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ABSTRACT: Glucose detection is always a central issue for
researchers due to its comprehensive use in the fermentation
industry, food industry, and biomedical industry. Due to the easy
activity loss and poor stability of the enzymatic sensor, the
development of a nonenzymatic sensor is a desired substitution for
target recognition. But working under a low alkaline environment
with high performance is always a challenge. To address the above
issue, an enzymatic oxidation method was used to design a rose-
like nano-Fe3O4/GO film to mimic the catalytic function of
glucose oxidase. Abundant porous defects with increased oxygen-containing groups were created on the GO surface, and then Fe3O4
crystals were constrained to grow surrounding the defective sites. The rose-like morphology provides an ultrahigh specific surface
area to effectively capture OH−, which shows excellent sensitivities of glucose detection in varied pH environments from 9 to 13 at a
very low operation potential.

1. INTRODUCTION
Glucose is an essential substrate as the metabolic component
in the fermentation industry, food industry, and biomedical
industry.1,2 An electrochemical enzymatic sensor is one of the
most applied methods for glucose detection because of its fast,
accurate, and portable characteristics.3−7 However, activity
loss, storage limit, and high expense are always challenging for
long-term analysis.8−10 To address the above issue, recently, a
nonenzymatic sensor is arousing increasing research interest
due to its high performance and stability in usage.11−15 As a
core of nonenzymatic sensor, the electrode material enables
mimicking of the redox function of flavin adenine dinucleotide
of the enzyme to the detection target.16,17 But current
materials are still unable to absolutely substitute the enzyme
on account of the work limits of a high alkaline environment,
high catalytic potential, and low selectivity.
Transition-metal oxide (TMO) is all along charming as an

advanced oxidant in the construction of nonenzymatic
sensors.18−21 Its working mainly relies on the deep oxidation
of metal atom by OH− to give a high valance state of TMO
under a certain potential.22,23 Currently, almost all non-
enzymatic sensors can only work under a high alkaline
environment (often higher than pH = 13). This is because
the electrode material is required to use OH− to reach a higher
valence, which is of high oxidation ability. However, rare real
detection systems (such as blood, fermentation, waste water,
etc.) can reach such a high pH value; this is the main block to
use nonenzymatic sensors in the practical applications.
Therefore, working in the weak alkaline or neutral environ-
ment is always desired for the research of nonenzymatic TMO
sensor. The main difficulty is the effective collection of OH− in

a weak alkaline environment for the deep oxidation of TMO.
Among a large number of TMOs, nano-Fe3O4 is popular for
sensor research due to its magnetism, low cost, biocompati-
bility, and environmental-friendliness.20,21,24−27 As reported,
the performance of nano-Fe3O4 is greatly affected by its size
and shape, and the anisotropic growth is encouraged to
obviously increase the catalytic activity.28,29 Therefore, various
Fe3O4 shapes from one- to three-dimensional nanostructures
are continuously emerging with the development of novel
preparation routes.30 Normally, one of the most applied
synthesis strategies of nanostructured Fe3O4 is the partial
oxidation reaction of the ferrous ion. In this process, the
oxidant is not only the oxygen supplier but also takes an
important role in determining the morphology of the prepared
Fe3O4 crystal.31−34 However, to obtain the uniform crystal
nanostructure, the stabilizer or additive is often adopted,35−37

which may cover the crystal surface to reduce the active sites
for OH− adsorption. As mentioned above, working under a
weak alkaline environment requires an effective material for
OH− capture. If heterogeneous crystallization of Fe3O4 can be
constructed to produce abundant active sites for OH−

adsorption, then enzyme-mimic sensing will be achieved.
Due to the high conductivity and stability, graphene oxide
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(GO) widely serves as an advanced sensing material to
integrate metal oxides for enhancing the performance.
Although many research studies have focused on the
combination of GO and Fe3O4 for glucose detection, they
presented simple integration of GO and Fe3O4; GO had no
effect on the morphology of Fe3O4.

28,30 Therefore, in this
work, we proposed a method to modulate the subsequent
morphology growth of Fe3O4 on the basis of uniform holes
drilled on the GO surface. Figure 1 shows the schematic
diagram of this synthetic process.
Here, we designed a mesoporous graphene oxide (MGO)

sheet as the oxidant for Fe3O4 synthesis (Figure 1). First, the
MGO sheet was created by using a peroxidase with the
assistance of H2O2, realizing the advanced oxidation of the
original graphene oxide nanosheets. Then, the abundant pores
brought an obvious increase of oxygen-containing groups,
which provide abundant sites for the adsorption of ferrous
ions. Compared with chemical oxidation methods, the pores
created by the enzymatic oxidation method is uniform with
mild preparation conditions and favorable for the growth of
Fe3O4.

32 Finally, due to the space limit at the pore location, the
Fe3O4 nanosheet was forced to heterogeneously aggregate until
the formation of a rose-like cluster. This architecture gives a
large effective area for the adsorption of OH−, which makes the
effective detection of glucose under a low alkaline environment
possible. We experimentally justified our hypothesis and
successfully achieved the glucose sensing at 1 × 10−5 M
alkaline concentration (pH = 9). In addition, this film also
exhibited very wide working pH value from 9 to 13 with high
sensitivity and selectivity.

2. EXPERIMENTAL SECTION

2.1. Reagents and Apparatus. FeCl3·6H2O, potassium
hexacyanoferrate (III), potassium hexacyanoferrate (II)
trihydrate, potassium chloride, potassium hydroxide, ethanol-
amine (ETA), horseradish peroxidase (EC 1.11.1.7, 250 units/
mg), glucose, and 30 wt % H2O2 were purchased from Sigma-
Aldrich Company and used without further purification. GO
powder was purchased from JCNano Technology Company.
Scanning electron microscopy (SEM) employed a JEOL

JSM-6390LV with a SC7620 Mini Sputter Coater from
Quorum Technologies for morphological characterization.
Energy dispersive X-ray spectroscopy (EDX) was used for
elemental identification. The microstructure of the prepared
graphene and Fe3O4 was detected by high-resolution trans-

mission electron microscopy (HRTEM) (JEM-2010 UHR,
Japan) and atomic force microscopy (AFM) (AutoCP-
Research, Veeco, USA). X-ray photoelectron spectroscopy
(XPS), X-ray diffraction (XRD), and Raman spectra were used
for the corresponding characterizations of the materials. The
pH value was calibrated by a pH meter.

2.2. Preparation of MGO by the Enzymatic Oxidation
Method. To uniformly disperse GO, 0.04 mg/mL GO
solution was treated by an ultrasonic cell disruptor for 30
min. Peroxidase (250 U) was dissolved in 0.5 M phosphate
buffer solution (pH = 6.8) to prepare the 2.5 U/mL enzyme
solution. H2O2 solution (30%) was diluted to 0.75 M as an
inducing agent. Four milliliters of GO solution, 8 mL of
enzyme solution, 7 mL of PBS, and 3 mL of H2O2 solution
were mixed together, and then the mixture was treated by
ultrasonication for 30 min. Subsequently, this mixture was
stored at 4 °C for several hours. After the above oxidation
process, the mixture produced a brown suspension. MGO was
collected by repetitive centrifugal separation and deionized
water washing to remove the remaining peroxidase and H2O2.

2.3. In Situ Growth of Fe3O4 Nanoroses on MGO. A
mixture of 1 mM FeCl3 and 50 mL of ETA was prepared and
dispersed under ultrasonication for 8 h to reduce Fe3+ to
Fe2+.38 Subsequently, 0.1 mg of MGO was added in 2 mL of
FeCl2 + ETA mixture, 3 mL of ETA, and 3 mL of deionized
water. The above solution was then transferred to a Teflon-
lined autoclave. Before sealing, a slice of ITO glass was placed
on the bottom of the autoclave, and then O2 was removed by
N2 blowing. After heating at 180 °C for several hours, Fe3O4
nanorose-loaded MGO can be prepared on the ITO glass.

2.4. Electrochemical Measurements. The electrochem-
ical properties were studied using a CHI 660C electrochemical
workstation (Shanghai Chenhua, China), including cyclic
voltammetry (CV) and electrochemical impedance spectros-
copy (EIS). In addition, 10 mM phosphate buffer solution
(PBS, pH = 6.8) containing 0.1 M KCl was used for all the
electrochemical tests. A conventional three-electrode config-
uration was employed during the tests. ITO glass served as the
working electrode substrate. Pt wire and Ag/AgCl were used as
the counter and reference electrodes, respectively.

3. RESULTS AND DISCUSSION

3.1. Enzymatic Oxidation of GO to MGO. As shown in
Figure 1, we expect that GO can not only play a role of an
oxygen donor but also provide the binding sites for Fe3O4

Figure 1. Schematic of the preparation route of the Fe3O4 nanoroses on MGO.
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synthesis. To realize the above design, GO is required to have
enough oxygen-containing groups. However, original GO only
possesses these groups at edges of its sheets and a few defects
to break the π−π bond.39 Most complete regions of GO sheets
lack the oxygen element. Therefore, deep oxidation of GO
sheets will be employed to create more defects for increasing
oxygen content. Oxidase is an enzyme that catalyzes the
specific oxidation−reduction reaction under very mild
conditions when binding with the matching molecule.40 It
can further oxidize carbon materials after its oxidation ability
was activated, but it takes a long time.41−43 In this work,
peroxidase was dissolved in the GO solution to uniformly
adsorb on GO nanosheets by ultrasonic vibration. Then, very
low concentration of H2O2 can excite peroxidase to oxidize
GO nanosheets.
We first investigated the nanostructure evolution of MGO

during the enzymatic catalysis. As shown in Figure 2A−D, with
the time prolonging from 6 to 18 h, more and more tiny holes
were generated on the GO sheets, together with the gradually
enlarged size. Initially, the destruction of the π−π bond
happened at edges or original defect sites, increasing the defect
size. Then, with a continuous increase in oxidation time, pores

began to be produced on the inner surface of GO sheets. This
is mainly due to the continuous introduction of acid defect
sites caused by the produced HClO from the peroxidase
reaction with H2O2.

32 Due to the formation of abundant pores,
the film surface presents high roughness, but no large-sized
defect was produced. This is attributed to the stack of
multilayer GO covering the edges or defects of each sheet that
prevents the excessively fast oxidation. However, after the
formation of inner pores, the oxygen content surrounding
these pores will also increase with further oxidation, which
promoted the breaking from the inside to outside of GO
sheets. Finally, a GO sheet will be completely corroded after 24
h (Figure S2). Therefore, we chose 18 h as the proper
culturing time for further investigation. With the increase in
culture time, more and more mesopores were produced inside
the GO surface, so growing oxygen-containing groups appear
on the GO surface, not just at the edges.
To investigate the evolution of different oxygen-containing

groups after enzymatic oxidation, XPS diagrams of the C
element from GO and MGO were compared in Figure 2E. The
peaks marked from 1 to 4 represent carbon sp2 (CC, 284.8
eV), epoxy/hydroxyls (C−O, 285.8 eV), carbonyl (CO,

Figure 2. FESEM results of the MGO morphologies prepared with different culture times of (A−D) 0, 6, 12, and 18 h. (E, F) C 1s XPS and Raman
spectra results of original GO and MGO films.
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287.7 eV), and carboxylates (OCO, 289.4 eV),
respectively.44 Binding energies of all C 1s peaks shift toward
a high energy level after oxidation, which demonstrates the
increase in carbon valances in these groups and the breaking of
π−π bond between carbon elements. Obviously, the rare O
COH group remains after enzymatic oxidation, confirming
the elimination of most original edges after film preparation.
The atom ratio of carbon sp2 to other oxygen-connected
carbons decreases from 1:1 to 0.9:1, indicating the evolution of
the oxidation process. The spectrum of O also confirms this
change, as shown in Figure S3; binding energies of O 1s shift
toward a lower energy level after oxidation. As discussed
before, during the oxidation process, the carboxylates (O
CO, 289.4 eV) decrease and epoxy/hydroxyls (C−O, 285.8
eV) increase, resulting in a slight shift in the binding energy of
O 1s.43 These two films were also characterized by the Raman
spectra. Figure 2F shows G and D band peaks located at ca.
1590 and 1350 cm−1, which represent the GO lattice and
disorder feature, respectively.45 Compared with original GO,
the ratio of ID to IG evidently increases from 1.03 to 1.07 for
MGO, which demonstrates the formation of more defects. The
AFM result indicates that the thickness of this film is less than
4 nm; in addition, due to the formation of abundant pores, the
film surface presents high roughness, but no large-sized defect
was produced (Figure S2).
3.2. In Situ Growth of Fe3O4 Nanoroses on MGO. The

MGO nanosheets prepared by different culture times were
respectively added to the hydrothermal reactor to investigate
their influence on the Fe3O4 growth under the same
hydrothermal time of 8 h. As shown in Figure 3A,B, when

the culture time was not enough, Fe3O4 crystals only showed a
spherical structure, which is similar with the morphology
synthesized without the assistance of GO. This is because a few
pores were created on the GO surface to produce a weak
influence on the Fe3O4 growth. If MGO was cultured for 12 h,
then several Fe3O4 nanosheets began to be revealed but just on
the edges of MGO sheets (Figure 3C). Until 18 h, a flower-like
Fe3O4 cluster can be finally obtained on the whole surface of
MGO (Figure 3D). Above evidences can indicate that the
enzymatic oxidation time to GO is also important to the
nanostructure of Fe3O4.
MGO is rich in oxygen-containing groups, which are of

negative charge. Due to the electrostatic attraction, Fe2+ is
preferable to be attracted on the porous region of MGO. MGO
is also designed to serve as an oxidation agent to substitute

oxygen gas for Fe3O4 synthesis. According to above results,
MGO prepared by 18 h was used and Fe3O4/MGO prepared
by different crystallization times is characterized and compared
in Figure 4. It is clear that the initially formed Fe3O4 covered

most of the small pores of MGO to decrease the defects. Then,
small Fe3O4 nanosheets were formed in large pores and
gradually filled the cavities. Due to the space limitation, the
growth of nanosheets was forced to be oriented until all pores
were covered (Figure 4B,C). Further prolonging the
preparation time, nanosheets began to bend and connect
together to form a ground layer (Figure 4D). Subsequently, at
partial sites, a larger size of Fe3O4 sheets rapidly grew and
aggregated along a center to form a rose-like cluster (Figure
4E,F). Therefore, we can conclude that the introduction of
MGO has changed the Fe3O4 crystallization behavior. This is
because the defects (pores) of MGO contain plenty of oxygen-
containing groups. Therefore, Fe2+ ions preferred to absorb on
the porous region to form the initial crystal core, which served
as the seed for further crystallization. Different from oxygen,
the oxygen functional groups of MGO cannot freely move;
hence, the growth of Fe3O4 crystals was constrained.
Consequently, the formed Fe3O4 nanosheets were continu-
ously growing and accumulating around a certain center to
shape a rose-like nanostructure.
Finally, we examined the oxidation ability of MGO to Fe3O4.

Two batches of Fe3O4 crystals were synthesized under the
same conditions; differently, MGO and oxygen in air were
respectively introduced. As shown in Figure 5A, Fe3O4
oxidized by oxygen in air shows the original black color (a),
and another Fe3O4 shows a brown color due to the
combination with MGO (b). When a magnet is placed close
to the two prepared samples, as shown in Figure 5B, Fe3O4
particles in both suspensions were attracted to the magnet,
which causes them to aggregate, confirming their magnetism.
Crystal structures of these two Fe3O4 particles were then
analyzed by XRD (Figure 5C). Although two kinds of particles
display all typical peaks of Fe3O4, the peak strength is quite
different. MGO possesses abundant oxygen-containing groups
to provide interaction sites for Fe2+ adsorption. Meanwhile,

Figure 3. (A−D) FESEM of the MGO/Fe3O4 film with different
culture times of 0, 6, 12, and 18 h under a hydrothermal time of 8 h.

Figure 4. FESEM images of Fe3O4/MGO prepared by different
hydrothermal reaction times: (A−F) 1, 2, 4, 6, 8, and 10 h,
respectively.
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these groups can also limit the crystallization behavior of
Fe3O4. With the constrained growth on MGO, Fe3O4 tended
to crystallize toward lattice planes (220) and (420).
HRTEM characterizations demonstrated this influence on

morphology. Using oxygen in air as the oxidation agent (Figure
5D), the prepared Fe3O4 crystals shows the feature of irregular
particles with ca. 4 nm size. Each particle distributed separately
with less aggregation. Differently, MGO provides not only an
oxygen source for the partial oxidation of Fe2+ but also
aggregation sites for crystallization. As shown in Figure 5E,
there was a large nanosheet with the size of ca. 700 nm in the
view. According to the EDX analysis of this nanosheet, the Fe
element almost covered the surface, confirming the domination
of Fe3O4 crystals. In addition, we can also observe a large
number of pores belonging to MGO. The Fe element can also
be tested on the region of pores to indicate the Fe3O4
coverage. The above feature of Fe3O4 is quite different from
the sample (Figure 5D) using O2 in the air as the source of
oxygen, demonstrating the specific effects of the constrained
growth derived from MGO.
3.3. Enzyme-Mimic Sensing Performance of the

Fe3O4/MGO Film. Normally, the nanostructure of materials
provides great effects on electrochemical properties, which
determine the sensing performance. For comparison, both
Fe3O4 nanoparticles and Fe3O4/MGO nanoroses were in situ-
prepared on two indium tin oxide (ITO) glasses. According to
the cyclic voltammetry (CV) diagrams in Figure 6A, it presents
a pair of redox peaks that appeared at 0.36 and 0.10 V for the
Fe3O4/MGO film, as well as 0.49 and −0.07 V for the Fe3O4
film in the buffer solution. The potential of redox peaks
decreased obviously, and the current value of peaks enhanced
after the introduction of MGO for Fe3O4 preparation. In
addition, the peak shapes of the Fe3O4/MGO film are much
sharper, confirming the quicker rate of electron transfer. Above

evidences indicate that the Fe3O4/MGO film possesses lower
resistance with high electrocatalysis compared to the Fe3O4
film. For clarity, electrochemical impedance spectroscopy
(EIS) was further employed to investigate the charge-transfer
resistance. According to the two Nyquist curves in Figure 6B,
the charge-transfer resistances of Fe3O4 and Fe3O4/MGO films
were calculated as 32.2 and 28.0 Ω, respectively. It reveals that
Fe3O4/MGO nanoroses display superior charge-transfer
kinetics and fast electron transport than Fe3O4 nanoparticles.
This may be attributed to the higher contact area of the rose-
like morphology. Each Fe3O4 nanosheet connected together
with others to build a continuous route for electron transport.
Moreover, after the oxidation of Fe2+ for Fe3O4 synthesis,
MGO was synchronously reduced to promote the con-
ductivity.
To verify this speculation, CV diagrams of the bare

substrate, Fe3O4 film, and Fe3O4/MGO film scanned by
different scan rates were performed. According to the
Randles−Sevcik equation, the electrochemical surface area
can be determined by the scan rate and peak current as
follows11

υ
= ×

I
n D CA(2.69 10 )p

1/2
5 3/2 1/2

(1)

Here, Ip and υ represent the peak current and scan rate of CV
test, respectively, n is the number of electrons transferred in
the redox event, D is the diffusion coefficient, C is the
concentration of the probe molecules, and A is the effective
electrode area. In this system, n = 1, C = 50 mM, and D = 1.96
× 10−7 cm2/s.
As is shown in Figure 6C−E, with the increase in the scan

rate, all current values of redox peaks simultaneously increase.
Together with the results of bare substrate and Fe3O4 film, the

Figure 5. (A, B) Digital photos of prepared Fe3O4 and Fe3O4/MGO suspensions with and without a magnet. (C) XRD patterns of Fe3O4 and
Fe3O4/MGO. (D, E) HRTEM images of Fe3O4 and Fe3O4/MGO. The inset of (E) is an EDX map of the Fe element.
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calibration lines of these three samples are fitted in Figure 6F;
we can find that the Fe3O4/MGO film exhibited the highest
Randles’ slope (Ip/υ

1/2) than the others. This may also be
attributed to the increased surface area caused by the special
structure of Fe3O4/MGO. Therefore, the effective surface areas
of Fe3O4 and Fe3O4/MGO films have been calculated as 1.19
and 1.47 cm2 (Table 1). It confirms 23.5% increase after using
MGO as the growth of Fe3O4. Compared with some other
reported nanomaterials, such as Co3O4/chitosan and ZnO/
CNTs,55,56 the as-prepared Fe3O4/MGO film enables the
remarkable increase in the effective electrode surface area,

benefiting the capture of OH− for the electrocatalytic reaction
on glucose.
The oxidation function of the metal oxide to glucose mainly

relies on the OH− ions, which are able to further oxidize the
metal element to higher valence. Therefore, metal oxide for
sensing can only work in a high alkaline environment. This is
related to the working mechanism of nonenzymatic sensors

+ + → +− −Fe O OH H O 3FeOOH e3 4 2 (2)

+ → + +− −FeOOH OH FeO H O e2 2 (3)

+ → +2FeO glucose 2FeOOH gluconolactone2 (4)

Theoretically, the optimal performance occurs at a pH value
of 13; this is also the pH value mostly used. Therefore, we
evaluated the sensing performance of the Fe3O4/MGO film in
a high alkaline electrolyte (pH = 13). From Figure 7A, we can
see that the current peak of CV oxidation at 0.18 V is
increasing with continuous addition of 1 mM glucose from 0 to
16 mM. The trace concentration of glucose was also applied to

Figure 6. (A) Cyclic voltammetry (CV) diagrams and (B) EIS curves in 100 mM phosphate buffer solution of the electrochemical behaviors of
Fe3O4 and Fe3O4/MGO films. (C−E) CV diagrams of bare substrate, Fe3O4 film, and Fe3O4/MGO film scanned by different scan rates in 50 mM
[Fe(CN)6]

3−/[Fe(CN)6]
4− solution and (F) calibration lines of peak current vs scan rate1/2 for the bare substrate, Fe3O4 film, and Fe3O4/MGO

film.

Table 1. Calculated Surface Areas of the Fe3O4 and Fe3O4/
MGO Films

modified electrode Randles’ slope effective surface area (cm2)

bare ITO electrode 0.0824 1
Fe3O4 film 0.0963 1.19
Fe3O4/MGO film 0.1208 1.47
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investigate the sensing limit. The Fe3O4/MGO film can be still
sensitive to 0.1 mM glucose, showing an obvious increase in
the oxidation current peak. With further addition of 0.1 mM
glucose, the peak currents continuously increase with the same
amplification. Based on the repetitive CV data of the same
electrode, the calibration line is fitted and shown in Figure 7B.
It can be found that the relation between glucose
concentration and response current follows a linear function.
The sensitivity of the Fe3O4/MGO film to glucose detection
under a pH value of 13 was calculated as 1183.6 μA·mM·cm−2.
The linear range, sensitivity, and working potential of other
nonenzymatic sensors are summarized and listed in Table 2;
the environmental pH value is 13. According to the results, the
linear range and sensitivity are competitive among the sensors,
and the working potential (0.2 V) is the lowest.
Few works reported that the nonenzymatic sensor can work

at a low alkaline environment. However, the working
environment of glucose oxidase requires a low temperature
with acid or very weak alkaline condition to keep its activity.11

After its immobilization on the electrode, the highest working
pH value of glucose oxidase is 10; otherwise, the enzyme may
rapidly lose its activity.53 In this case, the pH value of 13 is too
harsh for the enzyme to keep its activity. Therefore, if the
material is expected to mimic enzyme function, then the above
characteristics need to be qualified.
We have already confirmed that the as-prepared Fe3O4

nanoroses possess a very high contact area, which is beneficial
for OH− adsorption due to its sufficient interaction sites; it will
be possible to excite its catalysis under a low alkaline condition.
To mimic the normal working condition of the enzyme, the as-
prepared Fe3O4/MGO film was operated under the electrolyte

solution at pH = 9. As shown in Figure 7C, an oxidation peak
appeared at the potential of ca. 0.2 V. The oxidation current is
also growing with increasing glucose concentration, confirming
the available catalysis of the Fe3O4/MGO film under the very
low OH− concentration. The sensitivity under this condition
was calculated as 25.3 μA·mM·cm−2. The catalytic perform-
ance is attributed to the special film structure, which provides
an extremely high contact area for OH− combination.
Although the OH− ions are quite few, they can be effectively
caught on the Fe3O4 crystal surface to participate in the

Figure 7. (A) Sensing performance of the Fe3O4/MGO film to glucose detection by CV oxidation at pH = 13 and (B) calibration line of peak
current vs glucose concentration. (C) Detection performance of the as-prepared sensor under a low alkaline environment with pH = 9 and (D) its
calibration line.

Table 2. Comparison of the Proposed Sensor and Several
Nonenzymatic Sensors of Glucose Reported under pH = 13
Environment

sensor
linear range

(mM)
sensitivity

(μA·mM−1·cm−2)

working
potential
(V) ref.

CoMoO4/
MPC

5 × 10−4−10.8 646.9 0.55 46

ZnFe2O4/
PPy

0.5−8 145.36 0.85 47

Pt/Ni@rGO 0.02−5 171.92 0.5 48
Cu@Cu2O/
rGO

0.005−7 145.2 0.65 49

CuO/
CuOx/Cu

up to 15 1890 0.7 50

Ni(OH)2/
RGO/
Cu2O

5 × 10−4−7.67 5350 0.65 51

Cu2O/
AlOOH/
rGO

5 × 10−3−14.77 155.1 0.55 52

Fe3O4/
MGO

0.1−16 1183.6 0.2 this
work
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oxidation reaction. In addition, the MGO layer was partially
reduced for the synthesis of Fe3O4 crystals to promote the
electron transfer and current magnification. Above synergetic
effects realized the electrocatalysis of the Fe3O4/MGO film
under the weak alkaline condition.
To evaluate the influence of pH value intuitively, we

conducted the experiment at different pH environments. As
shown in Figure 8, the sensitivity of the as-prepared film is

obviously improved with the increase in alkaline concentration.
The sensitivities were tested as 76.9, 218.6, and 733.4 μA·mM·
cm−2 under different electrolytes with pH values of 10, 11, and
12, respectively. It can confirm that higher pH solution enables
more OH− ions for promoting the oxidation ability of Fe3O4.
The results also indicate that the as-prepared sensor is widely
applicable, which is beneficial for its use in different occasions
under different pH values.
Specificity is another important characteristic of enzymes;

hence, the good selectivity of the as-prepared Fe3O4/MGO
film is also required. In blood analysis, many other substances
may cause interferences for glucose detection. Uric acid (UA)
and ascorbic acid (AA) are of low oxidation potential, which
often cause interference during glucose oxidation.54 Therefore,
we adopted UA and AA as two interfering species for
selectivity examination. In this experiment, 0.1 mM UA and
AA were successively added for CV scanning after the first
addition of 1 mM glucose. As shown in Figure 9, UA and AA
produced rare current response to the glucose detection,
demonstrating the excellent selectivity of the Fe3O4/MGO
film.
Stability in an extreme condition is an essential characteristic

of the as-prepared sensor, as shown in Figure S4A, in an
extreme alkaline system (pH = 14); the oxidation peaks exhibit
very slight changes after 30 CV scanning cycles. The sensibility
of as-prepared sensor was tested every day for 5 days; from
Figure S4B, we can see the similar sensitivity with rare
decrease, confirming the outstanding reusability.

4. CONCLUSIONS
We have successfully fabricated a rose-like nano-Fe3O4/MGO
film to mimic the catalysis of glucose oxidase at a low potential.
The special architecture was formed by a two-step method due
to the growth restriction from the controllable defects of
MGO. This structure has a large surface area to effectively
capture OH− ions for exciting its oxidation ability. Under the

ultralow alkali condition (pH = 9), the as-prepared sensor
enables mimicking of the enzymatic ability to perform the high
performance of glucose detection at a very low potential of 0.2
V. This synthesis strategy is promising to precisely control the
porous structure of single or multiple GO sheets, as well as
promote heterogeneous growth of various metal oxides. More
importantly, the enzyme-mimic design for sensor construction
shows potentials of practical applications in the harsh
environment.
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