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Abstract We describe a nonenzymatic electrochemical sen-
sor for uric acid. It is based on a carbon nanotube ionic-liquid
paste electrode modified with poly(β-cyclodextrin) that was
prepared in-situ by electropolymerization. The functionalized
multi-walled carbon nanotubes and the surface morphology of
the modified electrodes were characterized by transmission
electronic microscopy and scanning electron microscopy.
The electrochemical response of uric acid was studied by cy-
clic voltammetry and linear sweep voltammetry. The effects of
scan rate, pH value, electropolymerization cycles and accu-
mulation time were also studied. Under optimized experimen-
tal conditions and at a working voltage of 500 mV vs. Ag/

AgCl (3 M KCl), response to uric acid is linear in the 0.6 to
400 μΜ and in the 0.4 to 1 mΜ concentration ranges, and the
detection limit is 0.3 μΜ (at an S/N of 3). The electrode was
successfully applied to the detection of uric acid in (spiked)
human urine samples.

Keywords β-cyclodextrin . Carbon nanotube ionic liquid
paste electrode . Electropolymerization . Uric acid . Linear
sweep voltammetry

Introduction

Uric acid (UA) is the end product of purine metabolism.
The abnormal concentration levels of uric acid indicate the
symptoms of diseases such as gout, hyperuricemia, and
Lesch-Nyhan syndrome [1]. Therefore, it is important to
detect uric acid selectively and simply in the diagnosis
and treatment of diseases. The enzyme-based biosensors
usually suffer from disadvantages such as complicated prep-
aration, high costs, poor stability and low reproducibility.
Recently, non-enzymatic electrochemical sensors have been
developed for the determination of uric acid [2–4]. In order
to improve the selectivity and sensitivity of non-enzymatic
sensors, various materials are used for modifying basal
electrodes.

Carbon composite electrodes have attracted the interest of
many scientists in the relevant fields. In comparison with tra-
ditional carbon paste electrodes (CPE), carbon composite
electrodes using ionic liquids as binders show high conduc-
tivity, provision of fast electron transfer and antifouling prop-
erties, resulting in the improvement of voltammetric signal
(overpotential decrease, decrease in the difference between
peak potentials and peak current increase) [5–8].
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As a classical nanomaterial, carbon nanotubes have proved
to be an excellent modifier due to their unique structural and
electronic properties (such as large surface area, high electrical
conductivity and so on). Recently, carbon nanotube ionic liq-
uid paste electrodes have been developed for biological, envi-
ronmental and pharmaceutical analysis [9–15]. Studies dem-
onstrate that these electrodes can lower the overpotential, pro-
mote electron-transfer rate, accumulate important biomole-
cules, enhance the electrocatalytic reactivity and alleviate sur-
face fouling effects.

Cyclodextrins (CDs) are oligosaccharides possessing a to-
roidal form with a hydrophobic inner cavity and a hydrophilic
outer side [16]. As molecular receptors, cyclodextrins can
form stable inclusion complexes or nanostructure supramolec-
ular assemblies with a wide variety of organic and inorganic
compounds in its hydrophobic cavity through host-guest in-
teractions (such as hydrophobic effect, van der Waals interac-
tions, hydrogen bonding and so on) [17], showing high mo-
lecular selectivity and enantioselectivity [18]. UA shows very
strong electrochemical activity, and it can be irreversibly ox-
idized in aqueous solution [19]. As a guest molecule, uric acid
can form inclusion complexes with cyclodextrins through hy-
drophobic and hydrogen-bonding interaction [20]. Therefore,
cyclodextrins as modifiers can improve the sensitivity and
selectivity of sensor.

We constructed a poly(β-cyclodextrin) modified multi-
walled carbon nanotube ionic liquid paste electrode (β-CD/
MWNT-CILE) for electrocatalytic oxidation of uric acid. On
the one hand, β-CD can be easily modified on MWNT-CILE
by electropolymerization, and the thickness of the polymer
films can be controlled by the number of cycles. On the other
hand, the polymer membranes on the surface of the modified
electrodes are more compact and stable due to the synergy of
carbon nanotubes and ionic liquid. In comparison to the re-
ported β-CD modified electrodes [21, 22], β-CD/MWNTs-
CILE exhibit wider linear ranges and lower detection limits.
In addition, it was successfully applied to the determination of
UA in human urine samples without any pretreatment and
with satisfying results.

Experimental

Chemicals

The ionic liquid 1-butylpyridinium hexafluorophosphate
(BPPF6) was purchased from Lanzhou Institute of Chemical
Physics (Lanzhou, China, http://www.ionicliquid.org),
graphite powder (spectrographic grade) was obtained from
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China,
http://www.sinoreagent.com). Uric acid, dopamine (DA),
ascorbic acid (AA) and β-cyclodextrin were purchased from
Sigma (http://www.sigmaaldrich.com). Multi-walled carbon

nanotubes with a diameter of about 10–30 nmwere purchased
from Nanjing XFNANO Materials Tech Co., Ltd. (Nanjing,
China, http://www.xfnano.com). 0.2 M acetate buffer (ABS)
of various pH values were used as the supporting electrolytes.
All other reagents were of analytical grade, and were used
without further purification.

Apparatus

All electrochemical measurements (except electrochemical
impedance spectroscopy measurements) were performed
using a CHI660E electrochemical workstation (Shanghai
Chenhua Instruments Corporation, shanghai, China, http://
www.chinstr.com). The electrochemical impedance
spectroscopy (EIS) measurements were carried by a PARST
AT 4000 (Princeton Applied Research, America, http://www.
par-solartron.com.cn). A three electrode system was used
containing a poly(β-cyclodextrin) modified carbon
nanotubes ionic liquid paste electrode (3.0 mm in diameter)
as working electrode, a platinum wire as auxiliary electrode,
and a Ag/AgCl (3MKCl) electrode as reference electrode. All
potentials were reported with respect to the reference elec-
trode. A magnetic stirrer (Model 85–2) was used to stir the
testing solution before measurements. The transmission elec-
tronmicrographs (TEM) were obtained with a Hitachi H-7650
transmission electron microscopy (Hitachi Ltd., Tokyo,
Japan). The scanning electron micrographs (SEM) were ob-
tained with a Hitachi S-3400 scanning electron microscope
(Hitachi Ltd., Tokyo, Japan). All the experiments were carried
out at room temperature.

Pretreatment of multi-walled carbon nanotubes

Pretreatment of multi-walled carbon nanotubes (MWNTs)
was carried out according to the reported method [23],
MWNTs were firstly heated in air at 600 °C for 2 h, and then
immersed in 6 M HCl solution for 24 h and centrifuged. The
sediment was washed using ultrapure water, and then dried in
air. The functionalized MWNTs were obtained by ultrasonic
agitation for 10 h in a mixture of sulfuric acid and nitric acid
(V/V, 3:1). Then MWNTs were rinsed with ultrapure water
until pH value was 7.0. Finally, the functionalized MWNTs
were separated by centrifuging three times and dried. The
TEM image of the functionalized MWNTs was shown in
Fig. 1.

Electrode preparation

The carbon nanotube-modified ionic liquid paste electrode
(MWNT-CILE) was prepared as follows. Firstly, carbon
nanotubes were mixed with graphite powder in a ratio of 6/
94 (w/w). Secondly, the mixture and BPPF6 with a ratio of 1/1
(w/w) were ground in a mortar and then a portion of the
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resulting paste was packed firmly into the cavity (3.0 mm in
diameter) of a Teflon holder. The electrode was then heated
using a hair drier for 2 min. It was then left to cool to room
temperature. The electric contact was established via a copper
wire. A new surface was obtained by smoothing the electrode
onto a weighing paper. For comparison, the carbon ionic liq-
uid electrode (CILE) was prepared by mixing the graphite
powder and BPPF6 with a ratio of 1/1 (w/w) without
MWNTs. In addition, the traditional carbon paste electrode
was made up of graphite powder and paraffin oils.

Electropolymerization of β-CD on MWNT-CILE or CILE
was carried out by cyclic voltammetry (CV): Successive cy-
cles was run in 1 M HClO4 solution containing 0.01 M of β-
CD from - 0.80 V to 1.35 V, with a scan rate (v) of 50 mV s−1.
The thickness ofβ-CD layer was controlled by the numbers of
scanning cycles. After cycles, the modified electrode was
moved from the solution and washed by ultrapure water.
The final electrode was denoted as β-CD/MWNTs-CILE or
β-CD/CILE. When not in use, the sensor was kept in air with
a cover to protect it from dust.

Results and discussions

Choice of materials

All kinds of carbon materials have been used for the prepara-
tion of composite electrodes. In the past years carbon nano-
tubes have been widely applied in many fields due to their
unique structural and electronic properties. Recently,
graphene as a promising candidate has been rapidly devel-
oped. In the same experiment conditions we used a carbon
nanotubes modified electrode and a graphene modified elec-
trode for investigating the electrochemical behaviours of uric
acid. In comparison to the graphene modified electrode, the
carbon nanotubes modified electrode exhibited lower back
ground current and better electrocatalytic activities toward to
uric acid. Therefore, we chose carbon nanotubes as modified
materials but not graphene.

Due to their high ionic conductivity and good viscosity,
ionic liquids have been widely used for the construction of
electrochemical sensors. They exhibit two states at room tem-
perature, solid state and liquid state. When ionic liquids are
used as binders for preparing carbon paste electrode instead of
paraffin oil, we usually choose the ionic liquid in solid state.
The electrode is then heated in order to melt the ionic liquid in
the carbon paste. Because ionic liquids undergo the processes
of melt-solidification, the structure of the ionic liquidmodified
electrode becomes more compact, and the back ground cur-
rent remarkably decreases. In addition, we also need consider
the melting point of solid state ionic liquids. The melting point
of 1-butylpyridinium hexafluorophosphate (BPPF6) is about
75 °C, which is not too high or too low. The melting point is
too high tomelt by heating. However, melting point is too low,
ionic liquids may partly melt at room temperature (especially
in hot weather), which may make stability of the modified
electrode worse.

Although molecular imprinting electrochemical sensors
show better selectivity to template molecules, their prepara-
tion are complicated. The molecular imprinting synthesis pro-
cess contains pre-arrangement step, copolymerization step
and extraction step. However, cyclodextrins also show high
molecular selectivity and enantioselectivity. Uric acid can
form inclusion complexes withβ-cyclodextrin through hydro-
phobic and hydrogen-bonding interaction. Considering that
the modification of β-CD is simple, β-CD is used for improv-
ing the selectivity of the sensor.

Electropolymerization of β-cyclodextrin

Figure 2 shows electropolymerization graphs of β-CD at CILE
(a) and MWNT-CILE (b) in 1 M HClO4 containing 0.01 M β-
CD. A pair of redox peaks appeared at about 0.45 V at both
electrodes. In the electropolymerization process, redox peak cur-
rents increased gradually with successive scanning in the range
of - 0.80 V to+1.35 V, indicating that β-CD was successfully
immobilized on the electrode surface. From the figure, during the
electropolymerization process the last peak current (about
40.80 μA) at the MWNT-CILE was about 2.5 times than that
of CILE (about 16.70 μA). The phenomenonmay be ascribed to
the following aspects: The effective surface area of the modified
electrode increased as MWNTs were modified onto CILE,
allowing more β-CD to polymerize on the surface of electrode;
In addition, MWNTs with their good electrical conductivity
improve the conductivity of the electrodes and promote the
electron transfer between the electrode and analytes.

Morphological characterization

Scanning electron microscopy (SEM) was used for character-
izing the surface morphologies of different electrodes. As
shown in Fig. 3a, the surface of CILE was uniform and no

Fig. 1 TEM image of functionalized MWNTs
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separated carbon layers can be observed. Due to its high vis-
cosity, ionic liquid was easily filled into the interstice between
graphite layers and bridged the carbon flakes. However, car-
bon paste matrices incorporated with carboxylated MWNTs
(Fig. 3b) showed a homogenous and uneven surface, and the
tube morphologies of MWNTs disappeared, which indicated
that the modifiers were embedded in the matrix. Figure 3c and
d exhibited loose and porous morphologies at β-CD/CILE
and β-CD/MWNTs-CILE. The changed surface confirmed
that poly(β-CD) film was coated on the surface of CILE or
MWNT-CILE. Compared with β-CD/CILE, a more dense
film was observed on the surface of β-CD/MWNT-CILE.
This indicated that more β-CD was polymerized on the
surface.

Electrochemical characterization

The electrochemical performances of different electrodes were
characterized by cyclic voltammetry. Figure 4 demonstrates the
cyclic voltammograms of 5.0 mM Fe(CN)6

3−/4− solution con-
taining 0.1 M KCl solution at CILE (a), MWNT-CILE (b), β-
CD/CILE (c) and β-CD/MWNT-CILE (d), respectively. A pair
of well-defined redox peaks was observed at the CILE (Curve a),
indicating that ionic liquid in the carbon paste promote the elec-
tron transfer rate and improve the electrochemical performances
due to its high ionic conductivity. After modification ofMWNTs
(Curve b), the anodic and cathodic peak currents both increased,
indicating that MWNTs increased the electroactive surface area
and the conductivity of the electrode. On theβ-CD/CILE (Curve
c) the redox peak currents were also enhanced together with an
obvious increase of the peak-to-peak separation (ΔEp), which
was attributed to the molecular recognition ability and poor con-
ductivity of β-CD. Because of the synergetic effect of MWNTs
andβ-CD, the redox peak currents further increased at theβ-CD/
MWNT-CILE (Curve d), which indicated favorable electro-
chemical behaviors.

Electrochemical impedance spectroscopy measurements
are employed for further characterization of the modified elec-
trodes, and the results are shown in Fig. S1 (Electronic
Supplementary Material, ESM). The inset of Fig. S1 exhibits
the equivalent circuit for impedance spectroscopy, and it con-
tains the solution/electrolyte resistance (Rs), capacitance (C),
charge transfer resistance (Rct), and Warburg impedance
(Zw). The capacitance changes are not sensitive as the Rct, and

Fig. 2 Electropolymerization graphs of β-CD at CILE (a) and MWNT-
CILE (b) in 1 M HClO4 containing 0.01 M β-CD. Scan rate: 50 mV s−1;
cycles: 15

Fig. 3 SEM images of (a) carbon
ionic liquid electrode (CILE); (b)
MWNT-CILE; (c) β-CD/CILE;
(d) β-CD/ MWNT-CILE
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the Rct is directly related to the electron transfer kinetics of the
redox probe at the surface of the electrode. The Rct value can be
calculated by measuring the diameter of the high-frequency
semicircle in the Nyquist plots, so it is used for investigating
electron transfer rate of the modified electrode. The Rct value
at theCPEwas got as 27.9KΩ.While on theCILE, theRct value
dramatically decreased to 13.7 Ω. The electron transfer rate of
CILE was greatly enhanced, which might be attributed to the
high conductive IL. The Rct value at the MWNTs-CILE further
decreased to 3.9 Ω, it may be ascribed to the large surface area
and the good conductivity of MWNTs. After β-CD was coated
onto theCILE andMWNTs-CILE, theRct valueswere increased
to 19.9 Ω and 23.5 Ω, respectively. The phenomenons indicated
that the β-CD hindered the diffusion of ferricyanide toward the
electrode surface. The Rct value at the β-CD/MWNT-CILE was
larger than that at the β-CD/CILE, which indicated that more β-
CD with poor conductivity was polymerized on the surface of
MWNT-CILE.

Surface area study

The surface areas of the CILE and MWNTs-CILE were
discussed by cyclic voltammetry in 5.0 mmol L−1

[Fe(CN)6]
3-/4- and 0.1 mol L−1 KCl solution. The cyclic volt-

ammograms of CILE and MWNTs-CILE at different scan
rates are shown in Fig. S2 (ESM). For a reversible process,
the peak current (Ip) is linearly proportional to square root of
scan rates (v1/2) as follows (the Randles-Sevcik formula) [24]:

Ip ¼ 2:69� 105
� �

n3=2AC0DR
1=2v1=2

where Ip refers to the anodic peak current (A), n is the electron
transfer number, A is the surface area of the electrode (cm2), C0 is
concentration of K3Fe(CN)6 (mol L−1) and v is the scan rate
(V s−1). For K3Fe(CN)6, the electron transfer number n=1 and
the diffusion coefficient DR=7.60×10

−6 cm2 s−1 (0.1 mol L−1

KCl). Thus, from the slope of the anodic peak current (Ipa)
versus square root of scan rate (v1/2) relation, the surface area

of MWNT-CILE was calculated to be 0.4388 cm2, which was
about 2.3 times greater than that for CILE (0.1917 cm2). The
electrode geometric area is 0.0707 cm2, indicating that the effec-
tive electroactive surface of the modified electrode was remark-
ably increased in the presence of MWNTs and ionic liquids.

Electrochemical behaviors of uric acid

The electrochemical behaviors of uric acid on different elec-
trodes were investigated by linear sweep voltammetry.
Figure 5 shows linear sweep voltammograms of 50 μM uric
acid in 0.2 M acetate buffer (pH 5.0) on the CILE (a),
MWNT-CILE (b), β-CD/CILE (c) and β-CD/MWNT-CILE
(d), respectively. A small peak is observed at a bare CILE
(Curve a). Compared with CILE, at a MWNT modified elec-
trode (MWNT-CILE, Curve b) and a β-CD modified electrode
(β-CD/CILE, Curve c), the peak current signals of uric acid both
enhanced significantly. These phenomenons may be explained
as follows: MWNTs showed strong catalytic activity toward the
oxidation of uric acid due to their good conductivity and large
surface area; β-CD also showed the ability of molecular recog-
nition for analytes, namely UA and β-CD could form UA: β-
CD inclusion complex, resulting in enhancement of surface ac-
cumulation of uric acid. From the Fig. 5d, a large oxidation peak
is observed at the β-CD/MWNT-CILE. The enhancement in
current response is attributed to the synergetic effect of
MWNTs and β-CD.

Effect of scan rate

The influence of scan rate (from 10 to 100 mV s−1) on the
oxidation peak current of uric acid at the β-CD/MWNT-CILE
was studied using linear sweep voltammetry (not shown). The
peak current of uric acid varied linearly with the scan rate, and
the linear regression equation was: I(μA)=0.5050 ν
(mV s−1)+4.1504 (r2=0.9966), indicating that electrochemi-
cal behavior of uric acid at the modified electrode was con-
trolled by adsorption. At higher scan rate, the dependence of

Fig. 4 Cyclic voltammograms of 5.0 mM [Fe(CN)6]
3-/4- containing

0.1 M KCl solution at (a) CILE; (b) MWNT-CILE; (c) β-CD/CILE; (d)
β-CD/MWNT-CILE, respectively. Scan rate: 50 mV s−1

Fig. 5 Linear sweep voltammograms (LSVs) of 50 μM UA in 0.2 M
pH 5.0 ABS on the (a) CILE, (b) MWNT-CILE, (c) β-CD/CILE and (d)
β-CD/ MWNT-CILE, respectively. Scan rate: 50 mV s−1

Non-enzymatic sensing of uric acid 1881



the peak potential (Epa) and ln(ν) showed a linear relationship
with a regression equation of:

Epa ¼ 0:028 ln vð Þ þ 0:6000 r2 ¼ 0:9925;Epa inV; v inVs−1
� �

According to the following equations [5, 25]:

Epa ¼ E0
0
þ m 0:78þ ln D1=2k−1s

� �
−0:5lnm

h i
þ m

2
ln vð Þ

With

m ¼ RT

1−αð ÞnαF

where Epa is the oxidation peak potential, E0’ is the formal
potential, v is the sweep rate, ks is the electron transfer rate
constant, α is the electron transfer coefficient, na is the electron
transfer numbers (na=2 in this paper), R=8.314 J mol−1 K−1,
T=298 K and F=96,485 C mol−1. The value of m was calcu-
lated to be 0.0562. Therefore, the electron transfer coefficient
(α) was approximately 0.77 for the irreversible electrode
process.

Optimization of the experimental conditions

The experimental conditions, which affect the determination
of uric acid, including the pH of supporting electrolyte
(shown in Fig. S3, ESM), film thickness (shown in Fig. S4,
ESM) and accumulation time (shown in Fig. S5, ESM) were
optimized. The data and results are shown in the Supporting
Information.

Calibration plot and limit of detection

Figure 6 shows linear sweep voltammograms for different
concentrations of uric acid in the presence of 0.25 mM ascor-
bic acid at the modified electrode. In a 0.2 M acetate buffer

(pH 5.0), the oxidation peaks of uric acid and ascorbic acid
are well separated. The sensor showed good catalytic ability to
a low concentration of uric acid but exhibited poor sensitivity
to a high concentration of ascorbic acid. The possible expla-
nations can be described as follows: Ascorbic acid existed in
the anionic form, while uric acid existed in the neutral form in
a solution of pH 5.0. β-CD more strongly interacted with
neutral uric acid than anionic ascorbic acid, so it encapsulated
uric acid while repelled ascorbic acid. Due to the formation of
UA: β-CD inclusion complexes, the modified electrode pre-
sented excellent accumulation and electrocatalytic activities
toward the oxidation of uric acid. Therefore, the modified
electrode can be used for selective detection of uric acid in
the presence of ascorbic acid, which was consistent with that
in the previous report [21].

As shown in Fig. 6, peak current increased with the in-
crease of uric acid concentration. The sensor responded to uric
acid linearly over concentration range of 0.6 μΜ - 400 μΜ
and 400 μΜ - 1000 μΜ, and the linear regression equations
were expressed as: I (μA)=0.3552 C (μM)+3.1314 (r2=
0.9949) and I (μA)=0.1993 C (μM)+60.1036 (r2=0.9943),
respectively. With the further increase of uric acid concentra-
tion, the peak current increased slowly. The detection limit
was estimated to be 0.3 μM for uric acid at the signal to noise
ratio of 3. Table S1 (ESM) shows figures of merit of compa-
rable methods for determination of uric acid. In comparison
with the nonenzyme or enzyme-based electrodes reported in
the literatures, β-CD/MWNT-CILE exhibited comparable lin-
ear ranges and detection limit.

Reproducibility, stability and selectivity study

The relative standard deviation (RSD) of the same electrode in
six successive measurements was 2.0 % for 50 μM uric acid,
and six different electrodes fabricated by the same procedure
were used for detecting 50 μM uric acid and the RSD was
4.1 %, indicating that the modified electrode had excellent
reproducibility. Furthermore, the stability of the modified

Fig. 6 Linear sweep voltammograms (LSVs) obtained atβ-CD/MWNT-
CILE for different UA concentrations containing 250 μM AA in 0.2 M
ABS (pH=5.0): (a) 0.6 μM; (b) 1 μΜ; (c) 5 μΜ; (d) 10 μΜ; (e) 20 μΜ;
(f) 50 μΜ; (g) 100 μΜ; (h) 200 μΜ; (i) 400 μΜ; (j) 600 μΜ; (k) 800
μΜ; (l) 1000 μΜ

Table 1 Determination of UA in human urine samples using β-CD/
MWNTs-CILE (n=5a)

Urine 1 Urine 2 Urine 3

Detected /μM 26.29 100.28 57.91

Added /μM 20.00 20.00 20.00

Found /μM 46.97 119.65 77.56

Recovery / % 103.4 96.9 98.3

R.S.D. / % 2.0 3.5 1.3

Total b/μM 1314.5 5014.0 2895.5

a Five different measurements were made for each sample
b The total value was obtained by multiplying the detected value and the
dilution factor
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electrode was investigated. The peak current retained 91.7 %
of its initial response after its storage in air for a month. The
results revealed the good stability of the sensor.

The influences of possible interfering substances on the deter-
mination of uric acid were investigated. The tolerance limit was
taken as the maximum concentration of the foreign substances
which caused an approximately±5 % relative error in the deter-
mination. The results showed that at concentrations
1000 times of Li+, Na+, K+, Ca2+, Mg2+, Zn2+, Cl−,
Br−, CO3

2−, SO4
2−, PO4

3−, methanol and ethanol, 500 times
of ascorbic acid, 200 times of glucose, fructose, lactose and
sucrose, 100 times of urea, lactic acid, glutamic acid, valine,
hystidine, alanine, phenylalanine, methionine, glycine and
citric acid, 50 times of dopamine did not obviously interfere
with the determination of uric acid.

Real sample analysis

In order to evaluate the analytical applicability, the modified
electrode was applied to the determination of uric acid in human
urine samples. All samples were diluted with 0.2 M acetate buff-
er (pH 5.0) by 50 times before detection, which reduces the
matrix effect of the urine samples. To ascertain the correctness
of the results, the samples were spiked with certain amounts of
uric acid. The results obtained from three samples are listed in
Table 1. The recovery rates of the spiked samples were investi-
gated and ranged between 96.9 % and 103.4 % for urine.

Conclusions

A carbon nanotube ionic liquid paste electrode was modified
with β-CD by a facile and controlled growth method. The
combination of MWNTs and ionic liquids would enlarge
electrochemical effective surface area and facilitate the elec-
tron transfer. Based on host-guest recognition between β-CD
and uric acid, the electrode enables selective detection of
uric acid in the presence of ascorbic acid. Compared to some
reported modified electrodes, the suggested method provides
comparable linear ranges and lower detection limit. The sen-
sor was successfully applied to uric acid analysis in real
samples.
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