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A composite modified voltammetric sensor for dopamine (DA) was successfully developed, which was
based on in-situ electrodepositing ionic liquids (IL, [BMIM]BF,)-titanium dioxide (TiO,)
nanoparticles on graphene oxide (GO) modified glassy carbon electrodes (GCE). The surface
morphologies of different modified electrodes like GO/GCE, TiO,/GO/GCE, and IL-TiO,/GO/GCE
were characterized by scanning electron microscopy. The electrocatalytic activities of the
corresponding electrodes to dopamine (DA) were investigated using cyclic voltammetry (CV) and
differential pulse voltammetry (DPV), indicating that IL-TiO,/GO exhibited much higher
electrocatalytic oxidation activity for DA than GO/GCE and TiO,/GO/GCE. The response of the IL-
TiO./GO modified electrode to DA was linear within a range of 8.0x10°~6.0x10°mol-L?, and the
limit of detection was found to be 9.62x10™° mol-L™* (S/N=3). Furthermore, the fabricated electrode
possessed good selectivity, reproducibility and stability, and was applied to quantitative determination
of DA in human serum samples with a recovery rate of 98.6~103.2%. The accuracy of the electrode
was also comparable to that of a traditional spectrophotometric method, suggesting that the proposed
method was of valuable in practical application on biomedical analysis field.
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1. INTRODUCTION

Dopamine (DA, [4-(2-aminoethyl) benzene-1,2-diol]), a significant catecholamine
neurotransmitter [1], is widely distributed in brain tissues and body fluids of mammals, which plays a
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pivotal role in central nervous, hormonal, renal and cardiovascular systems. Abnormal DA
concentrations in extracellular fluid are related with a variety of diseases, such as Parkinson's disease
[2, 3], schizophrenia [4], epilepsy [5], and depression [6, 7], etc. Therefore, it has critical significance
on quantitative analysis of DA in body fluids on biological drug control as well as clinical diagnosis
fields.

Nowadays, there were some documented methods that have been developed for determination
of DA, including spectrophotometry [8], fluorescence analysis [9], capillary electrophoresis [10], mass
spectrometry (MS) [11], flow injection [12], high performance liquid chromatography (HPLC) [13,
14], gas chromatography-mass spectrometry (GC-MS) [15], and electrochemical luminescence [16].
Whereas most of these methods had certain constrains such as costly instruments, complicated sample
pre-treatment, and multi-step sample preparations. Thus, it is necessary to create a new kind of method
like DA sensors which is highly simple, rapid, selective, and sensitive.

Compared with other means, electrochemical methods have drawn considerable attention due
to their simple device, easy operation, low cost, and high sensitivity and selectivity [17]. As one
knows, dopamine has two hydroxyl groups on benzene ring, which can be oxidized to quinone and
then reduced to phenol [18]. Therefore DA can be measured by the electrochemical technique. The
composite interface of DA sensors with electrochemical characteristics can be mainly divided into
anionic film and cationic film. The anion film can interact with DA through physical adsorption and
electrostatic binding in a certain condition, such as 3,4,9,10-perylene tetracarboxylic acid
functionalized graphene sheet (PTCA-GS)/multi-wall carbon nanotubes (MWCNTS)/ionic liquid (IL)
[19], poly (chromotrope 2B) [20], carbon nanotubes (CNT)-IL-graphene oxide (GO) [21], and
thioglycolic acid capped CdTe quantum dots (QDs) [22]. The cationic film can interact with the
negatively charged substances through electrostatic attraction. For example, Yan et al [23] developed a
method for simultaneous determination of DA, uric acid (UA) and ascorbic acid (AA) through Pd-Pt
bimetallic nanoparticles(NPs)/polycation (PDDA)-GS. Vasantha et al [24] employed poly(3,4-
ethylenedioxy)thiophene modified electrode also for simultaneous detection of DA and AA. Nien et al
[25] reported a poly(acriflavine)-modified electrode for electrocatalytic analysis of DA and AA.
However, DA possesses high over-potential and less electron transfer rate, and the oxidation products
can contaminate the surface of modified electrode. Meanwhile, the electrochemical detection of DA is
influenced by the very close oxidation potential of other species (e.g., UA and AA) coexisted in the
biological fluids. Therefore, a highly selective and sensitive method is desired for the determination of
DA in the coexistence of other biological species.

Graphene oxide (GO) is a two-dimensional sheet that carbon-based nanomaterials formed by
sp® bonded carbon atoms, and has various oxygen-containing groups (e.g. hydroxyl, epoxide, and
carbonyl groups) on their basal planes and edges. This structural characteristic leads to the especial
properties of GO with high electric conductivity, thermal conductivity and good mechanical strength
[26, 27]. And the oxygen-containing groups of GO have strong interaction with small polar molecules
or macromolecules to form composites [28, 29]. These composites can effectively recognize some
substances such as glucose [30], organophosphorus [31], and carbaryl [32], etc.

lonic liquid (IL) is composed entirely of organic cations with delocalized charges and organic
or inorganic anions, which has high conductivity, low vapor pressure, wide potential window, good
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thermal and chemical stability, high viscosity and good biological compatibility [33, 34]. IL can be
employed as not only the supporting electrolyte but also the active material for the chemically
modified electrodes [35]. The ionic liquid electrodes were mainly modified with the following aspects:
IL droplets or film [36], IL as a modifier of film electrodes [37], IL as one of the components of
carbon paste electrodes [38], IL-CNT composite film [19, 39], and appended IL [40]. No matter what
kind of modified electrodes, IL not only acted as an appropriate charge-transferring bridge to
accelerate the electron transfer rate, but also exhibited wonderful electrocatalytic and antiscale ability
[41].

Recently, titanium dioxide (TiO)in various forms like nanoparticles, nanoneedles and
nanotubes has been applied to the development of dye-sensitized cells [42, 43], photo-catalyst [44],
electrochemical sensor and biosensor [45, 46], etc. Nano-TiO, possessed many specific
physicochemical properties such as good biocompatibility, strong adsorptive ability, high surface area,
thermal stability and non-toxicity [47]. Therefore, a novel composite with good electrochemical
activity can be prepared by using ionic liquid combined with nano-titanium dioxide, graphene oxide,
and etc. In this work, the nano-composite composed by IL-TiO, anchored at GO was achieved by a
simple electrodeposition process, which was simply called as “IL-TiO,/GO”. Because of mutual
influence of IL, TiO,, and GO, the direct electron transfer between DA and electrode surface can be
efficiently achieved. Most importantly, the IL-TiO,/GO/GCE exhibited high selectivity and good
stability, which may allow for its promising application in the examination and diagnosis of dopamine-
related disease.

2. EXPERIMENTAL

2.1 Reagents and Apparatus

Graphene oxide (GO) was obtained from Nanjing Voshikura Chemical Co., Ltd (China). lonic
liquids (1-butyl-3-methyl imidazole four fluorine boric acid salt, [BMIM]BF,, IL) and dopamine were
purchased from Sigma (USA). Ascorbic acid, uric acid, tetrabutyl titanate, potassium ferricyanide,
potassium ferrocyanide, potassium iodide, zinc sulfate, sodium nitrite, potassium nitrate, ferrous
sulfate, nicotinic acid, glycine, folic acid, L-arginine, L-cysteine, DL-tyrosine, L-alanine were obtained
from Sinopharm Chemicals Reagent Co., Ltd (Shanghai, China). Human serums were obtained from
Xiangya Hospital, Central South University (Changsha, China). Phosphate buffer solution (PBS) was
prepared by mixing solutions of 0.1 M Na,HPO4and 0.1 M NaH,PQ,, and the pH value was adjusted
with 1.0 M HCI and 1.0 M NaOH. All agueous solutions were prepared in ultrapure water (resistivity
>18.3 MQ-cm) in this study.

All the electrochemical experiments were performed with an electrochemical workstation
(Model CHI-760B, Chen Hua Instrument Co., Shanghai, China) in a conventional three-electrode cell
with a modified glassy carbon electrode (GCE, 3 mm in diameter) as a working electrode, a saturated
Ag/AgCl as a reference electrode, and a platinum wire as an auxiliary electrode. For cyclic
voltammetry (CV), the potential range is -0.2~0.6 V, and the scan rate is 50 mV/s. For differential
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pulse voltammetry (DPV), the potential range is 0~0.6 V. A pHs-3C pH meter (Dazhong Instrument
Co., Shanghai, China) was used for measuring pH. The surface morphologies of GO/GCE,
TiO,/GO/GCE, IL-TiO,/GO/GCE were evaluated by a scanning electron microscopy (SEM, JSM-
6700, JEOL, Japan).

2.2 Preparation of IL-TiO; sol

The glassware was washed in newly prepared aqua-regia (Muci @ Vunos = 3:1), then washed
cleanly with ultrapure water. IL-TiO, sol solution was prepared by mixing with 8.0 mL ethanol, 15 uL
H.0, 50 uL [BMIM]BF, and 150 pL tetrabutyltitanate, keeping stirring at 30 °C for 45 min until the
solution become milky colloidal solution.

2.3 Preparation of IL-TiO,/GO/GCE

Fig.1 shows a schematic diagram for the modification process of the composite electrode of IL-
TiO,/GO/GCE. Firstly, the bare GCE was polished with emery paper and alumina slurries (0.05um),
and then ultrasonically rinsed in ultrapure water, ethanol and ultrapure water, respectively. The
modified electrode was fabricated by dropping 5 uL of GO onto a pre-polished GCE, drying at room
temperature to form GO/GCE, and then electrodepositing in the IL-TiO; sol solution at a potential of
—0.20 V for 80 s. For comparison, TiO, modified GO electrode (TiO,/GO/GCE) was also prepared
through the same procedure.
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Figure 1. Schematic illustration of IL-TiO,/GO composite film assembled for detection of dopamine.

2.4 Spectrophotometric method

In order to further validate the accuracy for detection of dopamine in actual samples, a
spectrophotometric method was employed. Chromogenic agent solution was prepared as follows: 10.0
mL of phenanthroline (0.02 M), 5.0 mL of Fe(NO3)s; (0.01 M), and 2.0 mL of PBS (pH 4.4) were
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added into a 25.0 mL volumetric flask, which was diluted to the mark with distilled water. Then, 2 mL
of the chromogenic agent solution was added rapidly to 4 mL of standard or sample solutions
containing DA. Finally, the absorbance of the solution at Ama=511 nm was measured by using a
spectrophotometer (Model WFJ-2100, UNICO Shanghai Instrument Co., Ltd, China).

3. RESULTS AND DISCUSSION

3.1 SEM characterization of electrodes

Typical SEM images of the different composite modified electrodes like GO/GCE (A),
Ti0,/GO/GCE (B), and IL-TiO,/GO/GCE (C) are shown in Fig.2. The SEM image presented in Fig.
2A is representative of GO and shows flake-like with wrinkles.

‘ ‘ ! ¢
18kU  X5,868  Sum 18kU  X5,888 3 Sem 1205 éEl X5,888  Shm 12 15 SET

ok

Figure 2. SEM images of the electrode surfaces for GO/GCE (A), TiO,/GO/GCE (B), and IL-
TiO,/GO/GCE (C).

These structural characteristics of GO can improve the electrical conductivity and the
sensitivity of the sensor [48, 49]. Fig. 2B reveals that the distribution of TiO, nanoparticles (NPs) on
the surface of GO is not uniform, and the amount of TiO, NPs is not much. But with addition of IL, the
amount of TiO, NPs significantly increased and uniformly dispersed on the GO surface as shown in
Fig.2C, demonstrating that IL has effectively improved the distribution density and uniformity of TiO,
nanoparticles. It is mainly due to that it has © ~ m covalent bonds and strong electrostatic attraction
between positively charged IL and negatively charged GO. Once deposited on the GCE surface, IL,
TiO, and GO tended to form a uniform film on the GCE surface. The uniform surface, along with the
high conductivity of IL, TiO, and GO, can provide a favorable interface for electrochemical detection
of dopamine.

3.2 Electrochemical characteristics of the modified electrode

Cyclic voltammetry (CV) has been employed to examine the assembling process of electrode.
Fig. 3 gives the typical CV plots of different modified electrodes like GCE, GO/GCE, TiO,/GO/GCE,
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and IL-TiO2/GO/GCE in 1.0 mmol/L [Fe(CN)s]*’* containing 0.1 mol/L KCI at the scan rate of 50
mV/s. A pair of distinct redox peaks of [Fe(CN)e]*’* was observed at the bare GCE, indicating a
reversible electron transfer process (curve a). But the CV response of [Fe(CN)s]* ™~ at GO/GCE (curve
b) is larger than that of bare GCE, which is attributed to the high electrical conductivity and large
specific surface area of GO. After the modification of GO/GCE with TiO; (curve c), both the anodic
and cathodic peak currents were increased obviously, owing to good catalytic activity and high surface
area of TiO, nanoparticles. However, when IL-TiO, nanoparticles were electrodeposited on the
GO/GCE surface (curve d), the redox peak currents of [Fe(CN)e]*"* was further increased at IL-
TiO,/GO/GCE, which is ascribed to good electrical conductivity of IL and well distributed density and
uniformity of TiO, nanoparticles. Thus, these results indicated that the materials of GO, TiO;, and IL
were successfully modified on the surface of GCE and could accelerate the electron transfer.
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Figure 3. Cyclic voltammograms of bare GCE (a), GO/GCE (b), TiO,/GO/GCE (c), and IL-TiO,/GO/
GCE (d) in 1.0 mmol/L [Fe(CN)s]*"* solution containing 0.1 mol/L KCI. Scan rate = 50 mV/s.

In order to compare the electrocatalytic properties of the modified electrodes, the active area of
each electrode was calculated using Randles-Sevcik equation[50]:

l, = (2.687x10%) n¥?ACDY"? (1)

where |, refers to the peak current (A) and A is the electrode active area (cm?); D is the
diffusion coefficient of the redox probe (6.057x10°cm?-s™), C is its concentration (mol/cm®) and v is
the scan rate (V/s). In this work, the active area of GCE, GO/GCE, TiO,/GO/GCE, and IL-
TiO./GO/GCE is calculated to be 0.0608, 0.8031, 0.1048, and 0.1456 cm?, respectively. The results
show that the proposed modified electrode has a larger surface area with good electrocatalytic
property, which can improve the adsorption of DA target.
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3.3 Electrochemical behaviors of DA

As shown in Fig. 4A, the electrochemical behaviors of DA at different electrodes like bare
GCE, GO/GCE, TiO,/GO/GCE, and IL-TiO,/GO/GCE were explored by using CV method in 0.1
mol/L PBS (pH=6.0) containing 20.0 umol/L DA. It can be seen that the peak currents of the
electrodes obeyed the order of bare GCE < GO/GCE< TiO,/GO/GCE< IL-TiO,/GO/GCE. The bare
electrode exhibited weak peak currents under the presence of DA and the difference of peak potential
(AEp) between the anodic peak (Epa) and the cathodic peak (Epc) was calculated as 232mV (curve a),
indicating the sluggish electrokinetics on the solid bare electrode. The peak current of DA at IL-TiO;
/IGOI/GCE (curve d) was larger than that of TiO,/GO/GCE (curve c) and GO/GCE (curve b), and its
corresponding AE, was calculated as 64 mV, showing that the electrochemical reaction process of DA
was fast and also quasi-reversible. Meanwhile, the IL-TiO,/GO/GCE possessed much high oxidation
peak current and more negative oxidation peak potential of DA, specifying good electrocatalytic
ability to the oxidation of DA. Compared with bare GCE, GO/GCE and IL-TiO,/GCE, the IL-
TiO,/GO/GCE had large conductivity, high specific surface area, and good electrocatalytic activity.

Moreover, the different modified electrodes were also examined in 0.1 mol/L PBS (pH=6.0)
containing 20.0 umol/L DA by using differential pulse voltammetry (DPV) as shown in Fig. 4B. All
the modified electrodes exhibited stronger peak currents than that of the bare electrode, and the peak
current at IL-TiO,/GO/GCE (curve d) was larger than that of TiO,/GO/GCE (curve c) and GO/GCE
(curve b) in sequence, which was ascribed to the fast electron transfer rate and superior electro-
catalytic oxidation activity of IL-TiO,GO/GCE. The test results were also consistent with those by CV.
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Figure 4 (A) CV responses of bare GCE (a), GO/GCE (b), TiO2/GO/GCE (c), and IL-TiO,/GO/GCE
(d) in 0.10 mol/L PBS (pH=6.0) containing 20.0 umol/L DA at scan rate of 50 mV/s. (B) DPV
responses of bare GCE (a), GO/GCE (b), TiO,/GO/GCE (c), IL-TiO,/GO/GCE (d) in 0.10
mol/L PBS (pH=6.0) containing 20.0 pmol/L DA.

3.4 Optimization of deposition condition

Dosage of GO for the IL-TiO,/GO/GCE is an important factor which influences the
determination of DA. Fig. 5A shows the current responses of 40.0 umol/L DA at the IL-TiO,/GO/GCE
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which prepared with different dosage of GO. It is found that the maximum current signals can be
obtained when the dosage of GO is 5SuL. If the dosage of GO is more or less, the thickness of the film
will be fluctuated. It will affect the electron transfer and reduce the catalytic activity to dopamine.

To obtain the optimum electrodeposition time, the redox behavior of 40.0 umol/L DA at
different electrodes was examined by using DPV with the electrodeposition time in 0.1 mol/L PBS
(pH=6.0) solution (Fig. 5B). It can be seen that the peak current of DA remarkably increased with the
electrodeposition time increased and then decreased with the further increase, and the maximum peak
currents was obtained at 80 s. When electrodeposition time exceeded 80 s, the peak current of DA
gradually decreased. This may be due to the aggregation of nanoparticles caused by the excessive
electrodeposition. Therefore, the electrodeposition time for IL-TiO,/GO/GCE preparation was set to
80s.

In the preparation process of IL-TiO,/GO/GCE, the electrodeposition potential is a factor that
cannot be ignored. Fig. 5C shows the peak current of DA at the different IL-TiO,/GO/GCE prepared
with the different electrodeposition potential. When the electrodeposition potential was -0.20V, the
peak current of DA was the largest. Hence, -0.20 V was chosen as the optimum electrodeposition
potential in the experiment.
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Figure 5. Effects of dosage of graphene oxide (A), electrodeposition time (B) and electrodeposition
potential (C) on the peak current with 40.0 umol/L of DA at IL-TiO,/GO/GCE.
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3.5 Effect of solution pH

Proton is an important factor in the reaction of organic compound which influence the speed.
Therefore, the effect of pH on the response of DA was examined over the pH range from 4.0 to 8.0.
Plots of peak current against pH are shown in Fig. 6A. The peak current increases with pH ranging
from 4.0 to 6.0, and then decreases with pH above 6.0. Thus, the pH 6.0 was chosen for the subsequent
analytical experiments, namely in the partial acid condition.

The relationship between the DA peak potential (Epa) and pH was also investigated. One can
notice that the peak potential negatively shifts with the pH increased (Fig. 6B), suggesting that the
proton is involved in the electrode reactions. The corresponding linear equation can be fitted as
follows: Epa (V) = 0.5112- 0.05052 pH (r = 0.9987). According to the theoretical formula: Ep = EO-
0.059 (m/n) pH, herein, m is the number of protons transferred in the process of electrode reaction, n is
the number of the electrons transferred in the electrode reaction process. Therefore, the curve slope can
be calculated, m/n =0.8476, namely m~n, which shows that the number of electrons and protons
involved in the DA oxidation process was equal, that is consistent with the reported literature. For
example, the electro-oxidation of DA at poly (chromotrope 2B)-modified GCE [20], graphene/nickel
hydroxide/GCE [51], and laser pulse irradiation at GCE [52] were also evaluated to be two electron
and two proton processes. The probable reaction mechanism of DA on IL-TiO2/GO/GCE has been
described in Fig. 1.
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Figure 6. Effects of pH on the oxidation peak current (A) and the oxidation peak potential (B) of DA
with 40.0 pmol/L in 0.10 mol/L PBS (pH=6.0).

3.6 Effect of scan rate

The influence of scan rate on the oxidation of DA at the IL-TiO,/GO/GCE was investigated
(Fig. 7). Fig. 7A shows the CVs in 0.1 mol/L PBS (pH 6.0) solution containing 40.0 umol/L DA with
scan rate ranging from 10 to 150 mV-s*. The anodic and cathodic peak currents of DA increased
simultaneously with the scan rate increased, illustrating that the oxidation process of DA was a
completely reversible system on the IL-TiO,/GO/GCE, while the oxidation peak potentials of DA



Int. J. Electrochem. Sci., Vol. 11, 2016 10116

gradually positively shifted. In order to determine the number of electrons involved in the slow step of
the reaction (n, ) of the IL-TiO,/GO/GCE electrode, a plot of E, versus In(v) is drawn in Fig. 7B with
the linear equation fitted as follows: E = 0.06614 + 0.02705 In(v) (r = 0.9933). The values of n, was
obtained using Egs (2) [53]:

0
E, =E° - _102691-In v |n[a”aF”j @)
2an F D RT

a

where, E, corresponds to the peak potential, Eq is the formal potential of the reaction, D is the
diffusion coefficient for dopamine, a is the transfer coefficient, v is the scan rate, k% is the standard
heterogeneous reaction rate constant and n, corresponds to the number of electrons involved in the
slow step of the reaction. R is the universal gas constant, T is the absolute temperature and F is the
Faraday constant. By the equation (1) the slope is RT/2an,F. For quasi-reversible system, the electron
transfer process is quite slow, so a is 0.5, when T=298.15K, and the value of n, is calculated as 1.88.
The result shows that two electrons participate in the oxidation reaction process of DA on the modified
electrode.
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Figure 7. (A) CV plots of IL-TiO,/GO/GCE in 0.1 mol/L PBS (pH 6.0) containing 40.0 umol/L DA at
different scan rates of 10, 30, 50, 70, 90, 110, 130, and 150 mV-s*. (B) Plot of oxidation peak

potential vs. natural logarithmic scan rate. (C) Plots of cathode and anode peak currents vs.
scan rate.

The current response of IL-TiO»/GO/GCE in 0.1 mol/L PBS (pH=6.0) solution containing 40.0
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umol/L DA was evaluated as a function of scan rate within 10~150 mV/s (Fig. 7C). Both oxidation
and reduction currents increased linearly with the scan rate (v). The linear regression equation can be
expressed as lpa (LA) = 0.2675 + 0.09879v (mV/s) (r=0.9998); Iyc (nA) = -0.6223 - 0.06775v (mV/s)
(r=0.9989), thus indicating a adsorption controlled process. As for the peak current is associated with
the electrode surface concentration of electroactive material, the value of I' is obtained by the Eqs (3)
[54]:
22
ip _n FTAv 3)
4RT
where, n corresponds to the number of electrons involved in the slow step of the reaction (n=2),
A is the surface area of the electrode (0.1456cm?), I, is the current response value, I' is the density of
the electroactive material (mol/cm?), v is the scan rate, F is the Faraday constant, R is the universal gas
constant, T is the absolute temperature. So, the value of T can be calculated as 1.378x10™° mol/cm?.

3.7 Linear range and detection limit

Under optimal conditions, the IL-TiO,/GO/GCE was investigated by DPV responding to
various concentrations of DA (Fig. 8A). Based on Fig. 8A, a linear calibration plot was made between
the concentrations of DA and the peak currents in Fig. 8B. The results showed that the peak current
increased with the DA concentration in the range from 8.0x10™° mol/L to 6.0x10°mol-L™ and the
regression equation was fitted as I, (uA)=0.1112¢ (umol/L)+0.0494 (r=0.9961). The detection limit
was estimated to be 9.62x10°mol-L™ according to a 3:1 signal-to-noise ratio (S/N=3). It can be seen
that the developed modified electrode exhibites high sensitivity and wide response range, which can be
ascribed to the effect of the electrocatalytic ability of IL-TiO,/GO.
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Figure 8. (A) DPV plots of IL-TiO,/GO/GCE in DA solutions with different concentrations. (B)
Relation plot of oxidation peak current vs. concentration of DA.

The main response characteristics of the IL-TiO,/GO/GCE modified electrode were compared
with other different modified electrodes as shown in Table 1. See from Table 1, the detection limit of
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9.62x10°mol-L™ for IL-TiO2/GO/GCE is much lower than that of others. On the other hand, the
detection linear range of 8.0x10”° mol-L™ to 6.0x10°mol-L™ has four orders of magnitude, which is
relatively very wide. In comparison, the detection limit and the linear range of the IL-TiO,/GO/GCE
modified electrode are much better than that of others reported elsewhere [17, 19, 22, 48, 55-60].

Table 1. Comparison of analytical performance with different modified electrodes.

Electrode Linear range Detection limt Ref.
(umol/L) (umol/L)
GR-AuAg/Au 30.0-300.0 20.5 [17]
PTCA-GS/IMWCNT/IL/GCE 0.03-3820 0.0012 [19]
TGA/CdTe QDs/Au 0.05-2.0 0.00827 [22]
Trp-GR/GCE 0.5-110.0 0.29 [48]
GR/B-CD/SPCEs 0.1-58.5 0.011 [55]
rGO-ZnO/GCE 3.0-330.0 1.08 [56]
PPy-IC/GCE 10.0-300.0 0.1 [57]
Fc-S-Au/C-NC/GO/GCE 0.40-645.0 0.08 [58]
OHPMB/rGO/CPE 2.0 - 20.0 0.136 [59]
NiO-CuO/GR/GCE 0.5-20 0.17 [60]
IL-TiO,/GO/GCE 0.008-60.0 0.000962 This Work

Note: B-CD: B-cyclodextrin; CdTe QDs: cadmium telluride quantum dots; CPE: carbon paste electrode;
CuO: copper oxide; Fc-S-Au/C-NC: ferrocene derivative stabilized Au NPs/carbon dots; GCE: glassy
carbon electrode; GO: graphene oxide; GR: graphene; GS: graphene sheet; IL: ionic liquid; MWCNT:
multi-wall carbon nanotubes; NiO: nickel oxide; OHPMB: 2-(2,3dihydroxyphenyl)4-methyl
benzimidazole; PPy-IC: hexagonal-shaped plate-like polypyrrole; PTCA: 3,4,9,10-perylene
tetracarboxylic acid; rGO: reduced graphene oxide; SPCEs: screen-printed carbon electrode; TGA:
thioglycolic acid; TiO,: titanium dioxide; Trp: tryptophan; ZnO: zinc oxide.

3.8 Reproducibility

The reproducibility of the IL-TiO,/GO/GCE was determined towards DA samples in 0.1 mol/L
PBS (pH=6.0) solution. Six different modified electrodes prepared under the same condition were
applied to detection for DA with 8.0 and 30.0 umol/L, and the corresponding relative standard
deviations (RSDs) were 3.72% and 2.02%, respectively. Six parallel detections with the same electrode
were also performed to both DA samples, and the RSDs were 2.28% and 1.83%, respectively.
Therefore, the proposed IL-TiO,/GO/GCE had good reproducibility and repeatability.

3.9 Interference

Interference from many foreign species is an important parameter for the DA sensors. The
current response of the IL-TiO,/GO/GCE to 12.0 umol/L DA was not affected by addition of 100 times
of K*, I, Zn**, SO,%, Na*, NOs, NO,", Fe**, folate, glycine, L-arginine, L-alanine, DL-tyrosine, niacin,
50 times of uric acid (UA), 50 times of ascorbic acid (AA), and 25 times of L-cysteine (Fig. 9). It can
be seen that no obvious interference can be observed from these ions and common substance with high
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concentration, indicating that the proposed electrode has high selectivity.
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Figure 9. Histogram of electrode for determination of dopamine with co-existing substances: 100
times of K*, I', Zn?*, SO4%, Na*, NOs, NO,', Fe**, folate, glycine, L-arginine, L-alanine, DL-
tyrosine, and niacin, 50 times of UA and AA, and 25 times of L-cysteine. The concentration of
DA is 12.0 umol/L.

3.10 Stability

The stability of the modified electrode varied with the time was evaluated through the DPV.
The peak current value retains 99.39% of the initial response signal after 17 days of storage, and
86.9% response signal remained after 21 days of storage, indicating that the proposed electrode was
not affected by the DA oxidation products and had excellent long-term stability.

3.11 Determination of dopamine in human serum

In order to verify the practical applicability of the modified electrode, the detection of DA in
human serum samples was performed by using IL-TiO,/GO/GCE. Human serum samples were
obtained from Xiangya Hospital, Central South University (Changsha), which were diluted for 25
times with 0.1mol/L PBS (pH=6.0). A series of known concentrations of DA was added to the diluted
samples and the corresponding response data were obtained by using DPV. The results were
summarized in Table 2. Compared with conventional spectrophotometric method [61], the modified
electrode can be efficiently applied to determination of DA in Human serum samples with the
corresponding RSD of less than 5%. Moreover, the recovery for the examined serum samples was
obtained in the range of 98.6~103.3%, showing that the proposed method possessed good feasibility
with potential application value in practice.
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Table 2. Determination of DA in human serum samples (n=6).

Sample Added Detected by Found RSD Recovery
(umol/L  spectro- photometry  (umol/L) (%) (%)
) (umol/L)
Serum 1 2.000 2.034 1.980 4.5 99.0
Serum 2 4.000 3.976 4131 3.4 103.3
Serum 3 6.500 6.524 6.652 1.7 102.3
Serum 4 9.500 9.639 9.705 2.3 102.2
Serum 5 35.00 35.08 34.51 0.46 98.6
Serum 6 45.00 44.81 46.22 0.52 102.7

4. CONCLUSION

In this work, the ionic liquid-titanium dioxide/graphene oxide (IL-TiO,/GQO) composite was
well prepared, and its electrocatalytic oxidation behavior and mechanism toward DA has been
investigated in detail. The modified electrode based on IL-TiO,/GO exhibited excellent sensitivity,
selectivity, reproducibility, and stability to the determination of DA with a low detection limit of
9.62x10°mol-L™. The determination results for DA in human serum samples were in agreement with
those of spectrophotometric method, illustrating that the proposed electrodes have potential application
value in the field of biomedical analysis.
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