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Voltammetry method was developed to determine the concentration of L-tryptophan and L-tyrosine in 
urine sample was used on copper nanoparticles coated on poly (ortho-phenylenediamine) 
nanocomposite modified glassy carbon electrode (CuNPs@PoPD/GCE). The voltammetry behaviour of 
L-tryptophan and L-tyrosine on modified GCE was investigated in phosphate buffer medium (PBS) and 
the electron transfer properties were studied. It is found that the CuONPs@PoPD/GCE can catalyze the 
oxidation of glycine and aromatic group present in L-tryptophan and L-tyrosine molecule. Quantitative 
detection of L-tryptophan and L-tyrosine present in urine sample was carried out by linear sweep 
voltammetry (LSV) method. The LSV method showed an excellent performance with a detection limit of 
10 .8 × 10-7 M and 15 × 10-7 M.  A linear calibration graph was constructed in the ranging 1.0 × 10-6 to 
0.98 × 10-5 M (R2 = 0.9511) and 1.2 × 10-6 to 1.0 × 10-5 M (R2 = 0.9441) for L-Trp and L-Tyr, respectively.  
The method was successfully applied for the determination of L-tryptophan and L-tyrosine molecule in 
urine sample. 
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1. Introduction 

Amino acids are the building blocks of the proteins that make the most 
of our body parts.  Apart from this, they are essential for human activity 
developing organs such as hormone, muscular and nervous system [1]. 
Among the amino acids, L-tryptophan (L-Trp) acts as medicine for anxiety, 
insomnia, mental disorder, depression and tension. Another amino acid L-
tyrosine (L-Tyr) is found to be important for maintaining nutrition balance 
in humans. Serotonin, epinephrine, dopamine, melatonin and 
norepinephrine are precursors for the synthesis of L-Trp and its less 
availability in human retard growing activity [2]. For a healthy life, one 
should have a minimum quantity of L-Trp between 0.25 g and 0.15 g. On 
the other hand increases in concentration of L-Trp causes hepatic diseases 
in human body and induces sister chromatid exchange in culture medium 
[3, 4].  

Hypochondria, dementia, hypothyroidism, Parkinson’s disease and 
albinism are emerging due to lower concentration of L-Tyr [2]. Decreasing 
the stress, cold, fatigue, minimizes sleep and increased wakefulness, 
reduction of hormones and renal failure are supported by L-Tyr [4, 5]. 
Therefore, it is important to detect the concentration of L-Trp and L-Tyr in 
various biological fluids. These analytes were detected with different 
analytical techniques such as high-performance liquid chromatography 
(HPLC), fluorescence detection (FD), mass spectrum detection (MS),  
ultraviolet detection (UV) [6–8], capillary electrophoresis (CE) with 
amperometric detection (AD) or laser induced fluorescence detection 
(FID) [9, 10], gas chromatography (GC) with FID or MS [11, 12] and ion 
exchange chromatography-FD [13]. In addition, spectroscopy [14, 15] and 
electrochemical detection [16] were used to determine the concentration 
of amino acids. Several electrochemical methods have been extensively 
employed for the detection of L-Trp and L-Tyr depends on their 
electrochemical properties at the electrode surface [17].  

These amino acids exhibit slow electrochemical response over higher 
oxidation potential. A considerable number of research works had been 
done to improve the chemically modified electrodes to enhance the 
detection of electrochemical sensors for L-Trp and L-Tyr and the result 

had been compared with other modified glassy carbon electrodes [18-26]. 
Ortho-phenylenediamine converted into poly (ortho-phenylenediamine) 
(PoPD) and act as a conducting polymer [27]. PoPD was prepared from the 
oxidation of o-phenylenediamine with different oxidation agents such as 
FeCl3 [28], AgNO3 [29], HAuCl4 [30] and (NH4)2S2O8 [31]. These reactions 
were carried with acid medium as well as in water medium. They were 
showed no improvement in flexibility of morphology control and exhibited 
lack of deficiency. 

In this present work, we have synthesized copper nanoparticle coated 
on poly(ortho-phenylenediamine) CuNPs@PoPD nanocomposite. The 
polymer of PoPD was synthesized by the reaction between copper sulfate 
and oPD in water/methanol medium at room temperature for    12 hrs. The 
CuNPs@PoPD nanocomposite was formed in a granular and microsphere 
shape. The nanocomposite was modified on the glassy carbon electrode 
(GCE) for the electrocatalytic oxidation of L-tryptophan and L-tyrosine. 
This CuNPs@PoPD/GCE showed an enhanced electrocatalytic activity for 
L-tryptophan and L-tyrosine oxidation with fast linear sweep voltammetry 
(LSV) response, low detection limit, wide linear range and detection of 
urine samples. 
 

2. Experimental Methods 

2.1 Materials 

Copper sulfate (CuSO4, 99.8%), O-phenylenediamine and Ammonium 
Persulfate were purchased from Merck. L-tryptophan and L-tyrosine were 
obtained from Sigma Aldrich, Bangalore, India and used as received. 
Anhydrous methanol and ethanol (98 %) were also purchased from Merck. 
All chemicals used are of analytical reagents grade. Milli-Q water with 
resistivity of 18.1 MΩ was used in the experiment and the temperature 
was controlled at 25 °C. 

 
2.2 Instrumentation 

UV-Visible absorption spectra were recorded on a Shimadzu UV-visible 
spectrophotometer (UV-1800, Japan). The morphology of the sample was 
observed with Field Emission Scanning Electron Microscopy (FE-SEM) 
HITACHI Ltd (SU-6600). The Raman spectral data were obtained using a 
BRUKER RFS 27: Standalone FT-Raman Spectrometer equipped with Nd: 
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YAG 1,064 nm as an excitation source. Fourier Transform Infrared 
Spectroscopy (FT-IR) spectra were recorded using a Perkin-Elmer, USA 
(Model Y 40) within the range of 4000 - 400 cm-1. All FT-IR spectra were 
corrected against the background spectrum of KBr. Electrochemical 
measurements were conducted using CH600 Instruments, with a single 
compartment cell setup. The GCE and Pt wire were used as working 
electrode and counter electrode, respectively. Ag/AgCl was used as 
reference electrode. The electro-impedance spectroscopy (EIS) 
measurements were recorded in the frequency range of 0.1 Hz to 100 kHz 
at 0.24 V. Samples were purged with nitrogen gas for about 10 min before 
performing all electrochemical experiments. 

 
2.3 Purification of Glassy Carbon Electrode (GCE) 

Glassy carbon electrodes were hand-polished for 3 min on a wet soft 
polishing cloth with alumina powder of mesh size 0.5 and 0.03 μm, and 
then washed with distilled water. The electrodes were rinsed with water 
between each step and at the end of polishing. After sonicated in absolute 
ethanol and water for 2 min successively, the mirror-like GCE was dried 
with purified nitrogen (N2). The dried GCE was then treated with cyclic 
scanning in the potential range of 0.2 V to -1.8 V at 100 mV/s in 0.1 M 
phosphate buffer saline (PBS pH = 7.0 ) solution containing 1 × 10-3 M of 
L-Trp and L-Tyr. 

 
2.4. Synthesis of CuNPs@PoPD Nanocomposite  

CuNPs@PoPD nanocomposite was synthesized by using PoPD as 
stabilizing agent as well as reducing agent. 0.01 g (0.11 mM) of CuSO4 and 
0.10 g (0.22 mM) of oPD were dissolved in 25 mL of water and methanol 
in 100 mL beaker at static condition for 24 hrs. The solution color changes 
from wine red to brownish yellow color indicating the formation of 
CuNPs@PoPD nanocomposite [32, 33]. The resultant reaction mixture was 
then kept at room temperature and washed with water and ethanol, and 
dried in vacuum desiccator. 
 

3. Results and Discussion 

3.1 Mechanism of CuNPs@PoPD Nanocomposite 

The CuNPs@PoPD nanocomposite was synthesized by oxidation of oPD 
in presence of CuSO4 at room temperature for 24 hrs. The monomer 
undergoes linear chain polymerization and simultaneously it cyclized with 
a ladder structure of CuNPs@PoPD nanocomposite. In its structure, the 
CuNPs@PoPD nanocomposite showed different types of interactions such 
as Vander Waals interaction and π-π interaction. Furthermore, 
CuNPs@PoPD nanocomposite exhibits an effective force of hydrogen 
bonding, hydrophilic and π-π interaction of aromatic group in PoPD [34]. 
The CuSO4 oxidizes the oPD monomer to PoPD via the diamino phenazine 
entity. When increasing the concentration of CuSO4, there is a decrease in 
hydrogen bonding between the water and PoPD [35] was observed and it 
is shown in Scheme 1. 
 

 

Scheme 1  Reaction mechanism of CuNPs@PoPD nanocomposite by oxidation 
method 

 

3.2 FT-IR Spectra of PoPD and CuNPs@PoPD Nanocomposite 

The analysis of FT-IR Spectra of both PoPD and CuNPs@PoPD gives 
valuable information about the polymeric nature of PoPD and 
CuNPs@PoPD. The FT-IR of PoPD exhibits the band at 3320 cm-1 for N-H 
(NH and NH2), 1631 cm-1 for C=N (phenazine group), 1554 cm-1 for C-N 
(benzenoid and quinoid ring and imine units) and 1357 cm-1 1099 cm-1 for 
C=C, C-N-C (benzenoid and quinoid ring and imine  units) as shown in Fig. 
1(A) [36]. The bands observed at 924 cm-1, 856 cm-1, 795 cm-1, 638 cm-1 

and 423 cm-1 stretching vibration of C-H out-of-plane bending and in plane 
bending in benzene ring [37, 38]. The formations of CuNPs incorporated 
on PoPD nanocomposite is evidence by the occurrence of bands at 3336 

cm-1 and 3325 cm-1 corresponding to the stretching of N-H coordinated 
with CuNPs and PoPD respectively, as shown in as shown in Fig. 1(B) [39]. 
The peak at 638 cm-1 is due to CuNPs coated on PoPD polymer [40]. 
 

 
Fig. 1 Fourier transform infrared spectra of (A) PoPD and (B) CuNPs@PoPD 

 

Fig. 2 (A) UV-Visible spectra of (a) PoPD and (b) CuNPs@PoPD and (B) Raman 
spectrum of CuNPs@PoPD 

 
3.3 UV-Visible Spectra of PoPD and CuNPs@PoPD Nanocomposite 

Fig. 2A(a, b) shows the UV-Visible spectrum of PoPD and CuNPs@PoPD 
nanocomposite. The two peaks obtained at 257 nm and 425 nm in the case 
of PoPD are assigned to π = π* and n-π* transition of benzenoid and 
quinoid structure of PoPD as shown in Fig. 1A(a) [41, 42]. The absorption 
peaks for the nanocomposite materials CuNPs@PoPD observed at 430 nm, 
455 nm, which are assigned to π = π* benzenoid ring of PoPD coated on 
CuNPs. The other peak at 480 nm is assigned to the n-π* transition of PoPD 
on CuNPs nanocmopsite as shown in Fig. 1A(b). The peak recorded in the 
UV region of 265 nm is due to surface plasmon resonance of CuNPs coated 
on PoPD nanocomposite as shown Fig. 2A(b). The above UV-Visible 
spectrum indicates the formation of CuNPs@PoPD nanocompoiste. 
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3.4 Raman Spectrum of CuNPs@PoPD Nanocompoiste 

To further support the synthesis of CuNPs@PoPD nanocomposite, 
Raman spectrum was recorded. The major peaks observed in Raman 
spectrum are at 1563 cm-1 and 1338 cm-1 corresponding to C=C and C=N 
stretching vibrations of benzeniod and quinoid (ring and imine units), 
respectively shown in Fig. 2B [43]. A large number of less intense peaks 
were appeared at 444 cm-1, 473 cm-1, 535 cm-1, 645 cm-1, 696 cm-1, 784 cm-

1, 873 cm-1, 885 cm-1 and 896 cm-1 corresponding to C-H wagging out of 
plane (benzeniod and quinoid) [44]. The Raman peaks at 1263 cm-1, 1278 
cm-1, 1352 cm-1, 1546 cm-1 and 1786 cm-1 are assigned to C-H bending and 
C-N stretching vibration of benzeniod and quinoid ring, C=C, C=N 
stretching vibration of benzeniod and quinoid [45]. 

 
3.5 FESEM of CuNPs@PoPD Nanocomposite 

The surface morphology of CuNPs@PoPD nanocomposite was 
confirmed by FESEM as shown in Fig. 3(A-E). The granular clusters of 
CuNPs@PoPD nanocompsite were observed at lower magnification of 
10.00 μM and 5.00 μM as shown Fig. 3(A, B). The granular mixed 
microspheres of CuNPs@PoPD were recorded at a high magnification of 
3.00 μM as shown in Fig. 3C. The focused area for EDAX is presented in Fig. 
3D and its EDAX spectrum is given in Fig. 3E. The EDAX spectrum 
confirmed the presence of various elements such as C, N, O and Cu 
bounded in CuNPs@PoPD nanocomposite. 

 

Fig. 3 FESEM image of CuNPs@PoPD at different magnification (A) 2.00 μm, (B) 
1.00 μm and (C) 500 nm and (D) EDAX pattern of CuNPs@PoPD 

 

3.6 Electrode Characterization of Modified CuNPs@POPD/GCE  

The redox couple of modified electrode system was characterized in 5 
mM Fe (CN)63-/4-and 0.1 M PBS, which is used to analyze the electron 
transfer rate constant (ks). The bare GCE, modified PoPD/GCE and 
modified CuNPs@PoPD/GCE were also investigated as shown in Fig. 4A 
(a-c). The redox couple peak was observed modified CuNPs@PoPD/GCE 
with its redox value 259 mVs-1 as shown in Fig. 4A(c). PoPD/GCE and GCE 
the redox peaks were showed with their values are larger 283 mVs-1 and 

361 mVs-1 as shown in Fig. 4A(b, c). The redox values are calculated using 
following formula ΔEp = Epa – Epc . According to the Nicholson’s method 
[46], the large separation redox peak value on GCE and PoPD/GCE was due 
to the lower electron transfer reaction by the modifier for reason that 
negative charge group of amine and imine in PoPD. Among the three 
systems, CuNPs@POPD/GCE recorded the lower separation and high 
electron transfer. The above technical data for the unmodified and 
modified GCE, PoPD/GCE and CuNPs@POPD/GCE were used to calculate 
the heterogeneous rate constant (ks) and also with the calculated values 
that are given in Table 1. 

 
Fig. 4 (A) Electrochemical behavior of the modified electrode at surface modification 
by CV measurement GCE (a), PoPD (b), and CuNPs@PoPD (c)  with 0.1 M KCl and 5 
mM [K3Fe(CN)6]. Scan rate 50 mV/s. (B) Electrochemical impedance spectra of GCE 
(a), PoPD (b), and CuNPs@PoPD (c) in 0.1 M KCl containing 5 × 10-3 M [Fe(CN)6 -3/-4] 
Amplitude: 5 mV. 

 
Table 1 The rate constant of the Fe (CN)63-/Fe (CN)64- couple in a 0.1 M PBS (pH 6.0) 
solution containing 1.0 mM K4Fe(CN)6 
 

Modified electrode Measurement method ΔEp = Epa - Epc (mV) ks (cm/s) 

GCE 

PoPD/GCE 

CuNPs@PoPD/GCE 

CV 361 

283 

259 

1.1 × 10-2 

1.14 × 10-2 

1.0 × 10-2 

CV: cyclicvoltammetry; ks values from CV         
Ks is the heterogeneous rate constant of the ferricyanide couple in cms-1 

 
The EIS technique was employed as an important physical method to 

study the resistance of these modified electrode systems such bare GCE, 
PoPD/GCE and CuNPs@PoPD. The occurrence of straight line in the case 
of bare GCE and PoPD/GCE at higher frequencies with higher resistance 
indicates the blocking of electron transfer processes under redox           
K3Fe(CN)63- probe. But, the composite electrode system 
CuNPs@PoPD/GCE showed good straight line with lower resistance at a 
low frequency. This is due to the better electron transfer processes and the 
enhanced electron-transfer rate of CuNPs@PoPD/GC, which further 
evidence the CuNPs coated on PoPD. Fig. 4B(a-c) show the Faradic 
impedance spectra, presented as Nyquist plots (Z" im vs. Z´ re) for the bare 
GCE (a), PoPD/GCE (b) and CuNPs@POPD/GCE (c). The bare GCE 
displayed a small semicircle at higher frequency with small straight line at 
low frequency Ret = 288.64 (Z'/Ω), which represents the characteristics of 
diffusion-controlled process for the redox couple on the electrode surface, 
as shown in Fig. 4B(a). The spectrum of PoPD/GCE is observed the higher 
semicircle a lower frequency with low straight line with Ret = 245.41 
(Z'/Ω), which corresponds to diffusion limited electron-transfer process 
as shown in Fig. 4B(b). The spectrum of CuNPs@POPD/GCE clearly shows 
the semicircle with better straight line at very low frequency (Ret =101.96 
(Z'/Ω) as shown in Fig. 4B(c). the GCE and PoPD/GCE curves are clearly 
delivered the straight line from lower to higher frequencies confirm the 
blocking the electron transfer under redox K3Fe(CN)63-/4- probe. Whereas 
CuNPs@POPD/GCE is showed the straight line from higher to lower 
frequencies because CuNPs@PoPD/GCE can done an better electron-
transfer medium and enhanced electron-transfer rate due to CuNPs coated 
on PoPD/GCE surface. 
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3.7 Electrochemical Oxidation of L-Trp and L-Tyr Modified CuNPs@POPD/ 
GCE 

Fig. 5(A and B) shows the electrochemical oxidations of L-Trp and L-Tyr 
at different modified electrodes were analyzed such as GCE, PoPD/GCE 
and CuNPs@PoPD/GCE. The electrochemical oxidation of 1 × 10-3 M L-Trp 
in PBS at pH 6 modified CuNPs@POPD/GCE at peak potential 0.67 V vs. 
Ag/AgCl as shown in Fig. 5A(d). During the oxidation and reduction, the 
observed peak potentials are as follows: the Oxi1 (0.68 V), Oxi2 (0.57 V) 
and Oxi3 (0.43 V) and Red1 (0.13 V) and Red2 (-0.07 V), respectively. The 
Oxi1 is corresponding to the oxidation of L-Trp. The Oxi2 and Red2 peaks 
are represented the oxidation and reduction of PoPD, respectively [47]. 
The Oxi3 and Red1 peaks are due to Cu2+ to Cu+ and Cu+ to Cu0, respectively. 
The CV data further confirmed the incorporation of CuNPs coated on PoPD 
as shown in Fig. 5A (d) [48, 49]. Among all the systems, the 
CuNPs@PoPD/GCE displayed a higher current response and electron 
transfer, when compare to that both GCE and PoPD/GCE as shown in Fig. 
5A (b-d).  
 

 
Fig. 5 Cyclicvoltammograms for Bare (a), GCE (b), PoPD (c) and CuNPs@PoPD (d) in 
1 × 10-3 M of L-Trp (A)  and L-Tyr (B) observed in 0.1 M PBS (pH 6.0) at 100 mVs-1 
scan rate. CV of 1 × 10-3 M of L-Trp (C) and L-Tyr (D) observed in 0.1 M PBS (pH 6.0) 
on CuNPs@PoPD at different scan rate 20-100 mVs-1. (A) Calibration plot of Ipa (µA) 
vs. ѵ (mV / s) for (a) L-Trp and (b) L-Tyr (B). 

 
In the case of L-Tyr, the oxidation peak potential and peak current were 

not observed clearly on both GCE and PoPD/GCE according to Fig. 5B(b 
and c). On the other hand, CuNPs@PoPD/GCE shows a well-defined 
oxidation and reduction peak Oxi1 (0.62 V), Oxi2 (0.43 V) and Oxi3 (0.35V) 
and reduction peak potential value Red1 (0.03) and Red2 (0.16) as shown 
in Fig. 5B(d). The electrochemical reaction of L-Try by using 
CuNPs@PoPD/GCE shows the oxidation-reduction peak potential area as 
similar to L-Trp as described above. The electrocatalytic oxidation of L-Trp 
and L-Tyr at CuNPs@PoPD/GCE was tested with different potential scan 
rates and the resulting cyclic voltammograms are shown in Fig. 5(C and 
D). The oxidation peak current values increase linearly with increasing 
potential scan rate for L-Trp and L-Tyr, which confirms the absorption 
controlled process over the CuNPs@PoPD/GCE as shown in Fig. 3(C and 
D).  
 
3.8 LSV Detection of L-Trp and L-Tyr by using the Modified 
CuNPs@POPD/GCE 

LSV was used to determine the specific oxidation peak potential and 
also calculate the detection limit of analyst system. Here, the modified 
CuNPs@PoPD/GCE  was applied to analyze low concentration limit of L-
Trp and L-Tyr with scan potential range at 0.4 to 0.8 V and 0.2 to 0.8 V in 
0.1 M PBS (pH 6.0) are shown Fig. 6(A and B). By using CuNPs@PoPD, 
every addition of L-Trp and L-Tyr, the oxidation peak current increases 
with concentration linearly at the modified CuNPs@PoPD/GCE. The 
calibration plots for L-Trp and L-Tyr are shown in shown in Fig. 6(C and 
D). These analysis give following informations: the CuNPs@POPD/GCE 
displayed a high sensitivity 1.8 μAmM-1 and 3.45 μAmM-1 for L-Trp and 
0.98 μAmM-1 and 6.32 μAmM-1 for L-Try), low detection limit (10 .8 × 10-7 

M and 15 × 10-7 M at S/N = 3), fast response time (5 s), and wide linear 
range from 1.0 × 10-6 to 0.98 × 10-5 M (R2 = 0.9511) and 1.2 × 10-6 to 1.0 × 
10-5 M (R2 = 0.9441) for L-Trp and L-Tyr, respectively. Moreover, the 
analytical performance of CuNPs@PoPD/GCE for L-Trp and L-Tyr was 
compared with different electrochemical systems [18-26] and are 
summarized in Table 2. 

 

Fig. 6 Linear sweep voltammetry responses of   L-Trp (A) and L-Tyr (B) observed in 
0.1 M PBS on CuNPs@PoPD at different concentration 1 µM to 10 µM. Calibration plot 
of Ipa vs. C (µM / L) for L-Trp (C) and L-Tyr (D). 
 

Table 2 The comparison of electrocatalytic detection of CuNPs@PoPD/GCE with 
other sensors (Analyte: L-Trp, L-Tyr) 
 

S.No Electrode LOD* (μM) Linear range (μM) Ref. 

1 MWCNT/GCE - 0.4 - 2-500 [18] 

2 TiO2-GR/4-ABSA/GCEa 0.3 - 1-30 - [19] 

3 MWCNT-CPEb 0.033 - 0.6-9.0 - [20] 

4 Nafion/TiO2-

graphene/GCE 

0.7 2.3 5-140 10-160 [21] 

5 ERGO/GCEc 0.1 0.2 0.2-40 0.5-80 [22] 

6 Boron-doped diamond 10 1 20-1000 100-700 [23] 

7 SWCNH/GCEd 0.05 0.4 0.5–50 2-30 [24] 

8 Butyrylcholine-GCE  0.4 0.6 2-60 4-100 [25] 

9 Ag/Rutin/WGE 0.1 0.07 0.7–70 0.3-10 [26] 

10 CuNPs@PoPD/GCE 1.08 1.5 9.8-1.0 1.2-10 Present work 

aTiO2-graphene/poly(4-aminobenzenesulfonic acid) composite film modified glassy 
carbon electrode (TiO2-GR/4-ABSA/GCE); bMulti-Walled Carbon Nanotube modified 
carbon paste electrode (MWCNT-CPE); cElectrochemically reduced graphene oxide 
modified glassy carbon electrode (ERGO/GCE); dSingle-walled carbon nanohorns 
modified glassy carbon electrode (SWCNH/GCE); Rutin complex film modified paraffin-
impregnated graphite electrode (Ag/Rutin/WGE); *Limit of Detection (LOD) 
 

 

Fig. 7 Linear sweep voltammetry responses of L-Trp (A) and L-Tyr (B) observed in 
0.1 M PBS on CuNPs@PoPD at after and before adding of 10 µM 
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3.9 Recovery 

The recovery was done by taking 10 mL of 0.1 M PBS (pH 6.0) and 100 
μL urine sample. A clear increase in the current was observed, when 
adding L-Trp to urine sample (Fig. 7A(b)), compared to pure urine alone 
Fig. 7A(a). A similar reaction concentration was adopted for funding and it 
L-Tyr concentration in urine sample. L-Try and urine samples were 
showed only sharp intensity peak as shown in Fig. 7B(b). About six 
measurements were done simultaneously with an average recovery value 
of 102 % and 104 % for urine sample and the experimental results are 
given in Table 3.  
 
Table 3 Electrochemical determination of L-Trp and L-Tyr in urine samples ( n = 6) 

Urine 

Samples 

Compound Added (μM) Found (μM) Recovery (%) Average (%) 

1 L-Trp 4 4.3 102 
 

102 

 

101 

 L-Tyr 4 4.8 104 

2 L-Trp 4 4.7 102 

 L-Tyr 4 4 100 

 

 3.10 Interference Studies 

Various amino acids are present in urine samples. The system 
CuNPs@PoPD/GCE exhibits good sensor properties towards the selective 
detection of L-Trp and L-Tyr. The electro active system can detect these 
amino acids even present in very less amount (100 μl). The voltammetric 
responses of L-Trp and L-Tyr were not affected by the above said amino 
acids present in urine sample. 

The proposed possible electrocatalytic oxidation mechanism of L-Trp 
and L-Tyr at CuNPs@ PoPD/GCE is shown in Scheme 2. 

 

 

Scheme 2 Electrocatalytic oxidation mechanism of L-Trp and L-Tyr at CuNPs@ 
PoPD/GCE 

 

4. Conclusion 

CuNPs@PoPD/GCE was synthesized by a simple route approach. The 
synthesized CuNPs@PoPD/GCE was employed for the quantitative 
detection of L-Trp and L-Tyr in blood samples using CuNPs@PoPD/GCE 
modified electrode by the linear sweep voltammetry method in the 
phosphate buffer medium. The voltammetric technique is considered to be 
simple, convenient, fast and inexpensive, accurate method for the 
determination of L-Trp and L-Tyr in urine samples. The CuNPs@PoPD 
exhibit an enhanced electrocatalytic response towards L-Trp and L-Tyr. 
The detection limit (LOD) for L-Trp and L-Tyr is found to be 10.8 × 10-7 M 
and 15 × 10-7 M, respectively. The proposed method could be used 
extensively for the electro-analytical detection of other urine samples. 
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