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(1—7) [Summary Of The Invention

The present invention relates to novel porous inorganic/organic
hybrid materials and their use in chromatographic separations,
processes for their preparation, and separations devices containing
the chromatographic material. Thus, one aspect of the invention is a
porous inorganic/organic hybrid material, comprising a
chromatographical |y—enhancing pore geometry.

Another aspect of the invention is directed to a porous
inorganic/organic hybrid material, wherein pores of a diameter of

less than about 34 A contribute less than about 110 m2/g to less

than about 50 mz/g to the specific surface area of the material.

Yet another aspect of the invention is a porous inorganic/organic
hybrid monolith material, comprising a chromatographical ly-enhancing
pore geometry.

Still another aspect of the invention is a porous
inorganic/organic hybrid monolith material, wherein pores of a
diameter of less than about 34 A contribute less than about 110

mz/g to less than about 50 m2/g to the specific surface area of the
material.

Another aspect of the invention is a porous inorganic/organic
hybrid monolith material, comprising coalesced porous
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inorganic/organic hybrid particles having a chromatographical ly-
enhancing pore geometry.] (5H15~321T)
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(1—4) T[“Hybrid”, i.e., as in “porous inorganic/organic hybrid
particles” or “porous inorganic/organic hybrid monolith” includes
inorganic—based structures wherein an organic functionality is
integral to both the internal or “skeletal” inorganic structure as
well as the hybrid material surface.] (1 5E13~161%T)
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(1—r2) [The present porous inorganic/organic hybrid materials
having a cliromatographical ly-enhancing pore geometry generally have
a specific surface area, as measured by N2 sorption analysis, of

about 50 to 800 mz/g, preferably about 75 to 600 mz/g, more
preferably about 100 to 350 mz/g. The specific pore volume of the
hybrid materials is generally about 0.25 to 1.5 cm3/g, preferably

about 0.4 to 1.2 cm3/g, more preferably about 0.5 to 1.0 cm3/g. The
porous inorganic/organic hybrid materials having a
chromatographical |y—enhancing pore geometry have an average pore
diameter of generally about 50 to 500A, preferably about 60 to
500A, more preferably about 100 to 300A. The micropore surface

area is less than about 110 mz/g, preferably less than about 105
mz/g, more preferably less than about 80 mz/g, and still more

preferably less than about 50 mz/g.

Porous inorganic/organic hybrid materials having a
chromatographical |ly— enhancing pore geometry may be made as
described below and in the specific instances illustrated in the
Examples. Porous spherical particles of hybrid silica may, in one
embodiment, be prepared by a multi-step process. In the first step,
one or more organoalkoxysilanes such as methyltriethoxysilane, and a
tetraalkoxysilane such as tetraethoxy silane (TEOS) are
prepolymerized to form a polyorganoalkoxysiloxane (POS), e
polyalkylalkoxysiloxane, by co-hydrolyzing a mixture of the two or
more components in the presence of an acid catalyst. In the second
step, the POS is suspended in an aqueous medium in the presence of a
surfactant or a combination of surfactants and gelled into porous
spherical particles of hybrid silica using a base catalyst. In the



third step, the pore structure of the hybrid silica particles is
modified by hydrothermal treatment, producing an intermediate hybrid
silica product which may be used for particular purposes itself, or
desirably may be further processed, as described below. The above
three steps of the process allow much better control of the particle
sphericity, morphology, pore volume and pore sizes than those
described in the prior art, and thus provide the

chromatographical |ly-enhancing pore geometry.] (20H221T~21H
1 01T7)
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(2—7) [Summary Of The Invention

The present invention relates to a novel material for
chromatographic separations, processes for its preparation, and
separations devices containing the chromatographic material. In
particular, one aspect of the invention is a porous
inorganic/organic hybrid material, comprising porous
inorganic/organic hybrid particles having a chromatographical ly-
enhancing pore geometry.] (3 EH15~201T)
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(2—4) TIn another aspect, the invention is directed to a porous
inorganic/organic hybrid material, comprising a chromatographical ly-
enhancing pore geometry.

Yet another aspect of the invention is a porous inorganic/organic
hybrid material, wherein pores of a diameter of less than about 34 A

contribute less than about 110 mz/g to less than about 50 mz/g to

the specific surface area of the material.] (8E25~2 917)
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(2—r2) ["Hybrid”, i.e., as in “porous inorganic/organic hybrid
particles” includes inorganic-based structures wherein an organic
functionality is integral to both the internal or “skeletal”
inorganic structure as well as the hybrid material surface. | (9EH
28~301T)
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(2—x) [The present porous inorganic/organic hybrid particles
having a chromatographical ly-enhancing pore geometry generally have
a specific surface area, as measured by N2 sorption analysis, of

about 50 to 800 mz/g, preferably about 75 to 600 mz/g, more
preferably about 100 to 350 mz/g. The specific pore volume of the
particles is generally about 0.25 to 1.5 cm3/g, preferably about

0.4 to 1.2 cm3/g, more preferably about 0.5 to 1.0 cm3/g. The
porous inorganic/organic hybrid particles having a
chromatographical |y—enhancing pore geometry have an average pore
diameter of generally about 50 to 500A, preferably about 60 to
500A, more preferably about 100 to 300A. The micropore surface

area is less than about 110 mz/g, preferably less than about 105
mz/g, more preferably less than about 80 mz/g, and still more

preferably less than about 50 mz/g.

Porous inorganic/organic hybrid particles having a
chromatographical |ly— enhancing pore geometry may be made as
described below and in the specific instances illustrated in the
Examples. Porous spherical particles of hybrid silica may, in a
preferred embodiment, be prepared by a multi-step process. In the



first step, one or more organoalkoxysilanes such as
methyltriethoxysilane, and a tetraalkoxysilane such as
tetraethoxysilane (TEOS) are prepolymerized to form a
polyorganoalkoxysiloxane (P0OS), e.g., polyalkylalkoxysiloxane, by
co-hydrolyzing a mixture of the two or more components in the
presence of an acid catalyst. In the second step, the POS is
suspended in an aqueous medium in the presence of a surfactant or a
combination of surfactants and gelled into porous spherical
particles of hybrid silica using a base catalyst. In the third step,
the pore structure of the hybrid silica particles is modified by
hydrothermal treatment, producing an intermediate hybrid silica
product which may be used for particular purposes itself, or
desirably may be further processed below. The above three steps of
the process al low much better control of the particle sphericity,
morphology, pore volume and pore sizes than those described in the
prior art, and thus provide the chromatographical |ly-enhancing pore
geometry.] (15H8~3 41T)
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