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Abstract The electrocatalytic oxidation of quinine sulfate
(QS) was investigated at a glassy carbon electrode,
modified by a gel containing multiwall carbon nanotubes
(MWCNTs) and room-temperature ionic liquid of 1-Butyl-
3-methylimidazolium hexafluorophate (BMIMPFg) in
0.10 M of phosphate buffer solution (PBS, pH 6.8). It
was found that an irreversible anodic oxidation peak of QS
with Ep, as 0.99 V appeared at MWCNTs-RTIL/glassy
carbon electrode (GCE). The electrode reaction process was
a diffusion-controlled one and the electrochemical oxida-
tion involved two electrons transferring and two protons
participation. Furthermore, the charge-transfer coefficient
(o), diffusion coefficient (D), and electrode reaction rate
constant (kf) of QS were found to be 0.87, 7.89x
1072 em®s™' and 3.43x1072 s, respectively. Under
optimized conditions, linear calibration curves were
obtained over the QS concentration range 3.0x10 ¢ to
1.0x10~* M by square wave voltammetry, and the detection
limit was found to be 0.44 uM based on the signal-to-noise
ratio of 3. In addition, the novel MWCNTSs-RTIL/GCE was
characterized by the electrochemical impedance spectros-
copy and the proposed method has been successfully
applied in the electrochemical quantitative determination
of quinine content in commercial injection samples and the
determination results could meet the requirement.
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Introduction

Since the discovery of carbon nanotubes (CNTs) by Lijima
[1] in 1991 using transmission electron microscopy, CNTs
have been the subject of various investigations in chemical,
physical, and material areas due to its special structure,
mechanical, electronic, and chemical properties [2, 3].
Depending on their atomic structure, CNTs behave electri-
cally either as a metal or a semiconductor [4, 5]. Their
subtle electronic properties suggest that CNTs have the
ability to promote charge-transfer reactions when used as
electrode-modifying materials [6—10].

Room temperature ionic liquids (RTILs) are compounds
consisting entirely of ions that exist in the liquid state
around room temperature [11, 12]. As the green reaction
solvents in fundamental research and applications, RTILs
have good chemical and physical properties such as good
chemical and thermal stability, negligible vapor pressure,
high conductivity, good biocompatibility, low toxicity, and
a wide electrochemical window [13—18]. Fukushima et al.
[19] easily made single wall carbon nanotubes-ionic liquid
(SWNTs-IL) gels modified electrode based on the high
viscosity of the IL and the “cation-7t” interactions of RTILs
and CNTs. The gels is made by grinding the mixture of
imidazolium ion-based RTIL and pristine single-walled
CNTs. Zhao et al. [20] developed a novel modified
electrode used a gel containing multiwalled CNTs and
RTIL of 1-butyl-3-methylimidazolium hexafluorophosphate
(BMIMPF) for the direct electrochemical determination of
proteins, and demonstrated such gel modified electrode was
thermally stable with high conductivity. Zeng’ group [21]
dicussed the improved voltammetric response of l-tyrosine
on multi-walled CNTs-IL composite coated glassy carbon
electrodes in the presence of cupric ion. Dong’ group [22]
reported the electrochemical characteristics of glucose
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oxidase adsorbed at CNTs modified electrode with IL as
binder. Thus, the combination of the RTILs and CNTs can
get a favorable fabrication of modified electrode which can
be successfully applied in electrocatalysis of bioelectro-
chemical reaction, fabrication of biosensors, and detecting
various biomolecules.

Quinine (QN), a kind of alkaloid extracted from
Peruvian bark by two French chemists (P. Jpelletier and
J. Bcaventou) in year 1820, was first used to treat malaria in
Rome in 1631, its anti-malarial reaction mechanism is that
steady deoxyribonucleic acid (DNA)-quinine compound is
formed from the interaction of quinine and DNA in
plasmodium, and then prevents plasmodium DNA replica-
tion and ribonucleic acid transcription; accordingly, it
makes curative effects. In recent years, QN is widely used
in industry, pharmacology, biochemistry, and so on. Firstly,
due to the four chiral centers (carbon atoms in the third,
fourth, eighth, and ninth position as shown in Fig. 1) in the
molecule, QN can act as a chiral ligand and catalyst in
anisomerous synthesis [23]. Secondly, quinine hydrochlo-
ride or sulfate has been utilized extensively in the cosmetics
industry (shampoo) and the soft drinks especially as a
flavoring agent [24]. Moreover, QN also has analgesic,
antiseptic, and the muscle-relaxant properties, which was
found effective as additional therapy for acquired immune
deficiency syndrome [25], neurodermatitis, perennial rhini-
tis, and other viral diseases [26, 27]. In addition, QN has
also a side-effect on intestine, stomach, and nerve centralis;
if taken excessively, it even brings hypersusceptibility [28].
From what is mentioned above, various techniques have
been developed for the quantitative determination of QN in
beverage, plasma, human urine, biological fluids, or drugs
including non-aqueous titration [28], chemiluminescence
[29, 30], isotachophoresis [31], fluorodensitometric [32]
and fluorimetry [33-35], direct [36, 37] and indirect [38—

Fig. 1 Structure of quinine
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40] photometry and chromatography [41-48]. Besides, a
few electrochemical techniques, involving polarography,
potentiometry with polymer membrane-based ion-selective
electrodes, flow injection analysis and voltammetry, have
been reported. Thomas et al. [49] have investigated the
kinetics of the adsorption—desorption process of quinine at
the mercury electrode by the polarographic double-potential
programs. Kobayashi et al. [50] have described two
electroanalytical techniques of quinine on measuring the
change in trans-Au nanotubules membrane current when
the quinine is added to the nanotubule with inside diameters
approaching molecular dimensions and detecting the
change in membrane potential. Li et al. [S1] have prepared
polyvinyl chloride membrane quinine selective electrode
and applied it in the determination of quinine in quinine
hydrochloride. Zareh et al. [52] easily prepared poly(vinyl
chloride) membranes based on lipophilic derivatives of
tetraphenyl borate for the determination of quinine in soft
drinks and verified the result by a spectrophotometric
technique. Saad et al. [53] demonstrated a flow injection
analysis based on polyvinyl chloride membranes for the
quinine in beverages; Our group has investigated the
voltammetry for quinine at sodium dodecyl benzenesulfo-
nate and N-Butylpyridinium hexafluorophosphate ([Bupy]
PF¢)-modified carbon paste electrode [54]. However, the
electrocatalytic oxidation and electroanalysis of quinine
sulfate (QS) at multi-wall carbon nanotubes-ionic liquid gel
modified glass carbon electrode (MWCNTs-RTIL/GCE)
has not been reported in the literature to the best of our
knowledge.

As a continuation of our previous work [54-57], we
found that the oxidation peak potential of QS at MWCNTs-
RTIL/GCE slightly shifted to negative and the peak current
increased by almost two times in contrast to that at
MWCNTs/GCE and ten times in contrast to that at bare
GCE which indicated MWCNTs-RTIL can catalyze QS
electrochemical oxidation reaction very well. Moreover, the
influence of experimental conditions on the electrocatalytic
oxidation was investigated, the electrochemical kinetic
parameters were also determined, and the electrochemical
quantitative determination of QN at MWCNTs-RTIL/GCE
in commercial injection samples was conducted. Compare
with the reported results [28-53], the fabrication of
MWCNTs-RTIL/GCE is simple, easy and stable. The
procedure for the determination of QN is rapid, inexpen-
sive, pollution-free, and requires no sample pretreatment or
any time-consuming derivatization reaction and deposition
steps. Although the minimum detectability, sensitivity, and
accuracy of the proposed method may be not as good as
photometry and chromatography [36—48] in the determina-
tion of QN in complicated samples, it is believed that it
could still be as an alternative in quinine determination in
commercial pharmaceutic preparation.



J Solid State Electrochem (2011) 15:1185-1192

1187

Experimental
Apparatus

All electrochemical experiments were carried out using an
Electrochemistry Workstation CHI660A (CH Instrument,
USA). A personal computer was used for data storage and
processing. The working electrodes used in cyclic voltam-
metry experiments were a CHI104 GCE with 3 mm
diameter and GCE modified by MWCNTs and room
temperature ionic liquid (MWCNTs-RTIL/GCE). A plati-
num wire and a saturated calomel electrode (SCE) served as
the auxiliary and reference electrodes, respectively All
potentials measured and reported in this work were versus a
SCE.

Reagents

Quinine sulfate (Batch No.WS20090105, Purity 99%), was
from China National Medicines Chemical Reagent Ltd. and
used without further purification. Quinine dihydrochloride
injection (Batch No. 081201-4; labeled values of
250 mg'mL™") was from ZhangFeng Pharmaceutical Fac-
tory (Longchuan, Yunnan Province, China). BMIMPFq
(Shanghai Chengjie Chemical Co. Ltd, China; Purity
99%). MWCNTs (provided from Prof. Fei Wei, Chemical
Engineering College of Tsinghua University, China) were
functionalized to give carboxylic carbon nanotubes follow-
ing the procedure [58].

Unless otherwise stated, a 0.10 M Na,HPO,4-NaH,PO,4
buffer solution (PBS, pH 6.8) was used as the supporting
electrolyte. All other chemicals were of analytical grade and
also used as received. All solutions were prepared by
doubly distilled water and thoroughly flushed with high
purity nitrogen that was used to remove oxygen from the
solutions in the electrochemical cell. All experiments were
carried out at room temperature.

Fabrication of modified electrodes

A glassy carbon electrode was polished with 0.3 pm o-
Al,Oj slurry on the polishing micro-cloth, rinsed thorough-
ly with distilled water and ultrasonically successively in
acetone and doubly distilled water for 10 min to remove
any remaining polishing alumina.

One milligram of functionalized MWCNTs were dis-
persed into 2 mL of N,N-dimethyl formamide/H,O (1:1)
aqueous solution with the aid of ultrasonic stirring for
15 min to give a 0.50 mg-mL™' homogeneous black
suspension, and then 11 puL of MWCNTs dispersion was
dropped on GCE surface with a microsyringe and the
solvent was evaporated under infrared lamp to obtain
MWCNTs/GCE. 12 mg of MWCNTs mixed with 200 uL

of BMIMPF, was ground for about 20 min in a mortar to
give a viscous CNTs-IL gel, and then a proper amount of
the gel was transferred on the cleaned electrode surface by
mechanically rubbing, thus the MWCNTs-RTIL/GCE was
fabricated.

Results and discussion

The electrochemical impedance spectroscopy of the bare
GCE and the modified electrodes

The electrochemical impedance spectroscopy can generally
provide useful information on the impedance changes of the
electrode surface during the fabrication process [59]. By
using Fe(CN)s® ™", redox couples as a electrochemical
probe, the Nyquist plots of the different electrodes were
shown in the curves of Fig. 2 with the frequencies range
from 1 Hz to 100 kHz. It was found from the curves in
Fig. 2 that the interfacial electron transfer resistance was
nearly zero at MWCNTs/GCE, which indicates that the
MWCNTs formed high electron conduction pathways
between the electrode and electrolyte [60]. At high
frequencies near the origin, MWCNTs-RTIL/GCE repre-
sented an obvious smaller semicircle than that of the bare
GCE and RTIL/GCE which related to a good ionic
conductivity and the least charge-transfer resistance of
MWCNTs-RTIL/GCE. At low frequencies, MWCNTs-
RTIL/GCE represented a linear tail with a maximal slope
among the different electrodes which indicated MWCNTs-
RTIL/GCE obviously improved the diffusion of ferricya-
nide toward the electrode surface according to the reference
[61].
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Fig. 2 EIS of MWCNTs-RTIL/GCE (a), the bare GCE (b), and RTIL/
GCE (c¢), and MWCNTS/GCE (d) in 1.0 mM Fe(CN)e* ™ +0.10 M
KCI. The frequency range is 1-10°> Hz
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Cyclic voltammetric behavior of QS

The cyclic voltammetric behaviors of 50 uM of QS at
MWCNTs-RTIL/GCE, MWCNTs/GCE and the bared GCE
had been investigated with the scanning rate of 50 mV-s '
in 0.10 M of PBS over the potential range of 0—1.20 V as
shown in curves of Fig. 3. From the curves in Fig. 3 it can
be seen that a large and well-defined oxidation peak
appears at 0.99 V at MWCNTs-RTIL/GCE, but there is a
less sensitive electrochemical response of QS at the bared
GCE and MWCNTs/GCE than that at MWCNTs-RTIL/
GCE resulting from the synergetic effect of MWCNTs and
RTIL.

The oxidation peak potential of QS at MWCNTs-RTIL/
GCE slightly shifted to negative and the peak current
increased by almost two times compared with that at
MWCNTs/GCE and ten times compared with that at GCE,
it means that the electrochemical oxidation of QS can be
improved by MWCNTs-RTIL/GCE and the peak current
enhancement is related not only to the increased electrode
surface area, but also to both QS electrochemical oxidation
process occurred easily at thermodynamically favorable
potentials and the reaction rate increasing kinetically at
MWCNTs-RTIL/GCE. On the one hand, MWCNTs with
nano-scaled dimensions have a particular electronic struc-
ture, high electrical conductivity, and topological defects
present on their surfaces which can be readily and
completely used as an electrochemical sensing unit,
yielding a higher sensitivity, and can bear both basal plane
sites and the edge plane like sites/defects in their structures
which may have caused the electrocatalytic efficiency
during the electro-oxidation process [62—64]. On the other
hand, the MWCNTs are untangled after treated with the
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Fig. 3 CVs of 50 uM of QS at MWCNTs-RTIL/GCE (a), MWCNT/

GCE (b), and GCE (¢) in 0.10 M of PBS (pH 6.8). Scanning rate:
50 mV-s !
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Fig. 4 a Dependence of the peak potentials on logarithm of scanning
rates (log v). b Dependence of the peak currents on the square roots of
scanning rates (v'%)

RTIL, mainly because of cross-linking of the nanotube
bundles mediated by local molecular ordering of RTIL
resulting from the “cation-7t” interactions between imida-
zolium and nanotubes [19]. Therefore, MWCNTs-RTIL gel
can act as a promoter to increase the heterogeneous electron
transferring rate, and then produce the catalyzing QS
electrochemical oxidation very well. In addition, no
corresponding reduction peak was observed on the reverse
scanning indicating the irreversibility of electrochemical
oxidation.

The effect of scanning rate on the electrochemical
behavior of 50 uM of QS at MWCNTs-RTIL/GCE was
investigated by cyclic voltammetry (CV). With the potential
sweeping rate increasing, both the peak currents increased
and the peak potentials shifted positively which implied
the irreversible nature of the electrode reaction processes.
The oxidation peak currents versus the square roots of the
scanning rate were a straight line shown in Fig. 4b, as
expected for a diffusion-limited electrode reaction process.
The linear regression equation is expressed as I, (LA)=
—14.57+5.428 v'? (mV'?s %), with a correlation coeffi-
cient of 0.9990.

The effects of experimental conditions on the catalytic
oxidation peak currents and the potentials

The effect of various media on the catalytical oxidation
peak currents and potentials of QS could be easily observed
from CV. The voltammetric behaviors of QS at scanning
rate 50 mV-s ' in different electrolytic solutions, such as
aqueous NaCl, NaAc, NaNOs, Na,SO,4 and NaAc-HAc, B-
R, Na,HPO4-NaH,PO, (PBS) buffer solutions, had been
investigated. The experimental results showed that in
0.10 M of aqueous PBS, QS had a well-defined electro-
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chemical behavior. Thus, 0.10 M PBS was chosen as
supporting electrolyte.

BMIMPF¢-MWCNT composite with different ratio was
studied by CV in 50 uM of QS with 0.10 M PBS which
indicated the peak currents of QS remained constant
basically. However, when RTIL is too much or too little,
they cannot form well paste for fabricating modified
electrode. Their appropriate ratio is about 12/200 (mg/uL).

QS electrochemical oxidation is a pH-dependent one.
The effect of solution pH on the oxidation peak current and
peak potential for QS were studied in 0.10 M PBS over the
range from pH 3.0 to 9.5 as shown in Fig. 5. From Fig. 5, it
can be seen that with the increasing pH, the anodic peak
potential shifted linearly to negative direction. The rela-
tionship between the anodic peak potential and the solution
pH could be fit to the equation of E,,(mV)=-62.24 pH+
1380.2 (Fig. 5a), with a correlation coefficient of 0.9930.
The slope was found to be —62.24 mV/pH, which was very
close to the theoretical value of 59 mV, which indicated that
the electron-transfer number and the number of protons
taking part in the electrode reaction process was the same.
Since the electrochemical oxidation of QS is known to
occur by a two electron transfers [50], thus the number of
protons involved were also predicted to be two. Figure 5b
showed the dependence of the anodic peak current on the
solution pH. It could be seen that the anodic current
decreased with the increasing pH.

Electrochemical kinetics

Charge—transfer coefficient «v

According to the results mentioned above, we knew that
QS electrocatalytic oxidation was a diffusion-limited

electrode reaction process. For an irreversible diffusion-
controlled one, the peak potential (£,) is proportional to the
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Fig. 5 Dependence of E,, (a) and /,, (b) on pH

logarithm of potential sweeping rate (v) with the following
equation [65]:

E, = (b/2)log v + constant (1)

From the equation, we know that the slope of £, vs. log
v curve is b/2, where b indicates the Tafel slope. The
dependency of E, on logv for the oxidation of QS on the
MWCNTs-RTIL/GCE is depicted in Fig. 4a, its linear
regression equation is expressed as £, (mV)=750.1+109.8
logv, with a correlation coefficient of 0.9984. A value of b=
2x0E,/6(logv)=219.7 mV was obtained. From the equation
b=2.3RT/n(1-a)F, we can calculate n(1-a)=0.269. As we
know the electron transfer number of QS is 2 [50], so it
gives the charge—transfer coefficient «=0.87.

The diffusion coefficient D

The real area of the electrode and the apparent diffusion
coefficient of QS was determined by chronocoulometry
(CO) [66].

_ 2nFACD'?1'/?

”1/2 + le + Qads (2)

Here, Q is the total charge, n is electron transferring
number involved in the electrochemical oxidation reaction, 4
is the electrode surface area (cm?), C is the concentration of
the electroactive species in the solution (M), D is the
diffusion coefficient (cm*s '), and ¢ is the time (ms). The
real area of the MWCNTSs-RTIL/GCE were calculated to be
0.515 cm?® from the slopes of Q vs. 1" curves by using
5.0 mM Fe(CN)s> as model compound. As the number of
electron transferring of QS is 2 [50], the real surface area (A)
of MWCNTs-RTIL/GCE had been calculated before and the
QS concentration (C) is 50 uM, the diffusion coefficient (D)
of QS can be calculated to be 7.89x107 cm?s .

The electrode reaction rate constant k¢

The electrode reaction rate constant (k) can be determined
by chronoamperometry (CA) using the following [67]:

(1) = nFAk;C[1 — 2HVt/\/x| (3)

in which, H = &, /DIO/X2 +ky /D;{f. For the totally irrevers-
ible electrochemical reaction, the value of 4, is 0, therefore
H=k/ D(l)/xz. When ¢ approaches to 0, the plot of X(t) vs. '
gives a good straight line. Therefore, k¢ can be calculated to be
343x10% s from the slope and the intercept of CA curve.

Order number of the electrochemical reaction

According to the theory of the electrochemical kinetics
[68], we obtained the dependence of the logarithm of the
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peak current (log/,,) on the logarithm of QS concentration
(logCqs). The logarithm of I,, depends linearly on the
logarithm of Cqs with a linear relationship equation of
logl,,=—0.4892+0.89541logCqs, and the correlation coef-
ficient (R) of 0.9992. The slope is approximating to 1,
which implies that the electrocatalytical oxidation reaction
obeys the first-order kinetics with respect to QS.

In order to check the electrochemical response of
MWCNTs-RTIL/GCE for QS, the time-steady state current
response curve was determined and the experimental results
are shown in Fig. 6. The current response signal of
MWCNTs-RTIL/GCE is proportional to QS concentration,
response time is less than 4 s, and the least response
concentration is 0.4 pM which can be used in QS
electrochemical quantitative determination with both low
detection limit and high sensitivity.

Electrochemical determination application

Operational parameters optimization of the square wave
voltammetry

The square wave voltammetry response markedly depends
on the parameters of the excitement signals. Therefore,
optimization of pulse amplitude, frequency, and the
scanning potential increment were investigated in the
experiment. The dependence of the oxidation peak current
on pulse amplitude was examined in the range 10-100 mV.
Between 10 and 50 mV, the variation of the peak currents
with the pulse amplitude was a linear increasing, after
50 mV the variations remained almost constant. Thus, a
pulse amplitude of 50 mV was chosen to improve the
sensitivity without peak distortion. With a 50 mV pulse
amplitude, the frequency was varied in the range 2-24 Hz.
From the experimental results, we found that between 5 and
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Fig. 6 Time-dependent steady state currents obtained at MWCNTs-
RTIL/GCE while increasing QS concentration at 1.05 V with a stirring
rate of 100 rpm
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Fig. 7 SWVs of 50 uM of QS at MWCNTs-RTIL/GCE (a),
MWCNTs-GCE (b), and GCE (¢) in 0.10 M of PBS (pH 6.8)

12 Hz, the peak current increased linearly with increasing
frequency; after 12 Hz, the variation of the current with the
frequency remained almost constant. A value of 12 Hz was
chose. Also with a 50-mV pulse amplitude and a 12 Hz
frequency, a scanning potential increment of 7 mV was
found to develop a well-defined peak and a higher current
response. Lower or higher than 7 mV, the peak current was
decreased.

Square-wave voltammetric behaviors of QS electrocatalytic
oxidation

The square wave voltammetry (SWV) behaviors of 50 uM
QS at MWCNTs-RTIL/GCE, MWCNT/GCE, and GCE in
0.10 M PBS under the optimized experimental conditions
(amplitude 50 mV, frequency 12 Hz, and scanning potential
increment 7 mV) was shown in Fig. 7. From the curves of
Fig. 7, it can be seen that QS itself showed a sluggish SWV
response at the bared GCE and a less sensitive electro-
chemical response at MWCNTs/GCE in contrast to that at
MWCNTs-RTIL/GCE, which revealed a faster electron
transfer process of QS at MWCNTs-RTIL/GCE. The
experimental result was in quite good agreement with that
of CV.

The electrocatalytical oxidation peak currents for QS
with the variation of its concentrations were investigated at
MWCNTs-RTIL/GCE. Linear calibration curves are
obtained over the concentration ranges of 3.0 puM~
0.10 mM in 0.10 M PBS (pH 6.8) with a linear fitting
regression equation of ,,(LA)=2.632+824.48 Cos (mM)
and a correlation coefficient of 0.9989. The detection limit
was 0.44 puM for QS according to S/N=3 (n=10). Under
the optimized experimental conditions, the direct determi-
nation of 50 uM QS in 0.10 M PBS was checked in the
presence of some common compounds or ions found in
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pharmaceutical preparations. The determination results
showed that within a relative error of £5%, 1,000-fold of
inorganic ions K", Na*, CI", NO5~, SO, and the 50-fold
of glucose, saccharose and citrate do not affect QS current
response which suggested that the proposed voltammetric
method had excellent selectivity toward QS.

In order to examine the reproducibility of MWCNTs-
RTIL/GCE, ten times of the determination was performed
by one MWCNTs-RTIL/GCE; nearly the same results were
obtained. A relative standard deviation of 4.7% was
obtained by measuring the oxidation peak current for QS
electrochemical oxidation with cyclic voltammetry using
six independent MWCNTs-RTIL/GCE. The experimental
results showed a good reproducibility for the modified
electrode.

Determination of quinine in commercial quinine
dihydrochloride injection sample

The proposed methods were successfully applied in the
determination of a quinine in commercial injection sample.
The proposed method afforded 250 mg-mL ™" with relative
standard deviations of 1.37-2.85%, based on the average of
the six repeated measurements. The accuracy of the
proposed method was also judged by applying the standard
addition, and their mean percentage recoveries are 96.20—
100.3%. This determination results implied that there were
no significant differences between the proposed and the
reported conventional method with respect to reproducibil-
ity, accuracy, and precision. In other words, the proposed
method provides a convenient and efficient one for the
determination of quinine with the advantages of simplicity,
sensitivity, and the rapidity.

Conclusion

The electrochemical behaviors, electrochemical kinetics,
and electrochemical determination of quinine sulfate were
performed for the first time by several electrochemical
methods based on the application of the MWCNTs-RTIL/
GCE. A well-defined irreversible electrocatalytical oxida-
tion peak was obtained. The QS electrocatalytical oxidation
reaction at MWCNTs-RTIL/GCE is a diffusion-controlled
process involving two electrons transferring accompanied
by two protons taking part in the electrode reaction process.
Meanwhile, the electrochemical kinetic parameters (charge
transfer coefficient «, diffusion coefficient D, and the
electrode reaction rate constant ky were determined by CC
and CA, which could provide some help in the insight into
quinine metabolic fate in redox processes, pharmacological
activity [69—72] and had an impact on drug pharmacoki-
netics and pharmacodynamics. From the recovery deter-

mined results, a good accuracy and precision of the
proposed method was obtained. Therefore, it can be
concluded that the proposed voltammetric method is
simpler, cheaper, less time-consuming, less toxicity, and
more easy to apply than the non-aqueous titration,
chromatography, chemiluminescence, flow injection analy-
sis, fluorodensitometric methods and fluorimetry, and
polarography. However, the disadvantage of the proposed
methods is that it cannot be directly applied for the selective
and simultaneous determination of QS with other alkaloids
in complex samples.
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