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Abstract

A foam consisting of reduced graphene oxide was synthesized by a one-pot hydrothermal method. The foam was used to prepare
ananocomposite with hemin which is formed via 7r-interactions. The nanocomposite was incorporated via a Nafion film and then
placed on a glassy carbon electrode (GCE). The modified GCE displays outstanding catalytic activity towards H,O,. It is
assumed that this is due to (a) the redox-active center [Fe(lII/II)] of hemin, and (b) the crosslinked macroporous structure of
the foam. Both improve the electron transfer rate and electrochemical signals. Under the optimum experimental conditions and a
working voltage of typically —0.41 mV (vs. SCE), the sensor has a 2.8 nM H,0, detection limit, and the analytically useful range
extends from 5 nM to 5 mM with a sensitivity of 50.5 pA uM ' cm 2. The modified GCE has high sensitivity and fast response.
It was utilized to quantify H,O, in spiked environmental water samples.
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Introduction

Hydrogen peroxide (H,O,) is an indispensable intermediate or
end product in chemical reactions and in industry. At the same
time, it is also widely used in many fields, such as foodstuffs,
medication, industrial engineering, environmental governance
[1-3]. If the concentration of H,O, exceeds a certain level, it
can pose a threat to the life activities of animals and plants or
human beings [4]. At present, a lot of methods have been
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developed, involving electrochemical [5], titrimetry [6], col-
orimetric detection [7], fluorometry [8]. For example, Jiang
et al. [9] reported Ag nanoparticles modified conducting hy-
drogel was synthesized to detect H,O, from living cells by
means of electrochemiluminescence. Dou groups [10] devel-
oped a novel sensor, modified by a trimetallic hybrid
nanoflower supported MoS, nanosheet, to monitor H,O, from
cancer cells. Shimeles and co-workers [11] described a sensor
constructed by stainless steel electrode to detect the concen-
trated H,0O, via electrochemical measure. Zhu et al. [12] uti-
lized chemiluminescence method to detect H,O,, using
N-(amino butyl)-N-(ethanophenol) (ABEI) moderated gold
nanoparticles AuNPs in ABEI/AuNPs/CoS,; NWs.

Researchers are extensively attracted by electroanalysis
owing to its intrinsic advantage, including high sensitivity,
low-cost, relatively stable and real-time detection [13].
Especially enzymatic sensor, it has high sensitivity and accu-
racy. In spite of this, the enzymatic sensor has the inevitable
disadvantage of enzyme instability and great environmental
interference, which impose restrictions upon detection of
H,0, in actual application [14].

Among diversified materials, graphene and its composites
have attracted great attention. In virtue of its marked perfor-
mances, including large surface area, remarkable conductivity
and high electron transfer rate [15], makes it possible in many
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fields. The three-dimensional reduced graphene oxide foam
(3D rGO foam) contains abundant groups containing epoxy
and hydroxyl groups [16], which are not only to covalently
combine with the supported material, but also improve the
solubility of the carrier substances. It is worth mentioning that
3D rGO foam has a cross-linked macroporous structure,
which can enhance the electron transfer rate [17].
Simultaneously, it offers a possibility to support the more
electroactive materials to improve sensitivity. For example,
Ding et al. [18] designed a nanocomposite material, which
was composed of amorphous carbon (AC) coated with
Fe;0,4 nanospheres and further sealed on the 3D rGO foam,
to raise the electrical conductivity in lithium-ion batteries.
Zhao groups [19] reported a hybrid aerogels, which was
consisted of 3D rGO foam modified by Tiz;C,Tx MXene,
has good electromagnetic interference shielding perfor-
mances. Xiao and coworkers [20] developed a 3D rGO-
MoS,/Pyramid Si heterojunction to enhance charge separation
and transfer for the fabrication of optoelectronic devices.

Hemin, iron (III) protoporphyrin, has the center of redox
activity, like some kinds of proteins, such as cytochrome ¢
and peroxidases, can catalyze some substances. In addition,
the electrocatalytic mechanism of hemin is similar to that of
some enzymes, including peroxidase or nitrite reductase. It
offers a probability for the H,O,, NO/NO,, peroxide and
tryptophan. Because of the characteristics of hemin, it pos-
sessed meaningful applications in the field of material
analysis.

Herein, we devised an electrochemical sensor based on
3D rGO foam-hemin nanocomposites to detect different
concentrations of H,O,. 3D rGO foam was prepared by
the aid of hydrothermal process, which has a large specific
surface area and can modify more electroactive substances
to prevent the polymerization of materials [4]. Hemin, an
electroactive substance, was immobilized on the 3D rGO
foam by covalent bonding. Compared with enzyme-based
sensor, the sensor has lower detection limit and prominent
selectivity ability. It is worth mentioning that the perfor-
mance of the sensor is relatively stable and less affected
by environmental factors. This method can be used to syn-
thesize different composite materials, such as hemoglobin
(Hb), V,05 nanozymes, Cu,O [4, 21, 22], by loading cor-
responding electroactive substances.

Experimental section

Materials

Hemin (>95%) was afforded from Shanghai Macklin
Biochemical Co., Ltd. (http://www.macklin.cn/)

Graphene Oxide (GO) was acquired from Shenzhen
Tuling Evolution Technology Co., Ltd. (China). Nafion
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® 117 solution and Uric acid (>99%) were acquired
from Sigma—Aldrich (https://www.sigmaaldrich.com/
china-mainland.html). H,O, (AR, 30%) and
NaH,PO4-2H,0 were supplied from Sinopharm
Chemical Reagent Co., Ltd. (http://en.reagent.com.cn/).
Na,HPO,4-2H,0 was provided by Shanghai qingjie
chemical technology Co. Ltd. L-cysteine (99%) was ac-
commodated from Aladdin (https://www.aladdin-e.com/).
Ascorbic acid was gained from Shanghai chemical
reagent factory (https://www.sinoreagent.com/). Overall
aqueous solution were prepared by DI water.

Instrumentation

Cyclic Voltammetry (CV) curves was carried out on a
CHI 660b eclectrochemical workstation (CH Instruments,
Shanghai). The morphologies of 3D rGO foam and 3D
rGO foam-hemin were investigated on a Hitachi S-4800
scanning electron microscopy (SEM). UV-vis spectrum
was completed by a Thermo Multiskan spectrum spec-
trophotometer. Electrochemical impedance spectroscopy
(EIS) curves was implement on a CHI 660b electro-
chemical workstation. Electrochemical measurements
were accomplished via three electrode system, which
consisted of active materials served as working elec-
trode, a platinum functioned as auxiliary electrode and
a SCE (saturated calomel electrode) as reference
electrode.

Preparation of 3D rGO foam-hemin composites

In a typical procedure, the 3D rGO foam was prepared via a
one-step hydrothermal method [23]. Firstly, 0.09 g of GO
was put in 40 mL of ultrapure water and stirred at room
temperature until the mixture was a uniform yellow solu-
tion. Afterwards, the GO aqueous dispersion was diverted
to a 50 mL autoclave, which was retained at 160 °C up to
10 h. The columned self-assembled graphene hydrogel
(SGH) was taken out from autoclave, when cooling to in-
door temperature. The 3D rGO foam was generated through
drying SGHs in a freeze dryer for 48 h to remove excess
moisture. 1.0 mg of 3D rGO foam was resolved into 1 mL of
ethanol solution containing 5 wt% Nafion via sonicating for
30 min to form well-proportioned solution. Then, 2.5 mg of
hemin was dispersed to the mixture solution. To ensure a
homogeneous solution, an ultrasound of the solution was
performed for 30 min. After mixing evenly, the 3D rGO
foam-hemin composites were eventually obtained, then
stored in a 4 °C refrigerator for later use. Before each use,
the mixed solution was ultrasonic for 10 min in the ultra-
sonic instrument to make it re-dispersed uniformly.
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Fabrication 3D rGO foam-hemin sensor

Primarily, GCE was physically polished with 0.3 um,
0.05 pm alumina powder separately, which was thoroughly
rinsed with ethanol for several times, sonicated in ultrapure
water for 2 min to remove of residues, followed by de-aerating
with nitrogen gas. Before using the composite material, the
composite material was ultrasonic in ultrasonic cleaner for
10 min to make the solution more evenly mixed.
Afterwards, 4 pL of aforementioned 3D rGO foam-hemin
nanocomposites were dripped to on the surface of the as-
polished GCE. Finally, these modified electrodes were dried
at 40 °C for 15 min in an oven. When being prepared
completely, the modified electrodes were stocked in a refrig-
erator for later use.

Results and discussion

Characterizations of the 3D rGO foam and 3D rGO
foam-hemin composites

Described by the Scheme 1 is constructed of this electro-
chemical sensor based on 3D rGO foam-hemin nanocom-
posites to detect the H,O,. The successful synthesis of 3D
rGO foam is mainly ascribed to the recovery of -
conjugated system from GO sheets. In the reaction process,
water can be retained in the reduced GO sheets, owing to the
presence of incompletely reacted hydrophilic oxygen func-
tional groups [24]. Therefore, the 3D rGO foam was pre-
pared successfully attribute to this factor and 7t- stacking
on reduced graphene oxide sheets. Hemin (iron porphyrin)
is the active center of peroxidase, which is a carrier for elec-
tron transfer reaction. It has redox properties based on
changes in the valence state of iron. Compared with enzyme,

hemin is not easily influenced through environmental ele-
ment containing temperature and pH, which makes the per-
formance of sensor more stable and avoid external interfer-
ence. Thus, hemin instead of enzyme was selected to fabri-
cate sensor. To deserve to be mentioned, 3D rGO foam com-
bine with hemin firmly via the 7t—interactions [25]. Nafion is
a perfluorinated sulfonate polyelectrolyte. The volatile film
can fix some electroactive substances firmly through ion
exchange to avoid the modified material leakage.
Therefore, Nafion is used as bonding stabilizer to fix
electroactive substances on the surface of the GCE to avoid
the modified material leaks from the electrode surface.

The morphology of 3D rGO foam and 3D rGO foam-
hemin composites are revealed via SEM. Figure 1a exhibits
that freeze-dried samples possess plenty of porous struc-
tures with pore sizes of the skeleton ranging from several
hundred nanometers to several micrometers. Figure 1b with
high magnification displays that a well-defined 3D rGO
foam are composed of abundant thin layers of GO stacked
nanosheets. Due to the convergence of graphene sheets, the
mechanical cross-linking sites of 3D rGO foam were
formed. Accordingly, the fabrication of macroporous
graphene sheets has considerable intrinsic flexibility. As
shown in Fig. lc, a large amount of hemin is randomly
dispersed in the 3D rGO foam, and significantly, the 3D
rGO foam retains its inherent structure even after hemin
immobilization. This phenomenon proves that the 3D rGO
foam not only has strong mechanical strength, but also pos-
sesses a large specific surface area to support more hemin.
Furthermore, the rod-shaped structure of hemin adsorbed on
the 3D rGO foam is monodispersed without obvious aggre-
gation, as shown in Fig. 1d. At the same time, from the
SEM, we can intuitively see the successful preparation of
composite materials, which can be further verified by UV-

Scheme 1 Schematic
presentation of the
electrochemical hydrogen
peroxide sensor based on a
nanocomposite prepared from
hemin and reduced graphene
oxide foam

vis absorption spectroscopic results(Fig.S1).
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Fig. 1 SEM images of 3D rGO
foam (a and b) and 3D rGO foam-
hemin (¢ and d) at different
magnifications

Electrochemical characterizations

modified electrodes in N,-saturated PBS (0.1 M, pH 7.0) at
scan rate of 100 mV s~ . As is shown, the bare electrode and

To evaluate the catalytic performance of hemin and its com-  the 3D rGO foam modified electrode present relative flat
posites, the electrochemical means of Cyclic Voltammetry  curves of double-layer charging, while the hemin and its com-
(CV) was employed. Figure 2a shows CV curves of different ~ posites electrode conduct redox peaks under the same

Fig. 2 a CV curves of the bare,
3D rGO foam, hemin, 3D rGO
foam-heminat the scan rate of
100 mV s '. b CV curves of the
3D rGO foam-hemin electrode
recorded at different scan rates
(from inner to outer: 10, 20, 30,
50, 100, 200, 300 mV s ') in N»-
saturated PBS (0.1 M, pH 7.0).
Inset: plots of peak currents ver-
sus scan rate. ¢ CV curves of the
3D rGO foam-hemin electrode
recorded at different concentra-
tions of H,O, at the scan rate of
100 mV s~ " in the scan range
from —0.8 Vto 0.1 V. d
Electrochemical impedance spec-
troscopy of (a) bare GCE, (b) 3D
rGO foam/GCE, (c) 3D rGO
foam-hemin/GCE in 5.0 mM
K;3Fe(CN)g/K4Fe(CN)g (1:1).
Inset is corresponding equivalent
circuit

@ Springer

a b
40 300
bare - /
——3D rGO foam ey
30r hemin 200 'g o \
20 | —— 3D rGO foam-hemin, ol

Current / pA
=

W T
Sean rate /mV s

100

Current/ pA
=

0F
2ol -100 |
300mvs’
20+ -200
-1
-0.8 -0.6 0.4 0.2 0.0 0.2 -0.8 -0.6 -0.4 -0.2 0.0 0.2
Potential / V vs SCE Potential / V vs SCE

C d

404

204
<
3 0
= S
g -204 =
£ N

-40 1
© —0mM

-60 4 —0.5mM

—5.0mM
80 A . . . . -
0.8 -0.6 0.4 0.2 0.0 0.2 100 200 300 400 500 600
Potential /V vs SCE 7'/Q



Microchim Acta (2020) 187: 45

Page50f8 45

condition. The redox peak of the 3D rGO foam-hemin/GCE
curve is clearly visible, with the oxidation peak approximately
—0.309 V and the reduction peak approximately-0.409 V. As a
result, the formal potential E” is calculated to be —0.359 V by
the formula of E* = (Epa + E,0)/2, which is in keeping with the
previously reported hemin redox pair. The issue strongly as-
sumes that the 3D rGO foam as a substrate can accomplish the
goal of direct electron transfer (DET) between the hemin and
GCE, which ascribes to redox reaction of hemin active
center: Fe(lll)+e — Fe(Il). The peak current rate (Iy/Ip,)
of 3D rGO foam-hemin/GCE is 1.3, while hemin/GCE drops
down to 1.02. The peak potential difference (AE,) rises from
38 mV for hemin/GCE to 100 mV for 3D rGO foam-hemin/
GCE. In brief, compared with hemin, the 3D rGO foam-he-
min/GCE performs an apparent increase of peak current.
Cathodic and anodic peak currents of 3D rGO foam-hemin
are eight times higher than that of 3D rGO foam. This phe-
nomenon is primarily due to the inherent properties of the 3D
rGO foam, which has a continuous porous network that accel-
erates the charge transfer between hemin and GCE. On the
basis of Laviron’s equation: [26].

RT
logks = alog(1—a) + (1-a)loga—log (T) —a(l-a)
nFy

in the system of 3D rGO foam-hemin/GCE, we assume the
charge transfer coefficient o = 0.5, charge transfer number
n=1 and the peak potential difference, AEP =100 mV, kq is
estimated to be 0.736 s |, which is twice as much as the value
of the individual hemin. This affirms that the foam has a large
specific surface not only to immobilize more hemin, but also
to prevent hemin aggregation and facilitate electron transfer.
The surface (I') number of electroactive hemin immobilized
on the surface of 3D rGO foam is figured up basing on the
following expressions [26]:

3\ 7
> nviDyTAC, (2)

F
I, = 0.4463 ( —
RT

Table 1 Comparison of the proposed sensor with other reported
electrode materials for determination of H,O,

Electrode materials Linear range Detection (nM)  References
ABEIFAg@PAni-PA  0.01-40 M 33 nM [9]
Ag/graphene oxide 1002000 uM 1.9 uM [28]
FePt-Au HNPs 20-700 uM 12.33 uM [29]
PtPb/G 2nM-25mM 2nM [30]

3D rGO foam-hemin 5 nM-5 mM 2.83 nM This work

Here, n stands for the number of electron transfers (n= 1),
F is on behalf of Faraday constant (96,485 C mol ') and v
represent the scan rate. The concentration of electroactive he-
min at 3D rGO foam/GCE was evaluated to be
0.316 mol cm %, which is bigger than that of hemin/GCE
(0.023 mol cm ?). It is mainly attributed to plentiful pore
structure of 3D rGO foam, more hemin can be decorated.
Therefore, 3D rGO foam composites have favorable capabil-
ities for the advanced accuracy in sensor applications and
improve the sensitivity of the sensor.

Figure 2b manifests the CVof 3D rGO foam-hemin/GCE at
different scan rates. The inset presents that current have linear
relation with the scan rate increase. These phenomena expose
that there is a direct electron transfer (DET) between the he-
min and GCE, and the DET depends on the surface control
process. The direct electrochemistry of 3D rGO foam-hemin
suggests that 3D rGO foam can provide a suitable microenvi-
ronment for hemin DET. The peak potential difference has
nothing to do with the scan rate, which indirectly point out
that electrons can not only be transferred rapidly between
hemin and GCE after doping 3D rGO foam, but also hemin
can be firmly stabilized on 3D rGO foam. The fascinating
electron transfer behavior vitalizes us to detect the sensor
properties of the as-synthesized 3D rGO foam-hemin
composites.

The electrochemical catalytic behavior of the 3D rGO
foam-hemin/GCE sensor in H,O, redox reaction is studied
by CV method. As depicted in Fig. 2c, when there is no

Fig3 a Typlcal current- a 200 b 222
concentration response curves of
the sensor measured by differen- -224
tial pulse vql.tammetry upon suc- < 210} < 2l
cessive additions of H,O,. b The =1 =
calibration plot for H,O, in the - = 228}
linear range (5 nM-5 mM). Scan g 220t 5

-1 = = -230
rate of 100 mVs * and the scan 5 a 5
range from —0.7 Vto —0.1 V QO 230t } O 2321 1=-241.790-3.535l0g C,

f 234F  R=0.99546
240 L 1 L L ! 2236 Il L Il Il L L 1
0.7 -06 -05 -04 -03 -02 -01 55 -50 -45 40 -35 -3.0 -25 -2.0

Potential / V vs SCE
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Fig.4 a Amperometric responses a

of 3D rGO foam-hemin for the 56

sequential addition of 100 nM

Ascorbic acid, 100 nM Uric acid, 4 4

100 nM L-Cysteine, 100 nM 3 40
Urea, 100 nM Glucose, 100 nM : 2
NaCl and 100 nM H,0,. b

Cathodic current of 3D rGO Yu
foam-hemin electrode recorded at = 16

different circles (n=15)

Ascorbic acid
Uric acid
L-cysteine

H,0, in PBS, the modified electrode exhibits clearly defined
redox peak at —0.409 V and —0.309 V, separately. With the
concentration of H,O, increasing, the CV curve of the 3D
rGO foam-hemin/GCE displays an increased anodic and ca-
thodic peak current, which indicates that H,O, on the 3D rGO
foam-hemin/GCE is obviously oxidized and reduced. This is
mostly because that the HO, was catalyzed by electroactive
substance hemin to produce an enhanced current signal.
Accordingly, the current intensity enhances with the concen-
tration of H,O,. The hemin catalytic mechanism of H,O,
redox reaction is arranged as follows [27]:

hemin(Felll) + HyO,—hemin(Fell) + H,O (3)
hemin(Felll) + ¢ —hemin(Fell) (4)
1
5[‘1202 +H+ +€7—>H20 (5)
1
H20—>§H202 +HY +e (6)
hemin(Fell ) —hemin(Felll ) + ¢ (7)

Figure 2d indicates the EIS curves via utilizing [Fe(CN)qJ?
~ as signal probe. The Nyquist plots of the modified elec-
trodes are composed of the high frequency semicircle corre-
sponding to the electron transfer restriction process and the
low frequency linear part corresponding to the diffusion pro-
cess. The electron transfer resistance (Rct) of 3D rGO foam-
hemin composites modified electrode can be acquired from
the semicircle diameter. As revealed in Fig. 2d, the electron
transfer resistance of the bare electrode displays a fairly low

—/4

Table 2 The recoveries of H,O, in the serum determined by the
proposed 3D rGO foam-hemin-based electrochemical sensor

Sample C dded TM C getect 1M Recovery (%) R.S.D (%)
1 10 9.26 92.6 4.13
2 100 102.7 102.7 3.68
3 500 484.6 96.9 2.55
4 600 607.4 101.2 541

@ Springer
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electron-transfer resistance 25 ) (curve a). As the 3D rGO
foam modified, the resistance increases around 60 2 (curve
b), just that the negative charge of the oxygenated functional
groups may exist an electrostatic repulsion between 3D rGO
foam and redox probe, causing the resistance increases. When
embedded the hemin, the electron-transfer resistance of the 3D
rGO foam-hemin/GCE exhibits a higher value about 210 €2
(curve c). The consequence may be ascribed to hemin is a
macromolecule protein with poor electrical conductivity that
hinders electron transfer. The consequence testify the trium-
phant arrangement of 3D rGO foam-hemin composites.

Optimization of the assay

In order to examine the domino offect of the concentration of
hemin on the characteristic of the sensor, we selected the con-
centrations of hemin and 3D rGO foam in various proportions
as the control experiment. Specifically, the concentration of
3D rGO foam is constantly (I mg mL™") immobilized with
different concentrations of hemin. Hemin contains Fe(III) por-
phyrin. Hence, the DET between hemin and GCE is affected
by pH. In order to accomplish this, different pH were surveyed
by CV. Relevant data and Figures on optimizations are placed
in the Electronic Supporting Material (Fig. 2S). In a word, the
experimental results shows that the optimum dosage: (a)
2.5 mg of hemin and 1.0 mg of 3D rGO foam; (b) the best
pH value of 7.

Quantitative experiments

Figure 3 reveals a typical response for the 3D rGO foam-
hemin/GCE upon successive additions of H,O, under stirring
in N,-saturated PBS. A given mass of H,O, solution was
added to the agitated PBS, the cathodic current obviously
increased and the reaction was rapid. The calibration diagram
of the 3D rGO foam-hemin/GCE sensor consistent with the
amperometric response, as is illustrated in Fig. 3, displays a
large linear range of 5 nM-5 mM (R = 0.99546) and the de-
tection limit is 2.83 nM with the signal to noise ratio(S/N) of 3.
Furthermore, with the comparisons of different electrode
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materials for H,O, (Table 1), the proposed sensor displayed
several superior analytical performances including relatively
low detection limit and wide linear range.

From the aforementioned consequences, we can draw a
conclusion that 3D rGO foam-hemin/GCE sensor illuminates
superior performances, owing to the special properties of 3D
rGO foam, including a large active surface area can be em-
bedded more electroactive material hemin, high electrical con-
ductivity raises the sensitivity and mechanically strong pro-
vides a stable environment. It offers a potential for detecting
low concentration relative to other electrode materials.
Besides, hemin is different from enzyme, its properties are
more stable. It is not easy to inactivate, and it can catalyze
H,0, effectively. These inherent excellent properties provide
a possible factor to build a sensitive electrochemical sensor.

Selectivity, stability and real-sample analysis

We put the sensor into the interfering substance to check on
the practicability of the sensor. As the Fig. 4a displayed, the
amperometric response of 3D rGO foam-hemin modified
GCE toward H,0, and other interfering substance at a scan-
ning potential between —0.8 V and 0.1 V. After adding the
100 nM of ascorbic acid, 100 nM of uric acid and 100 nM
of L-cysteine, 100 nM urea, 100 nM glucose, 100 nM NaCl
compared with the blank experiment. The reduction current
increases slightly or even decreases. Notably, the addition of
50 nM of H,0, results in a fairly evident increase in reduction
current compared with other substances. These results can
prove that the modified sensor has a pretty selectivity toward
H,0,. Subsequently, stability and real-sample analysis of the
sensor were valued in the following experiment. The relative
standard deviation (RSD) of the sensor for repeated determi-
nation of H,O, (50 nM) was 5.2% (n=15). This value is sim-
ilar to that of partially commercialized H,O, sensor, indicating
that the sensor has good reproducibility.

To prove the practical applicability of the sensor, serum
was used as the real sample, which contains plenty of poten-
tially interfering ions. It can be seen from the Table 2, when
different concentration of H,O, (10-600 nM) was respective-
ly added into the serum samples, the recoveries are ranged
from 92.6% to 102.7%. These phenomena indicated the sen-
sor can be applied for the determination of H,O, in practical
use.

Conclusion

We describe a sensitive sensor rested on nanostructured 3D
rGO foam-hemin hybrid for H,O,. 3D rGO foam was synthe-
sized by hydrothermal method owing to hydrophilic oxygen-
ated groups, can encapsulate water and 7-stacking of
graphene sheets. The assembly of hemin on 3D rGO foam is

mainly driven by the 7t-stacking on reduced graphene oxide
sheets. The covalent functionalization of 3D rGO foam im-
proves the stability of hemin, at the same time, it can sustain
its good conductivity. The as-synthesized 3D rGO foam
proves to be a satisfying matrix between protein and GCE
direct electron transfer. 3D rGO foam-hemin modified elec-
trode has a well-defined direct electrochemical behavior. With
an interconnected network of 3D rGO foam makes the active
sites of hemin exposure and accelerate the electron transfer,
the sensor has a marked performance. The 3D rGO foam-
hemin-based sensor shows salient catalytic activity toward
H,0; reduction. The phenomenon suggests that 3D rGO foam
acts as a good electrical conductor. 3D rGO foam functions as
an environmentally friendly matrix, which offers a beneficial
microenvironment for immobilizing protein to maintain its
bioactivity and fulfil fast DET as well as becoming a potential
material for electrochemical sensors. In addition, 3D rGO
foam with excellent properties can be put into many domain,
including bioengineering and energy storage, such as drug
transport, biomimetic nanomaterials, supercapacitors. We
can design 3D rGO foam as the substrate material to immobi-
lize different electroactive materials. It provides a potential
possibility for practical production.
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