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CHROMATOGRAPHY SYSTEMS AND SYSTEM COMPONENTS

FIELD OF THE INVENTION
[0001] The present invention is directed to chromatography systems and

components suitable for use in chromatography systems.

BACKGROUND OF THE INVENTION
[0002] There is a need in the art for accurate and efficient reading of machine

readable tags (e.g., radio frequency identification (RFID) tags) within a
chromatography system. Further, there is a need in the art to efficiently record
historical data relating to a given cartridge (e.g., the use history of the cartridge)
within a chromatography system.

SUMMARY OF THE INVENTION
[0003] The present invention addresses some of the need in the art discussed

above by the discovery of new chromatography systems and system components
that enable accurate and efficient reading of machine readable tags (e.g., RFID
tags) within a chromatography system. In one exemplary embodiment of the
present invention, the system component comprises a machine readable tag reader
for use in a chromatography system, wherein the machine readable tag reader is
operatively adapted to (i) read existing tag data from a machine readable tag; and (ii)
write new data onto the machine readable tag. For example, the machine readable
tag reader may be used to read existing tag data and write new data on a machine
readable tag (e.g., a RFID tag) positioned along a chromatography cartridge. The
new data may comprise, for example, historical cartridge use data comprising one or
more pieces of data selected from the group consisting of a date of cartridge use, a
solvent used in the cartridge on the date, a count of how many times the cartridge
has been used, and any combination thereof. The existing tag data may comprise
data that sets one or more operational conditions of the chromatography system.

[0004] In some embodiments, the system component may comprise a mobile
machine readable tag reader suitable for use in a chromatography system, wherein
the mobile machine readable tag reader comprises a reader arm having a first end
and a second end, the first end being connectable to an object within the
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chromatography system, and the second end being operatively adapted to move
relative to the object when the first end is connected to the object; and a tag reader
component attached to the second end, wherein the tag reader component is
operatively adapted to (i) move relative to the second end, (ii) read existing tag data
from a machine readable tag, and (iii) write new data onto the machine readable tag.
[0005] In another exemplary embodiment of the present invention, the system
component comprises a fraction collection system of a chromatography system,
wherein the fraction collection system comprises a fraction collector tray bay; and
one or more sensors positioned along one or more bay wall surfaces of the fraction
collector tray bay, the one or more sensors being operatively adapted to detect one
or more fraction collector trays positioned within the fraction collector tray bay. For
example, one or more (or each) of the one or more sensors may comprise an optical
sensor. The exemplary fraction collection system may further comprise one or more
stationary machine readable tag readers positioned along the one or more bay wall
surfaces of the fraction collector tray bay, wherein each of the one or more
stationary machine readable tag readers is operatively adapted to read existing tag
data from a machine readable tag on a tray surface of a fraction collector tray.
[0006] The system component may comprise a fraction collection system of a
chromatography system, wherein the fraction collection system comprises a fraction
collector tray bay; one or more stationary machine readable tag readers positioned
along one or more bay wall surfaces of the fraction collector tray bay, wherein each
of the one or more stationary machine readable tag readers is operatively adapted to
read existing tag data from a machine readable tag on a tray surface of a fraction
collector tray; and one or more fraction collector trays configured to be positioned
within the fraction collector tray bay, wherein each of the one or more fraction
collector trays comprises a single machine readable tag positioned along a tray
surface of the fraction collector tray.

[0007] The present invention is also directed to chromatography systems
comprising one or more system components disclosed herein. In one exemplary
embodiment of the present invention, the chromatography system comprises a
machine readable tag reader, wherein the machine readable tag reader is
operatively adapted to (i) read existing tag data from a machine readable tag; and (ii)
write new data onto the machine readable tag. In some embodiments, the machine
readable tag reader is a mobile machine readable tag reader comprising a tag
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reader component that is operatively adapted to move so as to position an outer
surface of the tag reader component adjacent to and over an outer surface of a
given machine readable tag. These exemplary chromatography systems may
further comprise one or more machine readable tags alone or in combination with (i)
one or more chromatography cartridges, (ii) one or more fraction collector tray bays,
or both (i) and (ii). For example, the one or more machine readable tags may be
individually positioned along (i) a surface of a given chromatography cartridge, (ii) a
surface of a given fraction collector tray bay, or both (i) and (ii). In another
exemplary embodiment according to the invention, the chromatography system
comprises a machine readable tag reader and a machine readable tag, wherein the
machine readable tag reader is operatively adapted to write new data onto the
machine readable tag.

[0008] In another exemplary embodiment of the present invention, the
chromatography system comprises a fraction collection system comprising a fraction
‘collector tray bay; and one or more sensors (e.g., optical sensors) positioned along
one or more bay wall surfaces of the fraction collector tray bay, the one or more
sensors being operatively adapted to detect one or more fraction collector trays
positioned within the fraction collector tray bay.

[0009] The chromatography system may comprise a fraction collection system
.comprising a fraction collector tray bay; one or more stationary machine readable
tag readers positioned along one or more bay wall surfaces of the fraction collector
tray bay, wherein each of the one or more stationary machine readable tag readers
is operatively adapted to read existing tag data from a machine readable tag on a
tray surface of a fraction collector tray; and one or more fraction collector trays
configured to be positioned within the fraction collector tray bay, wherein each of the
one or more fraction collector trays comprises a single machine readable tag
positioned along a tray surface of the fraction collector tray.

[0010] In some exemplary embodiments of the present invention, the
chromatography system comprises at least one mobile machine readable tag reader
and in combination with at least one stationary machine readable tag reader,
wherein each machine readable tag reader is operatively adapted to read existing
tag data from a machine readable tag. In some embodiments, one or more (or
each) machine readable tag reader is also operatively adapted to write new tag data
onto a given machine readable tag. These exemplary chromatography systems may
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further comprise one or more machine readable tags alone or in combination with (i)
one or more chromatography cartridges, (ii) one or more fraction collector tray bays,
or both (i) and (ii). For example, the one or more machine readable tags may be
individually positioned along (i) a surface of a given chromatography cartridge, and
(i) a surface of a given fraction collector tray so as to be the only machine readable
tag on a given chromatography cartridge or a given fraction collector tray.

[0011] In a further exemplary embodiment of the present invention, the
chromatography system comprises (1) a fraction collection system comprising (i) a
fraction collector tray bay; (ii) one or more stationary machine readable tag readers
positioned along one or more bay wall surfaces of the fraction collector tray bay,
wherein each of the one or more stationary machine readable tag readers is
operatively adapted to read existing tag data from a machine readable tag on a
surface of a fraction collector tray; and (iii) one or more fraction collector trays
configured to be positioned within the fraction collector tray bay, wherein each of the
one or more fraction collector trays comprises a single machine readable tag
positioned along a tray surface of the fraction collector tray; and (2) at least one
mobile machine readable tag reader, wherein each mobile machine readable tag
reader is operatively adapted to read existing tag data from a machine readable tag.
In some embodiments, one or more (or each) machine readable tag readers of the
chromatography system (i.e., stationary and/or mobile) is operatively  adapted to
write new tag data onto one or more machine readable tags within the
chromatography system.

[0012] In yet another exemplary embodiment of the present invention, the
chromatography system comprises (1) a fraction collection system comprising a
fraction collector tray bay; and one or more stationary machine readable tag readers
positioned along one or more bay wall surfaces of the fraction collector tray bay,
each of the one or more stationary machine readable tag readers being operatively
adapted to read existing tag data from a machine readable tag on a surface of a
fraction collector tray; and (2) at least one mobile machine readable tag reader,
wherein each mobile machine readable tag reader is operatively adapted to read
existing tag data from a machine readable tag on a surface of a chromatography
cartridge. In some embodiments, one or more (or each) of the machine readable
tag readers of the chromatography system (i.e., stationary and/or mobile) is
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operatively adapted to write new tag data onto one or more machine readable tags
within the chromatography system.

[0013] In another exemplary embodiment of the present invention, the
chromatography system comprises (1) a fraction collection system comprising (i) a
fraction collector tray bay; (ii)) one or more sensors (e.g., optical sensors) positioned
along one or more bay wall surfaces of the fraction collector tray bay, the one or
more sensors being operatively adapted to detect one or more fraction collector
trays positioned within the fraction collector tray bay; (iii) one or more stationary
machine readable tag readers positioned along the one or more bay wall surfaces of
the fraction collector tray bay, each of the one or more stationary machine readable
tag readers being operatively adapted to read existing tag data from a machine
readable tag on a surface of a fraction collector tray; and (iv) one or more fraction
collector trays configured to be positioned within the fraction collector tray bay,
wherein each of the one or more fraction collector trays comprises at least one
machine readable tag (typically, a single tag) positioned along a tray surface of the
fraction collector tray; (2) at least one mobile machine readable tag reader, wherein
each mobile machine readable tag reader is operatively adapted to read existing tag
data from a machine readable tag on a surface of a chromatography cartridge; and
(3) at least one chromatography cartridge, wherein each chromatography cartridge
has at least one machine readable tag (typically, a single tag) positioned along a
surface of the chromatography cartridge. In some embodiments, one or more (or
each) of the machine readable tag readers of the chromatography system (i.e.,
stationary and/or mobile) is operatively adapted to write new tag data onto one or
more machine readable tags within the chromatography system (e.g., a tag on a
fraction collector tray and/or a tag on a chromatography cartridge).

[0014] The present invention is further directed to methods of making
chromatography systems and system components within a chromatography system.
In one exemplary method, the method of making a chromatography system
comprises incorporating a machine readable tag reader into the chromatography
system, wherein the machine readable tag reader is operatively adapted to (i) read
existing tag data from a machine readable tag; and (ii) write new data onto the
machine readable tag. The method may further comprise incorporating (i) one or
more chromatography cartridges, (ii) one or more fraction collector trays, or (iii) both
(i) to (ii) into the chromatography system, wherein each chromatography cartridge
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and/or fraction collector tray comprises at least one machine readable tag (typically
one) thereon.

[0015] In another exemplary method, the method of making a
chromatography system comprises incorporating a mobile machine readable tag
reader into the chromatography system, wherein the mobiie machine readable tag
reader comprises a reader arm having a first end and a second end, the first end
being connectable to an object within the chromatography system, and the second
end being operatively adapted to move relative to the object when the first end is
connected to the object; and a tag reader component attached to the second end,
wherein the tag reader component is operatively adapted to (i) move relative to the
second end, (ii) read existing tag data from a machine readable tag, and (iii) write
new data onto the machine readable tag. The method may further comprise
incorporating (i) one or more chromatography cartridges, (ii) one or more fraction
collector trays, or (i) both (i) to (ii) into the chromatography system, wherein each
chromatography cartridge and/or fraction collector tray comprises at least one
machine readable tag (typically one) thereon.

[0016] In yet another exemplary method, the method of making a
chromatography system comprises incorporating a fraction collection system into the
chromatography system, wherein the fraction collection syétem comprises a fraction
collector tray bay; and one or- more sensors (e.g., one or more optical sensors)
positioned along one or more bay wall surfaces of the fraction collector tray bay, the
one or more sensors being operatively adapted to detect one or more fraction
collector trays positioned within the fraction collector tray bay. The exemplary
method may further comprise incorporating into the chromatography system one or
more stationary machine readable tag readers positioned along the one or more bay
wall surfaces of the fraction collector tray bay, wherein each of the one or more
stationary machine readable tag readers is operatively adapted to read existing tag
data from a machine readable tag on a tray surface of a fraction collector tray. The
exemplary method may even further comprise incorporating into the chromatography
system one or more fraction collector trays configured to be positioned within the
fraction collector tray bay, wherein each of the one or more fraction collector trays
comprises at least one machine readable tag (typically, a single tag) positioned
along a tray surface of the fraction collector tray.
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[0017] In another exemplary method, the method of making a
chromatography system comprises incorporating a fraction collection system into the
chromatography system, wherein the fraction collection system comprises a fraction
collector tray bay, one or more stationary machine readable tag readers positioned
along one or more bay wall surfaces of the fraction collector tray bay, wherein each
of the one or more stationary machine readable tag readers is operatively adapted to
read existing tag data from a machine readable tag on a tray surface of a fraction
collector tray; and one or more fraction collector trays configured to be positioned
within the fraction collector tray bay, wherein each of the one or more fraction
collector trays comprises a single machine readable tag positioned along a tray
surface of the fraction collector tray.

[0018] In another exemplary method, the method of making a
chromatography system comprises incorporating a fraction collection system into the
chromatography system, wherein the fraction collection system comprises (i) a
fraction collector tray bay; (ii) one or more stationary machine readable tag readers
positioned along one or more bay wall surfaces of the fraction collector tray bay,
wherein each of the one or more stationary machine readable tag readers is
operatively adapted to read existing tag data from a machine readable tag on a
surface of a fraction collector tray; and (iii) one or more fraction collector trays
configured to be positioned within the fraction collector tray bay, wherein each of the
one or more fraction collector trays comprises a single machine readable tag
positioned along a tray surface of the fraction collector tray; and incorporating at
least one mobile machine readable tag reader into the chromatography system,
wherein each mobile machine readable tag reader is operatively adapted to read
existing tag data from a machine readable tag. In some embodiments, one or more
(or each) machine readable tag readers of the resulting chromatography system
(i.e., stationary and/or mobile) is operatively adapted to write new tag data onto one
or more machine readable tags within the chromatography system.

[0019] In yet another exemplary method, the method of making a
chromatography system comprises incorporating a fraction collection system into the
chromatography system, wherein the fraction collection system comprises a fraction
collector tray bay; and one or more stationary machine readable tag readers
positioned along one or more bay wall surfaces of the fraction collector tray bay,
each of the one or more stationary machine readable tag readers being operatively
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adapted to read existing tag data from a machine readable tag on a surface of a
fraction collector tray; incorporating one or more chromatography cartridges into the
chromatography system; and incorporating at least one mobile machine readable
tag reader into the chromatography system, wherein each mobile machine readable
tag reader is operatively adapted to read existing tag data from a machine readable
tag on a surface of the one or more chromatography cartridges.

[0020] In yet another exemplary method, the method of making a
chromatography system comprises (1) incorporating a fraction collection system into
the chromatography system, wherein the fraction collection system comprises (i) a
fraction collector tray bay; (ii) one or more sensors (e.g., optical sensors) positioned
along one or more bay wall surfaces of the fraction collector tray bay, the one or
more sensors being operatively adapted to detect one or more fraction collector
trays positioned within the fraction collector tray bay; (iii) one or more stationary
machine readable tag readers positioned along the one or more bay wall surfaces of
the fraction collector tray bay, each of the one or more stationary machine readable
tag readers being operatively adapted to read existing tag data from a machine
readable tag on a surface of a fraction collector tray; and (iv) one or more fraction
collector trays configured to be positioned within the fraction collector tray bay,
wherein each of the one or more fraction collector trays comprises at least one
machine readable tag (typically, a single tag) positioned along a tray surface of the
fraction collector tray; (2) incorporating at least one mobile machine readable tag
reader into the chromatography system, wherein each mobile machine readable tag
reader is operatively adapted to read existing tag data from a machine readable tag
on a surface of a chromatography cartridge; and (3) incorporating at least one
chromatography cartridge into the chromatography system, wherein each
chromatography cartridge has at least one machine readable tag (typically, a single
tag) positioned along a surface of the chromatography cartridge. In some
embodiments, one or more (or each) of the machine readable tag readers of the
resulting chromatography system (i.e., stationary and/or mobile) is operatively
adapted to write new tag data onto one or more machine readable tags within the
'chromatography system (e.g., a tag on a fraction collector tray and/or a tag on a
chromatography cartridge).

[0021] The present invention is further directed to methods of making system
components within a chromatography system. In one exemplary embodiment, the
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method of making a system component comprises incorporating one or more
sensors (e.g., one or more optical sensors) into a fraction collection system. The
method may comprise positioning one or more sensors (e.g., one or more optical
sensors) along one or more bay wall surfaces of a fraction collector tray bay, the one
or more sensors being operatively adapted to detect one or more fraction collector
trays positioned within the fraction collector tray bay. The method may further
comprise positioning one or more stationary machine readable tag readers along the
one or more bay wall surfaces of the fraction collector tray bay, wherein each of the
one or more stationary machine readable tag readers is operatively adapted to read
existing tag data from a machine readable tag on a tray surface of a fraction
collector tray. The method may even further comprise forming one or more fraction
collector trays configured to be positioned within the fraction collector tray bay,
wherein each of the one or more fraction collector trays comprises at least one
machine readable tag (typically, a single tag) positioned along a tray surface of the
fraction collector tray.

[0022] In another exemplary embodiment, the method 6f making a system
component comprises positioning one or more stationary machine readable tag
readers along one or more bay wall surfaces of a fraction collector tray bay, wherein
each of the one or more stationary machine readable tag readers is operatively
adapted to read existing tag data from a machine readable tag on a tray surface of a
fraction collector tray; and forming one or more fraction collector trays configured to
be positioned within the fraction collector tray bay, wherein each of the one or more
fraction collector trays comprises a single machine readable tag positioned along a
tray surface of the fraction collector tray. In some embodiments, the step of forming
one or more fraction collector trays comprises forming fraction collector trays
configured to be positioned in a side-by-side arrangement within the fraction
collector tray bay so that an outer perimeter of at least two side-by-side fraction
collector trays each independently abut two adjacent bay side wall surfaces when
positioned within the fraction collector tray bay.

[0023] The present invention is even further directed to methods of using
chromatography systems and system components within a chromatography system.
In one exemplary method, the method of using a system component comprises
reading existing tag data from a machine readable tag within a chromatography
system via a machine readable tag reader; and writing new data onto the machine
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readable tag within the chromatography system via the machine readable tag
reader. The steps of reading existing tag data and writing new data may comprise
reading existing tag data and writing new data on a machine readable tag (e.g., a
RFID tag) positioned along a chromatography cartridge. For example, the step of
writing new data may comprise writing new data onto the chromatography cartridge
tag such as historical cartridge use data comprising one or more pieces of data
selected from the group consisting of a date of cartridge use, a solvent used in the
cartridge on the date, a count of how many times the cartridge has been used, and
any combination thereof. The step of reading existing tag data from the
chromatography cartridge tag may comprise reading data that sets one or more
operational conditions of the chromatography system.

[0024] In another exemplary method, the method of using a system
component comprises reading existing tag data from a machine readable tag within
a chromatography system via a mobile machine readable tag reader; and writing
new data onto the machine readable tag within the chromatography system via the
mobile machine readable tag reader. The mobile machine readable tag reader may
comprise a reader arm having a first end and a second end, the first end being
connectable to an object within the chromatography system, and the second end
being operatively adapted to move relative to the object when the first end is
connected to the object; and a tag reader component attached to the second end,
wherein the tag reader component is operatively adapted to (i) move relative to the
second end, (ii) read existing tag data from a machine readable tag, and (iii) write
new data onto the machine readable tag.

[0025] In yet another exemplary method, the method of using a system
component comprises utilizing one or more sensors (e.g., one or more optical
sensors) to detect one or more fraction collector trays positioned within a fraction
collector tray bay of a fraction collection system within a chromatography system.
The one or more sensors may be positioned along one or more bay wall surfaces of
the fraction collector tray bay so as to detect the presence or absence of one or
more fraction collector trays positioned within the fraction collector tray bay. The
exemplary method of using a system component may further comprise utilizing one
or more stationary machine readable tag readers positioned along the one or more
bay wall surfaces of the fraction collector tray bay to read existing tag data from a
machine readable tag on a tray surface of a fraction collector tray.

10
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[0026] In a further exemplary method, the method of using a system
component comprises utilizing one or more stationary machine readable tag readers
positioned along one or more bay wall surfaces of a fraction collector tray bay to
read existing tag data from a machine readable tag on a tray surface of a fraction
collector tray;, and collecting one or more sample fractions within one or more
collection vessels positioned at one or more specific locations along the fraction
collector tray based on the existing tag data. Typically, each fraction collector tray
within the chromatography system comprises a single machine readable tag
positioned along an abutting tray surface (i.e., a tray surface that abuts a bay wall
surface of the fraction collector tray bay) of a given fraction collector tray.

[0027] In some embodiments, the method of using a system component may
comprise utilizing one or more system components in a chromatography system,
wherein the method comprises utilizing at least one mobile machine readable tag
reader and in combination with at least one stationary machine readable tag reader
within the chromatography system, wherein each machine readable tag reader is
operatively adapted to read existing tag data from a machine readable tag, and at
least one (or each) of the machine readable tag readers is also operatively adapted
to write new tag data onto a given machine readable tag within the chromatography
system. The exemplary methods may further comprise utilizing one or more
machine readable tags within the chromatography system either alone or in
combination with (i) one or more chromatography cartridges, (ii) one or more fraction
collector tray bays, or both (i) and (ii).

[0028] In yet a further exemplary method, the method of using a system
component comprises utilizing one or more system components in a
chromatography system, wherein the method comprises (1) utilizing one or more
sensors (e.g., one or more optical sensors) to detect one or more fraction collector
trays positioned within a fraction collector tray bay of a fraction collection system
within a chromatography system; (2) utilizing one or more stationary machine
readable tag readers positioned along one or more bay wall surfaces of the fraction
collector tray bay to read existing tag data from a machine readable tag on a tray
surface of a fraction collector tray; (3) collecting one or more sample fractions within
one or more collection vessels positioned at one or more specific locations along the
fraction collector tray based on the existing tag data; (4) utilizing at least one mobile
machine readable tag reader within the chromatography system, wherein each
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mobile machine readable tag reader is operatively adapted to read existing tag data
from a machine readable tag on a surface of a chromatography cartridge; and (5)
utilizing at least one chromatography cartridge within the chromatography system,
wherein each chromatography cartridge has at least one machine readable tag
(typically, a single tag) positioned along a surface of the chromatography cartridge.
In some embodiments, one or more (or each) of the machine readable tag readers
of the chromatography system (i.e., stationary and/or mobile) is operatively adapted
to also write new tag data onto one or more machine readable tags within the
chromatography system (e.g., a tag on a fraction collector tray and/or a tag on a
chromatography cartridge).

[0029] These and other features and advantages of the present invention will
become apparent after a review of the following detailed description of the disclosed
embodiments and the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

[0030] FIG. 1 depicts a schematic diagram of an exemplary chromatography

system of the present invention and individual system components within the
exemplary chromatography system;

[0031] FIG. 2 depicts an exemplary mobile machine readable tag reader of
the present invention suitable for use in the exemplary chromatography system
shown in FIG. 1;

[0032] FIG. 3 depicts another exemplary mobile machine readable tag reader
in combination with an exemplary chromatography cartridge having thereon an
exemplary machine readable tag;

[0033] FIG. 4 depicts an exemplary fraction collector tray bay suitable for use
in a fraction collection system within the exemplary chromatography system shown
in FIG. 1;

[0034] FIG. 5 depicts an exemplary fraction collector trayE used in the
exemplary fraction collector tray bay shown in FIG. 4; |

[0035] FIG. 6A depicts an exemplary cartridge height sensing' device of the
present invention suitable for use in the exemplary chromatography System shown
in FIG. 1; and |

[0036] FIG. 6B depicts the exemplary cartridge height sensing ldevice of FIG.
6A while measuring the height of a cartridge. |
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DETAILED DESCRIPTION OF THE INVENTION

[0037] To promote an understanding of the principles of the present invention,

descriptions of specific embodiments of the invention follow and specific language is
used to describe the specific embodiments. It will nevertheless be understood that
no limitation of the scope of the invention is intended by the use of specific
language. Alterations, further modifications, and such further applications of the
principles of the present invention discussed are contemplated as would normally
occur to one ordinarily skilled in the art to which the invention pertains.
[0038] It must be noted that as used herein and in the appended claims, the
singular forms "a", "and", and "the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to "a solvent" includes a plurality of
such solvents and reference to "solvent" includes reference to one or more solvents
and equivalents thereof known to those skilled in the art, and so forth.
[0039] “About" modifying, for example, the quantity of an ingredient in a
composition, concentrations, volumes, process temperatures, process times,
recoveries or yields, flow rates, and like values, and ranges thereof, employed in
describing the embodiments of the disclosure, refers to variation in the numerical
quantity that may occur, for example, through typical measuring and handling '
procedures; through inadvertent error in these procedures; through differences in the
ingredients used to carry out the methods; and like proximate considerations. The
term "about" also encompasses amounts that differ due to aging of a formulation
. with a particular initial concentration or mixture, and amounts that differ due to
mixing or processing a formulation with a particular initial concentration or mixture.
Whether modified by the term “about" the claims appended hereto include
equivalents to these quantities.
[0040] As used herein, the term “chromatography” means a physical method
of separation in which the components to be separated are distributed between two
phases, one of which is stationary (stationary phase) while the other (the mobile
phase) moves in a definite direction.
[0041] As used herein, the term “liquid chromatography” means the
separation of mixtures by passing a fluid mixture dissolved in a "mobile phase"
through a column comprising a stationary phase, which separates the analyte (i.e.,
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the target substance) from other molecules in the mixture and allows it to be
isolated.

[0042] As used herein, the term “mobile phase” means a fluid liquid, a gas, or
a supercritical fluid that comprises the sample being separated and/or analyzed and
the solvent that moves the sample comprising the analyte through the column. The
mobile phase moves through the chromatography column or cartridge (i.e., the
container housing the stationary phase) where the analyte in the sample interacts
with the stationary phase and is separated from the sample.

[0043] As used herein, the term “stationary phase” or “media” means material
fixed in the column or cartridge that selectively adsorbs the analyte from the sample
in the mobile phase separation of mixtures by passing a fluid mixture dissolved in a
‘mobile phase" through a column comprising a stationary phase, which separates
the analyte to be measured from other molecules in the mixture and allows it to be
isolated.

[0044] As used herein, the term “flash chromatography” means the separation
of mixtures by passing a fluid mixture dissolved in a "mobile phase" under pressure
through a column comprising a stationary phase, which separates the analyte (i.e.,
the target substance) from other molecules in the mixture and allows it to be

isolated.

[0045] As used herein, the term “fluid” means a gas, liquid, and 'supercritical
fluid. '
[0046] As used herein, the term “substantially” means within a reasonable

amount, but includes amounts which vary from about 0% to about 50% of the
absolute value, from about 0% to about 40%, from about 0% to about 30%, from
about 0% to about 20% or from about 0% to about 10%.

[0047] The present invention is directed to chromatography systems and
individual system components that may be used in chromatography systems either
alone or in combination with one another. The present invention is further directed
to methods of making chromatography systems and individual system components
that may be used in chromatography systems. The present invention is even further
directed to methods of using chromatography systems, as well as methods of using
individual system components within a variety of chromatography systems. One
exemplary chromatography system containing individual system components of the
present invention is shown in FIG. 1.
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[0048] As shown in FIG. 1, exemplary chromatography system 100 comprises
a sample injection apparatus 10, a mobile phase source 11, an air source 12, a
valve 13, a waste collector 14, a column station 15, a detector 16 (e.g., a UV
detector), a fraction collection system 17, and a microprocessor 18. The present
invention provides individual system components that are particularly suitable for
use within column station 15, fraction collection system 17, or both column station
15 and fraction collection system 17 of exemplary chromatography system 100, as
well as chromatography systems containing a column station and/or a fraction
collection system. A description of the individual system components of the present
invention, as well as chromatography systems containing the individual system
components is provided below.

[0049] It should be noted that other chromatography system components
disclosed in exemplary chromatography system 100 (e.g., sample injection
apparatus 10, mobile phase source 11, air source 12, valve 13, waste collector 14,
detector 16, and microprocessor 18) may comprise known components. For
example, sample injection apparatus 10 and valve 13 may respectively comprise any
known sample injection apparatus and valve used in chromatography systems. In
some embodiments, sample injection apparatus 10 may comprise an automated
sample injection apparatus and valve 13 may comprise a six port rotary valve as
disclosed in U.S. Provisional Patent Application Serial No. ____ . entitled
‘AUTOMATED SAMPLE INJECTION APPARATUS, MULTIPORT VALVE, AND
METHODS OF MAKING AND USING THE SAME” and filed on December 10, 2008,
the subject matter of which is incorporated herein in its entirety.

[0050] Further, it should be noted that although not shown in FIG. 1,
exemplary chromatography system 100 comprises one or more additional
components typically present in a given chromatography system so as to provide for
fluid flow throughout the chromatography system between the various components
of a given chromatography system. For example, exemplary chromatography
system 100 may comprise one or more additional components including, but not
limited to, one or more pumps, one or more additional valves, tubing between
components, electronics and electronic circuitry to power and control the various
components, etc.
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l. Chromatography System Components and Configurations

[0051] The chromatography systems of the present invention may comprise
one or more of the following individual system components in a variety of
chromatography system configurations.

A. Chromatography System Components
[0052] The chromatography systems of the present invention may comprise
one or more of the following individual system components.

1. Machine Readable Tag Readers/Writers
[0053] The chromatography systems of the present invention may comprise
one or more machine readable tag readers. In some embodiments, at least one
machine readable tag reader is operatively adapted to (i) read existing tag data from
a machine readable tag (e.g., a RFID tag); and (ii) write new data onto the same
machine readable tag. For example, when the machine readable tag is present on a
cartridge (also referred to herein as a column) used in the chromatography system,
the new data written to the machine readable tag may comprise historical cartridge
use data. The historical cartridge use data may comprise one or more pieces of
data including, but not limited to, data including the date of cartridge use, a solvent
used in the cartridge on the date, a count of how many times the cartridge has been
used, sample type, user name, and any combination thereof.
[0054] The existing tag data on a given machine readable tag (e.g., the
above-described cartridge machine readable tag) may comprise data that sets one
or more operational conditions of the chromatography system. For example, when
the machine readable tag is present on a cartridge used in the chromatography
system, the new data written to the machine readable tag may comprise data
including, but not limited to, the cartridge size, the solid phase material (e.g., silica)
within the cartridge, the mobile phase (i.e., solvent) to be used with the cartridge in
an upcoming run, operating temperatures, flow rates, other operational conditions to
run the cartridge in the system, and any combination thereof.
[0055] The machine readable tag readers used in the present invention may
be mobile machine readable tag readers or stationary machine readable tag
readers. As used herein, the term “mobile” is used to describe a machine readable
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tag reader that comprises a tag reader component that is operatively adapted to
move from an initial location to a reading location during the step of reading a given
machine readable tag. The mobile machine readable tag reader of the present
invention comprises a tag reader component that is operatively adapted to move so
as to position an outer surface of the tag reader component adjacent to and over an
outer surface of the machine readable tag. In contrast, stationary machine readable
tag readers used in the present invention do not move. In order to read a given
machine readable tag using a stationary machine readable tag reader, the machine
readable tag has to be moved so that the machine readable tag is positioned in front
of a tag reader component of the stationary machine readable tag reader. The tag
read, writer and tag may be composed of any suitable media including magnetic
media, bar code, solid state memory, polycarbonate, etc.

[0056] FIG. 2 depicts an exemplary mobile machine readable tag reader of
the present invention. As shown in FIG. 2, exemplary mobile machine readable tag
reader 20 comprises (i) a reader arm 21 having a first end 22 and a second end 23
with first end 22 being connectable to an object 24 within the chromatography
system (e.g., an object within column station 15 of exemplary chromatography
system 100), and second end 23 being operatively adapted to move relative to
object 24 when first end 22 is connected to object 24; and (i) a tag reader
component 25 attached to second end 23, wherein ‘tag reader component 25 is
operatively adapted to (i) move relative to second end 23, (i) read existing tag data
from a machine readable tag (not shown), and (iii) write new data onto the machine
readable tag. Exemplary tag reader component 25 is operatively adapted to move
so as to position an outer surface 26 of tag reader component 25 adjacent to and
over an outer surface of a machine readable tag (not shown).

[0057] As shown in FIG. 2, exemplary mobile machine readable tag reader 20
comprises two reader arm sections, namely, first reader arm section 210 and second
reader arm section 211 joined to one another via arm section connector 212.
Typically, arm section connector 212 may move to any three-dimensional coordinate
relative to first end 22, second end 23 may move to any three-dimensional
coordinate relative to arm section connector 212, and tag reader component 25 may
move relative to second end 23 as shown by arrows A and B with arrow A
representing movement of an outer surface 26 of tag reader component 25 relative
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to an axis extending in the y direction (i.e., side-to-side movement), and arrow B
representing movement of an outer surface 26 of tag reader component 25 relative
to an axis extending in the x direction (i.e., up and down movement).

[0058] It should be noted that other exemplary mobile machine readable tag
readers suitable for use in the chromatography systems of the present invention may
comprise a single reader arm section (i.e., no arm section connector 212) having a
first end connected to an object (e.g., object 24) and a second end connected to a
tag reader component (e.g., tag reader component 25). In other embodiments, the
mobile machine readable tag reader may comprise three or more reader arm
sections and two or more arm section connectors.

[0059] At least one mobile machine readable tag reader, such as exemplary
mobile machine readable tag reader 20, is particularly useful within column station
15 of exemplary chromatography system 100. The at least one mobile machine
readable tag reader may be used in combination with one or more machine readable
tags. In some desired embodiment, the at least one mobile machine readable tag
reader is used in combination with one or more machine readable tags, wherein
each machine readable tag is positioned on a separate chromatography cartridge.
As noted above, the at least one mobile machine readable tag reader may be
operatively adapted to (i) read existing tag data from a machine readable tag (e.g., a
RFID tag) on a chromatography cartridge; as well as (ii) write new data onto the
same machine readable tag on the chromatography cartridge.

[0060] FIG. 3 depicts another exemplary mobile machine readable tag reader
30 in combination with an exemplary chromatography cartridge 31 having thereon
an exemplary machine readable tag 32. As shown in FIG. 3, exemplary mobile
machine readable tag reader 30 comprises a reader arm 33 having a first end 34
and a second end 35 with first end 34 being connectable to an object 36 within the
chromatography system. In this exemplary embodiment, object 36 comprises a
cartridge support member comprising a vertically extending member 363 and two
horizontally extending members: upper member 361 (also referred to herein as
column arm 361) and lower member 362. Object 36 is within a column station such
as column station 15 of exemplary chromatography system 100. Second end 35 is
operatively adapted to move relative to object 36 when first end 34 is connected to
object 36. Exemplary mobile machine readable tag reader 30 further comprises tag
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reader component 37 attached to second end 35, wherein tag reader component 37
is operatively adapted to (i) move relative to second end 35, (ii) read existing tag
data from machine readable tag 32, and (iii) write new data onto machine readable
tag 32.

[0061] As shown in FIG. 3, tag reader component 37 of exemplary mobile
machine readable tag reader 30 is operatively adapted to move in a direction as
shown by arrow C so as to position an outer surface 38 of tag reader component 37
adjacent to column or cartridge 31 and near or over an outer surface 39 of machine
readable tag 32. Desirably, tag reader component 37 of exemplary mobile machine
readable tag reader 30 is operatively adapted to identify a location of machine
readable tag 32, and move as needed to position an outer surface 38 of tag reader
component 37 adjacent to and over an outer surface 39 of machine readable tag 32.
[0062] Chromatography systems of the present invention may also comprise
one or more stationary machine readable tag readers alone or in combination with
one or more mobile machine readable tag readers. As discussed further below, in
some embodiments of the present invention, a given chromatography system may
comprise at least one mobile machine readable tag reader and/or at least one
stationary machine readable tag reader in combination with (1) one or more machine
readable tags, and (2) (i) a chromatography cartridge, (ii) a fraction collector tray
bay, or both (i) the chromatography cartridge and (ii) the fraction collector tray bay,
wherein the one or more machine readable tags are positioned along a surface of
the chromatography cartridge, a surface of the fraction collector tray bay, or both.
One or more stationary machine readable tag readers are particularly useful within a
fraction collection system such as exemplary fraction collection system 17 of
exemplary chromatography system 100.

2. Fraction Collection Tray Sensors
[0063] The chromatography systems of the present invention may comprise
one or more fraction collection tray sensors alone or in combination with the herein
described machine readable tag readers (e.g., one or more mobile machine
readable tag readers, and/or one or more stationary machine readable tag readers,
at least one of which may also write new data onto one or more machine readable
tags).
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[0064] In one exemplary embodiment, a chromatography system of the
present invention comprises a fraction collection system, wherein the fraction
collection system comprises (i) a fraction collector tray bay; and (ii) one or more
sensors positioned along one or more bay wall surfaces of the fraction collector tray
bay, wherein the one or more sensors are operatively adapted to detect one or more
fraction collector trays positioned within the fraction collector tray bay. In some
embodiments, at least one of the one or more sensors comprises an optical sensor.
For example, during operation, a user may decide to remove a tray from the fraction
collector tray bay. By positioning one or more sensors in the fraction collector tray
bay, the fraction collection system automatically shuts down (or pauses) a given
operation when the sensor detects that the tray has been removed, and remains
shut down or paused until the tray is returned to the fraction collector tray bay.

[0065] In some embodiments, the fraction collection system further comprises
one or more stationary machine readable tag readers positioned along the one or
more bay wall surfaces of the fraction collector tray bay, wherein each of the one or
more stationary machine readable tag readers is operatively adapted to read
existing tag data from a machine readable tag on a surface of a fraction collector
tray. At least one of the one or more stationary machine readable tag readers may
be operatively adapted to also write new data onto a given machine readable tag on
a surface of a fraction collector tray.

[0066] FIG. 4 depicts an exemplary fraction collector tray bay suitable for use
in fraction collection system 17 within exemplary chromatography system 100 shown
in FIG. 1. As shown in FIG. 4, exemplary fraction collector tray bay 40 comprises
one or more sensors 41 positioned along bay wall surface 42 of fraction collector
tray bay 40. Each sensor 41 is operatively adapted to detect a fraction collector tray
(e.g., exemplary fraction collector tray 50 shown in FIG. 5) positioned within fraction
collector tray bay 40. Exemplary fraction collector tray bay 40 also comprises
stationary machine readable tag readers 43 positioned along bay wall surface 42 of
fraction collector tray bay 40. Each of stationary machine readable tag readers 43 is
operatively adapted to read existing tag data from a machine readable tag on a
surface of a fraction collector tray (e.g., machine readable tag 51 on surface 52 of
fraction collector tray 50 shown in FIG. 5). Each of stationary machine readable tag
readers 43 may also be operatively adapted to write new data onto a given machine
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readable tag on a surface of a fraction collector tray (e.g., machine readable tag 51
on surface 52 of fraction collector tray 50 shown in FIG. 5).

[0067] One or more fraction collector trays are configured to be positioned
within fraction collector tray bay 40, along track 44 and/or track 45 shown in FIG. 4.
Each of tracks 44 and 45 comprise one or more grooves 47 within lower bay surface
48 so that corresponding tray extension on a given fraction collector tray can extend
into grooves 47 as to guide the given fraction collector tray into fraction collector tray
bay 40.

[0068] FIG. 5 depicts an exemplary fraction collector tray configured for use in
exemplary fraction collector tray bay 40 shown in FIG. 4. As shown in FIG. 5,
exemplary fraction collector tray 50 comprises machine readable tag 51 positioned
along tray surface 52. When positioned within fraction collector tray bay 40, tray
surface 52 of exemplary fraction collector tray 50 faces and is positioned directly in
front of one of stationary machine readable tag readers 43 positioned along bay wall
surface 42 of fraction collector tray bay 40. As noted above, tray extensions 54 on
exemplary fraction collector tray 50 can extend into grooves 47 as to guide
exemplary fraction collector tray 50 into fraction collector tray bay 40.

[0069] Exemplary fraction collector tray 50 also comprises sensor tab 53
positioned along tray surface 52. When positioned within fraction collector tray bay
40, sensdr tab 53 of exemplary fraction collector tray 50 faces and is positioned
directly in front of one of sensors 41 positioned along bay wall surface 42 of fraction
collector tray bay 40. Sensor tab 53 provides a signal to microprocessor 18 that
exemplary fraction collector tray 50 is present within fraction collector tray bay 40,
and the fraction collection system is equipped to receive more fractions.

[0070] Exemplary fraction collector tray 50 further comprises fraction vessel
positions 55 along an outer tray surface 56 of exemplary fraction collector tray 50.
Each fraction vessel position 55 is sized so as to position a fraction vessel (e.g., test
tube) (not shown) along an upper surface 56 of exemplary fraction collector tray 50.
Exemplary fraction collector tray 50 may further comprise one or more additional
features including, but not limited to, a tray handle (not shown) along tray surface 57.
[0071] Exemplary fraction collector tray 50 may comprise one or more
machine readable tags (e.g., machine readable tag 51). In some embodiments,
each fraction collector tray 50 comprises a single machine readable tag 51
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positioned along tray surface 52 of fraction collector tray 50. The single machine
readable tag 51 may comprise fraction/tray data, wherein the fraction/tray data
comprising (i) fraction vessel positions/locations 55 along an outer tray surface 56 of
exemplary fraction collector tray 50, (ii) empty fraction vessel positions 55 along an
outer tray surface 56 of exemplary fraction collector tray 50, (iii) occupied fraction
vessel positions 55 along an outer tray surface 56 of exemplary fraction collector
tray 50, (iv) fraction vessel information for each fraction vessel positioned within one
or more of the occupied fraction vessel positions 55, (v) fraction information for each
fraction positioned within one or more of the occupied fraction vessel positions 55,
(vi) a unique identification of a given tray, (vii) a fraction vessel (i.e., vial) size, (viii) a
collectable volume for each fraction vessel (i.e., vial), (ix), the last time the tray was
used, and (x) any combination of (i) to (ix).

[0072] Each exemplary fraction collector tray 50 and exemplary fraction
collector tray bay 40 may be sized and configured so that a desired number of
exemplary fraction collector trays 50 are positionable within exemplary fraction
collector tray bay 40. As shown in FIG. 4, in some desired embodiments, at least
two fraction collector trays (e.g., two exemplary fraction collector trays 50) are
positionable in a side-by-side arrangement relative to one another, and an outer
perimeter of at least two side-by-side fraction collection trays (e.g., two exemplary
fraction collector trays 50) faces at least two adjacent bay wall surfaces of exemplary
fraction collector tray bay 40. For example, when two exemplary fraction collector
trays 50 are positioned in a side-by-side manner within fraction collector tray bay 40,
exemplary fraction collector tray 50 positioned along track 44 has an outer
perimeter, namely, tray surfaces 52 and 58, facing adjacent bay wall surfaces 42
and 49 respectively of exemplary fraction collector tray bay 40, while an adjacent
exemplary fraction collector tray 50 positioned along track 45 has an outer
perimeter, namely, tray surfaces 52 and 59, facing adjacent bay wall surfaces 42
and 491 respectively of exemplary fraction collector tray bay 40.

[0073] Although exemplary fraction collector tray bay 40 is shown in FIG. 4 as
having only two stationary machine readable tag readers 43, it should be understood
that exemplary fraction collector tray bay 40 may comprise any number of stationary
machine readable tag readers 43. For example, exemplary fraction collector tray
bay 40 may comprise one or more stationary machine readable tag readers 43 along
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bay wall surfaces 49 and 491, for example, when four or more fraction collector trays
50 are positioned within exemplary fraction collector tray bay 40. Typically, the one
or more bay wall surfaces (i.e., bay wall surfaces 49, 42 and 491) comprise a single
stationary machine readable tag reader 43 for each fraction collector tray 50
positioned within fraction collector tray bay 40. In one embodiment, a single bay wall
surface (e.g., bay wall surface 42) comprises at least two stationary machine
readable tag readers 43 for at least two side-by-side fraction collector trays 43. In
one desired embodiment, a single bay wall surface (e.g., bay wall surface 42)
comprises two stationary machine readable tag readers 43 for two side-by-side
fraction collector trays 43.

3. Cartridge Height Sensors

[0074] The chromatography columns of the present invention may comprise
one or more cartridge height sensors alone or in combination with (1) the herein
described machine readable tag readers (e.g., one or more mobile machine
readable tag readers, and/or one or more stationary machine readable tag readers,
at least one of which may also write new data onto one or more machine readable
tags), (2) the herein described fraction collection tray sensors, or (3) both (1) and (2).
[0075] FIG. 6A depicts an exemplary cartridge height sensing device of the
present invention suitable for use, for example, within column station 15 of
exemplary chromatography system 100 shown in FIG. 1. As shown in FIG. 6,
exemplary cartridge height sensing device 60 comprises a printed circuit board 61,
one or more pad sensors 62 extending vertically along printed circuit board 61, and
one or more contact sensors 63 positioned along upper member 361 (also referred
to herein as column arm 361) of cartridge support member 36. Column arm 361
moves up or down as shown by arrow D to accommodate a cartridge (see FIG. 6B)
positioned between column arm 361 and lower member 362. When a cartridge is
not present as shown in FIG. 6A, column arm 361 rests in a home position, which
corresponds to a minimum height, hpin.

[0076] Contact sensor 63 slides along printed circuit board 61 and contacts
one or more of pad sensors 62. The position of contact sensor 63 along one or
more of pad sensors 62 causes printed circuit board 61 to send a specific analog
signal, shown as dash lines S,, corresponding to the position of contact, to a
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microprocessor (e.g., microprocessor 18), which converts the specific analog signal
S, into a specific cartridge height.

[0077] FIG. 6B depicts exemplary cartridge height sensing device 60 while
measuring the height, he, of exemplary cartridge 66. As shown in FIG. 6B, column
arm 361 is moved upward to accommodate cartridge 66 positioned between column
arm 361 and lower member 362. In this position, contact sensor 63 in contact with
one or more of pad sensors 62 causes printed circuit board 61 to send a specific
analog signal, shown as dash lines S, corresponding to the position of contact, to a
microprocessor (e.g., microprocessor 18), which converts the specific analog signal
S; into a specific cartridge height, he.

[0078] Once exemplary cartridge 66 is removed from cartridge support
member 36, column arm 361 will automatically slide back down to the home position
(i.e., minimum height reading hmin). The home position is a unique setting that does
not match the height value associated with any cartridge (e.g., exemplary cartridge
66) or bypass cartridge. In some embodiments, in order to start a run, column arm
361 and cartridge height sensing device 60 will need to recognize the presence of a
cartridge (e.g., exemplary cartridge 66) or bypass cartridge. If column arm 361 and
contact sensor 63 has not been moved away from the home position, the system will
(i) error and (ii) stop the unit from starting or completing a run.

[0079] Cartridge height sensing device 60 is designed to work with a variéty of
flash cartridges with and without machine readable tags (e.g., RFID inlays). If a non-
RFID cartridge (e.g., exemplary cartridge 66) is installed, cartridge height sensing
device 60 can use the determined height measurement of the non-RFID cartridge to
automatically configure the system to work with the cartridge. For example, a
particular height measurement determined by microprocessor 18 may result in
microprocessor 18 making one or more process changes to the system
configuration. In some embodiments, if an RFID cartridge (e.g., exemplary cartridge
31 shown in FIG. 3) is installed, the read data from the RFID tag is compared with
the data collected from cartridge height sensing device 60 and compared. |f the
collected information does not match, the system will error and the user will have to
correct the error before continuing the run. If the information matches, the system
will proceed as normal.
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[0080] Cartridges with RFID inlays (e.g., exemplary cartridge 31 shown in FIG.
3) are specially designed to work at high pressures. If the system does not
recognize the RFID inlay, the system will default to the lower column pressures. If
the system is setup to work with an RFID (high pressure) cartridge and the cartridge
is replaced prior to the run, cartridge height sensing device 60 within the system will
recognize the change, check for the absence of an RFID inlay (e.g., machine
readable tag, such as machine readable tag 32 shown in FIG. 3), and default to the
lower pressure setting. Cartridge height sensing device 60 can be used to prevent a
user from using higher-pressure settings on lower pressure rated cartridges.

[0081] Although contact sensor 63 is shown in FIGS. 6A-6B as extending
outward from a distal end 364 of upper member 361 (column arm 361), it should be
understood that contact sensor 63 may extend from any portion of upper member
361 (column arm 361).

4. Microprocessor(s)

[0082] Microprocessor 18 may be remotely located relative to the other
components of exemplary chromatography system 100 or may be directly connected
to one or more components within exemplary chromatography system 100.
Microprocessor 18 is programmed to (i) recognize signals from various components
within exemplary chromatography system 100 (e.g., machine readable tag readers,
tray sensors, and/or cartridge height sensing device signals) and (ii) initiate one or
more signal-specific automated steps in response to receiving one or more signals
(e.g., reading existing data from a tag, writing new data onto a tag, changing one or
more process settings, routing a given fraction to a specific fraction vessel along a
fraction collection tray, starting or stopping a given process, etc.). As long as
microprocessor 18 is capable of (i) recognizing signals from various components
within exemplary chromatography system 100, and (ii) initiate one or more signal-
specific automated steps in response to receiving one or more signals,
microprocessor 18 may be in any location relative to exemplary chromatography
system 100.

[0083] Although not shown in exemplary chromatography system 100, it
should be understood that exemplary chromatography system 100 comprises one or
more user interface stations (e.g., a personal computer, laptop, touch screen,
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keyboard, etc.), as needed, to enable a user to safely operate exemplary
chromatography system 100.

B. Chromatography System Configurations
[0084] The chromatography systems of the present invention may comprise
one or more of the above-described individual system components. For example, in
one embodiment, the chromatography system comprises (i) the above-described
fraction collection system comprising at least two stationary machine readable tag
readers and at least two tray sensors in combination with (ii) at least one of the
above-described mobile machine readable tag readers. In some embodiments, the
mobile machine readable tag reader is operatively adapted to write new data onto
one or more machine readable tags.
[0085] Regardless of the configuration, the chromatography systems of the
present invention utilize one or more components (e.g., machine readable tags and
readers/writers, optical sensors, and electronic sensors) to collect and monitor
critical operational functions within a given chromatography system, and act
intelligently with the information to ensure safe and intuitive operations.
[0086] In one desired configuration, the chromatography system of the
present invention compriseé three strategically placed machine readable tag
readers/writers, namely, one mobile machine readable tag reader (e.g., RFID
reader/writer such as mobile machine readable tag reader 30) on cartridge support
member 36 as shown in FIG. 3, and two stationary machine readable tég readers
(e.g., RFID reader/writer such as stationary machine readable tag readers 43)
mounted along back bay wall surface 42 of a fraction collection tray bay 40 as
shown in FIG. 4. The three strategically placed machine readable tag
readers/writers are positioned to minimize read/write distance and ensure read/write
accuracy. The chromatography system also comprises optical tray sensors 41
mounted along back bay wall surface 42 of a fraction collection tray bay 40 as
shown in FIG. 4. The chromatography system further comprises cartridge height
sensing device 60 as shown in FIGS. 6A-6B.
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Il Methods of Making Chromatography Systems and System
Components
[0087] The present invention is further directed to methods of making

chromatography systems comprising one or more of the above-described system
components. In one exemplary method, the method of making a chromatography
system comprises incorporating a mobile or stationary machine readable tag reader
(e.g., mobile machine readable tag reader 30 or stationary machine readable tag
reader 43) into the chromatography system, wherein the mobile or stationary
machine readable tag reader is operatively adapted to (i) read existing tag data from
a machine readable tag; and (ii) write new data onto the machine readable tag. The
method may further comprise incorporating (i) one or more chromatography
cartridges, (ii) one or more fraction collector trays, or (iii) both (i) to (ii) into the
chromatography system, wherein each chromatography cartridge and/or fraction
collector tray comprises at least one machine readable tag (typically one) thereon.

[0088] Methods of making a chromatography system may also comprise
incorporating a fraction collection system into the chromatography system, wherein
the fraction collection system comprises a fraction collector tray bay (e.g., fraction
collector tray bay 40); and one or more sensors (e.g., one or more optical sensors
41) positioned along one or more bay wall surfaces (e.g., bay wall surface 42) of the
fraction collector tray bay, the one or more sensors being operatively adapted to
detect one or more fraction collector trays (e.g., fraction collector trays 50)
positioned within the fraction collector tray bay. The exemplary method may further
comprise incorporating into the chromatography system one or more stationary
machine readable tag readers (e.g., stationary machine readable tag readers 43)
positioned along the one or more bay wall surfaces (e.g., bay wall surface 42) of the
fraction collector tray bay, wherein each of the one or more stationary machine
readable tag readers is operatively adapted to read existing tag data from a machine
readable tag on a tray surface of a fraction collector tray (e.g., tray tag 51). The
exemplary method may even further comprise incorporating into the chromatography
system one or more fraction collector trays (e.g., fraction collector trays 50)
configured to be positioned within the fraction collector tray bay, wherein each of the
one or more fraction collector trays comprises at least one machine readable tag
(typically, a single tag) positioned along a tray surface of the fraction collector tray.
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[0089] In one exemplary method, the method of making a chromatography
system comprises (1) incorporating a fraction collection system into the
chromatography system, wherein the fraction collection system comprises (i) a
fraction collector tray bay (e.g., fraction collector tray bay 40); (i) one or more
sensors (e.g., optical sensors 41) positioned along one or more bay wall surfaces
(e.g., bay wall surface 42) of the fraction collector tray bay, the one or more sensors
being operatively adapted to detect one or more fraction collector trays (e.g., fraction
collector trays 50) positioned within the fraction collector tray bay; (i) one or more
stationary machine readable tag readers (e.g., stationary machine readable tag
readers 43) positioned along the one or more bay wall surfaces (e.g., bay wall
surface 42) of the fraction collector tray bay, each of the one or more stationary
machine readable tag readers being operatively adapted to read existing tag data
from a machine readable tag on a surface of a fraction collector tray (e.g., tray tag
51); and (iv) one or more fraction collector trays (e.g., fraction collector trays 50)
configured to be positioned within the fraction collector tray bay, wherein each of the
one or more fraction collector trays comprises at least one machine readable tag
(typically, a single tag) positioned along a tray surface of the fraction collector tray
(e.g., tray tag 51); (2) incorporating at least one mobile machine readable tag reader
(e.g., mobile machine readable tag reader 30) into the chromatography system,
wherein each mobile machine readable tag reader is operatively adapted to read
existing tag data from a machine readable tag on a surface of a chromatography
cartridge (e.g., machine readable tag 32); and (3) incorporating at least one
chromatography cartridge (e.g., cartridge 31) into the chromatography system,
wherein each chromatography cartridge has at least one machine readable tag
(typically, a single tag) positioned along a surface of the chromatography cartridge
(e.g., machine readable tag 32). Desirably, one or more (or each) of the machine
readable tag readers of the resulting chromatography system (e.g., stationary
machine readable tag readers 43 and mobile machine readable tag reader 30) is
operatively adapted to write new tag data onto one or more machine readable tags
within the chromatography system (e.g., machine readable tag 32 and/or tray tag
51).

[0090] The present invention is further directed to methods of making system
components within a chromatography system. In one exemplary embodiment, the
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method of making a system component comprises incorporating one or more
sensors (e.g., one or more optical sensors 41) into a fraction collection system. The
method may comprise positioning one or more sensors (e.g., one or more optical
sensors) along one or more bay wall surfaces (e.g., bay wall surface 42) of a fraction
collector tray bay (e.g., fraction collector tray bay 40), the one or more sensors being
operatively adapted to detect one or more fraction collector trays (e.g., fraction
collector trays 50) positioned within the fraction collector tray bay. The method may
further comprise positioning one or more stationary machine readable tag readers
(e.g., stationary machine readable tag readers 43) along the one or more bay wall
surfaces (e.g., bay wall surface 42) of the fraction collector tray bay (e.g., fraction
collector tray bay 40), wherein each of the one or more stationary machine readable
tag readers is operatively adapted to read existing tag data from a machine readable
tag on a tray surface of a fraction collector tray (e.g., tray tag 51). The method may
even further comprise forming one or more fraction collector trays (e.g., fraction
collector trays 50) configured to be positioned within the fraction collector tray bay
(e.g., fraction collector tray bay 40), wherein each of the one or more fraction
collector trays comprises at least one machine readable tag (typically, a single tag)
positioned along a tray surface of the fraction collector tray (e.g., tray tag 51).

[0091] In another exemplary embodiment, the method of making a system
component comprises positioning one or more stationary machine readable tag
readers (e.g., stationary machine readable tag readers 43) along one or more bay
wall surfaces (e.g., bay wall surface 42) of a fraction collector tray bay (e.g., fraction
collector tray bay 40), wherein each of the one or more stationary machine readable
tag readers is operatively adapted to read existing tag data from a machine readable
tag on a tray surface of a fraction collector tray (e.g., tray tag 51); and forming one or
more fraction collector trays (e.g., fraction collector trays 50) configured to be
positioned within the fraction collector tray bay, wherein each of the one or more
fraction collector trays comprises a single machine readable tag positioned along a
tray surface of the fraction collector tray (e.g., tray tag 51). In some embodiments,
the step of forming one or more fraction collector trays comprises forming fraction
collector trays configured to be positioned in a side-by-side arrangement within the
fraction collector tray bay so that an outer perimeter of at least two side-by-side
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fraction collector trays each independently abut two adjacent bay side wall surfaces
when positioned within the fraction collector tray bay.

. Methods of Using Chromatography Systems and System

Components Within Chromatography Systems
[0092] The present invention is even further directed to methods of using
chromatography systems and system components within a chromatography system.
The method of using a system component may comprise reading existing tag data
from a machine readable tag within a chromatography system via a mobile or
stationary machine readable tag reader (e.g., mobile machine readable tag reader
30 or stationary machine readable tag reader 43); and writing new data onto the
machine readable tag within the chromatography system via the mobile or stationary
machine readable tag reader (e.g., mobile machine readable tag reader 30 or
stationary machine readable tag reader 43).
[0093] Some methods of using a system component may comprise utilizing
one or more sensors (e.g., one or more optical sensors 41) to detect one or more
fraction collector trays (e.g., fraction collector trays 50) positioned within a fraction
collector tray bay (e.g., fraction collector tray bay 40) of a fraction collection system
within a chromatography system. The one or more sensors may be positioned along
one or more bay wall surfaces (e.g., bay wall surface 42) of the fraction collector tray
bay (e.g., fraction collector tray bay 40) so as to detect the presence or absence of
one or more fraction collector trays (e.g., fraction collector trays 50) positioned within
the fraction collector tray bay.
[0094] Methods of using a system component may further comprise utilizing
one or more stationary machine readable tag readers (e.g., stationary machine
readable tag reader 43) positioned along one or more bay wall surfaces (e.g., bay
wall surface 42) of a fraction collector tray bay (e.g., fraction collector tray bay 40) to
read existing tag data from a machine readable tag (and, if desired, write new data
onto the tag) on a tray surface of a fraction collector tray (e.g., tray tag 51).
[0095] Other methods of using a system component comprise utilizing one or
more stationary machine readable tag readers (e.g., stationary machine readable
tag reader 43) positioned along one or more bay wall surfaces (e.g., bay wall surface
42) of a fraction collector tray bay (e.g., fraction collector tray bay 40) to read existing
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tag data from a machine readable tag (and, if desired, write new data onto the tag)
on a tray surface of a fraction collector tray (e.g., tray tag 51); and collecting one or
more sample fractions within one or more collection vessels positioned at one or
more specific locations along the fraction collector tray (e.g., fraction collector tray
50) based on the existing tag data (e.g., existing tag data on tray tag 51). Typically,
each fraction collector tray (e.g., fraction collector tray 50) within the chromatography
system comprises a single machine readable tag (e.g., tray tag 51) positioned along
an abutting tray surface (i.e., a tray surface (e.g., tray surface 52) that abuts a bay
wall surface of the fraction collector tray bay (e.g., bay wall surface 42)) of a given
fraction collector tray.

[0096] In some embodiments, the method of using a system component may
comprise utilizing one or more system components in a chromatography system,
wherein the method comprises utilizing at least one mobile machine readable tag
reader (e.g., mobile machine readable tag reader 30) in combination with at least
one stationary machine readable tag reader (e.g., stationary machine readable tag
reader 43) within the chromatography system, wherein each machine readable tag
reader is operatively adapted to read existing tag data from a machine readable tag,
and at least one (or each) of the machine readable tag readers is also operatively
adapted to write new tag data onto a given machine readable tag within the
chromatography system. The exemplary methods may further comprise utilizing one
or more machine readable tags within the chromatography system either alone or in
combination with (i) one or more chromatography cartridges, (ii) one or more fraction
collector tray bays, or both (i) and (ii).

[0097] As discussed above, the system components of the present invention
enable efficient, safe and intelligent operation of a given chromatography system.
For example, swappable, extendable fraction collector trays allow a user to extend
fraction collection capabilities without purchasing additional fraction collectors.
Information collected from one or more optical sensors 41 informs a given system
that a fraction collector tray (e.g., fraction collector tray 50) is installed, while
machine readable tray tag 51 (e.g., an RFID inlay) informs the system of the type of
tray and its unique identifier.

[0098] The system components may provide that all trays (e.qg., fraction
collector trays 50) have a unique identifier that distinguishes one tray from another.
In this exemplary embodiment, the system will know when a new tray has been
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placed into the system. If a tray is removed during a run and a new tray of the same
size or a different size is installed, the system will give a user the option to extend
the fraction collector capabilities or replace a given tray. The user will have the.
option to continue or extend the fraction collection capabilities to as many trays as
needed.

[0099] The system components also enable pull and pause fraction collector
sampling. Users periodically need to take samples from a fraction collector vial
during a run. If a user pulls a tray (e.g., fraction collector tray 50) while the system of
the present invention is running, a tray bay sensor (e.g., optical sensors 41) will
trigger the system to pause and wait to restart once the tray bay sensor (e.g., optical
sensors 41) identifies that the tray (e.g., fraction collector tray 50) has been
reinstalled. If the system identifies that machine readable tray tag 51 of the tray
(e.g., the RFID unique identifier) has not changed, the system will resume where it
left off. If the machine readable tray tag 51 of the tray (e.g., the RFID unique
identifier) has changed, the user will be prompted regarding the change, and how to
restart collecting if the user wishes to continue the collection process.

[0100] The system components further enable mix and match fraction
collector trays and collection patterns. A user may use two different vial size fraction
collector trays in the system at any time and collect peak, non-peaks in two different
trays during a run. The machine readable tray tag 51 of the tray (e.g., the RFID
unique identifier) on each tray is embedded with a unique ID, vial size and pattern.
The collection pattern and volume is dependent on the information collected from
the machine readable tray tag 51 of a given tray (e.g., the RFID unique identifier).
Since the system knows the flow rate, time for each collected peak and non-peak,
vial size, position and maximum volume for each vial, the system is able to collect
peaks in one tray and non-peaks in another. This allows the user to collect any and
all peaks in any vial pattern and size in a single run.

EXAMPLES

[0101] The present invention is further illustrated by the following examples,
which are not to be construed in any way as imposing limitations upon the scope
thereof. On the contrary, it is to be clearly understood that resort may be had to
various other embodiments, modifications, and equivalents thereof which, after
reading the description herein, may suggest themselves to those skilled in the art
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without departing from the spirit of the present invention and/or the scope of the
appended claims.

EXAMPLE 1

[0102] A 12g Reveleris silica cartridge, equipped with an RFID tag, is installed
on a Reveleris flash chromatography system. The RFID reader on the Reveleris
system reads the tag on the silica cartridge that contains the column size, packing
type and number of times the cartridge has been used. Based on the column size,
the Reveleris sets the default flow to 25mi/minute and the system upper pressure
limit to 200psig. A sample is analyzed and thereafter the flash system’s RFID reader
writes to the RFID tag on the cartridge incrementing the number of times the
cartridge has been used by one.

[0103] While the invention has been described with a limited number of
embodiments, these specific embodiments are not intended to limit the scope of the
invention as otherwise described and claimed herein. It may be evident to those of
ordinary skill in the art upon review of the exemplary embodiments herein that
further modifications, equivalents, and variations are possible. All parts and
percentages in the examples, as well as in the remainder of the specification, are by
weigﬁt unless otherwise specified. Further, any range of numbers recited in the
specification or claims, such as that representing a particular set of properties, units
of measure, conditions, physical states or percentages, is intended to literally
incorporate expressly herein by reference or otherwise, any number falling within
such range, including any subset of numbers within any range so recited. For
example, whenever a numerical range with a lower limit, R, and an upper limit Ry, is
disclosed, any number R falling within the range is specifically disclosed. In
particular, the following numbers R within the range are specifically disclosed: R = R,
+ k(Ru -RL), where k is a variable ranging from 1% to 100% with a 1% increment,
e.g., kKis 1%, 2%, 3%, 4%, 5%. ... 50%, 51%, 52%. ... 95%, 96%, 97%, 98%, 99%,
or 100%. Moreover, any numerical range represented by any two values of R, as
calculated above is also specifically disclosed. Any modifications of the invention, in
addition to those shown and described herein, will become apparent to those skilled
in the art from the foregoing description and accompanying drawings. Such
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modifications are intended to fall within the scope of the appended claims. Al
publications cited herein are incorporated by reference in their entirety.
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WHAT IS CLAIMED IS:

1. A machine readable tag reader for use in a chromatography system, said
machine readable tag reader being operatively adapted to:

(@) read existing tag data from a machine readable tag; and

(b)  write new data onto the machine readable tag.

2. The machine readable tag reader of Claim 1, wherein the new data comprises
historical cartridge use data, said historical cartridge use data comprising one or
more pieces of data including a date of cartridge use, a solvent used in the cartridge
on the date, a count of how many times the cartridge has been used, sample type,
user name, and any combination thereof.

3. The machine readable tag reader of Claim 1, wherein the existing tag data
comprises data that sets one or more operational conditions of the chromatography
system.

4. The machine readable tag reader of Claim 1, said machine readable tag
reader comprising:

(@) a reader arm having a first end and a second end, said first end being
connectable to an object within the chromatography system, and said second end
being operatively adapted to move relative to the object when said first end is
connected to the object; and

(b) atag reader component attached to said second end, wherein said tag
reader component is operatively adapted to (i) read existing tag data from the
machine readable tag, (ii) write new data onto the machine readable tag, and (iii)
move relative to said second end.

5. The machine readable tag reader of claim 1 in combination with (1) one or
more machine readable tags, and (2) (i) a chromatography cartridge, (ii) a fraction
collector tray bay, or both (i) the chromatography cartridge and (ii) the fraction
collector tray bay; said one or more machine readable tags being positioned along a
surface of the chromatography cartridge, a surface of the fraction collector tray bay,
or both.
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6. A machine readable tag reader suitable for use in a chromatography system,
said machine readable tag reader comprising:

(@) a reader arm having a first end and a second end, said first end being
connectable to an object within the chromatography system, and said second end
being operatively adapted to move relative to the object when said first end is
connected to the object; and

(b) atagreader component attached to said second end, wherein said tag
reader component is operatively adapted to (i) move relative to said second end, (ii)
read existing tag data from a machine readable tag, and (iii) write new data onto the
machine readable tag.

7. The machine readable tag reader of claim 6, said tag reader component
being operatively adapted to move so as to position an outer surface of said tag
reader component adjacent to and over an outer surface of the machine readable
tag.

8. The machine readable tag reader of claim 6 in combination with one or more
machine readable tags.

9. The machine readable tag reader of claim 8, wherein each machine readable
tag is positioned on a separate chromatography cartridge.

10. A fraction collection system of a chromatography system, said fraction
collection system comprising:

(a) a fraction collector tray bay; and

(b) one or more sensors positioned along one or more bay wall surfaces of
said fraction collector tray bay, said one or more sensors being operatively adapted
to detect one or more fraction collector trays positioned within said fraction collector
tray bay.

11.  The fraction collection system of claim 10, wherein at least one of said one or
more sensors comprises an optical sensor.
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12.  The fraction collection system of claim 10, further comprising:

(@)  one or more stationary machine readable tag readers positioned along
said one or more bay wall surfaces of said fraction coliector tray bay, each of said
one or more stationary machine readable tag readers being operatively adapted to
(i) read existing tag data from a machine readable tag on a surface of a fraction
collector tray.

13.  The fraction collection system of claim 12, wherein at least one of said one or
more stationary machine readable tag readers is operatively adapted to (ii) write new
data onto a given machine readable tag.

14.  The fraction collection system of claim 12, further comprising:

(a) one or more fraction collector trays configured to be positioned within
said fraction collector tray bay, wherein each of said one or more fraction collector
trays comprises a machine readable tag positioned along a tray surface of the
fraction collector tray.

15.  The fraction collection system of claim 14, wherein each of said one or more
fraction collector trays comprises a single machine readable tag positioned along a
tray surface of the fraction collector tray.

16. The fraction collection system of claim 15, wherein said single machine
readable tag comprises fraction data, said fraction data comprising (i) fraction vessel
positions along an outer tray surface of the fraction collector tray, (ii) empty fraction
vessel positions along the outer tray surface of the fraction collector tray, (iii)
occupied fraction vessel positions along the outer tray surface of the fraction
collector tray, (iv) fraction vessel information for each fraction vessel positioned
within one or more of the occupied fraction vessel positions, (v) fraction information
for each fraction positioned within one or more of the occupied fraction vessel
positions, or (vi) any combination of (i) to (v).

17.  The fraction collection system of claim 14, wherein at least two fraction
collector trays are positioned side-by-side relative to one another, and an outer
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perimeter of said at least two side-by-side fraction collection trays faces at least two
adjacent bay wall surfaces of said fraction collector tray bay.

18.  The fraction collection system of claim 17, wherein said one or more bay wall
surfaces comprise a stationary machine readable tag reader for each fraction
collector tray positioned within the fraction collector tray bay.

19.  The fraction collection system of claim 17, wherein a single bay wall surface
comprises at least two stationary machine readable tag readers for said at least two
side-by-side fraction collector trays.

20. The fraction collection system of claim 12, further comprising:

(@) a mobile machine readable tag reader suitable for use in the
chromatography system, said mobile machine readable tag reader comprising:

(b) a reader arm having a first end and a second end, said first end being
connectable to an object within the chromatography system, and said second end
being operatively adapted to move relative to the object when said first end is
connected to the object; and

(c)  atag reader component attached to said second end, wherein said tag
reader component is operatively adapted to (i) move relative to said second end,
and (ii) read existing tag data from a machine readable tag.

21. The fraction collection system of claim 20, wherein said tag reader
component is operatively adapted to (iii) write new data onto the machine readable
tag.

22. A cartridge height sensing device comprising:

(a) a printed circuit board;

(b) one or more pad sensors extending vertically along an outer surface of
said printed circuit board; and

(c) one or more contact sensors positioned along a column arm of a
cartridge support member;
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(d)  wherein a location of said one or more contact sensors in contact with
said one or more pad sensors determines a height of a cartridge positioned within
the cartridge support member.

23. A chromatography system comprising the machine readable tag reader of
claim 1.

24. A chromatography system comprising the machine readable tag reader of
claim 6.

25. A chromatography system comprising the fraction collection system of claim
10.

26. A chromatography system comprising the fraction collection system of claim
12.

27. A chromatography system comprising the fraction collection system of claim
20.

28. A chromatography system comprising the cartridge height sensing device of
claim 22.

29. A chromatography system comprising:

(a) a machine readable tag reader, and

(b) a machine readable tag, wherein the machine readable tag reader is
operatively adapted to write new data onto the machine readable tag.
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