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Figure 1 (Color online) Schematic diagram of the chemical sensing mechanism of Co-MOFs.
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Figure 2 (Color online) (a) Schematic illustration of 2D-Co-MOF for the detection of NFZ in real milk and urine samples. Adapted with permission
from Ref. [12], copyright by The Royal Society of Chemistry (2025). (b) Schematic illustration of the preparation and detection process of CoMOF-1.
Adapted with permission from Ref. [13], copyright by Springer (2023).
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Figure 3 (Color online) (a) Schematic illustration of the morphological characteristics of [Co,(Bpy)(Oba),] and its fluorescence detection
performance toward vanillin. Adapted with permission from Ref. [28], copyright by Elsevier (2020). (b) Schematic illustration of the preparation
process of Co@N-doped carbon nanorods. Adapted with permission from Ref. [30], copyright by Elsevier (2022).
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Figure 4 (Color online) (a) The synthesis process of [Co(OBA)(2,2"-BPY)] and its subsequent fluorescence detection of PNPP. Adapted with
permission from Ref. [35], copyright by Elsevier (2021). (b) Schematic illustration of the preparation of the Co(PZDA)MOEF//GR platform and the
working mechanism of the MOF-modified graphite rod electrode. Adapted with permission from Ref. [39], copyright by Taylor & Francis (2025).
(c) Schematic illustration of an electrochemical aptasensor based on enzyme-free amplification and Au nanoparticles/Co-MOF. Adapted with
permission from Ref. [40], copyright by Elsevier (2024). (d) Construction of an electrochemical immunosensor based on nanofibers. Adapted with

permission from Ref. [33], copyright by Wiley-VCH (2023).
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Figure 5 (Color online) (a) Schematic illustration of the working mechanism of a QCM sensor modified with (sCo-Mn-BTC MOF. (b) Selectivity
tests of interfering gases and target gas were carried out using Co-Mn-modified materials with different ratios. Adapted with permission from Ref. [14],

copyright by Elsevier (2025).
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Table 1 The QCM sensor sensing performances in terms of sensitivities, correlation coefficients, LOD and recovery times for TMA, DMA, MA, and

NH; vapors
S RIBE (Hz pM ™) XA LOD (uM) [ T (s)
TMA 1.72 0.99 0.92 25
DMA 1.11 0.98 1.43 40
MA 1.09 0.99 0.42 25
NH; 0.78 0.97 0.26 30
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Figure 6 (Color online) (a) Schematic illustration of the synthetic route for Co-HHTP, and top and side views of NiPc-O-Co. (b) Schematic
illustration of the preparation process of NiPc-O-Co/N,B-GF. Adapted with permission from Ref. [58], copyright by WILEY-VCH (2025). (c) Based on
the relative fluorescence turn-on response of [Co(phen)(5-aipa)],, toward real samples containing GSH (100 pL, 10 M), including serum, plant
extracts, and human urine, an RGB-based smartphone-assisted platform for the detection of unknown GSH concentrations. Adapted with permission

from Ref. [25], copyright by WILEY-VCH (2025).
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Figure 7 (Color online) (a) Based on two-dimensional conductive Co-HHTP material, design and fabrication of a wearable electrochemical sensor
for real-time monitoring of uric acid (UA) and tyrosine (Tyr) in sweat and saliva. (b) Photograph of the flexible sensor patch and schematic illustration
of the flexible electrochemical sensor patch. (c) Photograph of the customized PCB and block diagram of the electronic module. (d) Photograph of the
sensor worn on the forearm by a healthy volunteer. Adapted with permission from Ref. [58], copyright by WILEY-VCH (2025).
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Application of chemical sensing properties of cobalt-based
metal-organic frameworks in food, pharmaceutical and
environmental fields
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Abstract: In response to the demand for on-site rapid detection of trace pollutants in the food, pharmaceutical, and
environmental fields, metal-organic frameworks (MOFs) have become a research hotspot for high-performance sensing
materials. Cobalt-based metal-organic frameworks (Co-MOFs), relying on the excellent electrocatalytic activity of the
Co”/Co> redox couple, the unique photoelectric response induced by paramagnetism, along with functionally versatile
organic ligands and tunable pore structures, have effectively overcome the sensing limitations of traditional MOFs.
Considering the dominant role of optical and electrochemical sensing in current research, this review centrally focuses
on discussing these two major sensing paradigms. This review systematically elaborates on the two core sensing
mechanisms of Co-MOFs: optical sensing based on coordination field regulation and electrochemical sensing that
overcomes the insulation bottleneck. It summarizes the application progress of Co-MOFs in food safety (antibiotics,
additives, pesticide residues, and spoilage gases), biomedicine (pharmaceutically active ingredients, biomarkers), and
environmental monitoring (heavy metals, formaldehyde). Meanwhile, the bottlenecks such as poor electrical
conductivity, insufficient chemical stability, and weak anti-matrix interference ability are analyzed. Finally, optimization
directions including ratiometric sensing, intrinsic conductive design, and machine learning-assisted intelligent analysis
are proposed, which provide theoretical and technical support for constructing efficient sensing platforms suitable for
complex real matrices.

Keywords: cobalt-based metal-organic frameworks, chemical sensing, food safety, drug monitoring, environmental
pollutants
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