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Abstract

In this study, a new Zeolite Al/Na (ZAN) was synthesized and characterized and then a new modified Carbon Paste
Electrode with ZAN was made to determine Acetaminophen. Electrochemical studies using Linear Sweep
Voltammetry and differential pulse voltammetry were used to determine electrochemical Acetaminophen . In the
presence of Acetaminophen , modified electrode with ZAN shows a specific anodic peak at ~ 0.59 volts which is
the result of using electrocatalytic oxidation of Acetaminophen . The determination limit of this method to measure
Acetaminophen was 5.8 uM, the relative standard deviation for 7 repeated measurements was 1.1 % and linear range
of the calibration to measure Acetaminophen was 10 up to 115 pM.
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1. INTRODUCTION

Fig. 1. shows acetaminophen (AC) or paracetamol
and is used all over the world as a non-
carcinogenic drug with antipyretic and analgesic
properties and it is also the best alternative to
aspirin [1-3].

Fig. 1. Structure of AC

The mechanism of AC action is not well
understood, but its effect seems to be due to the
reduced production of prostaglandins in the body
which are the main causes of inflammation and
fever [4-6]. AC reduces the production of this
substance in the central nervous system [7], the
brain and spinal cord [8-10]. Excessive use of AC
causes toxins to accumulate in the liver and
kidneys because the liver is the center of AC
change metabolism [11, 12]. Therefore, it is
necessary to use fast, accurate and simple methods
for measuring AC [13]. The types of methods used
to measure AC are: titrometry [14, 15], Fourier
transform infrared spectroscopy [16, 17], mass
spectrometry [18, 19], fluorometry [20, 21],
electrochemical [22-24], chromatography [25-27],
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visible-ultraviolet spectrophotometry and many
others, but the electrochemical method in [27, 28]
which the modified electrode was used is more
common because it is reproducible, sensitive, and
simple.

A large increase in surface sensitivity and a
significant reduction in interference effects and
determination limit can be achieved by modifying
the electrode surface. Zeolites were invented in
1756 by Axel Frederick Kronstadt [29]. They are
consist of channels or holes with a diameter from
0.3-1.5 nm and have three-dimensional networks
consist of [SiO4]* and [AlO4]* (30, 31). They are
generally divided into natural and artificial. natural
Zeolites are formed in open groundwater systems,
alkaline lakes, deep-sea sediments and alkaline
soils [29]. Due to the importance of synthetic
Zeolites, their number was increasing day by day,
because many disadvantages of natural Zeolites
such as: uneven pore size, abundant impurities,
insufficient pore size and unsuitable surface
acidity were eliminated and up to 4 The categories
were divided [32]. These are: Zeolite with small
pores [33], Zeolite with medium pores [34, 35],
Zeolite with large pores [36, 37] and Zeolite with
very large pore size [38]. Its main application is as
a surface adsorbent and catalyst and it is used in
various cases such as: production of laundry
detergents [39], water purification [40], medicine
and agriculture [41]. It can also trap heavy toxic
elements [42). Another usage of Zeolite is: using
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to harden water. In chemistry, it is used to separate
molecules as a trap for the release of molecules and
their analysis [43]. It has the ability to accurately
separate gases from natural gas and can compete
with fluorescent or LED lights with the help of
natural silver emitting light [44]. In oxygen
generators [45], zeolite is used along with the
nitrogen uptake system from the air to supply
oxygen to the aircraft [46].

For more than five years, carbon paste electrodes
(CPEs), a combination of carbon powder and
binder, have been considered by many chemists as
electrode former material for sensors and detectors
[47]. This attention is definitely due to the
physical, chemical and electrochemical properties
of this compound. These electrodes are generally
very compatible with chemical modification.
Modifiers such as nanomaterials, zeolites, metal
complexes and organic compounds have been used
to modify the properties of carbon paste [48]. In
general, chemically modified electrodes have less
determination limit than unmodified electrodes.
Zeolite modified electrodes are a subset of
chemically modified electrodes [49, 50] and they
are made in different ways in chemistry which are:
covalent bonding of Zeolite particles with the
electrode surface [51], stabilization of Zeolite on
the conductive surface [52], dispersion of Zeolite
particles in graphite and coating on solid electrode
with Zeolite [53, 54]. They also have advantages
and can be distinguish between small reactants by
combining the specific molecular sieve properties
of zeolite and ion exchange voltammetry [55]
Another reason for the superiority of zeolite
modified electrodes is the combination of
important properties of zeolites such as size
selection, ion exchange capacity, high thermal and
chemical stability with new high-sensitivity
electrochemical techniques which significantly
improve [56, 57] chemically modified electrodes
compared to other sensors. The possible use of
zeolite modified electrodes in electrocatalysis is
another reason to study them. Zeolites can support
different catalysts in different locations with a
three-dimensional lattice due to their selectivity
based on the size and shape of the reactants [58].
Zeolites of supported metal cations are widely used
as effective electrocatalysts due to the
electrocatalytic properties of intermediate metal
cations to modify different electrode levels in the
voltammetric and amprometric determination of
various medicine compounds and other chemical
compounds [59, 60]. In modified electrodes, the
intermediate  metal cations can act as
electrocatalysts for the analyte molecules at the
electrode-solution junction, which are removed
from the zeolite channels through the ion exchange
process with the cations in the backing electrolyte

solution [61].

In this research, an attempt was made to synthesize
and characterized nano zeolite Al/Na (ZAN) and
then it was used as a modifier in the texture of
carbon paste electrode modified with zeolite Al/Na
(ZAN-CPE) and finally the resulting electrode was
used to measure AC electrochemically.

2. EXPERIMENTAL

2.1. Apparatus

Samsung microwave, Sigma3-16L centrifuge and
Shimaz vacuum oven were used to synthesize
ZAN. Voltammetry experiments were performed
using a Metrohm 797 VA electro-analyzer with a
three-electrode system consist of a platinum wire
as the counter electrode, a CPE as the working
electrode and an Ag/AgCl electrode as the
reference electrode. All experiments were
performed in the presence of pure nitrogen.
Metrohm 710 was used to set-out the pH. The X-
ray diffraction patterns were used to phase
characterize the Al/Na nanostructure zeolites. The
scanning electron microscopy (SEM, JXA-8100
and JSM-6700F) were used to characterization of
morphology and surface properties. The Fourier-
transform infrared spectroscopy (FT-IR) spectra
were recorded on Magna-IR, spectrometer 550
Nicolet in KBr pellets in the range of 400-4000 cm'.

2.2. Materials

The materials used in this research are: Paraffin Oil
(99%, Sigma-Aldrich), Graphite powder (99%
carbon with mesh size 200, Merck), Potassium
Chloride (99%, Sigma-Aldrich), Ammonium
Chloride (Merck, 99.5%), Sodium Acetate (Merck,
99%), Phosphoric Acid (Merck, 85%), Sulfuric
Acid (Merck, 98%), AC (99.9%, Merck), Sodium
Chloride (Merck, 99%), Ethanol (96%, Merck),
Aluminum Chloride (Merck, 25%), Sodium
Silicate (99%, Merck), Sodium Dodecyl Sulfate
(Merck, 85%) and Deionized Water.

2.3. Synthesis of ZAN

0.5 gr of Aluminum Chloride in Deionized Water
and Ethanol was dissolved in a certain ratio of 1: 2,
then 2 M solution of Sodium Hydroxide was added
to this solution. The process of co-precipitation and
nucleation in aqueous conditions was obtained by
set-out NaOH. 0.05 gr of Sodium Silicate was
dissolved in 3 ml of water and then refluxed at 50
°C for 45 minutes. When necessary, 1 M NaOH
was added to the solution to set-out the pH to 6 to
7 in the reaction medium. During the process, 0.01
gr of SDS was added to the final solution. After
nucleation, we investigated Zeolite nanostructures
under microwave conditions for a specific time and
power. This stage was due to the explosion of the
grown nuclei with discoloration. After the thermal
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steps were completed, the reaction mixture was
cooled to ambient temperature and the white solid
particles were precipitated by the addition of
Ethanol and separated by centrifugation. After the
separation step, the product was washed several
times with Ethanol to remove impurities and dried
in a vacuum oven at 50 ° C.

2.4. Preparation of ZAN-CPE

To prepare CPEs, 1 gr of Graphite powder with
0.01 g of ZAN was poured into a hand mortar and
mixed with a grinder. Then 25% by weight of
Paraffin Oil was added to the resulting mixture.
Insert the prepared carbon paste into the open and
perfectly smooth end of a glass tube with a
diameter of 2 mm, and by polishing its surface on
white paper, a glossy, perfectly smooth and
uniform surface was obtained. For the electrical
connection of the electrode, copper wire was used,
which was placed inside the glass tube on one side
and connected to the carbon paste, and on the other
side, it was connected to the electrochemical
device by an interface. The structure of the
electrode seems that it can to be acting like a
piston. In this way, by pressing the copper wire
inside the pipe downwards, the carbon paste at the
end of the pipe was easily separated from the pipe
and its surface was renewed. Also for comparison
work, zeolite-free carbon paste electrodes were
made in a similar way to zeolite-modified
electrodes.

2.5. Electrochemical determination of AC

For AC deferential pulse voltammetric (DPV)
tests, 20 ml phosphate buffer 0.1 ml with pH 6 was
dumped into an electrochemical cell. Potential was
scanned from 0.3 to 1.2 V (with scan rate of 25
mV/s). The peak current for the modified electrode
in the AC compound appeared at a potential of
~0.59 volts. Then different amounts of AC solution
were added to the cell and scanned. All
determinations were performed at room
temperature. It was kept outdoor in the open air
when the modified electrode not used.

3. RESULT AND DISCUSSION

3.1. Characterization of ZAN

Fig. 2. shows SEM image related to ZAN
nanostructure before thermal step (sample 1) and
after thermal step (sample 2) respectively.

Fig. 3. Shows DLS diagram distribution statistics
are Dn 10%: 135.68 nm, Dn 50%: 411.58 nm and
Dn 90%: 495.2 nm. This indicates that the particles
have been synthesized with perfectly uniform
dispersion and in the particle size range ~ 200-400
nm.

Fig. 4. Shows FTIR spectroscopy of the as-
synthesized ZAN nanostructure samples was
evaluated. Absorption peak at 2926 cm™! and 2853
cm’! are related to C-H band trapped in the

molecule structure of the surface structures. The
typical absorbance at 2175 cm! proved the
presence of the C-C in nanostructure. A weak peak
appeared in 1459 cm! is related C=O stretching
vibrations and symmetric stretching vibration
band. The absorption bands at about 615.25 cm!
can be related to Na/Al in ZAN nanostructure.

g. 2. SEmage of zeolite Na/Al nanostructure relate
to before thermal step (a) and after thermal step (b).

Qustmbution statisacs

O 10%: 135 66 Dn 50%; 411 58 D 0%, 402
Fig. 3. DLS diagram of the of synthesized zeolite Na/Al
nanostructure.
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Fig. 4. FT-IR spectroscopy of zeolite Na/Al
nanostructure.

3.2. Study of voltammetric behavior:

The first, the response of an unmodified CPE and
the response of a ZAN-CPE in the presence and
absence of AC were evaluated by DPV. As shown
in figure 5, the response obtained in 0.1 M molar
phosphate solution on the unmodified CPE surface
(curve a) indicates a complete lack of
electrochemical activity of the electrode in the
potential range of 0.3 to 1.2 volts. Curve b shows
that CPE after the addition of AC, like CPE in the
absence of AC, does not have electrochemical
activity in the specific range. Curve ¢ shows the
voltammetric response of ZAN-CPE in the
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absence of AC. It shows that an anodic broad peak
in ~500 mV is due to the electrochemical activity
of Zeolite in this range. Curve d shows the ZAN-
CPE voltammetric response in the presence of AC
in which the maximum anodic current occurs in
~590 millivolts, and this electrocatalytic effect is
related to the oxidation of AC in ZAN-CPE
surface. The reason for the increase in anodic
current may be due to the high surface to volume
ratio and high porosity in ZAN-CPE.

Fig. 5. DPVs in 0.1 M phosphate buffer with pH 6 in:
(a) CPE in the absence of AC, (b) CPE in the presence
of 80 uM AC, (c) ZAN-CPE in the absence of AC and
(d) ZAN-CPE in the presence of 80 uM AC.

Fig. 6. shows the effect of scanning speed on the
electrochemical behavior of 25 pM AC solution
under optimal conditions and in phosphate buffer
pH=6. Fig. 6A. shows the linear sweep
voltammetries (LSVs) from 10 to 100 mV/s and
shows that the anodic peak currents associated
with AC oxidation increases with increasing scan
speed.

y=05.20n « 707

Fig. 6. (A) LSVs of ZAN-CPE in 25 uM AC in
phosphate buffer pH 6 with different scanning speeds a
toi: 10, 15, 20, 25, 30, 40, 50, 75 and 100 mV/s, (B) the
graph of anodic peak currents versus square root of scan
rates.

As shown in Fig. 6B. the linear relationship
between the flow changes is in terms of the square
of the scan speed and according to the equation I

=62.21v + 7.87 and the regression coefficient
0.999. These results show that the oxidation of AC
is controlled by diffusion.

3.3. Influences of pH and Zeolite amount

As shown in fig. 7A. the influence of the pH of the
solution on the electrochemical oxidation of AC
was examined. This study was performed in the
range of 2.0 to 13.0 using DPV and it was found
that in acidic media the maximum peak oxidation
is higher than in alkaline medium. In the pH range
between 2 and 5, the anodic peak flow increased
gradually and slowly. The highest catalytic current
was observed at pH 6 and was selected as the
optimal pH. At pH> 6 the anodic peak current
decreased. The reason for the decrease in current
was that protons participate in electrochemical
reactions, and the greater the involvement of
protons in the oxidation of acetaminophen, the
lower the anode current peak, and eventually the
peak was removed.

As the results show in fig. 7B. the next influential
factor that was investigated was the effect of the
amount of ZAN used in the construction of ZAN-
CPE. What is clear is that the anodic peak current
associated with AC oxidation changed as a
function of the amount of ZAN. When the carbon
electrode was modified with 1-2% g ZAN, the
anodic peak current increased due to the increased
catalytic effect of the modifier and then decreased
by 2% due to the arrival of the modifier.
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Fig. 7. The effect of the pH (A) and the amount of
modifier, ZAN (B) on the electrode response.
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3.4. Calibration curve, reproducibility, detection
limit and interferences

Fig. 8. shows the AC calibration curve. According
to fig. 8A. different concentrations of AC in the
range of 10-115 pM were prepared and the desired
DPVs were recorded. Fig. 8B. shows the linear
dependence between the anodic peak currents in
terms of different concentrations of AC, and the
results were expressed by the line equation I =
0.62C + 19.08 and the regression coefficient 0.999.
To evaluate the accuracy of the method, AC
solution with a concentration of 80 puM was
prepared and after seven measurements under
optimal conditions, the relative standard deviation
(RSD) of 1.1% was calculated. Seven control
solutions were prepared to computation the
detection limit. The detection limit of AC was 5.8
uM.
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Fig. 8. (A) DPVs with different concentrations of AC,
(B) anodic peak currents against concentration of AC.

Table. 1. shows the study of disturbing species.
The reason for this study is to investigate the anti-
interference ability of the electrode modified with
ZAN. The studied species were Morphine, Rutin,
Glucose, Folic Acid, Amoxicillin Hydrate,
Tyrosine and Tryptophan. 500 uM of these
disturbing species were added to the phosphate
solution containing 50 uM of AC. The AC in the
phosphate solution was then measured by the
modified electrode. As the results show, these
compounds do not have a significant effect on the
measurement of AC and their limit is proportional
to each compound, causing a less than + 5% error
in the AC signal.

Table. 1. The effect of disturbances

Species Recovery
Morphine 100
Rutin 105
Glucose 96

Folic Acid 95
Amoxicillin Hydrate 100
Tyrosine 100
Tryptophan 99

3.5. Real sample analysis

As an applied view, the method presented in this
study was used to measure AC in some drug
samples including cold stop pills and
acetaminophen codeine pills. The powder of each
real sample was diluted with phosphate buffer
solution (Ph= 6). AC concentrations were
measured using the standard increment method for
each sample. To evaluate the application of the
proposed method, AC recoveries were also
determined in different drug samples. Recovery
results are between 99 to 102%. Table. 2. shows
that the proposed ZAN-CPE has good application
for measuring AC in real samples.

Table. 2. Determination of AC in real samples (n=3).

Real AC AC Recovery  RSD
sample added  found (%) (%)
M) M)
AC 0 19.4 - 1.9
codeine 20 39.2 99.5 2.3
pills 50 69.1 99.6 2.7
70 88.6 99.1 2.5
0 27.6 - 2.1
20 48.5 101.9 2.5
Cold 50 77.3 99.6 2.6
stop pills 70 98.2 100.6 2.8
4. CONCLUSION

In this study, a new nano zeolite Al/Na was
synthesized. Characterization of this zeolite was
performed by SEM, FTIR and DLS. In the
following an effective and new method for
measuring acetaminophen was presented based on
carbon paste electrode modified with this zeolite
Al/Na. This modified electrode showed good
behavior for measuring acetaminophen in small
quantities of drug samples. According to the results
of Table 3, it is clear that the proposed method has
the good detection limit and comparative linear
range.

Table. 3. Comparison of the performance of several
reported methods for determination of AC

Methods Detection Linear Ref.
limit range
(uM) (uM)
PMG/t- 4.3 25-200 [45]
MWCNT/GC
MWCNT/TiO2/GCE  11.7 10-120 [46]
CB(BP)/SPE 2.6 4-80 [47]
ZAN-CPE 5.8 10-115  This

work
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