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Abstract: The electrochemical behavior of labetalol (LBT) at a carbon paste
electrode (CPE) and an ionic liquid 1-benzyl-3-methylimidazole hexafluoro-
phosphate ([BnMIM]PFg) modified carbon paste electrode ([BnMIM]PFg/CPE)
in Britton—Robinson buffer solution (pH 2.0) was investigated by cyclic vol-
tammetry (CV) and sguare wave voltammetry (SWV). The experimenta re-
sults showed that LBT at both the bare CPE and [BnMIM]PFg/CPE showed an
irreversible oxidation process, but at [BnMIM]PF/CPE its oxidation peak cur-
rent increased greatly and the potential shifted negatively. The electrode reac-
tion process is diffusion-controlled involving a one-electron transfer accom-
panied by the participation of one proton at [BnMIM]PF¢/CPE. In addition, the
electrochemical kinetic parameters were determined. Under the optimized elec-
trochemical experimental conditions, the oxidation peak currents were propor-
tional to LBT concentration in the range of 7.0x106-1.0x104 mol L1 with a
limit of detection (LOD, SN=3) of 4.810x108 mol L1 and a limit of quanti-
fication (LOQ, YN = 10) of 1.60x107 mol L1 The proposed method was
successfully applied in the determination of the LBT content in commercial
tablet samples.

Keywords. labetalol; carbon paste electrode; ionic liquid; electrochemical
determination.

INTRODUCTION

Labetalol (LBT) (structure formulais shown in Fig. 1) is used in the treat-
ment of hypertension, now clinically. It is most commonly prescribed as a first
line agent for the treatment of hypertensive disorders of pregnancy, including
pre-eclampsia.l Due to its clinical importance, many analytical techniques has
been developed for its determination, including high performance liquid chroma-
tography (HPLC),23 liquid chromatography coupled with mass spectrometry
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(LC-MS),4 capillary electrophoresis (CE),>6 spectrophotometry’ and electroche-
mical methods.8:° Among the cited electrochemical methods, they mainly discuss
the voltammetric determination of LBT in pharmaceuticals and the spiked human
urine at a bare carbon paste electrode® and the performance characteristics of
labetalol-H on an ion selective membrane electrode.® However, its electroche-
mical behaviors, electrochemical kinetics and electrochemical determination at
an ionic liquid 1-benzyl-3-methylimidazole hexafluorophosphate ([BnMIM]PFg)
modified carbon paste electrode ([BnMIM]PFg/CPE) have not hitherto been re-
ported.

Fig. 1. The structure of labetalol (LBT).

lonic liquids (ILs) are ionic compounds consisting of organic cations and
various kinds of anions, which are liquids at temperatures around 298 K and
below. ILs have a number of valuable properties, such as high ionic conductivity,
electrochemical thermal stability, negligible vapor pressure and wider electroche-
mical windows, etc.10.11 Due to their nature, ILs are non-flammable, non-volatile
and non-hazardous, which makes them attractive as “green” solvents for many
chemical processes on both the industrial and laboratory scale. Meanwhile, they
have been widely used as a modifier or binder to fabricate electrodes in the re-
search field of electrochemistry.

As continuations of previous work,12-15 an IL/CPE was fabricated using 1-
benzyl-3-methylimidazole hexafluorophosphate ([BnMIM]PFg) as a modifier and
characterized by both cyclic voltammetry (CV) and electrochemical impedance
spectroscopy (EIS). The eectrochemica behaviors and the electrochemica deter-
mination of LBT were investigated at both bare a CPE and [BnMIM]PFg/CPE by
CV and the sguare wave voltammetry (SWV). Its electrochemical kinetic para-
meters were also determined. Meanwhile, an electrochemical quantitative deter-
mination was established which was successfully employed for the determination
of LBT content in commercial tablet samples.

EXPERIMENTAL

Apparatus

All electrochemica experiments were performed using an electrochemistry workstation
CHIB60A (CHI Instrument, USA). A conventiona three-electrode system was used, which
included a carbon paste electrode (CPE) and 1-benzyl-3-methylimidazole hexafluorophos-
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phate ([BNnMIM]PFg)-modified carbon paste electrode ([BnMIM]PFg/CPE) as working elec-
trodes, a saturated calomel electrode (SCE) as the reference electrode, and a platinum wire as
the auxiliary electrode. All the electrochemical experiments were performed at room tempera-
ture with a high purity nitrogen purge for 5 min before the experiments. All potentials mea-
sured and reported in thiswork are vs. a SCE.

Chemicals and reagents

Labetalol (batch No. 32780-64-6, purity 99 %) was purchased from Shanghai CpG
Biotech Co., Ltd. (Shanghai, China) and used without further purification. LBT tablets (batch
No. 110102) were purchased from Jiangsu Tianhe Disainuo Pharmaceutical Co. Ltd. (Jiangsu,
China). 1-Benzyl-3-methylimidazole hexafluorophosphate ([BnMIM]PFg) was purchased
from Chengjie Chemical Reagent Co., Ltd. (Shanghai, China, Purity 99 %). All of the other
chemicals were of analytical grade and double distilled water was used throughout this work.
Preparation of CPE and [ BnMIM] PF/CPE

The bare CPE was prepared by thoroughly mixing 1.2 g of graphite with 0.40 mL of
paraffin oil in a mortar to form a homogeneous carbon paste. A portion of the carbon paste
was filled firmly into one end of a polytetrafluoroethylene (PTFE) tube, and a copper wire
was inserted through the opposite end to establish an electrical contact. The surface of the
CPE was polished on a piece of weighing paper to obtain a smooth surface just before use.

The [BnMIM]PFg/CPE was fabricated by dissolving 0.60 g of [BnAMIM]PFg in 0.60 mL
of N,N-dimethylformamide (DMF), and then added in 1.20 g of graphite powder in a mortar,
ground until the DMF had totally volatilized, and finally mixed with 0.60 mL of paraffin ail in
amortar. A portion of the so-obtained carbon paste was processed in the same manner as the
pure carbon paste.

RESULTSAND DISCUSSION
Characterization of the electrodes

Electrochemical behaviors of the bare CPE and [BnMIM]PFg/CPE were first
investigated by CV using K3[Fe(CN)g] as a redox probe. The cyclic voltammo-
grams of both the electrodes in a solution containing 5.0x10-3 mol L-1
K3[Fe(CN)g] in 1.0 mol L-1 KCI in the potential range —0.30 to 0.60 V are shown
in Fig. 2. The cyclic voltammogram curve of the bare CPE (Fig. 2, curve &)
exhibited a pair of well-defined voltammetric peaks with a cathodic peak poten-
tial (Epc) of 0.158 V and an anodic peak potential (Epg) of 0.311 V. The peak-to-
-peak separation (AEp ) is 153 mV. The cyclic voltammogram curve of
[BNMIM]PFg/CPE, with an Epc of 0.189 V, Epg of 0.272 V and AEp of 83 mV, is
presented in Fig. 2, curve b. Compared with the bare CPE, the redox peak cur-
rents of [BNnMIM]PFg/CPE were increased dramatically and the peak-to-peak se-
paration obviously decreased. Simultaneously, the peak current ratio R (Ipa/lpc) is
1.053, suggesting a reversible electron transference process. The results indicated
that the good conducting property of ILs could greatly promote the electron
transference rate of [Fe(CN)g]3—.

For further characterization of the electrodes, electrochemical impedance
spectroscopy (EIS) was used. EIS could reflect the surface properties of the mo-
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Fig. 2. CVsof the CPE (a) and the [BnMIM]PF¢/CPE (b) in 5.0x10°3 mol L1 K5[Fe(CN)g] +
1.0 mol L'1 KCI. Scan rate: 50 mV s,

dified electrodesl® using the [Fe(CN)g]3~4- redox couple as an electrochemical
probe. The EIS spectra consisted of two sections. one is the linear part at lower
frequencies, representing a diffusion-limited process; the other oneis a semicircle
portion observed at higher frequencies, corresponding to an electron-transfer-
limited process.1” Generally, the diameter of the semicircle is usually equal to the
resistance to electron transfer (Ret).18 The Nyquist diagrams of 5.0x10-3 mol L1
[FE(CN)g]34-in 1.0 mol L-1 KCI solution at the different electrodes in the fre-
quency range from 1 Hz to 100 kHz are shown in Fig. 3. The bare CPE (Fig. 3,
curve a) exhibited a large semicircle in the high frequencies range with a large
resistance of electron transference (Rg), suggesting a sluggish e ectrochemical
performance of the redox probe on the bare CPE. This might be due to the pre-
sence of nonconductive paraffin oil in the carbon paste, which played an impor-
tant role in hindering the electron transfer and made it more difficult for the elec-
tron transfer reaction to occur. Meanwhile, the nonconductive paraffin oil in-
creased the resistance of the Fe(CN)g3~/4- redox couple. However, the
[BnMIM]PFg/CPE (Fig. 3, curve b) showed a quasi-semicircle portion of much
smaller diameter in the high frequencies range, which was attributed to the good
ionic conductivity of ILs and the lower resistance to electron transfer of the
[BNMIM]PFg/CPE.1011 At low frequencies, [BnMIM]PFg/CPE presented a li-
nearity with alarger slope than that of the bare CPE, which is a characteristic of a
diffusion-limited electrochemical process. The experimental results of EIS con-
firmed that the [BnMIM]PFg/CPE could effectively promote the electron trans-
ference rate of [Fe(CN)g]3-/4- and showed properties very different from those of
the bare CPE.
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Fig. 3. EISfor the CPE (a) and the [BnMIM]PF¢/CPE (b) in 5.0x103 mol L1 [Fe(CN)g]34 +
1.0 mol L"1 KCI. Frequency range: 1-10° Hz.

Cyclic voltammetric behavior of LBT

The electrochemical behaviors of 1.0x10~4 mol L—1 LBT at both the bare
CPE and [BnMIM]PFg/CPE were investigated by CV at a scanning rate of 100
mV s in Britton—Robinson buffer solution (pH 2.0) over the potential range
between 0.20 and 1.20 V (Fig. 4). From Fig. 4, curve a, it can be seen that no
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Fig. 4. CVsof the CPE in Britton—Robinson buffer solution (pH 2.0) in the absence (a) and
the presence of 1.0x104 mol L-1 LBT (b) and of the [BnMIM]PFg/CPE in the presence of
1.0x10% mol L' LBT (c). Scan rate: 100 mV s'1.
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oxidation peak could be observed in the blank Britton—Robinson buffer solution
(pH 2.0) at the bare CPE. However, at the bare CPE (Fig.4, curve b) and
[BNMIM]PFg/CPE (Fig. 4, curve c), irreversible oxidation peaks in the presence
of LBT were observed with the oxidation peak potential and the oxidation peak
currents of 1.040 V, 2.830x10% A (CPE) and 0.942 V, 5.956x106 A
(IBNMIM]PFg/CPE), respectively. The oxidation peak potential of LBT at
[BhMIM]PFg/CPE was shifted negatively by 98 mV and the oxidation peak cur-
rent increased significantly by almost two times compared with that of CPE, and
exhibited a great response of electrocatalytic activity. The above-mentioned ex-
perimental results indicated that the presence of the ionic liquid in the modified
electrode showed good electrocatalytic ability, which was attributed to the spe-
cific advantages of ILs, including high conductivity and the inherent catalytic
ability of I1Ls19

The effect of the scan rate (v) on the oxidation peak current (Ip) of 1.0x104
mol L1 LBT at [BnMIM]PFg/CPE was investigated by CV (Fig. 5). With in-
creasing scan rate from 20 to 1000 mV s1, the oxidation peak currents increased
gradually. The oxidation peak currents vs. the sguare root of the scan rate exhi-
bited a good linear relationship, the linear regression equation of which is expres-
sed as Ip/pA = —2.257 + 0.7231v1/2 (where v is in mV s1) with the correlation
coefficient (R) of 0.9982 and a relative standard deviation (RSD) of 2.8 %. The
electrochemical oxidation of LBT at [BnMIM]PFg/CPE was indicated to be a dif-
fusion-controlled electrode reaction process.
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Fig. 5. The relationship of the oxidation peak current I, vs. VY2 gt the [BnMIM]PFg/CPE.
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The effect of experimental conditions on the peak currents and potentials

The effect of various media on the peak currents and potentials of LBT could
be easily observed by CV. The CV of 1.0x10~4 mol L1 LBT at a scan rate of
100 mV s in different electrolyte solutions, i.e., 0.10 mol L~1 KNO3, NaxSOy,
NaCl, NaClOg4, NaAc, NapHPO4—NaH>PO4 (PBS) and Britton—Robinson buffer
solution was investigated. The experiment results showed that a well-defined
electrochemical behavior was obtained in Britton—Robinson buffer solution.
Therefore, Britton—Robinson buffer solution was adopted.

The effect of the pH of the Britton—Robinson buffer solution on the electro-
chemical response of 1.0x10~4 mol L-1 LBT was investigated in the pH range
from 2.0 to 10.0 (Fig. 6), It can be seen from Fig. 6 that the oxidation peak
potential (Ep) of LBT decreased gradually with increasing pH from 2.0to 10.0. A
linear regression equation between Ep and pH was obtained as Ey/mV = 1106.4 —
—73.0 pH with R 0.9987 and RSD 1.9 %. The slope of 73.0 mV/pH was close to
the theoretical value of 59 mV/pH, which indicates that the number of electrons
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Fig.6 Effect of pH on E, and I, at the [BnMIM]PF¢/CPE.
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and protons involved in the oxidation process of LBT were amost equal. It was
also found that the oxidation peak current (Ip) of LBT decreased gradually with
the increasing pH from 2.0 to 6.0, after which it remained amost constant.
Therefore, Britton—Robinson buffer solution of pH 2.0 was chosen for the deter-
mination of LBT.

Electrode reaction kinetics

Electron transference number (n) and proton transference number (m). The
effect of scanning rate (v) on the oxidation peak potentia (Ep) of 1.0x10~4 mol
L-1 LBT at [BnMIM]PFg/CPE was investigated by CV (Fig. 7). From Fig. 7, it
can be seen that the oxidation peak potential shifted positively with increasing
scan rate, alinear relationship was obtained in the range of 60-800 mV s-1. The
relationship can be expressed by the following equation:20

Ep/mV =855.2 + 43.60log (v/ mV s1) (1)
R=0.9971,RSD =1.8%
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Fig. 7. The relationship of the oxidation peak potential Ej vs. log v at the [BnMIM]PFg/CPE.

For atotally irreversible electrode process, the relationship between Ep and v
is defined by the following equation:21

12 1/2
E=E°'+[ﬂj 0.780+ In| 2R +|n[“”FV )
anF ke RT

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS



ELECTROCHEMICAL BEHAVIOR OF LABETALOL 289

where E* is the formal potential; the k°, the standard heterogeneous rate cons-
tant; DR, the diffusion coefficient of LBT, a, the charge transference coefficient.
The other symbols have their usual significance. From Egs. (1) and (2), one can
obtain the slope (2.303RT/2anF) of the plot of E-og v as:

0.5%2.303 (RT / anF) = 0.04360 A3)

Generally, «in atotally irreversible electrode process is assumed as 0.5.22
Consequently, one electron is involved in the oxidation of LBT. Therefore, ac-
cording to the experimental results, the above mentioned showed that the electro-
chemical oxidation of LBT on [BnMIM]PFg/CPE is a one-electron and one-pro-
ton process.

Diffusion coefficient (D). The geometrical surface (A) for bare CPE and
[BAMIM]PFg modified CPE can be calculated from the slope (2nFAcyD / z ) of
the plot of Q vs. t¥2 by chronocoulometry (CC) using 5.0x10-3 mol L-1
K3[Fe(CN)g] as the eectrochemical model (the diffusion coefficient D of K3
[Fe(CN)g] is 7.6x10-6 cm? s71)23 from Eq. (4):24

Q=2nFAc,/Dt/7 +Q, + Q. (4)

Based on the slopes of 8.709x10-6 (RSD = 1.3 %) for CPE and 9.255x10-%
(RSD = 1.9 %) for [BAMIM]PFg/CPE of the plots of Q vs. tY2, A can be cal-
culated as 0.0580 cm? for CPE and 0.0617 cm? for [BnMIM]PFg/CPE when ¢
(K3[Fe(CN)g] concentration), D (diffusion coefficient of 5.0x10-3 mol L1
K3[Fe(CN)g]), and n (electron transfer number) are known.

The diffusion coefficient D of LBT at the bare CPE and [BnMIM]PFg/CPE
can aso be determined using CC based on Eq. (4). From the slopes of 3.630x106
(RSD = 0.27 %) for CPE and 8.645x10~% (RSD = 1.2 %) for [BnMIM]PFg/CPE
of the plot of Q vs. t¥2, D can be obtained as 3.303x10-5 cm?2 s-1 for CPE and
1.655x104 cm?2 s~1 for [BnMIM]PFg/CPE.

The electrode reaction rate constant ki. The electrode reaction rate constant
(kf) at both the bare CPE and [BnMIM]PFg/CPE were calculated by chronoam-
perometry (CA) based on Eq. (5):2°

I (t) = nFAKs c[l— 2HAt ;z] (5)

where, H =k; / DY2 +k, / DYZ . For atotaly irreversible electrochemical reac-
tion, the value of ky is 0, therefore, when t approaches 0, the plot of 1(t) vs. t1/2
gives a good straight line (Fig. 8). Thus, ks can be calculated from the intercept
(NFAksc) of 3.393x10~7 (RSD = 2.1 %) for CPE and of 8.207x106 (RSD = 1.5
%) for [BNnMIM]PFe/CPE of the CA curves. The resulting values for ki are
6.063x10~4 cm s-1 for CPE and 1.379x10~2 cm s~ for [BnMIM]PFg/CPE.
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Fig. 8. Plots of the CA curves of 1.0x104 mol L-1 LBT at the CPE (a) and the
[BNMIM]PF¢/CPE (b).

Application of the electrochemical determination

Square wave voltammetric (SWV) behaviors of LBT. The responses of square
wave voltammetry are markedly dependent on the parameters of the exciting
signals. Therefore, the optimization of the frequency, the pulse amplitude, and the
scanning potential increment were investigated in the experiment. The depen-
dence of the oxidation peak current on the frequency in the range 20-100 Hz was
investigated. The peak current increased linearly with frequency from 20 up to 50
Hz, after which, it remained almost constant between 50 and 100 Hz. Thus, a
frequency of 50 Hz was chosen. With a 50 Hz frequency, the pulse amplitude was
changed in the range of 10-80 mV. It was found that between 10 and 30 mV, the
peak current increased linearly with pulse amplitude, after 30 mV, it remained
almost constant. A pulse amplitude of 30 mV was chosen. In addition, with a 50
Hz frequency and a pulse amplitude of 30 mV, a scanning potential increment of
5 mV was found to develop well-defined electrochemical behavior.

The SWV behaviors of 1.0x104 mol L= LBT at both the bare CPE and
[BNMIM]PFg/CPE in Britton—Robinson buffer solution (pH 2.0) under the opti-
mized experimental conditions (frequency 50 Hz, pulse amplitude 30 mV, and
scanning potential increment 5 mV ) are shown in Fig. 9. From Fig. 9, curve a, it
can be seen that no oxidation peak could be observed in the blank Britton—-Ro-
binson buffer solution (pH 2.0) at the bare CPE. While at the bare CPE (Fig. 9,
curve b) and [BnMIM]PFg/CPE (Fig. 9, curve c), irreversible oxidation peaks in
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the presence of LBT were observed with the oxidation peak potential and the
oxidation peak currents of 1.005 V, 7.414x10-6 A (CPE) and 0.940 V, 1.734x105
A ([BnMIM]PFg/CPE), respectively. The oxidation peak potential of LBT at
[BNMIM]PFg/CPE was shifted negatively by 65 mV and the oxidation peak cur-
rent was significantly increased by almost two times compared with that at bare
CPE, which confirmed its great electrocatalytic activity. These experimental
results were in quite good agreement with those of CV.
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1/ pA

10 | b

0.2 0.4 0.6 0.8 1.0 1.2
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Fig. 9. SWV curves of the CPE (a) in Britton—Robinson buffer solution (pH 2.0) in the
absence and the presence of 1.0x104 mol L1 LBT (b) and of the [BnMIM]PFg/CPE in the
presence of 1.0x104 mol L"1 LBT (c).

The relationship between oxidation peak currents and LBT concentration
were investigated at [BnMIM]PFg/CPE. The oxidation peak currents increased
linearly with increasing LBT concentration in the range of 7.0x10-6-1.0x104
mol L—1. The linear regression equation is expressed as:

Ip (uA) = 2.214 + 60.59c (c isin mM)
R=0.9986, RSD =2.1 %

Under the optimized experimental conditions, an LOD, (SN = 3) of
4.810x108 mol L1 and an LOQ (SN = 10) of 1.60x10~7 mol L—1 were ob-
tained.

Reproducibility, stability and interference

After each experiment, the used carbon paste was carefully removed from
the end cavity of the modified electrode, and then another new [BnMIM]PFg/
/CPE was fabricated. The reproducibility of [BnMIM]PFs/CPE was estimated by
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comparing the oxidation peak current of 1.0x104 mol L—1 LBT. The relative
standard deviation (RSD) was 2.4 % for 10 determinations, revealing that the
modified electrode had good reproducibility. After the modified electrode had
been stored at room temperature for ten days, the current response obtained was
within £5 % the immediately obtained response, which shows the excellent sta-
bility of the modified electrode.

Moreover, some common excipients were tested to check their levels of in-
terference in the LBT determination. The results suggest that 100-fold concentra-
tions of glucose, sucrose, amylum, magnesium stearate and dextrin had no in-
fluence on the signals of LBT with RSD below %5 %.

Analytical applications

In order to ascertain the potential application in commercial tablet samples
analysis, the proposed method was used to determined LBT content in LBT tab-
lets. Ten tablets of LBT with the labeled amount of 50.00 mg per tablet were ho-
mogeneously ground into powder in a mortar, and then an appropriate amount of
the powder was accurately weighed, dissolved in doubly distilled water, trans-
ferred quantitatively into a 100 mL volumetric flask and doubly distilled water
added to scale line. Finally, a known-amount of sample solution was added into
pH 2.0 Britton—Robinson buffer solution and determined by SWV. The content of
LBT in the sample solution, which was measured by the standard addition me-
thod, isgiven in Table I. An acceptable reproducibility with an RSD of 1.2-2.1 %
for commercial tablet samples was obtained for six parallel measurements. By
using the standard addition method, the recoveries for the determination LBT
were in the range of 98.30-104.2 %, indicating that the proposed method has
good accuracy and could be used as an effective quantitative electrochemical de-
termination of LBT in commercial tablet samples.

Table |. Determination results of the samples (n = 6)
Samples Labeled Found, mg RSD /% Added, mg Determined, mg Recover, %

1 50.00 mg tablet™”  49.69 21 13.00 63.24 104.2

2 50.07 12 25.00 74.65 98.30

3 50.49 1.8 50.00 99.80 98.60
CONCLUSIONS

A modified carbon paste electrode ([BnMIM]PFg) was successfully fabri-
cated and characterized by CV and EIS. The electrochemical behaviors of LBT at
the both a bare CPE and a [BnMIM]PFg/CPE were investigated by CV and SWV.
Compared with the bare electrode, the oxidation peak current of LBT increased
greatly and the oxidation peak potential shifted negatively at the [BnMIM]PFg/
/CPE, which revealed some advantages of [BnMIM]PFg/CPE over CPE, such as
high conductivity and inherent catalytic ability. The electrochemica behavior of
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LBT at [BnMIM]PFg/CPE is a diffusion-controlled electrode reaction process
involving one electron transfer accompanied by the participation of one proton.
Moreover, the electrochemical kinetic parameters (diffusion coefficient D and the
electrode reaction rate constant ki) of LBT were determined at the both the elec-
trodes by CV, CC and CA. The oxidation peak currents increased linearly with
the increasing LBT concentration in the range of 7.0x10%-1.0x10%4 mol L1,
The linear regression equation was expressed as Ip (LA) = 2.214 + 60.59¢/10-3
mol L—1 (R = 0.9986 and RSD of 2.1%). The limit of detection (LOD, SN = 3)
was 4.810 x 108 mol L1 and the limit of quantification (LOQ, SN = 10) was
1.60x10~7 mol L—1. A comparison of the present experimental results with those
aready existing in literature® for similar electrochemical procedures, in which
the LOD values were 1.0x106 mol L= for LSV and 1.0x10-8 mol L—1 for DPV,
and the linear calibration curve ranges were 2.5x109-1.0x10-° mol L1 for LSV
and 2.5x10~8-1.0x10-> mol L1 for DPV, shows that that the method presented
herein is quite good and no preconcentration/medium exchange steps are neces-
sary. Thus, the proposed method was successfully applied in the determination of
the LBT content in commercial tablet samples with satisfactory results.

n3BO[J
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O YIJbEHUYHE ITACTE KOJA JE MOOU®UKOBAHA JOHCKOM TEYHOIIRY

YAN-MEI ZHANG', CHENG-QIAN DUAN"? 1 ZUO-NING GAO"

1 College of Chemistry and Chemical Engineering, Ningxia University, Yinchuan, 750021, People’s Republic of
China u 2Higher Vocational College of Ningxia Medical University,
Yinchuan, 750004, People’s Republic of China

HcnuTHBaHO je eneKkTpoXeMHjCKo NMoHalame yaderanona (JIBT) Ha enexTponu of yribe-
HUYHe MacTe ca U 0e3 Mogudukanuje joHCKOM TedHolrhy 1-6eH3umn-3-MeTUINMHIA30I1 XeKca-
yopodocdarom ([BnMIM]PFg) y bpuron—PobrHcoHOBOM mydepckom pactsopy pH 2,0. ¥V
nopehewy ca HeMoOu(DUKOBAaHOM €IEKTPOAOM, elekTpona moaudukoaHa [BnMIM]PFg je
noxasyje nosehany cTpyjy 3a enexkrpoxeMujcky okcupauujy JIBT, kao u nodpo nedunucan u
OCEeT/bUB OKCUIALMOHU UK. OppeheHH cy U KHHETHUKH MapaMeTpH eJIeKTPOXEMHjCKE OKCH-
nauuje JIBT. [Tom oNTMMHU30BaHUM yCJIOBHMA €1EKTPOXEMUJCKOT €KCIIEPUMEHTA CTPYjHH MUK
OKCHalFje THHEeapHO 3aBHCH Of] KOHIeHTpamuje y oncery 7,0x1076-1,0x10" M y3 rpanuiy
merexnuje (S/N = 3) ox 4,81x10"8 M u rpanuny xsaatudukanyje (S/N = 10) ox 1,60x1077 M.
IIpennoxeHa MeToja je yCNeIIHO NpUMemeHa 3a oppehusame konuuuHe JIBT y y3opuuma
KOMEPLHjaIHUX JIEKOBA.

(ITpumsbeHo 14. anpuina, pesugupaHo 28. asrycra 2012)
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