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(57) Abstract: The present invention is a device to restrict the sampling of analyte ions and neutral molecules from surfaces with
mass spectrometry and thereby sample from a defined area or volume. In various embodiments of the present invention, a tube
@ is used to sample ions formed with a defined spatial resolution from desorption ionization at or near atmospheric pressures. In an
= embodiment of the present invention, electrostatic fields are used to direct ions to either individual tubes or a plurality of tubes
t positioned in close proximity to the surface of the sample being analyzed. In an embodiment of the present invention, wide diameter
I~ sampling tubes can be used in combination with a vacuum inlet to draw ions and neutrals into the spectrometer for analysis. In an
& embodiment of the present invention, wide diameter sampling tubes in combination with electrostatic fields improve the efficiency

of ion collection.
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APPARATUS FOR HOLDING SOLIDS FOR USE WITH
SURFACE IONIZATION TECHNOLOGY

PRIORITY CLAIM

This application claims priority to the following U.S. Applications:

(1) United States Provisional Patent Application Serial No: 60/808,609, entitled:
“HIGH RESOLUTION SAMPLING SYSTEM FOR USE WITH SURFACE IONIZATION
TECHNOLOGY?”, inventors: Brian D. Musselman, filed May 26, 2006;

(2) United States Utility Patent Application Serial No: 11/754,115, entitled
"HIGH RESOLUTION SAMPLING SYSTEM FOR USE WITH SURFACE IONIZATION
TECHNOLOGY" by Brian D. Musselman, filed May 25, 2007;

(3) United States Utility Patent Application Serial No: 11/754,158, entitled
"APPARATUS FOR HOLDING SOLIDS FOR USE WITH SURFACE IONIZATION
TECHNOLOGY" by Brian D. Musselman, filed May 25, 2007; and

(4) United States Utility Patent Application Serial No: 11/754,189, entitled
“FLEXIBLE OPEN TUBE SAMPLING SYSTEM FOR USE WITH SURFACE
IONIZATION TECHNOLOGY" by Brian D. Musselman, filed May 25, 2007.

These applications ((1)-(4)) are herein expressly incorporated by reference in their

entirety.

FIELD OF THE INVENTION
The present invention is a device to direct the sampling of analyte ions and neutral
molecules from analytes with mass spectrometry and thereby sample from a defined area or

volume and sample a solid or liquid without the need for chemical preparative steps.

BACKGROUND OF THE INVENTION
A desorption ionization source allowing desorption and ionization of molecules
from surfaces, ionization direct from liquids and ionization of molecules in vapor was
recently developed by Cody et al. as described in “Atmospheric Pressure lonization Source”
US Patent number 6,949,741 which is expressly incorporated by reference in its entirety.
Cody et al. allows for the Direct Analysis in Real Time (DART®) of analyte samples. This
method utilizes low mass atoms or molecules including Helium, Nitrogen and other gases

that can be present as long lived metastables as a carrier gas. These carrier gas species are
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present in high abundance at atmospheric pressure where the ionization occurs. This

ionization method offers a number of advantages for rapid analysis of analyte samples.

SUMMARY OF THE INVENTION

There remain encumbrances to the employment of the Cody DART technique for
a variety of samples and various experimental circumstances. Further, the development of
these efficient desorption ionization sources for use with mass spectrometer systems has
generated a need for increased accuracy in the determination of the site of desorption of
molecules from samples. While the current sampling systems provide the means for selective
ionization of molecules on surfaces those molecules are often present in thin films or part of
the bulk of the material. In the case of crystalline powders, insoluble material and many
chemical species that react with solvents, surface ionization is difficult due to the need for the
molecules to be retained in the ionization area. While the current sampling systems provide
the means for selective collection of ions from a spot on the surface they do so without
necessarily excluding ions being desorbed from locations adjacent to the sample spot of
interest. It can be advantageous to increase the spatial resolution for sampling surfaces
without losing sensitivity. Improved resolution in spatial sampling can enable higher
throughput analysis and potential for use of selective surface chemistry for isolating and
localizing molecules for analysis. The capability to localize molecules, powders, and non-
bulk materials for surface ionization is necessary for more widespread application of the
technology in problem solving and routine analyses where the use of solvents is not practical.
It can also be advantageous to sample analyte ions in the absence of background and without
the need to make a solution to introduce the sample into a ‘clean’ ionization region. Further,
it can be desirable to be able to direct the desorption ionization source at an analyte sample at
a significant distance from the mass spectrometer.

In various embodiments of the present invention, a tube is used to sample ions
formed with a defined spatial resolution from desorption ionization at or near atmospheric
pressures. In an embodiment of the present invention, electrostatic fields are used to direct
ions to either individual tubes or a plurality of tubes positioned in close proximity to the
surface of the sample being analyzed. In an alternative embodiment of the present invention,
wide diameter sampling tubes can be used in combination with a vacuum inlet to draw ions
and neutrals into the spectrometer for analysis. In another embodiment of the present
invention, wide diameter sampling tubes in combination with electrostatic fields improve the

efficiency of ion collection. In an embodiment of the invention, wide diameter sampling
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tubes containing segments with different diameters improve the efficiency of ion collection.
In various alternative embodiments of the invention, a permeable barrier is used to physically
retain solid materials for surface desorption analysis while improving the efficiency of ion
collection. In an embodiment of the invention, a permeable barrier is placed across the
opening of either the normal atmospheric pressure inlet or the wide diameter sampling tube to

enable analysis of analytes which have been in contact with the permeable barrier.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention is described with respect to specific embodiments thereof.
Additional aspects can be appreciated from the Figures in which:

Figure 1 is a diagram of an ion sampling device that provides for collection of
ions and transmission of ions from their site of generation to the spectrometer system inlet;

Figure 2 is a schematic diagram of a sampling system incorporating a resistively
coated glass tube with a modified external surface;

Figure 3 is a schematic diagram of the sampling system incorporating a metal tube
with an insulating external surface over which a second metal tube is placed;

Figure 4 is a schematic diagram of an ion sampling device configured to provide a
path for ions from the sampling device to the inlet of an API-mass spectrometer through a
flexible tube or segmented tube to permit flexibility in location of the sampling device with
respect to the sample being subject to desorption ionization;

Figure 5 is a schematic diagram of the configuration of the sampling device with a
shaped entrance allowing for closer sampling of the sample;

Figure 6 is a schematic diagram of the configuration of the sampling device with a
restricted dimension entrance at the sampling end allowing for higher resolution sampling of
the sample;

Figure 7 is a schematic diagram showing a collimating tube placed between the
desorption ionization source and the sample being analyzed with the sampling device being a
permeable physical barrier with through channels into which sample has been deposited to
enable positioning of a sample for desorption of ions from the sample;

Figure 8 is a schematic diagram showing a high resolution sampler with the
collimating tube to which a mechanical shield has been attached to stop stray ionizing
metastables and ions from striking the sampling device in order to limit the position from

which ions are being desorbed;
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Figure 9 is a schematic diagram of a off-axis sampling device including a
collimating tube placed between the desorption ionization source and the sample being
analyzed with the entrance of the spectroscopy system inlet being off-axis;

Figure 10 is a schematic of the sample plate with a hole through it upon which
sample is deposited for surface ionization;

Figure 11 is a schematic of the sample plate used to provide support for samples
that are created from affinity-based selection of molecules of interest;

Figure 12 is a schematic of the sample plate used to provide support for samples
that are created from affinity-based selection of molecules of interest;

Figure 13 is a schematic diagram an ion sampling device that provides for
collection of ions and transmission of ions from their site of generation to the spectrometer
system inlet showing a physical restriction of the gas being used to effect desorption
ionization;

Figure 14 is the surface desorption ionization mass spectrum for the a sample of
microchannel glass plate when positioned in-line between the excited gas source and the
atmospheric pressure inlet of the mass spectrometer;

Figure 15 is the surface desorption ionization mass spectrum for the a sample
obtained after application of a sample of Verapamil to the surface of microchannel glass plate
positioned in-line between the excited gas source and the atmospheric pressure inlet of the
mass spectrometer;

Figure 16 is a line drawing of a flexible tube sampling system described in Figure
2 with the proximal end of the tube being positioned in the ionization region of the DART
source and the distal end attached to the mass spectrometer atmospheric pressure inlet;

Figure 17 is a line drawing of a flexible tube sampling system described in Figure
2 with the proximal end of the tube being positioned at an angle to the exit opening for the
ionization gas utilized by the DART source;

Figure 18 is the surface desorption ionization mass spectrum of a sample of
Tylenol Extra Strength Rapid Release Gelcaps obtained using the flexible tube sampling
System;

Figure 19 is the Total lon Chromatogram obtained during the surface desorption
ionization at different positions including the gel surface at 1.7 minutes and the powder core
dominated by polymeric excipient at 2.3 minutes of a Tylenol Extra Strength Rapid Release

Gelcaps obtained using the flexible tube sampling system;
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Figure 20 is the surface desorption ionization mass spectrum of a sample of
Quinine obtained using the flexible tube sampling system;

Figure 21 is (A) the Total Ion Chromatogram and (B) the selected ion
chromatogram obtained during the surface desorption ionization mass spectrum of a sample

of Quinine obtained using the flexible tube sampling system.

DETAILED DESCRIPTION OF THE INVENTION

Direct Ionization in Real Time (DART) (Cody, R.B., Laramee, J.A., Durst, H.D.
“Versatile New lon Source for the Analysis of Materials in Open Air under Ambient
Conditions” Anal. Chem., 2005, 77, 2297-2302 and Desorption Electrospray Surface
Ionization (DESI) (Cooks, R.G., Ouyang, Z., Takats, Z., Wiseman., J.M. "Ambient Mass
Spectrometry”, Science, 2006, 311, 1566-1570 which are each explicitly incorporated by
reference in their entireties are two recent developments for efficient desorption ionization
sources with mass spectrometer systems. DART and DESI offer a number of advantages for
rapid real time analysis of analyte samples. However, there remain encumbrances to the
employment of these techniques for a wvariety of samples and various experimental
circumstances. For example, it can be advantageous to increase the spatial resolution for
sampling surfaces without losing sensitivity. Improved resolution in spatial sampling can
enable higher throughput analysis and potential for use of selective surface chemistry for
isolating and localizing molecules for analysis. Thus, there is a need for increased accuracy
in the determination of the site of desorption of molecules from samples with DART and
DESI. Development of devices that enable reliable and reproducible positioning of powder
samples, crystalline compounds and high temperature insoluble materials are also required.

Previous investigators have completed studies involving the use of desorption
ionization methods such as Matrix Assisted Laser Desorption lonization (MALDI) (Tanaka,
K., Waki, H., Ido, Y., Akita, S., and Yoshida, Y. “Protein and polymer analyses up to m/z
100,000 by laser ionization time-of-flight > Rapid Commun. Mass Spectrom., 1988, 2, 151-
153; Karas, M., Hillenkamp, F., Anal. Chem. “Laser desorption ionization of proteins with
molecular masses exceeding 10,000 daltons” 1988, 60, 2299-2301 Mass Spectrometry (MS)
in ultra-high vacuum which are each explicitly incorporated by reference in their entireties.
The desorption of selected biomolecules with reliable determination of the site of desorption
has been reported for MALDI and other ionization systems such as secondary ion desorption

(SIMS) and fast atom bombardment (Barber, M. Bordoli, R.S., Elliot, G.J., Sedgwick, R.D.,
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Tyler, AN., “Fast atom bombardment of solids (F.A.B.): a new ion source for mass
spectrometry” J. Chem. Soc. Chem. Commun., 1981, 325 mass spectrometry which is
explicitly incorporated by reference in its entireties. These experiments have been completed
by using samples under high vacuum desorption conditions inside of the mass spectrometer.
Reports regarding the use of Atmospheric Pressure MALDI (AP-MALDI), DART and DESI
have also been published although in all cases reported, the sampling system used has been a
simple capillary tube or sub-300 micron sized inlet with little or no modification of that inlet
to provide for accurate sampling of the site of desorption.

In other experiments, investigators report the use of chemical modification of the
surface of the MALDI target to create receptors for selection of specific types of chemical
classes of molecules for subsequent desorption. In these systems the separation of the
different analyte types from one another is being completed by the action of chemical and
biochemical entities bound to the surface. The original location of the molecule of interest on
the sample surface or its local environ is not normally retained with these systems.
Sophisticated assays that incorporate the use of surface bound antibodies to selectively retain
specific proteins and protein-conjugates derived from serum, blood and other biological
fluids provide the means for isolating these molecules of interest on a surface for analysis by
spectroscopic methods. The use of short to moderate length oligonucleotides immobilized on
surfaces to bind specific complimentary strands of nucleotides derived from DNA, and RNA
has also been demonstrated to provide the means for isolating molecules of interest on
surfaces. While these systems can be used for concentrating the analyte they often lack
information regarding the spatial position of the molecule to which the analyte is binding. It
would be attractive to have a means of rapidly analyzing that analyte without disrupting the
assay surface.

In the case of MALDI with the sample under high vacuum it is possible to
effectively ionize samples from a very small, well-defined spot that has dimensions defined
by the beam of light from the source and optics used to focus the radiation on the target. The
lower limit of spot diameter ranges between 30 to 50 microns for Nitrogen-based lasers based
on the optics employed to focus the 337nm light source used in the majority of MALDI-TOF
instruments. Although designs and lasers vary, it is difficult to ionize a sufficiently large
enough number of ions needed to provide a detectable signal after mass separation once one
reduces the ionizing laser beam diameter below 30 microns. The implication here is that with

current technology it is difficult to spatially resolve components of a surface that are not
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spaced at a distance greater than 100 micron in the typical MALDI-TOF and 50 micron in
instruments designed with high resolution ionization capability in mind. More recently the
DART ionization technique has been used to complete desorption of ions from surfaces at
ground potential or samples to which little or no potential is applied to the surface. DART
technology involves the use of metastable atoms or molecules to efficiently ionize samples.
In addition, surface ionization by using electrospray as proposed in DESI enable desorption
of stable ions from surfaces. Fundamentally these technologies offer investigators the
capability to ionize materials in a manner that allows for direct desorption of molecules of
interest from the surface to which they are bound selectively. Indeed, published reports have
shown such results along with claims of enabling reasonable spatial resolution for molecules
on surfaces including leaves, biological tissues, flower petals, and thin layer chromatography
plates. Both DESI and DART can ionize molecules present in a very small spot with good
efficiency, however the spot size from which desorption occurs is large compared with
MALDI. Normal arca of sampling in the DART experiment is approximately 4 mm?® in
diameter, which is over 1000 times greater than the area sampled during MALDI. As a
consequence reports of high-resolution sampling with both DART and DESI have not
supported the use of these technologies for examination of surfaces with high resolution.

Prior art in API-MS includes many different designs that combine the action of
electrostatic potentials applied to needles, capillary inlets, and lenses as well as a plurality of
lenses acting as ion focusing elements, which are positioned in the ion formation region to
effect ion focusing post-ionization at atmospheric pressure. These electrostatic focusing
clements are designed to selectively draw or force ions towards the mass spectrometer inlet
by the action of the electrical field generated in that region of the source. Atmospheric
pressure sources often contain multiple pumping stages separated by small orifices, which
serve to reduce the gas pressure along the path that the ions of interest travel to an acceptable
level for mass analysis. These orifices also operate as ion focusing lenses when electrical
potentials are applied to the surface.

Current configuration of atmospheric pressure ionization (API) mass spectrometer
inlets are designed to use either a capillary or small diameter hole to effectively suction ions
and neutral molecules alike into the mass spectrometer for transmission to the mass analyzer.
The use of metal, and glass capillaries to transfer ions formed at atmospheric pressure to high
vacuum regions of a mass spectrometer is implemented on many commercially available

mass spectrometers and widely applied in the industry. These metal and glass capillaries
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normally have a fixed diameter throughout their entire length. The function of the capillary
tubing is to enable both transfer of ions in the volume of gas passing through the tube and to
reduce the gas pressure from atmosphere down to vacuum pressures in the range of 10~ torr
or less required by the mass spectrometer. The flow of gas into and through the capillary is
dependent on the length and the diameter of the capillary.

A surface is capable of being charged with a potential, if a potential applied to the
surface remains for the typical duration time of an experiment, where the potential at the
surface is greater than 50% of the potential applied to the surface. A vacuum of atmospheric
pressure is 760 torr. Generally, ‘approximately’ in this pressure range encompasses a range
of pressures from below 10" atmosphere = 7.6 x 10° torr to 10™ atmosphere = 7.6 x 10" torr.
A vacuum of below 107 torr would constitute a high vacuum. Generally, ‘approximately’ in
this pressure range encompasses a range of pressures from below 5x107 torr to 5x107 torr.
A vacuum of below 10° torr would constitute a very high vacuum. Generally,
‘approximately’ in this pressure range encompasses a range of pressures from below 5x10°
torr to 5x10™ torr. In the following, the phrase ‘high vacuum’ encompasses high vacuum and
very high vacuum.

In an embodiment of the present invention, a sampling system utilizes larger
diameter tubing to provide for more conductance and thus more efficient transfer of ions and
molecules into the spectrometer analysis system for measurement. In an embodiment of the
present invention, a sampling system utilizes a narrow or restricted entrance followed by the
larger diameter tubing region to reduce the potential for ions striking the surface of the tubing
and thus providing a more efficient transfer of ions and molecules into the spectrometer
analysis system for measurement. The utilization of larger diameter tube configurations
enables the implementation of electrostatic fields inside the tube to further enhance collection
and transfer of ions into the spectrometer system further improving the sensitivity of the
System.

In an embodiment of the present invention, a narrow orifice tube with an electrical
potential applied to its inside surface is positioned in close proximity to the surface of a
sample to selectively collect ions from an area of interest while a second electrical potential,
applied to the outer surface of the tube acts to deflect ions that are not generated in the area of
interest away from the sampling inlet of the tube. In an embodiment of the present invention,
the end of the sampling tube is shaped to provide for close proximity to the surface of a

sample to selectively collect ions from an area of interest. In an embodiment of the present



10

15

20

25

30

WO 2007/140349 PCT/US2007/069821

invention, the various sampling systems described permit more efficient collection of ions
during the desorption process by improving the capability of the vacuum system to capture
the ions.

A desorption ionization source 101 generates the carrier gas containing metastable
neutral excited-state species, which are directed towards a target surface 111 containing
analyte molecules as shown in Figure 1. The metastable neutral excited-state species
produced by a direct analysis real time (DART) source are an example of an ionizing species
produced by a component of the invention. However, the invention can use other ionizing
species including a ions generated by a desorption electrospray ionization (DESI) source, a
laser desorption source or other atmospheric pressure ionization sources such as a Corona or
glow discharge source. The ionizing species can also include a mixture of ions and
metastable neutral excited-state species. Those analyte molecules are desorbed from the
surface 111 and ionized by the action of the carrier gas. Once ionized, the analyte ions are
carried into the spectrometer system through the vacuum inlet 130.

The area of sample subject to the ionizing gas during desorption ionization is
relatively large in both of the recently developed DART and DESI systems. The capability to
determine the composition of a specific area of sample is limited to a few cubic millimeters.
In an embodiment of the present invention, a small diameter capillary tube can be positioned
in close proximity to the sample in order to more selectively collect ions from a specific area.
Unfortunately, use of reduced diameter capillary tube results in a decrease in the collection
efficiency for the analysis.

Alternative approaches to enable improved spatial sampling involve the use of a
permeable physical barrier 1316 deployed to prevent ionization in areas that are out of the
arca of interest, as shown in Figure 13. The permeable barrier can have a permeable physical
barrier which allows an analyte to be inserted into the pores or otherwise adsorbed or
absorbed. In an embodiment of the present invention, the metastable atoms or metastable
molecules that exit the DART source 1301 are partially shielded from the sample surface
1311 by the permeable physical barrier 1316. In an alternative embodiment of the present
invention, a permeable physical barrier can be a slit located between the ionization source
and the sample surface through which the ionizing gas passes. In an embodiment of the
present invention, a permeable physical barrier is a variable width slit. In another
embodiment of the present invention, a pinhole in a metal plate can be the permeable physical

barrier. Once the gas has passed the barrier it can effect ionization of molecules on the
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surface. The ions produced are carried into the spectrometer system through the vacuum inlet
1330.

The material being used as a permeable physical barrier to block the desorption of
molecules from area adjacent to the area of interest is exposed to the same ionizing atoms or
molecules that are used to desorb and ionize molecules from the targeted area of the surface.
In the case of DART, these atoms and molecules are gases and not likely to condense on the
surface, however in DESI special considerations must be taken to remove the liquids that
might condense on the permeable physical barrier because these molecules might
subsequently be ionized and thus contribute ions to the system. The accumulation of liquid
on the permeable physical barrier might then result in new ions being generated from the
permeable physical barrier surface. The effect of the presence of an electrical field on the
barrier is that it might potentially reduce resolution of the sampling system since the charged
ions in the DESI beam can be deflected while passing through the slit or orifice thus
defeating the purpose of its use as a permeable physical barrier. Clearly, this situation is not
ideal for accurate determination of the spatially resolving small areas of a surface.

In an embodiment of the invention, ions desorbed from the surface can be drawn
into the spectrometer system through a device made from a single tube connected to the
vacuum system of the spectrometer. In an embodiment of the invention, ions desorbed from
the surface can be drawn into the spectrometer system through a device made from a plurality
of tubes connected to the vacuum system of the spectrometer. In an embodiment of the
invention, a tube is cylindrical in shape. In an embodiment of the invention, a tube is
elliptical in shape. In an embodiment of the invention, a cylindrical tube can be used and the
diameter of the cylinder can be greater than 100 microns. In an alternative embodiment of the
invention, a cylindrical tube diameter of 1 centimeter can be used. In various embodiments
of the invention, a cylindrical tube diameter greater than 100 microns and less than 1
centimeter can be used.

In an embodiment of the invention, a tube can be conical in shape with greater
diameter at the sample inlet and smallest diameter at mass analyzer inlet. In an embodiment
of the invention, a conical tube can be used and the smaller diameter can be 100 microns. In
an alternative embodiment of the invention, a conical tube with largest diameter of 1
centimeter can be used. In various embodiments of the invention, a conical tube with
smallest diameter greater than 100 microns and largest diameter less than 1 centimeter can be

used. In an embodiment of the invention, a tube can be variegated in shape. In an

10
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embodiment of the invention, an inner surface of the tube or plurality of tubes can be capable
of supporting an electrical potential which can be applied in order to retain and collimate ions
generated during the desorption ionization process. Figure 2 shows a device fabricated by
using a resistively coated glass tube 202 the exterior surface of which has been coated with a
conducting material such as a metal 222 to enable application of potential to the surface
through an electrode 219 connected to the conducting material. Another electrode 217 is
attached to the resistively coated tube in order to permit application of an electrical potential
to the inside surface of the tube 202. The tube assembly can be positioned above the sample
surface 211 by using a holder 245, which enables lateral and horizontal movement of the tube
assembly to permit analysis of different sections of the sample. Once molecules are ionized
during the desorption process are in the vapor phase they are either carried into the
spectrometer system through the vacuum inlet 230 or deflected away from the entrance of the
tube leading to the vacuum inlet if they are outside of the area of interest by the action of the
electrical field applied to the external surface of the tube.

In an embodiment of the present invention, the diameter of the inner hole in the
tube 222 can be changed to increase vacuum in the sampling region in order to capture ions
and neutrals from a surface 211 being desorbed into the open end of a tube 202 in the sampler
device. In an embodiment of the present invention, the diameter of the inner hole in the tube
230 can be changed to increase or decrease the gas flow between the sampling region and the
mass spectrometer.

The movement of the tube using the holder 245 can be directed by a light source
such as a laser or a light emitting diode affixed to the tube 202 or holder 245 which interacts
with one or more photo detectors embedded in the surface 211. Once an integrated circuit
senses the position of the tube 202 at various positions over the surface 211, a systematic
sample analysis of the surface 211 can be carried out. A person having ordinary skill in the
art can appreciate that such a device can have application for analysis of ‘lab-on-a-chip’
devices and in situ screening of samples of biological origin.

Resistively coated glass ion guides have been used in high vacuum regions of
mass spectrometers. By design, the glass is fabricated into assemblies that result in ions
being injected into the ion guide for transfer between locations in a vacuum system or as
mass analyzers (e.g., in a reflectron or ion mirror). Resistively coated glass surfaces operated
with the same polarity as the ions being produced act by directing the ions towards the lowest

electrical potential, collimating them into a focused ion beam.
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In an embodiment of the present invention, the potential applied to the inner
surface of a resistively coated glass tube operated at atmospheric pressure acts to constrain
and direct ions towards its entrance while at the same time pushing them towards the exit of
the tube as the potential decreases along the length of the internal surface of the tube. In an
embodiment of the present invention, by locating the tube near the area of desorption, and
applying a vacuum to the exit end of a tube, more efficient collection of ions from a wider
area results. In an alternative embodiment of the invention, collection of ions can be
suppressed by the action of an electrical potential applied to a tube. In another embodiment
of the invention, collection of ions can be suppressed by the action of a vacuum applied to the
tube exit. In an embodiment of the present invention, application of a potential to the outer
surface of the tube, which has been modified to support an electrical potential results in
deflection of ions that are not in the target location for capture results from the action of the
electrical and vacuum components of the tube. In an alternative embodiment of the present
invention, the application of a potential to the tube results in sampling only from a specified
volume of the surface from which ions are being formed. In various embodiments of the
present invention, differences in the diameter of tube and the vacuum applied to it serve to
define the resolution of the sampling system. In an embodiment of the present invention,
smaller diameter tubes result in higher resolution. In an embodiment of the present invention,
larger diameter tubes permit collection of more ions but over a wider sample surface area.

Figure 3 shows the sampling device fabricated by using electrical conducting
tubes such as metal tubes. In an embodiment of the invention, ions desorbed from the surface
can be drawn into the spectrometer system through a device made from a single conducting
tube 302 of a diameter ranging from 100 micron to 1 centimeter where ions are desorbed
from the surface 311 by the desorption ionization carrier gas (not shown). In an embodiment
of the invention, the surface of the tube shall be capable of supporting an electrical potential
which when applied acts to retain ions generated during the desorption ionization process. In
order to deflect ions that are not formed in the specific sample area of interest from being
collected into the tube 302 a second tube 350, clectrically isolated from the original tube by a
insulating material 336 is employed in a coaxial configuration as shown. A separate
electrode 319 is attached to the exterior conducting surface 350. The second tube 350 covers
the lower portion of the outer surface of the conducting tube 302. A second electrical
potential of the same or opposite polarity is applied to this outer surface to provide a method

for deflection of ions that are not produced from the sample surface area directly adjacent to
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the sampling end of the electrical conducting tube 302. An eclectrode 317 is attached to the
tube 302 in order to permit application of an electrical potential to the inside surface of the
tube. The outer tube can also be comprised of a conducting metal applied to the surface of
the insulator. The tube assembly can be positioned above the sample surface 311 by using a
holder 345, which enables lateral and horizontal movement of the tube assembly to permit
analysis of different sections of the sample. Once ionized the analyte ions are carried into the
spectrometer system through the vacuum inlet 330.

In an embodiment of the present invention, the potential applied to the inner
surface can be negative while the potential applied to the outer surface can be positive. In
this configuration positive ions formed in the area directly adjacent to the end of the
conductive coated (e.g., metal) glass tube can be attracted into the tube, since positive ions
are attracted to a negative potential while positive ions formed outside of the volume directly
adjacent to the tube are deflected away from the sampling area thus preventing them from
being collected and transferred to the spectrometer.

In an embodiment of the present invention, the potential applied to the inner
surface can be positive while the potential applied to the outer surface can be negative. In
this configuration negative ions formed directly in the area directly adjacent to the proximal
end of the conductive (e.g. metal) coated glass tube can be attracted into the tube, since
negative ions are attracted to positive potential while negative ions formed outside of the
volume directly adjacent to the proximal end of the tube can be deflected away from the
sampling area thus preventing them from being measured.

In an embodiment of the present invention, the use of a short piece of resistive
glass can reduce the opportunity for ions of the opposite polarity to hit the inner surface of
the glass and thus reduce potential losses prior to measurement.

In an embodiment of the present invention, the use of multiple segments of either
flexible 444 or rigid tube can permit more efficient transfer of ions via a device made from a
conductive coated (e.g., metal) tube 402, from the arca where they are desorbed into the
sampler device to the spectrometer analyzer 468, as shown in Figure 4. In an embodiment of
the present invention, the tube can be positioned to provide for desorption ionization
sampling at a right angle to the carrier gas. In an embodiment of the present invention, the
tube can be orientated 45 degrees to the surface being analyzed to provide for desorption
ionization sampling as shown in Figure 17. In an embodiment of the present invention, the

tube can be orientated at a lower limit of approximately 10 degrees to an upper limit of
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approximately 90 degrees as shown in Figure 16 to the surface being analyzed. In an
embodiment of the present invention, the tube can be coiled 360 degrees or more with respect
to the surface being analyzed. In an embodiment of the present invention, the tube can be
attached at one end to the mass spectrometer vacuum system to provide suction for capture of
ions and neutrals from a surface 411 being desorbed into the open end of a tube 402 in the
sampler device. A desorption ionization source 401 generates the carrier gas containing
metastable neutral excited-state species, which are directed towards a target surface
containing analyte molecules. The tube assembly can be positioned above the sample surface
411 by using a holder 445, which enables lateral and horizontal movement of the tube
assembly to permit analysis of different sections of the sample. An electrode 417 can be
attached to the resistively coated tube 402 in order to permit application of an electrical
potential to the inside surface of the tube. An clectrode 419 can be attached to the external,
conducting surface of the tube 422 in order to permit application of an electrical potential to
the outer surface of the tube.

In an embodiment of the present invention, the use inner diameter of the first
segment 402 of the multiple segment tube 444 is significantly less than the inner diameter of
the next segment of the multiple tube. The reduced diameter of the proximal tube 402 acts to
increase the velocity of the gas flowing into the next segment of the tube 444. The larger
diameter tube 444, provides a region for the ions to transit that has a lower ratio of surface
arca to gas volume. The increased volume reduces the probability that the ions entrained in
the flowing gas will collide with the inner wall of the segment of the tube 444. Connection of
the distal end of the multi-segment tube to the mass spectrometer provides the vacuum to
draw the gas and ions through the tube. Alternatively, the tube may be connected to a gas ion
separator device to enable larger volumes of gas and ions to enter the proximal end of the
tube. In an embodiment of the invention, the gas ion separator can be connected at the distal
end of the tube. In an alternative embodiment, the gas ion separator can be inserted at a point
between the proximal and the distal ends of the tube.

In various embodiments of the present invention, sample desorption surfaces at a
variety of angles are used to avoid complications associated with the use of slits and orifices
described earlier (Figure 13). In an embodiment of the present invention, a sample collection
tube with its opening having an angle that more closely matches the angle at which the
surface being analyzed 511 is positioned with respect to the ionization source is used to effect

more efficient collection of the ions and neutrals formed during the desorption ionization
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process (Figure 5). The use of a tube 502 the end of which has been designed and fabricated
to be complimentary with respect to the angle of presentation of the surface 511 from which
the ions are being desorbed can be attached at one end to the mass spectrometer vacuum
system to provide more efficient collection of ions and neutrals from the surface as they are
desorbed into the open end of the tube 502 in the sampler device. A desorption ionization
source 501 generates the carrier gas containing metastable neutral excited-state species,
which are directed towards a target surface containing analyte molecules. The tube assembly
can be positioned above the sample surface 511 by using a holder 545, which enables lateral
and horizontal movement of the tube assembly to permit analysis of different sections of the
sample. An electrode 517 can be attached to the resistive coating tube 502 in order to permit
application of an electrical potential to the inside surface of the tube. Once ionized the
analyte ions are carried into the spectrometer system through the vacuum inlet 530. An
electrode 519 can be attached to the external, conducting surface of the tube 522 in order to
permit application of an electrical potential to the outer surface of the tube.

In an embodiment of the invention, ions can be drawn into the spectrometer by an
electrostatic field generated by applying a potential through an electrode 651 to a short piece
of conducting tubing that is electrically isolated from a longer piece of conductive coated
(c.g., metal) tubing to which an electrical potential of opposite potential to the ions being
produced has been applied (as shown in Figure 6). The short outer conducting tube is placed
between the sample and the longer inner conducting tube 602 and has a diameter that is
greater than the diameter of the inner tube 602. The diameter of the inner tube 602 can be
between 100 micron and 1 centimeter. In an embodiment of the invention, ions desorbed
from the surface 611 by the desorption ionization carrier gas from the ionization source 601
are initially attracted to the outer tube 651 however due to the relatively low electrical
potential applied to the outer tube the ions pass into the inner tube 602. In an embodiment of
the invention, the surface of the tube 602 can be capable of supporting an electrical potential
which when applied acts to retain ions generated during the desorption ionization process.
An electrode 619 can be attached to the external, conducting surface of the tube 622 in order
to permit application of an electrical potential to the outer surface of the tube. An electrode
617 can be attached to the resistive outside coating of the inner tube 602 in order to permit
application of an electrical potential to the inside surface of the tube. The tube assembly can
be positioned above the sample surface 611 by using a holder 645, which enables lateral and

horizontal movement of the tube assembly to permit analysis of different sections of the
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sample. Ions transit the tube 602 enter a transfer tube 644 that is either flexible or rigid
providing for more efficient transfer of ions into the spectrometer system through the vacuum

inlet 668.

High throughput sampling:

While DART and DESI are attractive means of analyzing samples without any
sample work-up, the sensitivity and selectivity can be significantly improved if a preparative
step is introduced in the analysis protocol. For example, LCMS increases the ability to detect
ions based on the chromatographic retention time and mass spectral characteristics. Similarly,
selective sample retention prior to MS analysis can be important for improving the ability of
DART and DESI to distinguish samples. Further, selective sample retention can be important
for improving surface ionization efficiency. In an alternative embodiment of the present
invention, samples for DART/DESI analysis are trapped by affinity interactions. In another
embodiment of the present invention, samples for DART/DESI analysis are trapped by non-
covalent interactions. In various alternative embodiments of the present invention, samples
for DART/DESI analysis are trapped by covalent bonds. In an embodiment of the present
invention, covalent bonds can be hydrolyzed prior to the sample measurement. In an
alternative embodiment of the present invention, covalent bonds can be hydrolyzed
simultaneous with the time of sample measurement. In another embodiment of the present
invention, covalent bond vaporization or hydrolysis can occur due to the action of a
desorption ionization beam of particles or light. In an embodiment of the present invention,
chemically modified surfaces can be used to trap samples for DART/DESI analysis.

In an embodiment of the present invention, a thin membrane of plastic material
containing molecules of interest can be placed either in-line or along the transit axis of the
beam of ionizing particles or light. In an embodiment of the present invention, a high
temperature heated gas exiting the source of ionizing particles or light can be sufficient to
liquefy or vaporize the material. In an embodiment of the present invention, a use of a high
temperature to heat the gas for use in the DART experiment can result in melting and/or
pyrolysis of plastic polymer material releasing molecules which can be ionized by the action
of the heated gas, where the ionized molecules can be detected by using a spectrometer.

In an embodiment of the present invention, if the sample is permeable, that is if
ions formed from the sample on one surface can exit from another surface of the sample, then

the beam of ionizing species can be directed at the sample positioned inside the sampling
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tube. As shown in Figure 7, the tube 760 can have the sample 763 in direct line of the path
of the ionizing species. With these samples the interaction of the desorption gas or charged
ions as in the case of DART and DESI respectively is completed with the sample as the gas
or charged ions flow through the sample. In an embodiment of the invention, the metastable
atoms or metastable molecules that exit the DART source or the DESI desorption ion stream
701 are directed through a tube 760 to which an electrical potential may be applied to
establish an electrostatic field that more effectively constrains the ions created during
desorption from the sample 763 as shown in Figure 7.

In an embodiment of the present invention, also illustrated by Figure 7, a barrier
made from a tube or plurality of parallel tubes 763 acts to provide a surface for desorption
while constraining the area into which ions desorb, as they are formed in the tube. The tube
or plurality of tubes can be made from metal or conductively coated glass. A potential may
be applied so as to force the ions away from the distal end of the tube or plurality of tubes
763. The sample is applied to the tube or plurality of tubes 763 which is positioned between
the source of the ionizing species 701 and the vacuum inlet of the mass spectrometer 768.
The sample can be made to move so as to permit presentation of the entire surface or specific
arcas of the surface for desorption analysis. A device made from a conductive-coated (e.g.,
metal) tube 702 transmits the ions formed to a transfer tube 744 where they are drawn into
the spectrometer through an API like-inlet 768. An electrode 717 can be attached to the
resistively coated tube 702 in order to permit application of an electrical potential to the
surface of the tube.

In an embodiment of the invention, the metastable atoms or metastable molecules
that exit the DART source or the DESI desorption gas 801 are directed through a tube 860 to
which an electrical potential can be applied establishing an electrostatic field that more
effectively constrains the ions created during desorption from the sample 863 as shown in
Figure 8. In an embodiment of the present invention, in order to enable completion of higher
resolution sampling of the surface, the diameter of tube 863 is reduced and a shield 847 is
introduced to restrict the flow of the desorption ionizing gas to specific areas of the sample
surface as shown in Figure 8. A device made from a conductive-coated (e.g., metal) tube 802
transmits the ions into the API like-inlet 868 of the spectrometer system through a transfer
tube 844. An eclectrode 817 can be attached to the resistively coated tube 802 in order to
permit application of an electrical potential to the inside surface of the tube. In an

embodiment of the present invention, the distance between the tube 860 and the electrode 802
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can be adjusted to provide for optimum ion collection and evacuation of non-ionized material
and molecules so they are not swept into the mass spectrometer inlet.

In various embodiments of the present invention, the sample 763, 863 can be a
film, a rod, a membrane wrapped around solid materials made from glass, metal and plastic.
In the case of a plastic membrane the sample can have perforations to permit flow of gas
through the membrane. In an embodiment of the present invention, the action of the carrier
gas from the ionization source can be sufficient to permit desorption of analyte from the
membrane at low carrier gas temperatures. In an embodiment of the present invention, the
action of the carrier gas can be sufficient to provide for simultaneous vaporization of both the
membrane and the molecules of interest. In an embodiment of the present invention, the
DART gas temperature is increased to effect vaporization. In an embodiment of the present
invention, the sample holder can be selected from the group consisting of a membrane,
conductive-coated tubes, metal tubes, a glass tube and a resistively coated glass tube. In an
embodiment of the present invention, the function of these sample supports can be to provide
a physical mount for the sample containing the molecules of interest. In an embodiment of
the present invention, the membrane holder can be a wire mesh of diameter ranging from 500
microns to 10 cm to which a variable voltage can be applied to effect electrostatic focusing of
the ions towards the mass spectrometer atmospheric pressure inlet after they are formed.

Beams of ionizing species (including DART, DESI and DAPCI) have been used
for the desorption of molecules directly from solid surfaces of glass, metal, plastic, and even
skin. However, these ionizing species have been utilized predominantly for desorption of
ions from solid surfaces. We encountered considerable difficulties when attempting to
generate surface desorption results of solid powders and encapsulated chemical formulations.
Others have used double sided tape, glues, viscous liquids, and other physical means to hold
the solid in position during analysis. These approaches add other species and possible
contaminants and were considered unattractive for these reasons and also would be difficult
to incorporate in any process control analysis. Our initial attempts to ionize these molecules
were successful when the powder was first dissolved in solvents or otherwise modified to
adhere to the surface using a foreign matter to affix those powders to the sampling target.
Unfortunately, the use of solvents adds some complexity to the analysis since in many cases
the solubility of the material being examined is unknown. There is also the case in the
practice of analysis of certain materials including so called “buckyballs’ or fullerenes that the

addition of solvents does not result in solubilization of the material, but potentially changes
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the chemical characteristic of the material prior to its analysis when the solvent molecule
becomes captured by the fullerene. In the DART experiment specifically, the necessity for
fixing the sample to the surface is due to the use of high flow rates of gas directed at the
sample and the potential that the gas will simply blow away the analyte prior to its being
ionized by that same gas. Given the potential for failed analysis was high if the sample was
not retained for sufficient time on the surface to permit the desorption ionization we directed
our investigation to development of materials that would both support surface ionization and
retain sample without altering its chemical structure or requiring its dissolution in solvent.

In an embodiment of the invention, a permeable physical barrier with a porous
surface, to which a solid material has been in contact has been utilized to provide the means
for sampling by desorption ionization. In an embodiment of the invention, the contact
between the porous surface of the permeable physical barrier results in the inclusion of small
quantities of solid in the pores. Application of the solid sample can involve moving the solid
sample across the surface of the porous material in which case a small residue of material
becomes trapped in the channels of the permeable physical barrier. In an embodiment of the
invention the permeable physical barrier is fabricated from glass tubes resulting in the
presence of channels running from the front surface to which the sample is applied to the rear
surface such that it is possible to allow an ionizing species such as a gas to freely flow
through the length of the glass. In an embodiment of the invention the permeable physical
barrier is fabricated from metal mesh resulting in the presence of large pockets on the front
surface to which the sample is applied. The metal mesh is of such density that it is possible
to allow gas to freely flow through its length with minimal resistance. The application of
force sufficient to restrain the solid in the porous material of the sampler can be sufficient to
result in deposition of the solid but not necessarily completely coat the permeable physical
barrier.

During initial experiments using microchannel glass plates as sample surfaces for
the DART method we had applied samples after dissolving them in water. Desorption of
sample ions from this type of surface was observed to persist for much longer time periods
than were observed by using a glass plate of similar size and mass. Subsequently, we
investigated the effect of gas temperature on the desorption process and determined that at the
same temperature samples desorbed from the permeable physical barrier lasted much longer
than those from the glass plate surface. The trapping of analyte molecules in the permeable

physical barrier appeared to enable longer sampling times and as a consequence longer
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sampling times enable a wider variety of spectroscopic investigations to be conducted and
thus render the desorption ionization technique more useful.

In an embodiment of the invention, the permeable physical barrier being used as a
sampler for the surface desorption ionization experiment is positioned with the microchannels
collinear to the path of the ionizing metastables and ions exiting the DART source. The
ionizing gas strikes the surface of the porous target resulting in ionization of the analyte
which is subsequently drawn through the plate or around it into the inlet of the spectroscopy
system. The mass spectrum in Figure 15 shows the mass spectrum obtained by DART
ionization of the solid preparation of Verapamil applied to the surface of a microchannel
glass surface. Figure 14 is the mass spectrum obtained from the desorption ionizaton of the
microchannel glass surface prior to application of the solid sample. The presence of a
significant number and quantity of species above the background is noted. The ionization of
a solid sample in this configuration is observed to suppress the generation of background ions
Figure 15. Similar results have been obtained using permeable metal mesh and metal
screens.

In an embodiment of the invention, the permeable physical barrier being used as a
sampler for the surface desorption ionization experiment is positioned with the microchannels
orthogonal to or at an angle to the path of the ionizing metastables and ions exiting the DART
source. The ionizing gas strikes the surface of the porous target resulting in ionization of the
analyte which is subsequently drawn through the plate or around it into the inlet of the
Spectroscopy system.

In an embodiment of the present invention, the sample can be placed at an angle in
front of the desorption ionization source 901 as shown in Figure 9. In an embodiment of the
present invention, the sampling device 902 has a angled surface designed to provide for
higher sampling efficiency where ions are being desorbed from the solid surface 911 by using
the desorption gas being directed onto the sample surface through a tube 960 that acts to
focus ions formed in the desorption event by the action of the electrostatic field maintained
by the voltage applied to the tube. The tube can be made from conductive coated (e.g. metal)
or resistively coated glass to which a potential can be applied so as to force the ions away
from the tube. The tube assembly can be positioned above the sample surface 911 by using a
holder 945, which enables lateral and horizontal movement of the tube assembly to permit
analysis of different sections of the sample. An electrode 917 can be attached to the

resistively coated tube 902 in order to permit application of an electrical potential to the
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inside surface of the tube. Once ionized the analyte ions are carried into the spectrometer
system through the vacuum inlet 930. The target sample is positioned along the transit path
of the flow of the DART gas in a position where vaporization of the molecules from the
target occurs. The sample can be made to move so as to permit presentation of the entire
surface or specific areas of the surface for desorption analysis. Samples including but not
limited to thin layer chromatography plates, paper strips, metal strips, plastics, Compact Disc,
and samples of biological origin including but not limited to skin, hair, and tissues can be
analyzed with different spatial resolution being achieved by using different diameter
sampling tubes and sampling devices described in this invention.

In an embodiment of the present invention, the holder can be designed to permit
holding multiple samples of the same or different type. In various embodiments of the
present invention, the samples can be films, rods and membranes wrapped around solid
materials made from glass, metal and plastic. In an embodiment of the present invention, the
function of these sample supports can be to provide a physical mount for the sample
containing the molecules of interest.

In another embodiment of the present invention, the sampling area can be
evacuated by using a vacuum to effect removal of non-ionized sample and gases from the
region. In an embodiment of the present invention, the vacuum can be applied prior to DART
or DESI sampling. In an embodiment of the present invention, the delay prior to applying
DART or DESI sampling can be between 10 ms and 1 s. In an embodiment of the present
invention, the vacuum can be applied simultancously with DART or DESI sampling. In an
embodiment of the present invention, the vacuum can be applied subsequent to DART or
DESI sampling. In an embodiment of the present invention, the delay subsequent to
vacuuming the sample can be between 10 ms and 1 s.

In an embodiment of the present invention, a reagent gas with chemical reactivity
for certain types of molecules of interest can promote the formation of chemical adducts of
the gas to form stable pseudo-molecular ion species for analysis. Introduction of this reactive
gas can be used to provide for selective ionization of molecules of interest at different times
during the analysis of sample. In an embodiment of the present invention, the reagent gas
selected for the analysis for certain types of molecules of interest has a specific chemical
reactivity that results in the formation of chemical adducts between reagent gas atoms and
molecules of interest to form stable pseudo-molecular ion species for spectroscopic analysis.

In an embodiment of the present invention, a reagent gas can be selective for a class of
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chemicals. In an embodiment of the present invention, a reagent gas can be introduced into
the sampling area prior to DART or DESI sampling. In an embodiment of the present
invention, the delay prior to DART or DESI sampling can be between 10 ms and 1 s. In an
embodiment of the present invention, a reagent gas can be introduced into the sampling area
simultaneously with DART or DESI sampling. In an embodiment of the present invention, a
reagent gas can be introduced into the sampling area subsequent to commencing DART or
DESI sampling. In an embodiment of the present invention, the delay subsequent to
introducing the reagent gas can be between 10 ms and 1 s. In an embodiment of the present
invention, a reagent gas can be reactive with certain molecules.

In an embodiment of the present invention, the sample holder described in Figure
7 - 9 can be movable in the XY, and Z directions to provide the means for manipulation of
the sample. In an embodiment of the present invention, the movable sampling stage can be
used with either the ion collection device described in Figure 2 and Figure 3 or the ion-
sampling device described in Figure 9.

In an embodiment of the present invention, a sampling surface can have ecither a
single perforation (Figure 10) or a plurality of holes of the same or varied diameter (Figure
11). The holes can be covered by a metal grid, a metal screen, a fibrous material, a series of
closely aligned tubes fabricated from glass (Figure 12), a scries of closely aligned tubes
fabricated from metal and a series of closely aligned tubes fabricated from fibrous materials
all of which serve as surfaces to which sample can be applied for analysis. In an embodiment
of the present invention, the design of a sample support material permits flow of ionizing gas
over those surfaces adjacent to the perforation of holes in order to ionize the material on the
surface being supported by that structure. In an embodiment of the present invention, flow of
ionizing gas over those surfaces provides a positive pressure of the gas to efficiently push the
ions and molecules desorbed from the surfaces into the volume of the sampling tube or mass
spectrometer vacuum inlet.

A wide variety of materials are used to complete the selective isolation of specific
components of mixtures from each other and display those isolates on a surface. In an
embodiment of the present invention the area immediately adjacent to the holes 1003 in the
sample surface can be coated with a layer comprising a chemical entity 1012, antibodies to
certain proteins, or other molecules with selectivity for specific molecules of interest (Figure
10). In an alternative embodiment of the present invention, rather than coating the sides of

the wells as in Figure 10, the bottom of the wells (corresponding to 1003) can be coated. In
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a normal DART or DESI experiment these holes can be spaced at intervals of at least Imm in
order to permit ionization from only one spot at a time. In an embodiment of the present
invention the increased resolution of the sampling system enables higher spatial selection
capability which enables positioning of samples of interest in close proximity such as is
available with DNA and protein micro arrays and other lab on a chip devices where spacing
of samples can be 2 to 20 microns apart. In an embodiment of the present invention, larger
spacing is envisaged. In an embodiment of the present invention, increased resolution of
sampling enables determination of the molecules of interest oriented in high-density arrays
and molecules as they appear in complex samples such as biological tissues and nano-
materials. In an alternative embodiment of the present invention, the sides of the wells as in
Figure 10 can be fabricated or coated with a porous material so as to permit physical
constriction of powders and / or crystalline materials.

In an embodiment of the present invention, the increased resolution of the
sampling device can be coupled together with a device for recognizing and directing the
sampling device. In an embodiment of the present invention, a device for recognizing and
directing the sampling device can be a photo sensor, which reads light sources emanating
from the surface to be analyzed. In an embodiment of the present invention, a device for
recognizing and directing the sampling device can be a light source directed onto photo
sensors implanted in the surface to be analyzed.

In an embodiment of the present invention, the perforated sampling surfaces
described in Figures 10-12 may be directly attached by physical means to the proximal end
of the sampling tubes 702 and 802 in Figures 7 and 8 respectively to enable a flow through

sampling probe for use with desorption ionization.
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CLAIMS

What 1s claimed is:

1. A device for analyzing an analyte comprising:
a tube with a proximal end and a distal end, wherein the distal end of the tube
transfers one or more analyte ions into a mass spectrometer;
a component for generating a plurality of ionizing species, wherein the plurality of

ionizing species are directed at the proximal end of the tube; and

a permeable barrier positioned inside the tube, wherein the permeable barrier has been

in contact with the analyte.

2. The device of claim 1, wherein:

the tube is made from one or more materials chosen from the group consisting of metal, glass,

plastic, conductively coated plastic, conductively coated fused silica, non conductively coated

plastic, non conductively coated fused silica, glass lined metal tube and resistively coated

glass.

3. The device of claim1, wherein the diameter of the tube is between:
a lower limit of approximately 10 m; and

an upper limit of approximately 10™' m.

4. The device of claim1, wherein:

the tube is positioned a distance away from one or both the analyte and the area where the
plurality of ionizing species interacts with the analyte of between:

a lower limit of approximately10~ m; and

an upper limit of approximately 2x10™" m.
5. The device of claim 4, further comprising:

an apparatus to accurately adjust the position of the tube relative to one or both the analyte

and the area where the plurality of ionizing species interacts with the analyte.
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6. The device of claim 1, wherein the ionizing species component is selected from the group
consisting of a direct analysis real time (DART), a desorption electrospray ionization (DESI),
an atmospheric laser desorption ionization, a Corona discharge, an inductively coupled

plasma (ICP) and a glow discharge source.

7. The device of claim 1, wherein the permeable barrier is selected from the group consisting
of a microchannel plate, a wire mesh grid, a variable width slit, a pinhole, a pinhole with a

grid, multiple pinholes and multiple pinholes with a grid.

8. The device of claim 1, further comprising:
an inner surface of the tube that is conductive, wherein a first potential is applied to
the inner surface of the tube; and
an outer surface of the tube that is conductive , wherein a second potential is applied
to the outer surface of the tube, wherein one or more analyte ions are attracted to the
potential applied to the inner tube thereby pass through the tube into the mass

spectrometer.

9. A device for analyzing an analyte comprising:

an apparatus for generating a plurality of ionizing species,

an apparatus for analyzing ions formed from the analyte;

an outer tube with a proximal and a distal end; and

an inner tube with a proximal and a distal end; wherein the outer tube and the inner tube are
substantially co-axial, wherein the outer tube diameter is greater than the inner tube diameter;
wherein the inner tube is positioned inside the outer tube; wherein the permeable barrier is
positioned inside the inner tube; wherein the analyte is present on a permeable barrier;
wherein the mass spectrometer is positioned at the distal exit of one or both the inner tube
and the outer tube; wherein the plurality of ionizing species are directed towards the proximal
end of the inner tube, wherein a plurality of analyte ions are formed in the inner tube and are

transferred into the apparatus for analyzing the plurality of analyte ions.

10. The device of claim 9, wherein:
one or both the inner tube and the outer tube are made from one or more materials chosen

from the group consisting of metal, glass, plastic, conductively coated plastic, conductively
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coated fused silica, non conductively coated plastic, non conductively coated fused silica,

glass lined metal tube and resistively coated glass.

11. The device of claim 9, wherein:
an inner surface of the inner tube is conductive, wherein a first potential is applied to the
inner surface of the inner tube, wherein an outer surface of the outer tube is conductive ,

wherein a second potential is applied to the outer surface of the outer tube.

12. The device of claim9, wherein the diameter of the inner tube is between:
a lower limit of approximately 4x10™ m; and

an upper limit of approximately 10™' m.

13. The device of claim 9, wherein:

the proximal end of the inner tube protrudes from the proximal end of the outer tube by a
distance of between:

a lower limit of approximately 10 m; and

an upper limit of approximately 10 m.

14. The device of claim14 wherein:

the proximal end of the inner tube is positioned a distance away from an arca where the
ionizing species interacts with the analyte of between:

a lower limit of approximately 10~ m; and

an upper limit of approximately 10™' m.

15. The device of claim 14, further comprising:
an apparatus to accurately adjust the position of the proximal end of the inner tube from one

or both the analyte and the area where the ionizing species interacts with the analyte.

16. The device of claim 9, wherein:

the proximal end of the outer tube protrudes from the proximal end of the inner tube by a
distance of between:

a lower limit of approximately 10 m; and

an upper limit of approximately 10 m.

26



10

15

20

25

30

WO 2007/140349 PCT/US2007/069821

17. The device of claim16 wherein:

the proximal end of the outer tube is positioned a distance away from a source of the ionizing
species of between:

a lower limit of approximately 10~ m; and

an upper limit of approximately 10™' m.

18. The device of claim 9, wherein:

the distal end of the outer tube protrudes from the distal end of the inner tube by a distance of
between:

a lower limit of approximately 10 m; and

an upper limit of approximately 10™' m.

19. The device of claim 9, wherein:
the permeable barrier is positioned in the inner tube at an angle between:
a lower limit of approximately 10 degrees; and

an upper limit of approximately 90 degrees.

20. The device of claim 9, wherein:

the permeable barrier is positioned in the inner tube at a distance from the proximal end of
between:

a lower limit of approximately 10~ m; and

an upper limit of approximately 10' m.

21. The device of claim 1, wherein:

the tube is comprised of two or more segments; wherein the segment which constitutes the
proximal end of the tube is the proximal segment and the segment which constitutes the distal
end of the tube is the distal segment; wherein the proximal segment of the tube has a smaller
inner diameter than the distal segment of between:

a lower limit of 1% of the inside diameter of the distal segment; and

an upper limit of approximately 50% of the inside diameter of the distal segment.

22. The device of claim 21, wherein:
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the one or more of the segments can be one or more of flexible, curved and coiled.

23. A method for analyzing an analyte comprising:
inserting a permeable barrier which has been in contact with the analyte into a tube
with a proximal end and a distal end, wherein the distal end of the tube transfers
analyte ions into a mass spectrometer; and

directing a plurality of ionizing species at the proximal end of the tube; wherein ions formed

from the analyte are transferred into the mass spectrometer.
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