (0.45 g), subsequently calcinated for 2 h at 600 °C in air. The 
nanocrystalline anatase structure was confirmed by (1 0 1), (0 0 4), (2 0 0), (1 0 5) and (2 1 1) 
diffraction peaks [36]. The XRD patterns of anatase has a main peak at 2θ=25.28 
corresponding to the 101 planes (JCPDS 21-1272) while the main peaks of rutile and brookite 
phases are at 2θ=27.48 (110 plane) and 2θ=30.88 (1 2 1 plane). The prominent peaks 
representing anatase /rutile phase of nanocrystalline TiO2 powder used for this study can be 
seen at the 2θ values of 25.28, 27.48, 37 80, 48.05, 53.89, 55.06, 62.69, 68.76, 70.31 and 
75.03.  
 
3.2. Voltammetric behaviors of the DMC/NF/CP 

Cyclic voltammograms of the DMC/NF/CP in a 0.1 M phosphate buffer solution (pH 7.0) 
at various scan rates are shown in Fig. 2. In this Fig., the anodic and cathodic currents 
increase linearly with scan rates from 10 to 3000 mVs−1 (Fig. 2, inset A) as predicted for a 
diffusionless system, indicating that the modified electrode exhibits electrochemical 
responses with characteristics of the redox species confined on the electrode surface. The 
anodic (Ipa) and cathodic peak currents (Ipc) were linearly dependent on scan rate. Fig. 2, inset 
B, shows the magnitudes of the peak potentials (Ep) as a function of the logarithm of the 
potential scan rate. The slopes of inset C plots in Fig. 2, can be used to extract the kinetic 
parameters αc (cathodic transfer coefficients) and α=1−αc (anodic transfer coefficients). The 
slope of the linear segment is equal to 2.303RT/αnF for the anodic and −2.303RT/αc F for the 
cathodic peak. The calculated value for the coefficient α is 0.6. The apparent charge transfer 
rate constant, ks, for the electron transfer between the modified electrode and the DMC can be 
determined from CV experiments using the variation of the oxidation and reduction peak 
potentials with the logarithm of scan rates according to the Laviron theory [37]. Equation (1) 
can be used to determine the electron transfer rate constant, ks:  

log ks=αlog(1-α)+(1-α)logα-log(RT/nFυ)-α(1-α)nαFΔEp/2.3RT                            (1) 

Where (1–α)nα=0.4, ν is the sweep rate, and all other symbols have their conventional 
meanings. ks was calculated to be 1.88 s–1. 
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Fig. 2. Cyclic voltammograms of DMC/NF/CP in 0.1 M phosphate buffer (pH 7.0) at scan 
rates: (1) 10, (2) 20, (3) 30, (4) 40, (5) 50, (6) 100, (7) 150, (8) 200, (9) 300, (10) 400, (11) 
500, (12) 750, (13) 1000, (14) 1250, (15) 1500, (16) 2000, and (17) 2500 mVs−1. Insets: (A) 
Variation of peak currents with sweep rate. (B) Variation of Ep vs. the logarithm of the scan 
rate. (C) Magnification of the same plot for high scan rates 
 
3.3. Influence of pH 

The effect of pH value of the supporting electrolyte solution on the DMC/NF/CP signal 
was also investigated by cyclic voltammetry using a 0.l M phosphate buffer with increasing 
pH from 2.0 to 10.0, a pair of redox peaks was observed in each of the CVs, and both the 
anodic and the cathodic peaks potential shifted negatively (Fig. 3). The anodic peak potential 
(Epa) linearly depended on pH value varying from 2.0 to 10.0. The slope was found to be 
−56.4 mV/pH unit over a pH range from 2.0 to 10.0 as expected for a two-electron, two-
proton electrochemical reaction. (Fig. 3, inset A). As it is shown in (Fig. 3, inset B), there was 
a little increase of the response in the current at lower than (pH 7.0). However, a decrease in 
the current above 7.0 was observed, so the higher current response may occur at this pH 
value. Thus, the pH of 7.0 is selected as an optimum value. 
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Fig. 3. CVs of DMC/NF/CP in different pH values of 2-10 the insets A and B, show effects 
of pH on the anodic peak potential and anodic peak current in phosphate buffer solution Scan 
rate 50 mV s-1 
 
 

 
Fig. 4. CVs of (a) unmodified CPE in 0.1 M phosphate-buffered solution (pH 7.0) at scan rate 
of 15 mVs−1;(b) as (a)+0.3 mM Trp.; (c) as (a) at the surface of DMC/NF/CP; (d) as (b) at the 
surface of NF/CP; (e) as (b) at the surface of DMC/CP, (f) as (b) at the surface of 
DMC/NF/CP  
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3.4. Electrocatalytic oxidation of tryptophan at the surface of DMC/NF/CP  

Fig. 4 shows the cyclic voltammograms of unmodified CPE in 0.1 M PBS (pH 7.0) (curve 
a), unmodified CPE in the presence of 300 μM Trp. (curve b), DMC/NF/CP (curve c) in PBS, 
the oxidation of 300 μM Trp. at NF/CP (curve d), DMC/CP (curve e) and DMC/NF/CP 
(curve f). At a bare electrode, the direct oxidation of tryptophan is not significant, and a small 
anodic current and positive peak potential due to the oxidation of Trp. are observed. 
However, if the electrode is modified with DMC/NF/CP, and then placed in the 
electrochemical cell containing Trp., a large anodic peak and a negative shift in potential are 
observed with cathodic peak current decreasing accordingly. Therefore, it can be indicated an 
electrocatalytic process has occurred. As it is seen, while the anodic peak potential for Trp. 
oxidation at the NF/CP and unmodified CPE is 605, and 720 mV, respectively, the 
corresponding potential at DMC/NF/CP is ∼230 mV. These results indicate that the peak 
potential for Trp. oxidation at the electrode shifts by ∼373 and 490 mV, toward negative 
values compared to NF/CP and unmodified CPE, respectively. However, DMC/NF/CP shows 
much higher anodic peak current for the oxidation of Trp. compared to unmodified CPE, 
indicating that the combination of NFs and the mediator (DMC) has significantly improved 
the performance of the electrode toward Trp. oxidation.  
 
 
3.5. Effect of scan rate on the peak current  

The effect of scan rate on the electrocatalytic oxidation of Trp. at the modified electrode 
was investigated by CV (Fig. 5). As it can be observed in Fig. 5, the oxidation peak potential 
shifted to more positive potentials with increasing scan rate, confirming the kinetic limitation 
in the electrochemical reaction. As it is  shown in (Fig. 5, inset A) the anodic peak current 
(Ipa) of Trp. increased with increasing scan rate on the modified electrode in pH 7.0 
phosphate buffer and exhibited a linear relation to the square root of the scan rate, ν1/2, in the 
range of 5–40 mV s-1. The result indicates that the electron transfer reaction is controlled by 
the diffusion of Trp. A plot of the scan rate-normalized current (Ip/ν1/2) versus scan rate (Fig. 
5, inset B) exhibits the characteristic shape typical of an EĆcat process [38]. If deprotonation 
of Trp. is a sufficiently fast step, the number of electrons involved in the rate-determining 
step can be estimated from the slope of the Tafel plot. The inset C of Fig. 5 shows a Tafel 
plot that was drawn from points of the Tafel region of the CV. The Tafel slope of 0.114 
Vdecade-1 obtained in this case agrees well with the involvement of one electron in the rate-
determining step of the electrode process, assuming a charge transfer coefficient of α=0.5. 
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Fig. 5. CVs DMC//NF/CP in 0.1 M phosphate buffered solution (pH 7.0) containing 0.3 mM 
Trp. at various scan rates, from inner to outer scan rates of 5, 10, 15, 20, 25, 30, and 40 mV 
s−1, respectively. Insets: variation of (A) anodic peak current versus υ1/2; (B) normalized 
current (Ip/υ1/2) versus υ; (C) Tafel plot derived from the rising part of voltammogram 
recorded at a scan rate of 10 mV s−1 

 
The chronoamperometric behavior of Trp. was examined at modified CPE in the presence 

of various concentration of Trp.. solution by setting the working electrode potential at 300 
mV at the first potential steps (Fig. 6). For an electroactive compound (Trp. in this case) with 
an apparent diffusion coefficient, Dapp, the current observed for the electrochemical reaction 
at the mass transport limited condition is described by Cottrell equation [38]:  

I=nFAD1/2Cπ-1/2t-1/2                                                                                              (2) 

The Cottrell plots of I vs. t-½ were used, with the best fits for different concentrations of 
Trp. (Fig. 6, Inset A). The slopes of the resulting straight lines were then plotted vs. Trp. 
concentrations (Fig. 6, Inset B). The value of the D was found to be 0.45×10 -6cm2 s-1 from 
the resulting slope and Cottrell equation. We designate the obtained value as an apparent 
diffusion coefficient, since we believe that in the experimental conditions the diffusion of 
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Trp. from solution bulk to electrode surface can be affected to some extent by the rate of 
electron transfer between substrate and modifier. However, the calculated value of the 
diffusion coefficient is in good agreement with those previously reported [39].  

 

Fig. 6. (A) Chronoamperometric response of DMC/NF/CP in 0.1M phosphate buffer solution 
(pH 7.0) at potential step of 300 mV for different concentration of Trp.. The numbers of 1–7 
correspond to 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 and 0.7 mM Trp.. Insets: (A) Plots of I vs. t−1/2 
obtained from the chronoamperograms 1–7 and (B) plot of the slopes of the straight lines 
against the Trp. Concentration 

The rate constant for the chemical reaction between Trp. at the surface of DMC/NF/CP, 
kh, can be evaluated by chronoamperometry according to the method of Gallus [38]:  

IC/IL= γ 1/2[π1/2erf (γ 1/2) + exp(-γ)/γ 1/2]                                                                 (3) 
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Where IC is the catalytic current of Trp. at the DMC/NF/CP, IL the limited current in the 
absence of Trp. and γ=kCbt (Cb is the bulk concentration of Trp.) is the argument of the error 
function. In the cases where γ exceeds 2 the error function is almost equal to 1 and therefore 
the above equation can be reduced to: 

      IC/IL=π1/2 γ 1/2=π1/2(kCbt)1/2                                                                                                           (4) 

The calculated kh value for Trp. was 5.94×10 2 M-1s-1 using the slope of IC/IL versus t ½ 
plot. 

 

 
Fig. 7. Differential pulse voltammograms of DMC/NF/CP in 0.1 M phosphate buffer solution 
(pH 7.0) containing different concentrations of Trp. The numbers of 1–25 correspond to 1.0, 
2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0, 90.0, 100.0, 
200.0, 300.0, 400.0, 500.0, 600.0, 700.00 and 900.0 μM Trp. Insets show the plots of the 
electrocatalytic peak current as a function of Trp. concentration in the range of (A) 1.0-900.0, 
(B) 1.0–100.0 μM and (B) 100.0–900.0 μM 
 
3.6. Determination of Trp. by differential pulse voltammetry (DPV) 

DPV was used for the determination of Trp. at the DMC/NF/CP because of its higher 
current sensitivity and better resolution than cyclic voltammetry. The results are shown in 
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Fig. 7. From Fig. 7, inset A, the peak current of Trp. is positively proportional to the Trp. 
concentration, in the range of 1.0–900.0 μM indicating that the calibration plots is constituted 
from two linear segments with different slopes, corresponding to two different ranges of 1.0–
100.0 μM (Fig. 7, inset B) and 100.0 to 900.0 μM (Fig. 7, inset C) of Trp. concentration. In 
the second linear range (higher Trp. concentrations), the decrease of sensitivity (slope) can 
likely happens dues to a kinetic limitation. The peak current values showed a strong linear 
correlation with Trp. concentration, Ip (μA)=0.1281x+7.199, displaying an r2 value of 0.991 
with a limit of detection (based on 3σ) for Trp. of 1.03×10-7 M.  

 

3.7. Response of Trp. in the presence of PA and FA 

The simultaneous determination of Trp., PA and FA using a DMC/NF/CP has not been 
reported, so the main purpose of this study was to detect Trp., PA and FA simultaneously 
using carbon paste electrode modified with DMC and Titania nanofibers.  

 

 
Fig. 8. DPVs of DMC/NF/CP in 0.1 M phosphate buffer solution (pH 7.0) containing 
different concentrations of Trp.+PA+FA in μM (from inner to outer): mixed solutions of 
20.0+10.0+20.0, 70.0+30.0+50.0, 120.0+50.0+100.0,  250.0+100.0+200.0, 
350.0+200.0+300.0, 450.0+300.0+400.0, 550.0+400.0+500.0 and 750.0+550.0+700.0, 
respectively. Insets: (A–C) plots of the peak currents as a function of Trp., PA and FA 
concentration, respectively 
 

This was achieved by simultaneously changing the concentrations of Trp., PA and FA, 
and recording DPVs, as shown in Fig. 8. DPVs showed well‐defined anodic peaks at 
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potentials of 195, 449 and 776 mV, corresponding to the oxidation peak potential of Trp., PA 
and FA, respectively. The sensitivities of the modified electrode towards the oxidation of Trp. 
(Range: 100.0-800.0 μM), PA and FA were found to be 0.012 μAμM-1 (Inset A of Fig. 8), 
0.0186 μAμM-1 (Inset B of Fig. 8) and 0.0141 μAμM-1 (Inset C of Fig. 8), respectively. No 
changes in the peak currents and potentials of Trp. oxidation when Trp., PA and FA can be 
found and their higher concentrations in same buffer solutions. No interference can be 
observed for the determination of Trp. by the coexisting other three species (Trp., PA and 
FA). All the results identifies that it is possible to selective detection of Trp. from its 
interferences in samples at the DMC/NF/CP. Therefore, simultaneous determination of Trp., 
PA and FA at the DMC/NF/CP has been done easily and perfectly. The comparison of the 
DMC/NF/CP, with other modified electrodes, especially those electrodes based on carbon 
materials, for Trp. determination was listed in Table S1. These results indicated that the 
DMC/NF/CP is an appropriate platform for the determination of Trp.. More importantly, one 
dimension (1D) nanostructures have the advantages of low production cost and facile 
preparation procedure over other carbon materials.  
 
3.8. Tolerance of foreign substances 

The possible interference for Trp. voltammetric determination at the DMC/NF/CP was 
investigated. The tolerance limit was taken as the maximum concentration of the foreign 
substances which caused a relative error of approximately ±5% in the determination. 
Ascorbic acid, uric acid and some available amino acids (5 mM), including L-cysteine, L-
glutamic acid, L-tyrosine, L-serine, L-arginine and L-glycine, had no influence on the current 
response for 1.0 mM Trp. 
 
3.9. Determination of Trp. in pharmaceutical samples 

The modified carbon paste electrode was utilized to determine Trp., PA and FA in real 
samples. The results are presented in Table S2. In order to evaluate the reliability of the 
proposed method for the determination of Trp., a recovery test was carried out by adding 
known amounts of Trp., PA and FA to the human blood serum samples while sample were 
found to be free from Trp., PA and FA. The recoveries obtained ranged from 91.0% to 106 
%, indicating that the modified electrode is reliable for the quantification of Trp. 
 

4. CONCLUSIONS  

DMC/NF/CP was prepared and used for the investigation of the electrochemical 
properties of Trp. The peak current increased obviously and the peak potential shifted 
negatively compared with unmodified CPE, indicating that modified electrode has excellent 
electrocatalytic activity and voltammetric response towards Trp. determination in 
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physiological condition. The electrochemical oxidation peak current of Trp. was linearly 
depended on its concentrations and the calibration curve was obtained in the ranges 1.0-900.0 
μM with DPV method, and detection limit (3σ) was determined as 1.03×10-7 M. The 
excellent analytical performance can be corresponded to good biocompatibility and high 
conductivity of nanofibers, which perfectly regulate the surface chemistry. These excellent 
properties would promote the potential applications of nanofibers-based materials in 
electrochemical sensors. Finally, the modified electrode was successfully applied to 
determination of tryptophan in human blood serum samples. 
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