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Abstract
A glassy carbon electrode (GCE) was modified with nitrogen-enriched carbon frameworks decorated with palladium nanopar-
ticles (Pd@NCF/GCEs). The modified GCE is shown to be a viable tool for determination of uric acid (UA) and dopamine (DA)
in the presence of ascorbic acid (AA). The Pd@NCF was fabricated though one-step pyrolysis and characterized by X-ray
photoelectron spectroscopy, X-ray diffraction, scanning electron microscopy and nitrogen-adsorption/desorption analysis. The
Pd@NCF/GCEwas characterized by differential pulse voltammetry (DPV). Both UA and DA have pronounced oxidation peaks
(at 360 mV for UA and 180 mV for DA, all vs. Ag/AgCl) in the presence of AA. Response is linear in the 0.5-100 μM UA
concentration range and in the 0.5-230 μM DA concentration range. The detection limits are 76 and 107 nM, respectively (at
S/N = 3). This electrode is stable, reproducible and highly selective. It was used for UA and DA determination in spiked serum
samples.

Keywords Electrochemical sensor . Simultaneous determination . Non-enzymatic . Amperometric response . Modified
electrode . Biological small molecule

Introduction

Uric acid (UA), dopamine (DA) and ascorbic acid (AA) are
important in the process of human metabolism [1].
Simultaneous or individually determination of DA, UA and
AA has become important [2, 3]. Various techniques have

been used to detect these compounds, such as spectrophotom-
etry [4], fluorescence spectroscopy [5], surface plasmon reso-
nance [6], chemiluminescence [7] and electrochemical meth-
od [8, 9]. Electrochemical methods have the advantages of
being convenient, rapid and sensitive. Considering that DA,
UA, and AA have high electrochemical activity,
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electrochemical techniques can be used to simultaneously de-
termine these biomolecules. However, the main obstacle is
that AA, UA, and DA electrochemical oxidation potentials
are similar, resulting in overlapping voltammetry responses
with poor selectivity and inaccurate quantitative analysis,
making it difficult to simultaneously determine them [10,
11]. Besides, AA concentration in body fluids is 1000 times
that of DA. Therefore, selective analysis of UA and DA con-
taining relatively high concentration of AA is important for
diagnosis and pathological study.

It is well known that selective detection of these
electroactive biomolecules has been realized with
nanomaterials. Li et al. [10] reported the detection of
UA and DA in the presence of high concentration of
AA (1.0 mM) by silver nanocube functionalized dopa-
mine nanospheres and carboxyl-functionalized graphene
co-modified gold electrode (AgNC@PDA-NS/CGF/
GCE). Sroysee et al. [11] reported that carbon
nanotubes-paste electrode was modified with poly(m-
ferrocenylaniline) and covered with Nafion film for de-
tection of UA and DA coexisting with AA. In these
studies, Nafion film modified electrodes were often
used. However, the negatively charged polymer film
modified electrode has limitations, such as poor conduc-
tivity and poor stability, etc. [12]. Thus, it is important
to enhance the electroanalytical performance of electro-
chemical sensing systems for UA and DA.

Precious metal nanoparticles (NPs), such as Pt, Ag,
Au, and Pd have been widely used in electrochemical
applications, such as electrocatalysis and electroanalysis
of small biomolecules, due to their unique physicochem-
ical properties [13]. Among them, Pd NPs have become
an important research topic due to its relatively lower
cost and larger abundance compared with Au NPs and
Pt NPs [14, 15]. However, Pd NPs easily aggregate due
to the high surface free energy [16], resulting in de-
creased catalytic activity. Carbon-based nanomaterials
have been widely used as supports due to their high
conductivity, excellent stability, as well as large surface
area [17]. Therefore, the combination of Pd NPs and
carbon-based nanomaterials provide more active sites
for the adsorption of biomolecules, leading to higher
electrocatalytic performance.

Herein, a facile method for preparing 3D nitrogen-
doped carbon frameworks loaded with Pd NPs
(Pd@NCFs) nanocomposites is reported. The 3D
Pd@NCFs nanocomposites were conveniently prepared
via one-step pyrolysis of PVP and palladium nitrate.
Pd@NCFs nanocomposites possess nanoporous carbon
foam-like structure, large surface area as well as good
electrical conductivity. As a result, Pd@NCFs modified
GCE (Pd@NCFs/GCE) shows good electrocatalytic ac-
tivity toward UA and DA. Finally, the Pd@NCFs/GCE

was utilized for simultaneous analysis of UA and DA in
the presence of AA.

Experimental

Materials and solutions

Polyvinylpyrrolidone (PVP, K30), palladium nitrate dihydrate
(Pd(NO3)2·2H2O), N,N-dimethylformamide (DMF), AA,
UA, and DA were obtained from Aladdin Biochemical
Technology Co., Ltd. (Shanghai, China, http://www.aladdin-
e.com). Ultrapure water (18.2 MΩ·cm) was used to prepare
DA andUA solutions. The supporting electrolyte solutionwas
phosphate buffer (PB, pH 7.0), which was composed of 0.1 M
KH2PO4-Na2HPO4. All reagents were of analytical grade.

Preparation of the Pd@NCFs nanocomposite

3D Pd@NCFs nanocomposite was prepared by a convenient
pyrolysis strategy. Firstly, 0.5 g PVP was dissolved into
20 mL ultrapure water, and then 150 mg Pd(NO3)2·2H2O
was added. The mixtures were stirred for 1.5 h at room tem-
perature, then kept at 120 °C overnight, allowing the mixture
to be dried. Finally, the Pd@NCFs composites were obtained
by pyrolysis of the precursor at 700 °C for 2 h under N2

atmosphere.

Fabrication of 3D Pd@NCFs composites modified
GCEs

Pd@NCFs (7.5 mg) were ultrasonically dispersed into 3.0 mL
DMF, and a homogeneous ink suspension was obtained.
Then, 0.5 μL suspensions were drop-casted on clean GCEs
and dried. The Pd@NCFs modified GCEs was defined as
Pd@NCFs/GCEs and stored in an ambient environment at
room temperature.

Material characterizations and electrochemical
measurement

These parts are detailed in Electronic Supplementary
Materials (ESM).

Real sample

Human serum samples were received from the Sichuan
Agricultural University Hospital and diluted 10-fold
with 0.1 M PB (pH 7.0). Generally, 5.0 mL of human
blood serum sample was mixed with 5.0 mL of
0.1 M PB (pH 7.0) and then analyzed by the optimized
DPV method. All studies were executed complying with
relevant laws and guidelines.
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Results and discussion

Choice of materials

It is well known that electrode sensing materials are very im-
portant to sensitivity and selectivity of the sensor. Among the
electrode modification materials, nitrogen-doped porous car-
bon (NPC) is a class of widely used due to its porous structure,
large specific surface area, low cost and high stability.
However, in previous reports, NPC materials prepared mainly
include carbon post-treatment and in-situ pyrolysis of
nitrogen-containing precursors, which are complicated to fab-
ricate. In contrast, the synthesis conditions in our work are
simple and facile, which via one-step pyrolysis based on
polyvinylpyrrolidone-blowing (PVP-blowing) method.
Nanoscale metal nanoparticle decorated NPC is an effective
way to improve the sensing performance. The 3D
Pd@NCFs nanocomposite as a novel and affordable
modifier with unique network structure show a better
separation peak and clearer oxidation peak for DA and
UA in the presence of AA due to its decrease the elec-
trode overpotential and resolve the overlapping peak
potentials. This may be due to the unique catalytic
properties of 3D Pd@NCFs nanocomposite. Therefore,
Pd@NCFs nanocomposite modified GCE was used to
simultaneously determination of DA and UA in the
presence of AA. In addition, compared with Au, Pt,
and other noble metals, Pd is more cost-efficient.
Nanomaterials decrease the electrode overpotential and
resolve the overlapping peak potentials.

Characterizations of the 3D Pd@NCFs-800 composites

The synthetic strategy of 3D Pd@NCFs composites and elec-
trochemical determination are illustrated in Scheme 1. The
formation of Pd@NCFs can be described by a metal salt-
assisted chemical blowing strategy and subsequent carboniza-
tion of PVP at high temperature [18]. Nitrogen-enriched PVP
acted as a nitrogen source and carbon source, as well as the
bubbling agent. Above the glass transition temperature, a large
amount of gas was released by thermal-induced decomposi-
tion of palladium acetate, then molten viscous fluid of PVP
was gradually inflated by the released gas, forming a bubble-
like structure [19]. As the gas release and the bubbles contin-
uously expand, the bubble walls gradually become thinned.
The walls of PVP finally converted into nitrogen-doped
nanoporous carbon framework at high temperature. Pd NPs
were simultaneously formed through in-situ carbothermal re-
duction of palladium acetate at high temperature, and uniform-
ly decorated onto the carbonmatrix. This method realizes one-
step in-situ fabrication of 3D Pd@NCFs composites.

The morphology of the 3D Pd@NCFs composites was char-
acterized using SEM. As demonstrated in the lowmagnification
SEM image (Fig. 1a, c), a typical 3D carbon framework com-
poses of many concave porous structures, and the surface of 3D
CNFs is covered by Pd nanoparticles with a high coverage ratio.
Figure 1b shows the top-view high-magnification image of
Pd@NCFs composite, in which there is a stacked-bowl carbon
structure. The bottom of the carbon bowl is evenly decorated
with Pd nanoparticles, indicating that NCFs is a good support
material for Pd NPs. Besides, no obvious aggregation of Pd NPs

Scheme 1 Schematic illustration of the preparation process of Pd@NCFs/GCE and the simultaneous electrochemical determination of UA and DA
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was observed. The average size of Pd NPs is approximately
220 nm (Fig. 1e). The porous structure and uniformly dispersed
PdNPs contribute to the large surface area, accelerating themass
transfer in electrochemical applications. In addition, as shown in
the corresponding elemental mapping (Fig. 1d) and the EDS
pattern (Fig. S1), the 3D Pd@NCFs composites mainly
consisted of C, Pd, O, and N elements, and the content of Pd
atom is approximately 1.1%.

Figure S2A displays the XRD patterns of NCFs (black) and
3D Pd@NCFs composites (red), respectively. A pronounced
peak located at around 26.4°, and a weak peak at around 42.8°
correspond to the (002) and (101) crystal planes of graphite
(Graphite 2H, JCPDS 46-1487) [17], respectively. This result
indicates that graphitization occurs. Upon incorporation of Pd
NPs onto NCFs substrate, five additional diffraction peaks at
around 86.6°, 82.1°, 68.1°, 46.7°, and 40.1° were observed,
corresponding to the (222), (311), (220), (200) and (111)
planes of Pd (JCPDS 46-1043), respectively. This result indi-
cated that Pd(OAc)2 was reduced by carbon and Pd NPs
formed and its mean crystallite size was calculated as
~186 nm with Scherrer’s formula.

Raman spectroscopy provides information for
distinguishing ordered and disordered carbon materials defect
structures. From Fig. S2B, three sharp peaks were observed. D
band is ascribed to vibration modes of defect or disordered
graphite structure at 1346 cm−1, whereas G band corresponds
to E2g mode of graphitic carbons atom at 1586 cm−1, while the
2D band is induced by second-order zone-boundary phonons

at 2705 cm−1 [20]. According to previous studies, the intensity
ratios between G andD band (ID/IG) can be applied to quantify
defect in graphene material, whereas the number of stacked
graphene layers can be quantified using the 2D/G intensity
ratio (I2D/IG) [21]. The ID/IG ratio is 1.02, suggesting that
Pd@NCFs materials are a highly graphitized product.
Besides, the I2D/IG ratio is 0.12, which is far less than 1,
clearly indicating that Pd@NCFs was multilayer graphene
foam-like structure, consistent with SEM results.

The pore structure and surface area of Pd@NCFs were stud-
ied by N2 adsorption/desorption isotherms. As shown in Fig.
S2C, as the relative pressure (P/P0) is greater than 0.45, there is
a clear hysteresis loop, indicated that micropore and mesopores
coexist in 3D Pd@NCFs. The pore size distribution in
Pd@NCFs is mainly within the range of 0.6-10 nm (inset of
Fig. S2C). The average pore size is ~2.6 nm, as calculated with
the nonlocal density functional theory (NLDFT). The large sur-
face area of 335 m2·g−1 for Pd@NCFs is attributed to the po-
rous structure of Pd@NCFs samples.

XPS spectrum was carried out to examine the chemical
compositions and elemental valences of Pd@NCFs. The
XPS full spectrum of 3D Pd@NCFs further indicated that
Pd@NCFs are composed of C, O, Pd, and N element. The
contents of these elements are 78.7%,1.8%, 4.8%, and 14.7%,
respectively. Figure S2E demonstrates XPS spectra of N 1 s
region, the four main peaks at 402.7 eV, 400.8 eV, 398.9 eV,
and 398.0 eVare fitted to oxidized N, graphitic N, pyrrolic N,
and pyridinic N, respectively. In previous studies, the

Fig. 1 SEM images of Low (a) and high (b) magnifications of 3D Pd@NCFs nanocomposites; c SEM image of 3D Pd@NCFs and d corresponding
elemental mapping of C, Pd, O, and N elements; e size distribution of Pd NPs in the 3D Pd@NCFs nanocomposites
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wettability of carbon material in electrolyte can be improved
by pyridinic N and both pyrrolic N, and the electronic con-
ductivity can be enhanced by the graphitic N in carbon matrix
[22]. The high nitrogen content combined with the large spe-
cific surface areas increases the electrochemically active areas,
thus accelerating the transfer of electrons in electrochemical
reactions. The high-resolution XPS spectrum of Pd 3d was
deconvoluted into four peaks (Fig. S2F). The peaks of
340.6 eV and 335.4 eV are associated with spin-orbit states
of Pd0 [23]. The additional two weak peaks located at
342.1 eVand 357.1 eVare attributed to higher oxidation state
(PdIIO). The results revealed the coexistence of PdII and Pd0 in
Pd@NCFs, which are ascribed to the oxidation of metallic Pd.

Electrochemical characterizations

The electrochemical properties of the electrodes were investi-
gated by CV and EIS in 5 mM Fe(CN)6

4−/3- (Fig. 2). All the
cyclic voltammograms (CVs) exhibit one reversible redox
peaks (Fig. 2a). Compared with the low response with GCE,
significantly increased peak current at Pd@NCFs/CGE was
attributed to the high conductivity of Pd NPs and NCF.
Furthermore, a significantly reduced peak potential difference
(ΔEp) from 115 mV (bare GCE) to 87 mV (Pd@NCFs/CGE)
was acquired. Since a smaller ΔEp value indicates a faster
electron transfer rate, porous carbon framework decorated
with Pd NPs not only improves the conductivity but also in-
creases their specific surface area. In addition, EIS was used to
evaluate the conductive properties. The Nyquist diagram of
EIS includes a low frequency linear portion corresponding to
the diffusion and a higher frequency semicircular portion cor-
responding to the electrons transfer limited process [24].
Besides, the electron transfer resistance (Ret) is equivalent to
the diameter of the semicircle. The larger semicircle on the
bare GCE (curve a) corresponds to a relatively large Ret value

of 250 Ω (Fig. 2b), while a smaller Ret value (90 Ω) was
obtained on Pd@NCFs/CGE (curve b), indicating an excellent
charge transfer ability. These results revealed that uniformly
distributed Pd NPs and graphene foam-like NCF are highly
beneficial for improving the conductivity. Besides, as shown
in Fig. S3, the electrochemical active surface area study was
detailed in ESM.

Electrochemical behaviors of UA and DA
with modified electrodes

The electrocatalytic behaviors towards UA and DA with the
Pd@NCFs/GCE electrode were investigated using DPV in
0.1 M KCl solutions that contained pH 7.0 PB, with and with-
out the addition of DA. As shown in Fig. S4A and S4B, all the
DPVs exhibits well-defined voltammetric peaks with 3D
Pd@NCFs/GCE. Besides, two distinct signals at 0.36 V for
UA and 0.18 V for DAwere observed, respectively. As shown
in Fig. S4A, the peak currents of both DA and UA increased
with its increasing concentration without the presence of AA.
As shown in Fig. S4B, after the addition of 10 μM AA, the
peak currents of both DA and UA did not change compared
with that without the addition of AA (curve a and b). However,
no response peak is seen for the AA sample in the presence of
10 μMAA (curve b). As the DA and AA concentrations were
fixed at 18 μM and 25 μM, respectively, the response for UA
increased with increasing concentration of UA from 40 to
90 μM. However, the peak currents of both DA and UA
remained unaltered (curve e and f). Similar results were ob-
served by fixing the concentration of AA andUA, and increas-
ing the concentration of DA (curve f and g). Furthermore,
there is no electrochemical response signal of AA, regardless
of the presence or absence of AA (curve a-g). According to the
literature, the concentration of AA in body fluids is much
higher than that of DA [10]. With the present method, UA

Fig. 2 a CVand b EIS characterizations of bare GCE (curve a) and Pd@NCFs/GCE (curve b) in 0.1 M KCl solution containing 5 mM Fe(CN)6
4−/3-,

respectively. Scan rate: 100 mV·s−1
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and DA can be simultaneously analyzed by Pd@NCFs/GCE
even as they coexist with a large amount of AA.

Optimization of electrochemical parameters

The following parameters were optimized: (a) Sample pH
value; (b) concentration of catalysts. Respective text and
Figures on optimizations are given in the Electronic
SupportingMaterial. In short, the following experimental con-
ditions were found to give the best results: (a) Best sample pH
value: 7; (b) 0.5 μL of a 4 mg·mL−1 solution”.

Individual and simultaneous detection of UA and DA
in the presence of AA

Individual detection

The capability of Pd@NCFs/GCE for individual detection for
DA or UA was examined in the absence of AA. DPVs and
calibration plots of Pd@NCFs/GCE with various concentra-
tion of UA or DA are shown in Fig. 3. The oxidation peak
currents of both UA and DA are proportional to their

concentrations (Fig. 3a, c). The linear fitting yielded the fol-
lowing relationship for DA: IDA (μA) = (0.028 ± 0.0001) C
(μM) + (0.1455 ± 0.001) (R2 = 0.9901) for the range of 0.5-
50 μM (Fig. 3b). Similarly, as shown the Fig. 3b, the linear
fitting yielded the following relationship for UA: IUA

(μA) = (0.004 + 0.0001) C (μM) + (0.028 ± 0.004) (R2 =
0.999) in the concentration range of 5-250 μM. The detection
limits (LOD) are calculated to be 0.132 and 0.295 μM for DA
and UA, respectively, based on S/N = 3.

The catalytic performance of Pd@NCFs/GCE for selective
analysis of UA and DAwas evaluated by DPV in pH 7.0 PB
mixed with 25 μM AA. As shown in Fig. 4a, UA concentra-
tion remained constant (50 μM) as DA concentration in-
creased from 0.5 to 40 μM with 25 μM AA. Accordingly,
response currents of DA are linearly increased with concen-
trations, and current signal of UA essentially remained con-
stant, while AA did not yield any response signal (Fig. 4b).
The regression equation is IDA (μA) = (0.041 ± 0.0002) C
(μM) + (0.043 ± 0.005) (R2 = 0.9934). Similar results for UA
were acquired in the mixture of 5 μM DA and 25 μM AA
(Fig. 4c), and the regression equation is IUA (μA) = (0.003 ±
0.0001) C (μM) + (0.004 ± 0.0004) (R2 = 0.9920) with the

Fig. 3 aDPVs of Pd@NCFs/GCEwith increasing concentrations of DA;
b Calibration plots of the corresponding oxidation peak currents vs the
concentration for DA; c DPVs of Pd@NCFs/GCE with increasing

concentrations of UA; d Calibration plots of the corresponding
oxidation peak currents vs the concentration for UA. Scan rate:
100 mV·s−1
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linear range of 1 - 100 μM (Fig. 4d). Besides, the calculated
LODs (S/N = 3) are 0.163 μM and 0.873 μM for DA and UA,
respectively. These results indicate that there is no mutual
interference between UA and DA.

Simultaneous detection

Simultaneous analysis of UA and DA that are coexisting with
AA by Pd@NCFs/GCE was also performed with DPV. As

shown in Fig. 5a, the responses currents of UA and DA in-
creased simultaneously with increasing concentrations in the
presence of 25 μΜAA. Figure 5b exhibits the linear response
between currents and concentration from 0.5 to 100 μΜ for
DA, and the regression equation is IDA (μA) = (0.017 ±
0.0001) C (μM) + (0.140 ± 0.002) (R2 = 0.9926) with an
LOD of 0.076 μΜ for DA. Figure 5c shows the regression
equation is IUA (μA) = (0.004 ± 0.0001) C (μM) + (0.043 ±
0.0001) (R2 = 0.9933) over the range of 0.5-230 μΜ with an

Fig. 4 a DPVs of Pd@NCFs/GCE in pH 7.0 PB containing 50 μΜ UA
and various concentration of DA (from 0.5 to 40 μΜ); b The linear fit
curve of the anodic peak current vs the concentration of DA; c DPVs of

Pd@NCFs/GCE in pH 7.0 PB containing 5 μΜ DA and different
concentration of UA (from 1 to 100 μΜ); d The linear fit curve of the
anodic peak current vs the concentration of UA

Fig. 5 a DPV plots of the Pd@NCFs/GCE for simultaneous determination of DA and UA in pH 7.0 PB containing 25 μΜ AA. b Calibration plots for
DA c Calibration plots for UA
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LOD of 0.107 μΜ. In addition, the sensitivity for DA and UA
is 153.2 nA·μM−1·cm−2 and 36.03 nA·μM−1·cm−2, respective-
ly. As shown in Table 1, the linear range and the LODs of the
present method for DA and UA are superior or comparable to
previously reported by other electrochemical sensors.

Interference, reproducibility and stability

The potential interference of certain coexisting inorganic ions
for analysis of UA and DAwith Pd@NCFs/GCEwere studied
by DPV. Amperometric (i-t) measurement was used to inves-
tigate several potential interferents, including citric acid, gly-
cine, glucose, KCl, Na2SO4, Na2CO3, NaNO3, epinephrine,
adrenaline, serotonin, tyramine, tryptamine, and
phenethylamine with the applied voltages of +0.36 V for
UA and + 0.18 V for DA, respectively (Fig. S8).
Insignificant interferences (signal change <5%) showed that
the aforementioned species (100-fold) have almost no inter-
ference for the analysis of UA and DA, indicating that this
sensing system has good selectivity for UA and DA.

The reproducibility and stability of Pd@NCFs/GCE were
tested by DPV. The reproducibility of Pd@NCFs/GCE was
performed in PB (pH 7.0) mixed with 20 μΜ DA, 80 μΜ UA
and 25 μΜ AA by eight successive measurements (Fig. S9).

The calculated relative standard deviations (RSDs) are 2.4%
for UA and 2.1% for DA, respectively. Besides, the stability of
this sensing system was tested by storage in pH 7.0 PB at 4 °C
for 35 days. The peak currents of UA and DA change by 2.0%
and 3.4% with respect to their initial values, respectively, in-
dicating that Pd@NCFs/GCE has good stability. These results
demonstrate that Pd@NCFs/GCE exhibits high reproducibil-
ity, selectivity and stability.

Real serum sample analysis

The Pd@NCFs/GCE sensing system was utilized to measure
of DA and UA in deionized water and human serum sample
with standard addition method. The standard addition method
was usually used direct determination of small biomolecule in
deionized water samples and comparison with HPLC, which
is a proof for precision. To ensure the reliability in a low
concentration range, the human serum sample was appropri-
ately diluted with pH of 7.0 PSB. Figure S10 shows DPV
responses of Pd@NCFs/GCE for serum sample after addition
of various concentration of DA and UA. The concentration of
UA in the original serum sample was found to be 42.8 μΜ,
and DA is not detected in the original serum sample under this
experimental conditions. Satisfactory recoveries between

Table 1 Comparison of the
analytical performance of
different modified electrodes for
the determination of DA and UA

Electrode Method Analyte Linear range
(μM)

Detection limit
(μM)

References

AgNC@PDA-NS/CGF/GCE DPV DA 2.5-130 0.25 [10]
UA 10-130 1.9

Nf/p(FcAni)-CNTsPE DPV DA 1-150 0.21 [11]
UA 5-250 0.58

Pt/RGO/GCE DPV DA 10-170 0.25 [25]
UA 10-130 0.45

MoS2/PEDOT/GCE DPV DA 1.0-80 0.52 [26]
UA 2.0-50 0.95

ANF-C700 DPV DA 1.0-80 0.47 [27]
UA 1.0-60 0.28

HNP-AuAg/GCE DPV DA 5.0-335 0.2 [28]
UA 5.0-425 1.0

Pd@NCFs/GCE DPV DA 0.5-100 0.076 This work
UA 0.5-230 0.107

Table 2 Determination of DA and UA in human serum from the present method (n = 3)

Samples Added (μM) Found by proposed method (μM) Found by HPLC (μM) Recovery (%) RSD (%)

DA UA DA UA DA UA DA UA

Deionized water 5.0 4.88 4.95 5.23 5.38 97.6 99.0 0.25 0.30

10.0 10.8 11.3 11.4 10.5 108.0 113.0 0.42 0.57

15.0 16.3 15.7 15.4 14.3 108.7 104.7 0.64 1.56

Human serum – Not Found 32.5 Not Found 35.7 – – – –
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97.6% and 113.0% were obtained (Table 2). These results
showed that this method has sufficient accuracy and precision
and is suitable for analysis of UA and DA in practical sample.

Conclusion

An electrochemical sensor based on 3D Pd@NCFs modified
GCE was fabricated. The Pd@NCFs/GCE electro-catalyzes
oxidation towards UA and DA, and simultaneously detect
DA and UA in the presence of AAwith high sensitivity, sta-
bility, good linearity and reproducibility. The Pd@NCFs/GCE
was suitable for analysis of DA and UA in human serum
sample, but in fact, it may not be suitable for samples contain-
ing complex matter and pH unstable system. Although still to
be improved, the concept proposed in this paper provides a
promising platform for simultaneously rapid and sensitive de-
tection of small biomolecules in clinical applications with
broad application prospects.
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