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ABSTRACT

describes phenol determination using poly(3-

methylthiophene) coated Pt electrode. Modified electrode was prepared on Pt disc

his  paper non-enzymatic
surface in dichloromethane medium containing 500 mM 3-methylthiophene (3MT)
and 100 mM tetrabuthylammonium perchlorate (TBAP). This electrode was used for
amperometric determination of phenol in NaHSO, / Na,SO, (SBS) solution at pH
2.0. For this purpose, 0.70, 0.80 and 0.90 V potentials were applied and results were
compared. Limit of detection and linear range were found as 4.22x10° and 1.41x10-
4 —4.00 mM (with R?=0.9932) at 0.90 V working potential, respectively. Repeatability
of method was tested by using at least three modified electrode for 0.5, 1.0 and 2.0
mM phenol concentrations and relative standard deviation (RSD were found as 2.49%,
1.92% and 2.75%, respectively. To test the accuracy of method and matrix effect, phenol
determination was carried out for 1.0 and 2.0 mM phenol concentrations in artificially
contaminated river water samples at optimum condition and recovery values were found

as 96.44% and 99.60%, respectively. Proposed method was found as simple, rapid and
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INTRODUCTION

henol is the simplest compound of benzene, and

the main structure of phenolic compounds like
hydroquinone and catechol. Phenol and its chemical
derivatives are widely used in industrial area such
as pharmaceutical drugs, cosmetic, pesticides,
textile, dyes and petroleum refineries [1,2]. Phenol
is released to the environment during its production,
its use in phenolic resins, and organic synthesis [3].
Phenol is found in petroleum products, and it can be
released by combustion of wood and auto exhaust
[3]. Phenol is also released by the natural corruption
of organic wastes including benzene. Phenol is a
major metabolite of benzene [4], which is found
widely in the environment, therefore, phenol may be
occurred in the environment as a result of the natural
corruption of benzene. Phenol and its vapors are toxic,
and may give rise to harmful effects on the central
nervous system and heart. Because of its toxicity and
resistance to common microorganisms, detection of
phenol is important in the environment [5]. A number

of chromatographic [6,7] and spectrophotometric

[8] studies were reported for detection of phenol.
However, these methods require sample preparation,
expensive equipment and long analysis time. To
overcome these problems, and for low-cost, simple
and rapid determination of phenol, electrochemical
methods attract attention. Especially, amperometric
analysis based on modified electrode coated with
conductive polymers [9], composite films [10,11],
nanoparticles [12,13] and biosensors [14,15] is widely
used for detection of phenol and its derivatives. .

Conductive polymer-based modified electrodes
can easily be prepared on direct electrode surface by
electrochemical methods. Poly (3-methylthiophene)
(P3MT) is widely used conductive polymer for
preparation of modified electrode. It was reported
that PBMT was electrochemically synthesized on
solid substrate material (Pt, Au, Glassy carbon) [16].
It was stated that P3MT films had electrocatalytic
effect on phenolic compounds [17] and detection
of phenolic compounds which using P3MT coated
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electrodes give gave better responses compared to with bare
electrodes [18]. P3MT-based modified electrode is used
for detection of phenolic compounds due to its electronic
[19] and optical properties, thermal stability [20], and
electrocatalytic effect [17]. P3MT and its derivatives were
electrochemically synthesized in dichloromethane [21],
acetonitrile and acetonitrile-containing ferro sulfonic acid
[22,23], chloroform [24] and perchloric acid solution [25].
Some studies were reported that P3MT-coated modified
electrodes were used for determination of some phenolic
compounds [26,27], riboflavin [28] and dopamine [17].
Also, polyaniline - poly(3-methylthiophene)-poly(3,3™-
diaminobenzidene) (PANI — P3MT — PDAB) film for
detection of dopamine [29], epinephrine [30] and PDAB -
P3MT film for detection of catechol [31] were reported..

In a previous study, P3MT was synthesized in
polymerization solution containing 500 mM 3MT and 100
mM TBAP [22] on Pt disc electrode in dichloromethane.
In present study, this electrode was used for non-
enzymatic phenol detection in SBS solution at pH 2.0 using
amperometric I-t method. Also, real sample experiments
in artificially contaminated river water samples were
performed. Recovery values were calculated from the
results of these studies.

MATERIAL AND METHODS

Reagent

3-methylthiophene monomer and phenol were purchased
from Aldrich and Merck companies, respectively, and
used without further purification. Electro-polymerization
studies were carried out in dichloromethane medium
containing TBAP as supporting electrolyte. TBAP was
synthesized as mentioned in the literature [10]. Aqueous
media studies were performed in sodium hydrogen
sulfate (NaHSO,) (Merck) and sodium sulfate (Na2504)
(Merck) solution (SBS) of pH 2.0. Phenol solution was
prepared in this solution at pH 2.0. All experiments
were carried out in nitrogen atmosphere (Linde). Spiked
sample assay was done for artificially contaminated river
water samples with phenol. Before the experiment river
water was adjusted to pH 2.0 by adding HCL

Apparatus

All electrochemical experiments were performed with
CH Instruments system, Model 1140B electrochemical
analyzer. Conventional three-electrode electrochemical
cell with Pt disc (area= 7.85x10® cm?) as working
electrode, Pt wire as counter electrode and Ag/AgCl (for
non-aqueous assay), and saturated calomel electrode
(SCE) (for aqueous assay) as reference electrode were
used. Before the experiments, Pt disc electrode was

cleaned with slurry of Cr,0, with water, rinsed with triple
distilled water, cleaned in the ultrasonic bath, washed
with dichloromethane solution, and dried, respectively.
All experiments were carried out in room temperature.

RESULTS AND DISCUSSION

Electrode preparation

In a previous study, P3MT was coated on Pt disc working
electrode (P3MT/Pt) in dichloromethane medium
containing 500 mM 3MT and 100 mM TBAP between
-0.4V and 1.8V potential range vs. Ag/AgCl reference
electrode (20 cycles) and washed with dichloromethane
to remove the non-polymeric species [21]. In the present
study, as prepared modified electrode was used for
amperometric detection of phenol in SBS solution of pH
2.0 and river water artificially contaminated with phenol
was used as analyte.

Electrochemical behavior of phenol over P3MT/Pt
electrode

pH effect on modified electrode was investigated in SBS
solution (pH 2.0 - 6.5) between 0.0 V and 0.9 V potential
range vs. SCE. pH value in which the film has the
most electroactivity was determined as 2.0. Therefore,
electrochemical behavior of phenol was performed at
pH 2.0 solution containing 5.0 mM phenol and results
were compared with those of bare Pt electrode. Despite
the oxidation potential of phenol was observed at about
0.87 V over bare Pt electrode (curve a), onset oxidation
potential was measured at about 0.60 V over P3MT/Pt
electrode (curve ¢) (Figure 1). Shifting the potential to
smaller value is evidence of catalytic effect of PAMT film
on Pt surface for the oxidation of phenol. Also, current
value obtained over P3BMT/Pt electrode in at pH 2.0
solution containing phenol is greater than obtained over
bare Pt electrode. This can could be explained with the
fact? that the interaction of PBMT film with phenol is
was greater than bare Pt electrode because of porous
structure of the P3AMT film [32].

Figure 1. The cyclic voltammograms of (a) bare Pt electrode containing
5.0 mM phenol, (b) P3MT/Pt electrode and phenol free solution, (c)
P3MT/Pt electrode containing 5.0 mM phenol in SBS solution at pH 2.0
(vs. SCE, v= 100 mV s-1)
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Figure 2. a) The current versus time curve for coated P3MT and uncoated Pt electrodes at 9.77x10-4 - 6.0 mM phenol concentration range b) current
values versus phenol concentration and c) calibration graph (applied potential 0.90 V vs. SCE).

Amperometric phenol determination

For determination of phenol with amperometric I-t
method in SBS of pH 2.0, P3MT film coated on Pt disc
electrode between -0.4 V and 1.8 V potential was used.
Initially, 0.70, 0.80 and 0.90 V potentials were separately
applied on P3MT/Pt electrode about 1000 s to obtain
steady-state current value. Afterwards, sufficient volume
of stock phenol solution was added to attain the phenol
concentration of 9.77x10* mM and the solution was
stirred to obtained homogeneity. A typical current-time
response was recorded with the successive addition stock
phenol solution to the SBS solution for each potential
and 0.90 V was determined as an optimum potential in
which the maximum currents obtained. Figure 2 shows
the amperometric I-t curves for an applied potential of
0.90 V (Figure 2a), current versus phenol concentration
(Figure 2b) and calibration curves in linear scale (Figure
2¢). In addition, same experiments were performed over
uncoated Ptelectrodeand results were compared in Figure
2 (red). As seen in Figure 2a, current values increased as
linearly until 4.0 mM phenol concentration. Over this
concentration, the current values started to decrease.
Limit of detection (LOD), limit of quantification (LOQ)
and linear range values for P3MT/Pt electrode were
calculated as 4.22x107°, 1.41x10* and 1.41x10* - 4.0 mM,
respectively. 3 s/m and 10s/m equations were utilized
for calculating of LOD and LOQ values [33] where s
symbolizes the standard deviation calculated from the
current values at the lowest concentration that generates
a measurable current for three replicated measurements.
Analytic parameters of different potentials over PZMT/Pt

and bare Pt electrode were summarized in Table 1.

Also, amperometric determination of phenol over
P3MT/Pt electrode at optimum potential, and different pH
solutions (2.0-6.5) was carried out. Typical current-time
response was shown in Figure 3 (a) and it can could be seen
thatresults of pH 2.0 and pH 3.0 is was competitive with each
other. Therefore, response curve vs. phenol concentration
obtained from amperometric I-t curve of pH 2.0 and pH 3.0
media and calibration graphs were compared in Figure 3
(b,c). According to Figure 3 (c), linear range obtained at pH
2.0 was longer than that of pH 3.0.

Repeatability studies

Repeatability of current values P3MT modified Pt
electrode was investigated at pH 2.0 solution. Steady-
state current values at the end of 200 s were recorded for
each 0.50, 1.0 and 2.0 mM phenol concentrations after
the electrolysis of P3MT/Pt electrode about 1600 s at 0.90
V. The results of repeatability experiment (amperometric
I-t curves, current values, standard deviations, relative
standard deviations and confidence intervals in 95%
confidence level) for each phenol concentrations were
shown in Table 2. To assess the accuracy, combined
standard deviation was calculated as 0.1618 pA using
current values and it was used for calculating confidence
interval. Standard deviations within the group were low
and percent relative standard deviations were lower than
5% (Table 2). In addition, current values were close to
each other in the group and they increased in proportion

Table 1. Analytic parameters for determination of phenol at different potentials over PSMT/Pt and bare Pt electrode

Applied Potential

LoD,

LOQ

Linear range

) Electrode (mM) (mM) (mM) Equation R:
0.70 P3MT 2.69x10% 8.96x10% 8.96x10%- 20.0 ¥=0.0368x +0.2601 0.9847
Pt 1.99%107 6.64%107% 6.64x103-35.0 ¥=0.0005X+ 0.0008 0.9965
0.80 P3MT 1.44%10° 4.81x10°% 4.81x10%- 1.0 ¥=0.7407X +0.5136 0.9781
Pt 3.15%10* 1.05%1073 1.05%1073- 4.0 ¥=0.0122X +0.0269 0.9530
0.90 P3MT 4.22%10°% 1.41%x10% 1.41X10% - 4.0 Y¥=1.0643X +1.0866 0.9932
Pt 1.18x10% 3.94%10°% 3.94%10% - 0.25 y=0.3809x+ 0.0009 0.9965
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Table 2. Evaluation of the reliability of the results found from the repeatability experiment for detection of phenol over PAMT/Pt electrode.

Coponol Amperometric I-t Curve ! S RSD
enol 15 Loue
[x+ ﬁ] '
(mM) UA uA % A
HA
1.650
0.50 1.681 0.0409 2.486 1.644%0.401
1.600
2.101
1.00 2.180 0.0412 1.920 2.147+0.401
2.161
2.782
2.00 2.641 0.0750 2.752 2.726%0.401
2.756

“95% confidence level was calculated.
“"Confidence intervals were calculated using combined standard deviations.

Figure 3. Calibration studies of phenol over P3MT/Pt electrode (a) Current-time responses for different pH values (b) current vs. phenol concentration
for pH values of 2.0 and 3.0 (c) calibration graphs for pH 2.0 and pH 3.0 (applied potential 0.90 V vs. SCE).

to the concentration. These results supported the
repeatability of the P3MT/Pt electrode.

Determination of phenol over P3MT/Pt electrode
in artificially contamined river water

In order to test applicability and matrix effect, detection
of phenol over P3BMT/Pt electrode was carried out in
artificially contaminated river water in Rize, Turkey.
Three samples were measured using three independently
deposited electrodes. P3MT/Pt electrode prepared at
optimum conditions was tested in spiked samples as
described above for 1.0and 2.0 mM phenol concentrations

and results were compared with standard 1.0 and 2.0 mM
phenol concentrations (Table 2) and recovery values were
calculated as 96.44% and 99.60%, respectively. Recovery
values which are close to 100 % showed that the values
obtained by the proposed P3MT/Pt electrode were
in good agreement with the standard solutions. It
is understood that the
potential for practical application for the analysis in

present electrode had great
spiked samples.
Finally, obtained results were compared with previous

studies. It was seen in Table 4, presented surface had better
parameters compared to other modified electrode. Proposed
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Table 3. Recovery results in artificially contaminated river water for
phenol detection.

Samples Added Found Recovery
((o— (o— (%)
1 1.00 0.96 96.44
2 2.00 1.99 99.60

method was found simple, rapid and highly sensitive for
phenol. Also, another advantage of the electrode was that
it did not contain enzyme. This allows a lower-cost phenol
determination.

CONCLUSION

Present study reported deposition of P3AMT on Pt disc
surface in dichloromethane solution for determination
of phenol. Non-enzymatic phenol detection was
successfully carried out in NaHSO4 / Na2SO4 solution
(at pH 2.0) applying 0.70, 0.80 and 0.90 V potentials. LOD,
LOQ and linear range were found as 4.22x10-5, 1.41x10-
4 and 1.41x10-4 - 4.0 mM, respectively over the P3MT/Pt
electrode. Also, to test availability for practical application,
this electrode was used in artificially contaminated river
water from Rize, Turkey and recovery values for 1.0 and
2.0 mM phenol concentrations were found as 96.44% and
99.60%, respectively. Proposed method was found simple,
rapid, sensitive and low-cost for determination of phenol.

ACKNOWLEDGEMENTS

This research was supported by The Scientific and
Technological Research Council of Turkey (TUBITAK)
(Project no: 111T445)

REFERENCES

1. Yang X, Zou R, Huo F, Cai D, Xiao D. Preparation and
characterization of Ti/Sn02-Sb203-Nb205/Pb02 thin film
as electrode material for the degradation of phenol. Journal
of Hazardous materials 164 (2009) 367-373.

2. Ma H, Zhang X, Ma Q, Wang B. Electrochemical catalytic
treatment of phenol wastewater. Journal of Hazardous
materials 165 (2009) 475-480.

10.

11.

12.

13.

14.

Table 4. Comparison of the analytical performance for the detection of phenol

Wallace J. In Kirk-Othmer encyclopedia of chemical
toxicology; Kroschwitz JI, Howe-Grant M, Eds.; John Wiley
& Sons: New York, forth edition, pp. 592-602, 1996.
Rothman N, Bechtold WE, Yin S=N, DosemeciM, LiG-L, Wang
Y-Z, Griffith WC, Smith MT, Hayes RB. Urinary excretion
of phenol, catechol, hydroquinone, and muconic acid by
workers occupationally exposed to benzene. Occupational
and Environmental Medicine 55 (1998) 705-711.

Svitel J. Development of Tyrosinase-Based Biosensor
and Its Application for Monitoring of Bioremediation of
Phenol and Phenolic Compounds. Environmental Science &
Technology 32 (1998) 828-832.

Vrsaljko D, Haramija V, HadZi-Skerlev A. Determination of
phenol, m-cresol and o-cresol in transformer oil by HPLC
method. Electric Power Systems Research 93 (2012) 24-31.
Es-haghi A, Baghernejad M, Bagheri H. In situ solid-
phase microextraction and post on-fiber derivatization
combined with gas chromatography-mass spectrometry
for determination of phenol in occupational air. Analytica
Chimica Acta 742 (2012) 17-21.

Zhao W, Liu W, Ge J, Wu J, Zhang W, Meng X, Wang P. A
novel fluorogenic hybrid material for selective sensing of
thiophenols. Journal of Materials Chemistry 21 (2011)
13561-13568.

He K, Wang X, Meng X, Zheng H, Suye S-i. Amperometric
determination of hydroquinone and catechol on gold
electrode modified by direct electrodeposition of poly(3,4-
ethylenedioxythiophene). Sensors and Actuators B:
Chemical 193 (2014)212-219.

Kavanoz M, Pekmez NO. Poly(vinylferrocenium) perchlorate-
polyaniline  composite  film-coated electrode for
amperometric determination of hydroquinone. Journal of
Solid State Electrochemistry 16 (2012) 1175-1186.
Tehrani MAR, GhadimiH, Ab GhaniS. Electrochemical studies
of two diphenols isomers at graphene nanosheet-poly(4-
vinyl pyridine) composite modified electrode. Sensors and
Actuators B: Chemical 177 (2013) 612-619.

Quynh BTP, Byun JY, Kim SH. Non-enzymatic amperometric
detection of phenol and catechol using nanoporous gold.
Sensors and Actuators B: Chemical 221 (2015) 191-200.
Nurul Karim M, Lee HJ. Amperometric phenol biosensor
based on covalent immobilization of tyrosinase on Au
nanoparticle modified screen printed carbon electrodes.
Talanta 116 (2013) 991-996.

Cevik E, Senel M, Baykal A, Abasiyanik MF. A novel
amperometric phenol biosensor based on immobilized
HRP on poly(glycidylmethacrylate)-grafted iron oxide
nanoparticles for the determination of phenol derivatives.
Sensors and Actuators B: Chemical 173 (2012) 396-405.

Method Electrode LOD (mM?*) Linear Range (mM) R? Reference
Amperometry Copper phtalocyanine and histidine on CPE 2.9x107 0.040-0.350 [35]
Amperometry HRP immobilised on silica gel modified with titanium oxide. 1x107 1.0X107-5.0X107 0.999 [36]
Amperometry Tyrosinase immobilizationon on PAPCP/ITO 9x10* 1.8x1073-0.17 [37]
Amperometry tyrosinase entrapped in polyacrylamide microgels 1.4%103 5%x107% -2.2x10 0.999 [38]
Amperometry Con A and HRP thin films on a thiol-modifed gold electrode 2x10* 7,6x107 -6.84x102 0.999 [39]
Amperometry P3MT/Pt 4.22%10° 1.41X10 - 4.0 0.993 This work

39

M. Kavanoz et al./ Hittite ] Sci Eng, 2016, 3 (1) 35-40



M. Kavanoz et al./ Hittite ] Sci Eng, 2016, 3 (1) 35-40

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kulys J, Vidziunaite R. Amperometric biosensors based on
recombinant laccases for phenols determination. Biosensors
and Bioelectronics 18 (2003) 319-325.

Abaci S, Yildiz A. Electropolymerization of thiophene
and 3-methylthiophene on PbO2 electrodes. Journal of
Electroanalytical Chemistry 569 (2004) 161-168.

Wang H-S, Li T-H, Jia W-L, Xu H-Y. Highly selective and
sensitive determination of dopamine using a Nafion/carbon
nanotubes coated poly(3-methylthiophene) modified
electrode. Biosensors and Bioelectronics 22 (2006) 664-
669.

Kelley A, Angolia B, Marawi I. Electrocatalytic activity of
poly(3—-methylthiophene) electrodes. Journal of Solid State
Electrochemistry 10 (2006) 397-404.

Yadav K, Narula A, Singh R, Chandra S. Direct current
conductivity studies on poly(3-methyl thiophene). Applied
Biochemistry and Biotechnology 96 (2001) 119-124.

[20] Hanif M, Zuo L, Yan Q, Hu X, Shi M, Chen H. A novel
electrochemically and thermally stable polythiophene
for photovoltaic application. Journal of Applied Polymer
Science 127 (2013) 161-168.

Kavanoz M, Bik U, Ulker E. Determination of
hydroquinone using poly(3—-methylthiophene) synthesized
electrochemically on pt electrode in methylene chloride.
Journal of Applied Polymer Science 131 (2014).

Sato MA, Tanaka S, Kaeriyama K. Electrochemical
preparation of highly conducting polythiophene films.
Journal of the Chemical Society, Chemical Communications
(1985) 713-714.

Udum YA, Pekmez K, Yildiz A. Electrochemical synthesis
of soluble sulfonated poly(3—-methyl thiophene). European
Polymer Journal 40 (2004) 1057-1062.

[24] Kamat SV, Yadav JB, Puri V, Puri RK, Joo OS.
Characterization of poly (3—-methyl thiophene) thin films
prepared by modified chemical bath deposition. Applied
Surface Science 258 (2011) 482-488.

Bazzaoui EA, Aeiyach S, Lacaze PC. Low potential
electropolymerization of thiophene in aqueous perchloric
acid. Journal of Electroanalytical Chemistry 364 (1994)
63-69.

[26] Wang J, LiR. Highly stable voltammetric measurements
of phenolic compounds at poly(3—-methylthiophene)-coated
glassy carbon electrodes. Analytical Chemistry 61 (1989)
2809-2811.

Agui L, Serra B, Yafiez-Sedefio P, Reviejo AJ, Pingarrén
JM. Electrochemical Determination of Chlorophenols
at  Microcylinder  Poly(3-methylthiophene)  Modified
Electrodes Based on a Previous Chemical Oxidation Using
Bis(trifluoroacetoxy)iodobenzene. Electroanalysis 13
(2001) 1231-1236.

40

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Zhang H, Zhao J, Liu H, Wang H, Liu R, Liu J. Application
of Poly (3-methylthiophene) Modified Glassy Carbon
Electrode as Riboflavin Sensor. International Journal of
Electrochemical Science 5(2010) 295-301.

Kavanoz M, Ulker E, Biik U. A Novel Polyaniline-Poly(3-
Methylthiophene)-Poly(3,3'-Diaminobenzidine) Electrode
for the Determination of Dopamine in Human Serum.
Analytical Letters 48 (2015) 75-88.

Ulker E, Kavanoz M. Determination of Epinephrine in
Human Serum over Polyaniline — Poly(3—-methylthiophene)
- Poly(3,3'-diaminobenzidine) Modified Pt electrode
Canadian Journal of Chemistry 93 (2015) 1239-1244.
Kavanoz M, Ulker E, Biik U. A New Modified Electrode Based
on Poly(3,3'diaminobenzidine) - Poly(3methylthiophene)
Copolymer Film for Amperometric Determination of
Catechol. Global Journal on Advances Pure and Applied
Sciences 1(2013) 719-725.

Ulker E, Kavanoz M. Synthesis of Poly(Vinylferrocene)
Perchlorate /  Poly(3,3'-Diaminobenzidine) Modified
Electrode in Dichloromethane for Electroanalysis of
Hydroquinone. Journal of the Brazilian Chemical Society 26
(2015) 1947-1955.

Long GL, Winefordner JD. Limit of Detection A Closer Look
at the IUPAC Definition. Analytical Chemistry 55 (1983)
T12A-T24A.

Del Pilar Taboada Sotomayor M, Tanaka AA, Kubota
LT. Development of an enzymeless biosensor for the
determination of phenolic compounds. Analytica Chimica
Acta 455 (2002) 215-223.

Rosatto SS, Kubota LT, de Oliveira Neto G. Biosensor for
phenol based on the direct electron transfer blocking
of peroxidase immobilising on silica-titanium. Analytica
Chimica Acta 390 (1999) 65-72.

Rajesh A, Kaneto K. A new tyrosinase biosensor based on
covalent immobilization of enzyme on N-(3-aminopropyl)
pyrrole polymer film. Current Applied Physics 5 (2005)
178-183.

Hervas Pérez JP, Sdnchez-Paniagua Lépez M, Loépez-
Cabarcos E, Lépez-Ruiz B. Amperometric tyrosinase
biosensor based on polyacrylamide microgels. Biosensors
and Bioelectronics 22 (2006) 429-439.

Yang S, Chen Z, Jin X, Lin X. HRP biosensor based on sugar-
lectin biospecific interactions for the determination of
phenolic compounds. Electrochimica Acta 52 (2006) 200-
205.



