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This paper reports the electrochemical determination of L-Methionine (L-Met) in phosphate buffer
solution (pH = 7.0) utilizing the Mn,0O3 on screen-printed carbon electrode (Mn,O3/SPCE) and Mn,03
catalyst display excellent activity for catalytic reduction of p-Nitrophenol. Initially, as-prepared Mn,O;
were characterized by various analytical methods. From the electrochemical studies bare SPCE
showed an ill-defined oxidation peak around 1.214 (+£0.02) V for L-Met whereas Mn,03/SPCE showed
a well-defined oxidation peak at 1.173 (+0.02) V. Under optimum conditions, the Mn,O3/SPCE
showed a linear range of L-Met concentrations of 1.0 x 10 to 6.1 x 10 M. The limit of detection is
about 1.0 x 10° M (S/N = 3). The presently modified working electrode has also been effectively
applied for the determination of L-Met in real sea food samples. The Mn,Og signifies user-friendly,
strong and high sensitive with real applications for electrochemical determination of amino acids as
well as catalytic reduction of p-Nitrophenol.
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1. INTRODUCTION

Due to the structural, compositional flexibility, and excellent physicochemical properties of
Manganese oxide, is considered to be a technologically significant material in catalysis, magnetism,
molecular adsorption, high power batteries, electronics, and chemical sensing contrivances etc., [1-16].
It possesses different oxidation states of 2+, 3+, 4+, and 6+. Amongst them, MnO, is one of the
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predominant manganese oxide phases, and its applications as electrode materials in primary Li/MnO,
batteries, catalysts in ion sieves as well as in electrochemical capacitors [17-23]. The preparation of
MnQO; is difficult techniques due to its problematical designates of process control. Many synthesis
procedures available for MnO; such as reduction process [24], sol-gel [25], thermal oxidation [26], and
chemical co-precipitation [27]. Manganese oxide employed an important role in electrochemical
biosensors in recent years. Recent years, scientists were reported numerous electrochemical sensors
based on MnO, [28-30].

Most of the animals, and plants have sulphur involved chemical compounds and them
performance a vital role in the active system [31]. L-methionine (L-Met) have sulphur-attached protein
genic amino acids. It originates and avoids the infections in hair, and skin. It is a considerable amino
acid and consequential role for living methylation reactions. By incrementing lecithin engenderment,
L-Met is utilized to reduce the cholesterol level and additionally paramount for human magnification
[32]. Deficiencies of L-Met have been attributed to muscle paralysis, toxemia, despondency, and
reduced magnification [33]. Above-mentioned astringent effects of L-Met, the dosage level must be
quantified in pharmaceutical performs. Accordingly, the purpose of L-Met is very consequential in the
medical perspective. The electrochemical method has remarkable receptiveness due to its great
selectivity and sensitivity, quick response, low cost, and simple procedure. From the literature survey
there is many oxidation studies reported for L-Met by betokens of different modified working
electrodes such as an electro-polymerized film of non-peripheral amine superseded Cu(ll)
phthalocyanine [34], poly (3-amino-5-mercapto-1,2,4-triazole) [35], colloidal-gold cysteamine [36],
and poly (methyl violet) [37]. The chemical structure of L-Methionine as exhibited in Scheme 1.
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Scheme 1. Chemical structure of L-Met.

The main objective of this work is to develop a sensitive method for the detection of L-Met
predicated on Mn,O3/SPCE for the first time. The prepared Mn,O3; was characterized by different
physico-chemical techniques. It was tenacious the L-Met with the limit of detection (LOD) is about 1
nM. We additionally demonstrated the practical applicability of accurate sample analysis in wild
Salman, and Shrimp (spiked) samples predicated on Mn,O3; modified SPCE and found acceptable
instaurations.
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2. EXPERIMENTAL SECTION

2.1. Materials

Manganese acetate tetrahydrate [Mn(OAc),.4H,0] (>99%), N, N’-dimethylformamide (DMF)
(99.8%), acetone (99.7%), and L-Methionine (L-Met) (298%) were obtained from Sigma-Aldrich. All

the chemicals, reagents, and solvents used were of analytical grade. De-ionized water was used
throughout the experiments.

2.2. Methods

2.2.1. Synthesis of Mn,O3

Initially, 0.091 g of [Mn(OAc),.4H,0] was dissolved in 67.5 mL of DMF under constant
stirring, and 7.5 mL of DI water was added to get a final concentration of 5 x 10° M. The yellowish-
brown solution was stirred at 49 °C for 1 h and the resulting solution was left to stand for 3 months
under at room temperature. After 3 months, the dark brown precipitate was obtained. The obtained
precipitate was centrifuged, and washed several times with DI water and acetone to remove excess
surfactant from the solution, and then dried in air at 120 °C for 30 minutes.

2.2.2. Fabrication of Mn,O3/SPCE

5 mg of Mn,03 was well dispersed in 1 mL water under ultrasonic treatment for 1 h. On the
surface of SPCE, the optimized concentration of about 8 pL of a dispersed solution was drop cast on
the active surface of the SPCE followed by drying in an air oven at 30 °C for 1 h.

2.2.3. Characterization

The crystal structure, and surface morphology of the as-synthesized Mn,03; were studied by
powder X-ray diffraction (XPERT-PRO; PANalytical B.V., Netherlands). The morphology and
elemental mapping of the as-synthesized composite were studied by scanning electron microscopy
(SEM Hitachi S-3000 H) attached with energy-dispersive X-ray analyzer, respectively. Cyclic
voltammetry (CV), and differential pulse voltammetry (DPV) were performed on electrochemical
analyzer (CHI 400, and 900; CH Instruments). In this present work we have used three electrode
system, SPCE as a modified working electrode, saturated Ag/AgCI as a reference electrode, and Pt
wire as a counter electrode. For whole electrochemical experiments were carried out in N, saturated,
0.05 M phosphate buffer solution (PBS) as a supporting electrolyte was prepared from Na,HPO,, and
NaH,PO,.
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3. RESULTS AND DISCUSSION

3.1. Structural properties

Fig. 1 shows that the Mn,O3 diffraction peaks are detected at 20 ca. 23.1° (211), 32.9° (222),
38.1° (400), 45.0° (332), 49.3° (431), 55.0° (440), and 65.7° (622) of Mn,O3 can be well correlated
with pure Mn,0O3 (JCPDS #24-0508) [38-40]. For Mn,0O3, no other peaks were noticed from extra
phases, proposing that the as-synthesized Mn,0O3 are of high purity.
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Figure 1. PXRD pattern for Mn,Os.

SEM with EDX analysis studied the structural, and elemental composition of the as-prepared
Mn,O3. SEM images of prepared Mn,O3 is shown in Fig. 2 (A). It is seen that, Mn,O3 micro-clusters
are not uniformly spread. The spectrum of EDX, elemental color mapping for synthesized Mn,0O3 are
shown in Fig. 2 (B-D). The spectrum shows the peaks equivalent to manganese and oxygen. The
results confirm the purity of as-synthesized micro-clusters with no chemical impurities [37].

Figure 2. (A) SEM image, (B) EDS spectrum, and (C, D) elemental color mapping of the prepared
Mn,0as.
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The textural properties of the Mn,O3; sample were studied by N, adsorption/desorption
isotherm, as shown in Fig. 3. The Mn,O3; sample showed isotherm curve close to the typical type IlI
(IUPAC classification) isotherm. Therefore, a Brunauer-Emmett-Teller (BET) surface area of Mn,O3
sample was ca. 2.48 m? g™*. The above result tells the probability of as-prepared Mn,O3 sample with
satisfactory surface area.
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Figure 3. N, adsorption/desorption isotherm for Mn,Os.

3.2. Electro-catalytic oxidation of L-Met at Mn,O3/SPCE

Before studying the electro-catalytic oxidation property of the modified SPCE film towards L-
Met, we have examined the electrochemical behavior of Mn,Os/SPCE in 0.05 M PBS. CV obtained for
bare SPCE and Mn,Os; modified SPCE in 0.05 M PBS (pH 7) at a scanning rate of 50 mV s is shown
in Fig. 4. There is no visible peak appeared when introduced SPCE into the electrochemical setup. It
shows that a small difference in the CV curve with a small peak potential (1.214 V) at E,, (anodic peak
potential), and also a small current by the addition of L-Met in bare SPCE. The well-marked anodic
peak potential (Ep.) were detected at 1.173 V for the Mn,O3/SPCE. There is a no reduction peak
appeared when the addition of L-Met. This result shows that the electrochemical behavior of L-Met is
irreversible process. The oxidation mechanism of L-Met is shown in Scheme 2. However,
Mn,O03/SPCE is showed maximum electro-oxidation performance compared to bare SPCE in terms of
less over potential and high peak currents. Thus, Mn,O3/SPCE has a greater electro-oxidation ability to
the oxidation of L-Met due to the good properties of conductivity and satisfactory surface area of the
Mn,O3. The big anodic peaks happen at peak potentials of 1.173 V due to 2e” oxidation of the L-Met.
From the CV curves definitely that the Mn,03/SPCE is a good electro-oxidation towards the L-Met.
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Figure 4. CVs obtainted of (a) bare SPCE, and (b) Mn,O3/SPCE in N, saturated 200 uM L-Met
containing PBS at the scanning rate of 50 mV s™.
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Scheme 2. Oxidation mechanism of L-Met.

3.3. Influence of L-Met addition
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Figure 5. CVs obtained of (A) Mn,03/SPCE different concentrations of L-Met (a = absence; b-k =
100-1000 uM L-Met, and (B) plot of oxidation peak current versus the concentration of L-Met
in N saturated PBS at the scanning rate of 50 mV s™.

Fig. 5A shows CV responses of Mn,O3/SPCE in PBS containing different concentrations of L-
Met in N, saturated at a scanning rate of 50 mV s . When the absence of L-Met, (a) the Mn,03/SPCE
does not show any visible peaks; whereas, a well-defined oxidation peak was observed in the presence
of 100 uM L-Met. Moreover, the L-Met concentration from 100 to 1000 uM (b-k) increased means the
oxidation peaks current of L-Met also increased. The results reveal that the excellent electro-oxidation
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behavior of L-Met at Mn,O3/SPCE, and can be used for sensitive determination of L-Met. Fig. 5B
demonstrates the plot between oxidation peak current, and L-Met concentrations, which may be
communicated by a linear regression equation as Epa (V) = 4.5992x — 0.0722, R?=0.9947.

3.4. Influence of scanning rates

Fig. 6A shows that the effect of scanning rate of electro-catalytic oxidation responses of
Mn,O3/SPCE in PBS (pH 7) for the determination of L-Met. The CV curves observed the oxidation
peak currents are gradually increased when increasing the anodic peaks from 20 to 200 mV s™. When
the oxidation peaks current (lp,) increases the scanning rates also increases linearly which may be
communicated by a linear regression equation as Ep, (V) = 0.032x — 0.0063, R?=0.9977. Additionally,
the linear plot among oxidation peak current versus the square root of the scanning rates has displayed
a relationship which suggesting that the oxidation process of L-Met appeared at the Mn,O3/SPCE is a
diffusion controlled electron transfer process Fig. 6B. From the results, we approve that the observed
CV reports are due to the determination of L-Met diffused on the surface of the Mn,O3/SPCE.

LOD=3S,b e 1

The LOD is calculated by using the above formula, slope of the straight line of the
electrochemical analytical curve and SD of the mean value for ten voltammograms of the blank (Sp).
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Figure 6. CVs obtained of (A) Mn,0O3/SPCE different scanning rates of 200 uM L-Met from 20 to 200
mV s, and (B) plot of oxidation peak current versus the square root of the scanning rates in N,
saturated PBS at the scanning rate of 50 mV s™.

3.5. Calibration curve, and limit of detection

The electrochemical oxidation of L-Met was done at Mn,O3/SPCE by DPV. The DPV
technique is a more sensitive method for the detection of L-Met than CV. The DPV responses of the
Mn,O4/SPCE with the additions of various concentration of L-Met (1.0 x 10° M to 6.1 x 10™ M) into
the PBS (pH 7). The sensitivity was calculated by using the slope of the calibration plot as shown in
the Fig. 7A. The lower concentrations as shown in Fig. 7B the calculated sensitivity was about 6.036
(£0.002) pA pM *cm™. The LOD is about 1.0 x 10 M observed from the slope of the calibration plot
as shown in Fig. 7C. The linear relationship between L-Met concentration vs peak current (lps) was
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obtained using 1.0 x 10° M to 6.1 x 10 M of L-Met and a linear regression values and correlation
coefficient as Ipa (V) = 0.4352x + 0.0267 and R? = 0.9983 respectively. The comparison of analytical
parameters such as concentration range, and limit of detection of L-Met with other modified electrodes
compared to previous reports (Table 1).
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Figure 7. DPVs obtained of (A) Mn,O3/SPCE different concentrations from 1.0 x 10° M to 6.1 x 10™
M (B) lower concentrations, and (C) calibration curve of peak current versus the concentrations
of L-Met in N, saturated PBS at the scanning rate of 50 mV s™.

Table 1. Similarity parameters for detection of L-Met at a various modified electrode.

Electrode Substrate Linear range (M) Detection limit (M) Ref
ETAP-Cu(l1)/GCE 5.0x10°-5.0x 10" 2.7x10° 34
PAMT/GCE 1.0x 107 -1.0x 10™ 41x10™° 35
Au-Cys/GCE 1.0x10°-1.0x 10* 59x 107 36
Bi (V) -PbO2/Au _ 1.0x 107 41
SWCNT-NiCNT/GCE 1.0x10°-1.0x 10™ 45x10° 42
Ni/CCE 20x10°-9.0x 107 2.0x10° 43
Rh,POM/CE _ 7.3x10™ 44
GO/SPCE 20x10°-9.6x 107 1.8 x 107 45
Co(OH),/GCE 25x10" - 1.2 x 10° 1.6 x 10™ 46
F-C60/GCE 1.0x 10°-1.0x 10° 8.2x10° 47
Mn,Os/SPCE 1.0x10°-6.1x 10" 1.0x 107 This
work

ETAP-Cu(ll) = Electropolymerized film 1,8,15,22-tetraaminophthalocyanato-Cu(ll), PAMT = Poly (3-
amino-5-mercapto-1,2,4-triazole), Au-Cys = Colloidal-gold cysteamine, PMV = Poly (methyl violet),
Pt = Platinum, CPE = Carbon paste electrode, Ru" Den = Ruthinium(Il) dendrimer, CE = Carbon-
composite electrode, Bi(V)-PbO, = Bi(V) doped PbO, film, CCE = Carbon ceramic electrode,
SWCNT-NICNT = Single-wall carbon nanotube and nickel-carbon nanotube, Co(OH), = Cobalt
hydroxide, Full-C60 = Fullerene-C60, GO = Graphene Oxide, SPCE = Screen printed carbon
electrode.
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3.6. Accumulation time, reproducibility, and operational stability

To study the impacts of an accumulation time for the electro-catalytic oxidation of L-Met, the
CV curve were reported for Mn,O3/SPCE in the presence of 200 uM L-Met in 0.05 M PBS (pH 7)
with a scanning rate of 50 mV s™ as shown in Fig. 8A. Additionally, the oxidation peak currents for L-
Met were recorded for the different accumulation time started from 0 to 210 s, where the higher
electro-catalytic oxidation peak current was detected for 90 s. Therefore, the modified electrode was
optimized with suitable accumulation time was considered to be 90 s for a proficient electro-catalytic
oxidation of L-Met molecule. Reproducibility of the sensor, was determined by using five different
Mn,03/SPCE were modified and verified towards 200 uM L-Met. The attained reproducibility results
are displayed in Fig. 8B which reveals that the Mn,O3/SPCE have an excellent reproducible ability,
and the electrode can be used for exact detection of L-Met. The CV response of 100 nonstop cycles of
the Mn,O3/SPCE in the absence and presence of L-Met is shown in Fig. 8C, D. The results indicated
Mn,O3/SPCE has long-term stability [48].
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Figure 8. CV response of (A) accumulation time (B) reproducibility (C) operational stability of 100
nonstop cycles without, and (D) with L-Met of Mn,O3/SPCE N, saturated PBS at the scanning
rate of 50 mV s,

3.7. Real sample analysis

The suggested L-Met sensor was additional confirmed using real sample analysis, such as a
Wild Salman, and Shrimp were found from a local market in Taipei, Taiwan. The biological samples
were crushed with a little amount of water, and the extracted was ultra-centrifuged aforementioned to
the real sample studies. The sample extracts were spiked by L-Met in PBS solution (10 mL), as shown
in Fig. 9A, C. Plot between the concentration of biological samples, and current are shown in Fig. 9B,
D. Obviously, the Mn,03/SPCE is entirely appropriate for real sample analysis, the equivalent DPV
results are shown in Table 2.
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Figure 9. DPV curves of the Mn,0O3/SPCE in (A) Wild Salman (C) Shrimp samples containing L-Met
with PBS (pH 7), and (B) plots of oxidation current versus L-Met + Wild salman extract and
(D) plots of oxidation current versus L-Met + Shrimp extract were obtained at a scanning rate

of 50 mV s,

Table 2. Real sample analysis of L-Met using spiked method Mn,O3/SPCE. (n = 3)

S No Samples Added Found Recovery RSD
' (LM) (LM) (%) (%)
10 9.59 95.9 2.25

1 Wild Salman 20 21.45 107.25 3.61
30 30.26 100.86 3.58

10 9.23 92.3 2.15

2 Shrimp 20 20.95 104.75 2.95
30 25.32 84.4 4.12

RSD = Relative standard deviation

3.8. Catalytic reduction of p-NP

To evaluate the catalytic activity of Mn,O3 during reduction of p-NP, test reactions were
carried out by mixing aqueous solution of p-NP (1 x 10 M) with a reducing agent (NaBH.) (1 M).
When addition of appropriate amount of Mn,0Os, into the reaction, and it was observed by UV-Vis
spectroscopy. In brief, while addition of NaBH, into the aqueous p-NP (light yellow color), the
reaction solution suddenly undertook from 317 to 400 nm, signifying the formation of p-
Nitrophenolate ion, as shown in Fig. 10A. Without Mn,0O3 the reduction efficiency was very low (Fig.
10B), while adding ca. 1 mg of Mn,Oj3 into the above reaction mixture, a reliable decrease happened in
the intensity of the absorption peak at 400 nm with time, representing a consecutive reduction of p-Nip
(Fig. 10C). This is accompanied by the presence of a new absorption peak at 300 nm, whose intensity
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gradually improved with time, showing the expected formation of p-Aminophenol (p-AP). Moreover,
even in the existence of strong reducing agent NaBH,, the wavelength, and intensity of the peak
responsible for p-Nip (at 400 nm) stayed closely unmoved in the absence of a Mn,Os.
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Figure 10. (A) UV-Vis spectra obtained from aqueous p-NP before (green curve) and after (blue
curve) the addition of NaBHj, solution, (B) Absorption spectra of aqueous solution containing
p-NP (1 x 10*M) and NaBH,4 (1 M) without Mn,Os, (C) with Mn,Os (D) Plots of Ci/Cy versus
reaction time (min), and (F) Plots of In (C/C,) versus reaction time (s) for the reduction of p-
NP with Mn,0s.

Based on a before reported scheme [27], the mechanism for the reduction of p-NP in the
occurrence of NaBH, over the Mn,O3 is demonstrated in Scheme 3. Consequently, the catalytic
reduction of p-NP over Mn,O3 is motivated by the electron transfer from BH, to p-NP through
adsorption of the reactant molecules onto the surfaces of the Mn,O3 (Step 1). The catalytic reduction
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activity is known to depend on the surface area of the Mn,O3 as well as the mass transfer resistant to
the reactant. The final clearly assistances from the mesoscopic properties such as surface area, pore
volume, and porous size of the Mn,0O3. The catalytic reduction of p-NP, which is the rate-determining
step is activated by the relations of the adsorbed p-NP with hydrogen atoms bound on the active
surfaces of Mn,Og3 (Steps Il and 111). As a result of reduction reaction, p-AP is formed, followed by the
desorption of product from the Mn,O3 (Step 1V) and reactivation of the Mn,0O3 system [27].

BH gt H20
B0y’
—_—
0405 @ e
Step I
OH OH
N\ | | StepIV Step II

Scheme 3. The suggested mechanism of the catalytic reduction of the 4-NP by NaBH, using Mn,Og3

4. CONCLUSIONS

In conclusion, we have reported electrochemical determination of L-Met and catalytic
reduction of p-Nitrophenol. From the electrochemical study, the results revealed the bare SPCE
showed a little bit oxidation peak for L-Met whereas, the modified working electrode displayed a well-
defined oxidation peak, and improved its oxidation current. Using the DPV method, a detection limit is
about 1.0 x 10° M (S/N=3) was attained. The modified working electrode indicated a good recovery
for L-Met in Wild Salman, and Shrimp, representing that the current technique may be used for
practical applications. In particular, Mn,Oj3 catalyst were found capable of reducing p-Nitrophenol to
p-Aminophenol with extraordinary reactivity in the presence of NaBH, as the reducing agent. From
UV-Vis spectroscopy results the complete reduction of p-NP to p-AP can be reached within 5-6 min
even with a catalyst loading of only 1 mg. The benefits of the current modified working electrode are
ease in alteration, no need to preserve the electrode in the refrigerator or buffer solution, and highly
stable, and catalyst has excellent property of reduction of p-NP.
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