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ARTICLE INFO ABSTRACT

Photoelectrochemical (PEC) sensing has emerged as a simple and practical method for the analysis and detec-
tion, its separated optical signal and detection electrical signal give it the advantages of reduced background
noise and outstanding sensitivity. Here, we synthesized a Ti3C,/Cu,O composite through simple oil bath heating
process, whose excellent PEC performance and sensitive photoelectric response to glucose make it a propitious
substitution to glucose oxidase. On this basis, we construct a PEC non-enzymatic sensor based on the TizC»/Cu,O
heterostructure for the detection of glucose. Under the optimal conditions, the photocurrent of Ti3C,/CuxO is
linear with the logarithm value of glucose concentration in the wide range of 0.5 nM to 0.5 mM with a detection
limit of 0.17 nM. Furthermore, the successful detection of glucose in standard samples and human serum by the
proposed TizC,/Cu,0 based PEC non-enzymatic sensor demonstrates the application prospect of heterostructure
material in PEC sensor, which provides a new thought for the design and construction of PEC non-enzymatic
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1. Introduction

Glucose is an indispensable component in human body, providing
energy for cell metabolism and ensuring normal work of body func-
tions. In addition, glucose in blood is a clinical indicator of diabetes,
excess or deficiency will induce diabetes and hypoglycemia, respec-
tively (Gopalan et al., 2017). Thus, quantitative determination of glu-
cose in blood serum is of great meaningfulness. To date, researches on
glucose detection have been varied and mature, such as fluorometric
(Liu et al., 2015b), colorimetric (Li et al., 2018), electrochemical
(Chaiyo et al., 2017) and photoelectrochemical methods (Dai et al.,
2017). Among these detection methods, glucose oxidase is adopted for
its outstanding selectivity and sensitivity. Unfortunately, the limitations
of glucose oxidase in terms of storage, cost, reproducibility and che-
mical stability have affected the practical application of biosensors to
some extent. Recent years, various nanomaterials have been studied as
the substitution to glucose oxidase to construct non-enzymatic glucose
sensors (Nallal et al., 2017). The widely studied non-enzymatic
methods are simple in operation and low in cost, but still suffer from
one or more weaknesses of low sensitivity and poor selectivity.
Therefore, the exploration of a non-enzymatic method with high sen-
sitivity and selectivity toward glucose detection has been an urgent
concern.
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MXenes is a novel family of 2D transition-metal carbides and/or
carbonitrides material, which has ignited much interest of researchers
since it was prepared. Gogotsi and his group obtained the Ti3C, via
etching away Al from Ti3AlC, using aqueous HF solution in room
temperature, and thus, the formation of this new 2D material was re-
ported since then (Naguib et al., 2011). Ti3C, was one of the most
widely used MXenes, exhibiting a variety of distinguished properties
including good conductivity, small diffusion barrier, high volumetric
capacitance and superior photothermal conversion efficiency, which
make it a promising material in energy storage (Anasori et al., 2017),
lithium ions batteries (Er et al., 2014), cell imagining (Xue et al., 2017)
and photothermal treatment (Li et al., 2017; Liu et al., 2017). Ob-
viously, TizC, is mainly applied in the field of electrochemistry and
photochemistry. But Ti3zC, also exhibits the potential application pro-
spect in photoelectric fields. For example, the large surface area and
exposed metal sites of Ti3C, provide more active sites for the growth of
semiconductors (Michael et al., 2014; Zhou et al., 2017). Furthermore,
Ti3C, is conductive to the separation and transmission of photo-induced
carriers in TizC,/semiconductor heterostructure because of the built-in
electric field formed in the interface of Ti3C, and semiconductor, which
is caused by the difference between valance band and Fermi levels (Eg)
(Kang et al., 2017; Peng et al., 2016). Particularly, Hefei Wand etc.
reported that the OH-functionalized TizC, was an excellent electrode
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material for semiconductors to construct heterojunctions whose
Schottky barrier nears to zero by first principle calculations (Wang
et al., 2017). Zhe Kang etc. prepared TizC,Tx/n-Si Schottky junction
heterostructures by van der Waals forces and fabricated a self-driven
vertical junction photodetector with high response and recovery speed
(Kang et al., 2017). On the basis of the theoretical calculations and
experimental researches, it can be concluded that the Ti3C, is antici-
pated to function as an ideal supporting material in PEC sensors. In
addition, the combination of TizC, with photoactive material such as
semiconductors can well overcome the drawback of the short lifetime of
the photo-induced electrons.

Cu,0, as a nontoxic and abundant p-type semiconductor with
narrow bandgap of 2.0-2.2 eV, is much popular in photoelectric mate-
rial for its broad light harvest range and stable photocurrent
(Kecsenovity et al., 2017). But the Cu,O inevitably has the disadvantage
of a high recombination rate of electron-hole pairs, which is the in-
herent limitation nature of pure semiconductors. Doping with metals
and bonding with energy band matched semiconductors are both
common and effective strategies to obtain an improvement of charge
transfer rate (Lingmei et al., 2015; Wang et al., 2015). Unfortunately,
doping methods are suffering from complicated operation and limited
economic benefits, while the high contact resistance between photo-
active material and electrode limits the migration of electrons. There-
fore, it's of great importance to have a contact material combining with
Cu,0 to construct a heterostructure in which the migration of electrons
is less obstructed.

Herein, the well-defined TizC,/Cu,O heterostructure was synthe-
sized by a simple oil bath heating process. Cu,O with a regular octa-
hedron shape is a photoactive material in the PEC sensing system. After
the introduction of Ti3C,, the large surface area of Ti3C, offers mounts
of active sites for the growth of Cu,O, thus the prepared Ti3C,/Cu,0O
heterostructure is of high carrier separation rate, which ultimately re-
sults in an enhanced PEC performance compared with pure Cu,O.
Particularly, the TizC,/Cu,O was found to be sensitive to dissolved
oxygen and the photocurrent of Ti3C,/Cu,0O decreased in the presence
of glucose due to the consumption of the dissolved O, in the redox
process of glucose. On this basis, a non-enzymatic PEC sensor based on
the TizCp/Cuy0 heterostructure is constructed for the detection of
glucose. The PEC sensor shows a wide range and low detection limit
toward glucose and is applied to the detection of human serum suc-
cessfully.

2. Experimental section
2.1. Reagents and chemicals

HCl, Cu(CH3COO),;H,O and CgH;,0¢ were purchased from
Shanghai Reagent (Shanghai, China); Aluminum titanium carbide
(Ti3AlCy) was purchased from Forsman Technology Co., Ltd.; LiF
(99.9%) was purchased from Aladdin (Shanghai, China). All other re-
agents were of analytical grade and without any purification. The ul-
trapure water used in this work was produced by Millipore Milli-Q
water purification system (Millipore, =18 M cm™, U.S.A). The Britton-
Robison buffer solution (B-R pH 11.92) was prepared as electrolyte. The
human serums were obtained from Hospital of Hunan Normal
University.

2.2. Apparatus

The photoelectrochemical measurements were performed on a
PEAC 200A PEC reactor (Tianjin ida hengsheng, China) with a 50 W
halogen lamp as light resource and photocurrents were recorded by
CHI1030C electrochemical workstation. A three-electrode system con-
sists of a saturated Ag/AgCl electrode (sat. KCl), a Pt wire and modified
FTO, which serve as reference electrode, counter electrode and working
electrode, respectively. The PEC experiments were performed with the
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open circuit voltage of Ti3C,/Cu,O at a constant potential of 0.06 V (vs.
saturated Ag/AgCl). Scanning electron microscopy (SEM) images were
recorded on a S4800 Scanning electron microscope (Hitachi Ltd, Japan)
with a field emission electron gun. X-ray photoelectron spectra (XPS)
were performed on K-Alpha 1063 (Thermo Fisher Scientific, America).
The X-ray powder diffraction (XRD) images were obtained using a
Bruker D8-Advance diffractometer with Cu Ko radiation
(A = 1.5418 A). Fourier transform infrared (FT-IR) spectra were re-
corded on a Nicolet Nexus 670 FT-IR spectroscopy (Nicolet Instrument
Co., USA). The ultraviolet-visible (UV-vis) DRS spectra were recorded
on a U-3310 UV-vis DRS spectrophotometer (Hitachi Ltd, Japan).

2.3. Preparation of Ti3C, and TizCz/Cuz0

Typically, the synthesis of TizC, was based on the previously re-
ported literature (Ghidiu et al., 2014). Firstly, solution consists of 0.8 g
of LiF and 10 mL of 9 M HCI was prepared, after which 0.5 g of Ti3AIC,
was added slowly into the aforementioned solution under ice-water
bath to avoid drastic local overheating. After stirring for 20 h at 37°C,
the product was centrifuged in 3500 rpm for 5min and washed with
deionized water for several times until the pH was approximately
neutral. Finally, the product was dried at room temperature to obtain
the multi-layered TisCs.

Next, the Ti3C,/Cu0 nanocomposite was synthesized via a simple
oil bath heating reaction. 0.1 g of Ti3C,, 0.5 g of Cu(CH3CO0)»H,0 and
certain amount of CgH;,0¢ were added into 100 mL of distilled water in
250 mL round-bottomed flask and sonicated for 30 min to obtain a
uniformly dispersed suspension. The suspension was heated to 90°C and
kept for 6 h. After washing with water and ethanol for several times, the
solids were dried in room temperature to obtain the reddish brown
product Ti3Cy/CuyO. The pure Cu,O was prepared with the same
method without adding Ti3C,.

2.4. Preparation of Ti3C,/CuzO/FTO electrode

The FTO were ultrasonic washed with distilled water, acetone,
distilled water, ethanol, distilled water each for 15 min in sequence and
dried in 60°C for 2 h. 10 mg of the prepared TizC,/Cu,O was added to
1 mL of distilled water and ultrasonic for 30 min to make it dispersed
evenly. About 100 pL of the slurry was dispersed onto the pretreated
FTO in two drops after which the Ti3;C,/Cu,O/FTO was dried in 60 °C.
The resulting electrode was finally employed as a working electrode in
the PEC detection.

3. Results and discussion
3.1. Structure and morphology characterizations of the prepared materials

Scanning electron microscopy (SEM) was performed to investigate
the morphology of the as-prepared TizC,, Cu,O and Ti3C,/CuyO. As
shown in Fig. 1a, the Ti3AlC, is tightly structured like a rock, while the
HF etched-Ti3C, exhibits an organ-like shape, which is consisted of
Ti3C, nanosheets (Fig. 1b). The Cu,O is mainly of octahedral shape
(Fig. 1c) with a size about 2 um (Fig. S1). The high surface area and
numerous active sites of TizC, allowed the growth of Cu,0, and the size
of Cu,0 on the surface of TisC, is getting smaller due to the avoided
gathering (Fig. 1d).

The chemical composition of the composite and valance state of
element Cu were studied by X-ray photoelectron spectroscopy (XPS).
The survey spectrum (Fig. S2a) of the Ti3C,/Cu,O confirmed the ex-
istence of Ti, C, Cu and O. The Cu 2p peaks of the TizC,/Cu,O were
fitted in Fig. 2a. Except for the peaks of Cu™ located in 932.4 eV and
952.3eV (Kang et al., 2015; Liu et al., 2015a), peaks centered at
933.5eV and 953.5 eV were ascribed to Cu?*, which demonstrated the
slight oxidation of Cu™ on the surface and the broad and weak satellite
peak at 943.2 eV further confirmed it (Li et al., 2015). In addition, the
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Fig. 1. SEM of (a) Ti3AlC,, (b) Ti3Cs, (¢) Cuy0 and (d) TizCs/Cuz0.
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Fig. 2. (a) XPS of Cu 2p in the Ti3C,/Cu,0; (b) XRD of TizAlC,, Ti3C,, Cu,0 and
Ti3Cy/Cuy0; (c) UV-vis absorbance spectra of TizC,, CuyO and Ti3Cy/CuO
(inset: Tauc Plots ((ahv)? vs. hv) of Cu,0); (d) Photocurrent of bare FTO, Ti5C,/
Cu,0/FTO, CuyO/FTO and TizC,/Cu,O/FTO in the B-R buffer solution (pH
11.92) and in the presence of 1 uM glucose.

X-ray diffraction (XRD) characterization was further investigated to
identify the composition and crystal structure of synthesized composite.
As shown in Fig. 2b, the multilayer Ti;C, was etched successfully for the
peak of Al at 40° was disappeared (Mashtalir et al., 2013). The dif-
fraction peaks at 29.6°, 36.4°, 43.3°, 61.4° and 73.5° were matched well
with the diffraction peaks of the standard card of Cu,O (Wang et al.,
2015). The characteristic diffraction peaks of TizC, and Cu,O appeared
in the Ti3C,/Cu,0, indication the successfully prepared of the Ti3;Co/
Cu,O material.

The FTIR spectra of TizC,, Cu,O and TisC,/Cu,O composite were
shown in Fig. S2b. A broad peak of TizC, was observed at 672 cm™. As
for Cu,0, the peak at 621 cm™ is ascribed to Cu—O vibration (Gao et al.,
2012), which can be also observed in Ti3C,/CuyO composite, sug-
gesting the successfully connection between Ti3C, and Cu,O.

The light harvesting capacity of the multilayered TizC,, octahedral
Cu,0 and the nanocomposite Ti3Cy/Cu,O was demonstrated on the
UV-vis diffuse reflectance spectrum (DRS) in Fig. 2c. TizC, shows no
obvious absorption edge in the range from 200 to 800 nm for the me-
tallic property. The absorption edge of Cu,O is located at 650 nm, ex-
hibiting its excellent visible light absorption capacity. Furthermore, it
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can be seen from the picture that the light absorption capacity of the
composite after introducing Ti3C, is superior to that of pure Cu,O. The
bandgap of Cu,O0 is calculated through Kubelka-Munk function (inset of
Fig. 2¢) and the position of conductive band (CB) and valance band
(VB) are determined according to the transformed Tauc plots and em-
pirical formula (supporting information) (Kecsenovity et al., 2017). The
E, of Cu,0 is calculated to be 2.0. Egg and Eyg (-0.17 and 1.83 eV vs.
SHE, respectively) can be converted to be 0.07 and 2.07 eV (vs. NHE)
according to the Nernst equation (Yang et al., 2017). The original Fermi
level (Eg) of TisC, is 1.88 eV (vs. NHE) (Ran et al., 2017). While the
intimate contact between Ti3C, and Cu,O accompany with the rising Er
of Ti3C, is propitious to the transfer of holes from Cu,O to TisC, (Jinhui
et al., 2013; Liu et al., 2019), thus obtaining the enhanced separation
rate of photo-induced carriers.

3.2. Characteristics of PEC sensing

The PEC activity of the Ti3C,/Cus0O was studied by transient pho-
tocurrent detection. As exhibited in Fig. 2d, the Cu,O as p-type semi-
conductor showed relatively weak stable cathode photocurrent under
irradiation of visible light source, obviously because the relatively
narrow band gap made it easy for the electrons and holes to recombine.
The pure TizC, exhibited an anode photocurrent, while after the in-
troduction of Cu,O, an obviously enhanced cathode photocurrent of
Ti3Cy/Cu,0 is observed compared with pure Cu,O. Owing to the low
work function (Liu et al., 2016b) derived from good metallic con-
ductivity and high carrier mobility of the multi-layered Ti3C,, the
photo-induced holes on the valance band (VB) of Cu,O are transport to
electrode through Ti3C, rapidly, therefor promoting the charge se-
paration and obtaining a stronger photocathode current.

In order to figure out whether the enhanced photocurrent of Ti3Co/
Cu,0 is due to the better charge separation, the photoluminescence
(PL) spectra and electrochemical impedance spectroscopy (EIS) were
introduced. Generally, the PL intensity is assigned to the radiative re-
combination of photo-induced charges (Luo et al., 2016), the lower the
fluorescence intensity, the higher the separation rate of electrons and
holes (Zhou et al., 2018). As shown in Fig. 3a, the peak intensity of
Ti3Cy (Fig. S4) and Cu,O was significantly higher than that of TizCy/
Cu,0, which mean that migration of photo-induced carriers was exist
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Fig. 3. (a) Photoluminescence spectra of Cu,O and Ti3C,/Cu,0; (b) Nyquist
diagrams of bare GCE, TizC,/GCE, Cu,0/GCE and Ti3C,/Cu,0/GCE in 2 mM Fe
(CN)6>/% +0.1 M K;SO4; (c) Photocurrent responses of the TizCy/Cu,O elec-
trode after deoxygenation with N, for 0, 1, 3, 5, 10, 20, 30 min (from curves a to
g) in the electrolyte containing 1 uM glucose; (d) Photocurrent of TizCo/Cu,0/
FTO in the absence (a) and presence (b) of 1 uM glucose, TizC,/Cu,O/FTO after
the addition of DMSO (b-d) and H,O, (e-g)in the B-R buffer solution (pH 11.92).
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and resulted in a higher charge separation rate. Furthermore, the EIS
spectra in Fig. 3b auxiliary analyzed the charge transfer situation.
Generally, the arc radius is represents the charge transfer impedance
between the material and electrolyte, in which a smaller arc represents
a faster charge transfer. Obviously, the Ti3C,/Cu,0 has a smaller radius
compared with that of Cu,O, suggesting the apparently increased
charge transfer efficiency on the surface of TizC,/Cu,0. Oppositely, the
photocurrent of Ti3C,/CuyO prepared through electrodeposition is
weaker than that of Cu,O/FTO (Fig. S5), indicating that the cathode
photocurrent of Cu,O will be partly counteracted by the anode photo-
current of Ti3C, if charge transfer mechanism can't be established.

In addition, the smaller size of octahedral Cu,O after connecting
with Ti3C, provides a shorter path for electrons to move to the surface
of photocathode, resulting in a reduced recombination probability of
electrons and holes (Zhang et al., 2017). Furthermore, the much higher
surface area because of the multi-layered Ti3C, broadens the absorption
area of visible light, which can be observed in Fig. 2c. Therefore, we
conclude that the enhanced photocurrent of composite comes from the
smaller size and higher surface of Cu,0, as well as the separated charge
caused by the transfer mechanism between Ti3C, and Cu,O.

3.3. Sensing mechanism of Ti3C,/Cu,0 sensing system

According to the energy levels of Cu,O and reactive oxygen species
(ROS) formation potential (-0.33 V) and O,/H,0 potential (Liu et al.,
2016a), the Ti3Co/Cu,0 might react with O, and transport the electrons
to the dissolved O, in electrolyte. Namely, the ambient O, is function as
electron acceptor to help transfer the electrons and facilitates the
electrons separation. To validate the assumption, the sensitivity of the
Ti3Cy/Cuy0 photocathode to the dissolved O, was tested. Under the
relatively low OCP condition, air-saturated electrolyte containing glu-
cose was deoxygenated through filling with high pure nitrogen (N,) as
shown in Fig. 3c. The photocurrent decreased with the extension of
purging time and reached a minimum at 20 min, indicating that the
ambient O, was acted as electron acceptor contributed to the enhanced
photocurrent. When dissolved oxygen was purged by N,, the transfer
path of electrons to O, in electrolyte was prohibited accompany with
increased recombination rate of the electrons and holes, eventually
resulting in a suppressed photocurrent. The oxygen reduction reaction
is shown in equation of (Juodkazyteé et al., 2014; Zheng et al., 2016):

02 + e — 02‘- (1)
205" + 2H,0 — H;0, + 20H (2)
H;0, + e — 20H" 3

In order to further certify the assumption, a comparative experiment
was carried out. As shown in Fig. 3d, the photocurrent of Ti3C,/Cuy0
increased with the increased volume of 1% H50,, indicating the further
reduction of H,O, to H,O on the photocathode consumed the electrons
and resulted to the increased photocurrent. Whilst when small quantity
of DMSO was added into the electrolyte as scavenger of O, the pho-
tocurrent was obviously decreased (Wang et al., 2019). Obviously, the
partial reduced species of oxygen (H»05) was contributed to the sensing
process, which was consumed by glucose and thereby obtained a de-
creased cathode photocurrent (Zanatta et al., 2016).

On the basis of results from the two experiments, the mechanism of
the glucose sensing is shown in Scheme 1. Under the irradiation of
visible light, the electrons in the VB of Cu,0 are excited to the CB and
the holes are generated in the VB. Due to the metallic property of Ti5Co,
its low work function (varied from 2 eV to 6 eV) enable it acts as hole
mediator, allowing for the flow of holes transfer from the p-type CuyO
to Ti3Cy. Meanwhile, the dissolved O, acts as electron acceptor to
transfer the electrons to the electrolyte. Both the electron and hole
transfer paths greatly enhance the separation rate of photo-induced
carriers, eventually resulting in the enhanced cathode photocurrent.
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However, when the glucose is added into the electrolyte, the partial
reduced species (05", H>0,) of O, are consumed by glucose. One of the
transfer paths of electrons to electrolyte is prohibited in the lack of
electron acceptor, eventually resulting in a decreased photocurrent.
Therefore, the photocurrent responses of Ti;Cy/Cus0 decrease with the
increasing glucose concentration.

3.4. Optimization of experimental conditions

The optimization of the synthesis condition of Ti3C,/CuyO was
shown in Fig. S3. The effect of pH of electrolyte was investigated in Fig.
S3d. The photocurrent increased with the pH range from 7.0 to 9.0 and
leveled out range from 9.0 to 11.92. That might be ascribed to the fact
that Cu,0 could generate redox couple Cu (I)/Cu (I) in alkaline solu-
tion, the redox progress consumed the electrons and suppressed the
recombination of photo-induced carriers. Finally, B-R buffer solution
(pH 11.92) was chosen as electrolyte in this work for its more stable and
regular photocurrent curve. The amplitude of photocurrent is closely
related to the applied potential, a more negative applied potential
makes a higher cathode photocurrent, also a larger measuring deviation
derived from electronic drift (Zhang et al., 2015). As depicted in Fig.
S3e, the photocurrent of the TizC,/Cu,O was relatively strong even in
0V and achieved optimum at -0.1 V. The FTO as working electrode has
resistance inherently. In order to counteract the resistance of the FTO
electrode, the open circuit voltage (OCP) of 0.06V was ultimately
adopted in the following experiments.

3.5. Analytical performance of TizC2/Cu20 PEC sensing system

The analytical performance of Ti3C,/Cu,O as photoactive material
was investigated by detecting glucose of different concentrations under
the optimal condition. As shown in Fig. 4a, the photocurrent responses
of the Ti3Cy/Cu0 was decreased with the increasing concentration of
glucose in the range from 0.5nM to 0.5 mM. The corresponding cali-
bration curve demonstrating the linear relationship between photo-
current decrease and logarithm value of glucose concentration with a
linear equation of (Ip-I)/I, = 0.021LogC+ 0.525 was shown in Fig. 4b.
(Ip is the photocurrent of the sensor before adding the glucose, I is the
photocurrent while adding the glucose with different concentrations, C
is the concentration of glucose.). The LOD was calculated to be 0.17 nM,
following the analytical function of LOD = Ko/S, where o is the stan-
dard deviation of the blank solution (n = 10), S is the slope of regres-
sion line, K is used as 3 (MacDougall et al., 1980).

The reasons account for the low detection limit and wide detection
range probably arise from: (i) the separated light source and detection
electrical signal of the PEC sensor enable the low background noise and
high sensitivity; (ii) the high charge transfer efficiency of TizCy con-
tributes to the separated electron-hole pairs and high specific surface
area allows for the loading of numerous Cu,O; (iii) the octahedral
structure of CupO has increased surface area for electro-catalysis and
the smaller size after connecting with Ti3C, shortens the electrons
transfer distance. In brief, the high surface area and charge transfer
mechanism between well-ordered lamellar TizC, and homogeneously
distributed Cu,O on the surface contributes to the excellent perfor-
mance of the PEC sensor.

3.6. Selectivity and stability of the Ti3C/Cuz0 sensor

The selectivity of the Ti3C»/Cu,0O sensing system was explored by
adding 10 uM of interfering species coexisting in human blood serum
into electrolyte (pH 11.92). As shown in Fig. 4c, no significant signal
changes in photocurrent were observed compared to the background
photocurrent after the addition of 10 uM of ascorbic acid (AA), uric acid
(UA), dopamine (DA), lactose, fructose, and sucrose, respectively.
While, no apparently change happened in the photocurrent after the
addition of mixture containing 1 uM of glucose and 10 uM of interfering
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Fig. 4. (a) Photocurrent responses of Ti3C,/Cu,O in the presence of glucose
with different concentrations; (b) Corresponding linear relationship between
(Io-1)/1p and logarithm value of glucose concentration; (c) Photocurrent re-
sponses of Ti3C,/Cu,0 in B-R buffer solution (pH 11.92) containing 10 M of
co-exiting species (AA, UA, DA, Lactose, Fructose, and Sucrose), 1 uM of glucose
and interfering species mixture added in glucose, respectively; (d) Photocurrent
stability of the TizC,/Cu,0 in B-R buffer solution (pH 11.92) containing 1 uM
glucose under repeated visible light irradiation.

specie compared with only glucose (1 uM), showing the good selectivity
and anti-interference of the Ti3C»/Cu,O sensing system. The good se-
lectivity of the sensor is concerned to the electronic structure of pho-
tocathode and O, sensitive mechanism of the sensor. Due to the charge
generation/transfer mechanism of p-type semiconductor Cu,O and
holes conductor Ti3C,, the photo-induced holes are transferred to TizC,
under the driving force, avoiding the interaction of co-existing inter-
fering species with holes (Wang et al., 2014). Besides, the alkaline
electrolyte converts the phenolic hydroxyl and imino group of AA, UA,
and DA to deprotonated phenolic hydroxyl and imino group, which are
difficult to be oxidized under the relatively low open circuit potential
(Li et al., 2015).

Furthermore, it could be observed from Fig. 4d that TizC,/Cu,O
electrode shown a stable and reproducible photocurrent in electrolyte
containing 1 uM of glucose under intermittent visible light irradiation
for 400 s, indicating a well-behaved stability.

3.7. Applications in real samples

The feasible of the Ti3C,/Cu,0 sensing system for real samples was

Table 1
Ti3Cy/Cu,0 non-enzymatic PEC sensor applied in real sample.
Samples Determination Added Detected (WM) Recovery (%) RSD (%)
(uM) (uM)
1 344+ 1.6 6 9.38 = 0.5 99 5.3
2 3.02+1.8 20 23.40 £ 0.8 102 3.4
3 2.82+1.2 30 33.01 £1.1 101 2.6

conducted in human blood serum through recovery experiments as
presented in Table 1. After diluted to the specific concentration with B-
R buffer solution, the recoveries of glucose detection in serums were
determined range from 99%, 101% and 102%, respectively, showing
the feasibility of the PEC detection in the detection of biological sam-
ples. In addition, the detection of diluted human serum was shown in
Fig. S6, indicating the potential of the sensor for its application in the
clinical diagnostic of glucose detection.

4. Conclusion

In summary, Ti3Co/Cu0 heterostructure has been synthesized
through simple oil bath heating method and utilized to construct a non-
enzymatic PEC sensor for the glucose detection. Due to the introduction
of Ti3C,, the recombination of photo-induced charge carriers was hin-
dered, thus the PEC performance of Ti3C,/Cu,0O was significantly im-
proved compared with pure Cu,O. Therefore, the optimized TizC,/
Cu,O was employed as photocathode because of its enhanced PEC
performance and sensitivity to dissolved O,. The competitive con-
sumption of dissolved O, during the redox process of glucose resulted in
a reduced photocurrent. Meanwhile, the PEC non-enzymatic sensor
exhibited high selectivity and excellent sensitivity for the detection of
glucose in model solution and biological samples. In this work, the
Ti3Cy/semiconductor based heterostructure was first used as photo-
cathode for the construction of PEC non-enzymatic sensor, which de-
monstrated the enormous potential of TisC,/semiconductor in PEC
fields. We believe that our study could arouse the research interest of
TizC, in PEC application and provide new thoughts for the design of
PEC non-enzymatic sensors as well as biosensors.
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