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Description

PRIORITY APPLICATIONS

[0001] This application claims priority to each of U.S.
Application No. 13/662,500 filed on October 28, 2012,
U.S. Application No. 13/662,745 filed on October 29,
2012, and U.S. Application No. 13/662,801 filed on Oc-
tober 29, 2012.

TECHNOLOGICAL FIELD

[0002] Certain features, aspects and examples are di-
rected to an adapter configured to permit coupling of a
direct sample analysis device to an analytical instrument.
In some examples, the adapter is configured to couple
the direct sample analysis device to a mass spectrome-
ter.

BACKGROUND

[0003] Direct sample analysis permits analysis of a
sample by directly introducing the sample into an instru-
ment. If desired, front-end chromatography separation
can be omitted prior to analysis of the sample.
[0004] US 2002/011561 describes an apparatus for
automated and rapid loading of a large number of sam-
ples for mass spectrometric analysis. The apparatus in-
cludes a multiple part capillary comprising at least two
capillary sections joined with airtight seal for transporting
ions from an elevated pressure ionization source to a first
vacuum region of a mass analysis system.
[0005] US 2002/121598 describes an apparatus com-
prising a multi-part capillary wherein a first section thereof
is connected to a motor which is able to move this first
section from one sprayer to the next. This first section
may be a flexible tube-like structure loosely mounted in
an aperture of a cone-shaped end of a motor which ro-
tates such that the sampling orifice may be aligned with
different sprayers at different times to sequentially and
repetitively sample ions produced by each of the plurality
of sprayers.

SUMMARY

[0006] Certain features, aspects and examples de-
scribed herein are directed to adapters and/or compo-
nents thereof that can couple a direct sample analysis
device to an analytical instrument such as, for example,
a mass spectrometer. The exact configuration of the
adapter can vary and in some instances, the adapter may
comprise a single integral component or one or more
separate components which together can function to per-
mit coupling of the direct sample analysis device to the
analytical instrument.
[0007] According to the present invention, an adapter
for installing a direct sample analysis device on a mass
spectrometer is provided, wherein the adapter is config-

ured to permit coupling of the direct sample analysis de-
vice to the mass spectrometer while maintaining a sub-
stantially constant vacuum pressure in the mass spec-
trometer, the adapter being as described in claim 1. Fur-
ther features of the invention are recited in the dependent
claims. Also provided is a system comprising the adapter,
as recited in claim 6.
[0008] The following two paragraphs indicate certain
features of examples not according to the invention and
present for illustration purposes only. The invention is as
defined in the claims.
[0009] In certain examples described herein, an adapt-
er comprises a capillary sleeve configured to couple to
a capillary inlet of the mass spectrometer, and an end
cap extension configured to couple to the capillary
sleeve, in which the capillary sleeve and end cap exten-
sion are configured to provide fluidic coupling between
a sample holder and the mass spectrometer through the
capillary inlet.
[0010] In certain example described herein, the end
cap extension is configured to couple to a lens assembly.
In other examples, the lens assembly is configured to
slidingly engage to the end cap extension. In further ex-
amples, the end cap extension is configured to slidingly
engage to the capillary sleeve. In some examples, the
capillary sleeve couples to the capillary inlet through a
friction fit. In additional examples, the end cap extension
couples to the capillary sleeve through a friction fit. In
some examples, the capillary sleeve comprises an insu-
lator configured to electrically decouple the capillary
sleeve from the end cap extension. In other examples,
the capillary sleeve is further configured to center the
capillary inlet. In certain examples, the end cap extension
comprises an insulator configured to electrically decou-
ple the capillary sleeve from the end cap extension. In
some examples, the end cap extension is further config-
ured to center the capillary inlet.
[0011] In accordance with claim 1, an adapter for in-
stalling a direct sample analysis device on a mass spec-
trometer, the adapter comprising an internal sleeve con-
figured to couple to a capillary inlet of the mass spec-
trometer, an external sleeve coupled to the internal cap-
illary sleeve, and an insulator between the internal sleeve
and the external sleeve to electrically decouple the inter-
nal sleeve from the external sleeve, in which the adapter
is configured to provide fluidic coupling between a sam-
ple holder and the mass spectrometer through the cap-
illary inlet is disclosed.
[0012] In certain embodiments, the external sleeve is
configured to couple to a lens assembly. In other embod-
iments, the lens assembly is configured to slidingly en-
gage to the external sleeve. In further examples, the ex-
ternal sleeve is configured to slidingly engage to the in-
ternal sleeve. The internal sleeve couples to the capillary
inlet through a friction fit. In additional examples, the ex-
ternal sleeve couples to the internal sleeve through a
friction fit. In some embodiments, the internal sleeve is
sized and arranged to center the capillary inlet in the in-
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ternal sleeve. In other examples, the insulator comprises
at least one ceramic material. The adapter is configured
to permit coupling of the direct sample analysis device
while maintaining a vacuum of the mass spectrometer.
In certain examples, the adapter is configured to permit
coupling of the direct sample analysis device without re-
moving any lenses of the mass spectrometer.
[0013] The following paragraphs until the end of the
summary section describe further examples not accord-
ing to the invention and are present for illustration pur-
poses only. Also described herein is an adapter for in-
stalling a direct sample analysis device on a mass spec-
trometer, the adapter comprising an internal coupler con-
figured to engage a capillary inlet of the mass spectrom-
eter, an external coupler sized and arranged to engage
a direct sample analysis lens assembly, and an insulator
between the internal coupler and the external coupler to
electrically decouple the internal coupler and the external
coupler, in which the adapter is configured to provide
fluidic coupling between a sample holder and the mass
spectrometer through the capillary inlet.
[0014] In some examples, the external coupler is con-
figured to engage the lens assembly through a friction
fit. In other examples, the internal coupler engages the
capillary inlet through a friction fit. In certain examples,
the internal coupler is sized and arranged to center the
capillary inlet within the internal coupler. In further exam-
ples, the insulator comprises at least one ceramic mate-
rial. In certain examples, the ceramic material is one of
alumina, yttria, titania or mixtures thereof. In certain ex-
amples, each of the external coupler and the internal cou-
pler comprises a substantially inert material. In other ex-
amples, the substantially inert material is a stainless
steel. In some examples, the adapter is configured to
permit coupling of the direct sample analysis device while
maintaining a vacuum of the mass spectrometer. In cer-
tain examples, the adapter is configured to permit cou-
pling of the direct sample analysis device without remov-
ing any lenses of the mass spectrometer.
[0015] Also described herein is an adapter for installing
a direct sample analysis device on a mass spectrometer,
the adapter comprising a coupler sized and arranged to
engage to a capillary inlet of the mass spectrometer, the
coupler comprising an internal surface configured to en-
gage to the capillary of the capillary inlet and an external
surface electrically isolated from the internal surface
through an insulator, in which the adapter is configured
to provide fluidic coupling between a sample holder and
the mass spectrometer through the capillary inlet.
[0016] In certain examples, the external surface of the
coupler is configured to couple to a lens assembly
through a friction fit. In certain examples, the internal sur-
face engages the capillary inlet through a friction fit. In
certain examples, the internal surface is concentric and
is sized and arranged to center the capillary inlet within
the internal coupler. In some examples, the insulator
comprises at least one ceramic material. In certain ex-
amples, the ceramic material is one of alumina, yttria,

titania or mixtures thereof. In some examples, each of
the external surface and the internal surface each com-
prise a substantially inert material. In some examples,
the substantially inert material is a stainless steel. In other
examples, the adapter is configured to permit coupling
of the direct sample analysis device while maintaining a
vacuum of the mass spectrometer. In further examples,
the adapter is configured to permit coupling of the direct
sample analysis device without removing any lenses of
the mass spectrometer.
[0017] Also described herein is a system for performing
direct sample analysis, the system comprising a direct
sample analysis device, and an adapter for installing a
direct sample analysis device on a mass spectrometer,
the adapter comprising a capillary sleeve configured to
couple to a capillary inlet of the mass spectrometer, and
an end cap extension configured to couple to the capillary
sleeve, in which the capillary sleeve and end cap exten-
sion are configured to provide fluidic coupling between
a sample holder and the mass spectrometer through the
capillary inlet.
[0018] In certain examples, the end cap extension is
configured to couple to a lens assembly. In other exam-
ples, the lens assembly is configured to slidingly engage
to the end cap extension. In further examples, the end
cap extension is configured to slidingly engage to the
capillary sleeve. In additional examples, the capillary
sleeve couples to the capillary inlet through a friction fit.
In some examples, the end cap extension couples to the
capillary sleeve through a friction fit. In other examples,
the capillary sleeve comprises an insulator configured to
electrically decouple the capillary sleeve from the end
cap extension. In further examples, the capillary sleeve
is further configured to center the capillary inlet. In some
examples, the end cap extension comprises an insulator
configured to electrically decouple the capillary sleeve
from the end cap extension. In other examples, the end
cap extension is further configured to center the capillary
inlet.
[0019] Also described herein is a system for performing
direct sample analysis, the system comprising a direct
sample analysis device, and an adapter for installing a
direct sample analysis device on a mass spectrometer,
the adapter comprising an internal sleeve configured to
couple to a capillary inlet of the mass spectrometer, an
external sleeve coupled to the internal capillary sleeve,
and an insulator between the internal sleeve and the ex-
ternal sleeve to electrically decouple the internal sleeve
from the external sleeve, in which the adapter is config-
ured to provide fluidic coupling between a sample holder
and the mass spectrometer through the capillary inlet.
[0020] In certain examples, the external sleeve is con-
figured to couple to a lens assembly. In some examples,
the lens assembly is configured to slidingly engage to
the external sleeve. In other examples, the external
sleeve is configured to slidingly engage to the internal
sleeve. In further examples, the internal sleeve couples
to the capillary inlet through a friction fit. In additional

3 4 



EP 2 912 677 B1

4

5

10

15

20

25

30

35

40

45

50

55

examples, the external sleeve couples to the internal
sleeve through a friction fit. In some examples, the inter-
nal sleeve is sized and arranged to center the capillary
inlet in the internal sleeve. In additional examples, the
insulator comprises at least one ceramic material. In oth-
er examples, the adapter is configured to permit coupling
of the direct sample analysis device while maintaining a
vacuum of the mass spectrometer. In further examples,
the adapter is configured to permit coupling of the direct
sample analysis device without removing any lenses of
the mass spectrometer.
[0021] Also described herein is a system for performing
direct sample analysis, the system comprising a direct
sample analysis device, and an adapter for installing a
direct sample analysis device on a mass spectrometer
without breaking the vacuum of the mass spectrometer,
the adapter comprising a coupler sized and arranged to
engage to a capillary inlet of the mass spectrometer, the
coupler comprising an internal surface configured to en-
gage to the capillary of the capillary inlet and an external
surface electrically isolated from the internal surface
through an insulator, in which the adapter is configured
to provide fluidic coupling between a sample holder and
the mass spectrometer through the capillary inlet.
[0022] In certain examples, the external surface of the
coupler is configured to couple to the lens assembly
through a friction fit. In other examples, the internal sur-
face engages the capillary inlet through a friction fit. In
additional examples, the internal surface is concentric
and is sized and arranged to center the capillary inlet
within the adapter. In further example, insulator compris-
es at least one ceramic material. In some examples, the
ceramic material is one of alumina, yttria, titania or mix-
tures thereof. In additional examples, each of the external
surface and the internal surface comprises a substantial-
ly inert material. In some examples, the substantially inert
material is a stainless steel. In some examples, the adapt-
er is configured to permit coupling of the direct sample
analysis device while maintaining a vacuum of the mass
spectrometer. In certain examples, the adapter is config-
ured to permit coupling of the direct sample analysis de-
vice without removing any lenses of the mass spectrom-
eter.
[0023] Also described herein is a method of installing
a direct sample analysis device on a mass spectrometer
while maintaining a vacuum in the mass spectrometer,
the method comprising coupling a capillary extension to
the capillary inlet, and coupling an end cap extension to
the coupled capillary extension, in which the coupled cap-
illary extension and coupled capillary end cap are con-
figured to provide fluidic coupling between a direct sam-
ple analysis sample holder and the mass spectrometer
through the capillary inlet.
[0024] In certain examples, the method comprises re-
moving a capillary nozzle cap prior to coupling the cap-
illary extension to the capillary inlet. In other examples,
the method comprises coupling a direct sample analysis
lens assembly to the coupled end cap extension. In some

examples, the end cap extension comprises an insulator
configured to electrically isolate the capillary extension
from the end cap extension. In other examples, the cap-
illary extension comprises an insulator configured to elec-
trically isolate the capillary extension from the end cap
extension.
[0025] Also described herein is a method of installing
a direct sample analysis device on a mass spectrometer
while maintaining a vacuum in the mass spectrometer,
the method comprising coupling an internal sleeve to a
capillary inlet of the mass spectrometer, and coupling an
external sleeve to the coupled internal capillary sleeve,
the external sleeve comprising an insulator configured
to be positioned between the internal capillary sleeve and
the external sleeve to electrically isolate the internal
sleeve from the external sleeve, in which the coupled
internal and external sleeves are configured to provide
fluidic coupling between a direct sample analysis sample
holder and the mass spectrometer through the capillary
inlet.
[0026] In certain examples, the method comprises re-
moving a capillary nozzle cap prior to coupling the internal
sleeve to the capillary inlet. In other examples, the meth-
od comprises coupling a lens assembly to the coupled
external sleeve. In some examples, the external sleeve
comprises an insulator configured to electrically isolate
the internal sleeve from the external sleeve. In other ex-
amples, the internal sleeve comprises an insulator con-
figured to electrically isolate the internal sleeve from the
external sleeve.
[0027] Also described herein is a method of installing
a direct sample analysis device on a mass spectrometer
comprising a capillary inlet while maintaining a vacuum
in the mass spectrometer, the method comprising cou-
pling an adapter comprising a coupler sized and arranged
to engage to a capillary inlet of the mass spectrometer,
the coupler comprising an internal surface configured to
engage to the capillary of the capillary inlet and an ex-
ternal surface electrically isolated from the internal sur-
face through an insulator, in which the adapter is config-
ured to provide fluidic coupling between a sample holder
and the mass spectrometer through the capillary inlet.
[0028] In certain examples, the method comprises re-
moving a capillary nozzle cap prior to coupling the internal
surface to the capillary inlet. In other examples, the meth-
od comprises coupling a lens assembly to the coupled
external surface. In certain examples, the method com-
prises initiating sample analysis of a sample on a direct
sample analysis sample support substantially immedi-
ately after coupling the lens assembly to the external sur-
face of the adapter. In other examples, the method com-
prises maintaining a substantially constant vacuum pres-
sure in the mass spectrometer during the coupling of the
adapter.
[0029] Also described herein is a method of coupling
a direct sample analysis device to a mass spectrometer,
the method comprising coupling an adapter comprising
a coupler sized and arranged to engage to a capillary
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inlet of the mass spectrometer to provide fluidic coupling
between the capillary inlet and a direct sample analysis
sample support to permit substantially immediate sample
analysis of sample on the direct sample analysis sample
support after coupling of the adapter.
[0030] In certain examples, the adapter comprises an
internal sleeve, an external sleeve and an insulator be-
tween the internal sleeve and the external sleeve. In other
examples, the method comprises maintaining an oper-
ating pressure of the mass spectrometer during coupling
of the coupler to the capillary inlet. In further examples,
the method comprises coupling a lens assembly to the
coupled adapter and initiating the sample analysis sub-
stantially immediately subsequent to coupling of the lens
assembly. In some examples, the method comprises
configuring the adapter to comprise a separate internal
coupler and a separate external coupler.
[0031] The adapters described herein can be pack-
aged in the form of a kit that comprises one or more of
the adapters described herein. In other examples, the kit
may comprise two or more of the adapters described
herein.
[0032] Other aspects and attributes will become ap-
parent to those skilled in the art after review of the detailed
description and accompanying drawings.

BRIEF DESCRIPTION OF FIGURES

[0033] Certain configurations are provided below for
illustrative purposes only with reference to the accompa-
nying figures in which:

FIG. 1 is an illustration of an adapter comprising an
internal coupler and an external coupler, in accord-
ance with certain examples;
FIG. 2 is an illustration of an adapter comprising an
internal coupler, an external coupler and an insulator
between the internal coupler and the external cou-
pler, in accordance with certain examples;
FIG. 3 is an illustration of a capillary sleeve, in ac-
cordance with certain examples;
FIG. 4 is an illustration of the capillary sleeve of FIG.
3 coupled to a capillary housing, in accordance with
certain examples;
FIG. 5 is an illustration of an end cap coupled to a
capillary sleeve, in accordance with certain exam-
ples;
FIG. 6 is an illustration of an insulator between a
coupled end cap and a capillary sleeve, in accord-
ance with certain examples;
FIG. 7 is an illustration of an adapter configured as
a unitary device and comprising an internal sleeve
and an external sleeve, in accordance with certain
examples;
FIG. 8 is an illustration of an adapter configured as
a unitary device and comprising an internal sleeve,
an external sleeve and an insulating layer or sleeve
between the internal sleeve and the external sleeve,

in accordance with certain examples;
FIG. 9 is a block diagram of an instrument comprising
a direct sample analysis device, in accordance with
certain examples;
FIGS 10A-10D schematically show installation of an
adapter and lens assembly on a mass spectrometer,
in accordance with certain examples;
FIG. 11 is an illustration of a direct sample analysis
device coupled to a mass spectrometer, in accord-
ance with certain examples; and
FIG. 12 is an illustration of a the system of FIG. 11
showing the sample support between an ion gun and
a lens assembly, in accordance with certain exam-
ples.

[0034] Additional features, aspects and embodiments
are described in more detail below. It will be recognized
by the person of ordinary skill in the art, given the benefit
of this disclosure, that the lengths and dimensions shown
in the figures are not limiting and that many different
lengths and dimensions can be used depending on the
size of the adapter, the system which the adapter is to
be used in and other factors.

DETAILED DESCRIPTION

[0035] Certain embodiments of adapters are described
below can include one or more components that can fa-
cilitate fluidic coupling of a direct sample analysis device
to an inlet of a mass spectrometer or other analytical
instrument that can receive a fluid stream. The exact con-
figuration of the adapters including, for example, the
length and width of the adapter components, size and
configuration of the openings of the adapters and mate-
rials used in the adapters, or components thereof, can
vary depending on the particular instrument the adapters
are to be used with and/or depending on the nature of
the sample to be analyzed. Where direct sample analysis
is referred to below, no particular configuration of a direct
sample analysis device or system is intended to be re-
quired as being necessary for properly using the adapt-
ers. For illustration purposes, some configurations of a
direct sample analysis device or system are described
herein. The term sample support, as used in certain in-
stances herein, refers to a holder, device or other struc-
ture that is effective to retain a sample, for at least some
period, to permit analysis of the sample. In some instanc-
es, the sample support may be configured to receive a
mesh, screen or other material that is effective to receive
and retain a sample for analysis.
[0036] In certain examples, the adapters described
herein can be configured to slip onto a fluid inlet of an
analytical device to permit coupling of one or more other
components to the adapter. For example, the adapter
can be sized and arranged to permit a lens assembly to
be placed over the adapter while permitting fluidic cou-
pling of a sample support to the fluid inlet. The adapter
permits coupling of the direct sample analysis device
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without breaking the vacuum of the mass spectrometer.
In certain embodiments, a mass spectrometer may have
an operating pressure of about 10-9 Torr or less. Where
existing sample introduction systems are coupled to the
mass spectrometer, the vacuum seal is broken requiring
pumping of the instrument back down to operating pres-
sure and a substantial delay, e.g., about 8 hours or more,
before sample can be analyzed. In addition, where cap-
illary inlets are present, it is often required that the existing
capillary be removed and replaced with a longer capillary.
Replacement of the capillary with a longer one often re-
quires removal of the source block and subsequent rea-
lignment before the instrument may be used. In certain
embodiments of the adapters described herein, a direct
sample analysis device can be coupled to a mass spec-
trometer without removal of the source block. In other
embodiments of the adapter described herein, a direct
sample analysis device can be coupled to a mass spec-
trometer without lengthening of the capillary of the cap-
illary inlet. In further embodiments of the adapter de-
scribed herein, a direct sample analysis device can be
coupled to a mass spectrometer without breaking of the
vacuum of the mass spectrometer. In other embodi-
ments, the adapter is configured to permit coupling of the
direct sample analysis device without removing any lens-
es of the mass spectrometer.
[0037] In certain embodiments, an adapter comprising
an internal coupler and an external coupler can be used
to fluidically couple a direct sample analysis device to an
analytical instrument, e.g., a mass spectrometer. Refer-
ring to FIG. 1, an adapter is shown comprising an internal
coupler 110 and an external coupler 120. The exact con-
figuration of the internal coupler can vary, and in some
examples the internal coupler is configured to permit flu-
idic coupling from the outside of the adapter to a capillary
inlet of the analytical system. For example, the internal
coupler 110 can be configured to engage a capillary inlet
of the mass spectrometer such that sample from a sam-
ple support can be provided to the capillary inlet. In some
embodiments, the external coupler 120 can be sized and
arranged to engage another component of the analytical
instrument such as, for example, a direct sample analysis
lens assembly 130. In certain embodiments, the internal
coupler 110 and the external coupler 120 are integral to
the adapter, e.g., the adapter is a one-piece adapter. In
use of a one-piece adapter, an end cap is typically re-
moved from the capillary inlet, and the adapter is slid
onto the capillary inlet in place of the end cap. The lens
assembly 130, or other component, may be slid or placed
over the adapter to prepare the instrument for sample
analysis. In some examples, the internal coupler 110 and
the external coupler 120 are two separate components
which may engage each other in a suitable manner to
provide the fluidic coupling. For example, the internal
coupler 110 may first be slid or placed onto the capillary
inlet followed by placement of the external coupler 120
over the internal coupler 110. The lens assembly 130
may be placed over the external coupler 120 to permit

use of the direct sample analysis device with the instru-
ment for sample analysis.
[0038] In certain examples not according to the inven-
tion and present for illustration purposes only, the internal
coupler 110 and the external coupler 120 may be placed
in direct contact with each other without any intervening
component or device between them. The internal coupler
110 and the external coupler 120 are separated by one
or more other components, comprising at least one in-
sulator. For example, a spacer can be placed between
the internal coupler 110 and the external coupler 120 in
instances where the internal diameter of the external cou-
pler 120 is larger than the outer diameter of the internal
coupler 110. Use of a spacer can permit physical contact
of the internal coupler 110 and external coupler 120
through the spacer to provide electrical coupling between
the coupler 110 and the coupler 120. In other embodi-
ments, it may be desirable to electrically decouple the
internal spacer 110 and the external spacer 120. For ex-
ample and referring to FIG. 2, an adapter comprises an
internal coupler 210 comprising a capillary channel 205.
The adapter also includes an external coupler 220 con-
figured to permit coupling of a lens assembly (not shown)
to the mass spectrometer. The adapter also comprises
an insulator 215 which is effective to electrically decouple
the external coupler 220 and any installed lens assembly
from the internal coupler 210. In some embodiments, the
insulator 220 may be a separate component that is cou-
pled to the internal coupler 210 prior to coupling of the
external coupler 220. In other embodiments, the insulator
220 may be integral to the internal coupler 210 such that
coupling of the internal coupler 210 to the capillary inlet
acts to suitably position the insulator 215 between the
internal coupler 210 and the external coupler 220. In other
examples, the insulator 215 may be integral to the exter-
nal coupler 220 such that coupling of the external coupler
220 to the internal coupler 210 acts to suitably position
the insulator 215 between the internal coupler 210 and
the external coupler 220. It may be desirable to electri-
cally decouple the internal coupler 210 from the external
coupler 220 such that no unwanted electrical fields are
provided. For example, the lens assembly that is coupled
to the external coupler 220 may be electrically charged
to assist in entry of only certain ions or atoms into the
capillary inlet. It may be desirable to prevent the charge
on the lens assembly from reaching the internal coupler
210. The insulator 215 can be effective to electrically iso-
late the internal coupler 210 from the external coupler
220 and/or any lens assembly.
[0039] The internal coupler 210 is configured to en-
gage the capillary inlet through a friction fit. In some em-
bodiments, the internal coupler 210 can be sized and
arranged to center the capillary inlet within the internal
coupler 210 to provide a fluid flow path at a desired angle
or plane. In some examples, the external coupler 220
may couple to the internal coupler 210 through a friction
fit or through the use of threads or fittings. Similarly, the
external coupler 220 can engage the lens assembly
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through a friction fit or through threads or other fittings.
Insulator 215 engages the external coupler 220 through
a friction fit and can engage the internal coupler 210
through a friction fit or through threads or other fittings.
In some embodiments, the insulator 215 is produced
from, or includes, any non-conductive material including,
but not limited to, ceramics such as, for example, alumi-
na, yttria, titania or mixtures thereof. As described herein,
the internal and external couplers can produced with one
or more substantially inert materials such as, for exam-
ple, the plastics and/or stainless steel materials de-
scribed herein.
[0040] In certain examples, the external surface of the
internal coupler 210 can be configured as non-conduc-
tive, e.g., can include a non-conductive coating or layer
that physically contacts an inner surface of the external
coupler 220. In other embodiments, the internal surface
of the external coupler 220 can be configured as non-
conductive, e.g., can include a non-conductive coating
or layer that physically contacts an outer surface of the
internal coupler 210. If desired, the internal surface of
the internal coupler 210 may comprises a non-conductive
material or a substantially inert material, either of which
can take the form of a coating or layer, to reduce the
likelihood of sample contamination by the internal coupler
210. In some embodiments, the internal surface of the
internal coupler 210 can be concentric and sized and
arranged to center the capillary inlet within the internal
coupler 210. For example, it may be desirable to align
the center of the capillary inlet with the center of the adapt-
er inlet to ensure ions traveling into the adapter inlet are
provided to the capillary inlet without hitting the internal
surfaces of the adapter inlet. In certain examples, the
adapter need not perfectly center the capillary inlet but
can place the capillary inlet substantially in the center of
the adapter.
[0041] In certain embodiments, an adapter comprising
a capillary sleeve and an end cap extension can be used
to install a direct sample analysis device on a mass spec-
trometer. Referring to FIG. 3, a capillary sleeve 300 is
shown as including a generally cylindrical body with a
first portion 310 and a second portion 320. The sleeve
300 comprises an internal channel 315 that can fluidically
couple to the capillary inlet of the mass spectrometer at
an end 317. The other end 319 of the channel 315 may
be fluidically coupled to a sample support (not shown) to
receive sample into the channel 315. The portion 310 of
the sleeve 300 can be sized and arranged to slide over
and around the capillary housing until the surface of the
sleeve 300 that is adjacent to the end 317 contact the
capillary housing. Such contact places the end 317 prox-
imal to the end of the capillary inlet and provides fluidic
coupling between the end 319 and the capillary inlet. For
example and referring to FIG. 4, a capillary housing 410
comprising a capillary 415 is shown as being coupled to
the capillary sleeve 300. The surface adjacent to the
opening 317 abuts the surface of the capillary housing
410. The portion 310 of the capillary sleeve includes arms

or projections 312, 314 that engage the outer surface of
the capillary housing 410 to provide contact of increased
surface area of the housing 410 by the inner surfaces of
the capillary sleeve 300. In some embodiments, one end
of the capillary sleeve 300 can be configured to couple
to the capillary inlet and is pushed into the capillary hous-
ing 410 until it encounters resistance by the capillary
housing 410. Placement of the sleeve 300 onto the hous-
ing 410 until resistance is encountered can provide the
fluidic coupling between the ends of the capillary sleeve
300 and the capillary 415.
[0042] In certain examples, an end cap extension may
then be coupled to the capillary sleeve, e.g., slid onto
and around the capillary sleeve. Referring to FIG. 5, an
end cap extension 510 is shown as being coupled to the
capillary sleeve 300. The extension 510 is slid onto the
capillary sleeve 300 and engages the capillary sleeve
300 through a friction fit at the portion 320 of the capillary
sleeve 300. The extension 510 is placed on the sleeve
300 and slid in a direction toward the interior of the in-
strument until it encounters resistance when it contacts
internal surfaces of the instrument at arrows 512 and
514. Once resistance is encountered, insertion is halted
and the coupled capillary sleeve 300 and extension 510
are ready for analysis or ready to be coupled to another
component of the system. In certain embodiments, the
end cap extension 510 can assist with the fluidic coupling
between a sample holder and a mass spectrometer cap-
illary inlet and/or may be sized and arranged to receive
a lens assembly for selection of certain ions or atoms in
the ionized sample. In certain examples, the end cap
extension 510 is configured to slidingly engage to the
capillary sleeve 300. In some embodiments, the lens as-
sembly is configured to slidingly engage to the end cap
extension 510. If desired, the components of the adapter
can couple to each other through a friction fit.
[0043] In certain embodiments, one or both of the cap-
illary sleeve 300 and the end cap extension 510 can in-
clude an insulator to electrically decouple or isolate the
capillary sleeve 300 from the end cap extension 510. For
example and referring to FIG. 6, an insulator 610 can be
coupled to the sleeve 300 prior to coupling of the end
cap extension 510. Where it is desirable to use an insu-
lator 610, the dimensions of the end cap extension 510
can be altered such that a friction fit is provided between
the end cap extension 510 and the insulator 610. Without
wishing to be bound by any particular scientific theory,
the insulator 610 may be effective to electrically decouple
the sleeve 300 from the end cap extension 510. In some
analytical methods, the end cap extension 510 may in-
clude an electrical voltage or current that can be isolated
from the capillary sleeve 300. In certain instances, the
capillary sleeve 300 or capillary inlet may have its own
voltage, which can be different than the voltage of the
end cap extension 510. The insulator 610 permits inde-
pendent control of the voltages on each of the sleeve 300
and the end cap extension 510. In some embodiments,
the insulator 610 is may produced from, or includes, one
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or more nonconductive materials such as, for example,
alumina or other ceramics. The end cap extension 510,
the capillary sleeve 300 or both may be effective to assist
in centering the capillary inlet in the adapter inlet. By
centering the capillary inlet opening, more reproducible
results can be achieved and overall accuracy improve-
ments can be realized. In certain embodiments, a lens
assembly (not shown) can be coupled to the end cap
extension 510. In some examples, the lens assembly
may be effective to select or guide certain ions into the
capillary inlet, e.g., at a desired angle, and reject or de-
flect unwanted ions. The adapter components shown in
FIGS. 3-6 can be used with additional components in
other analytical systems if desired. In addition, the overall
dimensions including the width, length and geometry of
the components can be varied to permit fluidic coupling
of a direct sample analysis device to an instrument.
[0044] In certain embodiments, the adapter may be
configured as a unitary device with an internal sleeve and
an external sleeve. For example and referring to FIG. 7,
the adapter 700 comprises an internal sleeve 710 and
an external sleeve 720. The internal sleeve 710 can be
configured similar to the capillary sleeve 300, e.g., can
be configured to couple to a capillary housing and provide
fluidic coupling between a sample support and a capillary
inlet of an instrument. The external sleeve 720 can be
configured similar to the end cap extension 510, e.g., can
be configured to couple to a lens assembly. In some em-
bodiments, the internal sleeve 710 is electrically isolated
from the external sleeve 720 by an insulative material
between the sleeve 710 and the sleeve 720. For example
and referring to FIG. 8, an insulator 830 is present be-
tween an internal sleeve 810 and an external sleeve 820
to electrically decouple the internal sleeve 810 from the
external sleeve 820. In some embodiments, the insulator
830 is configured to permit each of the internal sleeve
810 and the external sleeve 820 to receive or provide a
different voltage or no voltage. Where a unitary adapter
is used, an end cap of the capillary inlet can be removed
and the unitary adapter may be coupled to the capillary
inlet by inserting the adapter until resistance is encoun-
tered. In other configurations, the unitary adapter can
include threads or other fittings to assist in retention of
the adapter to the capillary inlet. After coupling of the
adapter, a lens assembly may be coupled to the coupled
adapter and sample analysis may be immediately initiat-
ed without having to wait for the instrument to be pumped
down to a desired operating pressure.
[0045] In certain embodiments, the adapter comprising
the sleeves can be configured to slidingly engage to a
lens assembly, e.g., through a friction fit. In some em-
bodiments, the sleeves may be configured as separate
sleeves that can be coupled to each other through a fric-
tion fit by sliding the external sleeve over the internal
sleeve. Where two or more sleeves are present, the in-
ternal sleeve, the external sleeve or both can be config-
ured as substantially concentric sleeve that are effective
to generally center the capillary inlet. In certain examples,

the sleeves of the adapter can be coupled to the mass
spectrometer without removing any lenses of the mass
spectrometer. If desired, one or more insulating sleeves
can be inserted between the internal sleeve and the ex-
ternal sleeve.
[0046] In some embodiments, coupling of the adapters
and/or lens assemblies permit substantially immediate
sample analysis to be initiated. For example, unlike ex-
isting devices that are used to couple a direct sample
analysis device to an instrument, such as a mass spec-
trometer, which may require hours of pumping to reach
an operating pressure, e.g., a vacuum pressure, the
adapters described herein permit sample analysis to be-
gin within about 30 seconds of coupling of the adapter,
more particularly within about 1 minute, 2 minutes, 3 min-
utes, 4 minutes or about 5 minutes of coupling the adapter
and/or lens assembly. In some instances, after coupling
of the lens assembly, a sample support comprising sam-
ple can be loaded onto a sample platform. The sample
platform with coupled sample support can be lowered
and translated into a position such that one or more of
the apertures of the sample support are placed between
an ion source, e.g., an ion gun, and an aperture or open-
ing of the coupled lens assembly/adapter. The ion source
can impact the sample and ionized sample may exit the
sample support and be provided to the capillary inlet of
a mass spectrometer through the aperture of the coupled
lens assembly/adapter.
[0047] A system for performing direct sample analysis
can include one of the adapters described herein. Refer-
ring to FIG. 9, a system 900 comprising a direct sample
analysis (DSA) device 910 coupled to an analytical de-
vice 920 is shown. The DSA device 910 may be fluidically
coupled to the analytical device 920 and/or physically
coupled to the analytical device 920. The analytical de-
vice 920 may take many forms including mass spectrom-
eters, optical absorbance or emission detectors, plasma
based analytical systems or other systems. In direct sam-
ple analysis, the sample can be directly analyzed without
undergoing pre-sample preparation or purification, e.g.,
without being subjected to one or more purification steps,
chromatographic separation steps or the like. In a typical
operation, the sample is ionized after collision with an
energized ion or atom, e.g., an electronically excited ion
or atom. The collisional atoms are typically provided by
an ion source such as, for example, an electron ionization
source, a chemical ionization source, an electrospray
ionization source, an atmospheric-pressure chemical
ionization source, a plasma (e.g., inductively coupled
plasma), glow discharge sources, field desorption sourc-
es, fast atom bombardment sources, thermospray sourc-
es, desorption/ionization on silicon sources, secondary
ion mass spectrometry sources, spark ionization sourc-
es, thermal ionization sources, ion attachment ionization
sources, photoionization or other suitable ion sources.
Energy transfer can occur between excited molecules
from the ion source and the sample which can cause
ejection of charged sample species from the sample sup-
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port. The ejected species may be provided to the analyt-
ical device 920 or system, e.g., a mass analyzer, for de-
tection. In a typical setup, the ions which are provided to
the analytical device 920 pass through an interface (not
shown) which may include one or more ion guides or
lenses to select an analyte of a desired mass-to-charge
ratio and/or remove any interfering or unwanted species.
[0048] In certain embodiments where the analytical de-
vice 920 takes the form of a mass spectrometer, many
different types of mass analyzers can be used with the
sample support holders described herein. For example,
sector field mass analyzers, time of flight mass analyzers,
quadrupole mass filters, ion traps, linear quadrupole ion
traps, orbitraps or cyclotrons, e.g., Fourier transform ion
cyclotron resonance or other suitable mass analyzers
can be used. As selected ions exit the mass analyzer
they can be provided to a detector to detect a change in
charge or a current that is produced as the ions impact
or travel by a surface, for example. Illustrative detectors
include, but are not limited to, electron multipliers, Fara-
day cups, ion-to-photon detectors, microchannel plate
detectors, an inductive detector or other suitable detec-
tors may be used. The mass spectrometer typically will
include a display that can provide a spectrum for review
by the user. While not described, the mass spectrometer
typically would include numerous other components in-
cluding a vacuum system, one or more interfaces and
many other components commonly found in mass spec-
trometers in use.
[0049] In certain examples, the adapter of the system
910 may comprise an adapter for installing a direct sam-
ple analysis device on a mass spectrometer without
breaking the vacuum of the mass spectrometer. For ex-
ample, the adapter may comprises a coupler sized and
arranged to engage to a capillary inlet of the mass spec-
trometer and comprising an internal surface configured
to engage to the capillary of the capillary inlet and an
external surface electrically isolated from the internal sur-
face through an insulator. In some embodiments, the
adapter can be configured to provide fluidic coupling be-
tween a sample support, e.g., a DSA sample support,
and the mass spectrometer through the capillary inlet. In
some embodiments, the external surface of the coupler
can be configured to couple to the lens assembly through
a friction fit. In other embodiments, the internal surface
engages the capillary inlet through a friction fit. In certain
examples, the internal surface is concentric, e.g., it may
be sized and arranged to center the capillary inlet within
the adapter. In some embodiments, the insulator com-
prises at least one ceramic material. In other embodi-
ments, the ceramic material is one of alumina, yttria, ti-
tania or mixtures thereof. In further examples, each of
the external surface and the internal surface comprises
a substantially inert material. In some examples, the sub-
stantially inert material is a stainless steel. In other em-
bodiments, the adapter is configured to permit coupling
of the direct sample analysis device while maintaining a
vacuum of the mass spectrometer. In some embodi-

ments, the adapter is configured to permit coupling of the
direct sample analysis device without removing any lens-
es of the mass spectrometer.
[0050] In certain embodiments, the adapters described
herein can be used to permit exchange of an existing
ionization device in a mass spectrometer with a direct
sample analysis device. For example, one or more ioni-
zation systems commonly used in a mass spectrometer
can be removed and replaced with a direct sample anal-
ysis device. Illustrative types of ionization devices that
can be replaced with a direct sample analysis device in-
clude, but are not limited to, devices including a source
selected from an electron ionization source (ESI), a
chemical ionization source, an electrospray ionization
source, an atmospheric-pressure chemical ionization
source, a plasma (e.g., inductively coupled plasma), glow
discharge sources, field desorption sources, fast atom
bombardment sources, thermospray sources, desorp-
tion/ionization on silicon sources, secondary ion mass
spectrometry sources, spark ionization sources, thermal
ionization sources, ion attachment ionization sources,
photoionization or other suitable ion sources. Referring
to FIGS. 10A-10D, a series of figures are shown pictori-
ally representing the process of replacing an electrospray
ionization source of a mass spectrometer with a direct
sample analysis device. The ESI door assembly 1010
(see FIG. 10A) is removed from the mass spectrometer
1020 by opening the ESI door 1010 and lifting the door
1010 upward. A nozzle cap 1030 (see FIG. 10B) is then
removed by grasping the nozzle cap 1030 and moving it
away from the capillary housing in the general direction
of arrow 1032. An adapter 1040 is then coupled to the
capillary housing (see FIG. 10C) by inserting the adapter
1040 in the direction of arrow 1042 until it encounters
resistance from the capillary housing. A lens assembly
1050 (see FIG. 10D) can then be installed over the adapt-
er 1040 in the direction of arrow 1052. The adapter 1040
may be any of the adapters described herein. Adapters
comprising other configurations may also be used to per-
mit coupling of a lens assembly of a direct sample anal-
ysis device to a mass spectrometer.
[0051] In certain embodiments, once the lens assem-
bly is installed, the system is ready to analyze sample by
direct sample analysis. Referring to FIG. 11, a cut away
view of a direct sample analysis device 1100 is shown.
The DSA device 1100 includes a sample holder assem-
bly 1110 including a sample support 1115 coupled to a
sample platform. A sealing device 1120, e.g., a door or
cover, is shown as being present in an open position to
permit loading of the sample support 1115 onto the sam-
ple platform. The DSA device 1100 also comprises a lens
assembly 1125, which is similar to, or the same as, the
lens assembly 1050 of FIG. 10D, and an ion source or
ion gun 1130. Referring also to FIG. 12, once the sample
support 1115 is loaded onto the sample platform, the
sample platform is lowered into the DSA device 1100 and
moved toward the right of the figure to align one of the
apertures of the sample support 1115 with the ion gun
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1130 and the lens assembly 1125. Ions from the ion gun
1130 impact the sample on the sample support 1115,
and ionized sample exits the sample support on an op-
posite side of the sample support 1115 and enters the
lens assembly 1125. The lens assembly 1125 is fluidi-
cally coupled to the analytical device through an adapter
(not shown), as described herein, to provide ionized sam-
ple from the DSA device to the analytical device, e.g., to
the mass spectrometer through a capillary inlet of the
mass spectrometer.
[0052] In a typical sampling operation, the sample can
be added to the sample support, e.g., either directly or
by suspending the sample in a liquid or dissolving the
sample in a solvent, where it is retained at least for a
sufficient period to permit analysis of the sample. Where
the sample is a solid, it may be crushed, pulverized, ho-
mogenized or otherwise rendered into powder or crys-
talline form to be loaded onto the sample support. A dilu-
ent or carrier can be added to the powder to clump or
agglomerate the powder to facilitate loading onto the
sample support. Where diluents or carriers are used, suit-
able materials are selected so they do not create species
that may interfere with any analysis of the sample. Where
the sample is a liquid, it may be sprayed on, dropped on,
pipetted on or otherwise introduced onto the sample sup-
port. In some embodiments, the sample support can be
dipped into a liquid or liquids to load the samples onto
the sample support. For example, the sample support
can be configured with individual sections that are sep-
arated by openings and configured to be dipped or dis-
posed into an individual receptacle, e.g., an individual
microwell, to permit dipping of the sample support into a
plurality of wells in a microwell plate. Such sample sup-
ports would permit automated sample loading and de-
crease the overall time needed to load samples onto the
sample support.
[0053] In certain embodiments, the adapters and com-
ponents of the adapters described herein can be pro-
duced using one or more suitable materials that are gen-
erally inert so as to not substantially interfere with, or
contaminate, any sample analysis. In some embodi-
ments, the materials may be, or may include, one or more
plastic materials including thermoplastics and thermo-
sets. In some embodiments, the plastic material desirably
has a melting temperature of greater than 250 degrees
Celsius, more particularly greater than 300 degrees Cel-
sius. In certain embodiments, any one or more of the
adapter components herein can include a thermoplastic
comprising an acrylic polymer, a fluoroplastic polymer, a
polyoxymethylene polymer, a polyacrylate polymer, a
polycarbonate polymer, a polyethylene terephthalate
polymer, a polyester polymer, a polyetheretherketone
polymer, a polyamide polymer, a polyimide polymer, a
polyamide-imide polymer, a polyaryletherketone poly-
mer or combinations and copolymers thereof. If desired
metallic or conductive particles can be included in the
thermoplastic to facilitate electrical coupling of the sam-
ple support to an electrical ground. In some embodi-

ments, the thermoplastic used is substantially transpar-
ent when viewed with the human eye to facilitate, for ex-
ample, coupling of the adapter to the capillary housing.
In certain embodiments, the components of the adapters
can be produced using one or more substantially inert
metal materials including, for example, Inconel® alloys,
titanium and titanium alloys, aluminum and aluminum al-
loys, stainless steels, refractories or other suitable ma-
terials that include metals and which are substantially
inert in the use environment of the adapters.
[0054] In certain embodiments, some components of
adapters can be produced using materials other than in-
ert materials if desired. For example, portions of the
adapters may generally be out of the fluid stream that
contacts the sample and can be produced using materi-
als other than non-inert materials. If desired, the different
components of the adapters can be produced using dif-
ferent materials. Where an insulator is present in the
adapters to electrically isolate the internal coupler or
sleeve from the external coupler or sleeve, the insulator
may be any nonconductive material and is desirably a
substantially inert nonconductive material to avoid any
contamination of the sample. Illustrative insulating ma-
terials include non-conductive materials, ceramics such
as, for example, alumina, yttria, titania, machinable ce-
ramics, non-machinable ceramics or other suitable ce-
ramics and other suitable insulating materials. In some
embodiments, the components of the adapters described
herein can include a material that can withstand a clean-
ing operation such as, for example, sonication, solvent
washes or other cleaners can be used to clean and/or
remove any residue from the adapters prior to reuse. In
some configurations, the materials of the adapters can
withstand such washing steps and substantially no de-
terioration occurs after washing.
[0055] The adapters, or components of the adapters,
described herein can be packaged or grouped into a kit.
In some examples, a kit comprises an adapter comprising
a capillary sleeve configured to couple to a capillary inlet
of the mass spectrometer, and an end cap extension con-
figured to couple to the capillary sleeve, in which the cap-
illary sleeve and end cap extension are configured to
provide fluidic coupling between a sample holder and the
mass spectrometer through the capillary inlet. In other
examples, a kit comprises an adapter comprising an in-
ternal sleeve configured to couple to a capillary inlet of
the mass spectrometer, an external sleeve coupled to
the internal capillary sleeve, and an insulator between
the internal sleeve and the external sleeve to electrically
decouple the internal sleeve from the external sleeve, in
which the adapter is configured to provide fluidic coupling
between a sample holder and the mass spectrometer
through the capillary inlet. In some examples, a kit com-
prises an adapter comprising an internal coupler config-
ured to engage a capillary inlet of the mass spectrometer,
an external coupler sized and arranged to engage a direct
sample analysis lens assembly, and an insulator be-
tween the internal coupler and the external coupler to
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electrically decouple the internal coupler and the external
coupler, in which the adapter is configured to provide
fluidic coupling between a sample holder and the mass
spectrometer through the capillary inlet. In other exam-
ples, a kit comprises a coupler sized and arranged to
engage to a capillary inlet of the mass spectrometer, the
coupler comprising an internal surface configured to en-
gage to the capillary of the capillary inlet and an external
surface electrically isolated from the internal surface
through an insulator, in which the adapter is configured
to provide fluidic coupling between a sample holder and
the mass spectrometer through the capillary inlet. If de-
sired, the kit can include two or more different adapters
that can be used to couple a direct sample analysis de-
vice to an analytical instrument such as a mass spec-
trometer.
[0056] A method of installing a direct sample analysis
device on a mass spectrometer while maintaining a vac-
uum in the mass spectrometer not covered by the claimed
invention is described herein. In certain examples, the
method comprises coupling a capillary extension to the
capillary inlet, and coupling an end cap extension to the
coupled capillary extension, in which the coupled capil-
lary extension and coupled capillary end cap are config-
ured to provide fluidic coupling between a direct sample
analysis sample support and the mass spectrometer
through the capillary inlet. In some examples, the method
comprises removing a capillary nozzle cap prior to cou-
pling the capillary extension to the capillary inlet. In cer-
tain examples, the method comprises coupling a direct
sample analysis lens assembly to the coupled end cap
extension. In additional examples, the end cap extension
comprises an insulator configured to electrically isolate
the capillary extension from the end cap extension. In
further examples, the capillary extension comprises an
insulator configured to electrically isolate the capillary ex-
tension from the end cap extension.
[0057] In certain examples, the method comprises
coupling an internal sleeve to a capillary inlet of the mass
spectrometer, and coupling an external sleeve to the cou-
pled internal capillary sleeve, the external sleeve com-
prising an insulator configured to be positioned between
the internal capillary sleeve and the external sleeve to
electrically isolate the internal sleeve from the external
sleeve, in which the coupled internal and external sleeves
are configured to provide fluidic coupling between a direct
sample analysis sample support and the mass spectrom-
eter through the capillary inlet. In some examples, the
method comprises removing a capillary nozzle cap prior
to coupling the internal sleeve to the capillary inlet. In
other examples, the method comprises coupling a lens
assembly to the coupled external sleeve. In additional
examples, the external sleeve comprises an insulator
configured to electrically isolate the internal sleeve from
the external sleeve. In some examples, the internal
sleeve comprises an insulator configured to electrically
isolate the internal sleeve from the external sleeve.
[0058] In some examples, the method comprises cou-

pling an adapter comprising a coupler sized and arranged
to engage to a capillary inlet of the mass spectrometer,
the coupler comprising an internal surface configured to
engage to the capillary of the capillary inlet and an ex-
ternal surface electrically isolated from the internal sur-
face through an insulator, in which the adapter is config-
ured to provide fluidic coupling between a sample support
and the mass spectrometer through the capillary inlet. In
certain examples, the method comprises removing a cap-
illary nozzle cap prior to coupling the internal surface to
the capillary inlet. In other examples, the method com-
prises coupling a lens assembly to the coupled external
surface. In additional examples, the method comprises
initiating sample analysis of a sample on a direct sample
analysis sample support substantially immediately after
coupling the lens assembly to the external surface of the
adapter. In additional examples, the method comprises
maintaining a substantially constant vacuum pressure in
the mass spectrometer during the coupling of the adapt-
er.
[0059] A method of coupling a direct sample analysis
device to a mass spectrometer not covered by the
claimed invention is described herein. In certain exam-
ples, the method comprises coupling an adapter com-
prising a coupler sized and arranged to engage to a cap-
illary inlet of the mass spectrometer to provide fluidic cou-
pling between the capillary inlet and a direct sample anal-
ysis sample support to permit substantially immediate
sample analysis of sample on the direct sample analysis
sample support after coupling of the adapter. In certain
examples, the adapter comprises an internal sleeve, an
external sleeve and an insulator between the internal
sleeve and the external sleeve. In some examples, the
method comprises maintaining an operating pressure of
the mass spectrometer during coupling of the coupler to
the capillary inlet. In other examples, the method com-
prises coupling a lens assembly to the coupled adapter
and initiating the sample analysis substantially immedi-
ately subsequent to coupling of the lens assembly. In
certain examples, the method comprises configuring the
adapter to comprise a separate internal coupler and a
separate external coupler.
[0060] When introducing elements of the aspects, em-
bodiments and examples disclosed herein, the articles
"a," "an," "the" and "said" are intended to mean that there
are one or more of the elements. The terms "comprising,"
"including" and "having" are intended to be open-ended
and mean that there may be additional elements other
than the listed elements. It will be recognized by the per-
son of ordinary skill in the art, given the benefit of this
disclosure, that various components of the examples can
be interchanged or substituted with various components
in other examples.
[0061] Although certain aspects, examples and em-
bodiments have been described above, it will be recog-
nized by the person of ordinary skill in the art, given the
benefit of this disclosure, that additions, substitutions,
modifications, and alterations of the disclosed illustrative
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aspects, examples and embodiments are possible.

Claims

1. An adapter for installing a direct sample analysis de-
vice on a mass spectrometer, wherein the adapter
is configured to permit coupling of the direct sample
analysis device to the mass spectrometer while
maintaining a substantially constant vacuum pres-
sure in the mass spectrometer, the adapter compris-
ing:

an internal capillary sleeve (300) configured to
couple to a capillary inlet (410) of the mass spec-
trometer, while maintaining the substantially
constant vacuum pressure in the mass spec-
trometer and, through a friction fit between inner
surfaces of the internal capillary sleeve (300)
and outer surfaces of the capillary inlet (410), in
which the capillary sleeve (300) comprises arms
(312, 314) that engage outer surfaces of the cap-
illary inlet (410);
an external sleeve (510) coupled to the internal
capillary sleeve (300), and
an insulator (610) between the internal capillary
sleeve (300) and the external sleeve (510) to
electrically decouple the internal capillary sleeve
(300) from the external sleeve (510), said exter-
nal sleeve (510) coupled to said insulator (610)
through a friction fit,
in which the adapter is configured to provide flu-
idic coupling between a sample holder of the
direct sample analysis device and the mass
spectrometer through the capillary inlet (410)
while maintaining the substantially constant vac-
uum pressure in the mass spectrometer when
the capillary sleeve (300) is coupled to the cap-
illary inlet (410), the external sleeve (510) is cou-
pled to the capillary sleeve (300) and the direct
sample analysis device is coupled to the exter-
nal sleeve (510).

2. The adapter of claim 1, in which the external sleeve
(510) is configured to couple to a lens assembly.

3. The adapter of claim 2, in which the lens assembly
is configured to slidingly engage to the external
sleeve (510).

4. The adapter of claim 1, in which the internal capillary
sleeve (300) is further configured to center the cap-
illary inlet (410).

5. The adapter of claim 4, wherein the internal capillary
sleeve is concentric to center the capillary inlet (410)
within the internal capillary sleeve (300).

6. A system comprising:

a direct sample analysis device comprising a
sample platform;
a mass spectrometer comprising a capillary inlet
(410),
wherein the capillary inlet (410) of the mass
spectrometer is fluidically coupled to the sample
platform of the direct sample analysis device
through the adapter of claim 1.

7. The system of claim 6, wherein the capillary inlet
(410) is centered within the internal capillary sleeve
(300).

8. The system of claim 6, further comprising a lens as-
sembly coupled to the external sleeve.

9. The system of claim 8, further comprising an ion
source fluidically coupled to the direct sample anal-
ysis device.

10. The system of claim 9, wherein the sample platform
is configured to receive a sample support, and
wherein the sample platform is configured to be low-
ered and translated into position to place one or more
apertures of the received sample support between
the ion source and the lens assembly to ionize sam-
ple on the sample support.

Patentansprüche

1. Adapter zum Installieren einer Direktprobenanalyse-
vorrichtung an einem Massenspektrometer, wobei
der Adapter dafür konfiguriert ist, eine Kopplung der
Direktprobenanalysevorrichtung mit dem Massen-
spektrometer zu ermöglichen, während ein im We-
sentlichen konstanter Vakuumdruck in dem Massen-
spektrometer aufrechterhalten wird, wobei der Ad-
apter Folgendes umfasst:

eine innere Kapillarhülse (300), die dafür konfi-
guriert ist, sich mit einem Kapillareinlass (410)
des Massenspektrometers zu koppeln, wäh-
rend der im Wesentlichen konstante Vakuum-
druck in dem Massenspektrometer aufrechter-
halten wird, durch einen Reibschluss zwischen
Innenflächen der inneren Kapillarhülse (300)
und Außenflächen des Kapillareinlasses (410),
wobei die innere Kapillarhülse (300) Arme (312,
314) umfasst, die Außenflächen des Kapillarein-
lasses (410) in Eingriff nehmen,
eine äußere Hülse (510), die mit der inneren Ka-
pillarhülse (300) gekoppelt ist, und
einen Isolator (610) zwischen der inneren Ka-
pillarhülse (300) und der äußeren Hülse (510),
um die innere Kapillarhülse (300) elektrisch von
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der äußeren Hülse (510) zu entkoppeln, wobei
die äußere Hülse (510) durch einen Reibschluss
mit dem Isolator (610) gekoppelt ist,
wobei der Adapter dafür konfiguriert ist, eine flu-
idmäßige Kopplung zwischen einem Probenhal-
ter der Direktprobenanalysevorrichtung und
dem Massenspektrometer durch den Kapillar-
einlass (410) bereitzustellen, während der im
Wesentlichen konstante Vakuumdruck in dem
Massenspektrometer aufrechterhalten wird,
wenn die Kapillarhülse (300) mit dem Kapillar-
einlass (410) gekoppelt ist, die äußere Hülse
(510) mit der Kapillarhülse (300) gekoppelt ist
und die Direktprobenanalysevorrichtung mit der
äußeren Hülse (510) gekoppelt ist.

2. Adapter nach Anspruch 1, wobei die äußere Hülse
(510) dafür konfiguriert ist, sich mit einer Linsenbau-
gruppe zu koppeln.

3. Adapter nach Anspruch 2, wobei die Linsenbaugrup-
pe dafür konfiguriert ist, gleitend mit der äußeren
Hülse (510) ineinanderzugreifen.

4. Adapter nach Anspruch 1, wobei die innere Kapillar-
hülse (300) ferner dafür konfiguriert ist, den Kapil-
lareinlass (410) zu zentrieren.

5. Adapter nach Anspruch 4, wobei die innere Kapillar-
hülse konzentrisch ist, um den Kapillareinlass (410)
innerhalb der inneren Kapillarhülse (300) zu zentrie-
ren.

6. System, das Folgendes umfasst:

eine Direktprobenanalysevorrichtung, die eine
Probenplattform umfasst,
ein Massenspektrometer, das einen Kapillarein-
lass (410) umfasst,
wobei der Kapillareinlass (410) des Massen-
spektrometers durch den Adapter nach An-
spruch 1 fluidmäßig mit der Probenplattform der
Direktprobenanalysevorrichtung gekoppelt ist.

7. System nach Anspruch 6, wobei der Kapillareinlass
(410) innerhalb der inneren Kapillarhülse (300) zen-
triert ist.

8. System nach Anspruch 6, das ferner eine Linsen-
baugruppe umfasst, die mit der äußeren Hülse ge-
koppelt ist.

9. System nach Anspruch 8, das ferner eine Ionenquel-
le umfasst, die fluidmäßig mit der Direktprobenana-
lysevorrichtung gekoppelt ist.

10. System nach Anspruch 9, wobei die Probenplattform
dafür konfiguriert ist, eine Probenauflage aufzuneh-

men, und wobei die Probenplattform dafür konfigu-
riert ist, in Position heruntergelassen und verscho-
ben zu werden, um eine oder mehrere Öffnungen
der aufgenommenen Probenauflage zwischen der
Ionenquelle und der Linsenbaugruppe zu platzieren,
um eine Probe auf der Probenauflage zu ionisieren.

Revendications

1. Adaptateur pour installer un dispositif d’analyse di-
recte d’échantillon sur un spectromètre de masse,
dans lequel l’adaptateur est configuré pour permet-
tre le couplage du dispositif d’analyse directe
d’échantillon au spectromètre de masse tout en
maintenant une pression à vide sensiblement cons-
tante dans le spectromètre de masse, l’adaptateur
comprenant :

un manchon capillaire interne (30) configuré
pour se coupler à une entrée capillaire (410) du
spectromètre de masse, tout en maintenant la
pression à vide sensiblement constante dans le
spectromètre de masse, par un ajustement par
friction entre des surfaces internes du manchon
capillaire interne (300) et des surfaces externes
de l’entrée capillaire (410), dans lequel le man-
chon capillaire (300) comprend des bras (312,
314) qui s’engagent dans des surfaces externes
de l’entrée capillaire (410) ;
un manchon externe (510) couplé au manchon
capillaire interne (300)°; et
un isolant (610) entre le manchon capillaire in-
terne (300) et le manchon externe (510) pour
découpler électriquement le manchon capillaire
interne (300) du manchon externe (510), ledit
manchon externe (510) étant couplé audit iso-
lant (610) par un ajustement par friction ;
dans lequel l’adaptateur est configuré pour éta-
blir un couplage fluidique entre un porte-échan-
tillon du dispositif d’analyse directe d’échantillon
et le spectromètre de masse à travers l’entrée
capillaire (410) tout en maintenant la pression à
vide sensiblement constante dans le spectro-
mètre de masse lorsque le manchon capillaire
est couplé à l’entrée capillaire (410), le manchon
externe (510) étant couplé au manchon capillai-
re (300) et le dispositif d’analyse directe
d’échantillon étant couplé au manchon externe
(510).

2. Adaptateur selon la revendication 1, dans lequel le
manchon externe (510) est configuré pour se coupler
à un ensemble de lentilles.

3. Adaptateur selon la revendication 2, dans lequel l’en-
semble de lentilles est configuré pour s’engager de
manière coulissante dans le manchon externe (510).
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4. Adaptateur selon la revendication 1, dans lequel le
manchon capillaire interne (300) est en outre confi-
guré pour centrer l’entrée capillaire (410).

5. Adaptateur selon la revendication 4, dans lequel le
manchon capillaire interne est concentrique pour
centrer l’entrée capillaire (410) à l’intérieur du man-
chon capillaire interne (300).

6. Système, comprenant :

un dispositif d’analyse directe d’échantillon
comprenant une plate-forme d’échantillon ;
un spectromètre de masse comprenant une en-
trée capillaire (410) ;
dans lequel l’entrée capillaire (410) du spectro-
mètre de masse est couplée de manière fluidi-
que à la plate-forme d’échantillon du dispositif
d’analyse directe d’échantillon par l’intermédiai-
re de l’adaptateur selon la revendication 1.

7. Système selon la revendication 6, dans lequel l’en-
trée capillaire (410) est centrée à l’intérieur du man-
chon capillaire interne (300).

8. Système selon la revendication 6, comprenant en
outre un ensemble de lentilles couplé au manchon
externe.

9. Système selon la revendication 8, comprenant en
outre une source d’ions couplée de manière fluidique
au dispositif d’analyse directe d’échantillon.

10. Système selon la revendication 9, dans lequel la pla-
te-forme d’échantillon est configurée pour recevoir
un support d’échantillon, et dans lequel la plate-for-
me d’échantillon est configurée pour être abaissée
et déplacée par translation en position pour placer
une ou plusieurs ouvertures du support d’échantillon
reçu entre la source d’ions et l’ensemble de lentilles
pour ioniser l’échantillon sur le support d’échantillon.
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