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Electrocatalytic glucose oxidation is crucial to the development of non-enzymatic sensors,
an attractive alternative for enzymatic biosensors. However, due to OH™ consumption
during the catalytic process, non-enzymatic detection generally requires electrolytes
having an alkaline pH value, limiting its practical application since biofluids are neutral.
Herein, via interfacial microenvironment design, we addressed this limitation by developing
a non-enzymatic sensor with an air-solid-liquid triphase interface electrodes that
synergistically integrates the functions of local alkalinity generation and electrocatalytic
glucose oxidation. A sufficiently high local pH value was achieved via oxygen reduction
reaction at the triphase interface, which consequently enabled the electrochemical
oxidation (detection) of glucose in neutral solution. Moreover, we found that the linear
detection range and sensitivity of triphase non-enzymatic sensor can be tuned by
changing the electrocatalysts of the detection electrode. The triphase electrode
architecture provides a new platform for further exploration and promotes practical
application of non-enzymatic sensors.

Keywords: hydrophobicity, three-phase interfaces, local microenvironment, electrocatalytic glucose oxidation, non-
enzymatic detection

INTRODUCTION

Diabetes is a chronic disease that threatens human health across the world. Notably, over 420 million
adults worldwide diabetic (Rubino, 2016; Lu et al., 2016; Ohayon et al., 2020; Zhou Y et al., 2020;
Zhang et al., 2021). Reliable glucose monitoring facilitates better blood glucose control and prevents
complications. Enzymatic electrochemical biosensors have been widely used for glucose detection;
however, biological enzymes are susceptible to factors, such as temperature, pH, and ions, hindering
the stability and scope of enzymatic biosensors (Yang et al., 2014; Sun and James, 2015; Johnston
et al,, 2021). Non-enzymatic sensor based on direct electrocatalytic glucose oxidation reaction, is
highly attractive as it avoids the use of biological enzymes (Zhang et al., 2018; Teymourian et al.,
2020). In the past decades, great efforts have been devoted to the development of electrocatalysts, and
a variety of electrocatalytic materials including noble metal (Lang et al., 2013; Bae et al., 2019), metal
alloys (Yamauchi et al., 2012; Bag et al., 2020), metal oxides (Cheng et al., 2016; Mondal et al., 2017)
and carbon-related materials (Bao et al., 2017; Dung et al., 2013) have been reported. Unfortunately,
due to OH™ consumption during the electrochemical glucose oxidation process, CsH;,0¢ (glucose) +
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20H — CgH,;(0s (glucolactone) + 2H,O+ 2e”, non-enzymatic
sensors generally require solutions with high pH value for
acceptable sensitivity and linear detection range (Wei et al,
2020). In addition, serious electrode fouling will occur during
the oxidation reaction, due to the lack of sufficient OH™ supply
(Adeel et al., 2021; Chen et al., 2019). With these restrictions, the
development and practical application of non-enzymatic sensors
has been limited since biofluids are neutral.

Besides the electrocatalytic materials, the reaction interface
microenvironment that governs the diffusion, adsorption and
reaction of reactants is also crucial to the performance of catalytic
reaction, but has received limited attentions (Sheng et al., 2017;
Song et al., 2018; Zhou H et al., 2020; Kim et al., 2021; Yang and
Gao, 2022). In this work, we addressed this limitation by
developing a novel non-enzymatic sensing system with an
air-solid-liquid triphase interface as illustrated in Figure 1.
This electrode architecture synergistically integrates the
functions of interfacial local alkalinity generation and
electrocatalytic glucose oxidation. Two electrodes that were
used for local OH™ production and glucose detection,
respectively, and they were deposited on a hydrophobic
porous substrate in an interdigitated shape. When the sensing
system was immersed in an aqueous solution, water contacted the
electrode surface but did not enter the inner porous substrate, due
to its surface hydrophobicity (Wen et al., 2015; Liu et al., 2017).
This led to the formation of an air-solid-liquid triphase interface
where sufficient oxygen can be supplied directly from the air
phase. Oxygen can be readily reduced to OH™ at the surface of
electrocatalysts, O,+ 2H,0+ 4¢”— 40OH, leading to an increase
in the local pH. Using the triphase electrode architecture,
sufficient oxygen was utilized to generate OH  and form a
sufficient high local alkaline microenvironment, enabling the
electrocatalytic glucose oxidation in neutral solution.

MATERIALS AND METHODS

Materials

The hydrophobic porous polyethylene (PE) membrane was
purchased from Entek International LLC and the hydrophilic
flat (pore-free) polyethylene terephthalate (PET) membrane was
purchased from Membrane solutions. Sodium sulfate, sodium
hydroxide, sulfuric acid, phenolphthalein, chloroauric acid,
sodium chloride, lactic acid, galactose, glucose, ascorbic acid
and acetaminophen were purchased from Sinopharm
Chemical Reagent. All reagents are analytical grade. Nafion
perfluorinated resin solution (5 wt% in lower aliphatic alcohols
and water, contained 15-20% water) was purchased from Sigma-
Aldrich. The high purity platinum target material (99.95%) was
purchased from Shijiazhuang Dongming New Material
Technology Co., Ltd. All of our experiments used deionized
water. All reagents are used as received reagents without
further purification.

Fabrication of Triphase/Diphase Electrode
1) The hydrophobic porous PE membrane was cut into a
rectangle, cleaned with alcohol 3-4 times and dried with
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Ar, then was tightly against an interdigital electrode mask
and directly deposited by automatic sputter coater (GVC-
2000, Hezao) of a platinum target for 300 s at 30 mA. Thus, a
triphase Pt-Pt electrode was prepared. (2) Au electrocatalysts
were electrodeposited onto the Pt detection electrode at 0 V vs.
Ag/AgCl for 100, 200, 400 and 600 s in 5 mM chloroauric acid
solution (10 g/L in DI water), respectively. Then, a triphase Pt-
Au electrode was prepared. (3) The 50 uL mixed solution of
Nafion (5 wt% in DI water) drop cast onto the triphase Pt-Au
electrode with an area of 0.7 cm x 1.0 cm and dried in an oven
for 0.5 h at 60°C. For controlled experiment, a diphase Pt-Pt
electrode was also prepared in a similar way using a
hydrophilic non-porous PET membrane as substrate.

Characterization

The morphology was characterized by FE-SEM (SU8010,
Hitachi) and the element mapping distribution is characterized
by Evo-SEM (EVOIS8, Zeiss). The water contact angle was
measured by a contact angle goniometer (Jc 2000d6,
Poareach). Electrochemical measurements were carried out at
room temperature using the CHI 660E workstation (CH
Instruments, Inc.).

Measurement Methods

Electrochemical measurements were performed using a CHI
660E electrochemical workstation with a three-electrode
system. The triphase/diphase electrode consisting of an OH™
production electrode and a glucose detection electrode was used
as the working electrode. A Pt wire was as the counter electrode
and an Ag/AgCl (3M KCI) was as the reference electrode.
Na,SO, solution was used as the electrolyte. 1) The potential
of OH™ production was determined by linear sweep voltammetry
in Ar or O, atmosphere, at a scan rate of 50 mV s~'. 2) The pH-
potential  curve conducted  using
chronopotentiometer with a current of 5uA for 30s in
solutions with different pH. The dynamic surface pH of the
detection electrode was carried out using chronopotentiometer as
mentioned above after the OH™ production step. 3) Two steps to
the working electrode were used to measure glucose
concentrations, including a negative potential of -0.6 V vs. Ag/
AgCl for 20 s on the OH™ production electrode and 0.4 V vs. Ag/
AgCl for 10 s on the detection electrode. 4) Selectivity tests were
performed by amperometric measurement at 0.4 V after OH™
production step. A series of interferents (50 uM of ascorbic acid,
lactic acid, galactose, acetaminophen and sodium chloride) were
added to the solution after the addition of 0.5 mM glucose using
the triphase Nafion-coated Pt-Au electrode.

measurement  was

RESULTS AND DISCUSSION

The triphase electrode illustrated in Figure 1 was constructed by
choosing a hydrophobic porous polyethylene (PE) membrane
(Figure 2A) as the substrate. The PE membrane has an average
pore size of about 200 nm (Figure 2B) and a thickness of about
25um (Figure 2C). Contact angle (CA) analysis of the PE
membrane shows a CA of about 120 + 2° (inset of Figure 2B),
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FIGURE 1 | Schematic illustration of the triphase non-enzymatic sensor. The sensor consists of a hydrophobic porous substrate, an electrode for local alkalinity
generation via oxygen reduction reaction, and an electrode for electrocatalytic glucose oxidation reaction. Sufficient oxygen supplied from the air phase was reduced to
OH" at the triphase interface, leading to a high interface pH for electrocatalytic glucose oxidation. The electrode architecture makes the non-enzymatic glucose detection
independent of the solution pH. During the experiment, a negative potential was first applied to the OH™ production electrode to generate a local alkaline
microenvironment, and then a positive potential was applied to the detection electrode for electrochemical glucose oxidation.
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FIGURE 2 | (A,B) Scanning electron microscopy (SEM) images of the porous polyethylene membrane substrate at low and high magnification, respectively. Insets
in (A,B) show photographs of the membrane and water droplets on it with a contact angle of about 120 + 2°. (C) Cross-section SEM image of the membrane with a
thickness of about 25 pm. (D) Photograph of Pt-Pt electrodes sputtered on the porous substrate with eight pairs of electrodes. (E,F) are SEM images of the Pt electrode
at low and higher magnifications. The electrode band-width is 200 pm, the gap between the interdigitated electrodes is 100 pm. The Pt electrode also has a porous

indicating a hydrophobic surface property. Platinum (Pt) metal, with
good oxygen reduction and electrochemical glucose oxidation
capabilities (Briega-Martos et al, 2017; Lee et al, 2018), was
chosen as a model electrocatalyst to prepare the Pt-Pt electrode.

As shown in Figure 2D,E and Supplementary Figure S1, the Pt-Pt
electrode has eight pairs of electrodes, a width of 200 pm and a gap
distance of 100 um. After Pt deposition the porous structure of the
PE substrate was maintained (Figure 2F), which facilitates rapid
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FIGURE 3 | (A) Linear sweep voltammetry curves of the Pt detection electrode in Ar and O, saturated 0.10 M Na,SOy, solution. (B) Potentials of the detection electrode
measured in solutions of different pH with a constant current (5 YA). Inset is the linear relationship between potentials derived at 20 s and solution pH values. (C) Changes in pH
value over time at the detection electrode upon application of a potential of —0.6 V at the OH™ production electrode in electrolyte with different pH values. The error bar represents
the standard deviation for two replicated measurements. (D) Cyclic voltammetry curves obtained in a 0.1 M Na,SO, solution with or without 20 mM glucose using a triphase
or diphase Pt-Pt electrode after the OH™ production step. (E) Amperometric i-t curves corresponding to the triphase Pt-Pt electrode with glucose concentrations up to 40 mM. (F)
Corresponding calibration plots of triphase and diphase electrodes derived from (E) and Supplementary Figure S5 at 6 s ACurrent = Currents - Currento; Currenty is the
background current; and Currents is the current measured in the solution with different glucose concentrations.

oxygen transport from the free space of the porous hydrophobic PE
membrane to the electrode surface. For the control experiment, a
conventional solid-liquid diphase electrode was also fabricated on a
non-porous flat hydrophilic polyethylene terephthalate (PET)
substrate (Supplementary Figure S2).

The performance of the triphase electrode for local alkalinity
generation was first investigated. Figure 3A shows linear sweep
voltammetry (LSV) of Pt electrode in 0.1 M sodium sulfate
(Na,SO,) solution saturated with Ar or O,. Water reduction
was apparent when the potential was negative than
approximately —0.6 V vs. Ag/AgCl (black cure in Figure 3A),
while a much higher potential was sufficient for O, reduction to
OH™ (red curve in Figure 3A; Supplementary Figure S3). In
order to obtain the high OH™ production capacity and avoid the
hydrogen evolution reaction to generate hydrogen bubbles,
which would affect glucose transmission and the accuracy of
detection, a potential of —0.6 V (vs. Ag/AgCl) was chosen for
OH" production in this work. The OH™ ions produced diffused
outwards and led to an increase in pH near the surface of the
adjacent glucose detection electrode.

To determine the pH value at the surface of the detection
electrode after OH™ production, a chronopotentiometer was
used to apply a constant current (5pA) at the detection

electrode in solutions with different pH values (10.0-14.0)
(Figure 3B). The relationship between the pH values and the
potentials was recorded (inset of Figure 3B) according to the
effect of OH™ concentration on the potential of the oxygen
evolution reaction (4OH — 2H,0 + O,+ 4e”) (Dresp et al,
2021; Maruthapandian et al., 2017; Yin and Liu, 2020). Thus,
the dynamic pH value near the surface of the Pt detection
electrode was measured after OH™ production. As shown in
Figure 3C, the measured interfacial pH values were all above
11 for solutions with bulk pH of 5-8.0 when the time course of
OH™ production step is longer than 20 s. Thus, to ensure the
reproducibility for further experiments a time course of 20's
was chosen for the OH™ production step.

The triphase Pt-Pt electrode was then used for glucose detection
(Supplementary Figure S4). The cyclic voltammograms of the
triphase or diphase detection electrodes in 0.10 M Na,SO,4, with
or without 20 mM glucose after OH™ production step, are shown in
Figure 3D. The anodic current increased upon the addition of
glucose for the triphase electrode (red solid curve), while a negligible
anodic current increase was recorded (red dotted curve) for the
diphase electrode, due to the lack of sufficient oxygen and the
insufficient alkalinity needed for electrocatalytic glucose oxidation.
Figure 3E shows that the anodic current response of the triphase
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electrodes (left) and the corresponding Au elemental mapping distribution (right). (C) SEM images of the Au nanoparticles with diameter ranging from 200 to 500 nm. The
inset is an enlarged SEM view of the Au nanoparticles. (D) Cyclic voltammetry curves of the Pt-Pt and Pt-Au electrodes obtained in solutions with or without glucose
(0.5 mM). (E) Corresponding calibration plots of the electrodes with different Au electrodeposition times (100, 200, 400 and 600 s) derived from their amperometric
i-t curves (Supplementary Figure S7) at 6 s. (F) Relationship between the linear detection range (black curve) and the sensitivity (red curve) of electrodes with different
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electrode increased with glucose concentration to approximately
40 mM. The current response versus glucose concentration
(Figure 3F) shows that the triphase electrode displayed a linear
detection range to about 30 mM (red line), and the sensitivity was
21pA mM™' cm™ In remarkable contrast, negligible current
increase was observed for the diphase electrode as the glucose
concentration increased (Figure 3F; Supplementary Figure S5).
These results confirm sufficient oxygen was supplied at the triphase
interface, and non-enzymatic glucose detection was achieved in
neutral solution.

The performance of the triphase non-enzymatic sensor can
be further improved by alternating the electrocatalysts of the
detection electrode. Au is a commonly used and stable
electrocatalyst with high activity towards glucose oxidation in
alkaline solution (Zhong et al., 2017). To improve the device
performance, different amounts of Au nanoparticles were
electrodeposited on the detection electrode (Pt) by adjusting
deposition time. The morphologies of the Pt-Au electrode were
further characterized. As shown in Figure 4A, the color of the
detection electrode turned from black to dark yellow after Au
catalyst deposition. Figure 4B shows SEM image of the Pt-Au
electrode. The existence and distribution of the Au catalysts
were confirmed by elemental mapping (Figure 4B, right) and
energy dispersive X-ray spectroscopy (EDS) analysis
(Supplementary Figure S6). Au particles have a diameter of

200-500 nm (Figure 4C) and were uniformly distributed on the
surface of the detection electrode.

We then explored the performance of the triphase electrode after
Au deposition. As shown in Figure 4D, a strong anode wave (red solid
curve) is observed on the detection electrode at 0.4 V (vs. Ag/AgCl),
due to the carbonyl oxidation of glucose. Interestingly, its glucose
oxidation current was much higher than that of the detection Pt
electrode without Au electrocatalyst (red dotted curve). This indicates
that the introduction of Au can effectively improve the performance of
glucose oxidation. Thus, the performance of Pt-Au electrodes with
different Au electrodeposition times (100, 200, 400 and 600 s) was
further investigated. As shown in Figure 4E and Supplementary
Figure S7, with the increase in electrodeposition time, the sensitivity
of the electrode for glucose detection increased, but the linear
detection upper limit decreased (Figure 4F). We reasoned that
increasing the amount of Au catalysts would increase the number
of available active sites for glucose oxidation and consequently lead to
a higher reaction rate and sensitivity. A higher reaction rate generally
results in faster OH ™ consumption at the interface microenvironment
and makes the detection of glucose at high concentrations difficult.
These results indicate that glucose detection with different sensitivity
and linear range can be obtained by modifying the electrocatalysts on
the detection electrode.

Apart from the linear dynamic range and sensitivity,
selectivity is also a crucial parameter for non-enzymatic
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sensors. To reduce the influence of interferents, the surface of
the Pt-Au electrode was coated with a layer of Nafion, as
illustrated in Figure 5A. Figure 5B is a SEM top view of the
Nafion film on the Pt-Au electrode surface. The negatively
charged Nafion film can selectively restrict the diffusion of
some kinds of anions from the solution to the electrode
surface without affecting the detection of glucose (Cao et al,
2013; Chen et al., 2015). The performance of nafion-coated Pt-
Au electrode was evaluated after the OH™ production step. As
shown in Figure 5C, the glucose oxidation current of the nafion-
coated triphase Pt-Au electrode significantly increased after
0.5 mM glucose addition (red curve).

Interfering compounds, including ascorbic acid, lactic acid,
galactose, acetaminophen, and sodium chloride (NaCl), were
then added into the sample matrix in large excess compared
with that in human perspiration (Lu et al., 2019; Zhu et al., 2019).
As shown in Figure 5D, negligible interferences were observed
with the triphase Pt-Au electrode while measuring glucose in the
presence of interfering compounds. Figure 5E shows the
electrode responses in glucose solution with concentrations up
to 2.5 mM. A linear detection upper limit of about 1.5 mM and
sensitivity of 179.1 uA mM ™" ¢cm™ were obtained (Figure 5F).
This result indicates that the Nafion layer on the electrode surface

can not only reduce the effects of some kinds of interference but
also ensure the detection of glucose. In addition, the repeatability
of the nafion-coated electrode was also assessed. Supplementary
Figure S8 shows 100 successive measurements of 0.5 mM glucose
using the same biosensor. A relative standard deviation of only
2.34% was observed for these measurements, indicating good
repeatability.

CONCLUSION

In summary, we have fabricated a triphase electrode that enables
electrocatalytic glucose oxidation and non-enzymatic sensing in
neutral solution. Using the air-solid-liquid triphase electrode,
sufficient oxygen was available from the air phase for the
generation of a local interfacial alkaline microenvironment
via oxygen reduction reaction. This sensor is superior to
other non-enzymatic ones because it does not require an
electrolyte with high pH. Moreover, the triphase non-
enzymatic electrode with tunable performance including
sensitivity and linearity, can be obtained by choosing suitable
electrocatalysts, which endows great potential for practical
applications in different scenarios.

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org

April 2022 | Volume 10 | Article 909187


https://www.frontiersin.org/journals/bioengineering-and-biotechnology
www.frontiersin.org
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#articles

Chen et al.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

AUTHOR CONTRIBUTIONS

XF supervised the project. YC designed the devices and
completed the experiments. MZ and ZD conducted SEM
and CA characterizations. JZ and YC drafted the
manuscript. JZ and LC discussed the data. All authors
revised the manuscript.

REFERENCES

Adeel, M., Asif, K., Rahman, M. M., Daniele, S., Canzonieri, V., and Rizzolio, F.
(2021). Glucose Detection Devices and Methods Based on Metal-Organic
Frameworks and Related Materials. Adv. Funct. Mater. 31, 2106023. doi:10.
1002/adfm.202106023

Bae, C. W, Toi, P. T., Kim, B. Y., Lee, W. I, Lee, H. B., Hanif, A, et al. (2019).
Fully Stretchable Capillary Microfluidics-Integrated Nanoporous Gold
Electrochemical Sensor for Wearable Continuous Glucose Monitoring.
ACS Appl. Mater. Inter. 11 (16), 14567-14575. doi:10.1021/acsami.
9b00848

Bag, S., Baksi, A.,, Nandam, S. H., Wang, D., Ye, X., Ghosh, J., et al. (2020).
Nonenzymatic Glucose Sensing Using Ni60Nb40 Nanoglass. ACS Nano 14,
5543-5552. doi:10.1021/acsnano.9b09778

Bao, L., Li, T.,, Chen, S., Peng, C, Li, L, Xu, Q., et al. (2017). 3D Graphene
Frameworks/Co3;O4  Composites  Electrode  for  High-Performance
Supercapacitor and Enzymeless Glucose Detection. Small 13, 1602077.
doi:10.1002/smll.201602077

Briega-Martos, V., Herrero, E., and Feliu, J. M. (2017). Effect of pH and Water
Structure on the Oxygen Reduction Reaction on Platinum Electrodes.
Electrochimica Acta 241, 497-509. doi:10.1016/j.electacta.2017.04.162

Cao, X., Wang, N,, Jia, S., and Shao, Y. (2013). Detection of Glucose Based on
Bimetallic PtCu Nanochains Modified Electrodes. Anal. Chem. 85, 5040-5046.
doi:10.1021/ac400292n

Chen, D., Wang, C., Chen, W., Chen, Y., and Zhang, J. X. J. (2015). PVDF-Nafion
Nanomembranes Coated Microneedles for In Vivo Transcutaneous
Implantable Glucose Sensing. Biosens. Bioelectron. 74, 1047-1052. doi:10.
1016/j.bi0s.2015.07.036

Chen, J., Zhu, X, Ju, Y., Ma, B., Zhao, C,, and Liu, H. (2019). Electrocatalytic
Oxidation of Glucose on Bronze for Monitoring of Saliva Glucose Using a
Smart Toothbrush. Sensors Actuators B: Chem. 285, 56-61. doi:10.1016/j.snb.
2019.01.017

Cheng, X., Zhang, J., Chang, H., Luo, L., Nie, F., and Feng, X. (2016). High
Performance Cu/Cu,O Nanohybrid Electrocatalyst for Nonenzymatic
Glucose Detection. J. Mater. Chem. B 4, 4652-4656. doi:10.1039/
c6tb01158f

Dresp, S., Dionigi, F., Klingenhof, M., Merzdorf, T., Schmies, H., Drnec, J., et al.
(2021). Molecular Understanding of the Impact of Saline Contaminants and
Alkaline pH on NiFe Layered Double Hydroxide Oxygen Evolution Catalysts.
ACS Catal. 11, 6800-6809. doi:10.1021/acscatal.1c00773

Johnston, L., Wang, G., Hu, K, Qian, C,, and Liu, G. (2021). Advances in
Biosensors for Continuous Glucose Monitoring Towards Wearables. Front.
Bioeng. Biotechnol. 9, 733810. doi:10.3389/fbioe.2021.733810

Kim, C., Buj, J. C,, Luo, X., Cooper, J. K., Kusoglu, A., Weber, A. Z., et al. (2021).
Tailored Catalyst Microenvironments for CO, Electroreduction to Multicarbon
Products on Copper Using Bilayer Ionomer Coatings. Nat. Energ. 6, 1026-1034.
doi:10.1038/s41560-021-00920-8

Three-phases Non-Enzymatic Glucose Sensors

FUNDING

This research was financially supported by National Key R&D
Program of China (No. 2019YFA0709200), the National Natural
Science Foundation of China (22102111 and 21988102), the
Natural Science Research of Jiangsu Higher Education
Institutions of China (21KJB150031) and the Jiangsu Provincial
Shuangchuang Doctor Talent Program (JSSCBS20210705).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fbioe.2022.909187/
full#supplementary-material

Lang, X.-Y., Fu, H.-Y,, Hou, C,, Han, G.-F.,, Yang, P., Liu, Y.-B,, et al. (2013).
Nanoporous Gold Supported Cobalt Oxide Microelectrodes as High-
Performance Electrochemical Biosensors. Nat. Commun. 4, 2169. doi:10.
1038/ncomms3169

Lee, S, Lee, ., Park, S., Boo, H., Kim, H. C,, and Chung, T. D. (2018). Disposable
Non-Enzymatic Blood Glucose Sensing Strip Based on Nanoporous Platinum
Particles. Appl. Mater. Today 10, 24-29. doi:10.1016/j.apmt.2017.11.009

Liu, M., Wang, S., and Jiang, L. (2017). Nature-Inspired Superwettability Systems.
Nat. Rev. Mater. 2, 17306. doi:10.1038/natrevmats.2017.36

Lu, Y., Aimetti, A. A., Langer, R., and Gu, Z. (2016). Bioresponsive Materials. Nat.
Rev. Mater. 2, 16075. doi:10.1038/natrevmats.2016.75

Lu, Y., Jiang, K., Chen, D., and Shen, G. (2019). Wearable Sweat Monitoring System
with Integrated Micro-Supercapacitors. Nano. Energ. 58, 624-632. doi:10.1016/
jnanoen.2019.01.084

Maruthapandian, V., Mathankumar, M., Saraswathy, V., Subramanian, B., and
Muralidharan, S. (2017). Study of the Oxygen Evolution Reaction Catalytic
Behavior of Co,Ni;  Fe,O, in Alkaline Medium. ACS Appl. Mater. Inter. 9,
13132-13141. doi:10.1021/acsami.6b16685

Mondal, S., Madhuri, R., and Sharma, P. K. (2017). Probing the Shape-Specific
Electrochemical Properties of Cobalt Oxide Nanostructures for Their
Application as Selective and Sensitive Non-Enzymatic Glucose Sensors.
J. Mater. Chem. C 5, 6497-6505. d0i:10.1039/c7tc01411b

Ohayon, D., Nikiforidis, G., Savva, A., Giugni, A., Wustoni, S., Palanisamy, T.,
et al. (2020). Biofuel Powered Glucose Detection in Bodily Fluids with an
N-Type Conjugated Polymer. Nat. Mater. 19, 456-463. doi:10.1038/
$41563-019-0556-4

Quoc Dung, N, Patil, D,, Jung, H., and Kim, D. (2013). A High-Performance
Nonenzymatic Glucose Sensor Made of CuO-SWCNT Nanocomposites.
Biosens. Bioelectron. 42, 280-286. doi:10.1016/j.bios.2012.10.044

Rubino, F. (2016). Medical Research: Time to Think Differently About Diabetes.
Nature 533, 459-461. doi:10.1038/533459a

Sheng, X,, Liu, Z., Zeng, R,, Chen, L., Feng, X,, and Jiang, L. (2017). Enhanced
Photocatalytic Reaction at Air-Liquid-Solid Joint Interfaces. J. Am. Chem. Soc.
139, 12402-12405. doi:10.1021/jacs.7b07187

Song, Z., Xu, C., Sheng, X, Feng, X., and Jiang, L. (2018). Utilization of Peroxide
Reduction Reaction at Air-Liquid-Solid Joint Interfaces for Reliable Sensing
System Construction. Adv. Mater. 30, 1701473. doi:10.1002/adma.201701473

Sun, X, and James, T. D. (2015). Glucose Sensing in Supramolecular Chemistry.
Chem. Rev. 115, 8001-8037. d0i:10.1021/cr500562m

Teymourian, H., Barfidokht, A., and Wang, J. (2020). Electrochemical Glucose
Sensors in Diabetes Management: An Updated Review (2010-2020). Chem. Soc.
Rev. 49 (21), 7671-7709. doi:10.1039/d0cs00304b

Wei, M., Qiao, Y., Zhao, H., Liang, J., Li, T., Luo, Y., et al. (2020). Electrochemical
Non-Enzymatic Glucose Sensors: Recent Progress and Perspectives. Chem.
Commun. 56, 14553-14569. doi:10.1039/d0cc05650b

Wen, L., Tian, Y., and Jiang, L. (2015). Bioinspired Super-Wettability from
Fundamental Research to Practical Applications. Angew. Chem. Int. Ed. 54,
3387-3399. doi:10.1002/anie.201409911

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org

April 2022 | Volume 10 | Article 909187


https://www.frontiersin.org/articles/10.3389/fbioe.2022.909187/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fbioe.2022.909187/full#supplementary-material
https://doi.org/10.1002/adfm.202106023
https://doi.org/10.1002/adfm.202106023
https://doi.org/10.1021/acsami.9b00848
https://doi.org/10.1021/acsami.9b00848
https://doi.org/10.1021/acsnano.9b09778
https://doi.org/10.1002/smll.201602077
https://doi.org/10.1016/j.electacta.2017.04.162
https://doi.org/10.1021/ac400292n
https://doi.org/10.1016/j.bios.2015.07.036
https://doi.org/10.1016/j.bios.2015.07.036
https://doi.org/10.1016/j.snb.2019.01.017
https://doi.org/10.1016/j.snb.2019.01.017
https://doi.org/10.1039/c6tb01158f
https://doi.org/10.1039/c6tb01158f
https://doi.org/10.1021/acscatal.1c00773
https://doi.org/10.3389/fbioe.2021.733810
https://doi.org/10.1038/s41560-021-00920-8
https://doi.org/10.1038/ncomms3169
https://doi.org/10.1038/ncomms3169
https://doi.org/10.1016/j.apmt.2017.11.009
https://doi.org/10.1038/natrevmats.2017.36
https://doi.org/10.1038/natrevmats.2016.75
https://doi.org/10.1016/j.nanoen.2019.01.084
https://doi.org/10.1016/j.nanoen.2019.01.084
https://doi.org/10.1021/acsami.6b16685
https://doi.org/10.1039/c7tc01411b
https://doi.org/10.1038/s41563-019-0556-4
https://doi.org/10.1038/s41563-019-0556-4
https://doi.org/10.1016/j.bios.2012.10.044
https://doi.org/10.1038/533459a
https://doi.org/10.1021/jacs.7b07187
https://doi.org/10.1002/adma.201701473
https://doi.org/10.1021/cr500562m
https://doi.org/10.1039/d0cs00304b
https://doi.org/10.1039/d0cc05650b
https://doi.org/10.1002/anie.201409911
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
www.frontiersin.org
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#articles

Chen et al.

Yamauchi, Y., Tonegawa, A., Komatsu, M., Wang, H., Wang, L., Nemoto, Y., et al.
(2012). Electrochemical Synthesis of Mesoporous Pt-Au Binary Alloys with
Tunable Compositions for Enhancement of Electrochemical Performance.
J. Am. Chem. Soc. 134, 5100-5109. doi:10.1021/ja209044g

Yang, G., Kampstra, K. L, and Abidian, M. R. (2014). High Performance
Conducting Polymer Nanofiber Biosensors for Detection of Biomolecules.
Adv. Mater. 26, 4954-4960. doi:10.1002/adma.201400753

Yang, Y. J., and Gao, Z. F. (2022). Superwettable Biosensor for Disease Biomarker
Detection. Front. Bioeng. Biotechnol. 10, 872984. doi:10.3389/fbioe.2022.872984

Yin, F., and Liu, H. (2020). The J-pH Diagram of Interfacial Reactions Involving
H+ and OH-. J. Energ. Chem. 50, 339-343. doi:10.1016/j.jechem.2020.03.078

Zhang, L., Ye, C, Li, X,, Ding, Y., Liang, H., Zhao, G, et al. (2018). A CuNi/C
Nanosheet Array Based on a Metal-Organic Framework Derivate as a
Supersensitive Non-Enzymatic Glucose Sensor. Nano-Micro Lett. 10 (2), 28.
doi:10.1007/s40820-017-0178-9

Zhang, S., Zeng, J., Wang, C., Feng, L., Song, Z., Zhao, W., et al. (2021). The
Application of Wearable Glucose Sensors in Point-of-Care Testing. Front.
Bioeng. Biotechnol. 9, 774210. doi:10.3389/fbioe.2021.774210

Zhong, S.-L., Zhuang, J., Yang, D.-P., and Tang, D. (2017). Eggshell Membrane-Templated
Synthesis of 3D Hierarchical Porous Au Networks for Electrochemical Nonenzymatic
Glucose Sensor. Biosens. Bioelectron. 96, 26-32. doi:10.1016/j.bi0s.2017.04.038

Zhou, H., Sheng, X., Xiao, J., Ding, Z., Wang, D., Zhang, X., et al. (2020).
Increasing the Efficiency of Photocatalytic Reactions via Surface
Microenvironment Engineering. J. Am. Chem. Soc. 142, 2738-2743.
doi:10.1021/jacs.9b12247

Three-phases Non-Enzymatic Glucose Sensors

Zhou, Y., Liu, C,, Yu, Y, Yin, M., Sun, J., Huang, J., et al. (2020). An Organelle-
Specific Nanozyme for Diabetes Care in Genetically or Diet-Induced Models.
Adv. Mater. 32, 2003708. doi:10.1002/adma.202003708

Zhu, X,, Yuan, S., Ju, Y., Yang, J., Zhao, C., and Liu, H. (2019). Water Splitting-
Assisted  Electrocatalytic Oxidation of Glucose with a Metal-Organic
Framework for Wearable Nonenzymatic Perspiration Sensing. Anal. Chem.
91, 10764-10771. doi:10.1021/acs.analchem.9b02328

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Zhang, Ding, Chen, Wang, Zhang and Feng. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org

April 2022 | Volume 10 | Article 909187


https://doi.org/10.1021/ja209044g
https://doi.org/10.1002/adma.201400753
https://doi.org/10.3389/fbioe.2022.872984
https://doi.org/10.1016/j.jechem.2020.03.078
https://doi.org/10.1007/s40820-017-0178-9
https://doi.org/10.3389/fbioe.2021.774210
https://doi.org/10.1016/j.bios.2017.04.038
https://doi.org/10.1021/jacs.9b12247
https://doi.org/10.1002/adma.202003708
https://doi.org/10.1021/acs.analchem.9b02328
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
www.frontiersin.org
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#articles

	Three-Phases Interface Induced Local Alkalinity Generation Enables Electrocatalytic Glucose Oxidation in Neutral Electrolyte
	Introduction
	Materials and Methods
	Materials
	Fabrication of Triphase/Diphase Electrode
	Characterization
	Measurement Methods

	Results and Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


