
Scientific Achievement 

This work proposes a comprehensive methodology for designing and predicting new 
imine-based porous organic cage (POC) species that could also be applied to other POCs. 
Additionally, defective cages were successfully trapped in CC3 crystals. 
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Formation Mechanisms and Defect Engineering of 

Imine-Based Porous Organic Cages

Research Details
– Time-resolved mass spectrometry was utilized to study the reaction pathways of imine-based POCs 

with two representative POC species: CC3-R and CC-pentane  

– The formation energies of intermediates observed in the CC3-R synthesis were calculated at the MP2 
level with the aug-cc-pVDZ and aug-cc-pVTZ basis sets

Significance and Impact

The free functional groups in the 
defective cages led to an increase 
in CO2 uptake of the crystals. This 
method opens a new approach to 
functionalization of organic cage 
species.

http://pubs.acs.org/doi/abs/10.1021/acs.chemmater.7b04323
Presenter
Sticky Note
Porous organic cage (POC) solids are a class of microporous materials assembled from discrete porous molecules. Despite their potential applications in catalysis, separations, and sensors, the discovery of new porous organic cage species largely depends on experimentally screening new combinations of linkers. Moreover, the synthetic conditions and activation methods have to be carefully designed and executed to yield the desired pure product. Computational methods can accelerate the design of new porous molecular crystals in silico, although there are challenges associated with this approach. The complexity involved in the prediction of solid porous organic cage materials’ topologies and properties arises from two aspects: (1) the assembly of linkers into a cage in solution and (2) the packing of cages into the solid state upon crystallization and desolvation. Improved understanding of the formation mechanisms of POCs can lead to control and rational design of cages with desired functionality. Herein, we explore the formation mechanisms of imine-based POCs using time-resolved electrospray mass spectrometry and electronic structure calculations at the density functional theory and correlated molecular orbital theory levels. We found that the synthesis of the [4 + 6] cycloimine cage CC3-R and the [2 + 3] cycloimine cage CC-pentane both proceed through similar intermediates via a series of consecutive reactions. The proposed reaction mechanisms are supported by electronic structure calculations. On the basis of our observations from both experiments and calculations, we propose a comprehensive method for designing and predicting new POC species. In addition, the observation of stable incomplete cages during CC3-R synthesis inspired us to design intentionally defective cages. These missing-linker-type molecular defects were installed into CC3-R via nonsolvent induced crystallization. The defective CC3-R materials were found to have enhanced CO2 interaction and improved CO2 uptake capacity due to the additional functional groups present within the CC3 crystals.



Different geometries of molecules formed when different diamines are 

used in the reaction with triformylbenzene

Two imine-based POCs with different topologies were selected for this study involving 
cage formation of triformylbenzene with different diamines
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Time-resolved combined ion counts of stable intermediates
during ESI-MS measurement of CC3-R and CC-pentane synthesis

CC3-R CC-pentane

• The synthesis of the [4 + 6] cycloimine cage CC3-R and the [2 + 3] cycloimine cage CC-pentane 
both proceed through similar intermediates via a series of consecutive reactions.

• Localized random assembly occurs between the linkers to form a wide range of intermediates. 
• The stable species are slowly converted to the desired cages, while a small amount of incomplete 

cages or undesired byproducts will continue to coexist at any given time.



Reaction formation energies of species identified during
CC3-R and CC-pentane synthesis

• For CC3-R, the formation energy of the [2 + 3] cage (−244.8 kJ/mol per [2 + 3] 
unit) is only slightly lower than that of the [4 + 6] cage (−264.4 kJ/mol per [2 + 
3] unit), which aligns with the experimental observation

• For CC-pentane, the [2 + 3] cage possesses the lowest formation energy per [2 + 
3] unit, in contrast to CC3-R

CC3-R CC-pentane



Nonsolvent induced crystallization to successfully introduce a 

nontrivial amount of missing-linker cages into CC3-R crystal

One possible structure of 
defective CC3-R molecules

CC3-R shows lowest formation energy, 
agreeing with experimental data that 
majority of crystal is made of defect-
free CC3-R cages



Free functional groups in defective CC3-R cages

led to an increase in CO2 uptake of the crystals

Defective samples, CC3-R-IPA-a 
and CC3-R-IPA-b, have lower 
surface area but increased CO2

uptake 

Simulated defective samples, 
IC2, IC4, and IC5,show similar 
trends in increased CO2 uptake 


