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The present work describes the development of a selective electrochemical sensor for urate 
based on tris(1,10-phenantroline)copper(II) bis(tetracyanoquinodimethanide) (Cu(phen)3(TCNQ)2) 
adsorbed on multi-walled carbon nanotubes (CNT). The composite material was characterized by 
infrared spectroscopy, scanning electron microscopy, and electrochemical impedance spectroscopy. 
The composite material showed an excellent electrocatalytic activity toward oxidation of urate. The 
heterogeneous charge transfer rate constant (k’) between the analyte and the sensor was determined 
using linear sweep voltammetry experiments. The composite material shows a linear range from 5 up 
to 2500 μmol L-1 with limit of detection of 1.05 μmol L-1 and limit of quantification of 3.50 μmol L-1. 
The high sensitivity and selectivity of the sensor for urate was sufficient for its determination in 
biological fluids. Finally, the proposed sensor was successfully applied in urine samples.

Keywords: Cu(phen)3(TCNQ)2, functionalized carbon nanotubes, urate

Introduction

Urate (UA) is an important biological compound 
from purine’s metabolism, it has a hole of selective 
antioxidant, capable of reaction with hydroxyl radicals and 
hypochlorous acid.1 Usually, its normal level in urinary 
excretion is in the concentration range 1.49-4.46 mmol L-1,2 
while in blood it is 0.15-0.45 mmol L-1.3 Anomalous 
levels of UA can be associated with many sicknesses such 
as hyperuricemia,4 gout,5 Lesch-Nyhan syndrome6 and 
Parkinson’s disease.7,8 In this sense, the development of a 
sensitive, selective and fast method for UA determination 
is highly important to collaborate with the diagnostic of 
aforementioned diseases. With this goal, many techniques 
are applied to urate determination including fluorescence,3 
electrochemiluminescence,2 capillary electrophoresis 
with contactless conductivity,9 high-performance liquid 

chromatography (HPLC) linked with mass spectrometry,10 
and many others. Among the used techniques, the 
electrochemical methods show some advantages like 
relative low cost, quickness and very low limits of 
quantification. However, the common issue in voltammetric 
measurements regards the overlapping of responses due to 
UA, ascorbate (AA) and adrenaline (AD), oxidations which 
occur at adjacent potentials. This issue can be resolved 
by the development of selective and sensitive composite 
materials.11,12

C h a r g e  t r a n s f e r  c o m p l e x e s  b a s e d  o n 
7,7,8,8-tetracyanoquinodimethane (TCNQ) have been 
intensively studied due to its rich array of electrical, 
electrochemical, optical, and spectroscopic properties. 
This is particularly true where these compounds take the 
form of nanoparticles, micro- and nano-rod crystals, thin 
films, or self-assembled monolayers on a substrate that may 
be incorporated into a device for energy or information 
storage, catalysis, or sensing applications.
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Mx
+[TCNQ]x

– derivatives (designated below as 
MTCNQ, M = transition metal) have also been synthesized 
and characterized. Frequently, these metal complexes 
behave as organic semiconductors, some of which may be 
used as mediators or electrocatalysts, as in the case with 
(Cu(phen)3(TCNQ)2).

13-15

There are numerous advantages in investigating 
this type of material, as synthesis is straightforward 
and properties, such as conductivity, can be controlled 
systematically by either changing the metal cation or the 
electron acceptor. The bonding arrangement between the 
central cation and the anions can also be varied, with the 
copper-TCNQ complexes being of particular interest, as 
they can exist as both a kinetically and thermodynamically 
stable phase with significantly different conductivities.16 
This is due to differences in the stacking arrangement of the 
interpenetrating networks of TCNQ within the structures, 
where the phase I shows efficient p-stacking, and hence 
higher conductivity, compared to phase II which does not, 
due to the larger distance between the individual TCNQ 
layers.16

However, the modifications that consist only of TCNQ 
are not stable enough and researches showed that more 
efficient modifications can be obtained by the association 
with other materials.17 A number of methods have 
been developed to acquire and stabilize copper-TCNQ 
crystals in its conducting phase I. In recent years, several 
research groups have demonstrated that composites 
based on charge transfer complexes based on TCNQ 
and multi-walled carbon nanotubes (CNT) can form 
supramolecular arrangement due to π-π interactions.18 
Indeed, CNT has been exploited to promote high-quality 
nano- and microwires of charge transfer complexes based 
on TCNQ.19

In this sense, the present work reports the development of 
an efficient and stable sensor based on CNT functionalized 
with the compound tris(1,10-phenantroline)copper(II) 
bis(tetracyanoquinodimethanide) for sensitive, stable and 
selective determination of urate in urine samples.

Experimental

Reagents and solutions

All chemicals were of analytical grade and were used 
as received without further purification. The multi-walled 
carbon nanotubes (CNT, > 90% purity, 110-170 nm diameter, 
5-9 μm length) was purchased from Sigma-Aldrich®. UA 
was purchased from Proquímios. 1,10-Phenanthroline 
hydrochloride monohydrate was acquired from Riedel-de-
Haën. 7,7,8,8-Tetracyanoquinodimethane and acetonitrile 

were acquired from Acros Organics and lithium iodide was 
acquired from Merck. The synthesis and characterization 
of Cu(phen)3(TCNQ)2 was performed according to 
literature.20,21 Tris(hydroxymethyl)aminomethane (Tris), 
hydrochloric acid, sodium hydroxide and monosodium 
phosphate were purchased from Vetec.

All solutions were prepared with water purified in a 
Milli-Q Millipore system PURELAB Classic DI Belga 
(resistivity > 18 MΩ) and the actual pH of the buffer 
solutions was determined with a Digimed DM-20 pHmeter.

Material characterization and electrochemical measurements

The scanning electron microscopy (SEM) measurements 
were performed using a Shimadzu VEGA 3 TESCAN 
scanning electron microscope. The Fourier transform 
infrared spectroscopy (FTIR) was carried out with a FT-IR 
VARIAN 640 IR spectrometer.

The cyclic voltammetry (CV) and differential 
pulse voltammetry (DPV) were performed with a 
potentiostat/galvanostat model PGSTAT 101 from 
Autolab coupled to a microcomputer with NOVA 1.7 
software. The electrochemical impedance spectroscopy 
(EIS) measurements were performed with a PGSTAT 
128 N potentiostat/galvanostat from Autolab coupled to 
a microcomputer with GPES and FRA 4.9 software. The 
hydrodynamic measurements were carried out with a motor 
rotation from PINE Instruments. The electrochemical 
cell was a conventional three electrodes cell containing  
Ag/AgCl(sat.) as reference electrode, a gold wire as 
auxiliary electrode and a glassy carbon electrode (GCE) 
(bare or modified) as work electrode.

Carbon nanotubes functionalization

The CNT were functionalized preparing a dispersion 
containing 50 mg of CNT and 6 mg of Cu(phen)3(TCNQ)2 
in 10 mL of dimethylsulfoxide (DMSO) which was 
maintained at rest and room temperature for 72 h. Then, 
the prepared dispersion was filtered under vacuum. The 
obtained material (Cu(phen)3(TCNQ)2/CNT) was dried at 
40 oC and used to prepare an aqueous dispersion for later 
modification of electrode surface.

Preparation of modified electrode

The GCE was polished with alumina powder before 
its modification. A volume of 5 μL of the dispersion of 
Cu(phen)3(TCNQ)2/CNT was dropped on the GCE surface 
and it was allowed to dry at 40 oC for 15 min. After this 
step, the modified electrode Cu(phen)3(TCNQ)2/CNT/GCE  
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was thoroughly rinsed with distilled water. Control 
experiments were also carried out with bare GCE, GCE 
modified with a CNT dispersion and GCE modified with 
Cu(phen)3(TCNQ)2.

Results and Discussion

Characterization of the Cu(phen)3(TCNQ)2/CNT composite 
material

The morphologies of CNT, Cu(phen)3(TCNQ)2, and 
Cu(phen)3(TCNQ)2/CNT composite were investigated by 
SEM and the results are presented in Figures 1A-C. The 
SEM images of CNT and Cu(phen)3(TCNQ)2 complex are 
depicted in Figures 1A and 1B, respectively. As can be seen 
in Figure 1B, Cu(phen)3(TCNQ)2 shows a layered structure 

consisting of well packed sheets over the surface. This kind 
of morphology is usual for the phase II of metal-TCNQ 
charge transfer complexes.22

On the other hand, Figure 1C reveals the presence of 
microrods of Cu(phen)3(TCNQ)2 with a diameter of about 
2 μm and a length of 15 μm (approximately) embedded 
in the CNT structure. We believe that the nucleation and 
growth of microrods of Cu(phen)3(TCNQ)2 in the CNT 
structure is favored due to the strong interaction between 
CNT with the charge transfer complex.19

The chemical composition of unmodified CNT, 
Cu(phen)3(TCNQ)2 and Cu(phen)3(TCNQ)2/CNT surfaces 
were characterized by FTIR (Figure 1D, spectra a-c). 
The FTIR spectrum of the unmodified CNT (Figure 1D, 
spectrum a) shows a broad C–H alkyl stretching peak at 
2850-3000 cm-1, a sharp C=O stretching peak from the 

Figure 1. SEM images of (A) CNT, (B) Cu(phen)3(TCNQ)2, (C) Cu(phen)3(TCNQ)2/CNT and (D) FTIR spectra of (a, black curve) CNT, (b, red curve) 
Cu(phen)3(TCNQ)2 and (c, blue curve) Cu(phen)3(TCNQ)2/CNT.
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COOH groups at 1450 cm-1 and a broad O–H stretching 
peak between 3400 and 3600 cm-1.

The IR values, v(C–H), 835 and 723 cm-1 observed for 
phenanthroline are red shifted to 865 and 800 cm-1. These 
red shifts can be explained by the fact that each of the two 
nitrogen atoms of phenanthroline ligands donates a pair of 
electrons to the central metal forming a coordinate covalent 
bond.23 Ring stretching frequencies v(C=C) and v(C=N) at 
1519 and 1444 cm-1 for free phenantroline shift to higher 
frequencies upon complexation, indicating coordination of 
the heterocyclic nitrogen. Absorptions at 420-493 cm-1 are 
ascribed to the formation of Cu–N bonds, respectively.24 
The complex displays an intense and broad band centered at 
3400 cm-1 that can be assigned to O–H stretching vibration 
of the water molecules and the broadness is indicative of 
hydrogen bonds.

The FTIR spectrum of the composite Cu(phen)3(TCNQ)2/
CNT (Figure 1D, spectrum c) confirms the modification of 
CNT through the presence of the characteristic bands of both 
compounds shown in Figure 1D, spectra a and b. In addition, 
the FTIR spectrum obtained for Cu(phen)3(TCNQ)2/CNT 
composite shows a band at 2200 cm-1 associated with 
phase I of copper-TCNQ complexes.25

Electrochemical behavior of Cu(phen)3(TCNQ)2/CNT/GCE

A f t e r  m o d i f y i n g  t h e  e l e c t r o d e  w i t h  t h e 
Cu(phen)3(TCNQ)2/CNT composite, 20 cycles were 
scanned in the potential range from –0.8 to 0.8 V in 
0.1 mol L-1 phosphate buffer solution (PBS) at a scan rate 
of 0.05 V s-1 (Figure 2). Cu(phen)3(TCNQ)2/CNT/GCE 
provided a stable electrochemical response. As can be seen 
in Figure 2, the cyclic voltammograms exhibit two anodic 
peaks at forward scan of potential and two cathodic peaks 
in backward scan of the potential.

Cu(phen)3(TCNQ)2/CNT/GCE displays an initial 
TCNQ0/•– reduction process (Figure 2, labelled as 
process 1) with 1red and 1ox being associated with TCNQ 
reduction and TCNQ•– oxidation, respectively. A number 
of copper-TCNQ modified electrodes show the presence 
of a symmetrical peak on switching the scan direction to 
more positive values. This behavior has been associated 
with partial stripping of copper-TCNQ when the potential 
is returned to more positive values.25

However, the cyclic voltammograms (CVs) for 
Cu(phen)3(TCNQ)2/CNT/GCE do not show a symmetric 
redox peak due to the stripping of the Cu(phen)3(TCNQ)2 
complex. It is probable that the composite becomes 
constituted by more strongly adhered crystals on the 
electrode surface, which are more difficult to strip from 
the electrode surface.26 As a consequence, after 20 cycles 

the relative standard deviation (RSD) was lower than 2% 
for the last 5 cycles indicating a good stability. Finally, at 
more negative potentials a redox couple is detected (labelled 
as process 2 in Figure 2) with very sharp, symmetrical 
reduction (2red) and oxidation (2ox) peaks. According to the 
above results, and combining with the reaction mechanism 
which have been studied in previous reports,25 the possible 
reaction mechanisms are summarized in the following 
equations:

Process 1 (redox couple 1)
2TCNQ + 2e– ⇌ 2TCNQ• – (1a)
2TCNQ• – + [Cu(phen)3]

2+ ⇌ Cu(phen)3(TCNQ)2 (1b)

Process 2 (redox couple 2)
TCNQ + TCNQ• – + [Cu(phen)3]

2+ ⇌  
                              Cu(phen)3[(TCNQ)(TCNQ• –)]+ (2a)
Cu(phen)3[(TCNQ)(TCNQ• –)]+ + 1e– ⇌                          
                              Cu(phen)3(TCNQ)2 (2b)

In order to take information of the composite electrode 
kinetics, the difference between the peak potential (Ep) and 
the formal potential (E0') was evaluated as a function of the 
logarithm of the scan rate (Figure 3). The results show that 
at high scan rate values the value of ∆E (∆E = Ep – E0') 
was higher than 200 mV. Therefore, the electron transfer 
coefficient (α) and the apparent heterogeneous rate 
constant of charge transfer (ks) between the electrode and 
a surface-confined redox couple were estimated by method 
of Laviron.27 The calculation of E0' was accomplished 
in conforming to the following equation (considering 
α ca. 0.5):28

E0' = Ep,a – (Ep,a – Ep,c) (3)

Figure 2. Cyclic voltammograms of Cu(phen)3(TCNQ)2/CNT/GCE in 
0.1 mol L-1 PBS. Scan rate: 50 mV s-1.
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According to Laviron theory,27 for high values of scan 
rates, the slope of the linear region of the plot of ∆E vs. 
ln v (Figure 3) is equal to 2.303RT / αanF for the anodic 
peak and –2.303RT / αcnF for the cathodic peak. In this 
sense, the values 0.58 and 0.41 were obtained for αa and 
αc, respectively. Thus, the average 0.5 for α was used for 
determination of ks according to the following equation:27

 (4)

where v is the scan rate, n is the number of involved 
electrons, T is the temperature, R is the gas constant, F 
is the Faraday constant and all other symbols have the 
aforementioned meanings. The value found for ks was 
2.9 s-1.

The electrode effective area, A, and the surface 
concentration of electroactive species, Γ, were also estimated. 
Initially, CVs in 1 mmol L-1 of Fe(CN)6

3–/Fe(CN)6
4–  

(0.1 mol L-1 KCl) were performed at several rate scan 
values. The slope of the plot of current vs. square root of 
scan rate (v1/2) and the Randles-Sevick equation29 make it 
possible to get value of A:

ip = (2.69 × 105)n3/2AD1/2C*v1/2 (T = 25 °C) (5)

where ip is the peak current, n is the number of involved 
electrons, A is the electrode area, D is the diffusion 
coefficient of electroactive species, C* is the bulk 
concentration of electroactive species and v the scan rate. 
The calculated area of the composite modified electrode 

was 0.092 cm2 whereas the geometric area is 0.032 cm2 
contributing with the sensitivity of system. After this step, 
Γ value was estimated by using equation 630 and the value 
obtained was 2.89 × 10-9 mol cm-2. The electrical charge 
Q was calculated by integration of peak current on the last 
cyclic voltammogram to the composite modified electrode.

 (6)

In addition, the electrochemical properties of 
Cu(phen)3(TCNQ)2/CNT/GCE were also verified by EIS 
using the redox couple Fe(CN)6

3–/Fe(CN)6
4– (1 mmol L-1) 

in aqueous solution of KCl (0.1 mol L-1). This modification 
was evaluated in comparison with bare electrode and the 
other control experiments (GCE modified with CNT or 
Cu(phen)3(TCNQ)2) by Nyquist plot (Figure 4).

The impedance spectra were fitted interpreting the 
electrochemical cell as a modified Randles equivalent 
electrical circuit, including the solution resistance (Rs) 
in series with a constant phase element (CPE) that is in 
parallel with the charge-transfer resistance (Rct), which in 
turn is in series with Warburg impedance (ZW) (Figure 4 
inset). The CPE was used with the aim of considering the 
frequency dispersion of capacitance owing to atomic scale 
in homogeneity, porous geometry and roughness.31

The results show that the charge-transfer resistances 
of all modified electrodes (Cu(phen)3(TCNQ)2/GCE,  
CNT/GCE and Cu(phen)3(TCNQ)2/CNT/GCE, with charge 
transfer resistance of 78.8, 4.0 and 4.7 Ω, respectively) are 
much smaller than Rct of bare electrode (410.0 Ω).

Figure 3. Relationship between ∆E and log v for Cu(phen)3(TCNQ)2/
CNT/GCE. Inset: plot of ∆E vs. log v for Cu(phen)3(TCNQ)2/CNT/GCE 
at higher values of v.

Figure 4. Nyquist plots for: bare GCE (black square), Cu(phen)3(TCNQ)2/
GCE (red circle), CNT/GCE (green triangle) and Cu(phen)3(TCNQ)2/
CNT/GCE (blue inverted triangle); Inset: magnification of the Nyquist 
plot for CNT/GCE and Cu(phen)3(TCNQ)2/CNT/GCE and the equivalent 
circuit for the purpose system. The measurements were performed with 
potassium ferricyanide (1 mmol L-1) in 0.1 mol L-1 KCl.
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The CNT was responsible for the smallest Rct observed 
justifying its application. The composite modified electrode 
showed a charge transfer resistance a little higher than 
the CNT/GCE, which possibly happens because of the 
synergistic effect between CNT and the ions TCNQ– and 
Cu(phen)3

2+ (π-stacking). Nevertheless, the subsequent 
analyses show Cu(phen)3(TCNQ)2/CNT/GCE is more 
suitable than CNT/GCE for our analytical purpose.

Electrooxidation of UA and AD in presence of AA 
on Cu(phen)3(TCNQ)2/CNT/GCE and effects of the 
experimental conditions

Cu(phen)3(TCNQ)2/CNT/GCE was tested in presence 
of AA, AD and UA and analyzed in comparison with other 
modifications (Figure 5). As can be seen in Figures 5a-d, the 

peak potentials for AA, AD and UA are superimposed at bare 
GCE (a), CNT/GCE (b), and Cu(phen)3(TCNQ)2/GCE (c).  
Figures 5a and 5b show that it is impossible to determine 
the individual concentration of these compounds from the 
merged voltammetric peaks. On the other hand, the use of 
CNT/GCE (Figure 5c) and Cu(phen)3(TCNQ)2/CNT/GCE 
(Figure 5d) were selective to AA, AD and UA. However, 
Cu(phen)3(TCNQ)2/CNT/GCE showed higher peak current 
to AA, AD, and UA than that on CNT/GCE (Figure 5d). 
Thus, Cu(phen)3(TCNQ)2/CNT/GCE is a feasible method 
for selective and sensitive oxidation of AA, AD and UA due 
to the ability of CNT in fixing and controlling the stability 
and electrochemical performance of the Cu(phen)3(TCNQ)2 
charge transfer complex.32 The following mechanisms 
can be proposed for oxidation of the analytes on the 
Cu(phen)3(TCNQ)2/CNT modified electrode:

Figure 5. Cyclic voltammograms of AA (black curve), AD (red curve) or UA (blue curve) on (a) bare GCE, (b) Cu(phen)3(TCNQ)2/GCE, (c) CNT/GCE 
and (d) Cu(phen)3(TCNQ)2/CNT/GCE. Experiments carried out in 0.1 mol L-1 PBS (pH 7.0) and v = 50 mV s-1.
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Cu(phen)3(TCNQ)2 – 1e– ⇌ 
                        Cu(phen)3[(TCNQ)(TCNQ)–)]+  (7)

Cu(phen)3[(TCNQ)(TCNQ)–)]+ + analyte(reduced form) ⇌  
                        Cu(phen)3(TCNQ)2 +analyte(oxidized form) (8)

The influence of Cu(phen)3(TCNQ)2 concentration for 
functionalization of nanotubes was evaluated preparing 
five solutions in DMSO (0.2, 0.4, 0.6, 0.8 and 1.0 mg mL-1) 
and modifying the electrode with the composites obtained. 
The best result (higher sensitivity toward AA, AD and UA 
oxidation) was acquired using 0.6 mg mL-1 which was utilized 
in subsequent analysis. The less concentrated solutions are 
probably not able to adsorb sufficient electrocatalytic species 
on CNT structure. On the other hand, more concentrated ones 
may change dramatically the network of sp2 carbons from 
nanotubes hampering the charge transfer.

The concentration of the CNT dispersion for GCE 
modification was also studied (1.0, 2.0, 3.0, 4.0 and 
5.0 mg mL-1) always dropping 5 μL on electrode surface. 
The best result was observed with 3.0 mg mL-1. The 
concentration is related to surface coverage, thus low 
concentrations cannot entirely cover the electrode. 
Notwithstanding, the higher concentrations of CNT can 
generate thick covers that are instable and not further the 
charge transfer. Lastly, the nature and pH (6.0, 6.5, 7.0, 
7.5, 8.0 and 8.5) of buffer was chosen by comparing the 
0.1 mol L-1 McIlvaine, Hepes, Tris and PBS solutions. The 
highest peak currents were observed using PBS between 
pH 7.0 and 7.5 (data not shown).

Urate oxidation on Cu(phen)3(TCNQ)2/CNT/GCE

The number of electrons involved in the electrochemical 
reaction of UA on the composite modified electrode was 
estimated by plotting the peak current vs. square root of 
scan rate, which displayed a linear relationship (Figure 6a), 
indicating a mass transport limitation. For irreversible 
behavior the equation 9 can be applied:33

ip = (2.99 × 105)(ana)
1/2nAC*D1/2v1/2 (9)

where na is the number of electrons involved in the rate-
determining step and all other symbols have the meanings 
aforementioned.

Considering the necessary knowledge of the (αana) 
value presented in equation 9, one approach was employed, 
based on the shift of the peak potential as a function of scan 
rate.33 In this sense, based on the simplified expression for 
an irreversible reaction, the change in Epa for each 10-fold 
increase in v is 1.15RT / [αana]F,33 the plot of Epa vs. log v 

indicates a linear variation with the values of [αana] estimated 
as being 1.44. Thus, using the value of [αana] in equation 9 
and the slope of inset of Figure 6a, the value of n was 

Figure 6. (a) Cyclic voltammograms for Cu(phen)3(TCNQ)2/CNT/GCE in 
presence of 0.5 mmol L-1 UA in 0.1 mol L-1 PBS (pH 7.0). The scan rate 
was shifted according to the values 5; 10; 15; 20; 25; 30; 50 and 70 mV s-1. 
Inset: linear relationship between Ip and v1/2; (b) Levich plot obtained 
from hydrodynamic voltammograms of Cu(phen)3(TCNQ)2/CNT/GCE 
for solutions of 0.1 mmol L-1 (square) and 0.5 mmol L-1 (triangle) UA in 
0.1 mol L-1 PBS (pH 7.0); (c) Koutecky-Levich plots constructed from 
Levich plots shown in (b).
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calculated to be 2.02, suggesting a transfer mechanism of 2 
electrons for the electrocatalytic oxidation of UA. This result 
is in agreement with the works reported in the literature based 
on the catalytic oxidation of UA.34 The diffusion coefficient 
considered was 5.1 × 10-6 cm2 s-1 for UA.35

In order to take more information about UA oxidation 
on the composite material, hydrodynamic measurements 
were also performed. In this sense, polarization curves for 
UA oxidation reaction recorded at several electrode rotation 
rates ω (100, 150, 200, 250, 300, 350, 400, 500, 600, 700, 
800 and 900 rpm) and different UA concentrations (0.1 and 
0.5 mmol L-1) in PBS (pH 7.0) with a potential scan rate 
of 0.01 V s-1 were performed. The limiting currents (Ilim) 
obtained for the modified electrode increase with the rotation 
speed. The linearity of the Levich plots observed at lower 
rotation rates indicates that the reaction is controlled by mass 
transport. On the other hand, a deviation of the linearity in 
the Levich plots observed at higher rotation rates suggests a 
kinetic limitation (Figure 6b). For higher values of rotation 
rate, the thickness of the Levich layer decreases and the 
magnitude of the current begins to be controlled by the rate 
of the redox mediated reaction between UA and composite. 
In this case, the polarization curves are more conveniently 
analyzed by means of Koutecky-Levich plots (Figure 6c), 
where the currents for UA oxidation on the rotating disk 
electrode are analyzed in potential regions where the mass 
transport and kinetic contributions are related as follows:29

 (10)

in this case vk represents the kinematic viscosity, ILev the 
current limited by mass transport and all other symbols 
have the meanings aforementioned.

The values of kobs decreased from 2.67 × 106 to 
1.18 × 106 cm3 mol-1 s-1 as the bulk concentration of UA 
increased from 0.1 to 0.5 mmol L-1. From the slope and 
intercept of the plot kobs vs. [UA] a straight line was obtained 
and the extrapolated value of kobs to zero UA concentration 
was estimated as 3.04 × 106 cm3 mol-1 s-1. Take into account 
that k' = kobs × Γ, that is the rate constant considering the 
surface concentration of electroactive species, the value 
of 8.79 × 10-3 cm s-1 was calculated. The k' value is higher 
than other reported in literature for reaction between UA 
and chemically modified electrodes.35-39

Resolution of peaks and analytical characterization

The selective UA oxidation on Cu(phen)3(TCNQ)2/
CNT/GCE was evaluated by DPV keeping constant the 
AD (100 μmol L-1) and AA (50 μmol L-1) concentration 

while changing UA concentration in the range of 45 up to 
135 μmol L-1 (Figure 7a). The linear behavior of the UA 
response (inset of Figure 7a) was not affected in presence 
of AD and AA showing that the proposed electrode can be 
used in samples containing these foreign species.

F i g u r e  7 b  s h ow s  t h e  D P V  r e c o r d e d  f o r 
Cu(phen)3(TCNQ)2/CNT/GCE in successive additions of 
UA into the PBS. Inset of Figure 7b shows the analytical 
curve for UA. A wide linear response range from 5 up 
to 2500 μmol L-1 was observed, which can be expressed 
according to the equation: 

Ip (μA) = 0.01 + 0.11 [UA] (μmol L-1) (11)

with a correlation coefficient of 0.998. The sensitivity 
and the linear range were as good as or even better when 

Figure 7. (a) DPV of Cu(phen)3(TCNQ)2/CNT/GCE in 0.1 mol L-1 PBS 
(pH 7.0) containing 50.0 μmol L-1 AA and 100.0 μmol L-1 AD and different 
concentrations of UA: 45.0, 65.0, 100.0, 120.0 and 135.0 μmol L-1. 
Inset: linear relationship between the peak current and [UA].  
v = 60 mV s-1; amplitude = 140 mV. (b) DPV of Cu(phen)3(TCNQ)2/CNT/GCE  
in 0.1 mol L-1 PBS (pH 7.0) containing different concentrations of UA: 
5.0-2500 μmol L-1. Inset: analytical curve constructed. v = 60 mV s-1; 
amplitude = 140 mV.
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compared with many works reported in the literature 
(Table 1).36-45 Such good sensitivity can be attributed 
to the efficiency of the electron transfer between 
Cu(phen)3(TCNQ)2/CNT modified electrode and UA, 
favored by highly dispersed Cu(phen)3(TCNQ)2 complex 
on the CNT. The limits of detection and quantification were 
estimated as 1.05 and 3.50 μmol L-1, respectively, using 
3 × SDb / slope and 10 × SDb / slope ratios, respectively, 
where SDb is the standard deviation calculated from the 
ten background current values (blank measurements), 
determined according to the IUPAC recommendations.46

Stability studies of the Cu(phen)3(TCNQ)2/CNT/GCE 

The stability of the Cu(phen)3(TCNQ)2 modified 
electrode was also checked in the presence of 100 μmol L-1 
UA performing successive voltammetric measurements 
in 0.1 mol L-1 PBS at pH 7.0. After 150 voltammetric 
measurements no change was observed in the response of 
the modified electrode. When the modified electrode was 

stored at room temperature no significant change in the 
response was observed in the period of two months.

In order to study the repeatability of the electrode 
preparation procedure, six independent electrodes were 
modified with Cu(phen)3(TCNQ)2/CNT and voltammetric 
measurements were performed. The RSD values of 
measured anodic peak currents were 3.5%.

The utilization of the proposed method in biological 
sample analysis was also investigated by direct analysis of 
UA in the presence of AD in three different human urine 
samples. In this sense, 100 μL of the urine sample were 
added into 5 mL of 0.1 mol L-1 PBS (pH 7.5). The results are 
presented in Table 2. The percentage of the recovery values 
was calculated by comparing the concentration obtained 
from the samples with actual and added concentrations 
(Table 2). The standard addition method was used for 
testing recovery. The recovery of the spiked samples 
ranged between 99.00% and 100.34%, indicating that the 
proposed sensor is effective and can be applied for UA in 
real samples. It can be clearly observed that there is no 

Table 1. Comparison of some characteristics of the different modified electrodes for determination of UA

Electrode Technique
Linear range / 

(μmol L-1)
Slope / 

(A mol-1 L)
LOD / 

(μmol L-1)
Reference

Nanowires-LaPO4/CPE DPV 2.7-24.8 0.01 0.9 36

PAH-HCNTs/GCE DPV 6-65 0.95 1.5 37

GE/Au/GE/CFE DPV 12.6-413.62 0.1001 12.6 38

RuON/GCE DPV 3-56.6; 56.6-758.6 0.0091 0.47 39

GEF/CFE DPV 3.78-183.87 0.038 2 40

ErGO/CFE DPV 6-899.3 0.0379 2.23 41

Trp-GR/GCE DPV 10-1000 0.0601 1.24 42

PPy/FCN/Fe CV 100-5000 0.00446 23 43

PD-CuII/GCE DPV 60-1680 0.003 24.6 44

AT-AuNPs/GCE amperometry 0.03-100 0.0001 0.000076 45

Cu(phen)3(TCNQ)2/CNT/GCE DPV 5-2500 0.11 1.05 this work

Nanowires-LaPO4/CPE: carbon paste electrode coated with LaPO4 nanowires; PAH–HCNTs/GCE: glassy carbon electrode modified with helical carbon 
nanotubes functionalized with poly(allylamine hydrochloride); GE/Au/GE/CFE: layer-by-layer assembly of graphene sheets and gold nanoparticles 
modified carbon fiber electrode; RuON/GCE: glassy carbon electrode modified with ruthenium oxide nanoparticles; GEF/CFE: carbon fiber electrode 
modified by graphene flowers; ErGO/CFE: graphene oxide electrodeposited on carbon fiber electrode; Trp-GR/GCE: glassy carbon electrode modified 
with tryptophan functionalized graphene; PPy/FCN/Fe: polypyrrole films doped by ferrocyanide ions onto iron electrode; PD-CuII/GCE: glassy carbon 
electrode modified with copper(II)-polydopamine; AT-AuNPs/GCE: glassy carbon electrode modified with aminotriazole grafted gold nanoparticles films; 
Cu(phen)3(TCNQ)2/CNT/GCE: glassy carbon electrode modified with tris(1,10-phenantroline)copper(II) bis(tetracyanoquinodimethanide) adsorbed on 
multi-walled carbon nanotubes; DPV: differential pulse voltammetry; CV: cyclic voltammetry; LOD: limit of detection.

Table 2. UA quantification obtained using Cu(phen)3(TCNQ)2/CNT/GCE

Urine sample (n = 5)
UAa quantified / 

(μmol L-1)
UA spiked / 
(μmol L-1)

UA expected / 
(μmol L-1)

UA found / 
(μmol L-1)

Recovery / %

A 30.18 (± 0.10) 20.00 50.18 49.86 (± 0.20) 99.36

B 36.76 (± 0.30) 50.00 86.76 85.90 (± 0.50) 99.00

C 45.50 (± 0.05) 100.00 145.50 146.00 (± 0.18) 100.34

aValues obtained without considering the dilution factor (50 times) for samples; UA: urate.
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influence of the matrices on the developed sensor for the 
evaluated samples. In this sense, it is clearly demonstrated 
that Cu(phen)3(TCNQ)2/CNT/GCE is a feasible, sensitive, 
stable and good alternative to simultaneous determination 
of UA in presence of AD and AA.

Conclusions

The CNT were actually functionalized by suggested 
methodology involving the compound Cu(phen)3(TCNQ)2. 
The composite formed showed electrocatalytic behavior 
regarding AA, AD and UA oxidations by the change in 
peak current intensities and in the oxidation potentials. 
Thus, it allowed building an electrochemical sensor able 
to selectively determine UA in biological samples owing 
to high sensibility toward its oxidation and the ability to 
resolve the overlapping responses with AA and AD. The 
analyses in urine samples demonstrated that this modified 
electrode can be used for contributing in diagnostic of 
many diseases related with UA levels in this biological 
fluid.
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