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Abstract

Novel sensor for dissolved oxygen (DO) centered on ternary composite of graphene/titanium dioxide/silver
nanoparticle (G-TiO2-Ag) enhanced glassy carbon electrodes can be investigated. This modified composite was created using
a hydrothermal process and then placed on the surface of the glassy carbon (GC) electrode as an active material. The
electrochemical behavior of the GC/G-TiO2 modified electrode in 0.1 M PBS displayed two steps four electrons (4e’)
mechanism for DO reduction, while, the electrochemical behavior of GC/G-TiO2-Ag displayed only one obvious peak which
strongly indicates a fast and efficient one step (4e”) mechanism for DO reduction. A higher reduction current is obtained for
DO on GC/G-TiO2-Ag compared with that on GC/G-TiO: reflects a synergistic effect between Ag and TiO2. The
amperometric measurement showed two linear regions, the first one is from 1 to 30.29 uM with sensitivity of 1.363 pAcm2
UMt and detection limit of 0.011 puM (signal/noise = 3/1) and a correlation coefficient of 0.996. The second linear region
shows an increase in response, with low rate than the first region, for DO concentration up to 100 uM (correlation coefficient
0.990) with sensitivity of 0.725 pAcm2 uM-* and detection limit of 0.214 uM.

Keywords: Electrochemical sensor; Dissolved oxygen; Graphene composites; Chemically modified electrodes.

1. Introduction: techniques take the advantage over the solid
electrodes which suffer from slow kinetic and high
potential requirement. On the other hand, the
electrochemical techniques have a high sensitivity,
selectivity, low cost, and fast response [9-12]. The
electrode surface materials play an important role in
the detection process as it affects the catalytic activity
and the efficiency of electron transfer process. A lot
of materials are used for such purpose such as;
supramolecular complex [13], Nickel salen film [2],
Manganese (I1) phthalocyanine /porous SiO»/SnO;
[14], cobalt complexes [15], palladium-carbon
nanotube [16], carbon nanotube [17, 18], nano
platinum compo [3, 19-22], and gold nanoparticles

The determination of dissolved oxygen (DO) is
an important parameter for the indication of water
quality for aquaculture farming and for various
physiological and biochemical parameters, such as
the monitoring of DO in cell culture and in vivo
study, is considered to be one of the most important
requirements. DO apply to non-compound oxygen
and free in water or some other solution [1-5].
Different detection methods are used for this purpose
such as fluorescence [6], chemiluminescence [7], and
colorimetry [8]. Recently, the researchers pay
attention for using the electrochemical technique in
dissolved oxygen detection. The electrochemical
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[23]. Also, noble metals, doped with metal oxides
(like MnO2, TiO,2, WQ3, CeO; and Fe,0s3), have been
showed obvious enhancement in the performance of
the oxygen reduction [24, 25]. TiO; has an enhancing
effect on many oxidation and reduction reactions in
electrochemical energy conversion systems. This is
due to the hypo-d-electron character that makes
strong interactions with hyper-d-electron character
metals [26]. As a result, the inhibition of hydroxyl
chemisorption and the shift of the formation of
surface  MOH toward positive potentials are
observed, and these likely increase the interaction
with molecular oxygen in the oxygen reduction
reaction (ORR). Moreover, Ag and Ag-based
materials are a promising catalyst for ORR due their
low cost and prospective electrocatalytic activity. Ag
possesses properties that other noble metals do not
(e.g., Pt, Au and Pd), Ag is maintained in its metallic
state  during ORR, demonstrates excellent
intermediates elimination and weak binding of ORR
intermediates [27-30]. The ORR mechanism and
electrocatalytic activity of the Ag catalysts depend on
the Ag particle size, morphology, catalyst loading,
the type of facets of Ag, the catalyst support, nano
alloying and pH [28, 31, 32]. It was reported that
ORR on small Ag particles supported on carbon (4.1
nm) showed a two-electron pathway, while a four-
electron pathway is preferred at large particles (174
nm) [33]. Silver nanoparticles deposited onto
graphene showed a 4-electron reduction of oxygen
[34, 35]. Also, the ORR on nitrogen-doped graphene
oxide supported silver nanoparticles (Ag/NGO)
catalysts synthesized by chemical reduction method
occurred via 4-electron pathway vyielding water,
while it showed lower than 4-electron on NGO [36].
The employment of nanomaterials becomes highly
critical for many applications, including sensors and
biosensors, catalysis, etc. These materials provide
enormous binding sites, high porosity, and rich
surface textural that plays a significant role on the
adsorption and chemical reaction occur at the surface
and /or interface in sensor. Moreover, the highly
small size of nano-materials favors the transportation
kinetics and charge transfer [37-39].

Nano-carbon  materials and especially
graphene has drawn plenty of interest in the
electrochemical sensing due to its large surface area,
good electrical conductivity, high charge carrier
mobility and excellent electrocatalytic properties[40-
43]. In addition, graphene composites with metal and
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metal oxides have showed up a promising
contribution in electrochemical sensing applications
by enhancing the electron transfer efficiency and
electrocatalytic performance. Many such composites
are reported as electrode materials such as; bismuth
(111) oxide/ reduced graphene oxide (RGO) [44],
Graphene Oxide/Nickel-gold nanoparticles EG/Ni-
Au (NPs) [45] , molybdenum disulfide/graphene
[46], Graphene  Oxide-Poly  glycine-Cupper
nanoparticle (GO/P-Gly/Cu) [47], graphene-zinc
oxide composite [48], gadolinium(lIl) oxide/RGO
[49], cerium oxide (CeO2)/RGO hybrids [50], gold
nanoparticles @ CeO2/RGO nanocomposites [51],
and so on.

In this paper, our research protocol is
focused on tailoring an efficient nano-sized catalyst
for DO sensing with high sensitivity and low
detection limit to substitute the highly cost Pt catalyst
and minimize the overpotential of ORR. A modified
glassy carbon electrode covered with a thin film of
graphene/titanium dioxide/silver nanoparticles (G-
TiO2-Ag) was prepared and used as a sensor for
detection of dissolved oxygen. The G-TiOz-Ag
nanocomposite was fabricated through hydrothermal
method, then fixed on the glassy carbon electrode
surface as an active material then applied as a
dissolved oxygen electrochemical sensor.

2. Experimental

2.1. Material and reagents
Graphite  powder (Alfa-Aesar, Germany),

Titanium (1V) isopropoxide (TTIP) (Sigma-Aldrich),
Silver nitrate (AgNOs) (Alfa-Aesar, Germany),
ammonia solution (33% Fluka), sodium nitrate
(NaNOs3) (Sigma-Aldrich), Sulphuric acid (95-97%,
H,SOs)  (Sigma-Aldrich),  tri-Sodium  citrate
(NasCgHs07), hydrogen peroxide (30% H202) and
potassium permanganate (KMnOs) (Sigma-Aldrich).
Sodium phosphate dibasic dihydrate (Na;HPO..
2H,0) and potassium phosphate  monobasic
dehydrate (KH;POs. H»O) (Sigma Aldrish) were
used.

2.2. Apparatus and electrochemical
measurements
X-ray diffraction (XRD) was carried out to

confirm the crystal structure of the prepared
nanomaterial over diffraction angle 20 (4°- 80°)
(X’Pert PRO- PANalytical, Netherlands) and high
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intensity Cu Ka (A = 1.5404 A) irradiation with scan
speed of 0.05 s and step size 0.02°. Studying the
shape and size of the prepared nanoparticles were
examined by transmission electron microscope
(TEM) (TECNAI G2 S-twin, FEI). FTIR studies
were obtained using Bruker (Vertex 70) FTIR for all
prepared nanomaterials using the ATR unit attached
to the system. The field emission scanning electron
microscope (FESEM) (Quattro S, Thermo scientific)
was used for examining the surface morphology of
the electrode. Energy dispersive X-ray spectroscopy
(EDX) and mapping analysis were performing to
confirm the elemental analysis and distribution for
modified electrode surface.

The electrochemical behavior study was
performed on lviumstat, The Netherlands, with a
three-electrode cell (commercially manufactured).
Here the bare glassy carbon electrode (GCE) each of
diameter 3 mm, EDAQ Company, G-TiO, and G-
TiO,-Ag modified GCE were adapted as working
electrodes, respectively. Calomel  electrode
(Hg/Hg2Cl, SCE, E°= 260 mV) is used as a reference
and Platinum (Pt) wire is used as a counter electrode.
Measurements have been carried out in PBS (pH 7.0)
at room temperature of 25 °C. Before electrochemical
measurements, the glassy carbon electrodes were
mechanically polished using emery papers of various
grades, and then they were subsequently degreased
with acetone, rinsed with triply distilled water of
conductivity 0.06 uS/cm and dried with a soft tissue
paper.

For testing the electrochemical response of the
glassy carbon electrode and the modified electrodes,
the solution was purged with pure nitrogen gas for 30
min. For O, concentration determination, an aliquot
of O-saturated solution was added to the solution
using micropipette followed by stirring. O»- saturated
solution was prepared by purging distilled water with
pure O, for lhr that gives O content in the saturated
water 2.6 x10“ molL™? calculated from its saturated
solubility [11, 52].

2.3. Fabrication of dissolved oxygen sensor
2.3.1. Synthesis of graphene- Titanium dioxide (G-

TiO»)

Graphene—titanium  dioxide (G-TiOz) was
prepared using the hydrothermal method. Briefly, 0.1
g graphene oxide was dispersed in 60 ml ultra-pure
Milli-Q water for 1 hr. 0.4 ml titanium tetra-
isopropoxide (TTIP) was added to graphene oxide
solution under stirring then under sonication for 30
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min. The pH was adjusted to 4 using ammonia
solution, and then the solution is transferred to
Teflon-lined stainless-steel autoclave which left in
the oven at 170 °C for 24 hrs. The composite was
separated and washed using the centrifuge and dried
at 80 °C for 12 hr. The graphene only was prepared
using the same hydrothermal method without adding
(TTIP) [53].

2.3.2. Preparation of Graphene —Titanium dioxide
=Silver (G-TiO2-Ag)

In this experiment, 0.03 g graphene oxide (GO)
was dispersed in 50 mL deionized water (DIW), then
the solution (soln. 1) was sonicated for 30 min. 0.017
g silver nitrate (AgNO3) was added to the (soln. 1)
under continuous stirring to form (soln. 2). The
solution (soln. 2) was kept under stirring for 15 min.
and 0.1 mL TIPP was added to (soln. 2) under
vigorous stirring and sonication for 30 min/each to
form (soln. 3). (Soln. 3) was then transferred to
stainless steel autoclave and placed in oven at 180 °C
for 24 hrs. The precipitate was centrifuged and dried
at 80 °C for 8 hrs [54, 55].

2.3.3. Modification of GCE

The GCE surface was polished to be shining like a
mirror with 0.1 and 0.05 um alumina slurry
sequentially, then sonicated to remove the adsorbed
species by ethanol-water solution (1:1, v/v ratio) then
with deionized water [56, 57]. Using the drop-coating
method, 10 mg of each composite (G-TiO; and G-
TiO2-Ag) was dispersed separately in 1 ml of 5%
Nafion/ethanol and sonicated for 1 h. Then 5 pL of
the suspension was dropped on GCE surface and
dried at room temperature in air [10, 58].

3. Results and discussion
3.1. Characterization of (G-TiO2 and G-
TiO2-AQ)

The crystal structure of the prepared nanomaterials
was confirmed using XRD as shown in Fig. 1a. The
corresponding diffraction peak of graphene (G) at
24.5° with (002) plane does not appear, it could be
shielded by the strong diffraction peak of TiO;
(anatase) which appears at 25.3° with (101) plane [53,
59, 60]. The other diffraction peaks appear in the
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Figure 1. a) XRD patterns for G-TiO, and G-TiO,-Ag
nanocomposites. (b-e) HR-TEM images for b) G-TiO,, ¢) G-TiO.-
Ag. d) The lattice spacing for TiO, in G-TiO, nanocomposite, €)
The lattice spacing for TiO,and Ag in G-TiO,-Ag nanocomposites,
and f) FTIR spectra for G-TiO, and G-TiO,-Ag.

patterns of G-TiO; and G-TiO,-Ag refer to anatase
TiO; according to (ICDD 01-75-2547) pattern at 26
values of 25.3°, 37.8°, 48.0°, 54.0°, 55.1°, 62.7°,
68.8°, 70.3° and 75.1° that could be attributed to
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(101), (004), (200), (105), (211), (204), (116), (220)
and (215) crystallographic planes of anatase phase,
respectively [53]. In G-TiO2-Ag, the diffraction peaks
for anatase TiO; phase appear at the same 20 values
according to (ICDD 01-75-2547) pattern. Another
diffraction peaks were observed for silver
nanoparticles at 20 of 38.18°, 44.25° 64.72°, and
77.40° which were indexed to the (111), (200), (220),
and (311) crystal planes of Ag nanoparticles,
according to (ICDD  01-087-0719) [61]. The
dramatic increase in the diffraction peak of TiO; at
37.8° for (004) plane, in G-TiO-Ag pattern
compared with one in G-TiO, pattern, could be
referred to the presence of diffraction peak of (111)
plane of Ag at 38.18° near to the one of the TiO>
which causes intensity duplication.

The particle size and shape of the prepared
nanomaterials were investigated using HRTEM. In
Fig. 1b, it shows the TiO, nanoparticles with size
range from 5 to 10 nm distributed over the graphene
sheet. The inset image shows the selected area
electron diffraction (SAED) pattern confirming the
presence of anatase TiO- crystal structure with planes
(101), (004), (200), (105), and (211) which is
matched with ICDD 01-75-2547 standard pattern for
XRD. In Fig. 1c, TiO2 and Ag nanoparticles are
distributed over the graphene sheet and the size Ag
nanoparticles is about 5 nm of high contrast than that
of TiO, nanoparticles (NPs). The inset SAED pattern
shows the diffraction planes for TiO, and Ag. The
diffraction pattern for Ag particles confirms the
(111), (200), (220), and (311) crystal planes that
appeared in XRD diffraction peaks and matches
ICDD 01-087-0719 standard pattern for Ag
nanoparticles. Fig. 1d shows the lattice of TiO; the
graphene sheet. The presence of TiO, and Ag
nanoparticles is clearly confirmed in Fig. 1e which
shows TiO; and Ag NPs lattice spacing structure of
0.35 nm and 0.25 nm refers to (101) and (111) plane
for anatase TiO, and Ag nanoparticles, respectively.

FTIR spectra of G-TiO, and G-TiO,-Ag are
presented in Fig. 1f. It shows transmission bands at
the range from 450 to 900 cm™ and the band showed
at 1616 cm?, is assigned to Ti-O-Ti and Ti-O-C
stretching vibration modes [53, 62-65]. The bands in
the range from 3200 to 3400 cm™ are assigned to the
stretching of the hydroxyl group of the adsorbed
water on the surface of the materials[64-66]. The
band appeared at 441 cm™ and at ~ 475 cm™ were
considered as a characteristic peaks for Ag and Ag-O
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stretching modes[66, 67]. The peak at around 1475
cm is for the carboxyl group [63, 64].

The field emission scanning electron microscope
is used to give the surface morphology of GC/G-TiO;
and GC/G-TiO2-Ag modified electrode Fig. 2). As
shown in Fig. 2(a and b), illustrates a complete
coverage of the glassy carbon electrode with both
materials. Figure 3 (a and b) shows a magnified
image for the both surfaces and in Fig. 3a, the
graphene sheets clearly appear with small particles of
TiO2 nanoparticle distributed on its surface.

Moreover, Fig. 3b shows denser surface coverage
with a good distribution of TiO, and Ag
nanoparticles.

B

e |t WD m o HV 4»‘.‘(‘ }
&;‘ 0:7 E‘lD .Bi mm vH;i.’)())( ;(;.ODRV ;A;:um ; Br y UE
Figure 2. FE-SEM images of a) GC/G-TiO; electrode and b)
GC/G-TiO,-Ag electrode.

Figure 3c shows the elemental analysis for the
modified electrodes. It can be observed the presence
of fluorine peak which can be attributed to the
presence of Nafion. The elemental analysis for both
electrodes confirms the presence of G-TiO; and G-
TiO,-Ag on the electrode surface. In case of G-TiO,,
the elements percentage was C (22.49%), O
(29.37%), F (26.11%) and Ti (22.02%). In case of G-
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TiO2-Ag, the elements percentage was C (31.07%), O
(24.35%), F (32.6%), Ag (3.2%), Ti (8.78%).

.

y \"
‘\\\ 1

#_ tilt det WD mag O HV w ;
X" 0.0° ETD 10.5mm 20000x 30.00kV 20.7 um

&%_m det WD mag v HFW ;
X 0.0* ETD 5.7mm 20000x 10.00kV 20.7 ym British U Egypt (BUE)

—GC/(G-TiD,)
—GC/(G-TIO Ag)

1 1 2 3 4 5 6 7 1
Energy (keV)

Figure 3. High magnification of FE-SEM image for the graphene
sheets decorated with a) TiO, on the GC surface in GC/G-TiO;
electrode and with b) TiO, and Ag on the GC surface in GC/G-

TiO,-Ag electrode. ¢) EDX analysis for the GC modified
electrodes (G-TiO, and G-TiO,-Ag).

3.2. Electrochemical behavior of GC/G-
TiO2 and GC/G-TiO2-Ag nanocomposites

The electrochemical response of the bare GC
electrode and GC modified with G-TiO, and G-TiO»-
Ag nanocomposites electrodes toward DO were
demonstrated by cyclic voltammetry at scan rate of
50 mVs?. Phosphate buffer solution (PBS) of 0.1M
concentration and pH 7.0 pH is used in the whole
study.
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Generally, ORR mechanism involves a series of
electron transfer processes depends on the type of
catalyst. Two different pathways, namely 2-electron
(equations 1 and 2) and 4-electron (equation 3)
pathways as follows:

O, + 2H" + 2e—>H,0; (1)
H>0; + 2H"+2e'—2H,0 (2)
O, + 4H* +4e" —»2H,0 3)

The rate determining step of ORR is the
adsorption of oxygen on the catalyst surface before
its reduction hydrogen peroxide and H,O [68], and
this occurs on a metal catalyst like Ag [69]. In this
work, composite catalysts prepared in nano-sizes and
used to improve the kinetic of the electron transfer
process between DO and the electrode surface.

Figures 4 represents the cyclic voltammetry of the
bare GC electrode (A), GC/G-TiO; electrode (B), and
GC/G-TiO2-Ag (C) modified electrode, respectively
in 0.1 M PBS (pH 7.0) Na-saturated (a) and O-
saturated (b), respectively. For CV in N3-saturated
solutions (Figs (4a), there are no obvious reduction
peaks are detected, while different responses in Oa-
saturated solutions are observed (Figs. 4(A-C) b. Two
small peaks hardly detected at potentials of (-0.350V,
-0.591V) and at -0.838 PA cm?, -1.214 pA cm? for
DO reduction on GC electrode (Fig.4A (b). Also, two
reduction peaks of relatively high current densities
are observed for DO reduction on the surface of
GC/G-TiO; electrode (Fig. 4B (b) at -0.569 and -
0.386 V and at -29.25 pA cm?, and -21.57 pA cm,
These peaks can be attributed to the two steps four
electron (4e”) mechanism for DO reduction [70].
According to the published mechanism [11], the first
peak at — 0.386 V could due to the reduction of O, to
H20, and OH-, while, the second reduction peak at —
0.569 V is referred to the reduction of H,O, to OH",
The reduction peaks are slightly shifted to more
positive potentials than that reported in literatures,
this could attribute to the high surface area of the
electrode which leads to increasing the number of
active sites and improving the electrocatalytic activity
[11].

Moreover, the oxygen of TiO,, could help in
oxidizing the intermediates formed during ORR thus
help complete reduction of intermediates and reduce
the catalyst poisoning as reported in the following
reactions [25].
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(TiIO-OH)Oggs + € + H* >TiO2 + H,O  (7)
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However, the GC modified with G-TiO>-Ag as
shown in Fig. 4C, only one obvious peak at -0.429V
with high peak current density (-267.45 PA cm™).
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Figure 5. Cyclic voltammetry of (A) GC/G-TiO,and (B) GC/G-
TiO,-Ag modified electrode in PBS (pH 7) for different DO
concentration (from 1 to 30 uM). (C) The relation between the
reduction peak current of DO at various concentrations in PBS (pH
7) at 50 mV s for: a) GC/G-TiO; and b) GC/G-TiO,-Ag.

This strongly reflects that the reaction over the
GC/ G-TiOz-Ag is fast and efficient for one step (4e")
DO reduction. The difference in sensitivity between
the two modified electrodes maybe attributed to the
presence of Ag nanoparticles enhancing the catalytic
effect of the electrode [71, 72]. Furthermore, the
presence of Ag nanoparticles enhances the
transformation of H20, to OH" [71, 72].
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It was reported that Ag is maintained in its
metallic state during ORR, demonstrates excellent
HO, elimination oxidation, moreover Ag shows
weak binding of ORR intermediates [27-30]. Thus,
synergistic effects could occur in GC/G-TiOz-Ag
between Ag and TiO. lead to a higher catalytic
activity towards ORR. As a result, a modification of
the electronic structure of the components could
occur and cooperation between the constituents of the
catalyst for ORR is possible. The ORR may proceed
via 2e pathway on one component and on another the
peroxide formed can be further reduced [73]. The
electrocatalytic activity of GC/G-TiO; and GC/G-
TiO2-Ag electrodes was examined for various DO
concentrations as shown in Fig. 5 (A and B). It is
clear that as the DO concentration increase from 1 to
30 uM, the electrocatalytic current of ORR increase.
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Figure 6. a) Cyclic voltammetry of GC/G-TiO,-Ag modified
electrode in PBS (pH 7) O, - saturated at different scan rate/ (10,
30, 50, 80, 100 and 120 mV s) and b) The linear relation between
the peaks currents with the square root of scan rate.

Figure 5C shows the relationship between the
reduction peak current of DO and oxygen
concentrations in 0.1 M PBS (pH 7.0) at GC/G-TiO;
and GC/G-TiO,-Ag electrodes at all concentrations

range studied. It is worth noting that GC/G-TiO.-Ag
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electrode displayed a higher reduction peak current
for DO at various concentrations compared with that
of GC/G-TiO;, electrode. The superior behavior
displayed by GC/G-TiO»-Ag electrode could due to
the high surface area of GC/G-TiO.-Ag electrode
which increases the number of active sites and the
catalytic activity.

Fig. 6 shows the electrocatalytic behavior of

GC/G-TiOz-Ag electrode at different scan rates from
10 to 120 mVs™. The DO reduction peak current
increases gradually with the increase of the scan rate
(Fig. 6a). Moreover, from Fig. 6b, the increase in the
reduction peak current is proportional to the square
root of scan rate, confirming that the reduction
process is a diffusion controlled process, which is in
a good agreement with the theoretical model reported
by Andrieux and Saveant [74].
In order to estimate the no. of electron transferred (n)
in the ORR the relation between the cathodic peak
potential (Eyc) and In V(scan rate) is plotted (Fig. 7)
according to the following equation (8) [75]:

Epc = E° + RT/ a nF x In (a nFo/RTkS) (8)
The relation indicates a straight line with slope equals
(RT/ a.nF) and the value of a n=1.8208; where R is
the universal gas constant (8.314 J mol™'K™), T is the
absolute temperature in Kelvin, F is Faraday’s
constant (96500 Cmol™), n is the electron transfer
number, o charge transfer coefficient, its value (1> a
> 0), whereas a = 0.5 in case of a reversible process
and its value deviates from 0.5 in case of an
irreversible process. Assuming that o= 0.5, the no. of
electrons (n) will equal 3.6 = 4 which is consistent
with our proposed mechanism.
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Figure 7. The relation between cathodic peak potential (E,) and In
V (scan rate).
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Figure 8. Amperometric response for the dissolved oxygen
reduction on GC/G-TiO,-Ag modified electrode in PBS (pH 7) for
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UM. Applied potential: -300 mV.

3.3. Amperometric study of GC/G-TiO2-Ag
electrode
In order to determine the sensitivity of

GC/G-TiO2-Ag electrode, the dissolved
oxygen concentration had been determined
first using the amperometric detection
technique (Fig. 8). It is performed in PBS
(pH 7) with continuous stirring and at
applied voltage of -300 mV. The PBS
solution was purged with highly pure
nitrogen gas for 30 min before the
measurement and different concentrations of
dissolved oxygen were added sequentially.
From Fig. 8, it is clear that a rapid and fast
response is observed (reached to the steady
state in around 5 s) for each successive
addition of the DO. The calibration curve of
the DO sensor was shown in Fig. 9. There are
two linear response regions were noticed. In
the first linear region, the current response
increases rapidly with increase of DO
concentration in the range from 1 uM to
30.29 uM (correlation coefficient 0.996)
with sensitivity of 1.363 pAcm=2 uM-! and
detection limit of 0.011 pM (signal/noise
ratio = 3).

The second linear region shows an increase in
response, with slow rate than the first region, for DO
concentration up to 100 uM (correlation coefficient
0.990) with sensitivity of 0.725 pAcm? puM* and
detection limit of 0.214 uM (signal/noise ratio = 3).
In both regions, the sensitivity was higher and better
than those reported elsewhere as shown in table (1).
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Table 1 : Comparison on the determination of dissolved oxygen using different modified electrodes

Electrodes linearity Sensitivity Detection limit References
silver nanodendrites electrode 1.0t066.71 uM 0.169 pA uMmt 0.043 uM [11]
G-Ag/GCE 1t0120 uM 0.205 pA uM?t 0.031 mM [76]
Iron picket-fence porphyrin on
multiwalled carbon nanotube gold 0.52 t0 180 uM 0.0594 uA UM 0.38 uM [18]

modified electrode

Manganese (I1) phthalocyanine/ porous

0.806 (+0.406) — 0.147 0.147 uA uMt 4 14
Si0,/SNO0; electrode (£3.72x10°2) mM " 7.0x10" mM 4l
The poly(methylene blue) modified
3.5-180.625 uM - 1.156 pM [77]
GCE
cobalt tetrasulphonated phthalocyanine
i T o 6.25-250 M 0.343 pA uM'* 3uM [78]
immobilized in a poly-I-lysine film
1-30.29 pM (1% ]
. . 1.363 pAcm2 uM'? 0.011 uMm This work
G-TiO»Ag linear region)
_ nd
30.29- 100 uM (2 0.725 yAcm? pM? 0.214 yM This work
linear region)
It is obvious that the proposed sensor exhibited a 0]
good sensing performance when compared to the 110] .
other dissolved oxygen sensors reported before Table ‘:: >
(1). The reason for that can be attributed to the high . w0 T
electrocatalytic ability and efficient electron transfer § 70+ . =
over the electrode surface due to the synergetic effect E ] F
: £ -
as discussed above. 3 o] o
To indicate long term stability and the 1 "
- T 20 4 o
reproducibility of the two prepared -electrodes ol
towards the detection of dissolved oxygen, S e A A
chronoamperometric experiments for GC/G-TiO- and Concentration/iiM

GC/G-TiOz-Ag electrodes in O,-saturated 0.1 M PBS
were conducted at -400 mV (SCE) and represented in Figure 9. The calibration curve for GC/G-TiO,-Ag modified
Fig. 10. It is clear that GC/G-TiO.-Ag electrode electrode.

delivers a high steady-state reduction current about
2.7 times that of GC/G-TiO,. This is due to the ’
synergy between Ag nanoparticles and TiO2. Also, : \\ erio,
the steady state reduction current of DO on GC/G-

TiO,-Ag electrode reached faster (after 200 seconds)
than that on GC/G-TiO- electrode (after 800 seconds)
could due to the promoting effect of the Ag

]
g

g

Current denisty / pA cm?

g

G-TiO,-Ag

nanoparticles. .

Also, the synergy between the TiO; and Ag nano- S N S s ———
particles also improves the stability and increases the e
tolerance to poisoning by intermediate species. It was
found that for GC/G-TiOz-Ag and GC/G-TiO, Figure 10. Chronoamperometry of G-TiO, and G-TiO,-Ag

. . . . electrodes at -400 mV (SCE) in O,-saturated 0.1 M PBS.

electrodes during the potentiostatic polarization at -
400 mV (SCE), no decay in the ORR current density The reproducibility of the prepared GC/G-TiO,-
is observed for both electrodes as the reduction Ag electrode was inspected for DO reduction at -400
current increases till it reached to a steady state as mV (SCE) in O.-saturated 0.1 M PBS at five
shown in Fig. 10. prepared electrodes, and the relative standard

deviation was found to 3.6 %. On the other side, the
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prepared electrodes were stored in a dissector and
tested for DO reduction every day. The retained
catalytic activity was about 89 % of its original value
after one week.

To investigate the specificity and selectivity of
GC/GTiO,-Ag electrode towards DO sensing, some
common interfering species, such as ascorbic acid
(AA), uric acid (UA), hydroquinone, SO4%, NOs,
Na* and Ca?* at 1.0 mM concentration each added at
irregular intervals in 0.1 M PBS (pH 7.0) to measure
the performance of selectivity under continuous
stirring at the potential of —400 mV vs. SCE. No
interference signals are observed at —400 mV vs.
SCE and it was found weak response for such
interfering species compared with DO response and
the response ratios % were 3.8, 2.7, 4.1,3.2, 2.9, 1.9
and 2.5, for interfering species, respectively. The
relatively weak response of GC/GTiO2-Ag electrode
sensor toward these interfering species (< 5 %)
clarifies its specificity and selectivity towards ORR at
this potential.

4. Conclusion

In the current work, G-TiO,-Ag nanocomposite
was successfully prepared hydrothermally. The
modified glassy carbon electrode (GC) was obtained
by the drop casting method. The proposed GC/G-
TiO,-Ag electrode exhibited good electrocatalytic
activity toward the DO reduction, through one step
four electron reaction, with high sensitivity, low
detection limit and fast response. It also shows a
small or even a null response toward some common
interfering species at a potential of -400 mV (SCE).
Accordingly, this ternary nanocomposite of graphene
is recommended to be used in the development of the
electrochemical DO sensor.
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