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ABSTRACT. An efficient and facile MOF-template strategy for preparing
carbon nanocomposites has been developed. First of all, a series of metal ions
including Fe**, Zr*" and La®" were respectively connected with 2-aminoterephthalate
(H,ATA) to form three metal-organic frameworks (MOFs), and then three novel
MOF-derived materials were obtained by annealing them at 550 °C under N,
atmosphere. The morphologies and microstructures results showed that they still
retained the original structure of MOFs, and formed carbon supported-metal oxide
hybrid nanomaterials. Interestingly, it was found that La-MOF-NH, and its derived
materials were firstly reported, which had wool-ball-like structure formed by many
streaky-shaped intertwining each other. Furthermore, these MOF-derived materials
were all successfully used as effective immobilization matrixes of
acetylcholinesterase (AChE) to construct biosensors for the detection of methyl
parathion. Especially, [La-MOF-NH;]n, structure with wool-ball-like not only
provided more active sites of mulit-contents to increase AChE immobilization amount,
but also facilitated the accessibility of electron transfer and shorten their diffusion
length on the surface of electrode. Under optimal conditions, the biosensor based on
[La-MOF-NH;]n; displayed the widest linear range of 1.0x10™"%-5.0x10” g-mL'1 and
the lowest detection limit of 5.8x10™* g-mL™ in three biosensors. This study illustrates
the feasibility and the potential of a series of MOF-derived materials for biosensors
with improved electrochemical performance.

KEYWORDS: MOF-derived materials; Carbon-based nanocomposites; AChE

immobilization; Organophosphate pesticide; Electrochemical biosensor
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INTRODUCTION. MOFs have drawn considerable attention in the latest
decades due to their tunable structures, versatile functionalities and multiple
applications. ' Since Liu et al. reported firstly the MOF-5 framework as a template
for preparing nanoporous carbon materials, a lot of research work has been focused on
the preparation of various nanomaterials derived from MOFs precursors. ° Among
MOF-derived materials, the carbon supported-metal oxide hybrid nanomaterials with
large pore volume and superior conductivity enable a high degree of homogenous
dispersion of metal oxide species within carbon matrix, preventing the metal oxide
from self-accumulation. This is extremely beneficial to the electrochemical
performance of electrode materials. For example, Zhang and co-workers synthesized
porous Co0304/C nanowire arrays by thermally annealing Co-MOF. The hybrid
material manifested not only a high specific capacitance (1.32 F cm™ at 1 mA cm™)
but also an outstanding electrochemical catalysis ability for oxygen evolution reaction
(OER). " Zheng et al. reported an ultrafine MnO nanocrystals encapsulated in porous
carbon matrix (MnO@C) derived from Mn-based MOF, and these MnO@C
composites displayed a high reversible specific capacity of 1221 mAh g after 100
cycles at a current density of 100 mA g'1 when evaluated as an anode material for
lithium-ion batteries (LIBs). '

Most of studies of MOF-derived materials mainly focus on the synthesis and
their application in electrode materials such as supercapacitor, fuel cells and batteries.
Nevertheless, there has been few researches on the enzyme immobilization matrix for

electrochemical biosensor through direct thermal decomposition of MOFs. For such
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analytical application, highly electroconductive nanomaterials with improved
capability for the stable immobilization of enzymes are mainly desired.

The construction of MOFs is mainly based on the diversity of metal oxide
clusters which can be connected with innumerous functionalized organic linkers. As a
linear organic linker, 1,4-benzenedicarboxylate has been widely used because it leads
to the formation of many open-framework structures with interesting features.
13Especially, the linker can combine with trivalent metal cations, such as INK I Fe**

14-16
V4

and Cr’” under solvothermal synthetic conditions to form MOFs. *" cation was

also used in the field of self-assembly to connect 12 dicarboxylate linkers to form

MOFs. Just lately, the amino-functionalized MOF form of MIL-53 has been described.

7 However, up to the present knowledge, another trivalent metal cations (La’"),
synthesis of La-MOF by the combination with H,BDC or amino-functionalized
H,BDC has not been reported. More importantly, these metals-based oxides and their
composites have good electrocatalytic property and biocompatibility, which are
benefit for enzyme electrochemical biosensor.

Electrochemical biosensors remain attractive for their on-site analysis, fast
response, high sensitivity and relatively cheap instrumentation. 1820 A5 far as known, a
key issue in terms of enzyme immobilization has been limiting their performance for
electrochemical biosensors. To seek for better immobilization matrixes, various
materials have been effectively used as the immobilization of enzymes for enhancing
electrochemical performances. 2'** However, these strategies are also subjected to the

shortcomings of low loading capacity and leakage of enzymes molecules. Therefore,
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developing a new matrix with good biocompatibility, enhancing conductivity and
catalytic property for the immobilization of enzymes is very important. More recently,
MOFs have been used as electrochemical platforms to improve the sensitivity and
limits of detection. ***° The introduction of MOF-derived materials into enzymatic
biosensors for the detection of pesticides is still unexplored and lack of relevant
literatures. With further exploiting application of MOFs, MOF-derived materials
could be a more attractive and favorable alternative in the construction of biosensors
because of their better electrical conductivity and mechanical stability.

In this work, three MOFs such as Fe-MOF-NH,, Zr-MOF-NH, and
La-MOF-NH, were prepared by solvothermal method. After further carbonization
under an N, atmosphere, these MOFs were converted to corresponding carbon
nanocomposites, which were homogeneously dispersed in nafion (NF) solution
respectively as matrix immobilizing AChE for the detection of methyl parathion. As a
result, the biosensor based on [La-MOF-NH;]n, with special structure has best
electrochemical performance. As far as we known, it’s the first example of making
use of MOF with wool-ball-like structure as a precursor to prepare novel
carbon-based composites and to construct electrochemical biosensor.
EXPERIMENTAL SECTION
The chemicals, apparatus and electrochemical measurements were described in the

Supporting Information.

Synthesis of MOFs M-MOF-NH, (M: Fe, Zr, La) was prepared as described

previously with some modifications *° in the Supporting Information.
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Synthesis of Carbon Nanocomposites. Under N, flow, the as-obtained
Fe-MOF-NH, was carbonized at 550 °C for 2 h. The product of black powder was
expressed as the [Fe-MOF-NH;]n2. Zr-MOF-NH, and La-MOF-NH, were further
calcined at the same conditions, denoted as [Zr-MOF-NH;]n2, and  [La-MOF-NH;]no,
respectively.

Biosensor Fabrication. CPE was fabricated according to our previous report, >’
and the detail was described in the Supporting Information.

The preparation of AChE biosensor: Firstly, 3 mg of [M-MOF-NH;]n, powders
were dispersed into ImL 0.1 M pH 7.0 PBS containing 0.1% (Wt/V) NF under
sonication for 30 min to obtain homogeneous NF-[M-MOF-NH;]x, suspension.
Following that 6 pL of suspension above was coated onto a freshly polished CPE
surface to get NF-[M-MOF-NH;]|n2/CPE, which was naturally dried at room
temperature for a stable film. Furthermore, AChE/NF-[M-MOF-NH;]n,/CPE was
obtained by dropping 7 pL of 02 mgmL' AChE solution onto
NF-[M-MOF-NH;]n2/CPE and then was placed in a refrigerator at 4 °C as well as
washed with doubly distilled water for two or three times for removing the free AChE
molecules. Finally, the AChE/NF-[M-MOF-NH;]n2/CPE was covered with 5 pL of
0.5 % (Wt/V) NF as the protective layer to get NF/AChE/NF-[M-MOF-NH;]|n2/CPE
and placed in 0.1 M pH 7.0 PBS in a refrigerator at 4 °C.

Methyl Parathion Detection. The NF/AChE/NF-[M-MOF-NH,]x,/CPE was
used for the analysis of methyl parathion by DPV approach. The biosensor

performance was evaluated via its DPV response in 0.1M pH 7.0 PBS solution with
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0.5 mM ATCIL. The biosensor was washed with doubly distilled water, and then
incubated in the certain concentration of methyl parathion for 12 min. In the end, the
biosensor was transferred into the 0.1M pH 7.0 PBS solution with 0.5 mM ATCI to
perform DPV experiment under the same conditions. The inhibition rate of methyl
parathion was estimated as below (Eq.1): *!

Inhibition (%) = (ip.control - Ip,exp)/ip.control* 1 00% (1)

Where [y and /; are the peak current of 0.5 mM ATCI before and after exposure
with different concentrations of methyl parathion. There is a linear relationship
between the inhibition (%) and the logarithm of concentrations of the methyl

parathion.

RESULTS AND DICUSSION

Synthesis and Characterizations of Three Carbon Nanocomposites.
The synthesis route of carbon nanocomposites was shown in Scheme. 1. First, Fe’",
Zr*" and La’" as metal center units, and H,ATA as organic linkers, three MOFs were
synthesized under the solvothermal reaction, which exhibited brown, light yellow and
orange, respectively (Figure 1a). Second, these MOFs were further calcined to obtain

carbon nanocomposites.
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Scheme 1. Schematic Illustration of the fabrication processes of [M-MOF-NH;]n»

Scanning electron microscopy (SEM) images given in Figure 1b and Figure 1c
clearly show the flat spindle structure with a uniform particles and size for the
Fe-MOF-NH, and wafer accumulation structure for Zr-MOF-NH,. Interestingly, as
shown in SEM image in Figure 1d, La-MOF-NH, was wool-ball-like which was
formed by many streaky-shaped intertwining each other. Enlarged view of SEM
image in its inset showed that these streaky-shaped were assembled from many scales
structures of relatively uniform. Furthermore, the structure of the M-MOF-NH,
nanocomposites were revealed by transmission electron microscopy (TEM). The
uniform flat spindle structure for the Fe-MOF-NH, (Figure 1le) and wafer
accumulation structure for Zr-MOF-NH, (Figure 1f) were seen clearly. As shown in
Figure 1g, many intertwined tiny-needles can be observed on the La-MOF-NH,

rough surface.
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28 Figure 1. (a)The digital photos Fe-MOF-NH, , Zr-MOF-NH,, La-MOF-NH; ;

(b, ¢, d) SEM and (e, f, g) TEM images of Fe-MOF-NH, , Zr-MOF-NH, and

33 La-MOF-NHa, respectively.

As clearly seen in the powder XRD of Figure S1, the diffraction patterns of the
38 as-prepared Fe-MOF-NH, are consistent with result of the previous reports. ° Here
40 Zr-MOF-NH, has similar diffraction peaks to the Zr-MOFs prepared by other
43 condition, ** but the peaks were weak. La-MOF-NH; have obvious diffraction peaks,
45 demonstrating that lanthanum ions have been successfully coordinated with H,BDC

ligands to form MOF.
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Figure 2. The SEM and TEM image of (a,d) [Fe-MOF-NH;]nz (b,e) [Zr-MOF-NH;|no
(c,f)[La-MOF-NH; x> (g) Elemental mapping showing the uniform dispersion of
C, N, O, and La elements.

Carbon nanocomposites were synthesized through thermal treatment of three
MOFs at 550 °C under N, atmosphere. Figure 2a-c show the SEM images of these
products including [Fe-MOF-NH;]|n2, [Zt-MOF-NH;]n; and [La-MOF-NH;]n,. After
the thermal treatment, their original morphologies are still retained. In particular, the
[La-MOF-NH;]n2, not only remains wool-ball-like morphology along with a
well-preserved macroscopic structure, but also loose structures appear in the
streaky-shaped intertwining each other, which are more conducive to the subsequent
immobilization of enzymes. This phenomenon is perhaps due to the emission gas in
the calcination process of La-MOF-NH,. In the synthesis process, the mixing of

La(NO3);-6H,0 and H,ATA with DMF solution formed the nucleation which would

10
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crystallize and self-assemble to form streaky-shaped particles under solvothermal
conditions. With solvothermal treatment time prolonging, these streaky-shaped
particles would intertwine with each other to form wool-ball-like particles. Element
analysis from SEM-EDS (Figure S2) method verifies the presence of C, O and
corresponding metal elements in these MOF-derived materials.

The structures of as-derived materials were further examined by TEM as
depicted in Figure 2d-f. The uniform particles were composed of numerous small
nanocrystallites that were uniformly dispersed in the carbon matrix. The elemental
mapping as shown in Figure 2g confirmed the homogeneous distribution of C, N, O
and La elements in the MOF-derived materials.

Figure 3A depicted the XRD patterns of the as-synthesized [Fe-MOF-NH;]n,
[Zr-MOF-NH;]nz and [La-MOF-NH;]n2 samples. Compared with those of MOFs,
their diffraction peaks are obviously different. It can be observed that all the samples
exhibited a broad diffraction peaks around 24.0°, corresponding to diffraction from
the (002) crystalline planes of graphite carbon. [Fe-MOF-NH;]n2 shows obvious
Fe,O; peaks, 2 indicating the formation of Fe,O3 in [Fe-MOF-NH;]n,. The peaks of
[Zr-MOF-NH;]n, at 30.18°, 50.2°, and 59.98° correspond to the respective (111),
(202) and (131) planes of square ZrO,, respectively. No peaks belonging to metallic
La and its oxide phase are detected because of its low content.

Raman spectra of the three samples were also performed to further compare their
graphitic structure, as shown in Figure 3B. Typical G and D bands located at 1587

cm™ and 1348 cm™ represented that the hexagonally bonded carbon atoms inside the
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graphitic networks and the distorted carbon frames on the defect sites.*® The ratio of
integrated intensities of the D band to the G band (Ip/lg) was calculated to be 0.861
([La-MOF-NH;]n2) » lower than that of 0.896 ( [Fe-MOF-NH;]nz) and 1.07
([Zr-MOF-NH;]n»), showing the higher graphitic degree of [La-MOF-NH;]n,, which

was benefit for improving the electric conductivity .

A B (-
11
~ 111 ~ 164 vYYv,
3 22 (131) =} £ v v
@© l © Ipfig =0.896 4 b v
&7 o [Zr-MOF-NHalys | v'e [La-MOF-NH,] 2 .812 ¥ B [Fe-MOF-NHlnzicpE vv
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= = o 81 'V @ [La-MOF-NH,] Y
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Figure 3. The XRD patterns (A) and Raman spectra (B) of [Fe-MOF-NH;]|n,
[Zr-MOF-NH;]n, and [La-MOF-NH;]n; (C) Electrochemical impedance spectra of
CPE, [Fe-MOF-NH;|n2/CPE,  [Zr-MOF-NH;]no/CPE and [La-MOF-NH;]n2/CPE in

the solution of 5.0 mM K;3Fe(CN)¢/K4Fe(CN)g (1:1) containing 0.1 M KCI. Amplitude:

0.005 V; the frequencies: 10 to 107 Hz; bias potential: 0.20 V.

In addition, the effect of the modification process on the impedance of the
electrode surface was investigate by electrochemical impedance spectroscopy (EIS).
Figure 3C displayed the representative impedance spectra of the bare CPE and these
carbon supported-metal oxide hybrid nanomaterials modified CPE in 5.0 mM
K3Fe(CN)s/K4Fe(CN)g (1:1) containing 0.1 M KCL. In the high frequency section, the
high electron transfer resistance (R.) of the bare CPE indicated an inefficient electron

transfer process on the surface of CPE.>' After the bare CPE was modified with

12
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MOF-derived material, their Ry values declined obviously and were in the order of
their Ry values were in the trend of [Fe-MOF-NH;|n/CPE>[Zr-MOF-NH; |n,/CPE
>[La-MOF-NH;]n2/CPE, suggesting high electric conductivity of these materials.

We performed a series of UV-Vis spectra experiments by Ellman’s method ** to
attempt to clarify the interaction between AChE and the MOF-derived material. The
UV-Vis spectra of (a) AChE (b) AChE/ [La-MOF-NH;]np, (¢) blank solutions were
shown in Figure S3. The blank solution absorption band at 325 nm was attributed to
5, 5'-Dithiobis-(2-nitrobenzoic acid) (DTNB). Moreover, the absorption peak at about
411 nm in AChE and AChE/MOF-derived material solutions are approximately the
same under the same condition. This was due to the reaction product of thiocholine
with DNTB, indicating that there was only weak interaction, no strong interaction
between AChE and the MOF-derived materials. As a result, these MOF-derived
materials with suitable microenviroment have good biocompatibility for AChE
immobilization.

Optimization of Experiment Parameters. Various experiment
parameters, such as pH values of PBS, AChE amount, volume of
NF-[La-MOF-NH;]x2 and incubation time, were separately investigated for better
performance of biosensor in the Figure S4A-D and the detail was described in the
Supporting Information. As result, a pH 7.0 of PBS, 0.189 U of AChE, 6 pL of
NF-[La-MOF-NH;]n2 and 12 min incubation time were chosen as the optimal
parameters in the subsequent experiment.

Characterization of the Biosensor. As shown in Figure 4A, the CVs of

13
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various electrodes were investigated in 0.1 M pH 7.0 PBS. As shown in the inset,
there were no any peaks at (a’) NF/AChE/CPE, (b') NF/AChE/NF-
[Fe-MOF-NH;]n2/CPE,  (¢')  NF/AChE/NF-[Zr-MOF-NH;|no/CPE  and  (d')
NF/AChE/NF-[La-MOF-NH,]no/CPE  for the lack of electroactive species in the
examined range. Addition of 0.5 mM ATCI into the PBS, oxidation peak was still not
observed at (a) NF/AChE/CPE. In contrast, oxidation peaks appeared on modified
electrodes after the addition of 0.5 mM ATCI, and peak current increased in
different degrees as following order: NF/AChE/NF-[La-MOF-NH;]n/CPE >
NF/AChE/NF-[Zr-MOF-NH; |no/CPE > NF/AChE/NF-[Fe-MOF-NH;]n2/CPE. These
irreversible oxidation peaks came from the oxidation of thiocholine (TCh). In detail,
the immobilized AChE catalyzed the hydrolysis of ATCI to product electroactive TCh
and acetic acid, and then the resultant TCh could be further oxidized on the surface of
the electrode. **

The influence of the scan rate on the CV performance of three AChE electrodes
were investigated in the presence of 0.5 mM ATCIl. As shown in Figure SS, the
intensity of anodic peaks increased continuously with increased scan rate from 0.04 to
0.3 V s, and the peak currents (i) for ATCl were proportional to scan rate (v)
(Figure 4B; linear regression equations: NF/AChE/NF-[Fe-MOF-NH;]n,/CPE :
ipa(MA)= -13.05w(V s™) - 1.741(R=0.9987); NF/AChE/NF-[Zr-MOF-NH,]x2/CPE:
ipa(PA)= -13.27v(V s - 2.969(R=0.9976); NF/AChE/NF-[La-MOF-NH,]x,/CPE:
ipa(MA)=-22.24 (V s - 2.943(R=0.9932), indicating a surface-controlled process. **

Figure 4C showed typical current—time plots of NF/AChE/NF-[La-MOF-NH;]n2

14
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/CPE, NF/AChE/NF-[Zr-MOF-NH;]n2/CPE and NF/AChE/NF-[Fe-MOF-NH;]no/
CPE under the optimum experimental conditions. With addition of ATCI to the buffer,
the current increased and achieved 95 % of its steady state within 10 s. The response
current increased linearly with the increasing ATCI concentration in the ranges of
0.5-502 uM for NF/AChE/NF-[Fe-MOF-NH;|n2/CPE, 0.4-612 uM for NF/AChE/NF-
[Zr-MOF-NH;n2/CPE and 0.2-705 pM for NF/AChE/NF-[La-MOF-NH;]x,/CPE.
The detection limit of 0.3 uM, 0.16 uM, 0.1 uM was obtained at a signal to noise of 3
respectively. When the concentration of ATCI was very high, a platform was observed,
showing a characteristic of the Michaelis-Menten kinetic mechanism. The
Michaelis-Menten constant (Ky) value for the enzymatic activity of the
NF/AChE/NF-[La-MOF-NH;|no/CPE - to  ATCl  was  estimated with  the
Lineweaver—Burk equation (Eq.2): 3
1Isg = 1/Lpan+ Ky /max 1/c 2)

The Ky value was calculated via the slope and intercept for the plot of the
reciprocals of the steady-state currents (/) against ATCI concentrations. The K, value
was 0.575 mM, 0.413 mM and 0.167 mM respectively, which were much smaller than
0.18 mM of AChE/CMC/GCE, *® indicating a higher affinity of the NF/AChE/
NF-[La-MOF-NH;]n2/CPE to ATCL

Possible Mechanism of Three Materials on Electrochemistry
Performance. Compared with MOFs, these carbon nanocomposites derived from
MOF materials are more suitable for enzyme immobilization support because of their

better electrical conductivity and stability of electrodes. The enhanced

15
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electrochemical response can be ascribed to the good conductivity of these
MOF-derived materials. Meantime, MOFs-derived materials with more active sites of
mulit-contents could be devoted to the increase of the electrocatalysis toward TCh. In
addition, NF protective membrane was used to prevent the loss of AChE molecules,
provide a biocompatible microenvironment to the maximum exposure of active sites
of the AChE. Therefore, MOFs-derived materials in NF effectively promote the
electrocatalysis toward TCh. In particular, it is notable that NF/AChE/NF-
[La-MOF-NH;]n2/CPE has the best performance in all of them, which is mainly due
to [La-MOF-NH;]n, with superior structure. This wool-ball-like structure consists of
more streaky-shaped intertwining and space each other, and many tiny needles can be
observed on its rough surface. The wool-ball-like structure has the advantages that not
only provides more active sites of mulit-contents and more suitable orientation to
increase the immobilization amount of AChE, but also facilitates the accessibility of

electron transfer for its higher electrical conductivity.

16
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Figure 4. (A) CVs of (a/a’) NF/AChE/NF-[Fe-MOF-NH;]x2/CPE  (b/b’)
NF/AChE/NF-[Zr-MOF-NH; |no/CPE  (c/c’) NF/AChE/NF-[La-MOF-NH;]n2/CPE
(d/d") NF/AChE/CPE within/without 0.5 mM ATCI in 0.1 M pH 7.0 PBS (B) The
plots of i, vs. v (C) Amperometric current-time response curves of
NF/AChE/NF-[Fe-MOF-NH;|no/CPE,  NF/AChE/NF-[Zr-MOF-NH;|n/CPE  and
NF/AChE/NF-[La-MOF-NH;]n2/CPE upon successive addition of ATCI into 0.1 M
pH 7.0 PBS solution. Applied potential: 0.76 V. Inset: calibration curves of
steady-state currents vs. ATCI concentration at three AChE-based modified electrodes
(D) their inhibition curves for methyl parathion.

Electrochemical Determination of Methyl Parathion. DPV
measures were performed before and after incubation methyl parathion for 12 min in
0.1M pH 7.0 PBS with 0.5 mM ATCI (Figure S6). As shown in the Figure 4D, the
linear range were found to be 1.0x10"%1.0x10® g-mL™ with the detection limit of
3.2x10™"* g'mL"! for NF/AChE/NF-[Fe-MOF-NH,]xo/CPE, 5.0x107"3-5.0x10 g-mL"
with the detection limit of 1.8x10™"* g-mL"! for NE/AChE/NF-[Zr-MOF-NH,]x,/CPE,

and 1.0x10"-5.0x10° g-mL™" with the detection limit of 5.8x10"* g:mL" for
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NF/AChE/NF-[La-MOF-NH;]no/CPE respectively. Comparative studies with other
AChE biosensors reported were summarized in Table 1. The results indicated that
NF/AChE/NF-[La-MOF-NH;]x2/CPE had a wider range, and lower detection limit.
Therefore, NF/AChE/NF -[La-MOF-NH;]n2/CPE biosensor would be an excellent
platform for the detection of methyl parathion.

Table 1 Comparisons of the Performance of Different AChE Biosensors

Biosensors Linear range Detection limit Refere
nces
AChE/CNT-NH,/GCE 0.2-1.0 and 1.0-30 nM 0.8x10""M 37
AChE/ CS®Ti0,-CS/tGO/GCE 0.036- 22.6 M 2.9x10° M 38
AChE/HCS@PANI/GCE 10°-10° grmL"! 6.3x10""M 39
PLaE-CS/AuNPs-GNs/GCE 0.19 -760 nM 1.6x10"°M 40
AChE/Silica sol-gel flim/CPE 0.1-0.5 ppb 3.3x10"°M 41
AChE/AuNPs-CSs /BOD 107210 M 49x10 M 42
NF/AChE/ NF-NiCo,S,/CPE 10"%10%g-mL"! 1.6x10"*M 43
10"%10%g-mL"! 3.2x10"3 gmL™! This
NF/AChE/NF-[Fe-MOF-NH,],/CPE -
(1.2x107"M) work
5.0x10"%-5.0x10"g-mL"! 1.8x10™" g-mL™! This
NF/AChE/NF-[ Zt-MOF-NH,],/CPE s
(6.9x107°M) work
10"%-5.0x10"g-mL"! 5.8x10" g-mL™"! This
NF/AChE/NF-[La-MOF-NH,]y,/CPE 5
22x100°M) work

The fabrication reproducibility for six NF/AChE/NF-[Fe-MOF-NH;]n,/CPE,
NF/AChE/NF-[Zr-MOF-NH;|n2/CPE and NF/AChE/NF-[La-MOF-NH;]x2/CPE was
performed by comparison of their currents in 0.1 M pH 7.0 PBS containing 0.5 mM
ATCI. The relative standard deviation (RSD) was 4.8 %, 4.7 % and 4.5 % (n = 6),
revealing an excellent reproducibility of the electrode preparation procedure. In
addition, the electrode respectively retained 91 %, 92 % and 92 % of its initial peak
current after it was kept in refrigerator at 4 °C in pH 7.0 PBS for two weeks, and
still retained 81 %, 83 % and 84 % response under the same conditions after four

weeks. The results show long-term stability of these AChE biosensors based on
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carbon supported-metal oxide hybrid nanomaterials modified CPE.
CONCLUSIONS

Three MOFs were prepared by solvothermal synthetic conditions, and an
effective and facile approach was developed to obtain corresponding MOF-derived
materials that were novel carbon nanocomposites. Compared with MOFs, they were
more suitable to be used as -electrochemical sensing materials. Thereinto,
[La-MOF-NH;]n; has the best electrochemical performance, which might be mainly
attributed to the multi-contents of the active species and robust structure of wool-ball-
like structure formed by many streaky-shaped intertwining each other. Moreover,
these electrochemical biosensors fabricated by immobilizing AChE exhibited high
performance towards sensitive detection of methyl parathion under the optimum
experimental conditions. This MOF precursor strategy can be extended in the design
and synthesis of many other hybrid functional materials. Meantime, it also offers an
effective method preparing highly active MOF-derived electrode materials for
different enzymes immobilization in electrochemical biosensor applications.
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