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ARTICLE INFO ABSTRACT

Keywords: In this study, hemin that has excellent catalytic activity is adopted as a catalyst component and other materials,
Metal organic framework such as metal organic framework (MOF) and carbon nanotube (CNT), are further used to alleviate drawbacks of
Hemin

hemin, such as location issue and molecular aggregation. Based on that, a new catalyst consisting of hemin-
encapsulated MOF and CNT is developed (HemincMIL-88-NHy/CNT). To evaluate its catalytic activity, colori-
metric and electrochemical evaluations are conducted. When colorimetric method is used, HemincMIL-88-NH,/
CNT shows good catalytic activity due to proper interaction between water media and amine bond of MOF. In
electrochemical evaluations, HemincMIL-88-NHy/CNT has high sensitivity (0.538 pApM lem~2) and low
detection limit (0.06 pM) at 0.5-203 uM (R? = 0.999). Even in amperometric response tests, when 10 pM Hz03 is
injected, HemincMIL-88-NHy/CNT shows a better response than other heme protein- based catalysts ((Hb, Mb
and HRP)/CNT) by 2.06-3.26 times. In terms of stability, its catalytic activity is well preserved even under harsh
pH and temperature conditions for a long time (89.5% of the initial value after 15 days). With that, it is
confirmed that the HeminCcMIL-88-NH,/CNT as the catalyst for use in HyO5 sensors is attractive and better than

Hydrogen peroxide sensor
Hydrogen peroxide reduction reaction
Biomimetic structure

other heme proteins.

1. Introduction

Although hydrogen peroxide sensors (H,O5 sensors) are used in a
broad range of applications, there are two main areas. First, HyO, sen-
sors play an important role in food manufacturing processes. The role of
these sensors is to detect residual HoO5 remaining after these processes
[1,2]. In addition, in the biomedical field, detecting H2O5 is important
because high levels of HyO5, which is a component of reactive oxygen
species (ROS), can cause cell damage and oxidative stress [3-6]. Second,
biochemical reaction occurs when oxygen fuel is injected into enzyme-
based catalyst. At this case, HpOy is most likely produced as by-
product. H,O, sensors are therefore needed to measure the undesir-
able Hy0, produced [2,7-9].

In the Hy0, sensor, heme proteins such as horseradish peroxidase
(HRP), hemoglobin (Hb), myoglobin (Mb), catalase (CAT) and cyto-
chrome c (Cyt c) are used as catalysts to react with HoO5, while heme
cofactor is included within the heme protein. This cofactor is the active
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site for catalytic reactions and shows excellent selectivity for detecting
Hy0, [10-12]. Furthermore, these catalytic reactions can be optically
analyzed through colorimetric method using colorimetric substance and
monitored by means of electrochemical evaluations [13-15]. In addi-
tion, it is known that HyO; sensors using heme-protein-based catalyst
have high reactivity and sensitivity and low detection limits [16,17].

However, because the cofactor is located deep inside the protein
shell, effective transfer route by which electrons can move in and out of
the protein is needed. Moreover, because its catalytic activity is sensitive
to pH and temperature conditions, maintaining the conditions that
maximize the catalytic activity and promote the desirable HoO5 reduc-
tion reaction is crucial [18-20].

To overcome these limitations, recent studies have focused on syn-
thetic materials, such as metal oxide-based nanostructures, biomimetic
materials and nanozymes, as catalysts because these materials have high
catalytic activity, offer an economic advantage compared to enzymes,
and can be synthesized in various forms [21-24]. Among them, hemin
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Fig. 1. (a) Schematic diagram for HemincMIL-88-NH,. (b) SEM images of synthesized HemincMIL-88-NH,. (c) PXRD patterns of HemincMIL-88-NH; and MIL-88-
NH, (d) FT-IR spectra of HemincMIL-88-NH,, MIL-88-NH; and Hemin. (e) UV-vis spectroscopy showing the oxidation reaction of TMB in the presence of each
material and HO. (f) Images showing the aggregation and dispersion of HeminCMIL-88-NH, and Hemin dissolved in PBS, respectively.

has been assessed as excellent catalyst for the HyO, reduction reaction.
However, due to molecular aggregation impeding its catalytic activity in
aqueous solution, the optimal synthesis route by which to create catalyst
containing hemin should be developed [25-27].

In this study, to fabricate optimal catalytic structure containing
hemin, hemin-encapsulated metal-organic framework (MOF) structure
is suggested as biomimetic structure of peroxidase because this enables a
better dispersion of hemin as catalyst for the HoO5 reduction reaction in
aqueous solution. Specifically, MIL-88-NHj is chosen as target MOF due
to its large pores and dangling amine bonds, which encapsulates hemin
molecules inside the MOF [15,28-33]. Hemin-encapsulated MIL-88-
NHj, denoted here as HeminCMIL-88-NH,, is prepared from a solution
containing MOF precursors and hemin. HemincMIL-88-NH, is then
further deposited onto carbon nanotube (CNT) to promote electrical
conductivity (HemincMIL-88-NHy/CNT). The -catalytic activity of

HemincMIL-88-NH,/CNT is compared with those of other heme pro-
teins, such as Hb, Mb and HRP. Its HyO, sensing capability is also
electrochemically analyzed, while its HoO sensitivity and long-term
stability are measured.

2. Experimental
2.1. Materials

Iron(IIl) chloride hexahydrate, 2-aminoterephthalic acid, hemin, N,
N-dimethylformamide (DMF), 3,3,5,5'-tetramethylbenzidine, Nafion
117 solution, polyacrylic acid (PAA, 25 wt% solution in water), hemo-
globin human (Hb), myoglobin from equine heart (Mb) and horseradish
peroxidase (HRP) were purchased from Sigma-Aldrich (USA). Hydrogen
peroxide (35.0%) was purchased from Junsei Chemical (Chuo-ku,
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Tokyo, Japan) and isopropyl alcohol (IPA) and ethyl alcohol (EtOH,
99.5%) were purchased from Samchun Pure Chemical Co., Ltd.
(Gyeonggi-do, Korea). Hydrochloric acid (HCl) was purchased from
Duksan (Seoul, Korea). Multi-walled carbon nanotube (CNT) was pur-
chased from Nanotech and the phosphate buffer solution used here (PBS,
0.01 M, pH 7.4) was purchased from Life Technologies. All reagents
were used as received without further purification.

2.2. Synthesis of HeminCMIL-88-NH

HemincMIL-88-NH, was prepared by dissolving FeCls-6H0
(0.0094 g, 0.0346 mM), 2-aminoterephthalic acid (0.0126 g, 0.0692
mM) and hemin (0.0226 g, 0.0346 mM) in DMF (1.5 mL) in 20 mL glass
vial. Next, 3.45 mM acetic acid dissolved in deionized (DI) water (0.5
mL) was then added to the mixture, which was subsequently heated to
120 °C. After cooling, the black suspensions were washed two times with
DMF and ethanol using centrifuge (6000 rpm for 10 min), and dried in
vacuum oven. MIL-88 was synthesized using method similar to that used
to produce HemincMIL-88-NH,. The main difference between MIL-88
and HemincMIL-88-NH is the amount of FeCl3-6H50, with this value
being 0.0692 mM (0.0187 g) without hemin.

2.3. Fabrication of catalysts

To fabricate HemincMIL-88- NH5/CNT, 10 mg of CNT was mixed
with 25 mg of HemincMIL-88-NHj in 5 mL of EtOH. To prepare the
heme proteins/CNT, 10 mg of CNT was mixed with 25 mg of Hb, Mb and
HRP in 5 mL of 0.01 M PBS. The mixtures were sonicated for 5 min at
room temperature.

To make the working electrode, the fabricated catalyst inks ((Hb, Mb
and HRP)/CNT and HemincMIL-88- NH2/CNT) were dropped onto glass
carbon electrode (diameter of 5 mm) and dried for 30 min. After drying,
5 uL of PAA solution (2.5 mgmL’l in DI water) and 4 uL of 5 wt% Nafion
solution were dropped to immobilize the catalyst inks [34-36].

2.4. Characterizations of catalysts

The powder X-ray diffraction (PXRD) patterns were obtained using
Bruker D8 Advanced (TRIO/TWIN) instrument at 1600 W (40 kV and 40
mA). X-rays were scanned at 4°/min from 5° to 20° using silicon holder.
The surface morphology and size of the MOFs were verified using field
emission scanning electron microscope (FE-SEM, JEM-7600F, JEOL).
The powder sample was dispersed in ethanol and dropped onto the
holder. The structural characterization of HemincMIL-88-NH, was
verified using Fourier transform infrared (FT-IR) spectroscopy and
UV-visible diffuse reflectance spectroscopy (UV-vis DRS). FT-IR was
performed on Thermo Fisher Scientific Nicolet iS50 device. Sample data
were analyzed using ATR detector, with 64 measurements taken at a
resolution of 4 cm™!. UV-visible diffuse reflectance spectroscopy
(UV-vis DRS) using Shimadzu UV-2600 spectrophotometer with barium
sulfate powder was also conducted. The UV-vis spectra were treated
using the Kubelka-Munk function and converted to the absorbance
spectra.

For electrochemical evaluation, cyclic voltammetric (CV) and
amperometric response experiments were performed in three-electrode
cell using a Bio-Logic SP-240 electrochemical workstation. The synthe-
sized catalysts were loaded onto GCE. Ag/AgCl (sat. in 3.0 M NaCl) and
Pt wire were used as the reference and counter electrodes, respectively.
The CV and amperometric response experiments were carried out in
0.01 M phosphate buffer solution (PBS, pH 7.4) with nitrogen gas
injected into the electrolyte.
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3. Results and discussion
3.1. Characterization of HeminCMIL-88-NHz

The hemin was encapsulated during the crystal growth of MIL-88-
NH;, implemented under solvothermal condition, which produced
HemincMIL-88-NH;, (Fig. 1a). The morphology and crystal structure of
HemincMIL-88-NH; were then compared with MIL-88-NH; using SEM
and PXRD analysis. According to the SEM images shown in Fig. 1b for
HemincMIL-88-NH; and Fig. S1 for MIL-88-NHs, both samples have an
identical hexagonal column morphology with the longest diameter of
the micron level, while other products having different morphologies
were not found [31].

When the surfaces of both samples were closely examined (insets in
Fig. 1b and S1), no other products remained on their surfaces. These
results indicate that HemincMIL-88-NH; is successfully synthesized
without leaving other by-products. Its identical morphology to MIL-88-
NH; even in the presence of hemin critical evidence of the successful
synthesis. The crystallinity of HemincMIL-88-NH; and MIL-88-NH,, are
examined by PXRD (Fig. 1c). Both samples showed diffraction XRD
patterns in identical positions, which indicate that hemin does not affect
the overall crystallinity of either sample, proving that HemincMIL-88-
NH; and MIL-88-NH; have the same crystal structure [30,37]. However,
the main diffraction peak observed at 26 = 6.9 for HemincMIL-88-NH;
was shifted toward a lower 20 direction, and this shift would be attrib-
uted to the pores expanded due to the presence of Hemin in MIL-88-NH,.

FT-IR and UV-Vis spectra are employed to verify whether hemin is
well encapsulated within HemincMIL-88-NH,. FT-IR spectra of the
powder samples of hemin, MIL-88-NH,, and HemincMIL-88-NH, are
taken via attenuated total reflectance method (Fig. 1d). According to
Fig. 1d, HemincMIL-88-NH, showed ~COOH stretching at 1708 cm ™},
while in hemin, the peak was observed at 1692 cm ! [38,39]. It can be
speculated that the wavenumber for the ~-COOH stretching of Hemi-
nCMIL-88-NHj is shifted as its surrounding environment is changed by
the encapsulation of hemin [38]. HemincMIL-88-NH;, also showed
stretching peaks corresponding to MIL-88-NH;, which confirmed that
MIL-88-NH, structure was well formed and hemin was well
encapsulated.

The UV-Vis spectra also support the existence of hemin in Hemi-
ncMIL-88-NH, sample (Fig. S2). The UV-Vis absorbance levels of
hemin, MIL-88-NHj,, and HemincMIL-88-NH; were measured in the dry
powder state. The absorbance peak of the hemin encapsulated in
HemincMIL-88-NH, was observed at 627 nm, implying that hemin
molecules exist and retain their absorbance properties in HemincMIL-
88-NH, [40]. UV-Vis absorbance was also used to estimate the amount
of hemin loaded in HemincMIL-88-NH; using the calibration curve
measured by a powder mixture of hemin and barium sulfate (Fig. S3). It
was calculated that 18.66 mg of hemin was encapsulated in 30 mg of
HemincMIL-88-NH; (0.622 mg of hemin per 1 mg of HeminCcMIL-88-
NH,).

The catalytic activity of HemincMIL-88-NHj for the HyO5 reduction
reaction was investigated using the oxidization reaction of 3,3'-5,5'-
tetramethylbenzidine (TMB) dissolved in phosphate buffer solution
(PBS) [41-44]. The degree of catalytic activity for the reduction reaction
of HyO2 was quantified by the absorbance of oxidized TMB [45,46]. For
the oxidization reaction of TMB, 2.15 mg of TMB was dissolved in 30 mL
of PBS (pH 4) to fabricate the TMB stock solution. Then, 10 mg of
HemincMIL-88-NH,, hemin, Fe-MIL-88, or Hemin/Fe-MIL-88 was
dispersed into 4 mL of TMB stock solution, after which 10 mM H»05 was
added while stirring. After 10 min of reaction, the colorimetric change of
TMB solutions was observed (Fig. S4) and quantified by UV-Vis spec-
troscopy (Fig. le). As shown in Fig. S4, the light blue TMB solution
became dark blue at different degrees in the presence of the samples.
The TMB solution with HemincMIL-88-NH; showed the most significant
color change (Fig. S4) and the highest absorbance at 652 nm among the
samples measured by UV-Vis spectroscopy (Fig. 1e). This explains that



J. Ji et al.

a)

Electrochemical
H,0, sensor

< 140

3

< 120- c)

2 = Hb/CNT
> 1004 ¢ Mb/CNT
‘@ 4 HRP/CNT
S 804 e HeminCMIL-88-NH,/CNT
T

£ 604

[

el

5 404

o

T 204

o

A

£ 0

a v

\J v L 1
40 80 120 160 200

od

H,0, concentration (uM)

Applied Surface Science 554 (2021) 148786

20
——Hb/CNT
o 1 b) ——Mb/CNT
£ 04 H,0,0.1pM 0.2uM ——HRP/CNT
o | | HeminC MIL-88-NH,/CNT
< L g
3 1
S, 201 . |
s
s |
5 12
g -40- 10um
- 14,
E 4
-16.
E e0d M,
: -18.
(&) 4 H,0, 0.1pM
-80 v 7 T T v
0 200 400 600 800
Time (sec)
10
~ 149
g 04 H,0,
o -
< l
= -104 AA  Glucose H,0,
>
=
2 204
()]
° 4
€
S -304
E
=
O 40
v 1 J hd v v v v v A v v v v L4
0 50 100 150 200 250 300 350
Time (sec)

Fig. 2. (a) Schematic illustration showing the HemincMIL-88-NH,/CNT structure and the H;O, reduction reaction mechanism, (b) amperometric responses
measured at —0.3 V for Hb/CNT, Mb/CNT, HRP/CNT and HemincMIL-88-NH,/CNT upon an injection of 0.1, 0.2 and 10 pM H50O5. Inset shows responses measured
with an injection of 0.1 pM H,0,. (c) Plot of the H,O5 concentration vs. the different current densities, and (d) amperometric responses of HemincMIL-88 NH,/CNT
measured at —0.3 V with an injection of 100 pM UA, AA, glucose and H,O,. For the tests, 0.01 M PBS (pH 7.4) was used as an electrolyte in the N state.

the catalytic activity of HeminCMIL-88-NHj is highest among the sam-
ples tested for the HoO5 reduction. According to Fig. le, the catalytic
activity of HemincMIL-88-NH; was more than twice that of hemin, Fe-
MIL-88, and the mixture of Hemin and Fe-MIL-88. It is known that the
chemical structure of hemin promotes strong inter-molecular in-
teractions, followed by aggregation in an aqueous media (Fig. 1f) [47].
With this aggregation, it is difficult for hemin molecules to serve as a
catalyst during the HyO5 reaction, and the activity of hemin deteriorates
in water media (PBS) [25,26]. However, HeminCMIL-88-NH> is well
dispersed in water media given the use of dangling bonds on the surface
of MIL-88-NH, (Fig. 1f) and also provides sufficient pore space to serve
as a catalyst for the HoO; reaction (Fig. 1a) [48-52]. These characters
enhance the catalytic activity of HeminCMIL-88-NH;, allowing it to
outperform hemin molecules in aqueous media.

3.2. Electrochemical behaviors of catalyst candidates

To evaluate the electrochemical characterization outcomes of Hem-
incMIL-88-NH; and the heme protein catalysts, the catalysts are further
deposited onto CNT and their CV curves are measured. According to
Fig. S5, the reversible redox peak of the Fe core within HeminCcMIL-88-
NH,/CNT was observed to be close to —0.4 V vs. Ag/AgCl. This
reversible peak corresponds to that of hemin (Fe?>" < Fe3") and is evi-
dence that hemin retains its structure well even during the synthesis of
HemincMIL-88-NHj [53,54].

The H505 reduction reaction mechanism of HemincMIL-88-NH,/
CNT is shown in Fig. 2a. The Fe core (Fe3+) of HeminCcMIL-88-NH is

oxidized to O = Fe*t by the reaction with Hy0,, while the Hy0; is
reduced to HyO under a physiological condition. [48,49,53]. To evaluate
the catalytic activity for the reduction reaction of HyO5, the ampero-
metric response of HeminCMIL-88-NH,/CNT is measured and compared
to that of heme protein-based catalysts (Fig. 2b). In amperometric
response tests performed under identical conditions, all catalysts
showed responses when low concentrations of HoO, were injected. More
specifically, when 10 pM H30, was injected, the current densities of the
heme protein-based catalysts (Hb/CNT, Mb/CNT and HRP/CNT) were
2.06, 2.05, 1.63 pA cm‘z, respectively, while that of HemincMIL-88-
NH,/CNT was 5.32 pA cm 2. These data demonstrate that HemincMIL-
88-NH;,/CNT shows a better response by 2.06-3.26 times than the heme-
protein-based catalysts.

To investigate whether this catalyst can be used for HyO» sensors, the
sensitivity, detection limit and selectivity as well as the amperometric
response are important factors in complex environments, such as those
associated with in vivo or environmental measurements, while the
detection limit is important for an analysis of the residue of a substance
[2]. As shown in Fig. 2¢, the current density of HeminCMIL-88-NHy/
CNT was linearly proportional to the HoO5 concentration in the range of
0.5-203 M (R? = 0.999), with detection limit and sensitivity of 0.06 uM
(S/N = 3) and 0.538 pApM ™~ ‘em 2, respectively.

Even in terms of the reproducibility and reliability of HyO5 reduction
reaction, HemincMIL-88-NH,/CNT and the heme protein-based cata-
lysts (Hb/CNT, Mb/CNT and HRP/CNT) show excellent performances
(Fig. S6). According to Fig. S6, the current densities of Hb/CNT, Mb/
CNT, HRP/CNT and HeminCMIL-88-NH,/CNT that were measured at
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Table 1
Comparison of sensitivity and detection limit of HoO» with reported heme protein and hemin-based sensors.
Sensing catalysts Sensitivity [pAPM 'cm 2] Linear range [pM] (R?) Detection limit [uM] (S/N = 3) Ref
Graphene-Fe304/chitosan/HRP 0.132 5-3810 (0.997) 0.6 [16]
Hemin-graphene sheets/poly(3,4-ethylenedioxythiophene 0.235 0.5-70 (0.985) 0.08 [55]
Hb/Au/graphene-chitosan 0.347 2-935 (0.998) 0.35 [56]
Hb/collagen-CNT 0.103 0.6-30 (0.999) 0.13 [17]
[HRP-Palladium] /functionalized-graphene 0.092 25-3500 (0.998) 0.05 [571
Mb/CNT-grafted collagen/dimethyl sulfoxide 0.110 0.6-39 (0.997) 7.4 [58]
Hb/CNT 0.253 0.5-203 (0.998) 0.14 This work
Mb/CNT 0.270 0.5-203 (0.995) 0.30
HRP/CNT 0.171 0.5-203 (0.989) 0.31
HemincMIL-88-NH,/CNT 0.538 0.5-203 (0.999) 0.06
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Fig. 3. Relationships between the (a) temperature and current density and (b) pH of the electrolyte and the current density. Such relationships were acquired by
amperometric responses measured at —0.3 V for Hb/CNT, Mb/CNT, HRP/CNT and HeminCcMIL-88-NH,/CNT, while 1 mM H,0, was injected and 0.01 M PBS (pH

7.4) was used as an electrolyte in the N state.

—0.3 V with an injection of 20 pM H30, were 8.71 + 1.68, 8.09 + 2.38,
5.61 + 2.14 and 17.50 + 1.96 pA cm 2. Because it is generally accepted
that the standard deviation showing the margin of ~20% is reliable, this
confirms that these tests are reproducible and reliable. Also, a compar-
ison of catalysts for HyO sensors is shown in Table 1.

As another desirable property for HyO2 sensors, the catalyst should
have excellent selectivity with the minimized interference effect. To
evaluate the interference effect, the amperometric responses of Hemi-
ncMIL-88-NH3/CNT injecting uric acid (UA), ascorbic acid (AA) and
glucose are measured (Fig. 2d) [21,25]. When such interferants were
injected, amperometric responses were not clearly observed, whereas an
obvious amperometric response was observed upon the injection of
H50,. In addition, although UA, AA, glucose and H,0, were all included
in the electrolyte, HemincMIL-88-NH3/CNT could only detect the HoO5.

3.3. Performance evaluations of the catalyst candidates for H,O4 sensors

It is known that heme proteins are sensitive to pH and temperature
conditions. Thus, it is important to determine the appropriate pH and
temperature environment to ensure the working conditions for heme
proteins. If this is not done, heme proteins can be denaturized and lose
their catalytic activity [19,20]. In this regard, when HemincMIL-88-
NH; in which heme proteins are encapsulated within the MOF substrate
is used, the enzyme denaturation issue can be alleviated. To verify this,
the amperometric responses of related catalysts are measured under
several pH and temperature conditions. As shown in Fig. 3a, when their
catalytic activities were measured at four different temperatures, heme
protein-based catalysts showed the highest current density at room
temperature (25 °C), while their catalytic activity was decreased by
14.0-46.5% under harsh conditions, such as lower (10 °C) and higher
(45 and 65 °C) temperatures than room temperature. On the other hand,

[l Hb/CNT

B Hemin CMIL-88-NH,/CNT

Relative stability (%)
<2
o

5 10
Time (day)

Fig. 4. Stability test of catalysts conducted by measuring different current
densities over 15 days using amperometric responses. For the test, the amper-
ometric responses of the catalysts were measured at —0.3 V vs. Ag/AgCl upon
an injection of 1 mM Hy0.,

the current density of HemincMIL-88-NHy/CNT decreased by only
12.0% at a low temperature and in contrast increased at a high tem-
perature (43.9 and 58.5% increase at 45 and 65 °C, respectively). This
implies that the catalytic activity of HemincMIL-88-NH,/CNT is less
sensitive to the temperature, whereas that of heme proteins is negatively
affected by variations of the temperature. More specifically, regarding
the current density of the catalysts measured at pH levels of 4, 6.5, 7.4
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and 10, the catalytic activity of heme protein-based catalysts was
reduced to 30.6-47.1% and 63.0-74.8% of their initial values under
both acidic and alkaline conditions. (Fig. 3b) On the contrary, that of
HemincMIL-88-NHy/CNT was preserved relatively well under the con-
ditions (11.1-17.7% decrease of its initial value). Based on that, it is
corroborated that HemincMIL-88-NH,/CNT shows wider pH and tem-
perature windows than other heme proteins/CNT samples.

To elucidate the long-term stability of HyO2 sensors using the cata-
lysts tested here, the stability levels of the catalysts are evaluated by
measuring different current densities for 15 days. According to Fig. 4,
the relative stability level of Hb/CNT, Mb/CNT, HRP/CNT and Hemi-
ncMIL-88-NH,/CNT was 80.0, 73.1, 60.7 and 89.5% of the initial
values. Based on these outcomes, it is clearly verified that the stability of
HeminCMIL-88-NH,/CNT is better than that of the heme proteins/CNT
samples and that HemincMIL-88-NH,/CNT has good stability for utili-
zation in H20, sensors. After the reaction, HeminCcMIL-88-NH, was
analyzed by PXRD, SEM and FT-IR spectroscopy to determine its struc-
tural and chemical stability (Figs. S7, S8 and S9). From the analysis, it
was confirmed that the crystal structure and morphology, and chemical
bindings and composition were identical to the pristine case, which
indicates that HemincMIL-88-NHj, is stable during the operation of the
sensor.

4. Conclusion

Hemin, which has high catalytic activity, was adopted as catalyst
component to increase the sensitivity and stability of HyO2 sensors.
However, due to its location issue and molecular aggregation, prevent-
ing catalytic activity, other materials as well as hemin should also be
considered. Accordingly, MOF and CNT were introduced as the mate-
rials. Hence, hemin was encapsulated within MOF (HemincMIL-88-
NH>) and this structure was then deposited onto CNT (HeminCMIL-88-
NH,/CNT). Besides the sensitivity and stability of HyO5 sensor, the
optimal pH and temperature conditions were determined because the
electron transfer affecting the overall performance of HyO, sensor is
sensitive to the pH and temperature conditions.

To evaluate the catalytic activity for facilitation of the reduction
reaction of HyO,, colorimetric and electrochemical evaluations were
conducted. With the use of the colorimetric method, the catalytic ac-
tivity of HemincMIL-88-NH,/CNT was found to be excellent and this is
due to the appropriate interaction between the water media and amine
bond of the MOF. When electrochemical evaluations were performed,
the sensitivity of HemincMIL-88-NHy/CNT was high at 0.538
pApM ~lem~2, and its detection limit was low at 0.06 pM with a range of
0.5 to 203 pM (R% = 0.999). Even in amperometric response tests, when
10 pM H»0, was injected, HemincMIL-88-NHy/CNT showed a better
response by 2.06 ~ 3.26 times compared to the other heme protein-
based catalysts ((Hb, Mb and HRP)/CNT). In terms of stability, its cat-
alytic activity was well preserved even under harsh pH and temperature
conditions for a long time (89.5% of the initial value after 15 days).
Taken together, it can be concluded that the properties of HemincMIL-
88-NH,/CNT as the catalyst for use in HyO5 sensors were better than
those of other heme proteins.
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