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1
DEVICE AND METHOD FOR ENHANCED
COLLECTION AND ASSAY OF CHEMICALS
WITH HIGH SURFACE AREA CERAMIC

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The invention was made with Govemment support under
Contract DE-AC05-76RLOI830. awarded by the US.
Department of Energy. The Govemment has certain rights in
the invention.

TECHNICAL FIELD

This invention relates to collection of chemicals for sepa-
rations and analysis. More specifically. this invention relates
to a solid phase microextraction (SPME) device(s) having
better capability for chemical collection and analysis. This
includes better physical stability. capacity for chemical col-
lection. flexible surface chemistry and high affinity for target
analyte(s).

BACKGROUND OF THE INVENTION

Solid phase microextraction (SPME) is a demonstrated and
attractive method for sampling and preconcentrating trace
level analytes. since it is a flexible. rapid. solvent-free extrac-
tion technique that is applicable to liquid and/or gas sampling
environments. Further. SPME can be directly interfaced with
wide range ofanalytical instrumentation for analyte detection
such as gas chromatography (GC). gas chromatography mass
spectroscopy (GC-MS). high-performance liquid chromatog-
raphy (HPLC). liquid cromotography mass spectroscopy
(LC-MS). and desorption electrospray ionization mass spec-
troscopy (DESI-MS). making it amenable to automation and
a convenient technique. Due to its broad applicability and
sensitivity SPME has been widely utilized in a variety of
fields.
SPME was first successfully developed as a polymer coat-

ing on silica fibers in the early 19905 and. presently. various
polymer phases are available commercially. Many types of
polymers and composites with different chemical character-
istics are available forthe extraction ofa variety ofanalytes of
interest. Since polymer phases can be blended. different sur-
face properties ofpolymers can simply be coated and tailored
onto a single fiber. This leads to a certain extend application of
polymer coated fibers in many fields.

However. a number ofdrawbacks ofpolymer SPME some-
times limit their applications. They are unstable with some
solvents. have insufficient mechanical strength and tend to
degrade at high operating temperatures. Additionally. the
coatings are occasionally stripped. and they stiffer from con-
tarninations and unstable coatings on new fibers.

The demand for better chemical capacity. sensitivity. selec-
tivity. as well as thermal. chemical. and mechanical stability
has pushed continued research in the SPME field. Since the
fiber coating is one of the most significant factors impacting
SPME function. many different approaches have been
explored to improve performance. For example. the sol-gel
technology physically incorporated with polydimethysilox-
ane (PDMS) has been shown to enhance the thermal stability
and sensitivity higher than normal PDMS. The planar geom-
etry substrate was first applied for PDMS coating in order to
increase the surface area and volume of the polymer phase.
which subsequently enhances the capacity of SPME.

Certain coating polymers and polymer composites (i.e.
BSP3 polymer. acrylate/silicone co-polymer. polyrrole. poly
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(phthalazine ether sulfone ketone)) and different preparation
techniques (i.e. electrochemical. molecular imprinting.
physical deposition) have also been employed to SPME for
improved perfonnance of the polymer coating.
SPME with nonpolymer coatings has been explored to

overcome some of weakness of polymer coatings. specifi-
cally the limited capacity. selectivity. and chemical and ther-
mal stability. Inorganic porous sorbents with high surface
area such as. carbon nanotubes. activated charcoal. and
porous silica coated SPME have been explored and reported
to be effective materials for improvement in the extraction of
analytes for some conditions. Metals and metal oxides such
as. La (III). Al. and Nb205 have been investigated and devel-
oped for enhanced capturing and releasing of target analytes.
Among altemative nonpolymeric SPME materials. silica

and silica composites are among the most promising coating
materials. Some nanoporous silica materials can have a very
high surface area per unit voltune. sometimes over 1000 mZ/g.

_: while retaining hydrothermal stability. Further. they are ame-
nable to the installation of a wide range of surface chemis-
tries. However. integrating the silica materials into a function-
ing SPME device is not a trivial task. Challenges include the
fragile nature of fused silica support fibers (which need extra
care during SPME manufacture and application). the brittle-
ness of ceramic coatings. and the challenge of creating a
unifonn thin film on the silica support fiber. It is important to
maintain the available surface area ofnanoporous silica mate-
rial during the attachment process of coating to the support.
The retention ofa large relative surface area offers installation
of selective silane functional groups (able to obtain high
density of binding sites). resulting in high sorption capacity
and sensitivity to analytes of interest. Effectively attaching
nanoporous material onto the SPME fibers depends upon the
attachment method. A glue method utilizing epoxy has been
reported for attaching functionalized/unfunctionalized meso-
porous silica and other porous silica particles onto SPME
supports.

Rapid detection of organic chemicals is important for a
range of areas including biomedical. agricultural. industrial.
environmental. forensic and a range of health and safety
related areas. The threat of terrorism has heightened the sig-
nificance of rapid fieldable detection of trace level organics
for security concerns. SPME is an ideal approach for improv-
ing methods for sampling and analysis of the forensic signa-
tures. chemical weapons and explosives.
What is needed is a device and method of making with

improved capacity for trace analyte capture. enhanced affin-
ity and selectivity of target analytes.

SUMMARY OF THE INVENTION

In one embodiment of the present invention. a device for
enhanced collection of target analytes is disclosed. The
device comprises a support surface and a thin film containing
a plurality of nanopores botmd to the support surface. The
surface of the nanopores may include a chemistry installed
therein for enhanced capture of target analyte(s).

In one embodiment. the nanopores are silica nanopores or
some other porous ceramic.
The support surface may be a substrate. The substrate is.

but not limited to. one of the following: a fiber. a metal wire.
a planar support. and a tubular structure.

In one embodiment. the support surface is porous.
In one embodiment. the support surface is coated by the

thin film containing micro and the nanopores. The porous thin
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film may be coated on the outside of the support surface.
Alternatively. the nanoporous thin film may be coated on the
inside of the support surface.

In one embodiment. the device further comprises a binder
to increase the stability and unifonnity of the thin film.

The surface chemistry may be. but not limited to. an
organo-silane. The surface chemistry may comprise of mul-
tiple components to provide polyfunctional sorbent chemis-
try. The polyfirnctional surface chemistry is. but not limited
to. at least one ofthe following: organics. organornetallics.
metals. nanoparticle complex molecules. covalently bound
molecules or combinations thereof.

The target analyte may be a gas-phase or liquid-phase. The
gas or liquid-phase analyte is at least one of the following:
explosives. explosive variants. chemical weapons agents.
pesticides. and volatile organic compounds (VOCs).

In another embodiment of the present invention. a method
of selective and specific capturing of target analytes is dis-
closed. The method comprises providing a support surface. _
The method further comprises coating the support surface
with a thin film containing a plurality of nanopores. The
nanoporous thin film can be coated on the inside or the outside
ofthe support surface. A coating inside ofa tubular support
can be sued directly in commercial thermal desorption ana-
lytical systems such as GC. GC-MS or other. The method may
also comprise ofinstalling selective chemistry on the surface
of the nanopores.

In one embodiment. the thin film is deposited on to the
support surface by dip coating. molding or spray-on. The thin
film may be subsequently sintered to solidify the structure
and film adhesion to the support surface. A binder may be
applied to increase the stability and unifonnity of the thin
film.

In another embodiment of the present invention. a device
for enhanced capture of target analytes is disclosed. The
device comprises a tubular support having open internal
space. A nanoporous thin film is coated inside the tubular
support. A surface of the nanopores may include a surface
chemistry installed therein for improved affinity and selectiv-
ity of target analytes.

In one embodiment. the device further comprises equip-
ment to collect separate and analyze the captured analytes.

In another embodiment of the present invention. a method
of selective binding of target analytes at higher preconcentra-
tion factors is disclosed. The method comprises providing a
tubular support having an empty space. The method further
comprises coating the inside ofthe tubular support with a thin
film containing a plurality of nanopores. The method also
comprises installing surface chemistry on the nanopores. The
method also comprises drawing a target analyte into the
empty space for specific capture of the analyte with the nan-
opores containing the chemistry.

In one embodiment. the method further comprises collect-
ing. separating and analyzing the captured analytes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A graphically illustrates schematic images of a
device and method for enhanced collection and assay of
chemicals with high surface area ceramic in accordance with
one embodiment of the present invention.

FIG. 1B illustrates magnified photographic images of a
nanoporous silica thin film device. in accordance with one
embodiment of the present invention.

FIG. 2 is a graph showing results of nanoporous silica
coated on steel wires with various coating thickness (~2.5-55
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um) exposed to DNT vapor (for 7 days for assured equilib-
rium) and subsequently analyzed with GC.

FIG. 3 is a bar chart comparing the sensitivity ofa ftmc-
tionalized nanoporous silica coated metal wire compared to
commercial SPME devices.

FIG. 4 shows side and top views ofa nanoporous thin film
on a planar support disc. in accordance with one embodiment
of the present invention.

FIG. 5 illustrates alternative devices for capture of target
analytes having a tubular structure with a thin film material
coated inside of the structure. in accordance with certain
embodiments ofthe present invention. This embodiment fully
integrates with commercial SPME form factors and analyti-
cal desorption/testing equipment. In this embodiment. the
thin film coating is located in the tubular structure’s inner
diameter (ID) walls or completely filling the structure with
high surface area analyte collection material as visually dis-
played in FIG. 5. This type of embodiment provides a more
robust support device for select field applications where darn-
age of an external coating is probable.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is directed to methods and devices
that have high capacity and affinity for the selective capture of
targeted analytes. which include explosives. explosive vari-
ants (precursors). chemical weapon agents. pesticides and
other volatile organic compounds (VOCs). These devices
can exceed capacity and affinity compared to existing corn-
rnercially devices by over a factor of 10 thereby allowing for
improved trace level sampling and detection. Further an enor-
mous range of surface chemistries can easily be installed
providing flexibility in the breadth of analytes and applica-
tions.

In one embodiment of the present invention. novel solid
phase rnicroextraction (SPME) coatings are disclosed. The
supports for the coatings may include a metal wire. fiexible
silica coated wire. or equivalent. to provide a rigid yet some-
what fiexible support for selective thin film sorbent materials
of the present invention.
The composition for a thin film coating the support can

comprise at least one of several materials. The materials used
in the thin film coatings may include. but are not nanoparticle
and limited to. nanoporous silica. nanoporous alumina. a
mixture ofnanoporous material plus a binder agent (for adhe-
sion). other micro and nano porous supports. or even the
creation of porosity in a metal wire support itself.
The thin film coatings can be applied in multiple layers to

increase thickness (surface area) as well as for adhesion
enhancement. The thin film material can be applied in several
ways. such as dip coating. molding. spray-on. or other.
The use ofa binder agent in the thin film composition ofthe

present invention may be included to film improve stability
and adhesion as well as to promote mass flow for better
sampling. As one example. during the assembly of SPME
coatings. the thin film material is themrally cycled in a sin-
tering process to stabilize the nanoporous silica plus binder.
or other material. as well as remove the excess binder creating
a high surface area thin film that is well affixed to the support
wire. The addition of a binder agent not only improves the
adhesion to the support surface. but also improves the overall
film structure by increasing film porosity. In addition to cre-
ating a more uniform thin film. the use ofa binder can stabi-
lize normally unstable materials that are desired to be used for
their high capacity properties.
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Upon application of the nanoporous thin film onto the

support surface. which can be a wire support surface. the thin
film may be functionalized with specific chemistries to
increase the selectivity and affinity for target analytes. The
surface chemistries applied to the thin film include. but are not
limited to silanes. organics. organometallics. metals. and
complex molecules. The present invention encompasses the
selection of chemistries as well as how the chemistries are
applied to the thin film; covalent or non-covalent installation
bonding to the base support.

The surface chemistries selected may have attributes of
selectivity. thermal stability and high affinity to various target
analytes of interest depending on the application. The surface
chemistries used in the present invention may differ greatly
compared to the commercially available SPME coatings such
as polydimethysiloxane-divinylbenzene (PDMS-DVB).
Unlike the polymer or waxlike coatings used is SPME the
preferred chemistries are grafted to the surface in very thin
layers. typically covalently botmd high density monolayers.
Silanes and phophoic acid are a preferred type of molecule -
enabling strong bonding to the surfaces. Aromatic silanes
such as phenyl silanes are of particular interest since they
have good thermal stability form good high density monolay-
ers and have affinity for a range ofanalytes ofinterest. Surface
chemistries with nonpolar (i.e. pheriyl or alkane groups) and
polar sites (i.e. metal or organometallic) are of interest since
they provide a “mixed mode” of a fraction for some target
analytes. Additional surface chemistries include the use of
phosphine oxides or simple physisorbed low vapor pressure
organics. Many analytes of interest contain polar and nonpo-
lar molecules. some are semivolatile organics. A “mixed
mode” surface provides improved affinity to all components
of the semipolar and semivolatile compoundsimany of
which are of interest such as nitroaromatic explosives. nerve
agents. pesticides. etc. Surface chemistries can be applied
with complimentary characteristics for liquid or gas phase
techniques.

In one embodiment. the present invention utilizes a nan-
oporous thin film bound to a support surface comprised of
porous silica or other high surface area materials that can be
applied to a variety of substrates such as a thin metal wire.
This structure provides improved rigidity and capacity result-
ing in better durability and enhanced analyte capture in a
SPME device. The SPME device can be fillly integrated with
an existing commercial SPME form factor for both analyte
sampling and analytical analysis instrumentation.

FIG. 1A illustrates schematic images of assembly of a
nanoporous thin film device 100 including ftmctionalized
chemistry. in accordance with one embodiment ofthe present
invention. In 102. a needle having a tip comprised of a fila-
ment or fiber with a thin film coating is shown entering a
sample matrix. In 104. a magnified fiber is shown which is
solid enough to be used as a collecting device or support
surface. In 106. a sorbing thin film on the support structure is
shown. The surface of the collecting fiber in 104 is coated or
covered by the thin film. The thin film includes nanoparticles
on the surface ofthe fiber. In 108. pores ofthe surface thin film
are shown. The thin film contains a plurality of micropores
and nanopores. and is bound to the support surface. The
surface chemistry is shown in 110. The surface of the nanop-
ores of108 may include the surface chemistry of110 installed
therein for the improved capture of a target analytes. The
surface ofthe nanopores may include specific chemistries for
enhanced binding to the analyte of interest.

FIG. 1B illustrates magnified photographic images of a
nanoporous silica thin film device 200. in accordance with
one embodiment ofthe present invention. In 202. the tip ofthe
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filament covered by the film is. in this example. about 6
millimeters. and the sampling needle extends beyond 12 mil-
limeters. A magnified image of the nanoporous thin film
bound to the support surface is shown in 204 along with the
thickness ofthe pores. An electron microscopy image ofsilica
nanopores is shown in 206. In this example. 5 pores cover
approximately 10 nanometers.

FIG. 4 shows side and top views 402 and 404 ofa nanopo-
rous thin film on a planar or flat support disc 400. in accor-
dance with one embodiment of the present invention. This
configuration can be used for enhanced durability and
increased capacity.

FIG. 5 illustrates altemative devices 500 for selective and
specific capture of target analytes having a tubular structure
with a nanoporous thin film coated inside the tubular struc-
ture. in accordance with certain embodiments of the present
invention. A handle 505 is couple to a holder or syringe
section 510. which is connected to a tube 515 in the center.
The tube 515 is a protective sheath in which a support tube
structure 525 slides in and out of nonnally with a coated tip
material 535. Two altemative configurations of the tube 525
are shown as 550 and 560. The tube 550 includes a tube wall
551. an internal coating 553 and an empty space 555 that can
draw in air or water containing target analytes to be captured
by the coating 553. Altematively. the tube 560 includes a tube
wall 562 and a solid coating material 564. The tube 560 has no
visible empty space but rather micro pores for sample diffu-
sron.

Experimental Section

The following examples serve to illustrate exemplary
embodiments and aspects of the present invention and not to
be construed as limiting the scope thereof.
Film Synthesis and Fabrication
The nanoporous silica (MCM-41 powder for example) was

attached to a metal fiber substrate using a sintered thin film
method. Synthetic methods are mentioned herein or refer-
enced as appropriate. Comparisons ofthese materials to other
approaches in literature are included in the results and dis-
cussion.

In the sintered thin film method. nano structured SiO2
particle was used as a binder. The adhesion slurry and coating
slurry were separately prepared. The attaching agent was
prepared by mixing 3 g of Ludox SM. 30% SiO2 nano par-
ticles with 6 g of H20 and 0.5 g of surfactant Legpal C0-720.
The coating slurry was prepared from the ball milled MCM-
41 of 0.5 pm mixed with Ferro B-75717 binder. IPA. and
CIBEOlo surfactant. The weight concentration of coating
slurry was: 11.7% MCM-41. 52.7% Ferro B-75717. 33% IPA
and 2.6% C13E010~ The cleaned fibers which were washed
with 2-propanol were first dip coated with attaching slurry
with 5 cm/minute lift rate. Then they were calcined at 350° C.
for 1 hour. The coated fibers were finally dip coated with
coating slurry with the lift rate of 2-20 cm/minute. then dried
at 80° C. for 10 minutes. The dip coating and drying process
were repeated 1-5 times to achieve desired the thickness. The
coatings were heat treated in air at 3° C ./minute. 550° C. for
4 hours.
Surface Functionalization

Functionalization ofthin film. A 5 mm NMR tube contain-
ing fibers with modified end pointing up and several drops of
the desired silane were added and 1-3 mL oftoluene was also
added. The tube was capped. mixed twice. then heated in a
stirred water bath at 70-80° C. for 4 hours. The solvent was
carefully drained. followed by two tube rinses of methanol
rinse. The samples were air-dried.
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Results and Discussion

The ability to increase the sensitivity with SPME pivots on
the capacity of the sorbent layer which in turn scales with the
available surface area of the sorbent material. The selectivity
of the SPME is dependent upon the surface chemistry of
sorbent material. Nanoporous silica (or other nanoporous
ceramic) provide very high surface areas. desirable chemical
and thermally stability as well as the ability to install a wide
range surface chemistry. The general concept with graphical
illustrations and actual images ofthe hierarchical assembly of
the device is shown in FIGS. 1A and 1B.

The challenge of coating the nanoporous materials on a
support surface. such as a metal wire. is the effective instal-
lation and functionalization ofthe nanoporous material into a
SPME format that is stable and retains the advantageous
properties. A number of methods to bind the nanoporous
particles to the supporting SPME core fiber were explored
here. Adhesive binding or “glue method” using epoxy as a
binder is a method we found produced inferior results. Adhe-
sive binding resulted in poor uniformity. blocked porosity. -
and limited capacity. Direct application of template Sol-gel
coating fonned thin films are also not uniform. had porosity
that was often blocked. and had a propensity to flake off the
support structure. Further processing conditions and tech-
niques are required to obtain consistent and uniform desired
structures as related to porosity. pore tmifonnity. flexibility
etc. The sintered thin film application technique was a suc-
cessful method for installation of nanoporous material onto a
support structure. This method provided effective binding as
well and ease of manufacture. The sintering thin film utilizes
a two-step mechanism of silica formation. The first mecha-
nism appears to involve the fomiation of Fe%isi and
Al%isi between the surface of the steel wire and nano
SiO2 particle during the first calcination. The calcination
removed organic binder. at the same time it allowed the silica
particles in the thin film to adhere to each other and bind to the
surface ofthe substrate. The calcination temperature needs to
be carefully chosen since the low temperature did not support
the formation of the strong Fe%7$i bonding. On the other
hand. the high temperature may affect the organic binder
quickly removed before the Feioisi or Alioisi is
completely formed. The nano SiO2 coated steel wire was then
coated with nanoporous silica and calcinations again. The
second silica fonnation occurred. after nanoporous silica was
coated on nano SiOz-steel wire. during the second calcina-
tion. Again. the proper calcination and sintered temperature is
needed for the complete organic removal and for silica par-
ticles sintering. This sintering allows the fomiation of
Si707Si between nanoporous silica and nano SiO2 to occur
while still retaining the high surface and porosity of the mate-
rial. The calcination temperature was studied as a function of
length shrinkage and surface are. Shrinkage data indicated
that sintering was being started at 550° C. Meanwhile. the
lower surface area was observed at the higher calcination
temperature (2650° C.). which is due to the collapsing ofthe
pore structure. Therefore. the sintering was done at 5500 C.
for 4 hours to assure good binding of the nanoporous silica
since Siioisi is a slow formation and probably takes a
longer time than Fe707Si formation 40. and with minimal
loss ofstructure/porosity. Thin film nanoporous silica coating
calcined at 550° C. for 4 hours still retains their ordered pore
structure and high surface area.
The binder agents and coating process play a role for effec-

tive coating ofnanoporous silica on metal wires. Nanoporous
silica was coated on steel wire for 1 cm length using sintering
and adhesive methods. A uniform and smooth coating of
nanoporous silica was obtained by using the sintering
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8
method. The presence ofnanopartilces SiO2 (calcined at 350°
C. for 1 hour) improves the adhesion between coating and the
substrate. The attached nanoporous silica with the binder
displayed a uniform coating and smooth surface.
The thickness of new coating material is one of the more

important parameters to be investigated and optimized for the
development ofa SPME sampling device. The thicker coating
typically provides the higher volLune results in higher capac-
ity for the capture of analytes. However. it affects the equi-
librium time. resulting in requiring a longer collection time.
In this work. nanoporous silica coated steel wires with various
coating thickness (~2.5-55 um) were exposed to DNT vapor
for 7 days and subsequently analyzed with GC as the results
shown in FIG. 2. The enhanced sensitivity of SPME as mea-
sured by relative response trended as a ftmction of film thick-
ness (volume). Primarily. this was due to the active surface
area being increased ~33 times as well as a growth in film
volume as a function of film thickness. Increased film thick-
ness indicated that the thin film allowed the DNT analyte to
diffuse fillly into the film thereby increasing capacity. It is
important to note that the coating material and coating
method has a large impact on features and properties of
SPME (i.e. porosity. pore structure and organization. avail-
able binding sites. etc.). which affects the perfonnance of
SPME.

Chemically functionalizing the nanoporous thin films for
enhance SPME can be done with a variety of different chem-
istries. By modifying the surface functionality ofthe thin film.
the affinity for the analytes of interest can be increased and
tuned. The surface ftmctionality must be stable to the analysis
conditions. Using silanes to covalently attach the surface
functionalities to the nanoporous thin film (NPTF). the result
is a stable surface modification.

In order to increase selectivity and affinity of ftmctional-
ized nanoporous thin film (FNTF) toward explosive vapors. a
variety ofdifferent silanes were used to modify the surface of
the nanoporous thin film. These included phenyl. thiophenyl.
2.4-dintrophenyl. and thenyl trifiuro acetone (TTA). The TTA
modified nanoporous thin films were treated europitun. It is
well known that each analyte binds differently through
chemical bonding (i.e. physical adsorption. hydrogen bond.
covalent) to different surface chemistries. For recovering an
analyte from a SPME for subsequent analysis is typically
accomplished by heating until the organic compotmd vola-
tizes off of the sorbent into the instrtunent. Therefore. the
themial stability of the sorbent and surface chemistry is
important. Further. the surface chemistry must be stable to
ensure repeatability with time and reversible to allow for
recovery of analyte. A range surface chemistry has been
explored for improved collection of explosive signatures for
air and surfaces. The organics and organometallic modified
nanoporous materials have a high thennal stabilityithe
decomposition temperature in the range of 300-400° C.7as
shown in Table 1.

TABLE 1

Surface Chemistry Decomposition
(or Sorbent) Temp. ‘3 C. Air

Tenax Resin 450
Propyl 245
Phenyl 420
Thiophenyl 420
Nitrophenyl 320
Lanthanide (Eu) Complex 342
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The surface chemistry installed on the thin film is one ofthe

important factors that plays a major role in capture capacity.
sensitivity. affinity and selectivity in analytes of interests.
FIG. 3 shows ability to improve the selectivity/afiinity of
FNTF for collecting the analyte DNT in vapor phase by
adjusting surface chemistries installed on the thin film.

The commercial SPME. the nanoporous silica thin film.
and the variety of functional groups installed on the nanopo-
rous thin films were exposed to DNT vapors for an equal
period of time and tested on a GC-MS for performance corn-
parison. The sensitivity of SPMEs were reported in the tenn
of “response nonnalized volume” which were calculated
from the obtained response per volume of coating thin film of
SPME normalized to response per volume ofcoating thin film
ofthe commercial SPME. The nanoporous silica coated metal
wire exhibits the higher sensitivity (~1 .8 times) than the corn-
rnercial SPME. The organic and/or metal functionalized nan-
oporous silicas (FNTFs) also show significant improvement
in sensitivity of SPME. Especially. organometallic coating
FNTF shows the highest sorption capacity of DNT. ~8.5 -
times higher as compared to commercial SPME. The organo-
metallic surface chemistry is a covalently bound beta dike-
tone lanthanide complex. Other organometallic complexes
such as Cu-thiol propyl silane are also effective. The very
high affinity of DNT for FNTF suggests that sensitivity for
collection of analyte of interests could be improved by selec-
tive surface chemistries. It also implies that surface chemistry
has more impact for enhancing the affinity of SPME toward
analytes than the surface area of fiber coating. However.
again. the large surface area of fiber coating is necessary for
providing the chemical or functional group installing.

The present invention has been described in tenns of spe-
cific embodiments incorporating details to facilitate the
understanding of the principles of construction and operation
of the invention. As such. references herein to specific
embodiments and details thereof are not intended to limit the
scope of the claims appended hereto. It will be apparent to
those skilled in the art that modifications can be made in the
embodiments chosen for illustration without departing from
the spirit and scope of the invention.

We claim:
1. A device for enhanced capture of target analytes. corn-

prising:
a. a support surface: and
b. a thin film containing a mixture of at least two nanoma-

terials bound to the support surface. the mixture of the at
least two nanornaterials including a first plurality of
nanoporous particles. and a second plurality ofnanopar-
ticles as a binder to the nanoporous particles and the
support surface. wherein the nanornaterials include a
polyfunctional chemistry installed therein for capture of
a target analyte.

2. The device of claim 1 wherein the nanoporous particles
are silica nanoporous particles.

3. The device of claim 1 wherein the support surface is a
substrate.

4. The device of claim 3 wherein the substrate is one of the
following: a fiber. a metal wire. a planar support. and a tubular
structure.

5. The device of claim 1 wherein the support surface is
porous.

6. The device of claim 1 wherein support surface is coated
by the thin film containing the mixtures of the nanoporous
particles and the nanoparticles.

7. The device of claim 1 wherein the thin film is coated on
the outside of the support surface.
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8. The device of claim 1 wherein the thin film is coated on

the inside ofthe support surface.
9. The device of claim 1 wherein the polyfunctional chem-

istry fomis a sorbent layer.
10. The device of claim 9 wherein the sorbent layer is a

silane. and other surface chemistries are installed such as
physisorbed low vapor pressure organics or covalently bound
surface chemistries such as phosphonic acid with organic
components.

11. The device of claim 9 wherein the sorbent layer com-
prises the polyfunctional chemistry. wherein the polyfunc-
tional chemistry is at least one of the following: organics.
organometallics. metals. nanoparticle. complex molecules.
and combinations thereof.

12. The device of claim 1 wherein the target analyte is a
gas-phase or a liquid-phase analyte.

13. The device ofclaim 12 wherein the gas or liquid-phase
trace level analyte is at least one of the following: explosives.
explosive variants. chemical weapons agents. pesticides. and
volatile organic compounds (VOCs).

14. A method of selective and specific capturing oftarget
analytes comprising:

a. providing a support surface:
b. coating the support surface with a thin film containing a

mixture of at least two nanornaterials botmd to the sup-
port surface. the mixture of the at least two nanomateri-
als including a first plurality of nanoporous particles.
and a second plurality of nanoparticles as a binder to the
nanoporous particles and the support surface: and

c. installing polyfunctional chemistry on a surface of the
thin film to capture target analytes.

15. The method of claim 14 wherein the nanoporous par-
ticles are silica nanoporous particles.

16. The method of claim 14 wherein the support surface is
a substrate.

17. The method of claim 16 wherein the substrate is one of
the following: a fiber. a metal wire. a planar support. and a
tubular structure.

18. The method ofclaim 14 wherein the thin film is coated
on the outside of the support surface.

19. The method ofclaim 14 wherein the thin film is coated
on the inside of the support surface.

20. The method ofclaim 14 wherein the thin film is depos-
ited on to the support surface by at least one of the following:
dip coating. molding. and spray-011.

21. The method of claim 20 wherein the thin film is sub-
sequently sintered to solidify film adhesion to the support
surface.

22. The method of claim 14 wherein the support surface is
porous.

23. The method of claim 14 wherein the polyfunctional
chemistry forms a sorbent layer.

24. The method of claim 23 wherein the sorbent layer is a
silane.

25. The method of claim 23 wherein the sorbent layer
comprises the polyfunctional chemistry. wherein the poly-
functional chemistry is at least one ofthe following: organics.
metal centers. complex molecules. and combinations thereof.

26. The method of claim 14 wherein the target analyte is a
gas-phase or a liquid-phase analyte.

27. The method ofclaim 26 wherein the gas or liquid-phase
analyte is at least one ofthe following: explosives. explosive
variants. chemical weapons agents. pesticides. drug. or vola-
tile organic compotmds (VOCs).

28. A device for selective and specific capture of target
analytes. comprising:

a. a tubular support having an empty space: and
b. a thin film containing a mixture of at least two nanoma-

terials including a first plurality ofnanoporous particles.
and a second plurality ofnanoparticles as a binder to the
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nanoporous particles and the tubular support. the thin
film coated inside the tubular support. wherein a surface
of the nanoporous particles includes polyfunctional
chemistry installed therein for selective and specific cap-
ture of a target analyte drawn into the empty space. 5

29. A method of selective and specific capture of target
analytes comprising:

a. providing a tubular support having an empty space;
b. coating the inside of the tubular support with a thin film

containing a mixture of a first plurality of nanoporous 10
particles. and a second plurality of nanoparticles as a
binder to the nanoporous particles and the tubular sup-
port;

c. installing polyfimctional chemistry on a surface of the
nanoporous particles; and 15

d. drawing a target analyte into the empty space for specific
capture of the analyte with the nanoporous particles
containing the chemistry.

30. The method of claim 29 further comprising separating
and analyzing the captured analytes. 20

31. The device of claim 1 wherein the thin film is calcined
at less than approximately 550° C.

32. The method of claim 14 further comprising calcining
the thin film at less than approximately 5500 C.
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