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That composition and structure profoundly impact the properties of crystalline solids has provided impetus for exponential growth in
the field of crystal engineering over the past 25 years. Crystal engineering has evolved from structure design (form) to control over bulk
properties (function). Today, when coupled with molecular modeling, crystal engineering can offer a paradigm shift from the more
random, high-throughput methods that have traditionally been utilized in materials discovery and development. Custom-design of the
right crystalline material for the right application could therefore be at hand.

Porous crystalline materials exemplify this situation. Whereas purely inorganic materials (e.g. zeolites) and those based upon
coordination chemistry (e.g. Metal-Organic Frameworks, MOFs, and Porous Coordination Polymers, PCPs) are well studied and offer
great promise for separations and catalysis, they are often handicapped by cost or performance (e.g. poor chemical stability, interference
from water vapour, low selectivity) limitations. Ultramicroporous Materials, UMs, are built from metal or metal cluster “nodes” and
combinations of organic and inorganic “linkers” and their pore chemistry and size (< 0.7 nm) can overcome some of the weaknesses of
existing classes of porous material (Figure 1). Three families (platforms) of UMs will be detailed and their performance with respect to
important gas separation (e.g. CO; capture [1], C:H, capture [2]) and water purification applications will be discussed. Most recently,
we have shown that UMs can function synergistically to address complex gas mixtures [3] or perform effectively for CO, capture even
in the presence of humidity [4].

Figure 1. Ultramicroporous materials offer benchmark selectivity for CO, (left), CoH, (middle) and C,Hs (right).
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