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Introduction

Covalent Organic Frameworks (COFs) are a class of engineered porous, molecular crystals composed of organic 
building blocks linked together through covalent bonds.1 These compounds are characterised by a large surface 
area, tuneable pore size and structure, low density and structure customisation.2 Due to such properties, COFs have 
versatile applications such as adsorbents, for the removal of organic pollutants,3 & metal ions from aqueous 
solutions4 and the capturing of gas molecules.5 Current mechanical investigations on the potential of observing 
auxeticity in COFs have been confined to 2D COFs, where Poisson's ratio of approaching -1.5 have been 
demonstrated.6 Conversely, no prior literature on the mechanical properties of 3D COFs has been published. In view 
of this, a cohort of 3D COFs were studied, and COF 320 was identified as a potentially auxetic 3D COF using 
molecular simulations in Materials Studio 6.1.7 A method to study the effect of guest molecules was developed to 
mimic the effect of air on caged systems, thereby better predicting the potential auxetic properties of experimental 
structures. This study offers insight into the potential auxeticity of existing 3D COFs, paving the way for the design 
of other inherently auxetic 3D COFs. Figure 1- A supercell of COF 320 at 89 K.4 Image was produced on Materials Studio 6.1, using 

atomic coordinates from experimental data.4 

Methodology

A) Static Simulations

B) Dynamic Simulations

C) Mechanical Properties

Discussion & Conclusion
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Figure 2- Cell lengths obtained after geometry 
optimisation of partially loaded COF

Figure 3- Structure of geometry 
optimised loaded COF (10 N2 molecules)

Figure 4- Structure of geometry 
optimised loaded COF (34 N2 molecules)

Figure 5 - Cell angles obtained after geometry 
optimisation of partially loaded COFs
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Figure 6- Average cell lengths obtained after 
geometry optimisation. The error bars show the 
standard deviation.

Figure 7- Average cell angles obtained after 
geometry optimisation. The error bars show the 
standard deviation.

Figure 8- A figure showing different planes of the minimised loaded COF (34 N2 molecules).
 (A) YZ- Plane (B) XZ- Plane (C) XY- Plane.
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Figure 9- The variation of the Poisson’s ratio with the angle of rotation. The simulated structure shows a negative Poisson’s ratio the zy and zx directions, reaching values of approximately, -0.2 and -0.3 respectively.

Both static and dynamic simulations suggest that COF 320 is potentially auxetic. For an empty system, geometry optimisation simulations tend to collapse and shear the 
cell, whilst for a fully loaded system, the cell parameters converge closer to reported experimental parameters. Mechanical properties simulations illustrate loading 
makes a difference in the obtained results as there is a difference in the profiles obtained.
In conclusion, air is a component that should be accounted for in such simulations to get a more accurate representation of the behaviour of a caged system. 

Results

• Identification of existing 3D COFs

• Sorption fixed pressure simulation to determine the maximum loading of nitrogen 
atoms into the pores of COFs

• Sorption locate simulation to establish the position of nitrogen atoms within the pores

• Geometry optimisation using CVFF forcefield for both static and dynamic simulations

• Mechanical properties simulations to determine the Poisson’s ratio
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Figure 6- Average cell lengths obtained after 
geometry optimisation. The error bars show the 
standard deviation.

Figure 7- Average cell angles obtained after 
geometry optimisation. The error bars show the 
standard deviation.
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