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Introduction

Three-dimensional covalent organic frameworks (3D COFs) have recently garnered significant
attention due to their highly ordered structures, inherent porosity, and outstanding thermal and
chemical stability. Their interconnected channels and high surface area make them 1deal
candidates for applications such as energy storage, gas adsorption and separation, heterogeneous
catalysis, and targeted drug delivery .Since the size and morphology of COFs can play a critical
role 1n determining their performance by affecting factors such as surface accessibility, mass
transport, and interaction with guest molecules, 1t 1s important to understand how synthetic
conditions influence these structural features.

In this study, we focused on exploring the influence of synthesis conditions on the size and
morphology of COF-300, a well-known 3D COF, with the aim of retaining its crystallinity and
high surface area. We systematically investigated the influence of key synthetic parameters,
including solvents, reaction time, and temperature, on the resulting COF morphology and
structural order. By employing an imine exchange strategy under mild conditions, we achieved a
significant reduction in particle size (from approximately 1 um to below 500 nm) within a
shorter reaction time, while preserving the structural integrity and crystallinity of the framework.
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Figure 1. Solvothermal synthesis of COF-300 nanoparticles
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Figure 2. Comparison of two approaches for COF-300 synthesis using solvothermal and imine exchange method

To explore more efficient synthesis routes for COF-300, the study began with a conventional
solvothermal method. Tetra-(4-anilyl)-methane and terephthalaldehyde, the building blocks of
COF-300, were dissolved 1n 1,4-dioxane, followed by the addition of 3 M acetic acid as the
catalyst, and the reaction mixture was heated at 120 °C for 3 days. The synthesized COF-300
material exhibited good crystallinity (Figure 3), consistent with previous reports in the literature
[1,2]. Particle size analysis revealed that the synthesized particles were approximately 1 um in
S1Ze.
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Figure 3. (a) Powder X-ray diffraction of COF-300 using solvothermal method. (b) The resulting COF-300 after 3 days of
synthesis.
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As an alternative to the conventional solvothermal method, an approach based on imine
exchange chemistry was tested [3]. This strategy involved the prior condensation of
terephthalaldehyde building block with aniline to give precursor
N,N'-terephthalylidenedianiline (TPAA), the successful formation of which was confirmed by
'H NMR spectroscopy. Conceptually, the imine exchange method relies on the reversible nature
of the 1mine bonds, enabling self-correction of structural errors during the framework formation
process. This dynamic behavior facilitates the assembly of highly crystalline structures under
milder conditions and within a significantly shorter reaction time. Using this approach, COF-300
was synthesized using THF as solvent by refluxing at 65 °C in only 20 min, representing a
remarkable improvement over the conventional method. Furthermore, this strategy reduced the
particle size from approximately 1 um to below 500 nm, while maintaining the framework’s
crystallinity.
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Figure 4. (a) PXRD of COF-300 synthesized using Imine exchanged method, (b) synthesis and (c) '"H NMR of TPAA.

As shown 1n the TEM 1mages, imine exchange synthesis significantly reduces the particle size of
COF-300, reaching below 500 nm. In contrast, the particles synthesized via solvothermal method
exhibit sizes around 1 um (Fig 5 (a)) [1]. These results highlight the critical role of the synthesis
conditions in achieving nanoscale control over particle morphology.
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Figure 5. TEM images of COF-300 synthesized via solvothermal (a) and imine exchange method (b).
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