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A carbon paste electrode that was chemically modified with multiwall carbon nanotubes and
p-aminophenol was used as a selective electrochemical sensor for the simultaneous detection of
hydroxylamine (HX) and phenol. Cyclic voltammetry, double potential-step chronoamperometry,
square wave voltammetry (SWV), and electrochemical impedance spectroscopy were used to inves-
tigate the use of p-aminophenol in the carbon nanotubes paste matrixes as a mediator for the elec-
trocatalytic oxidation of HX and phenol in aqueous solution. The coefficient of electron transfer and
catalytic reaction rate constant were determined using the electrochemical methods. Under opti-
mized conditions, the electrocatalytic oxidation current peaks for HX and phenol increased linearly
with concentration in the range of 0.5-180.0 and 10.0-650.0 pmol/L for HX and phenol, respective-
ly. The detection limits for HX and phenol were 0.15 and 7.1 pmol/L, respectively. The anodic po-
tential peaks of HX and phenol were separated by 0.65 V in SWV. Because of good selectivity and
sensitivity, the present method provides a simple method for the selective detection of HX and
phenol in practical samples such as water samples.
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1. Introduction

Contamination of fresh water by many chemical compounds
and industrial wastes is a key environmental problem facing
humanity. Most of these compounds cause considerable toxi-
cological concerns. Assessing the impact of pollutants in aquatic
systems requires the development of suitable analytical meth-
ods with high selectivity and sensitivity. Hydroxylamine (HX) is
a reactive chemical with the formula of NH20H, and its deriva-
tives are also reactive when one or more of the hydrogen atoms
are replaced by substituents. HX tends to be explosive, and the
nature of the hazard is not entirely understood [1]. HX is used
as a reducing agent in many organic and inorganic reactions. It
can also act as an antioxidant for fatty acids. HX is produced in
the reduction of nitrates by E. coli and Torula yeast. It has also
been detected in bacterial media and in the tissues of a number

of organisms. Ammonia is reported to be produced in vivo from
HX by various microorganisms [1]. HX and its derivatives are
more safely handled in the form of salts [2]. Therefore, the de-
termination of HX is important in many environmental and
industrial situations. Several methods have been developed for
the determination of HX, e.g, chromatographic [3], spectro-
photometric [4-6], and electrochemical methods [7-12] have
been successfully applied for the determination of HX.

Phenol and its vapors are corrosive and harmful to eyes,
skin, and the respiratory tract [13]. Repeated or prolonged skin
contact with phenol can cause dermatitis and even second or
third degree burns owing to the caustic and defatting proper-
ties of phenols [14]. Inhalation of phenol vapor can cause lung
edema [15,16]. Therefore, the detection of this compound is
also very important. Different methods have been proposed for
the determination of phenol including high performance liquid
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chromatography [17-19], capillary electrophoresis [20], spec-
trophotometry [21], and electrochemical methods [22-24].

HX and phenol are two important hazardous compounds
that can be found together in water samples. Therefore, the
detection of these compounds in the presence of one another is
important. The potential peaks of these compounds overlap
when unmodified electrodes such as glassy carbon electrode,
Pt-electrode, and carbon paste electrode (CPE) are used. Thus,
it is impossible to measure the concentrations of these com-
pounds in the presence of one another using voltammetric
methods.

The closed topology and tubular structure of multiwall car-
bon nanotubes (MWCNTSs) [25-27] give them interesting
chemical and electrochemical properties. A number of investi-
gations [28-32] have been carried out to look at the applica-
tions of MWCNTs in electrocatalysis, hydrogen storage, and
intercalation. No paper has reported the simultaneous electro-
catalytic determination of HX and phenol using a mediator
(electrocatalysis). In this paper, we report the preparation and
use of a p-aminophenol-modified MWCNT paste electrode
(p-APMCNTPE) as a new sensor for the determination of HX
and phenol in aqueous solution. We evaluated its analytical
performance in the quantification of HX in the presence of
phenol. The method is fast, simple, and sensitive enough to
detect and measure these species in practical samples such as
wastewater.

2. Experimental
2.1. Chemicals

All chemicals used were analytical reagent grade purchased
from Merck (Darmstadt, Germany) unless otherwise stated.
Doubly distilled water was used throughout. p-Aminophenol
from Fluka and HX and phenol from Merck were used as re-
ceived.

HX solution (0.01 mol/L) was prepared daily by dissolving
0.0640 g of HX in water, and the solution was diluted to 100 mL
with water in a 100 mL volumetric flask. The solution was kept
in a refrigerator at 4 °C in the dark. Further dilution was made
with water.

Phenol stock solution (0.01 mol/L) was prepared by dis-
solving phenol (0.0941 g) in a phosphate buffer solution (0.1
mol/L, pH 7.0) in a 100 mL volumetric flask, and this was ul-
trasonicated for several minutes. This solution must be pre-
pared fresh daily because it does not keep since phenol is not
stable but decomposes slowly in air and light. Further dilution
was made with water.

Phosphate buffer solutions (sodium dihydrogen phosphate
and disodum monohydrogen phophate plus sodium hydroxide,
0.1 mol/L) with different pH values were used.

High viscosity paraffin oil (d = 0.88 kg/L) from Merck was
used as the pasting liquid for the preparation of the electrodes.
Spectrally pure graphite powder (particle size < 50 um) from
Merck and MWCNTs (> 90%, d x [ = (110-70 nm) x (5-9 pm))
from Fluka were used as the substrate for the preparation of
the paste electrodes.

2.2. Apparatus

Cyclic voltammetry (CV), chronoamperommetry, electro-
chemical impedance spectroscopy (EIS), and square wave
voltammetry (SWV) were performed in an analytical system
using an Autolab PGSTAT 12 potentiostat/galvanostat con-
nected to a three-electrode cell, Metrohm Model 663 VA with
Autolab software. The system was run by a PC using GPES and
FRA 4.9 software packages. For the impedance measurements,
a frequency range of 100 kHz to 1.0 Hz was employed. An AC
voltage amplitude of 5 mV was used, and the equilibrium time
was 1 min. A conventional three-electrode cell assembly was
used, which consisted of a Pt wire as an auxiliary electrode with
a Ag/AgCl (KClsat) electrode as a reference electrode. The
working electrode was either an unmodified CNT paste elec-
trode (CNTPE), p-aminophenol carbon paste electrode
(p-APMCPE), or a p-APMCNTPE. The prepared electrodes were
characterized by scanning electron microscopy (SEM, XLC
Philips). A pH meter (Corning, Model 140) with a double junc-
tion glass electrode was used to check the pH levels of the solu-
tions.

2.3.  Preparation of the electrode

To remove residual metals in the MWCNTs, 1.00 g of
MWCNTs plus 20 mL of HNOs (3.0 mol/L) were placed in a 25
mL flask and refluxed for 15 h. Then, the MWCNTs were
washed with water, centrifuged (3500 r/min) and dried at
room temperature. p-Aminophenol (1.0 mg) was handmixed
with 89 mg of graphite powder and 10 mg of multiwall tubes in
a mortar and pestle. Using a syringe, 880 mg of paraffin oil was
added to the mixture and mixed well for 40 min until a uni-
formly wetted paste was obtained. The paste was then packed
into a glass tube. A Cu wire was push down the glass tube into
the back of the mixture to make electrical contact. When nec-
essary, a new surface was obtained by pushing an excess of the
paste out of the tube and polishing with weighing paper. The
unmodified CPE was prepared in the same way without adding
p-aminophenol and CNTs to the mixture for use for comparison
purposes. Unmodified CNTPE was also prepared in the same
way using 90 mg of graphite powder and 10 mg of MWCNs and
880 mg of paraffin oil. p-APMCPE was prepared as described
above using 1.0 mg of p-aminophenol, 99 mg of graphite pow-
der, and 880 mg of paraffin oil.

2.4. Preparation of water samples

Before the sampling of the water, the polyethylene bottles
were cleaned with concentrated HNO3s, conditioned over 1 d
with 1:100 (v/v) dilution of HCl (12 mol/L), and finally rinsed
with water. Tap water and well water were sampled from our
laboratory, and river water was obtained from the Za-
yandeh-Roud River (Isfahan, Iran). Water samples were stored
in a refrigerator immediately after collection. Tap and well wa-
ter samples were analyzed without any pre-treatment of the
sample. For the river water, 10 mL of the sample was centri-
fuged for 10 min at 2000 r/min prior to analysis. Then, the



1770 Ali A. Ensafi et al. / Chinese Journal of Catalysis 34 (2013) 1768-1775

samples were diluted twice with PBS (pH 7.0). The sample so-
lution was transferred into the voltammetric cell, and the HX
and phenol contents were measured with the recommended
procedure using the standard method.

2.5.  Recommended procedure

The modified-MWCNT paste electrode was polished with
clean filter paper. To prepare a blank solution, 10.0 mL of the
buffer solution (PBS, pH 7.0) was transferred into an electro-
chemical cell. The initial and final potentials were adjusted to
-0.20 and +1.30 V versus Ag/AgCl, respectively. SWV was rec-
orded with an amplitude potential of 50 mV and frequency of
15 Hz to give the blank signal and the current labelled as Ipb.
Then, different amounts of HX and/or phenol were added to
the cell using a micropipette. The square wave voltammogram
was recorded again (similar to the above procedure) to get the
analytical signals (Ips). Calibration curves were constructed by
plotting the net catalytic current peaks versus HX and/or phe-
nol concentrations.

3. Results and discussion
3.1. SEM characterization of the MWCNTs

The structure of p-APMCNTPE was examined using a SEM.
Figure 1(a) shows the presence of p-aminophenol in the elec-
trode matrixes, a graphite layer, and MWCNTs. No mediator

particles could be seen on the unmodified CNTPE, as shown in
Fig. 1(b).

@

Fig. 1. SEM images of p-APMCNTPE (a) and unmodified CNTPE (b).

3.2. Electrochemical behavior of p-APMCNTPE

We have recently constructed a p-APMCNTPE by the incor-
poration of p-aminophenol into a MWCNT paste matrix, and we
studied its electrochemical properties in buffered aqueous so-
lution by CV [33]. The cyclic voltammogram exhibited an anod-
ic peak (Epa = 0.175 V) and corresponding cathodic peaks with
Epc = 0.050 V versus Ag|AgCl|KClsa, which were related to a
quasi-reversible behavior of the p-AP(red)/p-AP(0x) redox couple
[33]. In addition, the result showed that the p-AP(red)/p-AP0x)
redox is dependent on the pH of the aqueous solution.

3.3. Catalytic effect

In order to test the electrocatalytic activity of the
p-APMCNTPE, its cyclic voltammetric responses at 10 mV/s
were obtained at pH 7.0 (phosphate buffer) in the absence and
presence of HX (800 pmol/L). The results are presented in Fig.
2. It shows that in the absence of HX, a pair of well-defined re-
dox peaks of p-APMCNTPE were observed. Upon the addition
of HX, there was a drastic enhancement of the anodic peak cur-
rent, and no cathodic current was observed in the reverse scan
(curve (3)). The catalytic potential peak was at 200 mV. This
behavior is consistent with a very strong electrocatalytic effect.
Under the same experimental conditions, the direct oxidation
of HX at the surface of unmodified CNTPE showed an irreversi-
ble wave at more positive potentials (curve (4)). The potential
peak was at 960 mV, while that of the catalytic peak was at 200
mV. Thus, a decrease in the overvoltage of approximately 760
mV and an enhancement of the peak current were achieved
with the modified electrode. Under similar conditions, at a sur-
face of p-APMCPE (curve (2)) and CPE (curve (5)), HX gave a
lower current than those from p-APMCNTPE and CNTPE with
high conductivity MWCNTs in the electrode matrix. The cyclic
voltammogram for CNTPE in phosphate buffer (0.1 mol/L, pH
7.0) without HX is shown in Fig. 2 (curve (6)). It showed that
there was no oxidation nor reduction signal with the CNTPE at
the applied potential range in the absence of HX and
p-aminophenol.
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Fig. 2. Cyclic voltammograms of p-APMCNTPE. (1) 0.1 mol/L PBS (pH
7.0) at p-APMCNTPE; (2) 0.1 mol/L PBS in the presence of 800 umol/L
HX at p-APMCPE; (3) As (2) at p-APMCNTPE; (4) As (3) at CNTPE; (5)
As (2) at CPE; (6) As (1) at CNTPE. Scan rate = 20 mV/s.
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Fig. 3. Net current versus pH for the electro-oxidation of 600 pmol/L
HX at p-APMCNTPE with a scan rate of 10 mV/s.

The electrochemical behavior of p-APMCNTPE in the oxida-
tion of HX is dependent on the pH of the solution. By increasing
the solution pH, the potential peak of the electrocatalyst
(p-aminophenol) was shifted to more positive values. Thus, the
thermodynamic driving force for the catalytic activity varied
with pH, which caused the current peaks and shapes of the
cyclic voltammogram to change at different pH values. Figure 3
shows the change in the peak current (Al) versus pH. The op-
timum pH for the electrocatalytic oxidation of HX at
p-aminophenol is pH 7.0. Therefore, pH 7.0 was selected as the
optimum pH for the electrocatalysis detection of HX at the sur-
face of p-APMCNTPE. Hence, all electrochemical experiments
were done at this pH value.

Figure 4 shows cyclic voltammograms of HX, phenol, and
their mixture at the surface of CNTPE. As can be seen, the po-
tential peaks for these compounds overlapped. Therefore, the
determination of the concentrations of the individual com-
pounds at the surface of the unmodified CNTPE was impossible
(curve (3)). On the other hand, at the surface of the modi-
fied-CPE (p-APMCPE), we observed two separated potential
peaks corresponding to HX and phenol (curve (4)). In addition,
as shown in Fig. 2, p-APMCNTPE clearly showed a higher elec-
trocatalytic activity towards HX.

Figure 5(a) shows the voltammetric curves of p-APMCNTPE
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Fig. 4. Cyclic voltammograms of the samples. (1) 450 umol/L HX at
CNTPE; (2) 400 pumol/L phenol at CNTPE; (3) 450 pmol/L HX at
p-APMCNTPE; (4) 400 pmol/L phenol at p-APMCNTPE; (5) 400 pmol/L
phenol and 450 pmol/L HX at p-APMCNTPE. Conditions: 0.1 mol/L
phosphate solution (pH 7.0).

at scan rates ranging from 1 to 20 mV/s at pH 7.0 in a solution
containing HX (800 umol/L). We observed a linear correlation
of the peak current with the square root of the scan rate (v1/2)
(Fig. 5(b)).The result clearly indicated a diffusion-controlled
electro-oxidation process. The plot of the current (Fig. 5(c))
gave the characteristic shape due to a coupled chemical reac-
tion (ECcat) for HX, clearly confirming the electrocatalytic be-
havior of the mediator. On this basis, we suggested an electro-
catalytic mechanism (Scheme 1) for the oxidation of HX.

Figure 6(a) shows the cyclic voltammograms of
p-APMCNTPE in phosphate buffer (0.1 mol/L, pH 7.0) contain-
ing HX (600 umol/L) at sweep rates of 8, 14, and 25 mV/s. The
points show the rising part of the voltammograms, which is the
Tafel region. This region is affected by electron transfer kinetics
between HX and a p-APMCNTPE, assuming that the deprotona-
tion of HX is a sufficiently fast step. To evaluatethe kinetic pa-
rameters, the Tafel plots were drawn (Fig. 6(b)) using the
points of the Tafel region of the cyclic voltammograms in the
inset. The results of polarization studies for electrooxidation of
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Fig. 5. (a) Cyclic voltammograms of 800 pmol/L HX at various scan rates of 1.0 (1), 4.0 (2), 8.0 (3), 15.0 (4), 20 mV/s (5) in 0.1 mol/L PBS (pH 7.0);
(b) Plot of Iy versus v!/2 for the oxidation of HX at p-APMCNTPE; (c) Scan rate-normalized current (/,/v!/2) versus scan rate.
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Scheme 1. Electrocatalysis by p-aminophenol in the oxidation of HX.

HX at p-APMCNTPE showed that the average Tafel slope was
9.8765 V-1. Using the Tafel equation (n(1 - «)F/2.3RT), we ob-
tained the charge transfer coefficient & = 0.42.

3.4. Chronoamperometric studies

Figure 7(a) shows the chronoamperomegrams recorded at
different concentrations of HX by setting the potential of the
working electrode at 100 and 250 mV. For an electroactive
reagent with a diffusion coefficient of D (HX in this case), the
current for the electrochemical reaction with a mass transport
limited rate is described by the Cottrell equation [34]. Under
diffusion control, a plot of I versus t-1/2 is linear, and the value
of D can be obtained from the slope. Figure 7(b) shows the ex-
perimental plots together with the best fits for the different HX
concentrations employed. The slopes of the resulting straight
lines were plotted versus HX concentration. The value of D was
found to be 5.56 x 10-5 cm2/s, which was in agreement with the
value reported in the literature [35].

Kinetic studies by chronoamperometry confirmed the elec-
tron transfer rates in the presence and absence of HX. At an
intermediate time, the catalytic current (Ic) is dominated by the
rate of electrocatalyzed oxidation of HX. Therefore, the rate
constant for the reaction between HX and the electrocatalyst
was determined using the method described in the literature
[34]:

Ic/I. = ml/2 y1/2 = 1/2 (kCht)1/2 (@]
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Fig. 7. (a) Chronoamperograms obtained at p-APMCNTPE in the ab-
sence (1) and in the presence of 300 (2) and 500 (3) pmol/L HX at pH
7.0; (b) Cottrell plots for the data from the chronoamperograms; (c)
Dependence of Ic/I. on the t1/2 derived from the chronoamperogram
data.

where Ic is the catalytic current, I. is the limited current in the
absence of HX, and (b is the bulk concentration of HX. Eq. (1)
can be used to calculate the rate constant of the catalytic pro-
cess. Based on the slope of the Ic/IL versus t1/2 plot, k was ob-
tained for a given HX concentration. These plots obtained from
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Fig. 6. (a) Cyclic voltammograms (at 8, 14, and 25 mV/s) of a p-APMCNTPE in phosphate buffer (0.1 mol/L, pH 7.0). (b) Tafel plots for p-APMCNTPE
in 0.1 mol/L PBS (pH 7.0) with scan rates of 8, 14, and 25 mV/s in the presence of 600 pmol/L HX.
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the chronoamperograms are shown in Fig. 7(c). From the val-
ues of the slopes, k was found to be 2.92 x 102 mol-! L s-1. The
value of k explains the sharp feature of the catalytic peak po-
tential for the oxidation of HX at the surface of p-APMCNTPE.

3.5. EIS study

EIS can also provide information about impedance changes
on the electrode surface and its electron transfer ability during
the electrocatalytic process. A typical Nyquist plot for this sys-
tem consists of a semicircle portion observed at the higher fre-
quency range corresponding to the electron transfer-limited
process and a linear part at lower frequencies representing the
diffusion limited process (see Fig. 8). The EIS data were fitted
using the FRA 4.9 software and a complex nonlinear least
square (CNLS) approximation method, from which the electron
transfer kinetics as charge transfer resistance (Rct), solution
resistance (Rs), double-layer capacitance (Ca) and constant
phase element (CPE) and mass transfer element W (Warburg
impedance) were extracted. The EIS data obtained at the
p-APMCNTPE was fitted to the Randles circuit Rs (Ca[RaW]).
Figure 8 compares the Nyquist diagram plot of the electrodes
recorded in PBS (pH 7.0) without phenol and HX and with
phenol (500 umol/L) and HX (500 umol/L). The charge trans-
fer resistance for HX at the modified electrode was significantly
lower than that of the resistance for phenol under the same
conditions. This means that HX was catalyzed by
p-aminophenol at the surface of the electrode, but phenol was
not catalysed under the same condition.

3.6. Stability and reproducibility

The repeatability and stability of p-APMCNTPE was investi-
gated using SWV measurements of 1.0 and 5.0 pmol/L of HX
and 15.0 and 30.0 umol/L of phenol. The relative standard de-
viations (RSD) for seven successive assays were 1.3%, 1.5%,
and 1.1%, 1.2%, respectively. When we used five different
electrodes, the RSD for four measurements was 2.8%. When
the electrode was stored in our laboratory at room tempera-
ture, the modified electrode retained 97% of its initial response
after a week and 93% after 35 d. These results indicated that
p-APMCNTPE has good stability and reproducibility and can be
used for the detection of HX and phenol.

3.7. Calibration plot and limit of detection

SWV (with amplitude potential of 50 mV and frequency of

Table 1
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Fig. 8. Nyquist diagrams of p-APMCNTPE in the absence (1) and in the

presence of 500 pmol/L HX (2) and phenol (3) at pH 7.0, respectively.
Bias is 0.15 V with Eac = 5 mV with a frequency range of 10 kHz to 1 Hz.

15 Hz) was used to determine the concentrations of HX and
phenol because it is sensitive and fast. The SW voltammograms
clearly showed that the peak current versus HX concentration
was linear in the range of 0.5 to 180.0 umol/L of HX. The re-
gression equation was Alp (pA) = (0.136%0.034)Cux +
(2.006+0.3110) (R2 = 0.990, n = 10). The regression equation
for phenolin in the range of 10.0 to 650 umol/L was Al (pA) =
(0.0582+0.0045)Cphenol + (1.3829£0.0567) (R2 = 0.9937, n = 9),
where C is concentration of HX (umol/L) and/or phenol and Al
is the net peak current.

The detection limits were determined to be 0.15 umol/L HX
and 7.1 pmol/L phenol using the definition of YLop = Ys + 3s. The
detection limit, linear dynamic range, and sensitivity for HX
were comparable or better than those of several other modified
electrodes (Table 1).

The main object of this study was to detect HX and phenol
simultaneously. This was performed by simultaneously chang-
ing the concentrations of HX and phenol and recording the
SWVs. The results showed well-defined anodic peaks at the
potentials of 150 and 800 mV, corresponding to the oxidation
of HX and phenol, respectively. These results indicated that the
simultaneous determination of these compounds is feasible
with p-APMCNTPE (Fig. 9). The sensitivity of the determination
of the oxidation of HX was found to be 0.1361+0.0340
MA (umol/L)-1. This was very close to the value obtained in the
presence of phenol, which was 0.1349+0.0563 pA (umol/L)-1
(see Fig. 9), indicating that the oxidation processes of these
compounds at p-APMCNTPE were independent, and therefore,
the simultaneous determination of their mixtures is possible
without interferences.

Comparison of the efficiency of some electrochemical methods for the determination of HX.

Method Used catalyst LDR (pmol/L) LOD (pmol/L) pH Ref.
Amperometry HCCHCF2 4.6-1800 0.21 7.0 7
DPV?b Quinizarine 1.0-400 0.17 7.0 35
Amperometry Rutin 1.0-81.7 1.00 8.0 36
DPV Coumestan 60-1000 10.75 7.0 37
DPV Magnetic microspheres 0.07-31.25 0.03 4.5 10
SWv p-Aminophenol 0.5-180 0.15 7.0 this work

aHybrid copper-cobalt hexacyanophrate.
b Differential pulse voltammetry.
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Fig. 9. (a) Square wave voltammograms of p-APMCNTPE in 0.1 mol/L PBS containing different concentrations of HX and phenol mixed solutions of
28.0+20.0 (1), 45.0+40.0 (2), 85.0+60.0 (3), 130.0+80.0 (4), and 160.0+200.0 pmol/L (5); (b) Plot of the peak currents as a function of HX concentra-

tion; (c) Plot of the peak currents as a function of phenol concentration.
3.8. Interference studies

Various substances as potential interfering compounds of
the determination of HX and phenol were studied under the
optimum conditions with 1.0 and 15.0 pmol/L phenol at pH 7.0.
The interfering substances were chosen from the group of sub-
stances commonly found with these compounds in real sam-
ples. The tolerance limit was defined as the maximum concen-
tration of the interfering substance that caused an error of less
than +5% in the determination of HX and phenol. In the ex-
periments, we found that neither 1000 fold of Caz+, Mg2+, SO42-,
Al3+, NHa*, F-, Li*, Ba?*, C2042-, NO3-, CH3COO-, and ClOs-, nor
600 fold of gallic acid, ellagic acid, citrate, EDTA, glucose, fruc-
tose, sucrose, lactose, and chrysin, nor 5 fold of hydrazine in-
terfered with the determination of HX and phenol. Hydrazine is
very similar to HX in structure, and it usually interferes with HX
analysis in real samples [11].

In a second type of experiment, a calibration plot was ob-
tained with the coexistence of the interfering compound and
HX at the same concentration. However, none of the substances
chosen for selectivity study (Ca2+, Mg2+, SO42-, Al3+, NHa4*, F-, Li+,
Baz+, C2042-, NO3-, CH3COO-, ClO4-, gallic acid, ellagic acid, cit-
rate, EDTA, glucose, fructose, sucrose, lactose and chrysin)
showed an interference effect on HX and phenol. The dynamic
ranges and sensitivities in the absence of the potential inter-
fering substance were very close to the value obtained with the
coexistence of these substances and HX and phenol. However,

the interference of hydrazine was not negligible when the con-
centrations of hydrazine and HX were higher than 40.0 umol/L.
The HX sensitivities were calculated to be 0.1361+0.0340 and
0.1168+0.0426 pA (umol/L)-1, respectively, in the absence of
hydrazine and with the coexistence of hydrazine and HX. This
can be attributed to the similarity in the structure of HX and
hydrazine. On the other hand, the p-APMCNTPE can easily dis-
criminate HX from hydrazine at low concentration levels (from
0.5 to 40.0 umol/L).

3.9.  Real sample analysis

To evaluate the applicability of the proposed method to real
sample analysis, it was applied to the determination of HX and
phenol in water samples. The samples tested were found to be
free from HX and phenol. Thus, synthetic samples were pre-
pared by adding known amounts of HX and phenol to the water
samples. The results are given in Table 2.

4. Conclusions

A carbon paste electrodechemically modified by the incor-
poration of MWCNTSs as a sensor and p-aminophenol as modi-
fier was prepared for the determination of HX and phenol in
the presence of one another. The electrochemical behavior of
p-APMCNTPE was studied by CV and shown to be a suitable
sensor for the simultaneous determination of HX and phenol.

Table 2
Determination of HX and phenol in water samples.
Sample HX added HX found Standard method [7] Phenol added Phenol found Standard method [38]
(umol/L) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L)
Tap Water — <Limit of detection — — < Limit of detection —
1.0 1.05+0.08 1.2+0.21 15.0 15.24+0.12 15.41£0.97
10.0 10.51£0.93 10.91£1.05 30.0 30.64+0.75 30.95£1.10
Well Water — < Limit of detection — — < Limit of detection —
5.0 5.3+0.41 5.8+1.10 20.0 20.11+0.55 21.24+1.05
50.0 51.04+£1.15 51.64+1.75 80.0 80.55+0.65 80.95+1.12
River Water — < Limit of detection — — < Limit of detection —
20.0 20.35+0.42 20.85+0.92 100.0 101+1.3 101.8+£1.9
30.0 30.22+0.65 30.95£1.15 150.0 150.34+1.55 151.44+1.65
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A carbon paste electrode chemically modified with multiwall carbon nanotubes and T R R R
p-aminophenol was prepared and used as a selective electrochemical sensor for the 0.0 0.2 0.4 0.6 0.8
simultaneous determination of hydroxylamine and phenol in water samples.
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The potential peaks for HX and phenol were separated by 650
mV, which is large enough to detect HX and phenol individually
and simultaneously. The modified electrode was used for the
determination of HX and phenol in real water samples.
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