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Abstract: As a key step and initial stage of crystallization, crystal nucleation determines the structure and 

morphology of crystal product, and thus affects the product quality and material performance. However, 

because of the complexity of flexible small molecules, the molecular mechanism of small flexible molecules 

nucleation is still not well understood, which affects the design and preparation of corresponding crystal 

products. Therefore, it is necessary to explore the crystal nucleation mechanism of flexible small molecules 

to achieve precise preparation of polymorphs. Tolbutamide and 5-nitrofurazone were used as model 

compounds to explore the molecular mechanism of nucleation from solution by using spectroscopic analysis 

and molecular simulation techniques. Firstly, the molecular conformation and inter/intra-molecular 

interactions in the different solutions were studied. It was found that multi conformations and different 

aggregates could exist in the solution, although the distribution of them might change with different operating 

conditions. Then, the molecular mechanism of nucleation of flexible small molecules was studied. By 

nucleation induction period experiments, spectral analysis, and molecular simulation, it was found that the 

same molecule could undergo different nucleation pathway under different conditions. Solvent-solute effect 

could affect the conformation and assembly of molecules, thus affecting the resulting polymorphs of crystals. 

The structural similarity between the molecular aggregates in solution and the final product, the solvent-

solvent interaction, and the free energy of solvation all affect the nucleation process. 
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