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ABSTRACT

A non-glass vessel or conduit having an interior surface and a
coating over the interior surface, the coating providing a
barrier against adsorption to the interior surface of components
of a fluid in contact with the surface, the coating comprising an
amorphous non-glassy ceramic composition derived from a cross-
linked polymer selected from the group consisting of a
polysilazane, a polysiloxane, and a mixture of a polysilazane and
a polysiloxane. In addition, a glass vessel or conduit having an
interior surface and a coating over the interior surface, wherein
the coating provides a barrier against adsorption to the interior
surface of components of a fluid in contact with the surface, the
coating comprises an amorphous non-glassy ceramic composition

derived from a cross-linked polymer, is provided.
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POLYSILAZANE THERMOSETTING POLYMERS FOR USE IN CHROMATOGRAPHIC SYSTEMS
AND APPLICATIONS

This is a divisional application of copending application 2,546,898,

filed November 19, 2004.

BACKGROUND OF THE INVENTION

[0001] This invention relates to an amorphous non-glassy ceramic
composition that may be prepared by curing, calcining and/or pyrolyzing
a precursor material comprising silicon, a Group III metal, a Group IVA
metal, and/or a Group IVB metal. In particular, the composition is not
irreversibly adsorptive for components or fluids that come into contact
with it thereby allowing it to be useful as a passivation coating or
film for any underlying substrate where it functions as a barrier
against adsorption of components of the fluid to the underlying surface
of the substrate. Further, the amorphous non-glassy ceramic composition
functions as a highly useful matrix for a particulate adsorptive
material, and/or as a film for adhering such adsorptive material to an
underlying surface. Still further, the precursor material may comprise a
polysilazane, polysiloxane, and particulate adsorptive material forming
a fluid-permeable mass useful, for example, as an improved adsorptive
bed in pipette tips.

[0002] There has been a long-identified need in scientific
analytical techniques, such as chromatographic applications, to have
the ability to coat a substrate thereby causing the substrate to be
non-reactive with respect to a target analyte that comes into contact
with the substrate. In particular, with respect to chromatographic
applications, a coating useful to provide a barrier against adsorption
of components in a fluid to the surface of a vessel, conduit, or device
which is in contact with the fluid. Interactions between the target
analyte and the surfaces of a vessel, conduit, and/or device may
affect analytical results. This affect may be more pronounced in
SPME applications where only a very minute amount of analyte is
adsorbed. US 5,192,406 discloses certain surface-deactivation techniques
using polymeric silyl hydrides, siloxanes, silazanes and silicone

polymers to deactivate glass or fused-silica CZE capillary columns
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without eliminating electro-osmotic flow. Further,
deactivation of capillary columns for gas chromatography is
also disclosed. However, no discussion is given to parts
of the chromatographic apparatus other than the glass or
fused silica columns.

[0003] Recently, the formation of silicon containing
passivation films on various substrates has been dominated
by techniques such as Chemical Vapor Deposition (CVD),
Plasma CVD or wet chemical methods, including Sol Gel.
These techniques can be effective, but suffer from several
drawbacks requiring further improvement.

[0004] Silicon containing film forming processes
utilizing CVD (e.g., US 6,511,760 and US 6,444,326) often
suffer in some or all of the following areas: (1)
contamination of the apparatus and substrate caused by
formation of silicon particles in the gas phase reaction,
thereby reducing production yields and/or requiring post-
coating clean-up; (2) difficulty in obtaining a uniform
film on uneven surfaces and/or presence of undesirable
substances such as oxides in the film, caused by the
gaseous nature of the raw materials; (3) low productivity
caused by low film formation speeds; (4) necessity of
complex and expensive equipment, such as high frequency
generators and vacuum equipment; and (5) high reactivity
and toxic nature of the gaseous raw materials, such as
gaseous silicon hydride, requiring appropriate handling
procedures and safety equipment to provide airtight
conditions.

[0005] Researchers have attempted to produce
passivating films from ligquid silicon hydride containing
raw materials with limited results. JP-A-29661 recites a
process for forming a silicon-based thin film by liquefying
a gaseous raw material on a cooled substrate and
subsequently reacting it with active atomic hydrogen. This
process involves complex equipment and is very difficult to
control film thickness.

[0006] Low molecular weight liquid silicon hydride as
a film-forming precursor ls disclosed by JP-A-7-267621.
However, the process recited is problematic due to the
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handling of unstable material and wettability problems
associated with substrates of large surface area.

[0007] A solid silicon hydride polymer precursor was
recited by GB-2077710A. However, the material is difficult
to use due to poor solubility in common solvents.

[0008] Further, US 6,503,570 diecloses the synthesis
of silylcyclopentasilane as a ligquid £ilm-forming
precursor. This material is decomposed at temperatures
below 500°C and is easily dissolved in common organic
solvents such as toluene, hexane, THF and acetone.
Limitations of this approach include the complicated and
costly synthetic procedure and the instability of the
material in air.

[0008] US 5,853,808 discloses the decomposition of
chloroethyleilsesquioxane into thin ceramic films.
Rearrangement reactions are generally conducted under
intense UV light with the evolution of highly corrosive
hydrochloric acid. Additionally, the high cost of
production further limits this family of materials.

[0010] Sol Gel technology has been widely used in the
formation of silica containing films and binder
applications for small particles. Generally, the procedure
involves the acid hydrolysis of metal alkoxides to form
liquid sol solutions used in the above-menticned
applications. This liquid precursor technique suffers from
limitations such ag poor solvent compatibility and
substrate wettability. Further, uneven coating and pinhole
formation can be major problems along with the inability teo
create stable suspensions of particulate matter.
Additionally, Sol solutions can be very unstable resulting
in premature gelation and short shelf life. US 4,277,525
describes a complicated method to eliminate the
shortcomings of the technigue. Generally, an alkoxysilane
is mixed with a carboxylic acid or anhydride with a pK
larger than 4. A third reactant, a monovalent or divalent
alcchol such as methanol, ethanol or ethylene giycol, is
added. A reaction accelerator is described as a different
carboxylic acid with a pK not exceeding 4. Sol formation
proceeds over several hours. Precautions are necessary so
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the exothermic reaction does not raise the temperature of
the sol over 50°C or gelation may occur. 2along with the
complexity of the Sol preparation, the large amounts of
residual carboxylic acid may create wetting problems on
some substrates.

[0011] To facilitate the handling of adsorbent
particles, it may be helpful to agglomerate the particles
into shaped forms, beads or the deposition of these
particles on a substrate. A stable adherent coating of
particles that resists delamination from the substrate in
use may be advantageous for a variety of reasons, including
(1) improvement of surface area to weight ratio; (2)
reduction in the total amount of adsorbent required (3);
protection of the underlying substrate from aggressive
environments; and (4) the geometry of the substrate may be
required to provide strength or form to the adsorbent
system. A binding material is needed that allows for easy
suspension of particulates, adequate adhesive properties to
a variety of substrates, high stability and inertness in
both liquid precursor and ceramic form, low interference
with adsorbent porosity.

[0012] US 5,325,916 and US 6,143,057 both describe a
wide variety of binding materials used in the creation of
adsorbent structures composed of fine zeolite materials.
guitable binders include, macroporous clays, silicas,
aluminas, metal oxides and mixtures thereof. These types
of binding materials may be limited to more durable
adsorbents such as zeolites or silicas and may not provide
the inertness required for the subsequent desorption of
many organic molecules.

[0013] Further, US 5,599,445 discloses the use of a
siloxane polymer adhesive as a binding material for wvarious
adsorbents including alumina, silica, organic polymer
adsorbents and zeolites. Adsorbent films may be prepared
and used as chromatographic stationary phases for volatile
organic and permanent gas separation. The siloxane
material may be used successfully, but adversely effects
pore volume of the adsorbents. Additionally, these
polymeric type materials have limited thermal stability



CA 02945455 2016-10-17

WO 2005/052544 s PCT/US2004/038832

resulting in unwanted wvolatile by products upon
decompogition.

[0014] The current commercial pipette tips exhibit
fracturing of the beds during tip usage, and therefore lack
sufficient capacity. Also, several commercially available
tips possess coatings only on the tip walls and therefore
have limited capacity with analyte recovery significantly
reduced.

[0015] The present invention seeks to reduce or
eliminate the limitations of known compositions and methods
due to the chemical properties of the macromolecules and
decreased production costs allowing for use in a variety of
chromatographic systems and applications.

SUMMARY OF THE INVENTION

[0016] Among the several aspects of the present
invention is the provision of an adsorptive structure
comprising particulate adsorptive material lodged in a
matrix comprising an amorphous non-glassy ceramic
composition and/or adhered to an underlying surface via a
film comprising an amorphous non-glassy ceramic
compogition. The ceramic compositiéh comprises an element
selected from the group consisting of silicon, a Group III
metal, a Group IVA metal, a Group IVB metal and
combinations thereof and may be interrupted by nitrogen or
carbon atoms. Further, the ceramic composition may be
characterized by certain adsorption spectra having
characteristic band rahges at various temperatures. The
particulate adsorbent material is nucleophilic,
electrophilic, or neutral and includes carbon, organic
polymers, silicas, zeolites, aluminas, metal or ceramic
powders, which are lodged in the ceramic composition such
that the particles are accessible to contact with an
analyte contained in a fluid. The underlying surface is
selected from the group consisting of glass, metal,
plastic, wood, fabric, ceramic or combinations thereof, and
includes a chromatographic columm.

[0017] Another aspect of the invention includes an
adsorptive structure wherein the ceramic composition is
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derived from an oligomer comprising repeating units in
which nitrogen is combined with an element selected from
the group consisting of silicon, a Group III metal, a Group
IVA metal, a Group IVB metal and combinations therecf. The
ceramic composition may be prepared by mixing the
particulate adsorptive material and the oligomer and
heating until the ceramic composition forms.

[0018] Further aspects of the invention include
chromatographic methods wherein a mobile £luid phase
containing an analyte may be contacted with a stationary
phase comprising particulate adsorptive material that is
lodged in a matrix comprising an amorphous non-glassy
ceramic composition and/or adhered to an underlying surface
via a film comprising an amorphous non-glassy ceramic
composition, the ceramic composition comprising an element
selected from the group congisting of silicon, a Group III
metal, a Group IVA metal, a Group IVB metal and
combinations thereof. The stationary phase may comprise a
packing for a chromatographic cclumn or solid phase
extraction device wherein said packing comprises discrete
adsorptive bodies. Alternatively, or in addition, the
stationary phase may comprise a ceramic f£ilm on the
interior surface of a chromatographic column wherein the
particulate adsorptive material is lodged in or adhered to
the interior surface wvia the f£ilm.

[0019] Other aspects of the invention include a
chromatographic separation device comprising a tubular
column and, on a wall of said column, a film comprising an
amorphous non-glassy ceramic composition and a particulate
adsorptive material, the adsorptive material being lodged
in said film or adhered via said film to said wall. The
non-glassy ceramic composition comprises an element
selected from the group consisting of silicon, a Group I1II
metal, a Group IVA metal, a Group IVB metal, and
combinations thereof.

[0020] Another aspect of the invention includes a
composite comprising a non-glass substrate and a coating
over a surface of the substrate providing a barrier against
adsorption to the substrate of a component of a fluid in
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contact with the composite. The coating comprises an
amorphous non-glassy ceramic composition that is derived
from an oligomer comprising repeating units in which
nitrogen is combined with an element selected from the
group consisting of silicon, a Group III metal, a Group IVA
metal, a Group IVB metal, and combinations thereof. The
preparation of the non-glassy ceramic coating way comprise
the application to the surface of the substrate a flowable
dispersion comprising the oligomer followed by heating of
the dispersion to form a ceramic composition. The non-
glass substrates may be selected from the group consisting
of copper, aluminum, steel, stainless steel, nitinol,
bronze, zirconium, titanium, and nickel.

[0021] Another aspect of the invention includes a
composite comprising a glass substrate and a coating over a
gsurface of said substrate providing a baffier against
adsorption to the substrate of a component of a fluid in
contact with the composite. The coating cbﬁprises an
amorphous non-glassy ceramic composition that is derived
from an oligomer comprising repeating units in which
nitrogen is combined with an element selected from the
group consisting of silicon, a Group III metal, a Group IVA
metal, a Group IVRB metal, and combinations thereof. The
glass substrates may include, for example, inlet sleeves,
wool, syringe barrels, sample vials, connectors (such as
press-tight, column, and seal), adsorbent trap assemblies
and thermal tubes.

[0022] Further aspects of the invention include a
fluid-permeable mass comprising a particulate adsorbent
material dispersed in a matrix comprising a polysilazane
polymer and a polysiloxane polymer; a solid phase
adsorptive device comprising a conduit or vessel having a
particulate adsorptive material entrapped therewithin by a
binder comprising a polysilazane polymer and a polysiloxane
polymer; and a process for preparing a fluid-permeable mass
comprising a particulate adsorbent material dispersed in a
polymeric matrix comprising preparing a dispersion
comprising the particulate adsorbent material in a liquid
medium comprising a solvent, a polymerizable silazane and a
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polymerization initiator, the polymerizable silazane
comprising a polysilazane moaner, a polysilazane oligomer,
or a mixture thereof; and polymerizing the polymerizable
silazane to form said fluid-permeable mass.

[0023] A further aspect of the invention includes a
pipétte adapted for sclid phase extraction, the pipette
comprising a barrel and a tip, the tip containing a fluid-
permeable mass comprising a particulate adsorbent material
dispersed in a matrix comprising a polysilazane polymer.

[0024] Another aspectvof’the invention includes a
pipette adapted for solid phase extraction, the pipette
comprising a barrel and a tip, a particulate adsorptive
material being entrapped within the tip by a binder
comprising a polysilazane polymer.

[0025] Still further aspects of the invention include
a process for adhering a particulate adsorptive material to
an interior wall of a conduit or veséel comprising o
establishing a dispersion comprising the particulate
adsorbent material within the conduit or vessel, the.
dispersion comprising the adsorbent material in a liguid
medium comprising a solvent, a polymerizable silazane and a
polymerization initiator, the polymerizable silazane
comprises a polysilazane monomer, a polysilazane oligomer}
or a mixture thereof; and polymerizing said polymerizable
gsilazane to form a binder entrapping said adsorptive
materiai within said conduit or vessel.

[0026] A further aspect of the invention includes a
method for separating a target compound from a sample
comprising a fluid wmedium containing said compound, the
method comprises drawing the sample into a vessel or
conduit- containing an adsorbent bgd, the adsorbent bed.
comprising particulate adsorbent material dispersed in an
adhesive matrix or entrapped.by an adhesive binder, the
adhesive matrix or binder comprising a polysilazane polymer
and. a polysiloxane polymer; and allowing said target
COmpoﬁnd to be adsorbed to particles of said adsorbent

material.
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[0026a] According to another aspect of the present
invention (parent application), there is provided a fluid-
permeable mass comprising a particulate adsorbent material
dispersed in a cross-linked polymer matrix comprising a
polysilazane polymer and a polysiloxane polymer, wherein the
fluid-permeable mass contains at least 40% by weight of said

particulate adsorbent material.

{0026b] According to yet another aspect of the
present invention (parent application), there is provided a
solid phase adsorptive device comprising a conduit or vessel
having a particulate adsorbent material entrapped therewithin
by a binder comprising a polysilazane polymer and a

polysiloxane polymer.

[0026c] According to a further aspect of the present
invention (parent application), there is provided a pipette
comprising a barrel and a tip, said tip containing an
adsorptive zone comprising a particulate adsorbent material
entrapped in a binder comprising a polysilazane polymer and a

polysiloxane polymer.

[0026d] According to yet a further aspect of the
present invention (parent application), there is provided a
pipette adapted for solid phase extraction, saild pipette
comprising a barrel and a tip, said tip containing a fluid-
permeable mass comprising a particulate adsorbent material
dispersed in a matrix comprising a polysilazane polymer and a

polysiloxane polymer.

[0026e] According to another aspect of the present

invention (parent application), there is provided a process for
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preparing a fluid-permeable mass comprising a particulate
adsorbent material dispersed in a polymeric matrix comprising:
preparing a dispersion comprising said particulate adsorbent
material in a liquid medium comprising a solvent, a
polymerizable silazane, a siloxane and a polymerization
initiator, said polymerizable silazane comprising a
polysilazane moncomer, a polysilazane oligomer, or a mixture
thereof; and polymerizing said polymerizable silazane and said

siloxane to form said fluid-permeable mass.

[0026f] According to yet another aspect of the
present invention (parent application), there is provided a
process for adhering a particulate adsorptive material to an
interior wall of a conduit or vessel, the process comprising:
providing a dispersion comprising said particulate adsorbent
material within said conduit or vessel, said dispersion
comprising said adsorbent material in a liquid medium
comprising a solvent, a polymerizable silazane, a siloxane and
a polymerization initiator, said polymerizable silazane
comprising a polysilazane monomer, a polysilazane oligomer, or
a mixture thereof; and polymerizing said poclymerizable silazane
and said siloxane to form a binder entrapping said particulate

adsorbent material within said conduit or vessel.

[0026g] According to still another aspect of the
present invention (parent application), there is provided a
method for isclating a target compound from a sample comprising
a fluid medium containing said compound, the method comprising:
drawing said sample into a vessel or conduit containing an
adsorbent bed, said adsorbent bed comprising particulate

adsorbent material dispersed in an adhesive matrix or entrapped
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by an adhesive binder, said adhesive matrix or binder comprising
a polysilazane polymer and a polysiloxane polymer; and allowing
said target compound to be adsorbed to particles of said

particulate adsorbent material.

[0026h] According to an aspect of this divisional
application, there is provided a non-glass conduit, wherein said
conduit has an interior surface and a coating over the interior
surface, said coating providing a barrier against adsorption to
said interior surface of a component of a fluid in contact with
said surface, said coating comprising an amorphous non-glassy
ceramic composition that is derived from a cross-linked polymer
selected from the group consisting of a polysilazane, a

polysiloxane, and a mixture of a polysilazane and a polysiloxane.

[0026i] According to another aspect of this divisional
application, there is provided a non-glass vessel, wherein said
vessel has an interior surface and a coating over the interior
surface, said coating providing a barrier against adsorption to
said interior surface of a component of a fluid in contact with
said surface, said coating comprising an amorphous non-glassy
ceramic composition that is derived from a cross-linked polymer
selected from the group consisting of a polysilazane, a

polysiloxane, and a mixture of a polysilazane and a polysiloxane.

[002673] According to another aspect of this divisional
application, there 1is provided a glass vessel or conduit having
an interior surface and a coating over the interior surface, said
coating providing a barrier against adsorption to said interior
surface of a component of a fluid in contact with said surface,
said coating comprising an amorphous non-glassy ceramic

composition that is derived from a cross-linked polymer selected

CA 2945455 2019-04-09
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from the group consisting of a polysilazane, a polysiloxane, and

a mixture of a polysilazane and a polysiloxane.

[0026k] According to yet another aspect of this
divisional application, there is provided a non-glass vessel or
conduit, said vessel or conduit having an interior surface and a
coating over the interior surface, said coating providing a
barrier against adsorption to said interior surface of a
component of a fluid in contact with said surface, said coating
comprising an amorphous non-glassy ceramic composition that is

derived from a silazane oligomer having the formula:

wherein R is H or —CH=CH, and n is 1 to 20.

[00261] According to still another aspect of this
divisional application, there is provided a glass vessel or
conduit having an interior surface and a coating over the
interior surface, said coating providing a barrier against
adsorption to said interior surface of a component of a fluid in
contact with said surface, said coating comprising an amorphous
non-glassy ceramic composition that is derived from a silazane

oligomer having the formula:

CA 2945455 2019-04-09
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wherein R is H or —CH=CH, and n is 1 to 20.

[0027] Other objects and features will be in part

apparent and in part pointed out hereafter.

CA 2945455 2019-04-09
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a schematic longitudinal section of
a pipette>having a fluid-permeable mass in the form of an--
adsorptive bed for use in a pipette tip.

[0029] FIG. 2 is a schematic end view of a pipette
having a fluid-permeable mass in the form of an adsorptive

"bed for use in a pipette tip.

[0030] FIG. 3 is a photograph showing morphology of a
pipette tip having a fluid-permeable mass in the form of an
adsorptive bed before use.

[0031] FIG. 4 is a photograph as described in FIG. 3
aﬁter use. : ’

[0032] FIG. 5 is a graph depicting flow and recovery
data for Substance P, a peptide.

[0033] FIG. 6 is a graph depicting the cure time and
temperature relationship with respect to selected peroxides
{initiators) for conversion of the fluid polysilazane
oligomer to the cross-linked polymer. ‘

[0034] FIG. 7 is a graph depicting Thermal Gavimetric

Analyesis (TGA) used to measure the degree of conversion

from the cross-linked polymer to the ceramic material at
elevated temperatures in different atmospheric conditions.
[0035] Fig. 8 compares the chromatographic analysis
of a sample delivered to a chromatographic column through a
316SS transfer line that has been treated with polysilazane
(FIG. 8A) vs. the analysis of an identical sample that has
been delivered to the column through an untreated 31688
line (FIG. 8B) as described in Example 14. '
[0036] FIG. 9 is a depth profiling analysis for
silicon, carbon, nitrogen, chromium, iron and oxygen using

A Energy Dispersive Spectroscopy (EDS) as described in

Example 16.

[0037] FIG. 10 depicts an infrared spectroscopy
analysis of a silicon nitride passivation coating as
described in Example 15.°

~ [0038] FIG. 11 depicts a graph showing the
differential pore volume vs. the pore width for uncoated

~and coated'Carboxeg—loos (PIG. 11A) and a graph showing the
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differential pore volume vs. the pore width for uncoated
and coated 300 A silica (FIG. 11B), both asg described in
Example 18.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] 1In accordance with the invention, it has been
discovered that an amorphous non-glassy ceramic composition
with highly useful properties can be prepared by curing,
calcining and/or pyrclyzing the polysilazane polymer. The
composition obtained has been found to be not irreversibly

adsorptive for components of fluilds that way come in
contact with it. It has, therefore, been found useful as a
passivating coating or film for an underlying substrate
where it functions as a barrier against adsorption of
components of the fluid to the underlying surface of the
substrate. Thus, the composition is useful as a coating
for the walls of a vessel containing the fluid, or for the
interior wall of a cenduit through which the fluid flows.
The ceramic composition comprises an element selected from
the group consisting of silicon, a Group III metal, a Group
IVA metal, a Group IVB metal, and combinations thereof.
Preferably, the ceramic composition has a relatively low
Young's modulus, a relatively low flexural modulus, and a
relatively high elongation as compared to crystalline
silica or conventional gilica glass. Consequently, the
composition possesses a greater degree of flexibility as
compared to crystalline silica and conventional sgilica
glass. These properties are believed to contribute to the
effectiveness of the ceramic composition as a barrier
against adsorption of an analyte onto the underlying
surface. The relatively greater flexibility of the ceramic
composition of the invention tends to reduce crazing and
fracturing which might otherwise create fissures through
which an analyte could pass and be adsorbed to the
substrate surface. The ceramic composition is
characterized by a generally higher Young’s modulus, higher
flexural modulus and lower elongation than the polysilazane
polymer from which it is derived; but it retains properties
effective to protect its integrity against mechanical and
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thermal stresses to which it and its underlying substrate
may be subjected during service.

[0040] It has further been discovered that the
amorphous non-glassy ceramic composition functions as a
highly useful matrix for a particulate adsorptive material,
and/or as a film for adhering such adsorptive material to
an underlying surface. In this éapacity, it again
functions as a barrier against adsorption to the substrate
of a component of a fluid in contact with the matrix or
film. Thus, where the particulate adsorptive material is
used in an adsorptive structure for the selective
adsorption of an analyte from a fluid sample, such as a
solid phase extraction or microextraction device, or an
open chromatographic column, the ceramic adhegive film or
matrix allows the particulate adsorptive material to have
access to the analyte, but prevents adsorption to the
substrate that would otherwise compromise the selectivity
of the adsorption process.

[0041] Further, in accordance with the invention, an
adsorptive structure may comprise a coherent body in which
the aforesaid amorphous ceramic composition comprises a
matrix wherein a particulate adsorptive material may be
lodged. Discrete coherent bodies of this nature can serve,
for example, as packing for a chromatographic column.

[0042] The ceramic composition has a chemical
structure comprising a network of oxygen and silicon, Group
III, Group IVA, or Group IVB atoms linked predominantly
oxygen to silicon, Group III, Group IVA, or Group IVB atom
bonds. Without being held to any particular theory, it is
believed that Group III metals and other Group IVA or Group
IVB metals form bonds with nitrogen atoms in a manner
similar to that of silicon atoms. In particular, germanium
exhibits characteristics similar to that of silicon. The
metals have an oxidation state of 3 or 4 and include
germanium, boron, aluminum, titanium and gallium. It is
believed that the amorphous ceramic composition has a
general structure comparable to silicon oxide or germanium
oxide, but differs in structure from silica glass in a

manner that contributes to its unique and advantageous
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properties as a passivating film or matrix, Preferably,
the ceramic composition comprises germanium or silicon,
with silicon being economic and advantageocus for an
especially wide variety of applications.

[0043] In various preferred embodiments, the chemical
structure of the ceramic composition may be interrupted
either regularly or randomly by Group IVA or Group IVE atom
to nitrogen atom or carbon atom linkages. Based on sputter
depth profiling using Energy Dispersive Spectroscopy
(FIG. 8), carbon and nitrogen atoms are present in the
ceramic composition. For example, the ceramic composition
may contain at least 30% carbon atoms and at least 2%
nitrogen atoms at a depth of between about 1 and about
2000 A, more typically, at least 40% carbon atoms at a
depth of between about 1 and about 2000 A, and/or at least
3% nitrogen atoms at a depth between about 1 and 2000 A.
Without being held to any particular theory, it is believed
that these residual carbon and nitrogen atoms impart a
degree of flexibility to the ceramic composition as
compared to crystalline silica and conventional silica
glass. The exact mechanism for imparting such flexibility
is unclear. The flexibility of the composition may also,
in part, be attributed to occlusions, perhaps very fine
occlusions, within the ceramic composition. It is
theorized that these occlusions may cause weakness in the
composition of a nature that imparts a tendency to stretch
or flex which exceeds any tendency to crack or craze.
Accordingly, the ceramic composition's flexibility may be
related to the residual carbon and nitrogen atoms and/or
any occlusions present.

[0044] The ceramic composition of the present
invention is derived from an oligomer comprising repeating
units in which nitrogen is combined with an element
selected from the group consisting of silicon, a Group III
metal, a Group IVA metal, a Group IVB metal, and
combinations thereof. To form the ceramic composition, the
oligomer and particulate adsorbent material are heated.

The characteristics of the ceramic composition are
influenced by both the temperature and length of exposure
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to which the precursor oligomer and particulate adsorbent
material are subjected. When heated to an effective
temperature range, the oligomer is converted to a cross-
linked polymer film. Typically, the cross-linked polymer
film may be formed in a temperature range of between about
25°C to about 450°C. Upon heating to elevated
temperatures, the cross-linked polymer film converts to a
ceramic state. Typically, the conversion of the cross-
linked polymer to the ceramic state occurs anywhere from
about 400°C to about 2200°C. In one embodiment, the
conversion of the cross-linked polymer f£ilm to the ceramic
state occurs at greater than about 400°C.

[0045]1 The atmospheric conditions under which the
heating occurs effects the nature of the cross-linking film
that is formed. While the cross-linked polymer typically
forms at a temperature of about 25°C to about 250°C in both
air and inert atmospheres, the particular atmosphere does
influence the degree of mass conversion to the ceramic
material. Thermal gravimetric analysis (TGA) may be used
to measuie this degree of conversion. FIG. 7 shows the
decline in weight of a polysilazane coating as it is
converted to an amorphous non-glassy ceramic f£ilm. The
figure plots residual film weight as a function of
temperature during the curing process, expressed as a
percentage of the initial dry polymer film weight. In air,
approximately 95% of the weight of the starting material is
retained after the conversion to the ceramic state. 1In
contrast, in a nitrogen atmosphere, only about 75% of the
weight of the starting material is retained after the
conversion to the ceramic state. Preferably, the
conversion occurs in air.

[0046] The formation of the cross-linked polymer f£ilm
at relatively low temperatures advantageously allows the
film to be handled and manipulated without any or with only
minimal damage to the f£ilm. Also, the lower temperatures
allow for easier application of multiple coatings.

Further, the conversion of the cross-linked polymer film to
the ceramic state at relatively low temperatures allows for

a broader range of substrates to be utilized. In
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particular, certain substrates that are susceptible to
cracking or other types of degradation at high
temperatures, and thus unsuitable for coating, may be
coated with the ceramic film described herein at relatively
lower temperatures. Additiomally, because the conversion
from the crossg-linked polymer film to the ceramic state may
occur at temperatures lower than many other applications,
common inexpensive ovens may be used to carry out the
conversion, instead of relatively expensive high-
temperature ovens.

[0047] The adsorptive structure of the present
invention comprises between about 0.1 and about 89.8% by
weight particulate adsorbent material. The percentage by
weight of particulate adsorbent material varies with the
particular application of the adsorptive structure. For
example, when used in chromatographic applications, the
range is typically 1 to 83% by weight adsorptive material.
Preferably, the adsorptive coating comprises between about
20 and about 33% by weight adsorptive material.

[0048] The particulate adsorbent material may be
nucleophilic, electrophilic, or neutral. For example, the
particulate adsorptive material may be selected from
carbon, organic polymers, silicas, zeclites, aluminas,
metal or ceramic powders. Preferred organic polymer
adsorbents useful in the compositions and constructions of
the present invention include poly(divinylbenzene),
copolymers or styrene and divinylbenzene, such as that
comprised by the porous nonionic polymeric adsorbent
waterial sold under the trade designation XAD™ by Supelco,
Inc. of Bellefonte, Pa., polystyrene, the porous highly
cross-linked methacrylate copolymer resins comprised by the
adsorbent material sold under the trade designation
Amberchrom™, also by Supelco, acrylic ester copolymers,
acrylonitrile-divinylbenzene copolymers and various
polymers comprising an aromatic backbone or aromatic
pendant groups. A variety of other cross-linked polymer

materials may also be used.
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[0048) Carbon adsorbent material that are useful in
practice of the invention include Carboxen 1006™ and
Carbopack Z™, both by Supelco, Inc.

[00501] Although porous adsorbent materials are
preferred for many applicationg, the particulate adsorbent
material of the invention may also be constituted of
substantially nonporous carbon, organic polymer or other
nucleophilic materials.

[0051] Generally, the particulate adsorbent material
range in size from about 1 nanometer to about 1 millimeter.
The particle size distribution of the particulate
adsorptive material is preferably such that at least 1% by
weight thereof have a particle size from about 1 nanometer
to about 1 millimeter. Advantageously, at least about 50%
by weight of the adsorbent material have a particle size
from about 1 nanometer to about 10 nanometers. For some
applications, the particle size distribution of the
particulate adsorptive material is such that at least 1% by
weight thereof have a particle size from about 0.1 micron
to about 10 microns.

[0052] Preferably, the particulate adsorbent haterial
may have a B.E.T. surface area between about 0.1 and about
4000 m’/g. In certain pfeferred embodiments, the
particulate adsorbent material has a B.E.T. surface area of
at least 100 m?/g. For certain other applications, e.g.,
use as an adsorbent bed in pipette tips, the particulate
adsorbent material preferably has a B.E.T. surface area of
at least 1 wm?/g and preferably at least 35 m’/g. Typically,
the adsorptive material wmay have a pore volume of about
0.01 to about 5 cc/g. For many embodiments, at least 85%
of the pore volume of the particulate adsorptive material
is constituted of pores having a pore size between about
2.5 A and about 10,000 A. For certain applications, at
least 75% of the pore volume of the adscrptive material is
constituted of pores having a pore size between about 3 to
about 20 A. For certain other applications, at least 75%
of the pore volume of the adsorptive material is
constituted of pores having a pore size between about 100
to about 300 A. For still other applications, at least 75%
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of the pore volume of the adsorptive material is
constituted of pores having a pore size between about 100
to about 2000 A. In a particularly preferred embodiment,
the adsorbent material is carbon based having a particle
size predominantly between 0.2 and about 2.0 um, a total
pore volume of between 0.1 and about 3 cc/g, a macropore
(diameter >500 A) volume of between about 0.1 and about
2.0 cc/gm, a mesopore (diameter between 20 and 500 A) of
between about 0.1 and 2.0 cc/g, and a micropore (diameter 3
to 20 A) of between about 0.1 and about 2.0 cc/g.
Graphitic carbons are generally non-porous and present an
external surface area in the range of 1 to 100 m?/g. These
may be suitable. A useful graphitized carbon sold by
Supelco under the designation Carbopack X has a B.E.T.
surface area of about 250 m?/g and comprises a modest level
of microporcsity, less than about 0.5 cc/g.

[0053] Adsorbent material consisting of zeolite
molecular sieves typically have a particle size of between
0.1 and ébout 5 microns, an average pore volume in the
range of between about 0.3 and about 0.7 cc/g, and an
average pore size in the range of about 5 A. The B.E.T.
surface area of zeolite molecular sieves is generally in
the range of about 250 to about 400 w?/g.

[0054] Adsorbent material congisting of activated
alumina are generally in the submicron particle size range,
i.e., between about 0.1 and about 5 microns. Activated
alumina has an average pore size in the range of about 2 to
about 100,000 A, a pore volume of between about 0.25 and
about 1 cc/g, and a B.E.T. surface area in the range of
about 300 to about 400 m?’/g.

[0055] Activated silica adsorbent material have a
particle size of between about 1 and about 10 micronsg, an
average pore size of between about 0 and about 1000 A, and
a pore volume of between about 0.5 and about 20 cc/g.
Silica gel has average pore size in the range of between
about 3 and about 500 A, and an average pore volume in the
range of between about 0.5 and about 20 cc/g, and is
available in a typical particle size of between 1 and about
1,000. B.E.T. surface area is ordiparily in the range of
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be;ﬁeen about 20 and about 400 m?*/g in the case of activated
gilica, and between about 50 and about 1300 w?/g in the case
of silica gel. '

‘ [0056] Porous orgénic polymers produced by emulsion
and/of suspension polymeriiation may be nondisperse (with
respect to particle size), i.e., narrowly distributed
within a particle size range of between about 1 and about 2
microns. Such porous polymer bodies exhibit a very wide
ranée of B.E.T. surface areas, e.g., from about 1 to about
1300, m?/g, commonly 500 to 900 m?/g, most typically 700 to
800. m®/g. Pore sizes are in the range of between about 100

. and 200 A. Pore volume is generally in the range of
between zbout 0.2 and about 2 cc/g.
[0D57] _For purposes of this disclosure, specific
surface area, total pore volume, pore size distribution and
contribution to total pore volume are values determined

using nitrogen porosimetry analysis such as that described
by 8.J. Gregg and K.S.W.'Sing in Adsorption, Surface Area
and Porosity, Academic Press, New York, 1982 and P.A. Webb
and C. Orr in Analytical Methods in Fine Particle
Technoloay, Micromeritics,'Norcross, Georgia, 1987.

An ASAP 20190 porosimeter§

(micromeritics,
Norcross, Georgia, USA), a surface area and pore volume
instrument, was used to écquire the data reported herein in
Example 18 and Figures 11A and 11B. Specific surface area
determination involves exposing a known weight of a solid
to some definite pressure of a non-specific adsorbate gas
(i.e., nitroéen) at a constant temperature, e.g., at the
teﬁperature of liquid nitrogen, -156°C. During
equilibration, gas molecules leave the bulk gas to adsorb
ontd the surface of the solid which causes the average
number of molecules in the bulk gas to decrease which, in
turn, decreases the pressure. The relative pressure at
equilibrium (p) as a fraction of the saturation pressure
{pg) of the adsorbate gas is recorded. By combining this

decrease in pressure with the volumes of the vessel and of
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the solid sample, the amount (i.e., the number of
molecules) of gas adsorbed is calculated by application of
the ideal gas laws. These data were measured at relative
pressures (p/p,) of approximately 0.001 to 0.05 where the
Brunauer-Emmett-Teller (BET) equation for multi-layer
adsorption typically applies. With the number of adsorbed
gas molecules known, specific surface area was calculated
using the known cross-sectional area of the adsorbate gas,
nitrogen. For cases where only physical adsorption due to
Van der Waals forces occurs (i.e., Type I Langmuir
isotherms), the determination of surface from the observed
changes in pressure is accomplished using the BET eguation.
Pore size and pore size distributions were calculated by
obtaining relative data approaching p/p, = 1, i.e., in the
regime where multi-layer adsorption and capillary
condensation occur. By applying the Kelvin equation and
methods developed by Barrett, Joyner and Halenda (BJH), the
total pore volume and contribution to the total pore volume
were obtailned.

[0058] The Density Functional Theory (DFT) plots,
shown in Figures 11A and 11B, are graphs of the relative
pressure values, p/p, , which are correlated to the
respective pore diameters, using a series of mathematical
equations, at which the relative pressure values are
obtained. The resulting plot thus relates the pore .
diameter, in angstroms, to the pore volume (i.e., the
quantity of nitrogen adsorbed in the specified pore
diameter region) values obtained.

[0059] With respect to FIG. 11A, the porosimetry data
obtained indicates that the surface area was slightly
reduced, but a significant amount of micropore region
remained (site of primary adsorption work). Also, the
mesopore and macropore diameters did not significantly
change, as seen in the DFT plots. With respect to
FIG. 11B, the data obtained indicates that a small amount

of microporosity was created by the 2 adhesives laying in
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the pores, and a small amount of mesoporosity was lost due
to the presence of the adhegives. Hﬁwever, 2 significant
amount of working pore remained to perform the adsorption
work.

[0060] The amorphous non-glassy ceramic composition
may be applied to an underlying surface consisting of
glass, or a non-glass material such as, for example, metal,
plastic, wood, fabriec, ceramic or combinations of thereof.
For a wide variety of applications, the underlying surface
ig metal or glass. Preferable metals include, for example,
copper, aluminum, steel, stainless steel, nitinol, bronze,
zirconium, titanium, and nickel, The surface may be of any
geometry capable of belng coated by any known conventional
method. In particular, surfaces may include tubing,
trangfer lines or other conduits, the interior wall of the
barrel of a syringe (such as that used for sample transfer
or for an SPME device as described in Pawliszyn US patent
5,691,206), the interior surface of a thermal or solution
desorption device, stainless steel gas regulators or tubes,
chromatographic fittings (such as valves, tees, elbows and the
like), diaphragms, rotors, pathways, a vessel for conducting
reaction or adsorption operations, the surface of aﬁ agitator
for a stirred reaction vessel or adéorption contactor, GC and
LC columne and instrument hardware (such as injection material
liners, inlet disks, wool, detector assemblies, e.g., FID jets,
mass spectrometry assemblies, e.g., ion trap parts), HPLC
column hardware, sample loops, frits, £illing devices for
corrosive solid phase extraction materials, general housing
and assemblies (such as nozzles, combustion/reaction
chambers, spray rings, flow restrictors and the like),
MALDI sampling plates, surfaces that require changes in
hydrophobicity or chemical wettability, and containers for
liquids and gases including SUMMA or TO type sampling. In
a preferred embodiment, the underlying surface of the
adsorptive material is an interior wall of a conduit or

vessel for storage or transport of a fluid therein. In some

embodiments, the fluid is in contact with the vessel oxr conduit.

CA 2945455 2018-08-13
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[0061] Generally, the ceramic composition has a
thickness between about 1 nanometer and about 1 millimeter.
Multiple layers of the ceramic composition may be provided
over a substrate surface. By applying more than a single
layer, cracking of the ceramic composition may be decreased
or eliminated.

[0062] The ceramic composition may also comprise
filler material to increase the thickness of the ceramic
coating. Increasing the thickness of the coating may
advantageously increase the physical strength of the
coating, increase abrasion resistance, and provide
increased protection of the underlying substrate. Filler
material includes carbon, metal powders, ceramic powders,
graphite, flakes, mica, zirconium and fumed silica. In a
preferred embodiment, the filler material is mica, fumed
silica, or zirconium. The filler material selected should
be non-adscrptive for an analyte and preferably non-
adsorptive for all components of a fluid which comes into
contact with the ceramic cowmposition.

[0063] To bond the particulate adsorbent material to
the substrate, the particles are preferably suspended in a
solution of the silazane oligomer or polymer and the
substrate is contacted with the suspension at a temperature
in the aforesaid range. The suspension may be prepared
either with or without the aid of a solvent. When a
solvent is used, essentially any organic solvent that
provides effective solubilization of the polysilazane
polymers and wets the particulate adsorbent material can be
used for the reaction. Among the organic solvents that may
conveniently be used are alcohols such a methanol, ethancl,
isoproprancl, and n-butanol, ketones such as methyl ethyl
ketone, methyl isobutyl ketone, and methyl isopropyl
ketone, ethers such as diethyl ether, methyl ethyl ether,
and dipropyl ether, esters such as ethyl acetate, methyl
butyrate, or amyl acetate, aromatic solvents such as

benzene, toluene, and xylene, halogenated solvents such as
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chloroform, trichloroethane, and dichloromethane, and other
commen solvents such as dimethylformamide, dimethyl
sulfoxide, tetrahydrofuran, etc. Aprotic solvents such as
carbon disulfide and acetonitrile are also useful.
Preferably, the solvent used is effective toc wet the
particulate adsorptive material, preferably carbon
particles, at a temperature up to about 1000°C. Preferred
solvents for this embodiment of the invention include
pentane and dichloromethane. For graphitic carbon,
tetrahydrofuran is especially preferred.

[0064] It is desirable to maintain the reaction
mixture substantially free of moisture. As the most common
source of moisture, the solvent preferably has a moisture
content not greater than about 50 ppm, more preferably not
greater than about 10 ppm. Conveniently, the polysilazane
polymer is dissolved or dispersed in the solvent with aid
of agitation or exposure to ultrasound. Mechanical
agitation or sonication are also preferably used to aid in
obtaining a uniform dispersion of the adsorptive material
in the solution. '

[0065] Concentrations and ratios of reactants are not
narrowly critical; nor is pressure. Conveniently, the
gilazane content of the solution or dispersion may be
between about 1 and about 1000 gpl, and the concentration
of carbon or other dispersed particulate adsorptive
material in the pre-reaction slurry may be in the range of
between about 1 and about 500 gpl, ordinarily 10 to 100
gpl. The ratio of the silazane to adsorbent is preferably
from about 20 to 1 to about 1 to 1, more preferably from
about 10 to 1 to about 2 to 1, and even more preferably
from about 5 to 1 to about 2 to 1. More concentrated
coating solutions, in the range of 35 to 80 gpl can be used
to provide multiple layers of carbon in a single coat.
Concentrations in the 10 to 30 gpl are generally efifective
to provide only a single layer of carbon particles of

typical size, e.g., 0.2 to 1 micron. Nevertheless,
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coatings having multiple layers of carbon particles can be
obtained from such relative dilute compositions by applying
the coating in multiple cycles.

[0066] The reactions are readily conducted at ambient
pressure, but pressures ranging from a high vacuum, -29.90"
Hg, to a positive pressure of up to 10,000 psi can be
tolerated without adverse effect on the reaction. When the
slurry of particulate adsorptive material, generally carbon
particles, in silazane solution has been brought into
contact with the substrate, the solvent is removed.
Preferably, the solvent is removed by evaporation, although
other means known in the art may be utilized, such as, for
example, sublimation.

[0067] The particulate material may be lodged in a
matrix comprising the ceramic composition and/or adhered to
an underlying substrate via a film comprising the ceramic
composition. Where the adsorptive material is lodged in a
ceramic matrix, particles of the adsorptive material may be
accessible to an analyte by outcropping from the matrix or
by flow of analyte through pores in the matrix to the
adsorbent.

[0068] Further, the ceramic composition may be formed
as a coheréﬁt body. The coherent body may comprise a core
mass which may be coated with the ceramic composition. In
such instance, the core mass may be selected from metal,
glass, carbon, and gilica. A preferred core mass is
silica. An adsorptive structure may comprise a coherent |
body in which particulate adsorptive material is lodged in
a matrix comprising the ceramic material. As discussed
above, the particulate material may outcrop from the
ceramic matrix; or an analyte in a fluid with which the
coherent body is contacted may have access to the
adsorptive particles by flow through pores in the matrix.
An adsorptive bed may be formed from a plurality of
digecrete adsorptive bodies having any of the alternative

structures described above. Such adsorptive bed may
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function, for example, as packing for a chromatographic
column. Such a column may comprise a tubular member
containing a bed comprising such packing material. The
adgorptive structure may also comprise a monoclithic mass
consisting essentially of the ceramic composition.

[0069] In any of the various embodiments detailed
above, the ceramic film, in which the particulate
adsorptive material is lodged, may not substantially be
irreversibly adsocrptive of an analyte or other target
compound that is adsorbed by said particulate adsorptive
material. In this manner, the analyte is adsorbed almost
entirely by the particulate adsorptive material thereby
increasing the selectivity of adsorption.

[0070] The exact chemical nature of the ceramic
compogition has not been determined. However, using data
from infrared spectroscopy and EDS depth profiling
analysis, certain assumptions and characterizations may be
made. For example, using EDS depth profiling analysis (see
FIG. 9) at a depth of about 1 to about 2000 A, carbon atoms
have been found to be present in an exemplary ceramic
composition at‘a concentration of at least 40%. Further,
at the same depth range in the same example, nitrogen atoms
have been found to be present at a concentration of at
least 4% and Si-O bonded atoms have been found to be
present at a concentration of at least 10%.

[0071] The information garnered fxrom the Energy
Dispersive Spectroscopy depth profiling analysis may be
combined with information from IR spectroscopy to further
characterize exemplary ceramic compositions. FIG. 10
depicts an IR spectra showing the composition of a
polysilazane precursor material versus the composition of a
ceramic £ilm obtained by curing the precursor at 200°C for
10 minuteg, then 450° for 10 minutes. The precursor
material pogsesses a characteristic band at 3384 cm™
representing Si-NH-Si bonds. This band is almost

nonexistent in the final ceramic composition, indicating
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that such bonds are no longer present. Similarly, the 8i-H
band at 2136 cm-1 of the precursor polysilazane film is not
present in the final ceramic composition. However, the C-H
band in the polysilazane film remains in the ceramic
composition, although at a lesser intensity. These
findings are consistent with findings of other researchers.
D. Bahloul, et al. found that when pyrolysis temperature is
increased, a decrease in the intensity is observed as well
ag a broadening of adsorption bands in a sample of the
general formula (SiViH-NH), where "Vi" is a vinyl group.
Djamila Bahloul, et al., Pyrolysis Chemistry of

Polvsilazane Precursors to Silicon Carbonitrile, J. Mater.
Chem., 1897, 7(1), pp. 109-116. In particular, the

spectrum of a sample polysilazane pyrolyzed at 250°C
indicated a decrease in the band intensities of vinyl
groups at 3047, 1592, and 1406 cm'. The Si-H stretching
band at 2135 cm?* was also less modified. AL 500°C, the
adsorption bands arising from the N-H (3400, 1170 cm™),
Si-H (2130 cm?) and vinyl groups (3050, 1594, 1404 cm?)
were reduced considerably. As the temperature increased,
the residual Si-H, N-H, and C-H bonds were eliminated.

[0072] An exemplary ceramic compogition found to be
useful in the various adsorptive structures and other
embodiments of the invention has been found to exhibit an
infrared vibrational absorption spectrum having a
characteristic band of about 2976 cm™® for C-H.
Additionally, this exemplary ceramic composition was found
to have an infrared vibrational absocrption spectrum having
the following series of characteristic band ranges (values
are in cm?): from about 1200 to about 900 for 8i-0; from
about 900 to about 600 for Si,N,; and from about 900 to
about 600 for 8i-C. Preferably, the ceramic composition
may have an infrared vibrational absorption spectrum
comprising the following series of characterisgtic band
ranges at 250°C {(values are in cm™): about 3047, 1592, and
1406 for vinyl groups; and about 2135 for Si-H
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(stretching); and the following series of characteristic
band ranges at 500°C (values are in cm'): about 3400 and
1170 for N-H; about 2130 for Si-H; and about 3050, 1594,
and 1404 for vinyl groups. Generally, the ceramic
composition as measured by infrared spectroscopy may
exhibit a decrease in the intensity of vinyl groups at
250°C relative to said intengity at ambient temperature.
Further, the ceramic composition may exhibit a decrease in
the adsorption bands of vinyl and N-H groups at 500°C
relative to said adsorption bands at 250°C.

[0073] As previously noted, the ceramic compesition
of the present invention may be derived from an oligomer
comprising repeating units in which nitrogen is combined
with an element selected from the group consisting of
gilicon, a Group III metal, a Group IVA metal, a Group IVB
metal, and combinations thereof. The oligomer may be
combined with the particulate adsorptive material and
heated to an effective temperature, as discussed herein, to
first form a cross-linked polymeric £ilm. Upon heating to
a more elevated effective temperature, the cross-linked
polymer film is converted to the ceramic composition. The
temperatures for conversion tec the polymer film and ceramic
composition are as previously discussed. The conversion of
the oligomer to the polymeric matrix or film and subsequent
conversion to the ceramic composition may occur in air or
in an inert atmosphere.

[0074] In a preferred embodiment, the silazane

oligomer comprises repeating units having the formula:
Si—N
AL
Ri Rz

wherein:
R, is selected from the group consisting of hydregen,
vinyl, alkyl, hydroxy, alkoxy, amino, alkylamino, mercapto,
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acetoxy, halo, hydroxyalkyl, dimethylamino, oxime,
isocyanate, CH,Q- (OCH,CH,) .OH,

8]
0.
&5 | F Hy H , Oz ==CH,
CHs
—(HoC)3——O0——C—C=—=CHj
H .
and :

R, is selected from the group consisting of methacryl,
Cia0 81lkyl, GC,,, alkenyl, fluoroalkyl, carbonyl, carbinol,
glycidyl, straight, branched or cyclic - (CH,-0-CH,),, and
~aryl optiomnally gsubstituted with €, alkyl, £fluoro, chloro,
cyano or aryl;

Q is C,, alkyl; and

n is 1 to about 20.

{0075] pPreferably, R, is selected from the group
consisting of hydrogen, wvinyl, alkoxy, hydroxy, and alkyl.
More preferably, R, is a vinyl group in at least one of the
repeating units.

[0076] Preferably, R, is selected from the group
consisting éf hydrogen, vinyl, alkyl, aryl and fluoroalkyl.
More preferably, R, is hydrogen or methyl.

[0077] 1In any of the above embodiments, n is
preferably 2 to about 12, more preferably 3 to about 8, and
most preferably 3 to about 6.

[0078] Advantageously, the oligomer comprises a
cyclic silazane having £rom about 6 to about 10 ring atoms

and having at least cne vinyl substituent. In one

H H particularly
\ ' / preferred
T\ / /H embodiment, the

CHg /T( N oligomer has the

b

R CH3H

/H formula:
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wherein R is H or -CH=CH, and n is 1 to 20.

;[0079] The method of preparation of cyclic silazanes
in accordance with the present invention can be found in
U.S. Patent No. 6,329,487:

As'described by US 6,329,487,

cyclic silazanes may be prepared from starting compounds
such as methyldichlorosilane. During the initial
ammonolysis, the silicon-chlorine bonds undergo ammonolysis
theréby genefating a diaminosiléne, which is further
converted into a linear molecule containing several Si-N

structural units. This reaction is shown below.

H H H
Ct——5I—Cl —N—H3-> HgN——SI NHp —Ha NHy s.——N-—s.—N
} l HCl
CHs ~ CHy CH3 CHs H n
+ch
ci®
al H H H H
) = %! A1
CHs CHs H LHQ L ng H/?

[0080] The linear structure 1s stabilized in
anhydrous liquid ammonia containing an ionized ammonium
halide salt dissolved therein. This ionized and dissolved
ammonium halide salt acts as an acid catalyst which

cataiyzes a logs of Si-H bond to generate a new silicon-
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chlorine bond on the straight chain of the polymer. It is
theorized that this linear structure can cyclicize forming
a small ring in contact with the anhydrous ammonia solution

as shown below.

"\ CI:Ha T
T T }SF——N€
' - __'_NEl.n- ——H
NHsg: Si—N Hs=—— H—N Si
. l +NH; \\ . / \CHs
CHs n /S\l“——'N\
CHs H H

[0081] Generally, the silazanes and polysilazanes of
the present invention can be prepared by the methods
described in US 6,329,487, Specifically, at least one
halosilane, preferably having at least one Si-H bond, is
introduced into at least twice the stiochiometric amount of
liguid anhydrous ammonia relative to the silicon-halide
bondsg, and preferably at least from about five to about ten
times. The anhydrous ammonia is maintained at a sufficient
temperature and/or pressure to remain liquified during the
process. During the ammonolysis process, ammonium halide
salt created as a co-product is retained in the anhydrous
liquid ammonia solution. The ammonium halide salt is
substantially ionized and solubolized in the anhydrous
liguid ammonia, and as such, provides an acidic environment
for catalytically preparing the silazane and polysilazane
compounds useful for the present invention.

[0082] 1In one preparation of an adsorptive structure,
a flowable dispersion may be prepared comprising the
oligomer and the pérticulate adsorbent material. The
dispersion may then be applied to a surface of a substrate
and heated to an effective temperature to form the ceramic
composition. The dispersion may be applied by any known
means of application. In particular, the dispersion may be

applied by spray, brush, spin or dip coating or any
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combination therecf. Further, static or dynamic coating
methods may be used in applying a coating comprising single
or multiple layers. 1In the static method, a slurry of
particulate adsorptive material, preferably carbon
particles, in a silazane polymer solution is applied as a
wet coating to the surface of the substrate, and solvent
removed by application of heat and/or vacuum. Depending on
the concentration of the carbon particles and the viscosity
of the solution, a coating of 1 to about 20 carbon
particles in thickness may be obtained in a single coating
cyele. According to the dynamic coating method, the slurry
is forced from a reservoir through a tubular column that is
to be coated under inert gas pressure. A slug of the
slurry moves ahead of the gas phase, leaving behind a film
adhering to the interior column wall. As the slug moves
forward, an annular transition segment of the slurry,
having roughly a conical inside surface, moves along the
wall behind the slug intermediate the slug and the wet,
stable cylindrical £ilm that is deposited on the wall. The
thickness of the stable film is a function of the angle
between the wall and the interior conical surface of this
transition segment. It has been found that thicker films
are associated with both high carbon concentration in the
slurry and a relatively steep angle between the slug and
substrate, i.é., both the advancing angle at which the
front face of the slug wmeets the substrate, and the
trailing angle between the transition segment and the
substrate; and further that the steepness of the angle
varies directly with the gas pressure.

[0083] 1In another preparation, the ceramic matrix
composition is formed from heating a coherent precursor
mase comprising the oligomer. The precursor mass may be
formed from a dispersion comprising the particulate
adsorptive material and the oligomer. Upon heating, the

precursor mass produces a ccherent body comprising the
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particulate adsorptive material dispersed in a matrix
comprising the ceramic composition. Alternatively, the
adsorptive particulate material may be applied over the
surface of the coherent precursor mass comprising the
oligomer. The resultant combination of the oligomer and
the particulate adsorptive material may thereafter be
heated to form a coherent body comprising the structure
wherein the ceramic composition having the adsorptive
material is dispersed over the ceramic compesition surface.
[0084] Adsorptive coatings and structures generally of
the type described hereinabove may be utilized in a
chromatographic separation method. According to such
separation method, a mobile fluid phase containing an
analyte is contacted with a stationary phase comprising
particulate adsorptive material that is lodged in a matrix
comprising an amorphous non-glassy ceramic composition
and/or adhered to an underlying surface via a £ilm
comprising an amorphous non-glassy ceramic composition.
The ceramic composition comprising an element selected from
the group consisting of silicon, a Group III metal, a Group
IVA metal, a Group IVB metal, and combinations thereof.
The nature of the ceramic composition is the same as
described above. The stationary phase of this embodiment
may be comprised of a packing for a chromatographic column
or solid phase extraction device. The packing may be
comprised of discrete adsorptive bodies as discussed herein
having particulate adsorptive material lodged in a matrix
of ceramic composition. Alternati#ely, the stationary
phase comprises a ceramic film on the interior surface of a
chromatographic column with the particulate adsorptive
material being lodged in the film and/or adhered to the
interior surface via the film. Preferably, the ceramic
composition is not irreversibly adsorptive of an analyte
contained in the mobile phase, wmore preferably not

irreversibly adsorptive of any component of the mobile
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phase other than a carrier fluid. Most preferably, the
ceramic composition is also not irrevergibly adsorptive of
the carrier fluid.

[0085] The present invention contemplates
chromatographic methods including GC, liquid
chromatography, PLOT, SPE, Maldi, TLC, and SPME. Depending
on the type of chromatography being performed, the form of
the ceramic composition may vary. For example, the ceramic
composition may be in the form of a f£ilm or adsorptive bed,
as previbusly described. TFor example, if high molecular
weight analytes are to be chromatographically separated,
then a thin film is preferred to minimize strong adsorption
of the analytes to the film or low surface area
adsorptive bed. If low molecular weight/low boiling point
analytes are to be analyzed, then an adsorptive bed
comprised of high surface area porous solids is preferred,
to effectively separate the analytes.

[0086] 1In another embodiment of the present
invention, a chromatographic separation device comprising a
tubular column and, on a wall of said column, a coating is
contemplated. The coating is a film comprising an
amorphous non-glassy ceramic composition and a particulate
adsorptive material. The adsorptive material is lodged in
the film and/or adhered via the film to the wall. The
ceramic composition comprises an element selected £rom the
group consisting of silicon, a Group III metal, a Group IVA
metal, a Group IVB metal, and combinations thereof.

[0087] 1In the above described vesselg, conduits,
devices and other embodiments, the amorphous non-glassy
ceramic composition may be applied to a substrate
providing a barrier against adsorption onto the surface of
a component in a fluid stored in the vessel or transported
via the conduit or device. The ceramic composition is
derived from an oligomer comprising repeating units in

which nitrogen is combined with an element selected from
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the group consisting of silicon, a Group III metal, a Group
IVA metal, a Group IVB metal, and combinations thereof.

The coating, such as, for example, a film or thin layer, is
effective to passivate a surface of a substrate where the
function is mainly to passivate and prevent loss of'an
analyte to the walls of a vessel or conduit, the coating
contains no particulate adsorbent material. The coating
may be prepared by applying to the surface of the substrate
a gsolution or flowable dispersion comprising the oligomer
and heating the solution or dispersion to form the ceramic
composition. As with the other embodiments, the oligomer
may be heated to a temperature effective to convert it to a
cross-linked polymer film. This cross-linked pelymer film
may be further heated at a more elevated temperature to
convert it to a ceramic state. The temperature ranges for
both conversions are as previously described.

[0088] By applying the passivation coating to a
surface of a substrate, as described above, the coated
surface becomes non-adsorbent for an analyte contained in a
fluid having contact therewith. As a result, less analyte
is lost to interactions with the substrate. 1In particular,
for SPME applications, in which a very minute amount of
analyte is adsorbed, loss of even a fraction of the analyte
to interactions with an uncoated surface may affect
analytical results. Although SPME is an important
application of the technology described herein, it is not
so limited. PIG. Ba and 8b, for example, show gas
chromatographic (GC) analysis of trace levels of water and
carbon disulfide. 1In the process which yielded the
chromatogram of FIG. 8a, the sample has been fed through a
stainless steel transfer line treated with a polysilazane
passivation coating. In the process which produced the
chromatogram of FIG. 8b, the stainless steel transfer line
is untreated. From a comparison of the graphs, it is

evident that the polysilazane treated tubing is adequately
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inert for active compound transfer into the analytical
column resulting in separation and detection of the water
and carbon disulfide analytes.

[0089] 1In one class of embodiments wherein the
coating is used for passivation of a surface, the
underlying surface is substantially glass, the underlying
surface comprising of, for example, inlet sleeves, wool,
syringe barrels, sample vials, connectors (such as press-
tight, column, and seal), adsorbent trap assemblies and
thermal tubes.

[0090] 1In a preferred class of embodiments wherein
the coating is used for passivation of a surface, the
underlying substrate is substantially non-glass. The non-
glass substrate may be selected from the group consisting
of metal, plastic, wood, fiber, fabric, ceramic or
combinations thereocf. A preferred non-glass substrate is
metal. Alternatively, the non-glass substrate may be
selected from copper, aluminum, steel, stainless steel,
nitinol, bronze, zirconium, titanium, aﬁd nickel. The
coating may be applied to any shape of surface. 1In
particular, the coating may be applied to a non-glass
conduit or vessel.

[0091] In those embodiments wherein the coating is
used for passivating a surface, the substrate to be coated
includes the interior walls or other working surfaces of
devices and Fittings which may come in contact with a fluid
containing an analyte. Such devices and fittings may
include tubing, transfer lines, pipe, valves, fittings and
requlators (such as frits, diaphragms, rotors, pathways),
GC and LC column and instrument hardware (such as GC
injection materials linexrs, inlet disks, wool) GC detector
assemblies (such as FID jets, mass spectrometry assemblies
such as ion trap parts), HPLC column hardware, sample
loops, and frits. Other surfaces include filling devices

for corrosive sgolid phase extraction materials, SPME
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assemblies, general housing and assemblies (such as
nozzles, combustion/reaction chambers, spray rings, flow
restrictors), MALDI sampling plates. Further surfaces that
may be suitable for the passivation coating include any
surface that requires changes in hydrophobicity or chemical
wettability, containers for liquids and gases, including
SUMMA or TO type sampling canisters.

[0092] Optionally, the passivation coating functions
to change the hydrophobicity/hydrophilicity of an
underlying surface. In such embodiments of the invention,
the surface of the ceramic film ig derivatized to alter the
characteristics of the underlying surface. In one
application, the surface of a MALDI sample slide is
converted to a hydrophobic surface so that when a water-
based sample is applied to the surface of the slide, the
geometry is preserved. In particular, the sample beads up
on the surface of the slide allowing for a more
concentrated sample and improved laser analysis.

[(0093] The invention is further directed to a fluid-
permeable mass comprising particulate adsorbent material
that may be dispersed in a matrix comprising a polysilazane
polymer and a polysiloxane polymer. The fluid-permeable
mass may have a permeability of about 5'to about
20 uL/second. Preferably, the matrix is substantially not
irreversibly adsorptive of an analyte or other target
compound that is adsorbed by the particulate adsorbent
material, Generally, the particulate adsorptive material
may be selected from among those previously described,
Advantageously, the fluid-permeable mass may contain at
least 40% by weight of the particulate adsorptive material.
Preferably, the fluid-permeable mass contains between about
50 and about 75% be weight particulate adsorptive material.
The B.E.T. surface area of the particulate adsorbent
material may be at least 1 m?/g, preferably at least about
35 m?/g. Further, the concentration of the particulate
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adsorptive material may be such that the surface area
thereof is at least about 0.1 m?*/cc of the fluid-permeable
mass. Still further, the adsorptive material may have a
pore volume of about 0.0l to about 5 ce/g. Typically, at
least 85% of the pore volume of the particulate adsorptive
material is constituted of pores having a pore size between
about 2.5 A about 10,000 A. Preferably, for
adsorption/descrption of peptides and proteins, a non-polar
adsorbent with a pore size of about 200-300 A should be
selected. The particular adsorptive material is determined
by the nature of the analyte sought. For a large number of
applications a C,,-derivatized silica is preferred. One
skilled in the art can readily determine an appropriate
particulate adsorbent material.

[0094] The combination of the polysilazane polymer
and the polysiloxane polymer of the present embodiment has
particularly good qualities in the preparation of pipette
tips wherein the fluid-permeable masg is in the tip of the
pipette. The pipette tip can be constituted of any
suitable material such as, for example, polyolefins,
acrylates, methacrylates, stainless steel or Teflog% A
preferred material ig polypropylene. The tip may or may
not be tapered. However, tapering of the pipette tip may
provide better drop formation leading to less loss of
analyte. Further, the particular size of-the pilpette
opening influences the drop formation. For example, a tip
orifice from about 350 microns to about 750 microns
provides excellent drop formation of the final drop of
fluid, thereby decreasing any opportunity for loss of
analyte,

[0095] The use of both a pelysilazane and a
polysiloxane polymer, as opposed to the use of either one
alone, provides superior adhemive properties. The
advantageous adhesive qualities of the polysilazane and
polysiloxane mixture allow for adhesion of the fluid-

CA 2945455 2018-08-13
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permeable mass ("an adsorbent bed”) to the walls of a
pipette tip. As further discussed below, the adsorptive
mass may be formed in the tip by introducing a dispersion
containing the binder polymers and the particulate
adsorbent in a solvent vehicle. Although a siloxane alcne
functions well as an adhesive, the cured polysiloxane is
inadequately permeable to a fluid sample, and thus inhibits
access of an analyte to the adsorbent particles contained
in the bed. If the siloxane concentration in the
dispersion is reduced in an effort to impart porosity,
there is a tendency for the adhesive to break in the
middle/interior section of the bed, in which case the fluid
sample may channel through the bed rather than gaining
access to the adsorbent particles. On the other hand,
silazane alone functions well to maintain the integrity of
the middle/interior section of the adsorbent bed while
maintaining effective tip flow, but the adhesion of the bed
to the pipette tip walls is ineffective. Additionally, the
use of a silazane adds stability to the siloxane adhesive
(i.e., eliminates swelling) and improves flow of the fluid
containing the analyte through the bed. It is believed
that the improved flows result from slight constriction of
the adhegive combination which opens the interstitial

space (8) of the adsorbent bed. Accordingly, the
combination of a siloxane and silazane polymer functions to
overcome these obstacles by proﬁiding an adhesive that
functions to (1) eliminate bed breakage in the
middle/interior section of the bed thereby stabilizing the
tip, (2) permit effective tip flow, (3) improve analyte
recovery due to the inertness of the tips, (4) increase
binding capacity since little or no adhesive interference
occurs with the adsorbent, and (5) improved adherence of
the bed to the pipette tips walls due to the adhesive

strength of the adhesive combination.
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[0086] The chemical structure of the silazane is as
described previously herein. A preferred silazane is an
oligomer or polymer having a molecular weight of about 200
to about 2,000,000, more preferably from about 200 to about
600.

[0097] The general chemical structure of the
polysiloxane repeating units may be represented by the
following formula:

[0098]

T

Rg R4

wherein

R, is hydrogen, substituted oxr unsubstituted
hydrocarbyl, alkoxy, a;yloxy, nitro, cyéno, amino, hydroxy,
or an -0-Si= molety; and

R, is hydrogen, methacryl, C,.,, alkyl, C,., alkenyl,
fluorocalkyl, carbonyl, carbinol, glycidyl, straight,
branched or cyclic - (CH,-O-CH,),, and aryl optionally
substituted with C,. alkyl, fluoro, chloro, cyano or aryl.

[0099] ©Preferably, one of R; and R, ise hydrogen in
about 1% to about 10% of the polysiloxane repeating units,
more preferably from about 3% to about 8%.

[0100] The siloxane may include polar groups such as,
for example, -0OH, -{CH,),CN, -C/H;-OH, or -CiH;-NH,.
Generally, the polysiloxane tip for use in certain pipette
tip applications is a long-chain polymer preferably with a
molecular weight of about 400,000 to about 800,000. A
typically useful polysiloxane has a molecular weight of
approximately 600,000. The chain should be of sufficient
length to wrap around the particulate adsorbent material,
i.e., C-silica, and also have sufficient surface contact
to covalently bond with the polyoclefin, acrylate,
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methacrylate,.stainless steel or Teflon pipette tip walls
and stabilize the entire adsorbent bed. A preferred
siloxane is polydimethylsiloxane witﬁ 1-10% Si-H groups
(approximately 600,000 Mw).

 [0101] U.S. 5,599,445
désc;ibes an improved means of bonding granular,
particulate, or fibrous adsorptive material to a substrate.
Generally, it disclosed that the direct C-Si bond between
an adsorptive carbon or polymer body and a siloxane polymer
pro?ides an advantageous means for bonding an adsorbent to
a substrate, such as, for example, glass. Preferably, the’

sildxéne has the formula:

_[0102]
R rR* R®
R? ———SIO—(Si-O)m——(SI;O)n R?
R* R R® R’

whefein )
" R is hydrogen, substituted or unsubstituted
hydrocarbyl, alkoxy, aryloxy, nitro, cyano, amino, hydroxy,
or an -0-Sis=s moiety;

" R}, R?, R®, R%Y RS, RS R’, and Ré’ are independently
selécted from the group consisting of hydrogen, substituted
or unsubstituted hydrocarbyl, nitro, cyano, and an -0-Si=
moiéty; and _'

‘ m+n is such that the. average molecular weight of the
polymer is between about 80,000 and about 2 million,
preferably between about 250,000 and about 500,000.

[0103] It is generally preferred that at least one of
R Ehrough R® be hydrogen, so that the polysiloxane has a
hydrosilyl functiomality of at least 2. Having such.a
strﬁcture, the polymer can react with both carbon at the
surface of the carbon adsorptive material, to provide the

therﬁallf stable =C-8i= bond, and silanol groups at the
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surface of the glass to provide the -8i-0-Si- bond through
which the polysiloxane is bound to the glass. Wwhile a
hydrogilyl functionality of 2 is the minimum required for
the above reactiom, it is generally preferred that between
about 1% and about 10% of the R! through R® substituents on
the backbone silicon atoms be hydrogen.

[0104] Many suitable siloxane polymers are immiscible
with polar solvents, while the silazane polymer is usually
miscible with both polar and non-polar solvents. The use
of a non-polar siloxane with an apolar silazane may
advantageously force the analytes into the pores of the
particulate adgorbent material, i.e., Cyp-silica, where the
adsorption/desorption work is performed. Typically, the
solvent assists in the dispersion of the adhesive so it
does not block the pores of the adsorptive particles.
Without being held to any particular theory, it is believed
that rapid evaporation of the solvent is the driving force
that pulls the siloxane away from the pores.

[0105] The selection of a golvent is largely based on
density and miscibility with the siloxane. The solvent has
a desired density is from about 1.4 to about 2.2 g/mL. Any
non-polar solvent with this density will suffice (i.e.,
chloroform, carbon tetrachloride, pentachloroethane).
Preferably, the density of the solvent is about 1.6 to
about 2.0 g/mL so that after addition of adhesives and an
initiator, the density of the resulting solution or
digpersgion matches the density of a 40-60 pM silica
particle. A preferred solvent is pentachlorcethane.
Pentachloroethane has the advantages of effective density
(1.685 g/mL), low vapor pressure (no rapid evaporation when
working with suspension), and clarity (easier to monitor
the suspension behavior).

[0106] When heated to an effective temperature, the
gilazane and siloxane cross-link with themselves and each

other. Generally, the Si-H groups on the siloxane polymer
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react with the vinyl, Si-H and N-H groups of the silazane
oligomer. Further, both the silazane and the siloxane have
the ability to react with themselves. As a result, a
nwebbed" type formation is created which bonds to the
polyolefin (e.g., polypropylene), acrylate, methacrylate,
stainless steel or Teflon pipette tip walls as well as
physically entraps the particulate adsorptive material.
The cross-linking has the effect of tying up substantially
100% of the bonds of the silazane and siloxane such that
gubstantially no reactive groups are available to interact
with an analyte, such as a protein,

[0107] The temperature range effective to cross-link
the silazane and siloxane to form the silazane/siloxane
matrix is from about 25°C to 250°C. In preparation of an
adsorptive bed as a plug in a pipette tip, the temperature
range is more typically from about 60°C to about 250°C.

[0108]1 To effect cross-linking of the adhesive and to
remove the solvent, the pipette tips are preferably placed
in an oven and heated to between about 130°C and about
145°C, most preferably at a rate of from about 12°C/min to
about 20°C/min. The ramp rate dictates the rate of
evaporation of the solvent. Generally, for this embodiment
of the invention, the faster the evaporation rate the
larger the interstitial spaces that are formed. A
preferred ramp rate is about 16°C/min. At rates less than
about 12°C/min, the interstitial pores that are formed in
the adhesive structure during the heating process are
small, thereby restricting flow rates. 1In contrast, ramp
rates greater than about 20°C/min can lead to particle
shifting thereby creating macrochannels (large interstitial
pores). Depending on the solvent and other variables,
adsorbent bed disruption may result from evaporation at
ramp rates above about 24°C/min.

[01091 FIG. 3 depicts the micropipette tip morphology

of the present invention before use and FIG. 4 depicts the
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morphology after use. The spherical particles evident from
the photographs show the gilica-based adsorxptive particles
forming part of the adsorptive bed. It should be noted
that the adscrptive bed is substantially in the same
condition after use as before use. Therefore, it may be
concluded that, unlike some commercially available pipette
tips, the interior/middle of the adsorbent bed does not
break or fracture during the pre-wet or adsorptive process.
The pipette tips of the present invention possess many
{about 100) interstitial space channels which allow for
fast flow of the sample through the adsorbent beds and
tips. The resulting dispersed flow also allows for
superior adsorptive particle/analyte contact, thereby
increasing the capacity. In some cases, the capacity is
three times that of pipette tips that have been
commercially available. Further, the quantity of silica in
the pipette tips of the present application is
approximately from about 200 to about 600 ug, which is
greater than that of tips commonly used in the art. The
photographs depicting the pregent invention show that (a)
the 30-75 uM adsorptive particles provide uniform,
effective interstitial space resulting in excellent flows;
(b) the adhesives of the present invention provide an
adsorptive bed with no significant breakage; and {(c)
capacity is increased since the amount of silica may be
increased. The adsorbent plug comprises few if any
“macrochannels,” the presence of which may otherwise lead
to rapid flow of fluid sample through bed, precluding
adequate contact between analyte and adsorbent particles.
Preferably, the bed is substantially free of such
macrochannels. It may be noted that undesirable by-passing
of the adsorbent particles can also result from partial
breakage during formation of the bed, an effect that is
also substantially avoided in the formation of the

adsorptive mass in the tip according to the methods
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described hereinabove. Thus, the plug formed in the tip
has a high adsorptive capacity, and is not subject to
contamination such as would compromise sample preparation
or analysisg.

[0110] The suspension used in preparing the adsorptive
plug in the tip preferably compriges about 1.5% to 5%,
preferably about 1.8% to about 2.5%, siloxane, between
about 2% and about 7.5%, preferably between about 2% and
about 3%, silazane, between about 0.01% and about 1%,
preferably between about 0.02% and about 0.75%, initiator,
and between about 5% and about 30%, preferably between
about 6% and about 20%, adsorptive material. .In various
embodiments, the polysiloxane content is in the range of
60-100 mg/mL; the polysilazane content is in the range of
60-400 mg/mL; and the solvent represents approximately 75%
to 85% of the total weight of the suspension. An exemplary
and especially advantageous suspension may comprise
approximately: 375 mg/mL of C,-silica; 70 mg/mL of
siloxane, preferably polydimethyl siloxane; 84 mg/mL of
polysilazane; and 4.0 mg/mL of initiator, preferably
dicumyl peroxide. The ratio of polysiloxane polymer to
polysilazane polymer is from about 1.0 to 0.5 to about
1.0 to about 10.0, more preferably from about 1 to about
1.2 to about 1 to about 5. For example, the composition of
the initial suspension may comprise about 70 mg/mL of
polysiloxane and about 84 mg/mL of polysilazane.

[0111] Although the suspension may be cured in
various atmospheres, it is preferably cured in air (i.e.,
oxygen). Air is preferred because the weight loss of the
silazane i1s minimized, as described above, and the two
polymer adhesives react effectively as two polymers with
little restructuring of the silazane. By proper selection
of solvent, the initial suspension may remain stable for at

least 4 hours, and often for at 1eést 48 hours.
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[0112] Permeability of the polysilazane/polysiloxane
matrix has been found superior to the permeability of a
matrix formed from either of the components individually.
It is theorized that the improved permeability is the
result of shrinkage of the entire adhesive mass during
heating. The silazane forms a polymer/hard adhesive film
around the siloxane and the particulate adsorbent
material (s). During the cure process, it is believed that
the silazane physically pulls the siloxane out of the
interstitial spaces and contracts the adhesive molety
around the particles. Both adhesives are impermeable to
the agqueous/liquid sample containing the analyte.

[0113] oOther characteristics of the matrix include
the fact that swelling of the polysiloxane occurs without
the silazane, but only insignificant swelling occurs in
with the presence of the silazane. Thus, the combination
decreases the overall swelling that occurs with in the
presence of the polysiloxane alone.

[0114] TIn the pipette tips application of the current
embodiment, the polysilazane/polysiloxane matrix should be
present in an amount sufficient to produce a stabilized
adsorbent bed, but not restrict the flow of the sample.
The interstitial channels allow access of the sample
analytes to the pores of the particulate adsorptive
material and also allow for effective transport of the
sample through the bed. The matrix described by this
invention has an advantage of effectively adhering the
adsorbent bed, while not blocking access of an analyte to
the adsorption surface of the pores of the particulate
adsorbent material, where the adsorbent is porous, access
to the adsorbent pores is also preserved. Minimizing
adsorbent pore blockage results in increased opportunity
for the target analyte to have contact with the adsorptive
surfaces interior to the adsorptive particle and increased

yvields of the target analyte. By preserving access to the
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external surfaces, yields are also enhanced where non-
porous adsorbents are used.

[0115] Comnsideration governing selection of an
adsorbent for the pipette plug are comparable to those
discussed for any of the above embodiments. Thus,
particulate adsorbent materialg include nucleophilic,
electrophilic, or neutral materizls. Exemplary particulate
adsorptive materials may be selected from carbon, organic
polymers, sgilicas, zeolites, aluminas, metal or ceramic
powders. Further adsorbent materials include styrene,
DVB, ion-exchange resins, enzymes, and
interactive/biological reactive materials (i.e., bonded
antibodies, antigens, etc.). In a preferred embodiment,
the particulate adsorptive material is C,,-silica.

[0116] The particle size distribution of the
particulate adsorptive materilal for this embodiment is such
that at least 50% by weight thereof has a particle size
from about 1 nanometer to about 1 millimeter. Preferably
about 95% by weight of the particulate adsorptive material
has a particle gize from about 5 to about 75 microns. It
is further preferred that about 95% by weight of the
particulate adsorptive material have a particle size from
about 40 to about 60 microns.

[0117] Selection of an initiator for cross-linking of
the silazane and siloxane is guided by the nature of the
cross-linking groups and the method of cross-linking
desired. For example, a peroxide may be used in an
effective amount for vinyl functional polymers. The
reactivity of vinyl functional polymerg is utilized in two
major regimes. Vinyl terminated polymers are employed in
addition cure systems. The bond forming chemistry is the
platinum catalyzed hydrosilylation which proceeds according

to the following chemical equation:
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—0 CH, —20 CHs

——OQ—8i—H + HoC=CH — §i —— O —t ——-o-—Ti —— CH,CH;~§i— O ——

CHg CHj CHj CH;

[0118] Vinylmethylsiloxane copolymers and vinyl T-
structure fluids are mostly employed in peroxide activated
cure gystems which involve peroxide induced free radical
coupling between vinyl and methyl groups. Concomitant and
subseguent reactions take place among methyl groups and
between crogs-link sitesg and methyl groups. The initial

cross-linking reaction is depicted in the following

equation:
.__(I) Oo0— —_D o—
—O—f—H + Ho=cH— 50 RO, 051 — CHCH,CH, ~Si— O~——
-ROH
CHy CHs CHs CH,

[0119] 1In a preferred embodiment of the present
invention, the cross-linking is initiated via a peroxide
activated cure. A person gkilled in the art would
recognize that various peroxides may be suitable for the
cross-linking reaction described herein. In a more
preferred embodiment, the initiator is a peroxide selected
from the group consisting of 2,5-Bis{tert-butylperoxy)-2,5-
dimethyl-3-hexyne, dicumyl peroxide, 1,1-Bis-(tert-
butylperoxy) -3,3,5-trimethylcyclohexane, and 2,5-dimethyl-
2,5-di (2-ethylhexanoylperoxy) hexane. FIG. 6 depicts the
relationship between cure time (minutes) and temperature
(°C) with different peroxides for conversion of the fluid
polysilazane oligomer to the cross-linked polymer. In a
most preferred embodiment the initiator is dicumyl
peroxide.

[0120] 1In addition to vinyl groups, other functional

groups may be involved in the cross-linking process. For
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example, hydride (8i-H) functional groups undergo three
main classes of reactivity (general reactions are shown
below) : hydrosilation, dehydrogenative coupling and hydride
transfer. These general reactions may play a role in the
cross-linking of the siloxane and silazane with each other
and themselves.

[0121] Hydrosilylation may occur according to the

following general reaction:

'—'CI’ CHy —o0 CHs
——0—Sl—H + HC=CH— Si—0 Pt O—Sl — CHyCH;~Si— 0——
| | I
CHy CHy CHs CH,

[0122] The hydrosilylation of vinyl functional
siloxanes, for example, by hydride functional siloxanes is
the bases of addition cure chemistry used in 2-part RTVs
and LTVs. The preferred catalysts for the reactions are
platinum complexes.

[0123] Dehydrogenative coupling may occur according

to the following general reaction:

—o0 CHs —
| | Sn(OOCR)2 ?
——o—ﬁ——ﬂ +;m—cn—fu-o——-————>——o—m—o

+ HZ'

CHs CHg CH3

{01241 In dehydrogenative coupling, hydroxyl
functional materials react with hydride functional
giloxanes, for example, in the presence of bis(2-
ethylhexanocate) tin, dibutyldilauryltin, zinc octoate, iron
octoate or a variety of other metal salt catalysts.

[0125] Reduction (hydride transfer) may occur

according to the following general reaction:
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y //CHO : -0 CHO
0—;—- +<<:j>——n% Sl 0—%“- +<i:§;“—wﬁ
N _ —
n

n

[0126] Reduction reactions may be catalyzed by P3" of
dibutyltinoxide. The choice of reaction conditions leads
to chemoselective reduction, e.g., allyl reductions in the
presence of ketones and aldehydes.

[0127] 8ilanol (Si-OH) functional polymers may render
the siloxane or silazane susceptible to condensation under
both mild acid and base conditions. Low molecular weight
silanol fluids are generally produced by kinetically
controlled hydrolysis of chlorosilanes. Higher molecular
weight fluids can be prepared by equilibrating low
molecular weight silanol f£luids with cyclics, eguilibrium
polymexrization of cyclics with water under pressure or
methods of polymerization that involve hydrolyzeable end
caps such as methoxy groups. As one skilled in the art
will appreciate, methods such as moisture curing may be
used for this type of functional groups. Common moisture
cure systems include acetoxy, enoxy, oxime, alkoxy and
amine functional groups and mayv proceed as outlined in the

following general reactilons:

o]

Acetoxy: ==gi—O0OH + CHLO—SIE= —» ==gi—0—S8i== =+ CH3COH

HoG

Enoxy: ==8i—OH + CHCO—S8E= -~—» ==§i—O0—SI== + CHsCCH;
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CaH 2t
OXime:===Sl—OH + 2 ° >Ce=NO——§i== —» =—8i—O0==38I + HC>C=N0H

Hac/ 3
Alkoxy: ==8I—OH ;+ CHCO0—S8I= ——m ===8—0—Si== + CHy0OH
Amine: ==Si—0H + (CHghN—8I= —» ===Si—0—Si== + (CHz)NH

[0128] Further, aminofunctional silicones (i.e.,
8i-CH,CH,CH.NH,) have a broad array of applications as a
result of their chemical reactivity, their ability to form
hydrogen bonds and, particularly in the case of diamines,
their chelating ability. Additional reactivity can be
built into amincalkyl groups in the form of alkoxy groups.

[0129] Epoxy functional silicones o

( —Cc—cC
H, H

CHZ )

undergo cross-linking reactions with amines. The ring-
strained epoxycyclohexyl group is more reactive than the
epoxXypropoxy group and undergoes thermally or chemically
induced reactions with nucleophiles including protic
surfaces such as cellulosics. Epoxycyclohexyl functional
siloxanes may polymerize on UV exposure in the presence of

weak donor catalysts according to the following general

reaction:
OH
—0, ° 0,
AN —_— N\
/Sf Si NHGHchzR
_ —|
CHa CHs

+ HaNCH2CHoR

[0130] Carbinol (hydroxyl group bound to a carbon)

terminated functional siloxanes contain primary hydroxyl
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groups which are linked to the siloxane backbone by non-
hydrolyzeable transition groups. Frequently, a transition
block of ethylene oxide or propylene oxide is used.
Carbinol functional polydimethylsiloxanes may be reacted
into polyurethanes, epcxies, polyesters and phenolics.
[0131] Methacrylate and acrylate functional siloxanes

(shown below),

~(HzCly——0—C—C=0CH, —(HzC)g—O

CHg

undergo the same reactions generally associated with
methacrylates and acrylates, the most conspicuous being
radical induced polymerization. These functional groups
are also often utilized in UV cure gsystems.

[0132] Other functional groups that may be present as
substituents on the siloxane or silazane include
isocyanate, carboxylate, mercapto, chloroalkyl, and
anhydrides.

[0133] Although other formulae have been used,
according to J. Fluid Mech. 370, 79 (1998), the aspect
ratio of the adsorptive beds is measured by the bed length
divided by the average bed radius at midpoint of the bed as

determined by the following formula:
[0134] L
aspect ratio = ----m--ccmoe--
(re2 + xol) / 2

[0135] rL* is the bed length, "r,1" is the first
radius measurement, and "r,2" is the second radius
measurement. r,1 may be measured at the top of the bed

while r,2 is measured at the bottom of the bed, nearest the
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pipette orifice (see FIG. 1). The radius is genexally
measured in microns. When measured according to the
formula recited above, the aspect ratio of the pipette tips
may be anywhere from about 2 to about 40. A lower aspect
ratio may decrease retention time, but adsorption may be
reduced bec?use less adsorptive material is available for
binding the desired analyte. On the other hand, higher
aspect ratios may be beneficial by allowing for increased
contact time and available surface for contact between the
adsorbent and analyte. Thus, for certain applications, the
aspect ratio is preferably at least 11, more preferably at
least 15, still more preferably at least 20. For certain
pipette tip applications, the aspect ratio is preferably
between about 10 and about 25. For certain other
applications, the aspect ratio is preferably at least 2,
more preferably at least 5. For still other applications,
the aspect ratio may between about 2 and about 12, more
preferably between about 3 and about 8. 1In an exemplary
embodiment, the pipette tips described herein have a tip
orifice of about 350 to about 750 uM and the total area
percentage (the cross-sectional area presented by the
projection of the first layer of particles onto the plane
of the tip orifice) of particles at the tip orifice is
about 90 to about 93% (see FIG. 2). Further, the total
area percentage of void spaces at the tip orifice is
generally from about 7 to about 10%,

[0136] While pipette tips represent a preferred
application of the fluid-permeable adsorption mass of this
invention, there are other advantageous applications.
Other useful structures include wells, multi-well arrays,
plastic and glass cavities, and sample preparation devices.

A solid phase adsorption device may comprise a fiber
bearing an adsorptive coating comprising a matrix having a
particulate adsorptive material lodged therein. For

example, such a coating may be provided over the fiber of a
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solid phase microextraction device as described in

Pawliszyn US patent 5,691,206.

The matrix - .

comprises an amorphous non-glassy ceramic composition as
described hereinabove. Optionally, the interior of the
syringe barrel illustrated‘in the Pawliszyn pateht and/or
the interior and exterior of the hopsing surrounding the
fiber may have a passivation coating comprised of the same
or éimilar ceramic.

[01371 According to-a further alternative, a solid
phase adsorptive device may comprise a fluid-permeable
adsorptive bed contained_within a vessel or conduit. More
particularly, the solid phase adsorptive device may
coﬁprise a conduit or vessel having particulate adsorptive
material entrapped therewithin by a binder comprising a
polysilazane polymer and a polysiloxane polymer. The solid
phase adsorptive device may contain a fluid-permeable mass
which comprises the binder and particulate adsorbent
material. Tybically, the fluid-permeable mass has a
permeability of about 5 to about 10 pL/second. Further,
the invention contemplates the solid phase adsorptive
device of the present embodiment having an adsorptive zone,
whiéh‘contains the particulate adsorbent material, in a.
concentration of at least 0.2 g/ce. In a preferred
embodiment,-the particulate adsorbent is present in a
concentration between about 0.2 and about 0.5 g/cc. In one
embodiment, the adsorpti&e zone 1s such that the surface
area of said adsorptive material within the zone is at
least about 10 m?*/cc.

_ | [0138] The present invention further éontemplates a
process for preparing a fluid-permeable mass comprising a
particulate adsorbent material dispersed in a'polymeric
matrix comprising: prepa;ing a dispersion comprising the
particulate adsorbent material in a liquid medium

compriéing a solvent, a polymerizable gilazane and a
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polymerization initiator, Ehe'polymerizable silazane
éomprising a polysilazane monomer, a polysilazane oligomer,
or a mixture thereof; and polymerizing the polymerizable
silazane to form said f£fluid-permeable mass.

[0139] Also contemplated by the present invention is
a method for isolating a target compound from a sample
comprising a fluid medium containing said compound, the
method comprising: drawingAthe sample into a vessel or
conduit containing an adsorbent bed, the adsorbent bed
comprising particulate adsorbent material dispersed in an
adhesive matrix or entrapped by an adhesive binder; and
allowing said target compound to.be adsorbed to particles
of said adsorbent material. The adhesive matrix or binder
comprises a polysilazane polymer and a polysiloxane
polymer. » ' '

[0140] The following examples illustrate the

invention.

EXAMPLE 1

{01411 A 1/8”" thick aluminum coupon was cleaned
thoroughly with soap and water removing any surface debris
with a steel wool pad. The aluminum sample was then rinsed
with distilled water and placed in an oven at 200°C for
approximately 10 minutes. A solution consisting of
thermoset polysilazane (2.5 g), dicumyl peroxide (0.05 g)
and pentane (50 ml) was loaded into a touch up spray gun
(Badge;MModel 400). The aluminum coupon was removed from
the oven and immediately sprayed creating a uniform,
vulcanized coating on its.surface. The sample was then
placed in an oven for further curing to the preceramic
state via an oven ramp at 200°C for 10 minutes, then at
450°C for 10 minutes. The film appeared homogenous, crack
free with no signs of delamination when studied under

magnification with a light microscope.
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EXAMPLE 2

[0142] A %" copper tube was cleaned thoroughly with
soap and water removing any surface debris with a steel
wool pad. The copper sample was then rinsed with distilled
water and placed in an oven at 200°C for approximately 10
minutes. A solution consisting of thermoset polysilazane
(2.5 g), dicumyl peroxide (0.05 g) and pentane (50 ml) was
loaded into a touch up spray gun (Badger Model 400), The
copper tube was removed from the oven and immediately
sprayed creating a uniform, vulcanized coating on its
surface. The sample was then placed in an oven equipped
with a helium purge vessel for further curing to the
preceramic state via an oven ramp at 200°C for 10 minutes,
then at 450°C for 10 minutes. The f£ilm appeared
homogenous, crack free with no signs of delamination when

studied under magnification with a light microscope.

EXAMPLE 3

[0143] The immer diameter of a 4mm HPLC column was
c¢leaned thoroughly with methylene chloride and permitted to
air dry. & soclution consisting of thermoset polysilazane
(2.5 g), dicumyl peroxide (0.05 g) and pentane (50 ml) was
prepared as the coating solution. A lint free applicator
was dipped in the solution and whisked to remove excess
material. The inner surface of the column was painted with
the applicator resulting in a thin even coating. The
column was then placed in an oven in the upright position
for cufing to the preceramic state via an oven ramp at
200°C for 10 minutes, then at 450°C for 10 minutes. The
coating was subjected to low pH mobile phase conditions

without degradation.

EXAMPLE 4
[0144] Acid washed borosilicate wool (10 g) was

saturated with a solution of thermoset polysilazane (1 g),
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dicumyl peroxide (0.02 g), and pentane (500 ml). Excess
solution was removed from the wool before drying with a
nitrogen purge. The wool was transferred to an oven for
curing to the preceramic state via an oven ramp at 200°C
for 10 minutes, then at 450°C for 10 minutes. This treated
wool was found to significantly reduce pesticide breakdown

when packed in a gas chromatographic inlet sleeve.

EXAMPLE 5

[0145] Surfaces of a steel powder-dispensing device
were cleaned thoroughly with methylene chloride and
permitted to air dry. A solution consisting of thermoset
polysilazane (2.5 g), dicumyl peroxide {0.05 g) and pentane
(50 ml) was prepared as the coating solution. A lint free
applicator wae dipped in the solution and whisked to remove
excess material. The surfaces of the filling device were
painted with the applicator resulting in a thin even
coating. The devices were placed in an oven for curing to
the preceramic state via an oven ramp at 200°C for 10
minutes, then at 450°C for 30 minutes. The coating was
subjected to powders containing silver nitrate for extended

times without degradation.

EXAMPLE 6

[0146]1 Stainless steel frits (2 um pore size) used
commonly in HPLC columns were cleaned thoroughly with
methylene chloride and permitted to air dry. A solution
consisting of thermoset polysilazane (2.5 g), dicumyl
peroxide (0.05 g) and pentane (50 ml) was prepared as the
coating solution. Multiple frits were submerged in the
coating solution using a cylindrical glass vial. Excess
solution was decanted, the vial was flushed with a nitrogen
purge in order- to purge excess solution from the pores of
the frit. The frits were placed in an oven for curing to

the preceramic state via an oven ramp of 200°C hold 10
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minutes, then 450°C hold 30 minutes. The frits were used
in the preparation of 4 mm i.d. HPLC columns for the
analysis of peptide materials resulting in normal mobile

phase flow rates and excellent surface inertness.

EXAMPLE 7
[0147] A 10 ul Hamilton syringe needle was coated on

its interior by pulling a solution of thermoset
polysilazane (1 g), dicumyl peroxide (0.02 g) and pentane
(50 ml) utilizing the plunger of the syringe. The plunger
was depressed expelling the coating solution and removed to
allow a light nitrogen purge down the length of the ‘barrel
to remove excess solution. The exterior of the needle was
'dip'coated before the syringe needle was suspended in a
small barrel heater for 25 minutes at a temperature of
400°C. The syringe was found to be in perfect working

order after the above treatment.

EXAMPLE 8

[0148] A solventless suspension of 2-3 um, 6-2000 A
pore gize Carboxen 1006 (Supelco Corporation) (4 g},
thermoset polysilazane (1 g), and dicumyl peroxide (0.08 g)
was prepared and shaken vigorously. A few drops of this
formulation were placed on a glass microscope slide. A
nitinol fiber was passed thru the droplet horizontally then
rolled on a clean secktion of slide to remove excess
material: The coated fiber was heated for approximately 15
seconds with an industrial heat gun to cure the
polysilazane material in creation of a polymeric binder.
The fiber was then recoated three additiocnal times to
create a 40 um layer of bound adsorbent. The fiber was
suspended in a small barrel heater equipped with an inert
gas purge in which it was cured to the preceramic state at
400°C for 10 minutes. The fiber wag found to extract and

desorb a variety of organic compounds with no sign of
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adsorbent pore blockage. The polysilazane binder resisted
cracking and showed no signs of delamination from the

nitinol wire.

EXAMPLE 9

[0149] 5 um, 120 A pore size silica gel (Diasogel)
(5 g) was saturated with a 20 ml solution of thermoget
polysilazane (1 g), dicumyl peroxide (0.02 g), and pentane
(50 ml). The excess solvent was allowed to evaporate in a
fume hood. The silica was placed in an oven where the
coating was transformed to the preceramic state via an oven
ramp of 200°C hold 10 minutes, then 450°C hold 30 minutes.
The silica gel was chemically bonded with octadecyl silane
and used in the preparation of an HPLC colummn. A standard
reversed phase tesgt mix revealed near equivalent
chromatography to that of a control octadecyl silane HPLC
column. Carbon loadings on the polysilazane coated

material were also found to be equivalent.

EXAMPLE 10

[0150] A suspension of 1-10 um, 500-600 A pore size
Carbopack Z (Supelco Corporation) (670 mg), thermoset
polysilazane (3 g), dicumyl peroxide (0.06 g) and pentane
(15 ml) was prepared and shaken vigorously. The suspension
wag loaded into a Badger 400 touch up sprayer used in
coating the fibers to 20-30 gm thickness. The fiber was
suspended in a small barrel heater equipped with an inert
gas purge in which it was cured to the preceramic state at
400°C for 10 minutes. The fiber was found to extract and
desorb a variety Arochlor congeners with no sign of
adsorbent pore blockage. The polysilazane binder resisted
cracking and showed no signs of delamination from the

stainlesgs steel wire.

EXAMPLE 11
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[0151] A suspension of 2-3 um, 6-2000 A pore size
Carboxen 1006 {Sulpelco Corporatiocn) (250 mg), thermoset
polysilazane (500 mg), dicumyl peroxide (25 mg) and
methylene chloride (1 ml) was prepared and shaken
vigorously. One end of a 15cm long .25 mm i.d. fused
gilica tube was plugged and raised slowly into a tube
furnace heated at 200°C. The tube was then connected to a
gas chromatograph injection port and heated to 360°C for 10
minutes with a helium purge. A flexible layer of entrapped

bound particles resulted inside the fused silica tube.

EXAMPLE 12

[0152] A chloroform suspension containing 50 um,
200 A pore size octadecyl silylated silica (Supelco
Corporation), thermoset polysilazane{ polydimethyl siloxane
and dicumyl peroxide was prepared and shaken vigorously.
The suspension waé drawn into pipette tips, placed in a
freeze dryer at 0°C for approximately 10 minutes then
transferred to an oven for wvulcanization at 145°C. The
polysilazane additive was found to crystallize while under
freeze drying conditions preventing gravity settling of the
gilica particles. Beds prepared with this method provided
consistent solvent flow rates, mechanical stability and

high extraction efficiency for various biomolecules.

EXAMPLE 13

[0153] Surfaces of a tool steel-dispensing device
were sandblasted to remove oxides and surface impurities.
The devices were blown clean with a nitrogen purge in order
to remove debris before coating. A suspension consisting
of thermoset polysilazane (5 g), 3 um zirconium powder (1
g) in methylene chloride (5 ml) was prepared for coating.
The suspension was shaken vigorously then brush coated on
the dispensing device with a lint free applicator. The

devices were placed in an oven, which was rapidly heated to
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450°C for a period of 30 minutes then cooled slowly. The
resulting coating provided extended oxidation and abrasion

registance to acidic silica powders.

EXAMPLE 14

[0154] 15 meter lengths of 0.52 mm internal diameter
316 stainless steel tubes were flushed with a coating
solution (2 ml) composed of thermoset polysilazane (10 g),
dicumyl peroxide (0.2 g), dissclved in pentane (50 ml).
The f£lush was approximately 4 p.s.i. nitrogen pressure.
The tubes were allowed to purge for 30 minutes then placed
in an oven at 200°C for 10 minutes and 450°C for 30
minutes. The coated columns were tested for inertness as a
transfer line between a gas chromatographic injection port
system and an inert methyl silicone capillary column
connected to a PDD detector in helium ionization mode.
Trace amounts of sulfur gases and water vapor were
transferred without adsorption to the capillary column.

The results are shown in FIG. 8.

EXAMPLE 15

[0155] A solution of thermoset polysilazane (1 g),
dicumyl peroxide (0.02 g) dissolved-in pentane (50 ml) was
coated on a potassium bromide sample plate. An infrared
spectrum of the f£ilm was recorded after heat treatment at
200°C and 450°C in an air filled oven. Absorption bands
associated with silazane, silicon hydride and vinyl
functional groups disappeared after the high temperature

cure. The results are shown in FIG. 10,

EXAMPLE 16
[0156] A solution consisting of thermoset
polysilazane (2.5 g), dicumyl perocxide (0.05 g) and pentane
(50 ml) was prepared. A lint free applicator was used to

apply a single coat of material on a 1/16” stainless steel
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panel. The panel was heated for 10 minutes at 200°C then
30 minutes at 450°C in air. Using EDS, a sputter profile
of the resulting coated surface revealed a ceramic layer of
approximately 3000 angstroms containing residual carbon and
nitrogen species in a predominately silicon and oxygen

ceramic matrix. The results are shown in FIG. 9.

EXAMPLE 17

[0157] Polydimethyl siloxane (70 mg/ml),'thermoset
polysilazane (84 mg/ml), dicumyl peroxide (4.0 mg/ml), and
pentachloroethane were added to 7 ml vial and mixed for 1.0
hours using a vortex mixer. This mixture was then added to
a second 7 ml vial containing 50-60 uM 200 A pore silica
(375 mg/ml) and mixed for 15 minutes on a vortex mixer.
The resulting suspension was chilled overnight at 5-10°C.
The suspension was then allowed to reach room temperature
for 30 minutes followed by mixing on vortex mixer for 10
minutes.

[0158] The pipette tips were prepared using a 10 (or
20 pl) pipettor set to a 3.0 ul draw volume. 3.0 ul of the
suspension wag drawn into each tip. The tips were placed
in a rack and heated in an oven to 145°C at 16°C/minute,
hold at 145°C for 10 minutes. The oven was allowed to cool

below 60°C and the tips removed.

EXAMPLE 18

[0159] The samples for the Carboxen-1006 DFT plot
(FIG. 11A) were prepared as follows. Initially, the non-
bonded Carboxen-1006 was tested using porosimetry. The
bonded Carboxen-1006 was prepared in a 100 milliliter
beaker using a suspension of carbon and adhesive suspended
in dichloromethane. The ratio of carbon to adhesive was
1:4. The suspension was then dried in a convection oven at

ambient until the carbon powder was free-flowing, and the
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powder was subsequently bonded at 350°C. The resulting
mags of carbon/adhesive was then tested using porosimetry.

[0160] The samples for the silica DFT plot were
prepared using a suspension process as described in
Example 17 (i.e., 70mg/mL siloxane, 84 mg/mL silazane and
375 mg/mL of 300A C18 bonded silica), but instead of
filling tips, the suspension was placed in a 100 milliliter
beaker and bonded at 145°C for 10 minutes. The bonded
gilica mass was removed from the beaker by
scraping/dislodging the mass and analyzed using
porosimetry.
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CLAIMS:

1. A non-glass conduit, wherein said conduit has an interior
surface and a coating over the interior surface, said coating
providing a barrier against adsorption to said interior
surface of a component of a fluid in contact with said
surface, said coating comprising an amorphous non-glassy
ceramic composition that is derived from a cross-linked
polymer selected from the group consisting of a polysilazane,
a polysiloxane, and a mixture of a polysilazane and a

polysiloxane.

2. The conduit of claim 1, wherein the preparation of said

conduit comprises:

applying to the interior surface of said conduit a flowable
dispersion comprising an oligomer; and
heating said dispersion on said interior surface to form

said ceramic composition.

3. The conduit of claim 1 or 2, wherein the conduit is tubing or

a transfer line.

4. The conduit of claim 1 or 2, wherein the conduit is a

stainless steel gas regulator or tube.

5. The conduit of claim 1 or 2, wherein the conduit is a

chromatographic fitting.

6. The conduit of claim 5, wherein the chromatographic fitting

is a valve, a tee, or an elbow.

7. The conduit of claim 1 or 2, wherein the conduit is a

chromatographic column or instrument hardware.

CA 2945455 2019-04-09
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8. The conduit of claim 7, wherein the chromatographic column or
instrument hardware is a gas or liquid chromatographic column

or instrument hardware.

9. The conduit of claim 7, wherein the chromatographic instrument
hardware is an injection material liner, an inlet disk, or a

detector assembly.

10. The conduit of claim 1 or 2, wherein the conduit is a high

pressure liquid chromatography hardware.

11. The conduit of claim 10, wherein the hardware is a nozzle, a

combustion chamber, a spray ring, or a flow restrictor.

12. The conduit of any one of claims 1 to 11, further comprising
a particulate adsorbent material that is lodged in the coating
or that is adhered to the interior surface of the conduit via

the coating.

13. The conduit of any one of claims 1 to 12, further comprising

a fluid in contact with the conduit.

14. A non-glass vessel, wherein said vessel has an interior
surface and a coating over the interior surface, said coating
providing a barrier against adsorption to said interior
surface of a component of a fluid in contact with said
surface, said coating comprising an amorphous non-glassy
ceramic composition that is derived from a cross-linked
polymer selected from the group consisting of a polysilazane,
a polysiloxane, and a mixture of a polysilazane and a

polysiloxane.

CA 2945455 2019-04-09
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15. The vessel of claim 14, wherein the preparation of said

vessel comprises:

applying to the interior surface of said vessel a flowable
dispersion comprising an oligomer; and
heating said dispersion on said interior surface to form

said ceramic composition.

16. The vessel of claim 14 or 15, wherein the vessel is a vessel

for conducting reaction or adsorption operations.

17. The vessel of claim 14 or 15, wherein the vessel is a

container for liquids or gases.

18. The vessel of claim 17, wherein the container is for SUMMA

or toxic organic (TO) type sampling.

19. The vessel of any one of claims 14 to 18, further comprising
a particulate adsorbent material that i1s lodged in the coating
or that is adhered to the interior surface of the vessel via the

coating.

20. The vessel of any one of claims 14 to 19, further comprising

a fluid in contact with the vessel.

21. A glass vessel or conduit having an interior surface and a
coating over the interior surface, said coating providing a
barrier against adsorption to said interior surface of a
component of a fluid in contact with said surface, said
coating comprising an amorphous non-glassy ceramic composition

that i1s derived from a cross-linked polymer selected from the
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group consisting of a polysilazane, a polysiloxane, and a

mixture of a polysilazane and a polysiloxane.

The vessel or conduit of claim 21, wherein said glass vessel
or conduit is selected from the group consisting of inlet
sleeves, syringe barrels, sample vials, connectors, adsorbent

trap assemblies, and thermal tubes.

23. A non-glass vessel or condult, said vessel or conduit having

24.

an interior surface and a coating over the interior surface,
said coating providing a barrier against adscrption to said
interior surface of a component of a fluid in contact with
sald surface, said coating comprising an amorphous non-glassy
ceramic composition that is derived from a silazane oligomer

having the formula:

R CHsH
wherein R is H or —CH=CH; and n is 1 to 20.

A glass vessel or conduit having an interior surface and a
cocating over the interior surface, saild coating providing a
barrier against adsorption to said interior surface of a
component of a fluid in contact with said surface, said
coating comprising an amorphous non-glassy ceramic composition

that is derived from a silazane oligomer having the formula:
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H H
— N—-—Si//CH3
—CDT/ \l/ "
N si— "
u Si-—N% \CH3
R/\CH;;}L

wherein R is H or —CH=CH, and n is 1 to 20.
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