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A metal-carbon nano-polymer based sensor was constructed by combining platinum nanoparticles
(PtNPs), acidified multi-walled carbon nanotubes (MWCNTs), and a ionic polymer of perfluorinated
sulfonic resin (PFSE) for modifying on the surface of glassy carbon electrode (GCE), yielding
PtNPs/MWCNTs-PFSE/GCE. The behaviors of cyclic voltammetry (CV) and differential pulse
voltammetry (DPV) of four different modified electrodes such as bare GCE、MWCNTs-PFSE/GCE、
PtNPs/GCE and PtNPs/MWCNTs-PFSE/GCE were investigated in detail, showing that the
PtNPs/MWCNTs-PFSE composite exhibited significantly improved electrocatalytic activity to
salbutamol (SAL, 1). An oxidation mechanism has been confirmed that the phenolic hydroxyl group of
SAL (1) is oxidized involving one proton and one electron for a formation of a free radical, resulting in
intermediate (2) via resonance, and then transform to a SAL dimmer (3) with a C-C bond formation
via re-combination of the intermediate (2), showing an irreversible oxidation process. Under the
optimum condition, the metal-carbon nano-polymer modified electrode showed excellent linear
response to SAL in range of from 5.0×10-8 mol/L to 2.0×10-6 mol/L and a detection limit of 1.4×10-8
mol/L. The modified electrode possessed good selectivity, reproducibility, and stability. This has been
successfully applied to determination of SAL content in pork meat and pork liver samples with
recovery rates from 95.4% to 104.3%, indicating strong potential applications in food safety control.
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1. INTRODUCTION
As a synthetic β-adrenergic receptor agonist, salbutamol (SAL) is mainly used in clinics for the
treatment of bronchial asthma, chronic pneumonia, and some respiratory allergy symptoms [1, 2]. On
the other hand, SAL can promote the growth of animals, and transform the nutrients in animals from
adipose tissue to muscle tissue. However, overdose or long-term intake of SAL in human body will
lead to poisoning symptoms and even chromosomal malformations, malignant tumors, and other
serious consequences [3, 4]. While SAL can easily remain in animal tissues and then enter human
bodies through the food chain, it is of great importance to establish a quick and easy method for the
detection of SAL.
Although currently many methods for SAL detection with good accuracy and sensitivity have
been summarized as follows: spectrophotometry [5], fluorescence analysis [6,7], high performance
liquid chromatography (HPLC) [8,9], liquid chromatography-mass spectrometry (LC-MS) [10-12], gas
chromatography-mass spectrometry (GC-MS) [13,14], capillary electrophoresis (CE) [15],
immunoassay [16-18], and surface-enhanced Raman spectroscopy [18], etc, they mostly required
relatively expensive instruments, complex operation procedures, and long detection cycles, which
cannot meet the need for real-time and rapid detection of large quantities of samples in practice,
restricting the development of SAL detection technology to a certain extent.
On the contrary, electrochemical method has been more suitable for the detection of SAL on
site, not only due to its advantages of high selectivity, high sensitivity, low cost and short detection
cycles [19-27], but also based on the electroactive groups of SAL capable of being oxidized on the
electrode surface [28]. Basically, there are three types of electrochemical sensors used for the detection
of SAL. The first one is based on molecular imprinting method. Alizadeh et al. [29] reported a
molecularly imprinted membrane based on Cu(Ⅱ) for sensitive detection of SAL with a strong antiinterference ability based on the specifically selected membrane. But the membrane preparation was
quite complicated, and it was difficult to use repeatedly [30]. The second type is based on immunoreaction. Using Pd@SBA-15 labeled secondary antibody, a double anti-sandwich type of
electrochemical immunosensor for detection of SAL with high sensitivity and selectivity was
fabricated [31]. However, this type of sensor required preparation of high quality monoclonal
antibodies with extremely harsh operation procedure and condition, which can not meet the rapid
detection of large quantities of samples. The third type is based on catalyzing reactions. For example,
Boyd et al. [32] investigated the electrochemical behavior of SAL on the electrode surface by using
Nafion modified glassy carbon electrode, as an earlier report on catalytic electrochemical sensor for
SAL. Goyal et al. [33] prepared gold nanoparticle modified indium tin oxide (NGITO) electrode for
detection of SAL, followed by the adoption of multi-wall/single-wall carbon nanotubes modified
electrodes for electrocatalytic detection of SAL [28,34,35]. Nevertheless, their low electron transfer
rate based on such single component nanomaterial modified electrode limits the sensitivity of this type
of sensor, it is therefore very necessary to establish more effective, sensitive, and stable SAL
electrochemical sensors.
Meanwhile, precious metal nanoparticles/carbon nanotubes composites have recently attracted
wide attention due to the unique properties for their uses as heterogeneous catalysis [36-40], fuel cell
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[41], electrocatalysis, [42-47] and sensors [48-53] etc. At present, there are still very few reports on
combining metal and carbon nanomaterials with ion polymer for electrochemical detections of SAL.
Therefore, in this paper, in order to establish a SAL electrochemical sensor with high stability, high
sensitivity, and strong anti-interference ability, a PtNPs/MWCNTs-polymer composite was
successfully prepared by loading homogeneous and stable platinum nanoparticles into acidified multiwalled carbon nanotubes through liquid phase reduction method, and followed by dispersing in a
perfluorinated sulfonic resin (PFSE) solution. The metal-carbon nano-polymer composite modified
glassy carbon electrode (PtNPs/MWCNTs-PFSE/GCE) exhibited a strong electrocatalytic oxidation
effect to SAL. And the oxidation mechanism has been deduced that the phenolic hydroxyl group of
SAL (1) was oxidized involving one proton and one electronic for a formation of a free radical,
followed by forming intermediate (2) via resonance, and then transformed into a SAL dimmer (3) with
a C-C bond formation via re-combination of intermediate (2). The process was irreversible and had
been confirmed by the electrochemical cyclic voltammetric studies. Such PtNPs/MWCNTsPFSE/GCE can be used for the detection of SAL in ternary hybrid pig pork and pig liver samples with
a recovery rate from 94.8% to 104.6%, which indicates a strong application in food safety.

2. EXPERIMENT
2.1 Reagents and Instruments
Salbutamol (C13H21NO3, SAL) was obtained from Dr. Ehrenstrorfer GmbH (Germany). Multiwalled carbon nanotubes (MWCNTs) were ordered from Jicang Nano Co. Ltd. (Nanjing, China).
Perfluorinated sulfonic resin (PFSE) solution (20%, ethanol/water=2:1) was commercially purchased
from Sigma-Aldrich Co. LLC (Merck, Germany). Chloroplatinic acid (H2PtCl6), disodium hydrogen
phosphate, sodium dihydrogen phosphate, uric acid, urea, ascorbic acid, glucose, glycine, L-leucine, Larginine, L-cysteine, and L-tyrosine were all provided by Sinopharm Group Chemical Reagent Co. Ltd.
(Shanghai, China). Phosphate-buffered saline (PBS) containing 0.01 mol/L Na2HPO4-NaH2PO4 was
adopted for electrochemical detections. Ultra pure water with its electrical conductivity of ≥18.3
MΩcm was prepared by a CZ-500L-W ultra-pure water device (Guozhiyuan Co. Ltd, Beijing, China).
All reagents used in the experiment were of analytical grade.
All electrochemical experiments were performed on CHI760B electrochemical workstation
(Shanghai Chenhua Instrument Co., Ltd., China), using a three-electrode system: PtNPs/MWCNTsPFSE modified glassy carbon electrode (GCE) as a working electrode, a platinum wire electrode as a
counter electrode, and an Ag/AgCl electrode (saturated KCl) as a reference electrode. Composite
materials on electrode surface were characterized by JSM-6700 scanning electron microscopy (SEM,
Japan Electronics Co. Ltd, Tokyo).
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2.2 Preparation of PtNPs/MWCNTs Composites
Multi-walled carbon nanotube (100 mg) was added into a round bottom flask containing 75 mL
of concentrated HNO3 solution. After heating and stirring for 7 h through oil bath, the mixture was
cooled to room temperature and centrifuged for the removal of the supernatant. The resulted product
was added into 50 mL concentrated HCl, centrifuged for 1 h to remove the supernatant, and washed
with deionized water to neutralize the product. Vacuum drying at 100 °C for 10 h yielded the acidified
multi-walled carbon nanotubes. 60 mg of such productss were mixed with 20mL of ultrapure water
and 2 mL of 0.0386 mol/L H2PtCl6 solution, ultrasonically shocked for 30min, then placed in 70 °C
water bath and stirred for 30 min. Next, 10 mL of a mixed solution of paraformaldehyde and Na2CO3
was slowly added and then refluxed for 2.5 h, the resultant product was filtered to obtain a black solid.
The black solids were washed with ultrapure water to neutral and vacuum dried at 85 °C for 10 h, thus,
the nanocomposites were obtained.

2.3 Preparation of PtNPs/MWCNTs-PFSE/GCE
The above-attained black solid of 10 mg was added into 10 mL of PFSE-ethanol/water solution,
ultrasonically shaked for 30 min, a dark gray uniform liquid was obtained as PtNPs/MWCNTs-PFSE
composite dispersion. 5 μL of these dispersion was taken and deposited onto the surface of a polished
glassy carbon electrode for achiving PtNPs/MWCNTs-PFSE/GCE.

2.4 Electrochemical Detection of Salbutamol
In a PBS buffer (pH=2.5), the PtNPs/MWCNTs-PFSE modified electrode was used as a
working electrode with the platinum wire as a counter electrode and the Ag/AgCl electrode as a
reference electrode to form the three-electrode system. Different concentrations of SAL solutions
(5.0×10-8, 1.0×10-7, 2.0×10-7, 5.0×10-7, 1.0×10-6, 1.5×10-6, and 2.0×10-6 mol/L) were tested by using
differential pulse voltammetry (DPV), whereas the oxidation peak currents were recorded. Prior to the
detection, the modified electrode was placed in PBS buffer for scaning to acquire a steady state in the
range of 0 to 1.2 V.

2.5 Pretreatment of Actual Samples
Six ternary hybrid piglets weighed 7 Kg to 15 Kg and aged 30 months, were fed and provided
by Institute of Subtropical Agriculture, Chinese Academy of Sciences (China), dividing into 6 groups.
Each sample of 10 g of pork meat or pork liver was pretreated by firstly adding 20 mL 0.1 mol/L
HClO4 solution to form homogenate, which was then ultrasonically shocked for 20 min, heated in
80 °C water bath for 30 min, and centrifuged for 15 min under the condition of 4500 r/min after
cooling with supernatant obtained. The remaining precipitates were centrifuged again as described
above. The combined supernatants were mixed with their pH adjusted to 10 with 1.0 mol/L NaOH
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solution, then the mixture was centrifuged again for 10 min. The resultant supernatant was transferred
to a ground glass tube, added with 8 g of NaCl and 20 mL of isopropanol/ethyl acetate mixture with a
volume ratio of 2:3, the upper organic phase was taken after being extracted for 20 min and
centrifuged, then concentrated into solids in a water bath at 60 °C. The obtained solids were dissolved
in 0.01 mol/L PBS (pH = 2.5) solution in a certain proportion for future use.

3. RESULTS AND DISCUSSION
3.1 Characterization of Sensing Interface
The surface morphology of PtNPs-PFSE/GCE and PtNPs/MWCNTs-PFSE/ GCE were
characterized by scanning electron microscopy (SEM) as shown in Fig.1. Seen from Fig.1A, the PFSEmodified PtNPs are chain-like clusters on the surface of the electrode. It can be speculated that ionic
sulfonates clustered and well accommodated those electron deficient platinum nanoparticles due to the
anionic and hydrophilic nature of these sulfonates and the hydrophobicity of the PFSE backbone. As
shown in Fig.1B, platinum nanoparticles were uniformly adsorbed on the surface of carbon nanotubes.
Since the acidified nanotubes contain hydroxyl- and carboxyl-groups, the negatively charged surface
facilitates the uniform adsorption of platinum nanoparticles and prevents the aggregation of platinum
nanoparticles, and thereby resulting good dispersibility and stability of these PtNPs. Such structure
increases the specific area of the modified electrode sensing interface and facilitates the adsorption and
bonding of SAL molecules on the electrode surface, thereby enhancing the electrochemical response
signal.

A

B

Figure 1. SEM images of PtNPs-PFSE/GCE (A) and PtNPs/MWCNTs-PFSE/GCE (B).
The sensor interface was also characterized through electrochemical studies. The cyclic
voltammetry characteristics of bare GCE, MWCNTs-PFSE/GCE, PtNPs/GCE, and PtNPs/MWCNTsPFSE/GCE in 0.1 mol/L KCl solution containing 1.0 mmol/L [Fe(CN)6]4-/3- were investigated (Fig.2A).
It is found that the oxidation peak current values of the above electrodes are sequentially enhanced and
that of PtNPs/MWCNTs-PFSE/GCE is greater than or equal to the sum of those of MWCNTs-
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PFSE/GCE and PtNPs/GCE. The oxidation peak potential of the modified electrode shifts positively
compared to the bare GCE, indicating that PtNPs/MWCNTs-PFSE has synergistic electrocatalytic
oxidation effect, promoting the electron transfer rate while the single component ones don’t.
The effect of different loadings of platinum nanoparticles on carbon nanotubes (4.26%, 8.67%,
10.5%, 18.6%, and 28.7%, respectively) on oxidation peak current of modified electrode was
investigated. The electrochemical activity of the modified electrode turned to be the strongest at the
loading of 10.5%, which was regarded as the optimum for PtNPs on MWCNTs. At the same time, the
actual electrode areas of PtNPs/GCE, MWCNTs-PFSE/GCE, and PtNPs/MWCNTs-PFSE/GCE were
calculated as 0.098 cm2, 0.112 cm2, and 0.215 cm2, respectively, according to the Cottrell equation in
chronoamperometry [54], indicating their significant increase, which were greater than or equal to the
sum of those of MWCNTs-PFSE/GCE and PtNPs/GCE. Such synergistic effect is definitely conducive
to electrocatalytic oxidation of the target.
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Figure 2. (A) Cyclic voltammograms of bare GCE (a), MWCNTs-PFSE/GCE (b), PtNPs/GCE (c), and
PtNPs/MWCNTs-PFSE/GCE (d) in 0.1 mol/L KCI solution containing 1.0 mmol/L [Fe(CN)6]4/3. (B) Differential pulse voltammetric curves of bare GCE (a), MWCNTs-PFSE/GCE (b),
PtNPs/GCE (c) and PtNPs/MWCNTs-PFSE/GCE (d) in PBS (0.1 mol/L, pH=2.5) containing
6.0×10-7 mol/L SAL. Scan rate: 60 mV/s.

3.2 Differential Pulse Voltammetric Characteristic of Salbutamol on Modified Electrodes
Differential pulse voltammetry（DPV）tests of bare GCE, MWCNTs-PFSE/GCE, PtNPs/GCE,
and PtNPs/MWCNTs-PFSE/GCE were performed in 0.1 mol/L PBS (pH=2.5) solution containing
6.0×10-7 mol/L salbutamol (SAL), respectively, as shown in Figure 2B. It can be seen that the bare
GCE has almost no response to SAL (curve a), MWCNTs-PFSE/GCE presents a relatively distinct
oxidation peak at 0.98 V (curve b), the one for PtNPs/GCE appears at 0.96 V with slightly increased
current (curve c), while the response current of the modified electrode of PtNPs/MWCNTs-PFSE/GCE
to SAL is significantly enhanced (curve d), and the catalytic oxidation peak potential of it to
salbutamol is significant negatively shifted compared to that of PtNPs/GCE and MWCNTs-PFSE/GCE
electrodes, indicating that the acidified MWCNTs-PFSE composites loaded with PtNPs can
dramatically enhance the electrocatalytic oxidation effect of SAL, and the electrocatalytic performance
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of such nanocomposite material is better than that of single component modified electrode. This may
be attributed to the compact spatial structure between platinum nanoparticles and acidified multiwalled carbon nanotubes which increase the specific surface area of nanocomposites’ interface, and
synergistically enhance the electrochemical activity of catalytic oxidation of salbutamol.

3.3 Cyclic Voltammetric Characteristic of Salbutamol on Modified Electrode
The electrochemical behavior of SAL on PtNPs/MWCNTs-PFSE/GCE has been investigated
by cyclic voltammetry. Figure 3A illustrates the cyclic voltammograms of the modified electrode in
8.0×10-7 mol/L SAL solution at different scan rates. The results show that a single oxidation peak
appears at each cycle during the scan rate of from 10 mV/s to 70 mV/s, and the oxidation peak
potential reveals a positive shift with increased scan rates, indicating irreversible process. Meanwhile
the peak potential values and the logarithm of the scan rates shows a good linear relationship (Fig. 3B).
The linear regression equation can be expressed as Epa = 0.746 + 0.092lgv (r = 0.9979). According to
Laviron theory [55], for an irreversible adsorption-controlled process, the relationship between Epa
and lg ν can be determined by the equation below:
2.303RT RTk 0 2.303RT
(1)
E pa  E 0' 
lg

lg
nF
nF
nF
Where E0’ refers to the potential, T is temperature, α represents the electron transfer coefficient,
n is the number of transferred electrons, k0 is the standard heterogeneous electron transfer rate constant,
and F is the Faraday constant. The value of αn is calculated to be 0.64 from the equation (1). Being an
irreversible system, the electron transfer is always a slow process with its value of α close to 0.5,
therefore, n is calculated to be 1.28, approximately equal 1, indicating the oxidation process of SAL on
the modified electrode involves one electron’s transfer.
It can seen from Figure 3C that the oxidation peak current of the modified electrode to SAL
increases linearly with the increase of the scan rate. The linear regression equation can be expressed as
ipa (μA) =0.714+0.0250ν (V·s-1), r=0.9983, indicating that the oxidation of SAL on the modified
electrode is an adsorption-desorption process. Therefore, the value of peak current is related to the
concentration of the electrode surface active substance and can be determined by the following
equation [56]:
n2 F 2 A
Ip 
(2)
4 RT
Where n represents the number of electrons involved in the reaction (n=1), A refers to the
actual area of the electrode (cm2), Ip is the current response value, Γ represents the density of the
surface coverage (mol·cm-2), v is scanning rate, and F is the Faraday constant. According to the
relationship between the oxidation peak current of SAL and the scan rate (Fig. 3C), the coverage
“density” of PtNPs/MWCNTs-PFSE composites on the electrode surface can be calculated to be
2.84×10-10 mol·cm-2.
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Figure 3. Cyclic voltammograms of PtNPs/MWCNTs-PFSE/GCE in PBS (0.01 mol/L, pH=2.5)
containing 8.0×10-7 mol/L SAL at various scan rates (A), corresponding plots of oxidation peak
potential vs. lgν (B), and corresponding plots of oxidation peak current vs. scan rate (C).

3.4 Effect of pH on Electrochemical Reaction of Salbutamol
1.6 (A)

1.0

E / V vs. Ag/AgCl

i / A

1.2

0.8

0.4

(B)

0.9

0.8

0.7

2

3

4

pH

5

6

7

2

3

4

pH

5

6

7

8

Figure 4. Effects of pH on oxidation peak current (A) and the oxidation peak potential (B) of 5.0×10 -7
mol/L SAL.

pH directly affects the electrochemical behavior of salbutamol on PtNPs/MWCNTs-PFSE/GCE.
The influence of pH on oxidation peak current and oxidation peak potential of salbutamol (5.0×10-7
mol/L) in PBS buffer (0.01 mol/L) with pH value in range of 2.0 to 9.0 is shown in Fig. 4A. With
reducing pH value from 7.0 to 2.5, the oxidation peak current of SAL gradually increased to its
maximum at pH of 2.5, and decreased with further decreased pH. Therefore, pH 2.5 of PBS buffer
system was chosen as optimum for the detection of SAL. It can be seen from Fig. 4B that the oxidation
peak potential of SAL is negatively shifted with the increased pH values, a linear relationship between
oxidation peak potential and pH can be fitted as E=1.107-0.056pH, r=0.9988, indicating that it is
proton transfer mechanism in the reaction of SAL on the modified electrode with a slope of 0.056.
According to the equation of Ep=E0-0.059 (m/n) pH (m is the number of protons transfered during the
reaction and n is the number of electrons transfered during the reaction), m/n can be calculated to be
0.949, therefore m is approximately equal to n. So the oxidation process of SAL on the interface of
PtNPs/MWCNTs-PFSE composites is a process which the proton number is equal to that of the
number of transferred electron.
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3.5 Oxidation Mechanism of Salbutamol on Modified Electrode
Based on the above-mentioned electrochemical response characteristics, the proposed oxidation
mechanism for salbutamol on PtNPs/MWCNTs-PFSE/GCE was illustrated in Fig.5. A nanocomposite
with stable performance and strong electrical activity were prepared by loading the platinum
nanoparticles on the surface of multi-walled carbon nanotubes through liquid phase reduction method.

Figure 5. Proposed oxidation mechanism of SAL at PtNPs/MWCNTs-PFSE/GCE.
The acidified multi-walled carbon nanotubes functionalized by platinum nanoparticles have
strong adsorption capacity and large specific surface area, which can provide more active sites for the
oxidation of SAL and promote the catalytic oxidation of SAL on the electrode surface. Since the ion
polymer of perfluorinated sulfonic resin (PFSE) exists mesh structure and the precious metal
nanoparticles have high conductivity, then the acidified carbon nanotubes functionalized by platinum
nanoparticles at the ion polymer matrix will further enhance the electric conductivity of sensing
interface. Therefore, the synergistic effect of platinum nanoparticles and multi-walled carbon
nanotubes effectively promotes the electron transfer on the metal-carbon nano-polymer interface so
that the PtNPs/MWCNTs-PFSE nanocomposites exhibit excellent electrocatalytic oxidation properties.
It is known from the molecular structure of salbutamol that the most likely oxidized site is
phenolic hydroxyl group. Combined with the electrochemical behavior of SAL on PtNPs/MWCNTsPFSE/GCE, the oxidation mechanism of SAL on the modified electrode can be explained as follows:
SAL molecules (1) lost one electron and one proton to form a free radical, which can resonate to form
intermediate (2), and then transformed a SAL dimmer (3) with a C-C bond by combination of two
moieties of intermediate (2), This process is an irreversible oxidation reaction, which has been
confirmed by CV behavior, as shown in Figure 3A.
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3.6 Effect of Potential and Time with Enrichment
The effect of potential and time with enrichment on SAL detection of modified electrode was
investigated. With the enrichment potential changing from -0.5 V to -0.2 V, the oxidation peak current
of SAL on PtNPs/MWCNTs-PFSE/GCE did not change significantly, indicating that the enrichment
potential does not affect the voltammetric behavior of the electrode. It was found that the oxidation
peak current of SAL increased with improved enrichment time from 0 to 120 s. While exceeding 120s,
the oxidation peak current reached its maximum and then remained basically stable, with a saturation
equilibrium state that the enrichment of SAL on the surface of electrode reached. Therefore, the
optimum enrichment time of 120 s was chosen for the detection of SAL.

3.7 Quantitative Detection of Salbutamol
Under the optimum experimental conditions, different concentrations of SAL solution (0,
5.0×10 , 1.0×10-7, 2.0×10-7, 5.0×10-7, 1.0×10-6, 1.5×10-6, and 2.0×10-6 mol/L) were detected using
PtNPs/MWCNTs-PFSE/GCE, as shown in Fig.6.
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Figure 6. Typical DPV curves of peak currents versus logarithm of different concentrations of SAL (A)
and the calibration curve (B). The concentration of SAL is 0, 5.0×10-8, 1.0×10-7, 2.0×10-7,
5.0×10-7, 1.0×10-6, 1.5×10-6, and 2.0×10-6 mol/L, respectively. Scan rate: 60 mV/s.

The oxidation peak current of SAL on the modified electrode increases linearly with increased
SAL concentration in the range of 5.0×10-8 to 2.0×10-6 mol/L, with its linear regression equation as
ip(μA)=2.62C(μmol/L) +0.0876, r=0.9992. The detection limit is calculated to be 1.4×10-8 mol/L from
the signal-to-noise characteristics of these data (S/N=3), which is better than that of MWCNTs alone
modified electrode [28], indicating that the modified electrode has good electrocatalytic response
performance to SAL.
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Table 1. Comparison of various nanomaterial based sensors for SAL detection
No.

Modified electrode

Analyte

Linear range
(μmol/L)

Detection limit
(μmol/L)

Reference

1

Chitosan/MWCNT/GCE

Salbutamol

0.5-40

0.086

[28]

2

Hybrid CNT/Nafion/GCE

Salbutamol
Ractopamine

0.1-33.3
0.05-33.1

0.1
0.05

[35]

3

GP/PEDOT:PSS/SPCE

Salbutamol

5.0 - 550

1.25

[57]

4

PASA/GCE

Salbutamol

2.0-1000

0.65

[58]

5

Fullerene-C60/GCE

Salbutamol

0.418-8.36

0.167

[59]

6

Poly taurine/ZrO2/GCE

Salbutamol
Ractopamine

5-220
1-28

0.02
0.15

[60]

7

GN-Nafion/GCE

Salbutamol

0.4-30

0.11

[61]

PtNPs/MWCNTsThis
Salbutamol
0.050-2.0
0.014
PFSE/GCE
work
Note: GP/PEDOT:PSS/SPCE represents graphene-poly(3,4-ethylenedioxythiophene):poly (styrenesulfonate) modified on screen printed carbon electrode. PASA represents poly(aminosulfonic acid).
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Figure 7. Stability of PtNPs/MWCNTs-PFSE/GCE for continuous detection of 5.0×10-7 mol/L SAL.
It can be seen that the electrocatalytic oxidation activity of the metal-carbon nano-polymer
composite modified electrode, PtNPs/MWCNTs-PFSE/GCE, is better than that of single material
component like MWCNTs [28]. In addition, this method was compared with other reported electrode
methods as shown in Table 1. It means the PtNPs/MWCNTs-PFSE/GCE modified electrode has wide
linear detection range and low detection limit for SAL, which is better than those of either carbon-nano
composite [28, 35, 57-59, 61] or metal oxide-carbon nano-polymer composite [60] modified electrodes
reported in the literatures.
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3.8 Stability
The stability of a sensor is an important performance index for analytical detection applications.
The SAL sample of 5.0×10-7 mol/L was continuously examined by PtNPs/MWCNTs-PFSE/GCE as a
function of time. The differential pulse response signal of the sample on the modified electrode was
measured once a day (as shown in Figure 7). The current response value of the modified electrode to
SAL was kept almost unchanged within 21d, with an average of the current response value of
(1.48±0.09)×10-6 A (n=21), that the corresponding relative standard deviation (RSD) was 0.62%. The
peak current decreased to 87.9% of the initial response current at 21 d, indicating that the modified
electrode has good stability in 21 days and its service life is at least 3 weeks.

3.9 Reproducibility and Repeatability
Under the optimum experimental conditions, the DPV response signals of SAL samples with
two concentrations of 3.0×10-7 mol/L and 1.0×10-6 mol/L, respectively, were examined under the same
conditions by seven modified electrodes prepared in the same batch. It is found that their relative
standard deviations of the two concentrations of SAL samples are 2.6% and 5.1%, respectively,
proving good reproducibility. As for the same modified electrode, the relative standard deviations for
seven times detection in above two concentrations of SAL samples are calculated to be 1.4% and 4.2%,
respectively, indicating that the repeatability of the sensor for the detection of SAL is also excellent.

3.10 Interference Detection
As shown in Fig.8, the interference of common cations and common molecules in vivo to SAL
detection on PtNPs/MWCNTs-PFSE/GCE was investigated under the optimum experimental
conditions. It is found that 500-fold concentrations of Ba2+, Zn2+, Al3+, and 100-fold concentrations of
uric acid, ascorbic acid, glucose, urea, glycine, L-arginine, L- leucine, L-cysteine, and L-tyrosine had
almost no influence on the detection of 5.0×10-7 mol/L SAL, within the relative error of ± 5%. And the
same concentration of clenbuterol had a relatively small effect on the detection of SAL, causing a
increase of response current by about 7.9%, while the same concentration of ractopamine did not affect
the detection of SAL at all.
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Figure 8. Effect of interfering substance on the modified electrode with their concentration of 5.0×10-7
mol/L for SAL, 2.5×10-4 mol/L for Ba2+, Zn2+, and Al3+, 5.0×10-5 mol/L for uric acid, ascorbic
acid, glucose, urea, L-leucine, L-cysteine, L-alanine, and L-tyrosine, 5.0×10-7 mol/L for CLB
and RAC.

3.11 Analytical Application in pork meat and pork liver
As practical applications, the contents of SAL in six samples of pork meat and pork liver from
ternary hybrid piglets were examined by PtNPs/MWCNTs-PFSE modified electrode. The results were
shown in Table 2. As seen from Table 2, the composites modified electrode can be applied to the
detection of SAL in actual samples of pork meat and pork liver with a recovery rate of 95.4 to 104.3%
and 97.9 to 103.8%, which shows promising application prospect on food safety detection.

Table 2. Determination of SAL in pork meat and pork liver samples with application of
PtNPs/MWCNTs-PFSE/GCE.
Spiked
（μg/kg）

Measured a
（μg/kg）

Recovery
(%)

A

2.50

2.58（±0.18）

103.2

B

5.00

4.77（±0.22）

95.4

C

10.00

10.43（±0.46）

104.3

D

15.00

15.57（±0.35）

103.8

E

20.00

19.81（±0.27）

99.1

F

25.00

24.47（±0.49）

97.9

Real Sample

Pork meat

Pork liver

Note: a The data in the parenthesis are the standard deviations (n=3).
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4. CONCLUSION
In this work, a novel metal-carbon nano-polymer matrix modified glassy carbon electrode,
named as PtNPs/MWCNTs-PFSE/GCE was successfully prepared. With the mesh structure of the ion
polymer of perfluorinated sulfonic resin as the matrix, the synergistic effect of platinum nanoparticles
and multi-walled carbon nanotubes effectively promotes the electron transfer on the metal-carbon
nano-polymer interface. The electrode exhibited significantly electrocatalytic oxidation activity to
salbutamol (SAL). The oxidation mechanism has been explored that the phenolic hydroxyl group of
SAL (1) is oxidized involving one proton and one electron with its formation of a free radical, forming
intermediate (2) via resonance, and then transforms to a SAL dimmer (3) with a C-C bond formation
via re-combination of intermediate (2). Under the optimum experimental condition, the composite
modified electrode shows good electrochemical response to SAL in the range from 5.0×10-8 mol/L to
2.0×10-6 mol/L with its detection limit of 1.4×10-8 mol/L. The modified electrode exhibited good
selectivity, excellent reproducibility and long useful stability, which was successfully applied to
detection of SAL in pork meat and pork liver samples with a recovery rate from 95.4% to 104.3%,
indicating its important practical applications in food safety control.
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