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Abstract

Organophosphorus nerve agents (e.g. sarin, soman, tabun, VX) are highly toxic and pose great harm.
Existing detection technologies have limitations, and there is an urgent need to develop highly sensitive and
selective portable sensing technologies. Metal-organic frameworks (MOFs) have great potential in the
detection of nerve agents. However, limited by the crystallization kinetics of the traditional hydrothermal
synthesis method, hey have some deficiencies, which restricts their application. By focusing on the regulation
of crystallization kinetics and using carboxylated cellulose nanofibrils (CNFs) as a template to induced the
in-situ growth of MOFs, the sensing performance of MOFs towards the nerve agent mimic, diethyl
cyanophosphonate (DCNP), is improved. Based on the strategy of in-situ growth of UiO-66 induced by
carboxylated CNFs, UiO-66 materials with different sizes and active sites are obtained. The synthesis
conditions are screened, and the key factors of CNFs in regulating the structure of UiO-66 are clarified.
Through the functionalization of ortho-phenylenediamine (OPD), a UiO-66-based probe rich in amino active
sites is obtained. The detection performance of this probe towards DCNP is investigated, and the detection
mechanism based on intramolecular charge transfer (ICT) is elucidated.Furthermore, based on the unique
fluorescence properties of the obtained UiO-66-based probe and the excellent self-assembly properties of
CNFs, a fluorescence turn-on thin film sensing system is constructed. The influence of the structure of the
sensing film on the sensing performance towards DCNP is evaluated, and the structure-activity relationship
is clarified. This enables on-site visual and highly sensitive detection of DCNP in the atmosphere under
complex environments. The research is mainly carried out in the following three aspects:

(1) Size-controllable preparation and structural characterization of nanocellulose-induced zirconium-
based MOFs

A versatile and sustainable preparation strategy was developed to construct nano-sized, self-assembled
film-forming MOFs materials by CNFs-induced in-situ growth strategy to break through the limitations of
conventional crystallization kinetics. In the study, solvothermal synthesis was employed to prepare UiO-66-
Br@CNF with different sizes by regulating the mass ratio of CNFs to MOFs precursors, and further amino-
functionalized UiO-66-OPD@CNF probes were obtained based on OPD post-modification. Upon
characterization and analysis, the regulation law that the nanosize of UiO-66 shrinks with the increase of
CNFs addition was clarified. After screening the conditions, it was determined that the mass ratio of CNFs
to metal precursors of 3:7 was the optimal growth condition, and the amino-functionalized UiO-66-
OPD@CNF probe showed a sensitive response to DCNP based on the nucleophilic substitution reaction,

which confirms the feasibility of the strategy of constructing fluorescent sensing materials with



functionalized MOFs.

(2) Systematic evaluation of the detection performance of zirconium-based MOFs for DCNP and study
of the sensing mechanism

The resulting UiO-66 nanostructured sensing material system has a low fluorescence background before
detection, and enables faster and unimpeded release of fluorescence from the outer surface during detection,
inherently presenting excellent detection performance. The detection system of UiO-66 for DCNP was
optimized to evaluate the sensing performance of small-sized UiO-66-OPD@CNF induced by CNFs in the
in-situ growth method and prepared UiO-66-OPD, as compared to UiO-66-OPD prepared by the traditional
hydrothermal synthesis method. The results show that the small-sized UiO-66-OPD@CNF has a better
detection performance is better, and the limit of detection (LOD) value is as low as 4.2 nM (0.685 ppb),
which is about 1/8 of that of the UiO-66-OPD, and the selectivity and anti-interference ability is strong, the
detection performance of the UiO-66 system probes is not affected by the face of the 21 common
interferences Detection performance is unaffected by the face of the 21 common interferences, the selectivity
and anti-interference ability is strong. The UiO-66 system is not affected by the 21 common interferences,
and has strong selectivity and anti-interference ability. After theoretical calculation and experimental
verification, it is clear that the UiO-66-OPD@CNF fluorescent probe is based on the principle of
intramolecular charge transfer to detect DCNP.

(3) Construction and performance study of membrane-based sensor devices for on-site visualization of
DCNP atmosphere

For the demand of nerve agent atmosphere detection, based on the good self-assembly performance of
CNFs, UiO-66-OPD@CNF-based flexible fluorescence sensing film can be directly constructed, and
portable sensing chip can also be assembled with the assistance of 3D printing to realize the immediate and
sensitive detection of DCNP atmosphere. Both the fluorescent sensing film and the chip can achieve highly
specific detection of DCNP atmosphere, presenting fluorescent signals recognizable by the naked eye within
1 s, and have high anti-interference ability and selectivity against 19 interfering substances. From the
perspective of structural design of sensitive primitives and construction of sensing material system, this study
provides experimental basis for enhancing the sensing performance of trace substances, lays the material
foundation for the development of real-world detection devices, and is expected to promote the development

of related detection technology applications.

Key words: MOFs, fluorescent sensing, nerve agent, in-situ growth, cellulose
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Figure 1-3 Surface-Enhanced Raman Scattering (SERS) technology for the detection of nerve agents
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