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Porphyrin Network Materials: 
Chemical Exploration in the Supramolecular Solid-State 

Margaret E. Kosal Final Seminar July 6. 2001 

Rational design of solid-state materials from molecular building blocks 
possessing desired physical and chemical characteristics remains among the most 
challenging tasks for the synthetic chemist. Recently, there has been intense activity 
focusing on this research area, including the assembly of a wide range of organic 
molecules, inorganic metal clusters, and coordination complexes into extended 
networks. 1-7 Motivated by potential applications associated with channels and cavities, 
such materials have been explored for size- and shape-selective catalysis, separations, 
sensors, molecular recognition and nano-scale reactors. Within this context, assemblies 
of robust and chemically versatile porphyrin and metalloporphyrin building blocks 
remain rare. Using meso-tetrapyridyl and meso-tetracyanophenyl metalloporphyrins, 
Robson and coworkers reported cationic network solids with large extended channels 
(10-15 A) occupied by non-coordinated anions and solvent molecules.s Supramolecular 
architectures of porphyrin solids with hydrogen bonded or metal-ligand coordination 
networks have been reported over the past few years.9

-
12 Although allusions to zeolite­

like microporosity based on crystallography and loss of initial guest solvent molecules 
have appeared in the literature, evidence of functional microporous behavior is scarce. 

Using p-carboxylic acid tetraphenyl porphyrin molecules as the organic building 
block, the synthesis of novel microporous materials has been pursued for this work. 
Porphyrins possess high thermal stability relative to other organic molecules and are 
characterized by an approximate two-dimensional square geometry. Metalloporphyrins 
have demonstrated utility as excellent oxidation catalysts for hydroxylation of alkanes 
and epoxidation of alkenes. 13 Porous metalloporphyrin networks have the potential to act 
as size- and shape-selective catalysts. The solvothermal synthesis, characterization, and 
selective sorption properties of a 3-dimensional metalloporphyrin network solid, [CoT(P­
C02)PPC01.5], named PIZA-1 for Porphyrinic Illinois Zeolite Analogue 1, have been 
investigated (Figure 1). 

Synthesized via the self-assembly of p-carboxy tetraphenyl porphyrins with metal 
ions, the extended structure reveals a single, independent, neutral network with large, bi­
directional oval-shaped channels (9 x 7 A) along the crystallographic b- and c-axes 
(Figure 2) and another set of channels (14 x 7 A) along the a-axis. At the intersection of 
channels, an internal chamber (31 x 31 x lOA) is realized. Channel-shape is attributable 
to ruffling of the metalloporphyrin macrocycles when coordinated to the bridging 
trinuclear Co(II)-carboxylate clusters. The void volume of the stable, thermally robust, 
solvate-free material is calculated to be 74% of the total unit cell volume. 

Size-, shape- and functional-group-selective sorption indicates a preference for 
water and amines. This organic zeolite analogue also demonstrates remarkable ability as 
a molecular sieve for removal of water from common organic solvents. By powder X-ray 
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diffraction and BET gas adsorption studies, this material has been shown to maintain its 
porous structure as a guest-free solid when heated under vacuum to 250°C. Using 
thermal gravimetric analysis (TGA), selectivity with regard to hydrophilicity of guest 
species, guest size and guest shape has been investigated (Figure 3, 24-hour exposure to 
guests). PIZA-l demonstrates extremely high capacity for repeated selective sorption of 
water. In comparison to 4A molecular sieves, PIZA- I exhibits higher capacity and faster 
response for the selective adsorption of water from benzene, toluene and tetrahydrofuran 
solutions (Figure 4). Molecular modeling of sorbed guests corroborates experimental 
results. 

The large internal ~avities of PIZA-l are a direct consequence of the trinuc1ear 
Co(ll)-carboxylate cluster forcing the substantial ruffling of the porphyrin building 
blocks. The linear trinuclear metal-carboxylate cluster of PIZA-l, similar to that 
previously observed in molecular species,14.15 can be contrasted with the bent trinuclear 
M(II)-carboxylate clusters (M = Co, Mn) of isostructural 3-dimensional frameworks: 
PIZA-2 and PIZA-3. Containing near-planar metalloporphyrin macrocycles, PIZA-2 and 
-3 manifest lower void volumes (56%). The difference is the presence of terminal 
coordinating, nitrogenous Lewis bases in the linear trinuclear clusters. 

-11J0 waters 

20rlft---- - - -----, 
Alcohols Amines Others 

! . 

Figure 3 

600 .. 
C 500 

~ 
'0 400 
I/) 

..J E 300 

benzene thf 

Figure 4 



91 

References 

1. MacNicol, D. D., Toda, F. & Bishop, R (eds.) Solid-State Supramolecular 
Chemistry: Crystal Engineering, Pergamon, Oxford, 1996. 

2. Cheetham, A. K, Ferey, G. & Loiseau, T. Open-Framework Inorganic Materials. 
Angew. Chem. Int. Ed. 1999, 38, 3268-3292. 

3. Barton, T. 1. et al. Tailored Porous Materials. Chem. Mater. 1999, 11,2633-2656. 
4. Langley, P. J. & Hullinger, J. Nanoporous and Mesoporous Organic Structures: 

New Openings for Materials Research. Chem. Soc. Rev. 1999,28,279-291. 
5. Eddaoudi, M. et al. Modular Chemistry: Secondary Building Units as a Basis for 

the Design of Highly Porous and Robust Metal-Organic Carboxylate Frameworks. 
Acc. Chem. Res. 2001,34,319-330. 

6. Seo, J. S. et al. A Homochiral Metal-Organic Material for Enantioselective 
Separation and Catalysis. Nature 2000, 404, 982-986. 

7. Chen, B., Eddaoudi, M., Hyde, S. T., O'Keeffe, M. & Yaghi, O. M. Interwoven 
Metal-Organic Framework on a Periodic Minimal Surface With Extra-Large 
Pores. Science 2001, 291,1021-1023. 

8. Abrahams, B. F., Hoskins, B. F., Michall, D. M. & Robson, R Assembly of 
Porphyrin Building Blocks Into Network Structures with Large Channels. Nature 
1994,369,727-729. 

9. Bhyrappa, P., Wilson, S. R & Suslick, K S. Hydrogen-Bonded Porphyrinic 
Solids: Supramolecular Networks of Octahydroxy Porphyrins. 1. Am. Chem. Soc. 
1997,119,8492-8502. 

10. Pan, L., Noll, B. C. & Wang, X. Self-Assembly of Free-base 
Tetrapyridylporphyrin Units by Metal Ion Coordination. Chem. Commun., 1999, 
157-158. 

11. Diskin-Posner, Y., Dahal, S. & Goldberg, I. Crystal Engineering of 
Metalloporphyrin Zeolite Analogues. Angew. Chem. Int. Ed. 2000, 39, 1288-
1292. 

12. Kosal, M. E. & Suslick, K. S. Microporous Porphyrin and Metalloporphyrin 
Materials. 1. Solid State Chem. 2000, 152,87-98. 

13. Suslick, K. S. in The Porphyrin Handbook (eds. Kadish, K., Smith, K & Guillard, 
R) 41-63 Academic Press, New York, 2000. 

14. Catterick, J., Hursthouse, M. B., New, D. B. & Thorton, P. Preparation, X-Ray 
Crystal Structure and Magnetic Properties of a Trinuclear Cobalt(II) Carboxy late. 
1. Chem. Soc. Chem. Commun., 1974, 843-844. 

15. Rardin, R. L. et al. Synthesis and Characterization of Trinuclear Iron(II) and 
Manganese(II) Carboxylate Complexes: Structural Trends in Low Valent Iron 
and Manganese Carboxylates. 1. Am. Chern. Soc. 1992, 114,5240-5249. 


