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A simple, rapid and green method was described for sensitive voltammetric detection of sophoridine
based on graphene nanosheets directly deposited onto a glassy carbon electrode (GCE) by pulsed poten-
tiostatic reduction of a graphene oxide (GO) colloidal solution. The resulting electrodes (PP-ERGO/GCE)
were characterized by electrochemical methods and scanning electron microscopy. Moreover, the elec-
trochemical behaviors of sophoridine at the modified electrode were investigated in detail by cyclic
voltammetry (CV), chronoamperometry (CA) and chronocoulometry (CC). Compared with the bare GCE
and the preparation of reduced graphene oxide (RGO) films by potentiostatic method (PM) modified
GCE, PP-ERGO/GCE could intensively enhance the oxidation peak currents and decrease the overpoten-
tial of sophoridine. Under the selected conditions, the modified electrode showed a linear voltammetric
response to sophoridine within the concentration range of 8.0 x 10-7 ~ 1.0 x 10~ molL-! !, with the
detection limit of 2.0 x 10~7 molL~'. And, the method was also applied to detect sophoridine in spiked
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human urine with wonderful satisfactory.
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1. Introduction

Sophoridine, a quinolizidine alkaloid, is a main active ingredient
ofkinds of Sophora plants in traditional Chinese herbal drug[1]. The
studies of pharmacological effect have shown that sophoridine has
wide pharmacological effects including anti-arrhythmic [2], antivi-
ral effects [3] and immunological enhancement [4]. And, it also
exhibits the potential therapeutic efficacy on malignant tumors in
the digestive tract such as colorectal carcinoma, gastric cancer, and
esophageal cancer [5,6]. Accordingly, accurate analytical method
for sophoridine is necessary and some determination techniques
have been developed, such as high performance liquid chro-
matography (HPLC) [7,8], gas chromatography-mass spectrometer
(GC-MS) [9], nonaqueous capillary electrophoresis (CE) [10] and
electrogenerated chemiluminescence (ECL) [11]. But, some of them
are time-consuming, expensive or involve a tedious extraction
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process before detection. In contrast, electrochemical method is
simple, rapid, sensitive and inexpensive. Furthermore, the redox
properties of drugs can provide insight into their metabolic fate,
their in vivo redox processes, and their pharmacological activity
[12]. Recently, the report regarding the voltammetric and amper-
ometric determination of sophoridine is raised [13,14], but very
limited.

In the past decades, several forms of carbon materials (e.g.
ordered mesoporous carbon [15], carbon nanofiber [16], carbon
nanotube [17]) have been studied to use for developing electro-
chemical sensors. Graphene, a perfect two-dimensional carbon
material found in 2004 [18,19], is an ideal material for electro-
chemistry [20] because of its very large 2D electrical conductivity,
large surface area and low cost. At present, graphene is usually
prepared in large quantities by a chemical method [21] or an
electrochemical reduction [22] of graphene oxide (GO). A series
of investigations showed that chemically reduced graphene oxide
(CRGO) always needs excessive reducing agents, and addition-
ally some oxygenated species cannot be completely reduced by
chemical treatment, which may degrade the electrochemical
performance. As compared with the chemical method, electro-
chemical reduction provides several advantages, including being
simple, rapid, green and efficient [23-26]. More importantly, the
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highly negative potential used in the electrochemical reduction of
graphene oxide (ERGO) efficiently reduces the oxygen-containing
functional groups [27]. Recently, the synthesis and applications
of ERGO as electrochemical sensors [28-30], biosensors [31], and
supercapacitors [32] have attracted considerable interest because
of its unique properties. The ERGO has usually been obtained by
two steps: (1) drop-casting of graphene oxide solution on basal
electrodes; (2) then, electrochemical reduction of above modified
electrodes. And, a series of electrochemical methods, such as cyclic
voltammetry (CV) [28,30-32] and potentiostatic method [29], has
been employed. However, the pulse potentiostatic method (PPM)
[33], having advantages, including simplicity, time savings and
high purity of the deposits, has little been adopted in the ERGO field.

In this work, an ERGO film was prepared onto the glassy car-
bon electrode (GCE) directly from GO dispersions by PPM, and the
resulting electrode was used to determine sophoridine. The elec-
trochemical behaviors of sophoridine at the modified electrode
were investigated in detail by cyclic voltammetry (CV), chronoam-
perometry (CA) and chronocoulometry (CC). Compared with the
bare GCE and the preparation of reduced graphene oxide (RGO)
films by PM modified GCE, the modified electrode could intensively
enhance the oxidation peak currents and decrease the overpoten-
tial of sophoridine. In addition, oxidation peak currents were found
to be sensitively responding to the sophoridine, and alinear voltam-
metric response to sophoridine within the concentration range of
8.0x 1077 ~ 1.0 x 10~*molL~! was obtained under the selected
conditions. Based on these results, we believe it is a simple, rapid,
green and promising method for determination of sophoridine.
And, this work would enlarge the application range of graphene
in electroanalytical chemistry.

2. Experimental
2.1. Apparatus and Reagents

Model CHI 650A electrochemical system (CHI Instrumen-
tal, Shanghai, China) and RST5000 electrochemical workstation
(Zhengzhou Shiruisi Instrument Co., Ltd., Zhengzhou, China)
were employed for electrochemical techniques. Atomic Force

Microscopy (AFM) images were obtained with a_ BenYuan CSPM-

5500 atomic force microscopy (Guangzhou BenYuan nanometer
Instrument Co., Ltd.,, Guangzhou, China). Scanning electron
microscopy (SEM) images were obtained with a Quonxe-2000 field
emission scanning electron microscope (FEI Company, Holland).
A standard three-electrode electrochemical cell was used with
glassy carbon electrode (d=3 mm) or modified GCE as working
electrode, platinum (Pt) wire as auxiliary electrode and a saturated
calomel electrode (SCE) as reference electrode (the internal solu-
tion was saturated KCl solution). All the pH measurements were
made with a PHS-3 C precision pH meter (Leici Devices Factory of
Shanghai, China), which was calibrated with standard buffer solu-
tion at 2540.1°C every day.

All reagents were of analytical grade and were used as received.
Double distilled water was used for all preparations. Sophoridine
was purchased from National Institute for the Control of Phar-
maceutical and Biological Products (Beijing, China). Stock solution
(2.0 x 103 mol L) of sophoridine was prepared with doubly dis-
tilled water and stored at 4°C in the dark.

2.2. Preparation of the modified electrode

Firstly, GO was synthesized from graphite by the modified Hum-
mers method [34]. The exfoliated GO was obtained by ultrasound of
the GO dispersion, and centrifugating at 3000 rpm for 15 min. The
resulting GO deposited on the mica were characterized by AFM.

The results revealed that the GO sheets were almost single-layer,
see Fig. S1. And the average thickness of single-layer GO sheets was
approximately 1 nm.

Prior to modification, the bare GCE was polished successively
with 0.3 and 0.05 m Al, 03 power and rinsed thoroughly with dou-
bly distilled water between each polishing step. After that, the GCE
was sonicated in ethanol and doubly distilled water each for 2 min,
and dried under N, blowing. After that, the bare GCE was immersed
in pH 6.0 phosphate buffer solutions (PBS) containing 0.8 mg mL~!
GO, and prepared for electrodepositing by PPM under constant stir-
ring. The optimal parameters of electrodeposition were listed as
follows: upper limit potential E;, 0.1V; lower limit potential E, -
1.2V; anodic pulse duration t;, 0.6 s; cathodic pulse duration ¢,
0.3 s; experimental time texp, 180 s. The overall reduction time (tre)
can be calculated from the following equation: tre = fexp x tc/(tc +ta).
The optimal parameters of electrodeposition (t,, tc and t;.) were
described in the S1. The obtained electrode was denoted as PP-
ERGO/GCE. For comparison, the ERGO/GCE was also fabricated with
the similar procedure by the potentiostatic method (PM).

2.3. Analysis of spiked urine samples

The urine samples were drawn from healthy individuals
immediately before the experiments. Spiked urine samples were
obtained by treating 1.0 mL aliquots of urine with appropriate
amount of sophoridine standard solutions. A 20 p.Laliquot of spiked
urine was diluted with 10 mL 0.2 mol L-! pH=7.5 phosphate buffer
solutions (PBS), without any pre-treatment, and transferred into
the voltammetric cell. The SWV was recorded to achieve the quan-
titative analysis (with a scan increment of 4 mV, pulse amplitude
of 30mV, and pulse frequency of 25 Hz).

3. Results and Discussion
3.1. Pulsed potentiostatic electrodeposition of RGO film on GCE

As applying a positive potential, GO sheets could be deposited
on the electrode; because GO colloids exhibit negative charges in
weakacid [35]. According to the literature [30], the as-deposited GO
sheets can be electrochemically reduced at E=-1.1V vs SCE. Here,
we use the PPM to achieve the electrodeposition of RGO films, in
which 0.1V vs SCE is used to deposit GO sheets on GCE, followed by
applying -1.2 V vs SCE to electrochemically reduce the as-deposited
GO sheets to RGO sheets.

To illustrate the pulse procedure used for the ERGO film, the
evolution in time of the E and the i for the process of PM and PPM
was investigated, see Fig. 1. When the E is constant and uninter-
rupted (see the inset of Fig. 1A), the i decays quickly as soon as the
potential is imposed, probably due to the change in the precursor’s
concentration when the GO sheets close the electrode surface start
to react. Later, the i attains a limiting value (see Fig. 1A), typical of
a deposition process controlled by mass transport. The i-t response
is altered when the E is pulsed (see the inset of Fig. 1B). After the
potential E. is applied, the i increases sharply and then decreases
tending to a steady value as in potentiostatic mode (see Fig. 1B). As
potential E, is imposed, the i drops sharply, reaching values close
to zero. This is a so-called “relaxation period” that allows the diffu-
sion of GO sheets to areas where they have been quickly consumed
while applying E;. When a new pulse start, the distribution of GO
sheets on the electrode surface is supposed to be more homogenous
[36]. Therefore, the PPM can gain more uniform the thin films.

3.2. Morphological characterization of the PP-ERGO/GCE

To obtain further information on the successful preparation of
RGO films by PPM and illustrate the difference of electrochemical
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Fig. 1. Characteristic i-t response registered for potentiostatic (A) and pulsed elec-
trodeposition (B). The inset in each figure outlines the E-t profile imposed for each
method, during the electrodeposition of RGO films.AFM image of GO from its dilute
aqueous dispersion on freshly cleaned mica.

properties, morphologies of the ERGO/GCE (Fig. 2A) and PP-
ERGO/GCE (Fig. 2B) were characterized by using SEM. As showed
in Fig. 2A, the preparation of RGO films by PM modified GCE
showed a loose, disorder and stacked surface. In contrast, prepa-
ration of RGO films by PPM display closely associated with each
other to form thin and crumpled sheets, and the edges of individ-
ual sheets were distinguishable with kinked and wrinkled areas
(Fig. 2B), which is highly beneficial in maintaining a high surface
area on the electrode and helpful in constructing an interface
for the electrochemical sensors. Moreover, the films barely show
aggregation, indicating that the assembly of RGO films by PPM on
a solid substrate is a good way to prevent the aggregation of RGO.

3.3. Electrochemical characterization of the PP-ERGO/GCE

In order to highlight the particular feature of the proposed elec-
trode, its voltammetric response for redox probe [Fe(CN)g >4~ was
compared with another electrode. Fig. 3 shows the cyclic voltam-
mograms (CVs) of bare GCE (curve a), ERGO/GCE (curve b) and PP-
ERGO/GCE (curve c)in 1.0 x 1073 mol L-! K3[Fe(CN)g]+0.1 mol L~!
KCl solution. A pair of redox peaks of [Fe(CN)g]*74~ is showed
on bare GCE with the peak-to-peak separation (AEp) as 86 mV at
the scan rate of 100mV s~!. While on ERGO/GCE, both cathodic
and anodic peak currents increase obviously with the AE, value
decrease to 71 mV. The largest peak currents and the smallest
AEj, of redox probe Fe(CN)g3-/4- is observed on PP-ERGO/GCE. The
results suggested that the properties of the ERGO films prepared by

Fig. 2. The SEM images obtained from the ERGO/GCE (A) and PP-ERGO/GCE (B).

Fig. 3. CVs of a bare GCE (curve a), ERGO/GCE (curve b) and PP-ERGO/GCE (curve c)
in 1.0 x 1073 mol L~! K3[Fe(CN)g]+0.1 mol L~ KCl solution.



F. Wang et al. / Electrochimica Acta 141 (2014) 82-88 85

Fig. 4. CVs of 1.0 x 10 mol L-! sophoridine at a bare GCE (curve a), ERGO/GCE
(curve b) and PP-ERGO/GCE (curve ¢)in 0.2 mol L~! PBS (pH=7.5),v=0.05V s~!; CVs
of the background (curve a) and successive CVs of sophoridine (1.0 x 10~ mol L1,
curve b) at the PP-ERGO/GCE in the inset.

PPM inincreasing the active surface area of electrode and accelerat-
ing the electron transfer rate was superior to that of PM. Moreover,
we found also that the redox peaks current are directly proportional
to the tre (see the inset of Fig. S2A), indicated that pulsed potentio-
static electrodeposition is an easily controllable, distinct advantage
over CRGO methods.

At the same time, according to Randles-Sevcik formula [37]:
ipa=2.69 x10°n32AD,12c,v'/2, where ip, refers to the anodic peak
current (A); n is the electron transfer number; A is the surface area
of the electrode (cm?); D, is the diffusion coefficient (cm? s1); ¢y is
the concentration of K3[Fe(CN)g] (mol L-1) and v is the scan rate (V
s~1). By exploring the redox peak current with scan rate, the average
electroactive area of bare GCE, ERGO/GCE and PP-ERGO/GCE was
calculated as 0.045, 0.068 and 0.090 cm?, respectively. The results
further indicated the preparation of the ERGO films by PPM could
further enhance the effective area of the electrode surface.

3.4. Voltammetric behavior of sophoridine at PP-ERGO/GCE

Fig. 4 displays CVs of 1.0x10~4molL-! sophoridine in
0.2mol L1 PBS (pH 7.5) at bare GCE (curve a), ERGO/GCE (curve b)
and PP-ERGO/GCE (curve c), respectively. As can be seen, sophori-
dine showed electrochemical activation on all electrodes. At bare
GCE, the electrochemical response of sophoridine was very weak
and only a very small bulge was observed at 1.050V. When
the ERGO/GCE was applied, the oxidation peak cureents (ip) was
increased significantly and the peak potentials (Ep) was negatively
shifted about 0.825V, indicated that the RGO films could acceler-
ated the electron transfer on the electrode surface to amplify the
electrochemical signal due to its excellent electric conductivity and
large specific surface area. In contrast, a distinct well-defined and
more sensitive anodic peak appeared at the PP-ERGO/GCE under
the same experimental condition, of which the i, is about 9.8- and
1.4-fold higher than that of bare GCE and ERGO/GCE, respectively,
and the E;, at the PP-ERGO/GCE is the lowest. The above results sug-
gested that the preparation of ERGO films by PPM can provide an
efficient interface and microenvironment for the electrochemical
response of sophoridine.

For further investigating the redox properities of sophoridine
at the PP-ERGO/GCE, successive CVs were performed. The inset of
Fig. 4 shows CVs of the background (curve a) and successive CVs of
1.0 x 10~4 mol L1 sophoridine in 0.2molL~! PBS (pH 7.5) at PP-
ERGO/GCE (curve b). It is obvious that the anodic peak current

Fig. 5. CVs of 1.0 x 10~* mol L' sophoridine at the PP-ERGO/GCE at different scan
rate (from 1 to 6: 0.05,0.10,0.15,0.20,0.25,0.30 V s~1); insets show the relationship
of the peak potential E, against In v, the other experimental conditions are the same
as those described in Fig. 6.

decreased obviously in the second scan compared with that of the
first one, and gradually reduced with successive cyclic sweep. The
reason may be that the oxidation product of sophoridine, which is
non-electroactive, adhered to the electrode surface and hindered
the access of sophoridine. At the same time, we found that if the
electrodes were kept in PBS (pH="7.5) in the absence of sophoridine
for 3 min under constant stirring, and then CV was carried out in
the solution with scan potential window of between 0.0V to 1.0V
(vs SCE), until the peaks of sophoridine disappeared. Finally, the
PP-ERGO/GCE surface will be restored to the initial state so that a
new voltammogram then exhibits the same characteristics as those
of the first cycle in the inset of Fig. 4. Therefore, in the following
discussion, the peak current is taken from the first cycle.

To further elucidate the electrode reaction of sophoridine at
PP-ERGO/GCE, the influence of potential scan rate (v) on ip, of
1.0x 10~*molL-! sophoridine was studied by CV in different
sweep rates from 50 to 300mV s~!, see Fig. 5. The peak currents
of sophoridine grow with the increasing of scan rates and there
are good linear relationships between ip; and v, indicating the
oxide process of sophoridine at PP-ERGO/GCE was an adsorption-
controlled irreversible reaction. Furthermore, the oxidation peak
potentials shift positively with the increasing scan rates. Accord-
ing to Laviron’s theory [38], for an irreversible anodic reaction, the
relationship between Ep, and v is described as follows:

RT I RTks  RT

E =F°— — |In— + —
pa(V) anF " anF T anF

Inv (1)

Where E° is the formal standard potential; « is the charge trans-
fer coefficient; ks is the apparent electron transfer rate constant;
and others have their usual meaning. The inserted calibration plot
in Fig. 5 highlighted a linear relationship between the variation of
Epa with the v from 50 to 300mV s~! and a good linear equation
was represented as Ep, (V)=0.816+0.0271 Inv (mV s~1) (R=0.999).
From the slope of the straight line of Ep, against Inv, an=0.94 could
be obtained. As for a totally irreversible electrode process, the value
of v isassumed as 0.5 [38], thus, the value of nis calculated tobe 2 as
areasonable conjecture. In return, o was 0.47. Meanwhile, the value
of ks of 2.69 s=! was calculated from the intercept of the straight
line of Ep, vs. Inv. The value of E° was determined to be 0.745 V from
intercept of Ep, versus v plot on the ordinate by extrapolating the
line to be v=0.
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Fig. 6. Chronoamperograms of PP-ERGO/GCE in 0.2molL-! PBS (pH=7.5) con-
taining (a) 0, (b) 50, (c) 100 and (d) 200 wmol L-! sophoridine; inset shows the
relationship of ica/ii. versus t'/2 for 100 wmol L~ sophoridine.

3.5. Chronoamperometry investigations

The evaluation of the catalytic rate constant (kcac) was investi-
gated by chronoamperometry. Fig. 6 shows chronoamperograms of
PP-ERGO/GCE in 0.2 molL-! PBS (pH 7.5) in the absence (curve a)
and presence (curves b-d) of sophoridine. The kca: for the chemi-
cal reaction between sophoridine and PP-ERGO/GCE is determined
according to the method described in the literature [39]:

% = n]/z(kthot)]/z (2)

Where ic;¢ and ip were the currents in the presence and the
absence of sophoridine, respectively; kci: was the catalytic rate
constant (molL~! s—1), ¢, was the bulk concentration (molL~!) of
sophoridine and t was the elapsed time (s). From the slope of the
icat/ii. versus t!/2 plot (see the inset of Fig. 6), the mean value of
kcat for the electrooxidation of sophoridine was calculated to be
6.04 x 10*mol L~ s—! when the concentration of sophoridine was
1.0x 10~4mol L1,

3.6. Chronocoulometry investigations

The chronocoulometry (CC) was employed to determine the
saturating absorption capacity of sophoridine at PP-ERGO/GCE
surface. The PP-ERGO/GCE was immersed in a sophoridine solu-
tion (3.0 x 10~4 mol L-1) for several minutes to achieve saturated
absorption. And then, a step potential from 0.0V to 1.0V was
applied. Q ~ t curve was recorded (Fig. 7, curve b) to calculate the
saturated absorption capacity. For control, Q ~ t curve was recorded
in the blank solution too (Fig. 7, curve a). The corresponding Q ~ t1/2
plots were also performed and shown as inset in Fig. 7. According
to the formula given by Anson [40]:

1/2
= 7271“;1(2” + Qa1 + Quds (3)
Where Qq; is the double-layer charge, and Q,qs is the Faradaic
charge due to the oxidation of adsorbed sophoridine. Using Lavi-
ron’s theory of Q=nFAI"" (I"" is the maximum surface concentration
of the surface-attached material (mol cm~2), and A is the electrode
geometric area (cm?)) and intercept difference between curves a
and b, a I'" value of 2.34 x 10~8 mol cm~2 was obtained.

Fig. 7. Chronocoulometric curves of the background (curve a) and sophoridine
(3.0 x 10~4mol L") (curve b) in 0.2 mol L~! PBS (pH=7.5) at the PP-ERGO/GCE; the
inset is the corresponding Q ~ t'/2 plots.

3.7. Analytical applications and methods validation

3.7.1. Influence of supporting electrolyte and pH

The types of supporting electrolytes played a key role in the
voltammetric responses of sophoridine. The current responses of
1.0 x 10~ mol L~ sophoridine were estimated in different sup-
portingelectrolytes such as H,SO4, NaOH, phosphate buffer, acetate
buffer, Britton-Robinson and borate buffer solutions. The results
showed that higher peak current and better peak shape could be
achieved in PBS. Therefore, PBS was adopted.

For the variation of solution pH from 6.0 to 8.0, it was found
that the Ep, shifted to lower values as the pH increased. The rela-
tionship between the Ep, and pH could be fitted into the regression
equation: Ep, (V)=1.182 —0.057 pH (R= 0.997). The value of slope
was 57 mV pH~1, indicated that the same amounts of electrons and
protons took part in the electrode reaction. Consequently, the oxi-
dation mechanism for sophoridine can be written as Scheme 1,
which is in accordance with the report [14]. Besides, the ip, vary
very little in the range; so solution pH of 7.5 was chosen in following
experiments, which was close to human physiological pH.

3.7.2. Instrumental parameters

In order to obtain a much more sensitive detection, the square
wave voltammetry (SWV) was employed in the determination
of sophoridine. The optimum instrumental parameters (pulse-
amplitude Esy, frequency f) were studied for a 1.0 x 10~4 mol L~!
sophoridine solution. The results indicated the ip, increased with
the increasing of Esw from 10 to 40 mV or f in the range of 10 -
40 Hz, but the peak potential shifted to more positive values, and

Scheme 1. Oxidation mechanism of sophoridine at PP-ERGO/GCE.
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Table 1

Application of the SWASV method to the determination of sophoridine in spiked urine samples.

Sample Original Found Added (1.0 x 10—-6molL-1) Total Found ” (1.0 x 10—6 mol L—1) R.S.D. (%) Recovery (%)
1 ND? 1.00 1.04 35 104.0

2 ND? 4.00 419 3.7 104.8

3 ND? 7.00 6.89 41 98.4

4 ND* 10.00 9.59 3.1 95.9

2 ND: None detected
b Average of three determinations

the peak changed unshapely. So 30 mV were chosen as the optimum
amplitude and 25 Hz were chosen as the optimum frequency.

3.7.3. Accumulation conditions

For consideration of the adsorption of sophoridine on the PP-
ERGO/GCE surface, SWV technique coupled with accumulation
procedure was used for study. With an increase in accumulation
time (tqcc), the ipg increased; but electrode renewal was also more
difficult. Moreover, the accumulation potential (Eacc) had a little
effect on the ipa. So the tyec of 120 s under open circuit was used for
further studies.

3.7.4. Calibration curve, detection limit, reproducibility and
stability

Series concentrations of sophoridine standard solutions were
detected under the optimized working conditions described
above. Fig. 8 displayed the response of different concentration
of sophoridine by square wave adsorptive stripping voltammetry
(SWASV). A linear relationship could be established between ipa
and the concentration of sophoridine in the range of 8.0 x 10~7
~ 1.0 x 10~4mol L1, see the inset of Fig. 8. The linear regression
equation and correlation coefficient are:

ipa = 5.214 + 0.540 x 10%¢(R = 0.999)

where ip, was the oxidation peak current in A and ¢ was the
concentration of sophoridine in mol L. Standard deviations (SD)
for the slope and intercept of the calibration curve were 0.00102
and 0.0404, respectively. Based on the signal-to-noise ratio of 3
(S/N) [41], the detection limit was obtained as 2.0 x 107 mol L1,
These values confirmed the sensitivity of the proposed method for
the determination of sophoridine. To estimate the reproducibility

Fig. 8. Square wave anodic stripping voltammograms and their associated
calibration plot (insert) for increasing concentrations of sophoridine at
the PP-ERGO/GCE under optimum conditions; sophoridine concentration: a)
0.0molL"!, b) 8.0x 107 molL', ¢) 1.0x 10-®molL-!, d) 5.0 x 105 molL"!, e)
1.0x 10> mol L', f) 1.5 x 10> mol L', g) 2.0 x 10> molL~', h) 3.0 x 10-> mol L,
i)5.0x 10> molL~',j) 1.0 x 10~4 mol L-1.

of the proposed electrode, the R.S.D. of five times successful mea-
surement the peak current of 2.0 x 10> mol L~! sophoridine was
calculated to be 3.6%, which demonstrated the good reproducibility
of the proposed electrode. The PP-ERGO/GCE can be stored about
4 weeks and the decrease of the response was got as 5.4%, which
indicated that PP-ERGO/GCE had good stability.

The proposed PP-ERGO/GCE for sophoridine determination was
compared with other method reported and the results were listed
inTable S1.Itis clear that the proposed electrodes can achieve wider
linear concentration ranges and lower detection limits. Besides, this
research suggests that the synthesis of ERGO by PPM as voltammet-
ric sensors might be a very promising direction in trace analysis of
electrochemistry.

3.7.5. Interference studies

For the possible analytical application of the proposed method,
various possible interfering species were evaluated, with a fixed
sophoridine concentration of 5.0 x 10~>molL-!. The selected
interferents were some species that were posible exist in human
urine samples, and the tolerance limit for a foreign species was
taken as the largest amount yielding a relative error <+ 5% for the
determination of sophoridine. The experiment results showed that
no interference could be observed for the following organic com-
pounds: glucose (500), citric acid (500), glutamic acid (500), oxalic
acid (500), ascorbic acid (5), uric acid (5) and norepinephrine (3),
where the data in brackets denote the molar ratio of interfering
compound to sophoridine. At the same time, the inorganic species,
such as Ca?*, Zn?*, NH,*, CI", SO42-, PO43-and Ac~ did not inter-
fere. The results indicate the present method was adequate for the
determination of sophoridine in real samples.

3.8. Determination of sophoridine in spiked urine samples

In order to evaluate the validity of the proposed method, it was
employed to determine sophoridine in spiked urine samples. There
was no distinct signal of sophoridine was observed in the original
urine sample. But, a new wave was found at potential about 0.46V,
and we do not know what it is. But it does not distinctly affect
to the peak intensity ip and the peak potential E, of the oxida-
tion of sophoridine. For evaluating the veracity, some sophoridine
standard solution was added in a urine sample before analysis. The
direct determination of sophoridine in spiked urine samples was
found to be possible by employing a high dilution of the sample
with the supporting electrolyte. The determination of sophoridine
concentration was performed by the calibration curve method. The
results of determination are listed in Table 1. The mean recovery of
sophoridine was 100.8%.

4. Conclusions

We have demonstrated pulsed potentiostatic method to pre-
pare ERGO films for the sensitive detection of sophoridine. The
ERGO films modified electrode showed enhanced electron transfer
properties and high resolution capacity to the sophoridine, supe-
rior to that of potentiostatic method. Wide linear concentration
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ranges, low detection limits, and excellent reproducibility and
stability were achieved on the modified electrode, indicating the
prepared ERGO films by pulsed potentiostatic method might be a
very promising platform for analytical sensing.
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