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Abstract- Lanthanum cerium ferrite (LaCeFe;O4) nanomaterials were synthesized,
characterized, and used for the modification of carbon paste electrodes, employed in the
electrochemical determination of methadone. Methadone is one of the prescription opioid
drugs which is widely used in addiction treatment programs. It is an electroactive material and
can be measured through electrochemical methods. Simple co-precipitation method was the
preparation route of nanomaterial synthesis. Cyclic voltammetry was applied for studying the
modified electrode performance and square wave voltammetry was chosen as the detection
technique. The limit of detection of the proposed method was 2.8 umol L™ of methadone. The
method is able to detect methadone molecule in human plasma samples precisely.

Keywords- Cerium lanthanum ferrite nanoparticles; Carbon paste electrode; Methadone;
Voltammetry; Sensor

1. INTRODUCTION

Methadone-HCI (6-(dimethylamino)-4, 4-diphenyl-3-heptane hydrochloride or Dolphin,
MET) is an opioid medication that has been attempted to reduce the risk of heroin overdose [1-
7]. Moreover, it is a long-side-acting opioid that is being used in addiction treatment programs
by replacing short-acting opioids like heroin or morphine [8]. The drug rises addicts’ tolerance
to opioids and also decreases their needs. However, methadone can be the reason for overdose
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and finally, death, which is more probable in the first two weeks of start using or during the
restart situation [9]. Therefore, in some countries doctors have to announce their prescription
of MET for each person to certain centers, to prevent multiple prescriptions for one person at
the same time. The prescriptive dose for each individual must be personalized by physical
conditions and tolerance to opioid medicines. MET has also many side effects including
anxiety, nervousness, sleep problems, weakness, dry mouth, nausea, diarrhea and in overdoses
situation it causes respiratory depression, hypotension, stupor, circulatory problems and may
be coma or death [10].

Many efforts have been done by researchers to make a reliable, rapid and accurate method
that can be used in hospitals and forensic organizations because of the importance of
methadone detection [11]. Various methods have been used to detect methadone such as
UPLC/MS [12], electrophoresis [6], liquid and gas chromatography methods [13-17], Indirect
flow-injection determination of methadone by atomic absorption spectrometry [18], chiral
column chromatography coupled with mass spectrometric detection [19]. In addition to their
high precision and accuracy, they are laborious and require high-priced apparatus and reagents,
on the contrary electroanalytical methods with acceptable accuracy propose some advantages
in methadone determinations such as simplicity of operation, low cost, scaling done and quick
response time [20-22].

Nanomaterials and nanostructures, recently, are widely used in many applications like
sensors, supercapacitors, solar cells, and water purification. Electrochemical sensors-based
nanomaterials show special physical and chemical characteristics which separate them from
their bulk-sized counterparts. Nanomaterials have high surface which leads to more interactions
between atoms and their surroundings, also they often have electrocatalytic properties and the
ability to facilitate electron transference mechanism. They are divided into different types of
nanomaterials including carbon based, e.g., nano diamond, graphene, fullerene [23,24], metal
based, e.g., Ag, Ni [25-27], metal oxide, e.g., TiO2, CuO, ZnO, Fe304 [28-31] and etc. There
is also another group of nanomaterials which has concerned researchers recently and are known
as rare earth metal-based nanomaterials [32-44]. The characteristics which make this group
unique are mostly their higher catalytic activities, lower pollution and their recyclability.

Ferrites are composed of iron oxide and one or more other metals in chemical combination.
Their general formula is M1xNxFe2.yRyO4, where M, N and R can be transition metal ions or
be a rare earth ion. They have interesting magnetic and dielectric properties which makes them
a potential material for electronic and solid-state applications. A spinel ferrite with general
formula MFe;O4 is a composite oxide crystal in a face-centered cubic core. They can be made
from the combination of a trivalent cation (Fe**) and other metallic cation Mg, Co, Ni, Zn or
lanthanide cations. Lanthanide doped ferrite nanomaterials have attracted a great attention for
various application such as photocatalyst, supercapacitors or gas sensors. For example,
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lanthanides doped CoZnFe2O4 is used as photocatalyst [44], or lanthanum cerium ferrite
(LaCeFe204) applied for supercapacitor [45].

Ferrites nanomaterials are prepared through various synthesis methods including co-
precipitation, sol—gel, hydrothermal, ball milling, electrospinning, micro-emulsion, and etc
[46]. Among them, co-precipitation method is low-cost, simple, fast, and ecofriendly as
compare to other procedures.

Here, lanthanum cerium ferrite (LaCeFe>04) nanomaterials were synthesized through co-
precipitation method. Then, they were characterized and successfully applied for modification
of a carbon paste electrode which was used in voltammetric measurement of MET.

2. MATERIALS AND METHODS
2.1. Chemicals and reagents

Cerium nitrate hexahydrate (Ce(NOz3)3.6H20), lanthanum nitrate hexahydrate
(La(NOg3)3.6H20), ferric nitrate nonahydrate (Fe(NOz)3.9H20), NaOH, acetic acid, NazHPOg4,
NaH2PO4, CaCl,, KCI and NH4Cl, D-(+)-Glucose, L-cysteine, ascorbic acid and uric acid were
all obtained from Merck Chemical Company. Pure methadone hydrochloride powder was
obtained from Daroo pakhsh Co (Tehran, Iran). Graphite powder along with the paraffin oil for
carbon paste preparation were also purchased from Merck. Human plasma sample was obtained
from Iranian blood transfusion organization. All chemicals were of analytical-reagent grade
and used without further purification. Stock solution of methadone hydrochloride was prepared
in 0.1 M buffer solutions and diluted to prepare other concentrations. All solutions were
prepared in deionized distilled water.

2.2. Instruments

Electrochemical voltammetric measurements were performed by a DropSens uStat400
Bipotentiostat/Galvanostat (Asturias, Spain). A homemade carbon paste electrode and
Ag/AgCl reference electrode (Azar Electrode, Iran) and a carbon counter electrode were used
for the measurements. In order to characterize the morphology of nanomaterials and the
modified surfaces was carried out with a Hitachi S4160 (Cold Field Emission) scanning
electron microscope. The X-ray diffraction (XRD) measurements were performed using an
EQUINOX diffract meter with u-Ka radiation (k = 1.5418 A°®) at scanning angles 0.0°-100°
(Intel Company).

2.3. Synthesis of LaCeFe204 nanomaterial

Primarily, three solutions were made separately by adding 0.3 mol of Fe(NO3)3.9H-0, 0.05
mol of La(NOz)3.6H20 and 0.05 mol of Ce(NO3)3.6H20 in 25 mL distilled water. Then, all the
solutions were mixed together while stirring at room temperature for 15 min to get a
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homogeneous mixture. Next, 0.2 mol of NaOH in 25 mL distilled water was used as a
precipitating reagent and added drop wise into the mixed solution through a burette while
stirring at 80 °C for 4 h. A precipitate with brick red color was formed, after adding the whole
NaOH solution [45]. At the end, the formed precipitates were washed fourth times with distilled
water and dried in an oven at 200 °C for 24 h.

2.4. Preparation of the modified carbon paste electrode

The modified carbon paste electrode was made using a 1 mL syringe which the tip has been
cut off and the electrical connection was obtained using a copper wire. The modified carbon
paste was prepared by mixing 3% LaCeFe>O4 NPs, 67% graphite and 30% paraffin oil in a 10
mL beaker with a stainless spatula on an 80° C heater to achieve a homogenous mixture. The
container was filled with the mixture. The electrode was compressed and fixed on a smooth

paper.

2.5. Preparation of the plasma sample

The plasma sample from healthy volunteers was mixed with concentrated nitric acid
followed by centrifugation in order to remove proteins. Appropriate amounts of supernatant,
after 10 times diluting, were spiked with 300 pL, 500 pL and 700 pL of 10 mM methadone
and analyzed by the modified carbon paste electrode.

3. RESULTS AND DISCUSSION
3.1. Structure and morphology characterization of the nanocomposite
3.1.1. XRD studies
X-rays diffraction patterns of the synthesized CelLaFe,O4 through co-precipitate method is

shown in Figure 1.
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Figure 1. XRD pattern of synthesis CeLaFe.O4 nanomaterials
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The XRD patterns has four prominent scattering peaks in the 2 theta range of 20°-80° which
can correspond to the crystal planes (111), (200), (220) and (311) representing the formation
of cubic cerium lanthanum ferrite structure. The XRD pattern is in agreement with previous
reports [45].

3.2. Electrochemical characterization of the modified carbon paste electrode with the
nanocomposite

Cyclic voltammetry (CV) is an important and widely used technique for studying the redox
processes and the kinetics of electron transfer in electroanalytical chemistry. In order to
investigate the redox properties of the prepared nanocomposite, the electrochemical behavior
of methadone was studied at both bare and modified carbon paste electrodes by cyclic
voltammetry.
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Figure 3. Cyclic voltammograms of methadone 5x10* mol L in phosphate buffer solution
(pH 7) at the surface of (a) bare CPE, (b) LaCeFe>04 nanomaterial modified CPE (scan rate:
0.1Vs?

Figure 3 demonstrates the cyclic voltammograms of methadone in the optimized conditions
at the bare and modified carbon paste electrodes. As can be seen, the electro-oxidation of
methadone at the bare CPE shows an irreversible peak with a potential of 1.18 V. At the
modified CPE, the peak current enhances significantly which is related to the high surface area
and the facility of electron transference in the presence of the nanomaterial. These results
confirm that the modified CPE with the presented nanocomposite can be a suitable device for
methadone determination at low concentrations.
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3.3. Optimization of the measurement conditions
3.3.1. pH study

The effect of the pH on the oxidation potential of the methadone hydrochloride was studied
in different pH solutions from 5 to 8. The presence of amine group in methadone structure
makes the oxidation potential strongly dependent to the pH of the drug solution. As shown in
Figure 4 with increasing the pH of the solution the peak potential shifts to less positive values
and the peak current increases which means that methadone oxidation is much easier in higher
pH solutions. The changes in peak potential show a linear relationship with pH of the solution
according to the following equation: Ep= -0.052 pH + 1.518 (R?= 0.996).

320

13

,,
S
-’

~ -

240 L.

Potential (V)

1 “a 1
y=-0.0522x+1.5188 ’
R:=09957 o

Current (pA)

Potential (V)

Figure 4. Cyclic voltammograms of methadone 10 mol L in different pH values: pH 5 (dash-
dotted line), pH 6 (dotted line), pH 7 (solid line), pH 8 (dashed line) at the surface of the
LaCeFe,O4 nanomaterial modified CPE (scan rate: 0.1 V s?).

The slope of -0.052 V/pH obtained in the above equation confirms that the equal number
of protons and electrons are involved in methadone amine group oxidation. The large variations
in peak current and peak potential by increasing the pH of the solution are up to pH 7, after that
increasing the pH does not show significant effect on the peak current and potential.
Additionally at pH 7, methadone has positive charge (pka=8.94) which increases its adsorption
on the negative surface of the modified carbon paste electrode. Therefore, by consideration of
the methadone determination in physiological conditions (pH=7.4), the pH of the 7 was
selected as the optimum value for simulating with real samples.
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3.3.2. The potential scan rate

The effect of the potential scan rate on the electrochemical oxidation of methadone at the
surface of modified carbon paste electrode was investigated by cyclic voltammetry in 5.0x
10 mol L drug solution (prepared in phosphate buffer (pH 7)) in the range of 10 to 100 mV
s, The results of such studies can be used for understanding the mechanism (diffusion or
adsorption control) of the methadone oxidation at the modified CPE. As can be seen in Figure
5 the oxidation peak current of methadone shows a good relationship with scan rate (v) with a
linear regression equation of I, (uA) = 0.6541v (mV s1) + 12.624 (R?>=0.9909). This indicated
that the oxidation of methadone at the surface of the electrode is controlled by an adsorption
process.
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Figure 5. (a) Cyclic voltammograms of methadone 5x10** mol L* in phosphate buffer solution
(pH 7) at different scan rates, (a) 10, (b) 25, (c) 50, (d) 75, (e) 100, (f) 125 and (g) 150 mV s
on LaCeFe>O4 nanomaterial modified CPE (b) Plot of current vs. scan rate. (c) Plot of potential
vs. logarithmic function of scan rate

The dependence of the peak potential on the logarithmic function of scan rate also shows a
good relationship with the correlation coefficient of 0.9951 according to the following
equation: Ep(V) = 0.0888 log v (V s?) + 1.2788. According to Laviron, for an irreversible and
adsorption-controlled process, the following equation is considered [47]: E,=E%+
(2.303RT/anF) log (RTko/anF) + (2.303RT/anF) log v, where a is the transfer coefficient, ko
the standard heterogeneous rate constant of the reaction, n the number of electrons transferred,
v the scan rate, and E” is the formal redox potential. The value of an can be calculated from
the slope of E; vs. log v. Considering the slope of 0.0888, an is calculated about 0.66. According
to Bard and Faulkner [48], a. can be given by the following equation: Epo—Ep =1.857(RT/aF),
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where Epp is the potential where the current is at half the peak value. From this equation the
value of o was obtained 0.28, hence, the number of electron transferred at the surface of
modified electrode was calculated about 2.35 (n=2.35<2).

3.4. Analytical features of the method

The LaCeFe>O4 modified carbon paste electrode, at the adjusted conditions, was used for
calibration curve plotting. The calibration curve was obtained after analyzing each
concentration of methadone hydrochloride with square wave voltammetry at the modified
electrode surface. The linear range, regression equation and correlation coefficient of the
proposed sensor were 10 to 1000 umol L7, I (MA) = 0.1261 Conc. (umol L) +15.935 and
0.998, respectively (Figure 6). The limit of detection (LOD) and the relative standard deviation
(RSD) of the method were obtained 2.8 pmol L and 3.7 %, respectively.
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Figure 6. (a) Square wave voltammograms containing some concentrations of methadone, (a)
0, (b) 10, (c) 100, (d) 300, (e) 500, (f) 700, (g) 1000 uM in phosphate buffer solution at
LaCeFe>O4 nanomaterial modified CPE. (b) Linear calibration curve of proposed sensor
toward methadone

3.5. Interferences

One of the most important features of an analytical method is its selectivity. In order to
investigate the selectivity of the proposed modified CPE toward methadone, the effect of the
common species such as ascorbic acid, uric acid, D-(+)-glucose, L-cysteine, Ca®*, K* and NH4*
at high concentrations were tested on the electrochemical behavior of methadone at the given
conditions. The results showed that the presence of these species has no significant effect on
the methadone response even at 1:100 methadone to interference species ratio. From the
obtained results it is obvious that the proposed sensor can be used effectively for methadone
determination in biological complex matrixes containing the possible mentioned interferences.
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3.6. Performance of the LaCeFe20O4 modified CPE in analysis of methadone in plasma

Performance of the propose electrode was assessed through methadone determination in
plasma matrix. Test solution was made as described in experimental section. The results are
presented in Table 1. As it can be seen the recovery amount of methadone is very close to 100%
that can confirm the applicability of the method in direct low concentrations detection of
methadone in plasma.

Table 1. Recoveries obtained for the determination of methadone in plasma sample at modified
CPE

Plasma Sample  Added amount Found amount Recovery (%) RSD (%) (n=3)

number of MET (uM) of MET (uM)
1 0 - - -
2 300 274.9 91.6 2.07
3 500 498.6 99.7 1.09
4 700 695.2 99.3 0.4

4. CONCLUSION

Recently, lanthanoid doped nanomaterials, due to their unique electronic properties, have
attracted the attention of the researches in the field of photocatalysts, sensors, batteries and
supercapacitors. Their various oxidation states and active surfaces, they can catalyze many
chemical reactions. Here, lanthanum cerium ferrite (LaCeFe2O4) nanomaterials were applied
for the improvement of the carbon paste electrodes in the electrooxidation of methadone, as a
widely used opioid medication. The nanomaterials were synthesized through co-precipitation
method. Using square wave voltammetry as the detection technique, a limit of detection of 2.8
umol Lt of methadone was obtained. Finally, performance of the method was tested in human
plasma matrix which the recovery results were acceptable.
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