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ABSTRACT

To achieve rapid detection for metronidazole (MNZ), a mesoporous nickel-based metal-organic
framework (Ni-MOF), which had sub-micron-assemblies of layered flakes and abundant carboxyl
groups, was synthesized in a particular solvent containing water with a facile one-step hydrothermal
method. Using Ni-MOF/multi-walled carbon nanotubes as the sensor electrode, cyclic voltammetry
and differential pulse voltammetry were investigated in MNZ solution (containing 0.1 M PBS). The
current response linearly varied with MNZ’s concentration in the range of 5-100 uM. A relatively
low detection limit of 25 nM was obtained, which outperformed many electrochemical platforms for
MNZ reported in literatures. Moreover, further investigations indicated this system was endowed
with good anti-interference ability repeatability, and long-term stability. The present work was
promising to pave the way for the quantitation of MNZ in biomedical and healthcare applications.
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1. Introduction

Metronidazole (MNZ), as a nitroimidazole derivative,
has often been used in the clinical treatment of disease-caus-
ing bacterial and anaerobic protozoan infections because
of its low price and strong bactericidal effect. It is also uti-
lized as a promoter to improve feed efficiency for induc-
ing the growth of cattle, pigs and poultry [1]. However, its
side effects are relatively large, and its residues are very
harmful to the ecological environment. Many countries
and regions have limited the use of MNZ [2] due to its per-
ceived genotoxic, carcinogenic, and mutagenic side effects
[3,4]. Thus, its real-time monitoring and determination
become very urgent. Several methods have been reported
for the determination of MNZ, including immunoassay
[5], high-performance liquid chromatography [6-8], thin
layer chromatography [9] and spectrophotometry [10-12].

* Corresponding authors.

Nevertheless, most of these methods lack simplicity, cost-ef-
fectiveness, and accessibility. Electrochemical methods
have been widely used in analytical chemistry due to the
advantages of simple preparation, fast response, low cost,
high sensitivity, and the feasibility of miniaturization [13].
The selectivity of electrochemical sensors mainly depends
on the development of chemically modified electrodes [14].
For example, Arturo has prepared an electrochemical sen-
sor for MNZ'’s determination by modifying carbon paste
electrode through the electropolymerization of a-cyclodex-
trin [15]. Under the optimal condition, the detection limit
is 0.28 = 0.02 uM, and a good linear relationship between
the peak current and MNZ concentration is obtained in the
MNZ concentration range of 0.5-103.0 mM. Sadeghi et al.
developed a screen-printed carbon electrode modified with
1-octyl-3-methylimidazolium hexafluorophosphate and Ag
nanoparticles, which shows a detection limit of 0.4 mM and
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a bimodal linear performance when MTZ'’s concentration
ranges within 3.1-310 mM and 310-1,300 mM. Other mod-
ified sensors such as Pt nanospheres/polyfurfural film [17],
graphene-ionic liquid [18], imprinted polymer [19], and ZIF-
67C@rGO [20] have also been developed for MNZ’s determi-
nation. However, they suffer from either high cost, compli-
cated preparation process, lower sensitivity or poor stability.
Metal-organic frameworks (MOFs) are composed of metal
ions and organic ligands. They possess tunable pore size,
superior porous structure and large specific surface area. In
MOFs, the functional groups containing oxygen are benefi-
cial for absorbing and enriching the target molecules, and
the metal center can serve as a catalysis center to promote the
electrochemical reaction. As the result, the electrochemical
signal can be significantly amplified, improving the testing
sensitivity and accuracy. Hence, MOFs can be considered as
new electrochemical sensors. For example, Wang et al. [21]
has utilized Ni(I)-MOF s as an electrode sensor material for
the determination of non-enzymatic H,0O,, which exhibits a
detection limit as low as 2.1 pM and a response within 2.5 s.

The reaction conditions, especially, the solvents used,
significantly influence the formation of MOFs [22]. Solvents
can determine the self-assembly of metals with organic
ligands and be expected to change the interfacial free energy
of the reaction system [23]. Therefore, using different sol-
vents might give rise to different morphology, particle size,
microstructure, specific surface area and electrochemical
properties. This stimulated us to synthesize a higher efficient
MOFs sensor material by using an appropriate solvent. Here,
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nickel-based MOFs were synthesized in different solvents
by a one-step hydrothermal method. The solvents involved
N,N-dimethylformamide (DMF) and water/DMF. In this
work, Ni-MOF was prepared from a mixed solution of DMF
and water with a ratio of 5:1 for further study because of
its rich mesoporous structure and excellent electrochemical
performance.

Under the optimal condition, the as-fabricated Ni-MOFs
were endowed with sub-micron assemblies of layered
flakes and abundant carboxyl groups. By further combin-
ing multi-walled carbon nanotubes with Ni-MOFs, a good
linear relationship between the current response and MNZ
concentration and a relatively low detection limit of 25 nM
was obtained. Besides, good anti-interference ability, repeat-
ability and long-term stability were also observed. These
characteristics made Ni-MOFs an outstanding electrochem-
ical platform for highly sensitive MNZ detection in diverse
applications.

2. Results and discussion
2.1. Synthesis and characterization of Ni-MOFs

As shown in Fig. 1A and B, the samples showed obvi-
ous differences in morphology and particle size. Ni-MOEF-1
had many sub-micron-assemblies of layered flake, while
Ni-MOF-2 tended to closely agglomerate to form large blocks
and almost no pores existed. The water molecules changed
the interfacial free energy and accelerated the growth of
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Fig. 1. Scanning electron microscopy images of (A) Ni-MOF-1, (B) Ni-MOEF-2, (C) X-ray diffraction patterns
(D) Fourier-transform infrared spectra of Ni-MOF-1 and Ni-MOEF-2.
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crystals in specific directions [24], resulting in different mor-
phology and crystallinity. The X-ray diffraction (XRD) pat-
terns of MOFs are shown in Fig. 1C. The diffraction pattern
of Ni-MOF-1 was in good agreement with the MOFs synthe-
sized by Ni ions and terephthalic acid ligands from other
reports [22,25], The diffraction peaks appearing around 9,
12, 15, 18, 24, 28, 32, 40, and 45 were corresponded to (100),
(010), (101), (210), (020), graphitic carbon, (102), (101) for
Ni(OH), and (111) for Ni metal facet, respectively (simulated
from single-crystal [Ni,(OH),(C;H,0,),(H,0),]2H,0, CCDC
no. 638866, [25,26]). Apparently, all reflection planes were
observed in both samples, except the (010) peak is absent in
Ni-MOF-2 which may be covered by the sharp (100) peak
around 9°.

The Fourier-transform infrared (FTIR) spectra of
Ni-MOFs are shown in Fig. 1D. In Ni-MOF-1, the obvi-
ous peaks appearing in the range of 3,000-3,600 cm™ were
ascribed to absorbed H,O molecules. Except for water peaks,
Ni-MOF-1 and Ni-MOF-2 exhibited similar peaks. The peaks
at around 812 and 742 cm™ are assigned to aromatic defor-
mation vibrations of C-H, and the peaks at around 1,571 and
1,374 cm™ were assigned to the symmetric and asymmetric
stretching vibrations of the coordinating carboxyl group [27].

X-ray photoelectron spectroscopy (XPS; Fig. 2) was
employed to further identify the composition of Ni-MOF-1
and Ni-MOF-2. Since both of them showed the same spec-
tra, only one spectrum was presented. As shown in Fig. 2A,
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both of them were mainly composed of C, O, and Ni. In
detail, Ni-MOF-1 presented a similar C 1s spectrum to that of
Ni-MOF-2. It could be further deconvoluted into two separate
peaks which were assigned to the C-C/C = C bond (284.5 eV)
and the carboxylic carbon (288.1 eV), respectively (Fig. 2B)
[28]. For the Ni 2p spectrum (Fig. 2D), there were two main
peaks centered at 856.0 (Ni 2p,,) and 873.7 eV (Ni 2p, ,) with
two satellite peaks of Ni 2p,, (around 861.5 eV) and Ni 2p, ,
(around 879.8 eV), indicating the existence of Ni*" [29].

The specific surface area and porosity played an import-
ant role in electrochemical sensors. As shown in Fig. 3,
both the adsorption—desorption isotherm curves had a
type IV hysteresis loop, which was a characteristic of mes-
oporous materials. The specific surface area and pore size
of Ni-MOF-1 were 22.26 m?/g and 22.28 nm, respectively,
while 14.40 m?/g and 23.91 nm for Ni-MOF-2.

2.2. Electrochemical performance of Ni-MOFs

In 0.1 M phosphate buffer solution (PBS) buffer con-
taining 100 uM MNZ, the differential pulse voltamme-
try (DPV) curves (Fig. 4A) of bare glassy carbon electrode
(GCE) presented two irreversible reduction peaks at —0.713
and —0.310 V. However, in a blank PBS buffer, only a weak
reduction peak at —0.310 V was observed. Based on this
phenomenon, it was reasonable to look at the peak located
at —-0.310 V as the background current in MNZ detection.
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Fig. 2. (A) X-ray photoelectron spectroscopy survey spectrum of Ni-MOF-1 with the high-resolution spectra of (B) C 1s, (C) O 1s,

and (D) Ni 2p.
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Fig. 3. N, adsorption-desorption isotherm and pore diameter
distribution curves of (A) Ni-MOF-1 and (B) Ni-MOF-2.

According to the literature [30], in an alkaline solution, the
dissolved oxygen undergoes a direct four-electron reduction
pathway at negative 0.401 V. Since the peak location and
intensity varied with the electrode detection environment,
the peak at —0.310 V might be attributed to the reduction of
dissolved oxygen. For the peak at —0.713 V, it was ascribed to
the reduction of the nitro group. Its intensity and potential
were significantly different for various electrodes. In cyclic
voltammetry (CV) curves (Fig. 4B), when using Ni-MOF-1/
CNTs/GCE as the working electrode, the response inten-
sity was much higher than those of the other three elec-
trodes. Its current response reached as high as -169.1 A
at —0.631 V. This phenomenon indicated that Ni-MOF-1/
CNTs/GCE showed a higher sensitivity for MNZ [31]. The
possible reasons were mainly as follows: (1) the abundant
hydroxyl groups in carbon nanotubes (CNTs) and carboxyl
groups in MOF could interact with the nitro and hydroxyl
groups in MNZ by hydrogen bonds, making MNZ more
easily enriched on the surface of the electrode, alleviating
the concentration polarization of the electrode and in turn
enhancing response intensity. (2) The higher specific surface
area of Ni-MOF-1 over Ni-MOF-2 along with its nanosheet
stacking, could provide more electrochemical reaction sites

and possibly adsorb more analytes [32]. (3) The introduc-
tion of CNTs improved the electron conductivity of the elec-
trode, promoting the electron transfer within the electrode.
(4) Ni might help to catalyze the electrochemical reaction. In
addition, its higher crystallinity and frame structure might
facilitate the charge and ion transfer. Electrochemical imped-
ance spectroscopy (EIS) further offered relative evidence.
As shown in Fig. 4C, the diameter of the semicircle of
Ni-MOF-1/CNTs/GCE in the high-frequency range was
smaller than that of Ni-MOF-2/CNTs/GCE, indicating the
low charge-transfer resistance. Meanwhile, the straight line
part at lower frequencies for Ni-MOF-1/CNTs/GCE showed
a larger slope than that of Ni-MOF-2/CNTs/GCE, sug-
gesting that the Ni-MOF-1/CNTs/GCE had lower reaction
and diffusion resistance. Thus, the electrode modified by
Ni-MOF-1 might be more suitable for MNZ detection.
Further investigation was carried out with Ni-MOF-1/
CNTs/GCE. Since suitable electrolyte was of great impor-
tance to the electrochemical determination [33], the pH effect
of electrolyte on the electrochemical reduction responses was
studied in 400 pM MNZ here. As can be seen in Fig. 5A and B,
the peak current I increased with the increase of pH from 8.0
to 12.0, while further increasing pH from 12.0 to 13.0 resulted
in a decrease of I, (Fig. 5B). The reason why pH 13 was an
exception might be that strong alkaline environment would
induce the electrochemical reaction to run through a kinet-
ic-controlled process instead of a diffusion-controlled pro-
cess [34]. Therefore, the optimum pH of the PBS buffer used
for MNZ detection was set at 12.0 in the following experi-
ments. In addition, E, dropped linearly with the increase of
pH in the range of 8.0 to 12.0 (Fig. 5C), and the linear rela-
tionship between E and pH could be expressed as Eq. (1).

E,(V)=-0.5406-0.0155pH (1)

The CVs of Ni-MOF-1/CNTs/GCE were also recorded at
various scan rates from 10 to 200 mV/s in 0.1 M PBS buffer
containing 400 uM MNZ (pH 12.0). As shown in Fig. 6A,
when increasing the scan rate from 10 to 200 mV/s, the reduc-
tion peak current increased and the peak potential shifted
negatively (Fig. 6A). The relationship between I and the
square root of v (Fig. 6B), could be expressed with a linear
equation as Eq. (2).

I,(nA)=-12.08129 + 15.337650 2 (mv s’l) )

This result indicated that the electrochemical reaction
of MNZ here was based on a diffusion-controlled process.
In addition, the negatively shift peak potential proved
the electrochemical reaction irreversible [35]. In order to
further study its reaction kinetics, the peak potential (E)
was plotted as a function of the logarithm of scan rate v.
As shown in Fig. 6C, a straight line [Eq. (3)] could describe
their relationship.

E,(V)=-05639-0.03172Inv(mV s™) (3)

The electron transfer coefficient oo could be calculated
from the following formula [Eq. (4)] [36]:
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Fig. 4. (A) CV characterization of bare GCE in 0.1 M PBS buffer or 0.1 M PBS buffer containing 100 uM MNZ (pH = 12.0),
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1.15RT
o

=2.303 x slope 4)

where R, T, and F represented the gas constant (8.314 J/
mol-K), room temperature (298 K), and Faraday’s constant
(9.65 x 10* C/mol), respectively. The slope was directly
obtained from Fig. 6C. Therefore, the absolute value of o
was calculated to be 0.404. E could be expressed with the
following equation [37]:

ol
E =E° - RT 0.78 +In kox

P

0

an F % RT
+1In| —— Inv

an RT 2an F ()

a

where E was the peak potential (v vs. SCE), and E° was the
standard potential (v vs. SCE). According to Eq. (5), the elec-
tron transfer number n, was calculated to be 1.002 (approxi-
mately equal to 1), indicating that one electron was involved.
This result agreed well with the reference. In general, when
the rate-determining electron transfer was categorized into
a one-electron process (1, = 1), a usually varied between
0.3 and 0.7 [38]. As for the following process in an alkaline
medium, it might follow the recommended three-electron
transfer mechanism to give hydroxyl amine as suggested
in the references [38,39]. Based on the calculated n, and
the references, the following reducing reactions for MNZ
in an alkaline solution were proposed as Egs. (6) and (7).

R-NO, +e” >R ~-NO; (slow step) (6)

R-NO, +3H,0+3e" ->R-NHOH+40H " (rapid step)
)

Aiming to quantitatively determine the concentration
of MNZ, the electrochemical response of Ni-MOF-1/CNTs/
GCE to different concentrations of MNZ was investigated
by DPV under optimal conditions. In Fig. 7A and B, I, lin-
early increased with the increase of MNZ concentration (C).
The linear relationship could be expressed as Eq. (8).

-20

< 25
=
§ -30 o 5uM
S 354
-40
45 100 M
1A
_55 -
T T T T T T
-1.0 -0.8 06 04 0.2 0.0
Potential(V)

I,(uA)=-353789 -0.35825C (uM) ®)

From Eq. (8), the slope of the first calibration curve (S)
was read as 0.35825, and the standard deviation of the blank
current (o) was 0.003. Thus, the limit of detection (LOD)
could be calculated to be 25 nM (confidence level = 95%)
according to Eq. (9) [40].

LoD=5(3 _3,-10 )
SN

As listed in Table 1, Ni-MOEF-1/CNTs/GCE-based elec-
trode of this work outperformed many reported sensors
considering its wide linear range and ultra-low LOD, sug-
gesting that Ni-MOF-1/CNTs/GCE was promising for the
accurate detection of MNZ. This should be attributed to
the sub-micron-assemblies of layered flakes and abundant
carboxyl groups of Ni-MOF-1.

Anti-interference ability, stability, and repeatability of
the sensor were very important for a sensor’s practical appli-
cation. In this case, in the presence of 200 uM MNZ, some
structural analog of MNZ such as tinidazole (TNZ, 3 mM),
p-nitrophenol (3 mM), and 2-methylimidazole (Gc, 3 mM)
were individually used as interference chemicals. In addi-
tion, other substances, which might coexist with MNZ in
biological samples, involving glucose (Glc), urea, ascorbic
acid (AA, 3 mM), K* (20 mM), Na* (20 mM), SO,* (20 mM)
and NO* (20 mM), were investigated separately as inter-
ferences too. As shown in Fig. 8, a negligible influence
was observed for all the possible coexisting substances.
Although nitro-containing structural analogs affected the
current response signal, the I change of less than 5% could be
ignored too, especially considering the much higher concen-
tration of the interfering substances. Thus, Ni-MOF-1/CNTs/
GCE displayed excellent anti-interference performance.

To test its reproducibility, six Ni-MOF-1/CNTs/GCE
working electrodes were prepared, and the same MNZ
solution (400 uM) was detected three times in parallel with
the above different working electrodes. A relative standard
deviation (RSD) as low as 3.6% was obtained, suggesting

| (1A)=-3.5379-0.3583c(uM)
2
10 4 R’=0.993
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Fig. 7. (A) DPV under different MNZ concentrations based on Ni-MOF-1/CNTs/GCE electrode and (B) I, vs. MNZ concentration.
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Table 1
Comparison of this work with other methods for MNZ detection

Y. Lu et al. / Desalination and Water Treatment 293 (2023) 150-159

Sensors Methods Linear range (uM) LOD (nM) References
Gr-IL/GCE DPV 0.1-25.0 47 [41]
SWCNTs/GCE cv 0.1-200 63 [42]
AgNPs/SF-GR/GCE DPSV 0.1-20.0 50 [43]
PTH/GCE DPV 35-500 960 [44]
P-AuE LSV 0.5-10.0 150 [9]
Ni/Fe-layered double hydroxides/GCE Ccv 5-1,595 58 [45]
CPE a-CD DPV 0.5-103 280 [15]
Ni-MOF-1/CNTs/GCE DPV 5-100 25 This work
-75 —— Table 2
MNZ Recovery tests of MNZ determination
-60 Added (uM) Found (uM) Recovery (%) RSD (%)
25 24.6 98.4 22
454 50 49.3 98.6 2.8
100 97.0 97 2.6

I, (mA)

=30 1

-15 1

0 T T T T T T T T
+Urea +AA+K,SO, +Glc+NaNO,+Ge +TNZ+P-nitrophenol

Fig. 8. The anti-interfering performance of Ni-MOEF-1/CNTs/
GCE in MNZ detection.
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Fig. 9. The repeatability CV curves of Ni-MOF-1/CNTs/GCE
in 0.1 M PBS buffer containing 400 uM MNZ (pH 12.0) at
100 mV/s.

its high reproducibility. Besides, after using the same elec-
trode to repeatedly measure MNZ six times, a low RSD of
4.5% was obtained, confirming its good repeatability (details
are illustrated in Fig. 9). In addition, the long-term stability

Results were the average of three measurements, n = 3.

of Ni-MOF-1/CNTs/GCE was also studied. In contrast to its
first detection, an I loss below 5% was achieved after placing
Ni-MOF—l/CNTs/CECE in a refrigerator (4°C) for two weeks,
demonstrating its acceptable stability. Based on the above
detection results, Ni-MOF-1/CNTs/GCE could be expected
to be used for the quantitative analysis of MNZ in practical
samples.

Next, the utility of Ni-MOF-1/CNTs/GCE was investigated
by performing the recovery tests according to the standard
addition method [25], where MNZ tablets were employed
as the standard additive. Three measurements were carried
out for every sample under the same conditions except for
the difference in MNZ’s concentration. Table 2 shows that
the electrochemical method using Ni-MOF-1/CNTs/GCE as
the electrode was endowed with good MNZ recovery rates
(97.0%~98.6%) and considerably narrow RSD (2.2%~2.8%)
within the studied dosages, suggesting that the Ni-MOF-1/
CNTs/GCE-based electrochemical sensor could serve as a
sensitive detection platform of MNZ in practical samples.

3. Conclusion

In summary, by replacing pure DMF with mixed DMF/
water as the solvent, a specific Ni-MOF with some phys-
iochemical uniqueness such as sub-micron layers, rich car-
boxyl groups, and mesoporous framework, was prepared
with a one-step hydrothermal method. Benefiting from its
abundant electrochemical reaction sites, lower charge-trans-
fer resistance, lower reaction, and diffusion resistance, a
LOD of MNZ as low as 25 nM was observed based on the
Ni-MOF/CNT/GCE electrode, which was comparative to
many reported electrochemical platforms of MNZ. In addi-
tion, the pH-dependent electrochemical process was based
on four electrons reduction of the nitro group of MNZ to
hydroxylamine. This study will facilitate the application
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of novel-metal-based MOF in the sensitive detection of

MNZ in the future.

Symbols

E, — Peak potential

Ip — Peak current

% — Scanning rate

R — Gas constant, 8.314 J/mol-K

T — Room temperature, 298 K

F — Faraday’s constant, 9.65 x 10* C/mol
E° — Standard potential (v vs. SCE)

©wa ™ ges

— 1.002

— 0.3-0.7

— Diffusion coefficient

— Standard heterogeneous rate constant
— Standard deviation

— Slope of the calibration curve

Supporting information

The experimental details and some figures (Fig. S1 for

the XRD patterns of Ni-MOF-1 and Ni-MOF-2; Fig. S2 for
the FTIR spectra of Ni-MOF-1 and Ni-MOF-2) are included
in the Supporting information.
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Supporting information
S1. Experimental
S1.1. Preparation of Ni-MOF

Ni(NO,),'6H,O, terephthalic acid (PTA), metronidazole
(MNZ), and N,N-dimethylformamide (DMF) were pur-
chased from Aladdin (Shanghai, China). Other frequently
used reagents and solvents were used as supplied without
further purification. Nickel-based metal-organic framework
(Ni-MOF) was synthesized with hydrothermal method.
Typically, 0.5 g Ni(NO,),-6H,0 and 0.5 g PTA were dissolved
in a mixture of DMF (25 mL) and distilled water (5 mL). After
being stirred for 10 min, the mixing solution was transferred
to a Teflon-lined autoclave. Then, the autoclave was placed in
an oven and kept at 130°C for 24 h. Later, the autoclave was
taken out and naturally cooled to room temperature in the air.
The resulting product was washed with DMF for three times
to remove the unreacted starting material, and then washed
with ethanol for several times. Finally, the obtained precip-
itate was dried at 60°C for 24 h, and the final product was
marked as Ni-MOF-1. For a comparative study, Ni-MOF-2
was prepared in pure DMEF. Its preparing process completely
followed that of Ni-MOF-1.

S1.2. Characterization

The structure and phase of Ni-MOFs were determined
by X-ray powder diffraction using PANalytical Empyrean
(Almelo, Netherlands). The morphologies of the samples
were observed by means of scanning electron microscopy
(ZEISS Sigma 300, Tokyo, Japan). Surface chemistry prop-
erties of the samples were obtained from the high-resolu-
tion X-ray photoelectron spectroscopy (Thermo Scientific
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Fig. S1. X-ray diffraction patterns of Ni-MOEF-1 and Ni-MOF-2.

K-Alpha, Manchester, UK). Fourier-transform infrared spec-
trometer (Thermo Scientific Nicolet iS50, Austin, USA) was
used to determine the functional groups in the materials, The
specific surface areas (S,,;) were collected on the Brunauer—
Emmett-Teller (BET) (BSD-PS(M)).

51.3. Electrochemical measurement

Electrochemical properties of the MOF materials were
investigated with CHI760E electrochemical workstation
(Chenhua, Shanghai, China). Electrochemical impedance
spectroscopy (EIS) was tested between 0.1-100 kHz. Cyclic
voltammetry and differential pulse voltammetry were car-
ried out in 0.1M phosphate buffer solution containing MNZ
at room temperature. The working electrode was fabricated
as follows. Firstly, 9.0 mg Ni-MOF and 1.0 mg multi-walled
carbon nanotubes were ultrasonically dispersed in 10.0 mL
isopropanol for 20 min. Then, 10 uL of the mixture was
dropped onto the surface of the glassy carbon electrode
with a microsyringe. After dried naturally, the electrode
was coated with 3 puL 0.1% Nafion solution. In addition, to
prepare the wastewater sample, five metronidazole tablets
and interfering substance were fully ground separately, then
an accurately weighed amount of powder was dissolved in
deionized water, ultrasonicated for 10 min, and followed
by filtrating the suspension with Biichner Vacuum Funnel.
Finally, an appropriate amount of solution was taken and
diluted with 0.2 M phosphate buffer solution to obtain the
500 pM MNZ standard solution. Other MNZ concentration
solutions were obtained by further diluting the above MNZ
standard solution with phosphate buffer solution.
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Fig. S2. Fourier-transform infrared spectra of Ni-MOF-1 and
Ni-MOF-2.
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