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Abstract

The detection of viscosity and bisulfite concentration in cells and blood is crucial for disease pre-
diction and therapeutic evaluation. Near-infrared fluorescent probes have broad applications in
medical testing due to their excellent biocompatibility and operational convenience. Understanding
their fluorescence detection mechanism is key to designing efficient multifunctional probes. This
study theoretically analyzed the detection mechanism of a fluorescent probe designed by Wang et al.
The probe’s C=C double bond exhibits high rotational freedom; in low-viscosity environments, bond
rotation enables easy conformational transitions, increasing non-radiative transition pathways and
resulting in weak fluorescence. High viscosity inhibits rotation, reduces non-radiative transitions,
and enhances fluorescence. Additionally, reaction with bisulfite disrupts the C=C bond, altering the
electronic structure. Natural adaptive orbital analysis revealed dominant o-bond character in the
C=C bond, energy scans verified the correlation between conformational transition barriers and
viscosity, and electronic excitation analysis confirmed localized excitation properties ensuring flu-
orescence stability. These findings provide theoretical insights for understanding probe mecha-
nisms and developing new probes.
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Figure 1. Probe molecular structure and its reaction mechanism with viscosity and bisulfite
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Figure 2. Natural adaptive orbital analysis of the C=C double bond in the probe molecule
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Figure 3. Energy Scan of the probe molecule for different conformations gen-
erated by a-rotation of the corresponding C=C double bond
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Figure 4. Electron density difference map of the probe molecule in the ground state and first excited state
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Figure 5. Electron density of states (a) probe molecule (b) product of probe molecule after reaction with bisulfite
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Figure 6. Electron density difference map of the ground state and first excited state
of the product from the reaction between the probe molecule and bisulfite
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Figure 7. Top: Contribution of each atom in the product molecule to charge trans-
fer; Bottom: Atomic numbers in the product molecule
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