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Abstract

Nitroaromatic hydrocarbons (NACs) are persistent environmental pollutants, especially picric acid
(PA) with very low volatility, strong stimulation to human skin and eyes, but also dangerous carcinogens.
Salicylicacid (SA), the dynamics of SA in the cellular microenvironment can promote the understanding of
different physiological and pathological functions induced by salicylic acid; Formaldehyde (FA) excessive
intake can pose a threat to human health and lead to a variety of diseases. Discharge in waste water,
resulting in environmental pollution. If the accurate, fast and high sensitivity detection of the above
molecules is realized, it is of great significance to the environment, life health and national defense security.
A class of probe molecules with near infrared fluorescence emission of 8-aryl-1, 2, 6, 7-tetraryl-
borodipyrrolidine (BODIPY) was designed and synthesized based on density functional theory, using
BODIPY asthe fluorescent parent. The ultra-trace detection of picric acid, salicylic acid and formaldehyde
was realized. The mechanism of fluorescence lighting was studied in detail.

In the first chapter, the significance of detection of small molecule environmental pollutants and the
commonly used detection technology are introduced, with emphasis on the luminescence mechanism,
design principles and research progress of fluorescence detection methods of organic fluorescence probes.
Combined with the previous work in the laboratory, the design idea of this topic is put forward.

In the second chapter, the ground state molecular orbital energy of NIR fluorescent probe was calcula
ted by density functional theory, and the existence of intramolecular PET process was confirmed theoretical
ly. On this basis, the synthesis route and steps of BODIPY molecule are introduced. Among them, 8-p-ami
nophenyl-1, 2, 6, 7-tetraphenylborodipyrrolidine (NH2PhBDP) was synthesized by deacetylation and compl
exation with boron trifluoride ether under alkaline environment.

In the third chapter, density functional theory was used to calculate the nitro-aromatics and
fluorescent probe molecules, and the feasibility of detection was confirmed. UV absorption and
fluorescence emission of the synthesized probe molecules were tested in different solvents. The
fluorescence titration of probe molecules with picric acid, formaldehyde and salicylic acid showed good
response in linear range. The addition of interference ions did not cause the fluorescence intensity to
increase obviously, and it had good selectivity. The detection limit of picric acid was 6.2 ppm, and the
fluorescence intensity increased by 50 times after adding picric acid. The detection limit of formaldehyde
was 183 ppm, and the fluorescence intensity increased by 10 times after adding formaldehyde. The

detection limit of salicylic acid was 0.3 ppm, and the fluorescence intensity increased 16 times after adding



salicylic acid. It can be seen that the near-infrared fluorescence probe can realize the tum on detection of

picric acid, formaldehyde and salicylic acid in environmental pollutants, which has a significant application
prospect.

Key words: BODIPY; PET; Picric acid; Salicylic acid; Formaldehyde
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