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ABSTRACT: This study successfully constructed an efficient colorimetric/fluorometric dual-mode nanozyme sensor
based on a metal-organic framework (MOF-808-NH2) for the highly selective and sensitive detection of glyphosate
(GP). The sensor leverages the dual functionalities of MOF-808-NH2, namely its intrinsic peroxidase-like activity and
blue fluorescence emission. In the presence of hydrogen peroxide (H2O2), MOF-808-NH2 catalyzes the oxidation
of colorless 3,3′,5,5′-tetramethylbenzidine (TMB) to generate blue oxTMB, producing a distinct colorimetric signal.
Simultaneously, the generated oxTMB quenches the inherent blue fluorescence of MOF-808-NH2 via the inner filter
effect (IFE). GP specifically inhibits the peroxidase-like activity of MOF-808-NH2, leading to a reduction in oxTMB
generation. This inhibition results in a dual-mode response: a weakening of the blue color (decreased colorimetric
signal) and a recovery of the blue fluorescence (enhanced fluorescence signal). This dual-signal response strategy
effectively integrates the intuitiveness of colorimetric analysis with the high sensitivity of fluorescence detection,
eliminating the need for unstable biological enzymes, demonstrating good reliability, accuracy, and broad application
prospects in the analysis of real samples. It provides a core driving force for achieving comprehensive connectivity
between precision agriculture and environmental health.
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INTRODUCTION

GP is a broad-spectrum, non-selective, systemic amino
acid herbicide. Owing to its simple synthesis, low
cost, and high efficacy, it has been extensively used
worldwide for effective weed control and enhancing
crop yields [1]. However, GP and its primary metabo-
lite, aminomethylphosphonic acid (AMPA), have been
widely detected in soil and water bodies. Although
their half-lives are not particularly long, persistent use
has rendered them environmental background con-
taminants [2]. Currently, various analytical methods
have been developed for the detoxification or detec-
tion of GP. Although laboratory chromatographic tech-
niques offer high sensitivity and selectivity for GP, they
are often costly and time-consuming [3, 4]. Further-
more, most colorimetric and fluorescence sensors rely-
ing on enzyme-based detection—such as organophos-
phorus hydrolase (OPH)—are limited in practical ap-
plication due to enzyme instability and high cost [3, 5].
Therefore, there is a significant demand for the de-
velopment of cost-effective, efficient, and reliable al-
ternative analytical methods for detecting GP residue
levels in the fields of environmental monitoring and
food safety analysis.

Over the past decade, MOFs have emerged as a
novel class of nanomaterials demonstrating significant
potential in environmental remediation and monitor-
ing [6]. Their highly designable pore structures, ex-

ceptionally high specific surface areas, and the strong
Lewis acidity of their metal nodes enable MOFs to
function as efficient bio-inspired materials [7]. They
can rapidly hydrolyze organophosphorus compounds
(such as pesticides and nerve agents) by activating
the phosphoester bonds, effectively reducing their
toxicity [8, 9]. The 2025 Nobel Prize in Chemistry
was awarded to Susumu Kitagawa, Richard Robson,
and Omar M. Yaghi in recognition of their pioneering
contributions to the development of MOFs materi-
als. The foundational properties they established—
high surface area, tunable porosity, and customizable
functionality—further underscore the broad prospects
of MOFs for precise pollution prevention and con-
trol, as well as the highly efficient degradation of
toxic substances [10]. Meanwhile, given that GP
is an organophosphorus compound, integrating it
with MOFs to design a dual-mode detection method
presents a promising strategy for achieving rapid, re-
liable, cost-effective, convenient, and highly sensitive
detection of GP.

In this study, an efficient colorimetric/fluorometric
dual-mode nanozyme sensor was constructed by de-
signing a GP-responsive MOFs catalytic system (Fig. 1).
First, the nanomaterial MOF-808-NH2, which pos-
sesses blue fluorescence emission characteristics and
peroxidase-like activity, was prepared. In the presence
of H2O2, MOF-808-NH2, by virtue of its peroxidase-like
activity, decomposes H2O2 into •OH radicals, which
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subsequently catalyze the oxidation of colorless TMB to
generate blue oxTMB [11]. Due to the IFE between the
generated oxTMB and MOF-808-NH2, the blue fluores-
cence of MOF-808-NH2 is effectively quenched. The
selective inhibition of the MOF material’s peroxidase-
like activity by GP impedes the TMB oxidation reaction,
resulting in a decrease in oxTMB generation as the
GP concentration increases. This inhibition conse-
quently leads to a dual-mode response characterized
by a weakened colorimetric signal and a recovered
fluorescence signal [12, 13]. This dual-mode sensing
strategy integrates the intuitiveness of colorimetric
analysis with the high sensitivity of fluorescence detec-
tion. The complementary signals effectively overcome
the limitations of single-mode analysis, significantly
enhancing the reliability and accuracy of the assay
[14]. It provides a novel technological pathway for
the rapid, cost-effective, and efficient monitoring of GP
residues in the environment, holding significant value
for safeguarding environmental safety.

MATERIALS AND METHODS

Reagents and apparatus

H3BTC (Trimesic acid), polyphenols, glutamic
acid, cysteine, glutathione, glucose (D-glucose),
thiamethoxam, glyphosate, chlorothalonil, diazinon,
and ZrOCl2 ·8 H2O (Zirconyl chloride octahydrate)
were purchased from Sinopharm Chemical Reagent
Co., Ltd. (Shanghai, China). Hydrogen peroxide
(H2O2), 3,3′,5,5′-tetramethylbenzidine (TMB),
DMF (N,N-dimethylformamide), H2BDC-NH2 (2-
aminoterephthalic acid), formic acid, and acetone
were obtained from MacLean Biochemical Technology
Co., Ltd. (Shanghai, China). All reagents used
throughout the experiment were analytical grade
without further purification, and water used was the
ultrapure water.

The UV-Vis absorption spectra were recorded us-
ing a TU-1901 UV-Vis spectrophotometer (PERSEE,
Beijing, China). All fluorescence emission spectra
were collected with a PerkinElmer LS-55 fluorescence
spectrometer (PerkinElmer, Shanghai, China). X-
ray diffraction (XRD) analysis of MOF-808-NH2 was
performed using a Rigaku D/MAX2500VL/PC X-ray
diffractometer (Thermo Fisher Scientific, USA). Trans-
mission electron microscopy (TEM) images of MOF-
808-NH2 (supported on a copper grid) were ob-
tained using a JEM-2100 transmission electron mi-
croscope (JEOL Ltd., Japan). X-ray photoelectron
spectroscopy (XPS) of MOF-808-NH2 was conducted
with an ESCALAB 250Xi X-ray photoelectron spectrom-
eter (Thermo Electron, USA). The Fourier transform
infrared (FT-IR) spectrum was obtained using a Bruker
TENSOR 27 spectrometer. Zeta potential analysis of
MOF-808 and MOF-808-NH2 was performed using a
Zetasizer (Nano-ZSE, Malvern, UK).

Synthesis of MOF-808-NH2

MOF-808-NH2 was synthesized according to a previ-
ously reported method with modifications [15]. Typi-
cally, H3BTC (0.1175 g), H2BDC-NH2 (0.1014 g), and
ZrOCl2 ·8 H2O (0.54 g) were dispersed in 30 ml of a
mixed solvent of DMF and formic acid (v/v = 1:1).
The mixture was ultrasonicated for 15 min and then
transferred into a Teflon-lined autoclave, which was
heated at 120 °C for 48 h. After cooling to room
temperature naturally, the resulting solid was collected
and washed three times with DMF and acetone via
centrifugation at 9,000×g. The final product was dried
at 60 °C for 6 h to yield MOF-808-NH2.

Evaluation of the catalytic activity of MOF-808-NH2

The catalytic performance of MOF-808-NH2 was evalu-
ated using H2O2 as the substrate and TMB as the chro-
mogenic agent. The experimental procedure was as
follows: six reaction systems were prepared containing
50 µg/ml MOF-808-NH2 + 200 µM H2O2; 50 µg/ml
MOF-808-NH2 + 1 mM TMB; 1 mM TMB; 200 µM
H2O2; 200 µM H2O2 + 1 mM TMB; and 50 µg/ml MOF-
808-NH2 + 200 µM H2O2 + 1 mM TMB, respectively.
Each mixture was diluted to a final volume of 200 µl
with 5 mM sodium acetate-acetic acid (HAc-NaAc)
buffer (pH = 4), thoroughly mixed, and then reacted
in a metal bath at 45 °C for 15 min. The color change
of the solution was observed, and the absorbance at
652 nm was measured.

Steady-state kinetic assays were performed in
HAc-NaAc buffer (5 mM, pH 4) containing 50 µg/ml
MOF-808-NH2. The concentration of TMB (0–1 mM)
or H2O2 (0–20 mM) was varied individually while
keeping the concentration of other components con-
stant. Double-reciprocal plots of reaction velocity ver-
sus TMB or H2O2 concentration were calculated using
the Michaelis-Menten equation (Eq. (1)):

1
V
=

Km

Vmax[S]
+

1
Vmax

(1)

where [S] is the concentration of substrate, Km is the
Michaels constant, V is the reaction rate, and Vmax is
the maximum reaction rate.

Development of a MOF-808-NH2-based dual-mode
sensor for GP detection

First, GP was prepared at different concentrations from
0 to 250 µM. Subsequently, 200 µM H2O2, 50 µg/ml
MOF-808-NH2, and 1 mM TMB were mixed with
different concentrations of GP and allowed to react
completely in a 5 mM HAc-NaAc buffer (pH = 4)
at 45 °C. After 15 min, the reaction solutions were
taken for analysis using a TU-1901 UV-visible spec-
trophotometer and a PerkinElmer LS-55 fluorescence
spectrophotometer, respectively.

To validate the specificity, a mixture containing
200 µM H2O2, 50 µg/ml MOF-808-NH2, and 1 mM
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Fig. 1 Schematic of a novel colorimetric and fluorescent dual-mode nanozyme sensor for GP detection based on the nanozyme MOF-
808-NH2.

TMB was separately mixed with Pb2+, Cu2+, Mg2+, Cl–,
I–, tea polyphenols, glutamate, cysteine, glutathione,
glucose, thiamethoxam, furosemide, chlorothalonil,
trichlorfon, and tetramethrin. The reactions were car-
ried out in a 5 mM HAc-NaAc buffer (pH = 4) at 45 °C
for 15 min, followed by colorimetric and fluorescence
analyses.

Dual-mode detection of glyphosate in real samples

To evaluate the detection performance of the system
for GP in real samples, tea leaves, tobacco and cab-
bage were selected as the real-world matrix in this
study. The real samples were collected from randomly
selected farm fields. Sample pretreatment was carried
out according to a literature method with minor modi-
fications [16]. Briefly, the samples were ground into
a fine powder and thoroughly homogenized. Then,
1 g of the powdered sample was transferred into a
centrifuge tube and sonicated with 3 ml of deionized
water for 3 min. The mixture was subsequently cen-
trifuged at 1,400×g for 2 min, and the supernatant
was collected as the sample extract. The extract was
spiked with GP at concentrations of 0, 10, and 20 µM,
respectively. Thereafter, all samples were reacted with
200 µM H2O2, 50 µg/ml MOF-808-NH2, and 1 mM
TMB in 5 mM HAc-NaAc buffer (pH = 4) at 45 °C for
15 min. Finally, the samples were analyzed using two
detection modes.

RESULTS AND DISCUSSION

Synthesis and characterization of MOF-808-NH2

MOF-808-NH2 was synthesized via a solvothermal
method, employing H3BTC or H2BTC-NH2 as aux-
iliary ligands to compete for coordination with the
Zr6 cluster [17]. The TEM image indicates that the

synthesized MOF-808-NH2 exhibits an octahedral mor-
phology (Fig. 2A,B). Meanwhile, energy-dispersive X-
ray spectroscopy (EDS) elemental imaging analysis
indicates that the material primarily C, N, Zr (Fig. 2C–
F). The obtained samples exhibited XRD reflections
matching the simulated pattern derived from the MOF-
808 single crystal, confirming crystallinity (Fig. S1).
The FT-IR spectrum confirms the characteristic biden-
tate coordination of Zr4+ with carboxylate groups in
the MOF-808 structure, evidenced by the absence of a
free carboxyl band (1730–1710 cm−1) and the pres-
ence of distinctive Zr(µ3)–O vibrations at 645 and
756 cm−1 (Fig. S2) [18]. XPS was used to further
investigate the chemical states of elements in the as-
prepared MOFs, and the findings regarding elemental
presence agreed well with the EDS results (Fig. S3).
It is noteworthy that MOF-808-NH2 exhibits maximum
fluorescence emission intensity at an excitation wave-
length of 325 nm (Fig. S4).

Study on the peroxidase-like activity of
MOF-808-NH2

Utilizing TMB as a probe, the peroxidase-like activity of
the synthesized MOF-808-NH2 was investigated. The
oxidation of TMB, catalyzed by the material in the pres-
ence of reactive oxygen species (ROS), yields a char-
acteristic blue product (oxTMB), resulting in a mea-
surable increase in absorbance at 652 nm. The study
revealed that only the mixture of MOF-808-NH2, H2O2,
and TMB developed a distinct blue color and exhibited
a significant enhancement in absorbance at 652 nm,
whereas the other control systems showed almost no
change in both color and absorbance (Fig. 3A,B). It can
be concluded that MOF-808-NH2 exhibits peroxidase-
like activity. It catalyzes the decomposition of H2O2
to generate ROS, specifically hydroxyl radicals (•OH).
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Fig. 2 (A, B) TEM images of MOF-808-NH2, (C) STEM image, and (D, E, F) elemental mapping of C, N, Zr, respectively. (H) EDS
spectrum of MOF-808-NH2 (the support film is a copper lattice).

Fig. 3 (A) Absorption spectra of (1) MOF-808-NH2 + H2O2, (2) MOF-808-NH2 + TMB, (3) TMB, (4) H2O2, (5) H2O2 + TMB, and
(6) MOF-808-NH2 + H2O2 + TMB. (B) Absorbance at 652 nm was compared for different reaction systems as shown in (A). Effects of
(C) pH and (E) temperature on the MOF-808-NH2 + H2O2 + TMB system. (D, F) Absorbance at 652 nm was compared for different
reaction systems as shown in (C) and (E). Experimental conditions: MOF-808-NH2, 50 µg/ml; H2O2, 200 µM; TMB, 1 mM; HAc-NaAc
buffer (pH = 4); 15 min; 45 °C.
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These •OH radicals subsequently oxidize the colorless
chromogenic substrate TMB to form deep blue oxTMB,
resulting in a significant increase in absorbance at
652 nm [19, 20]. It was found that the Michaelis–
Menten constants (Km) values of MOF-808-NH2 were
determined to be 0.324 mM for H2O2 and 0.219 mM
for TMB. These Km values are comparable to or even
surpass that of native horseradish peroxidase [21],
demonstrating that MOF-808-NH2 possesses high affin-
ity for its substrates and thus excellent catalytic ef-
ficiency (Fig. S5). The effects of pH and temper-
ature on the peroxidase-mimicking activity of MOF-
808-NH2 were further investigated by monitoring the
absorbance of TMB at 652 nm. The results indi-
cated that the optimal pH and temperature for the
activity of MOF-808-NH2 were 4 (Fig. 3C,D) and 45 °C
(Fig. 3E,F), respectively.

Development of a dual-mode
colorimetric-fluorescence sensor based on
GP-responsive MOF-808-NH2 nanoenzymes

Based on the excellent peroxidase (POD)-like activity
of MOF-808-NH2, its application in the development
of an effective analytical method for GP was further
explored. It was found that GP could significantly
inhibit the catalytic activity of MOF-808-NH2. This
inhibition is likely attributed to the binding of GP,
which alters the substrate affinity of MOF-808-NH2 and
masks some of its POD-like active sites [22–24]. This
leads to an interruption of the POD-like reaction and a
reduction in •OH generation, consequently suppress-
ing the oxidation of TMB to oxTMB. To verify this
speculation, a gradual fading of the blue color was
observed in the MOF-808-NH2 + H2O2 + TMB system
after reaction with GP (Fig. S6A). These results indi-
cate that GP inhibits the POD-like activity of MOF-808-
NH2, thereby reducing the efficiency of TMB oxidation
to oxTMB, which provides a basis for developing a
colorimetric method for GP detection. Furthermore,
due to the IFE of oxTMB on MOF-808-NH2, the blue
fluorescence of MOF-808-NH2 at 410 nm was signif-
icantly quenched in the presence of TMB + H2O2
[25, 26]. However, the addition of GP suppressed
the catalytic activity of MOF-808-NH2 toward oxTMB
generation, consequently blocking the IFE process and
restoring the blue fluorescence emission of MOF-808-
NH2 (Fig. S6B). Based on the above analysis, it is
feasible to construct a dual-mode detection system
integrating both colorimetric and fluorescent signals
for GP, leveraging its inhibitory effect on the POD-like
activity of MOF-808-NH2 in the presence of TMB and
H2O2. Additionally, the optimal response time for GP
in this system was determined to be 16 min, as both the
GP-supplemented and GP-free MOF-808-NH2 + H2O2
+ TMB systems exhibited peak absorbance at 652 nm
at this time point (Fig. 4A).

As shown in Fig. 4B,C, in the MOF-808-NH2 +
H2O2 + TMB system, a visible blue color fading was

observed as the GP concentration increased, accom-
panied by a concentration-dependent decrease in ab-
sorbance at 652 nm. Furthermore, under 325 nm
UV light irradiation (Fig. 4B,E), the same system ex-
hibited a concentration-dependent enhancement of
blue fluorescence brightness, along with a concurrent
increase in fluorescence intensity at 410 nm. As
illustrated in Fig. 4D,F, a linear relationship between
the absorbance (A) and the GP concentration was
established, yielding the equation A = −0.00708x +
2.00487 (R2 = 0.99705), with a limit of detection
(LOD) of 1.23 µM (LOD = 3δ/k, where δ is the
standard deviation of 11 blank measurements and k
is the slope of the calibration curve). Similarly, a
linear relationship between the fluorescence intensity
(F) and the GP concentration was obtained, described
by F = 7.80384x + 1664.81725 (R2 = 0.99472), with
an LOD of 1.34 µM. The sensor showed a good lin-
ear relationship in the range of 1.23–230 µM for
colorimetric mode and 1.34–230 µM for fluorescence
mode. Compared with previously reported meth-
ods, the developed dual-mode nanozyme sensor not
only exhibits competitive sensitivity, but also demon-
strates significant comprehensive advantages in terms
of providing a broader linear range, enabling visual
on-site screening, and ensuring enzyme-free stability
(Table 1). Based on these results, a dual-modal analyt-
ical platform integrating colorimetric and fluorescent
signals was developed using MOF-808-NH2 for the
detection of GP. To evaluate the selectivity of the MOF-
808-NH2 + H2O2 + TMB dual-mode system for GP,
several representative agrochemical substrates or com-
mon interferents—including Pb2+, Cu2+, Mg2+, Cl–,
I–, tea polyphenols, glutamate, cysteine, glutathione,
glucose, thiamethoxam, furosemide, chlorothalonil,
trichlorfon, and tetramethrin—were selected as refer-
ence substances. As illustrated in Fig. 5A,B, except
for GP, none of the other tested substances induced
noticeable colorimetric or fluorescent changes, indi-
cating that the MOF-808-NH2 + H2O2 + TMB system
exhibits excellent selectivity toward GP. Furthermore,
the anti-interference capability of the MOF-808-NH2 +
H2O2 + TMB system was investigated in the presence
of the aforementioned coexisting species. The results
demonstrated that each coexisting substance caused
almost negligible variation in both the colorimetric
and fluorescent signals induced by GP (Fig. 5C,D),
suggesting that the dual-mode response of the MOF-
808-NH2 + H2O2 + TMB system is highly resistant
to interference. This reinforces the potential of this
platform for the reliable detection of GP residues in real
samples.

Dual-mode nanozyme sensor for monitoring of GP
in real samples

Subsequently, the practical utility of the proposed an-
alytical platform for the dual-modal detection of GP
in real agricultural products was evaluated. As shown
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Fig. 4 (A) Time-dependent absorption intensities at 652 nm for MOF-808-NH2 + H2O2 + TMB systems with (+) and without (−) GP.
(B) Measurement of colorimetric and fluorescence image signals within the GP concentration range of 0–230 µM. (C) Absorption and
(E) fluorescence spectra of MOF-808-NH2 + H2O2 + TMB systems with different concentrations of GP in 0–250 µM. Calibration curve
of (D) intensity of absorption spectra at 652 nm and (F) fluorescence intensity vs. GP concentration from 0–250 µM. Experimental
conditions: MOF-808-NH2, 50 µg/ml; H2O2, 200 µM; TMB, 1 mM; HAc-NaAc buffer (pH= 4); 20 min; 45 °C. Although concentrations
up to 250 µM were tested, the linear response was maintained up to 230 µM.

Fig. 5 Selectivity of (A) colorimetric and (B) fluorescence modes of MOF-808-NH2 + H2O2 + TMB toward GP over other indicated
substrates, including (1–16): Pb2+, Cu2+, Mg2+, Cl–, I–, tea polyphenols, glutamate, cysteine, glutathione, glucose, thiamethoxam,
furosemide, chlorothalonil, trichlorfon, tetramethrin and GP, respectively. Anti-interference testing of MOF-808-NH2 + H2O2 + TMB
system toward GP over other indicated interferences in (C) colorimetric and (D) fluorescence modes. (1–15): GP+ Pb2+, Cu2+,
Mg2+, Cl–, I–, tea polyphenols, glutamate, cysteine, glutathione, glucose, thiamethoxam, furosemide, chlorothalonil, trichlorfon and
tetramethrin. Experimental conditions: MOF-808-NH2, 50 µg/ml; H2O2, 200 µM; TMB, 1 mM; HAc-NaAc buffer (pH = 4); 20 min;
45 °C.
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Table 1 Comparison of the analytical parameters of the MOF-808-NH2 + H2O2 + TMB for GP detection with other reported
methods.

Method Material Linear range (µM) Detection limit (µM) Ref.

Fluorescence OPN-CD 0.3–6 / [27]
Colorimetric CuI I

2 -PV 0–4 2.66 [28]
UPLC-MS/MS / 0.18–9.01 0.43 [29]
Colorimetric CP-Cl 1–40 1.23 [30]
Photoelectrochemical Au/ZnO/Co3O4/NF 100–900 100 [31]

Colorimetric & MOF-808-NH2
1.23–230 1.23 This workFluorescence 1.34–230 1.34

/ means not applicable.

Table 2 A dual mode nanozyme sensor based on the MOF-808-NH2 + H2O2 + TMB system combining colorimetric (C) and
fluorescent (F) synergistic detection for GP detection in real samples.

Sample Spiked (µM) Detected (µM) Recovery (%, n = 3) R.S.D. (%, n = 3) GC-MS (µM)

C F C F C F –

Tea leaves 0 1.59 1.37 / / 3.68 3.56 1.22
10.00 11.66 11.58 100.70 102.10 4.05 4.14 11.14
20.00 21.83 21.96 101.20 102.95 3.57 3.89 21.32

Tobacco 0 0.98 1.03 / / 3.65 4.12 1.02
10.00 10.99 10.82 100.10 97.90 2.76 0.86 10.37
20.00 20.84 20.15 99.30 95.60 1.56 1.86 20.55

Cabbage 0 0.97 1.01 / / 0.76 1.43 1.11
10.00 10.54 10.85 95.70 98.40 1.64 2.45 11.24
20.00 20.88 20.09 99.55 95.40 0.98 1.88 20.44

/ means not applicable.

in Table 2, the results obtained for GP in real agricul-
tural samples using this dual-modal platform showed
negligible differences compared to those acquired by
the standard GC-MS method. Notably, the recovery
rates ranged from 95.40% to 102.95%, with relative
standard deviations (R.S.D.) of less than 5%. These re-
sults validate the significant potential of the proposed
analytical platform for practical sample testing.

CONCLUSION

In summary, this study successfully constructed a novel
colorimetric/fluorometric dual-mode nanozyme sen-
sor for GP detection based on the nanozyme MOF-
808-NH2. The sensor operates on the principle that
GP specifically inhibits the peroxidase-like activity of
MOF-808-NH2, thereby reducing the oxidation of TMB
to oxTMB in the presence of H2O2. This inhibition
generates two complementary signals: a decrease in
colorimetric absorbance at 652 nm and a recovery of
the material’s inherent blue fluorescence at 410 nm
due to the modulation of the IFE. The dual-signal
output combines the intuitiveness of colorimetric anal-
ysis with the high sensitivity of fluorescence detection,
effectively overcoming the limitations of single-mode
sensors and significantly enhancing the reliability and
accuracy of the assay. This work highlights the signif-
icant potential of functionalized MOFs in constructing
reliable, enzyme-free sensing platforms. The proposed
strategy not only provides a cost-effective and efficient

tool for monitoring GP residues in environmental and
agricultural samples but also opens up new avenues
for the design of multi-modal sensing systems for other
hazardous substances, contributing to the advance-
ment of environmental safety and precision agricul-
ture. Future research will focus on extending this plat-
form to detect multiple contaminants simultaneously
and developing portable devices for on-site analysis.

Appendix A. Supplementary data

Supplementary data associated with this article can be found
at https://dx.doi.org/10.2306/scienceasia1513-1874.2026.
049.
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Appendix A. Supplementary data

Fig. S1 XRD spectrum of MOF-808-NH2.

Fig. S2 FT-IR spectrum of MOF-808-NH2.

Fig. S3 XPS spectrum of MOF-808-NH2.

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


S2 ScienceAsia 52 (3): 2026: ID 2026049

Fig. S4 Fluorescence spectra of MOF-808-NH2 under different excitations.
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Fig. S5 (A,B) The steady-state kinetics and the corresponding double-reciprocal plot of MOF-808-NH2 toward H2O2, at a fixed H2O2
concentration (200 µM) and varying TMB concentrations. (C,D) The steady-state kinetics and the corresponding double-reciprocal
plot of MOF-808-NH2 toward TMB at a fixed TMB concentration (1 nM) and varying H2O2 concentrations. Experimental conditions:
MOF-808-NH2, 50 µg/ml; HAc–NaAc buffer (pH 4); 25 min; 45 °C.

Fig. S6 (A) Absorption and (B) fluorescence spectra under 325 nm excitation of MOF-808-NH2 + H2O2 + TMB (-) without and (+)
with GP.
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