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(57) Abrégée/Abstract:

A cartridge holder (400) includes a holder body (420) having a cavity (421, 422) along a longitudinal axis of the holder body (420).
A floating screw (440) has a longitudinal axis and a hole (441) through the length of the floating screw (440). The floating screw
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(57) Abrege(suite)/Abstract(continued):

(440) Is adapted to engage with the cavity (422) in such a way that the floating screw (440) iIs movable relative to the holder body
(420) along the longitudinal axis of the holder body (420). But rotary movement of the floating screw (440) around the longitudinal
axis of the holder body (420) is confined by a restriction (424) of the cavity (422). An outlet unit (430) having a stem (433) with a
central hole (431) and a length greater than that of the floating screw (440) Is adapted to be movably inserted into the hole (441) of
the floating screw (440), so that a first end of the outlet unit (430) extends out of the hole (441) and a second end of the outlet unit
(430) Is engaged with the cavity (421). An end cap (410) Is provided to engage with the cavity (421). In use a cartridge (450) Is
placed Inside the cavity (421) of the holder body (420) between the end cap (410) and the outlet unit (430). The floating screw
(440) can be screwed onto an endfitting (470) of a chromatography column (480) by turning the holder body (420) and, In the
meantime, the outlet unit (430) Is pushed toward the endfitting (470) so that a zero dead volume connection Is achieved. Thus, the
cartridge holder (400) fits to all brands of column endfittings by self-adjusting the relative position of floating screw (440) and outlet

unit (430). The cartridge holder (400) also can be modified to connect a tubing (490) directly to endfitting (470) of chromatography
column (480).
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A DIRECT SCREW-ON CARTRIDGE HOLDER
WITH SELF-ADJUSTABLE CONNECTION
Field of Invention

The present invention relates to a cartridge holder and connection for connecting a cartridge to a

chromatography column.

Background of the Invention
In the field of chromatography, such as high performance liquid chromatography (HPLC), gas chromatography

(GC), supercritical fluid chromatography (SFC), and capillary electrochromatography (CEC), a cartridge is often installed
In-line with a chromatography column. 1f the cartridge packing consists of the same material as the column packing,
It is called a guard cartridge and protects the column from contamination. If the cartridge contains filtration material,
the cartridge is a filter and functions to remove particulates from the mobile phase. The cartridge may also work
as a sample concentrator, or as a solid phase derivatization device based on the properties of the cartridge packing.
The cartridge may be constructed to have the shape of column, disk, or tubule. For installation of the cartridge in-
line to a chromatography column, a cartridge holder is required. It is well established that dead volume in the
connection between a tubing and a column inlet significantly affects the performance of the column. For example,
the dead volume causes poor separation and peak broadening and overlap, and makes it very difficult to identify and
quantify species i the sample, if not impossible. Those problems are even more serious when a small quantity of
samples is involved. Although efforts have been made to minimize the dead volume by designing connection unions
of different structures, it is not a easy job for an ordinary user to make a connection with minimal dead volume and
great caution has to be taken during a connecting operation. A conventional cartridge holder typically consists
of thr.ee parts: inlet fitting 110, holder body 120, and outlet fitting 130 as depicted in Figure 1. In this holder each
end of tube 160 is separately connected to either column 180 or fitting 130. Cartridge 150 is secured in holder
body 120 by fittings 110 and 130. Cartridge holder 100 is in-line connected to endfitting 170 of chromatography
column 180 through tube 160 by finger tights 140. Since HPLC requires connections with minimal dead volume one
must screw finger tight 140 and simultaneously press tube 160 against fitting 130 or 170 to ensure that the tube
end is in close contact with the fitting. Obviously, this is an inconvenient precess and runs the risk of generating
dead volume during the connection. Another disadvantage is that, using two finger tights 140 for the connection
between cartridge holder 100 and column 180, results in a long flow path for mobile phases, degrading column
performance. Moreover, the two finger tights 140 have to be tightened separately and more time is needed to
complete the connection.

Other cartridge hoiders include a two-piece cartridge holder of Figure 2. The cartridge holder 200 has an
end cap 210 and holder body 220. At the outlet side of the holder body 220, a threaded male coupling 221 with
thin hole 222 extends out. Cartridge 250 is secured in body 220 by threading end cap 210 into hoider body 220.
To connect cartridge holder 200 onto chromatography column 280, the male coupling 221 of holder body 220 is
screwed into endfitting 270 of column 280. Tapered section 223 is pressed against ferrule seat 271 of endfitting

270 to seal the connection. The pilot depth 272 of endfitting 270 is filled by pilot extension 224 of holder body
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220 to reduce the dead volume of the connection. The two-piece cartridge holder can be directly screwed onto a
chromatography column and that simplifies the connection process.

But the two-piece cartridge holder 200 has limitations. One major limitation is the compatibility of the
holder connection. Manv brands of column endfittings exist and each has a different configuration. Even if female
thread 273 and ferrule seat 271 of endfitting 270 of column 280 are standardized, significant variation in the length
of pilot depth 272 exists. If the length of pilot depth 272 of endfitting 270 is longer than the length of pilot
extension 224 of cartridge holder 200, dead volume will be produced once cartridge holder 200 is screwed onto
endfitting 270. If the length of pilot depth 272 of endfitting 270 is shorter than the length of pilot extension 224
of cartridge holder 200, tapered section 223 cannot be pressed tightly against ferrule seat 271, causing the
connection to leak. This means that the two-piece cartridge holder 200 of defined pilot extension 224 can only be
connected onto a column with the endfitting 270 of matched pilot depth 272. Moreover, most column users are
not aware of the brand of the endfitting for the column they are using and often find it difficult to choose a suitable
cartridge holder for the column. Further, small dimensional differences can exist that are not detectable visually, but
which can greatly degrade performance.

Another cartridge is described in Figure 3, in which the cartridge consists of two pieces. Inner piece 340
contains cartridge 341, tube 342, ferrule seat 343, and pilot depth 344. Outer piece 320 consists of female thread
321, cavity 322, channel 323, male thread 324, and tapered section 325. Inner piece 340 can move longitudinally
in cavity 322 and channel 323.

For connection, cartridge holder 300 is screwed into endfitting 370 of column 380 and tightened to the
extent that tapered section 325 of outer piece 320 is in contact with ferrule seat 371, but is not tight enough to
grip"and hold tubing 342 so that tubing 342 is still movable. The correct tightness is very difficult to achieve. A
standard nut 310 with tubing 311 is then screwed into cavity 322 in cartridge holder 300 through female thread
321 and pushes inner piece 340 forward until the end of tube 342 of inner piece 340 reaches the bottom of pilot
depth 372 of endfitting 370. A minimal dead-velume connection is supposed to be achieved in this way. Cartridge
300 is then firmly tightened to seal the connection with endfitting 370.

Though this design of Figure 3 is supposed to match most column endfittings, it is not easy to determine
how much tightening should be made in each step. For example, if cartridge 300 is tightened firmly to endfitting
370 before nut 310 screws in, then tube 342 of inner piece 340 will not move when nut 310 is threading in
cartridge holder 300 and the end of tube 342 may be unable to move forward to fill pilot depth 372, thus increasing
the dead volume. Further, tube 342 has a nonsupported portion 342a in cavity 322 of outer piece 320 to aliow
an adjustable range. Since sealing pressure from nut 310 is transferred entirely onto tube 342, a high sealing force
is not acceptable for this design due to the possibility of breakage or deformation of the nonsupported portion 342a.
Currently the design is believed only suitable for a miniaturized cartridge format.

When connecting a tubing to a chromatography column, similar problems as discussed above exist. In

particular, it is difficult to achieve zero dead volume using conventional connecting union.
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A cartridge holder with application multiplicity, column-fitting compatibility, and operation simplicity
IS needed.

Summary of the Invention

One aspect of the present invention is to provide a cartridge holder which can automatically adjust
the configuration of its connection unit to match different types of endfittings of chromatography columns,
and achieve a zero dead-volume connection.

Another aspect of the present invention is to provide a cartridge holder which will accommodate
different types of cartridges while retaining compatibility with different column endfittings.

Another aspect of the present invention is to provide a cartridge holder which can withstand high
backpressure and is metal-free on its flow path.

Still another aspect of the present invention is to provide a connecting union which is compatibie
to different types of endfittings of chromatography columns with different pilot depth that can readily
achieve a zero dead-volume connection.

Accordingly, the present invention provides a connection for use in connecting a fluid inlet to a
chromatography column having an end fitting containing a pilot depth having a pilot seat in fluid
communication with the column, the connection having a housing with a cavity extending through the
housing, characterized by: means cooperating with a tubular stem for restraining motion of the tubular stem
relative to the housing at least in one direction along a longitudinal axis of the tubular stem; means
movable relative to the housing and movable along and rotatable about the longitudinal axis of the stem for
connecting a distal end of the tubular stem to the end fitting and placing the distal end of the tubular stem
in sealed fluid communication with the column; and means in the housing for cooperating with the
moveable means to cause the moveable means to rotate with the housing about the longitudinal axis of the
tubular stem with rotation of the housing causing the movable means to move along the longitudinal axis
of the stem.

The present invention provides an apparatus for forming a flud connection with a
chromatography column having an end fitting containing a pilot depth with a pilot seat comprises a
housing. The housing has an aperture extending therethrough. The aperture has a first cavity with a
restricted opening at one end of the cavity. A tube has a distal end extending through the restricted
opening and has a proximal end with a radially enlarged portion that abuts the restnicted opening to restrain
axial motion of the tube relative to the housing in a direction toward the distal end of the tube. The
nroximal end of the tube is in fluid communication with the first cavity. A movable connector has an
aperture through which the distal end of the tube extends a sufficient distance to aliow the distal end to be
placed against the pilot seat of the pilot depth of the chromatography column to place the tube in fluid

communication with the column. The moveable connector has a threaded portion adapted to threadingly
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engage the end fitting on the chromatography column. The moveable connector has a proximal end
configured to engage a portion of the housing to restrain relative rotation of the housing and the moveable
connector about a longitudinal axis of the tube.

The present invention also provides a connector far a chromatography column having an end
fitting containing a pilot depth with a pilot seat in fluid communication with the column, comprising: means
in @ housing for forming a sealed fluid connection with the fluid iniet; a tubular stem having a proximal end
in the housing and adapted to be placed in fiuid communication with the inlet when in use, the stem having
a longitudinal axis extending from that proximal end through a distal end of the stem; means for restraining
motion at the stem relative to the housing along the longitudinal axis of the stem; means movable along,
rotatable about and coaxial with the tubular stem for placing the distal end in sealed fluid communication
with the column when in use, the housing having means constraining the movable means to rotate with the
housing to move along the longitudinal axis of the stem, the stem extending beyond the movable means to
form the fluid connection with the inlet.

The present invention also provides an apparatus for forming a fluid connection with a
chromatography column having an end fitting containing a pilot depth with a pilot seat comprises a
housing. The housing has a cavity extending through the housing. The cavity having a ledge extending
around an interior periphery of the cavity. The cavity has a first end through which fluid passes during use
of the connector fitting. A tubular stem has a proximal end with a flange that cooperates with the ledge to
restrain axial motion of the tubular stem relative to the housing along an axial length of the tubular stem in
a direction toward a distal end of the tubular stem. The tubular stem has a distal end extending through a
shaped opening in the housing. The proximal end of the tubular stem is in fluid communication with the
fluid in the first end of the cavity. A movable connector has an aperture through which the distal end of the
tubular stem extends a sufficient distance to allow the distal end to be placed against the pilot seat of the
pilot depth of the chromatography column to place the tubular stem in fluid communication with the column.
The moveable connector being moveable along an axial length of the tubular stem during installation. The
moveable connector has a distal end threaded to engage the end fitting on the chromatography column.
The movable connector having a proximal end located in the cavity between the flange and the shaped
opening with the proximal end of the movable connector is configured relative to the shaped opening to
permit movement of the moveable connector along the axial length of the stem but restrain rotation about
that axial length so the moveable connector and the housing rotate together about that axial length.

In another aspect, the present invention provides a method for connecting a fluid inlet to a
chromatography column having an end fitting the connection having a housing with a cavity extending
through the housing, characterized by the steps of: placing the fluid inlet in sealed fluid communication with

a shaped cavity extending through the housing; engaging a tubular stem in the housing to restrain motion
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of the tubular stem relative to the housing at least in one direction along a longitudinal axis of the tubular
stem and to place the shaped cavity in fluid communication with a proximal end of the stem located in the
shaped cavity;, extending the tubular stem to extend through a coaxial connector; constraining the
connector to rotate with the housing so that rotation of the housing causes the connector to move along the
longitudinal axis of the stem; and moving the connector relative to the housing and relative to the
longitudinal axis of the stem to connect a distal end of the tubular stem to the end fitting and placing the
distal end of the tubular stem in sealed fluid communication with the column.

The present invention also provides a method for forming a fluid connection with a
chromatography column having an and fitting containing a pilot depth with a pilot seat in fluid
communication with the column, characterized by the steps of. engaging a cavity in a housing with a
tubular stem, the stem having a longitudinal axis extending through a distal end and proximal end of the
stem; restraining motion of the stem relative to the housing along the longitudinal axis of the stem in at
least one direction; placing the distal end of the stem against the pilot seat of the pilot depth; moving a
connector along the longitudinal axis to connect the distal end of the stem to the end fitting while
constraining the connector to rotate with the housing such that rotation of the housing causes the
connector to move along the longitudinal axis, and sealing the distal end of the stem in fluid communication
with the pilot seat of the pilot depth.

A method for connecting a cartridge to a chromatography column according to one aspect of the
present invention comprises the steps at (a) providing a cartridge holder having a holder body with a cavity,
a floating screw with a through hole, an outlet unit with a central hole, and an end cap; (b) placing the
floating screw into the cavity of the holder body so that a first part of the floating screw is outside the cavity
and a second part of the floating screw is inside the cavity, the second part is engaged with the cavity in
such a way that turning the holder body will force the floating screw to turn accordingly, but the floating
screw is free to move along a longitudinal direction of the cavity of the holder body; (c) inserting the outlet
unit into the through hole of the floating screw, a first end of the outlet unit extending into the through hole
and a second end of the outlet unit engaging with the cavity in such a way that aliows independent
movement of the floating screw relative to the outlet unit along a longitudinal axis of the holder body; (d)
placing the cartridge into the cavity adjacent the second end of the outlet unit; (e) securing and tightening
the end cap onto the cavity so that a flow passage is formed through the central hold, the cartridge, and the
end cap, and that connections between the second end of the outlet unit and the cartridge, and between
the cartridge and the end cap are sealed; and (f) screwing the first part of the floating screw into a column
endfitting by turning the holder body while pushing the cartridge holder against the column endfitting.

The cartridge holder of the present invention has several advantages. The built-in male

connection unit allows the cartridge holder to be directly screwed into the endfitting of a chromatography
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column without the need for additional connection units or adapters. The male connection unit can
automatically adjust its configuration according to the structure of column endfitting, rendering the cartridge
holder to be assembled onto any brand of column endfittings with zero dead volume connection. The male
connection unit can be integrated to components other than cartridge holders for various applications
requiring universal fitting and zero dead volume connection.

Similarly, the connecting union of the present invention can be used with different types of
endfitting with different pilot depth, and to achieve zero dead volume automatically.

Brief Description of the Drawings

The present invention will be better understood from the description of the embodiments given
below, taken in conjunction with the drawings in which like reference characters or numbers refer to like
parts throughout the description, and in which:

Figure 1 shows a conventional cartridge of the prior art;

Figure 2 shows a screw-on cartridge of the prior art;

Figure 3 shows a two-piece cartridge of the prior art;

Figure 4a shows an embodiment of the present invention;
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Figure 4b shows another embodiment of the present invention;
Figure 4¢ shows a cartridge with a movable center unit in another embodiment of the present invention;
Figure 4d is a cross-sectional view along 4d-4d of the cartridge holder of Figure 4
Figure 5 shows a cartridge containing a ferrule seat in another embodiment of the present invention: and

Figure 6 shows a connecting union for connecting a tubing to a column inlet in another embodiment of the

present invention.
Detailed Description of the Preferred Embodiment

In one embodiment of the present invention, the cartridge holder comprises a holder body, a floating screw,
an outlet unit, and an end cap. A cartridge is held between the end cap and the outlet unit inside the cartridge
body. Thus, the end cap, the cartridge, and the outiet unit are held together by the cartridge body, forming an in-line
passage with a chromatography column. The floating screw serves to engage with the endfitting of the column and
to secure and seal the outlet unit to the endfitting. One advantageous feature of the cartridge holder is that the
floating screw is movable relative to the cartridge body in a direction along the longitudinal axis of the cartridge body
and, in the meantime, engaged with the cartridge body so that the floating screw can be screwed on to the
endfitting of a column by turning the cartridge body.

Through the engagement between the floating screw and the assembly of the cartridge bady, the end cap,
the cartridge, and the outlet unit, it is possible to keep the outlet unit in ciose contact with the full pilot depth of
the column endfitting while tightening the floating screw to the endfitting. This is achieved in a simple manner.
During a connection operation, in order to screw the floating screw on to the column endfitting and, in the meantime,
to keep the outlet unit in close touch with the full pilot depth, the operator only needs to turn the cartridge body.
By turning the cartridge body, the floating screw follows the rotary movement of the cartridge holder and is screwed

on and, in the meantime, the outlet unit is automatically and naturally forced against the endfitting. The movement

, of the tloating screw relative to the outlet unit allows the outlet unit stays in touch with the full pilot depth while

. .......*y'.\, v

the floating screw is moving toward the endfitting caused by turning the cartridge body. This relative movement
also avoids any possible damage caused by unmatched pilot depth and outlet unit. Depending on the relative length
of the floating screw and the outlet unit, it is possible that the outlet unit is not in touch with the bottom or pilot
seat of the pilot depth of the endfitting at the beginning of a connecting operation. But as the turning of the holder
body continues, the outlet unit will move toward the endfitting gradually and reach to the bottom of the pilot depth
at certain peint before the relative movement between the floating screw and the outlet unit is locked due to the
squeeze of the floating screw or a ferrule on the outlet unit by the ferrule seat of the endfitting.

Based on the principle discussed above, there are other ways to assemble and configure the cartridge holder
of the present invention.

As can be appreciated from the above discussion, to achieve zero dead volume the pilot seat of the pilot
depth of the endfitting must be in close contact with the tubing or the pilot extension of a cartridge holder. By
providing a structure allowing the relative movement between the floating screw and the outlet unit and, more

importantly, allowing simultaneously the above relative movement and the movement of the floating screw toward
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the column endfitting through simple turning operation, the cartridge holder of the present invention is easy to
operate to achieve a zero dead-volume connection and compatible to all types of column endfittings with different
pilot depth. The cartridge holder can be used to accommodate different types of cartridges with different shapes
to fulfill various functions, such as column protection, sample derivatization, sample preparation, sample concentration,
and on-line eluent filtration. A modified version of the holder of the present invention can also be used as a zero
dead-volume connection union for tubing installation.

The cartridge holder of the present invention is described in more detail below by reference to the drawings.

Figure 4a dlustrates one embodiment of the cartridge holder of the present invention for cartridges with
flat ends. A cartridge hoider 400 comprises an end cap 410, a housing or holder body 420, an outlet unit 430 and
a floating screw 440. In use, a cartridge 450 is placed in holder body 420 between end cap 410 and outlet unit
430. End cap 410 has a cylindrical female fitting 411, a cylindrical male thread 412, and a cavity 413. Female
fitting 411 is of standard type for receiving a standard nut 460 with a tubing 490. Next to the unthreaded portion
is a conical-shaped ferrule seat 415. At the narrow end of ferrule seat 415 is a cylindrical pilot depth 414. The
diameter of pilot depth 414 matches that of tubing 430. At the end of pilot depth 414, there is a disk-shaped pilot
seat 414a with a central hole thereon. Cavity 413 is located on the opposite side of female fitting 411 and
communicates with temale fitting 411 through the central hole of pilot seat 414a. Cavity 413 is for housing and
holding cartridge 450 in position. Cavity 413 can have different shapes matching that of cartridge 450. Generally,
cavity 413 has a side wall for canfining cartridge 450 and an end surface for forming a radially sealed fluid passage
with an end surface of cartridge 450. Male thread 412 is provided on the outer surface of end cap 410.

Cartridge 450 preferably has a side wall to hold and radially seal a packing material in the cartridge 450.
Two end surfaces of cartridge 450 are open to fluid flow. When cartridge 450 is placed in holder body 420, one
end surface is forced against the end surface of cavity 413. Thus, the conjunction between the end surface of
cavity 413 and the end surface of cartridge 450 is sealed radially and a fluid passage is form between the two
surtaces through the central hole 414a and the packing material of cartridge 450. Cartridge 450 can be made any
shape acceptable by the cavity 413. in one embodiment, cartridge 450 has a cylindrical shape with two fiat end
(upper and lower) surfaces perpendicular to a cylindrical side wall. Accordingly, cavity 413 has a cylindrical side
wall and a flat end surface perpendicular to the cylindrical wall, and the diameter of cavity 413 is slightly larger
than that of cartridge 450. Under certain circumstances, the orientation of cartridge 450 may be important. For
example, when a used but still usable cartridge is put back into cartridge holder 400, it is important to put it in the
original orientation in order to prevent contamination to the column from the used part of the cartridge 450. Thus,
cartridge 450 can be made to have different shapes at two sides and only one side matches the shape of cavity
413. It can be any shape as long as the two sides are different, such as circle, square, oval. It is also possible
to provide a projection on side of the cartridge to prevent that side from entering cavity 413. Different color can
be also used as indication.

Housing or holder body 420 has a major cavity 421 and a smaller minor cavity 422 divided by an edge or

ridge 423. At one end of holder body 420 is a restriction 424. Major cavity 421 has a female thread 4213
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extending about 2/3 into the major cavity 421 for engaging with male thread 412 of end cap 410. Minor cavity
422 is shorter and narrower than major cavity 421. The length of minor cavity 422 should be long enough to allow
tloating screw 440 to move relative to cartridge holder body 420 in a predetermined range so as to adapt to column
endfittings with different pilot depths. Edge 423 forms at the conjunction of the two cavities 421 and 422. Edge
423 is configured to support outlet unit 430 when cartridge 450 is pushed against outlet unit 430 so that good
seal can be formed between cartridge 450 and outlet unit 430. In one embodiment, edge 423 has a flat surface
substantially perpendicular to the axial direction of holder body 420. An aperture in one end of body 420 forms a
restriction 424 designed to engage with floating screw 440. The cross-sectional area of restriction 424 matches
that of tloating screw and is slightly larger than the later, so that floating screw 440 can freely move through
restriction 424 along a common longitudinal axis of both restriction 424 and floating screw 440. But ratary
movement of floating screw 440 around the longitudinal axis is restricted by restriction 424 so that screw 440
rotates with holder body 420. Different types and shapes of apertures or restrictions 424 can be used. As long
as the shaped opening of restriction 424 allows longitudinal movement of floating screw 440 but restrains rotation
about the longitudinal axis. Thus, restriction 424 and the portion of floating screw 440 engaging the restriction 424
will typically have corresponding matching shapes that allow longitudinal movement but not relative rotation of the
floating screw 440 and housing or holder body 420. In one embodiment, restriction 424 is 3 hexagonal channel (as
shown in Figure 4d) and its internal diameter is smaller than the internal diameter of minor cavity 422. Restriction
424 can also be made of a cylindrical shape with slots extending along its longitudinal axis to pin floating screw
440. Restriction 424 should be long enough to rotate and direct the forward and backward movement of floating
screw 440 to avoid tiiting. There is thus advantageously provided a means for rotating holder body 420 and floating
screw 440 together while allowing floating screw 440 to move along the longitudinal axis of floating screw 440
relative to holder body 420. There is also advantageously provided means for restraining rotation of the floating
screw 440 relative to the holder body 420 while permitting relative movement along the longitudinal axis of floating
screw 440.

Floating screw 440 has a stem 442 extending from a head or limiting rim 445, a male thread 443 is formed
on the exterior of stem 442. The stem 442 ends in a tapered tip 444. A channel 441 extends through head 445
and stem 442. Channel 441 is for accommodating outlet unit 430, which can be any appropriate shape as long as
it matches with the shape of outlet unit 430. In one embodiment, Channel 441 is cylindrical and has an internal
diameter slightly larger than the outer diameter of tail 433 of outlet unit 430. The length of channel 441 should
be shorter than the length of tail 433 so that tail 433 can extend out from channel 441 if assembled according to
Figure 4a. The difference in length between channel 441 and tail 433 determines the pilot depth to which the
cartridge holder is compatible. Preferably, the difference in length is made larger than the largest pilot depth of 2
column intended to be connected with the cartridge holder so that one end of tail 433 can be made in touch with
the bottom of the pilot depth of the column when floating screw is screwed onto the endfitting of the column.
Accordingly, minor cavity 422 of holder body 420 preferably has a length at least equal to the difference between
stem 433 of outlet unit 430 and channel 441 of floating screw 440. Stem 442 extends fram the head or limiting
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rim 445 to thread 443 and is designed to engage with restriction 424. Thus, stem 442 has an exterior shape
matching with the shape of restriction 424 and has a cross-sectional area slightiy smaller than the internal cross-
sectional area of restriction 424 of holder body 420. In one embodiment, stem 442 has a hexagonal shape cross-
sectionally. In another embodiment, stem 442 has a cylindrical shape with projections extending along its longitudinal
axis. The projections match the slots on restriction 424. Limiting rim 445 is optional, it has a cross-sectional area
larger than the internal cross-sectional area of restriction 424. When constructed as in Figure 4, limiting rim 445
functions to keep floating screw 440 from falling off. Floating screw 440 also has a tapered tip 444. Tip 444
preferably has a conical shape matching the shape of a ferrule seat 472 of an endfitting 470.

Outlet unit 430 has a hole 431 extending through a head 432 and a tail 433. Hole 431 defines a passage
for fluid to flow therethrough. In one embodiment, head 432 has a disk shape with a diameter close to the internal
diameter of major cavity 421 and can be press-fitted in major cavity 421. One side of head 432 is supported by
edge 423 of holder body 420. The other side of head 432 has a flat surface. The flat surface supports one end
surface of cartridge 450 and forms a radially sealed connection between these two surfaces when cartridge 450
is forced against head 432. Structures other than a flat surface also can be used for head 432 as long as it
matches with the shape of the end surface of cartridge 450. Major cavity 421 and minor cavity 422 are thus
separated by head 432. Head 432 restrains movement of stem 433 along the axial length of stem 433, and
advantageously only in the direction of the distal end of stem 433 that abuts pilot seat 471a. any suitable means
of restraining the axial motion can be used, including conventional ferrules and seats. Head 432 can be of
ditfferent shapes and made of suitable rigid material, such metal and plastic. Tail 433 can also be constructed of
any suitable rigid material, such as metal and plastic. In another embodiment, it is also possible to build outlet unit
430 and holder body 420 into an integral structure that is simultaneously formed from a single material. Preferably,
tail 433 has a tip with a flat surface substantially perpendicular to the longitudinal axis of tail 433 which can
brought in close contact with a pilot seat 471a of endfitting 470. Thus, tail 433 is inserted into the full length of
a pilot depth 471 of endfitting 470, and hole 431 of outlet unit 430 is connected to a central hole of pilot seat
471a and forms a radially sealed fluid passage. Optionally, the tip of tail 433 is provided with a ferrule.

Holder body 420, outlet unit 430, and floating screw 440 are preferably assembled into one assembly during
manufacture. Tail 433 of outlet unit 430 is inserted into channel 441 of floating screw 440, and they are positioned
into minor cavity 422 from major cavity 421 and secured by press head 432 of outlet unit 430 against edge 423
of body 420. The finished product will contain two units: end cap 410 and the assembled female unit 401.
Cartridge 450 can be installed into cartridge holder 400 simply by placing the cartridge in cavity 413 of end cap
410 and screwing the female unit 401 onto the end cap.

One of the advantages of the present invention is that cartridge holder 400 can be screwed into the
endfitting of a chromatography column directly to provide a shorter flow path, and is compatible with all types of
column endfittings. To install cartridge holder 400 into a chromatography column, male thread 443 of floating screw
440 1s engaged with female endfitting 470 of column 480. Fioating screw 440 will be automatically pressed back
against head 432 of outlet unit 430 by the engagement and tail 433 of outlet unit 430 will be exposed to its
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maximum extent. Since rotational movement of floating screw 440 against holder body 420 is prohibited by the
gngagement with restriction 424 of holder body 420, floating screw 440 is threaded into endfitting 470 of column
480 by turning cartridge holder 400. Floating screw 440 and tail 433 of outlet unit 430 are moving in paraliel
towards the column 480 during threading until the distal end 433a of tail 433 reaches the bottom (i.e. pilot seat
471a) of pilot depth 471 of endfitting 470. Further threading will puli floating screw 440 towards the endfitting
470, but tail 433 of autlet unit 430 will not move as it slides within channel 441.

When tapered tip 444 of floating screw 440 is pressed against ferrule seat 472 of endfitting 470, it
deforms radially inward toward tail 433 to hold and seal tail 433 of outlet unit 430 into column endfitting 470.

As described above, full length of pilot depth 471 of column endfitting 470 is filled by the distal end 433a
of tail 433 of outlet unit 430 with the threading process and no dead volume is generated in the junction between
distal end 433a of tail 433 and pilot depth 471 of column endfitting 470. Since floating screw 440 can move back
and forth along the length of tail 433 of outlet unit 430, the length of distal end 433a of tail 433 is self-adjusted
to fit different types of pilot depth 471 of endfitting 470, ensuring zero dead volume connection.

There is thus advantageously provided an elongated and adjustable floating member 440 having a distal end
sealingly connected to column 480 and a proximal end movably connected to cartridge holder body 420. A tubular
member 433 extends through the member 440 and is movable relative to member 440 until a distal end 433a of
member 433 is sealed in fluid communication with column 480 by the distal end of member 440. A proximal end
of member 433 is in sealing engagement with holder body 420 and in fluid communication with a cartridge 450
contained in body 420.

The tubular member 433 thus has a proximal end in fluid communication with cartridge 450 and sealed to
body 420 containing cartridge 450. The distal end of member 433 moves relative to floating member 440 as the
member 440 engages endfitting 470 and urges the distal end 4332 of member 433 against the pilot seat 471a until
the distal end 444 of tloating member 440 engages ferrule seat 472 to form a seal with ferrule seat 472 and with
the distal end 433a. This places the distal end 4333 in sealed fluid communication with column 480.

The cartridge holder of the present invention may be made of metal for optimum strength or be made of
rigid plastic for biocompatibility. 1t may also be made of 2 combination of rigid plastic and metal to achieve both
biocompatibility and maximum strength. The holder for this purposes should be constructed so that all parts with
thread be made of metal and all parts with tlow channel be made of rigid plastic. Holder body 420 and floating
screw 440 is preferably made of metal. Qutlet unit 430 is preferably made of rigid plastic.

Given the above disclosure, many modifications can be made to the basic design described in Figure 4 and
there follows a few examples. To prevent materials leaking out from a cartridge into the flow line, a frit may be
placed at the upstream opening of hole 431 on head 432 of outlet unit 430. When an extremely narrow flow
channel is required and the one-piece outlet unit 430 cannot be made with such a narrow hole, tail 433 can be
replaced by a piece of ready-made narrow tubing and the tubing can be permanently fixed onto head 432 of outlet

unit 430 by any means applicable. To avoid possible bending during connection, tail 433 may have a protective



10

15

20

25

30

35

CA 02265822 1999-03-09

WO 98/15824 PCT/US97/17803

11.
sleeve at the section close to head 432. For better sealing, tapered tip 444 can have various shapes or can be
replaced by ferrules of different type.

Referring to Figure 4b, end cap 410b is modified in this embodiment. End cap 410b is made of metal and
Is structurally the same as end cap 410 in Figure 4a except that cavity 413b is deepened or lengthened along the
longitudinal axis of holder 400 so pilot depth 414 opens directly into cavity 413b. A nonmetal pad 416 is then
press-fitted into the closed end of cavity 413b. The tiny hole at the center of pad 416 aligns with the hole in inlet
tubing 490. Mobile phase will flow from inlet tubing 430 into the hole of pad 416, pass through cartridge 450, and
exit out of outlet unit 430 through hole 431 in tail 433. No metal is used in the whole flow path. Thus, no metal
will be exposed to the fluid flowing in the flow path. The ability to insulate the mobil phase from contact with
metal is advantageous in some circumstances.

Figure 4c shows another embodiment of the cartridge holder of the present invention. As can be
appreciated from the discussion regarding the prior cartridge holder 400, shown in Figure 4a, in order to form a
nonleaking flow path between end cap 410, cartridge 450, and outlet unit 430, a sufficiently large force is needed
to keep these three parts sealed together. The relatively large cross-sectional area of cartridge 450 makes it more
demanding to apply the sealing face. When end cap 410 is screwed on against cartridge 450, the rotary movement
of end cap 410 will directly act on the surface of cartridge 450 which is in contact with the bottom surface of end
cap 410. This twisting force may damage the cartridge. Thus, a modified end cap is used in the cartridge holder
shown in Figure 4c. The end cap comprises two part: an annular end cap body 410c and a movable center unit
410d. End cap body 410c has a male thread 412c on its outer surface for engaging with female thread 421a. of
cartridge holder 420. End cap body 410c also has a hele or cavity 413c for receiving center unit 410d and cartridge
450. At the end of hole 413c opposite to cartridge 450, there is a flange, lip, or stopper 402 to confine center
unit 410d along the longitudinal axis of the holder 400. in one embodiment, stopper 402 forms a cylindrical flange
with a diameter smaller than that of hole 413c and smaller than the exterior of the center unit 410d contained in
cavity 413c. Center unit 410d has a female fitting 411d, a ferrule seat 415d, and a pilot depth 414d. Center unit
410d has a outer diameter slightly smaller than the inner diameter of hole 413c so that it can be slidably inserted

into hole 413c. The outer surface of center unit 410d has a step or shoulder 403 for engaging with stopper 402.

In use, center unit 410d is inserted into end cap body 410c. Body 410c is then screwed into cavity 421.
By tuning end cap body 410c, center unit 410d is forced against cartridge 450 through the engagement between
stopper 402 and step 403. Thus, the twisting force acting on cartridge 450 is significantly reduced. The other
parts of the cartridge holder of Figure 4c are the same as that of Figure 4a and they share same reference numbers.

Figure 5 describes another embodiment of the cartridge holder of the present invention for cartridges
containing ferrule seats on their ends. As shown cartridge 450a has a ferrule seat 451 on each side extending teo
a pilot depth 452. Cartridge packing material 454 is contained in the cartridge 450a by a side wall and two end
surfaces. In one embodiment, the side wall has a cylindrical shape, and each of the two end surfaces has a conical

shape concentric with ferrule seat 451. End surfaces with other shapes can also be used with cartridge 450a, such
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as flat end surface. To accommodate cartridges of this type, end cap 410 and outlet unit 430 of the cartridge

holder described in Figure 4a are modified. For end cap 410, cavity 413 is deepened beyond ferrule seat 415 in
Figure 4a to form the modified end cap 410e (Figure 5). For outlet unit 430a, an additional male fitting unit
containing a tapered shoulder 434 and a pilot extension 435 is provided extending out of head 432 of outlet unit
430 as shown in Figure 5.

For installation, cartridge 450a is positioned in cavity 421 and tapered shoulder 434 of outlet unit 4303
Is engaged to ferrule seat 451 of cartridge 450a. Inlet tubing 490 is inserted all the way into pilot depth 452 of
cartridge 450a to abut cartridge 450a, and is sealed and held in position by tightening finger nut 460, as illustrated
in Figure 5. The cartridge holder 400 containing the cartridge can be screwed onto a column 480 in the same way
as described for the embodiment in Figure 4. Since no changes are made to the connection unit of the cartridge
holder 400, the column endfitting compatibility is retained as described relative to Fig. 4a.

Figure 6 shows a further embodiment of the present invention. Connecting union 600 comprises an end
cap 4101, a union body 420, a stopper 630, and a floating screw 440. A ferrule 650 is crimped onto a tubing 490
to be connected to an endfitting 470 of a column 480. Ferrule 650 should be able to be fixed at a predetermined
position of tubing 490. Preferably, ferrule 850 is made of metal although rigid plastics also can be used. End
cap 410f, which is similar to end cap 410e of Figure 5 and can be made of metal or rigid plastic, has an external
mate thread 411 and a hole 412 through its longitudinal axis. Preferably, hole 412 is a cylindrical hole, although
other shape also can be used. The internal diameter of hole 412 is bigger than the outer diameter of tubing 490
which extends through the hole 612.

In this embodiment, the outlet unit 430 of Figure 4a is replaced with stopper 630 and the channel 441 of
the floating screw 440 is sized to accommodate the passage of tubing 490. Stopper 630 rests on shoulder or edge
423 and contains a hole 631 to allow passage of tubing 490.

The length of the tubing 490 from ferrule 650 should at least equal to the sum of the length of channel
441, the thickness ot stopper 630, and the pilot depth, so that tubing 430 can be placed against the bottom (i.e.
pilot seat 471a) of the pilot depth 471 of the endfitting 470 while floating screw 440 is screwed onto the endfitting
470 of the column 480 as previously described.

Stopper 630 has a concentric hole 631 aligned with hole 412 for receiving tubing 480. Stopper 630 can
be made of metal, plastics, and other suitable material. Preferably, stopper 630 is a metal pad of disk shape. In
one embodiment, the outer diameter of stopper 630 is the same as or slightly larger than the internal diameter of
a major cavity 421 of the union body 420, so that stopper 630 can be inserted into major cavity 421 and holds
itself in position by friction force or a press fit. the outer diameter of stopper 630 can also be made slightly smaller
than that of major cavity 421. Other mechanism also can be used to secure stopper 630 in position. The movement
of floating screw 440 thus is confined by stopper 630 at one end of minor cavity 422.

Body 420, stopper 630, and floating screw 440 are preferably assembled into one assembly during
manutacture. Briefly, floating screw 440 is placed into minor cavity 422 of union bedy 420 and confined inside

minor cavity 422 by pressing stopper 630 against edge 423. To assemble tubing 430 with ferrule 650 into body
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420, tubing 490 is inserted into major cavity 421 of body 420, then passes through hole 631 of stopper 630, and
exits through channel 441 of tloating screw 440 as illustrated in Figure 6. End cap 410f is then screwed into body
420 to trap ferrule 650 i major cavity 421. In one embodiment, thread 411 of end cap 410f have a length so
determined that when it is threaded to its end, ferrule 650 can rotate freely inside major cavity 421, but not move
axially along tube 490. To connect tubing 430 onto a column 480, male thread 443 of floating screw 440 is
screwed onto endfitting 470 of column 480 by turning body 420. In the meantime, tubing 490 is pushed toward
the endtitting 470 by body 420 because the movement of ferrule 650 in one direction along the longitudinal axis
is prohibited by end cap 410f and tubing 430 is positionally fixed into ferrule 650. While body 420 can rotate
around ferrule 650 and tubing 490, floating screw 440 is threaded into endfitting 470 of column 480 by turning
body 420. The mechanism for seif-adjustable fitting and connection procedure are the same as that for the cartridge
holder described in Figure 4a.

For conventional connections using a finger tight as described in Figure 1, one has to constantly press the
tubing to fill the pilot depth of the endfitting while simultaneously screwing the finger tight into the endfitting. This
s an inconvenient process with high risk of generating dead volume. After just a few times of tightening and
loosening, the tip of the finger tight is narrowed and the process becomes more difficult. If the connection is done
by the holder described in Figure 6, one only needs to turn the holder and zero dead-volume connection is
automatically achieved.

Many modifications and variations of the cartridge holder described above may be made without departing
substantially from the spirit and scope of the present invention. Accordingly, it should be clearly understood that
the form of the invention described and illustrated herein is exemplary only, and is not intended as a limitation on

the scope.
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The embodiments of the invention in which an exclusive property or pnvilege is claimed are defined as
follows:

1. A connection for use in connecting a fluid iniet (490) to a chromatography column (480)
having an end fitting (470) containing a pilot depth (471) having a pilot seat (471a) in fluid communication
with the column, the connection having a housing (420) with a cavity extending through the housing,
characterized by:

means (410, 423, 432, 630, 650) cooperating with a tubular stem (433) for restraining motion of
the tubular stem relative to the housing (420) at least in one direction along a longitudinal axis of the tubular
stem,

means (440) movable relative to the housing (420) and movable along and rotatable about the
longitudinal axis of the stem (433) for connecting a distal end (433a) of the tubular stem to the end fifting
(470) and placing the distal end of the tubular stem in sealed fluid communication with the column (480);
and

means (424) in the housing (420) for cooperating with the moveable means (440) to cause the
moveable means (440) to rotate with the housing about the longitudinal axis of the tubular stem (433) with
rotation of the housing (420) causing the movable means (440) to move along the longitudinal axis of the
stem (433).

2. The connection as defined in Claim 1, wherein a proximal end (432, 630) of the tubular
stem (433) is in fluid communication with the fluid inlet (490), and wherein the motion of the tubular stem
relative to the housing (420) in the direction toward the proximal end (432) of the tubular stem along the
longitudinal axis of the tubular stem is restrained (410a-f).

3. The connection as defined in one of Claims 1-2, wherein the housing (420) further
comprises means (410a-f, 450a), for containing a cartridge (450, 454) in the housing and placing the
cartridge in fluid communication with the proximal end (432) of the tubular stem (433) and with the fluid inlet
(490).

4. The connection as defined in one of Claims 1-3, wherein the motion of the tubular stem
(433) relative to the housing (420) is restrained in both directions along the longitudinal axis of the stem
(433).

. The connection as defined in one of Claims 1-4, wherein the cavity has a first portion
(421) at the inlet, an intermediate portion (422) and a distal portion (424) that is located toward the column
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(480), and wherein the means (440) movable relative to the housing (420) and the longitudinal axis of the
tubular stem (433) for connecting the distal end (433a) of the tubular stem (433) to the end fitting (470),
comprises a floating screw (440) with a hole (441) through a length of the floating screw through which the
tubular stem (433) extends, and wherein the stem is adapted to be movably inserted into the hole (441) so
that the distal end (433a) of the stem forms a fluid connection with the pilot seat (471a) in the end fitting
(470); and

wherein the means (424) in the housing (420) for cooperating with the moveable means (440) to
cause the moveable means (440) to rotate with the housing about the longitudinal axis of the stem (433)
comprises the floating screw being adapted to engage with the distal portion of the cavity (424) in such a
way that the floating screw is movable relative to the housing (420) along the longitudinal axis of the
housing {420), but with rotary movement of the floating screw (440) around the longitudinal axis of said
housing (420) being confined by the distal portion (424) of the cavity in the housing.

6. The connection as defined in one of Claims 1-5, wherein the means for restraining
motion of the stem includes an end cap (410) engaging the housing (420) to limit motion of the stem (433)
relative to the housing along the longitudinal axis.

. The connection as defined in one of Claims 1-5, wherein a cartridge (450) is removably
placed in the cavity (421) in the housing (420), with an end cap (410) engaging the housing and urging the
cartridge (450) toward the stem (432) to form a fluid passage through the cartridge (450) toward the tubular
stem (432).

8. The connection as defined in Claim 7, wherein a plastic pad (416) is placed between the
cartridge (450) and the end cap (410) and forms part of the fluid passage, wherein materal exposed
tnsaid11rxidimss~ue is nonmetal materiai.

Q. The connection as defined in one of Claims 7-8, wherein the cartridge (450) has a first
side facing the end cap (410) and a second side facing the stem 432 and the second side has either a
different color or a different shape than the first side.

10. The connection as defined in one of Claims 6-9, wherein the end cap (410) has a cavity
(413) for receiving the cartridge (450) and a first side of the cartridge has a shape matching that of the

cavity (413) in the cartridge (450).

11. The connection as defined in one of Claims 8-10, wherein the cavity (421) in the housing
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(420) has a cylindrical shape and at least a part of that cavity (421) is threaded for receiving the end cap
(410), and wherein the intermediate portion of the cavity (422) in the housing takes the form of a smaller
diameter, cylindrical cavity (422) having a first annular edge (423), and wherein the stem (433) has a head
(432) at a proximal end that is adapted to engage with the edge (423), the head having a disk shape with a
diameter larger than that of the edge (423) to prevent passage of the head (432) past the edge (423) along

the longitudinal axis of the stem.

12. The connection as defined in one of Claims 5-11, wherein a distal end of the cavity (424)
forms a hexagonal channel, and wherein a portion of a floating screw (440) extending through the
hexagonal channel also has a matching, but slightly smaller, hexagonal shape.

13. The connection as defined in one of Claims 5-12, wherein the floating screw (440) has a
rim (445) located in the cavity (422) in the housing (420) when in use and has a cross-sectional area larger
than the cavity (424) in the housing (420) through which the floating screw extends to keep the floating
screw from passing through the cavity (424) in the housing.

14, The connection as defined in one of Claims 6-9, wherein the end cap (410) has a cavity
(413, 413c) configured to engage the cartridge (450, 454) and place the fluid inlet (490) in sealed fluid
communication with the cartridge (450, 454).

15. The connection as defined in one of Claims 6-10, wherein the stem (433) has a proximal
end having a tapered shoulder (430a) sealingly engaging ferrule seat (451) associated with cartridge
(450a).

16. The connection as defined in one of Claims 1-2, wherein the means to restrain motion of
the stem includes an end cap (410) adapted to engage with the housing (420) to restrain motion of the
tubular stem (433) along the longitudinal axis, the end cap having inlet tubing (490) inserted through the
end cap, with a positioning ferrule (650) crimped on the inlet tubing for engaging with said end cap, and
wherein the inlet tubing forms the tubular stem.

17. A method for connecting a fluid inlet (490) to a chromatography column (480) having an
end fitting (470) the connection having a housing (420) with a cavity extending through the housing,
characterized by the steps of:

placing the fluid inlet (490) in sealed fluid communication with a shaped cavity (421, 422, 424)
extending through the housing (420);

e A e iy — -\ A A3 A A Tt e T A - A e —— AW




10

15

20

25

30

35

CA 02265822 2005-03-04

17-

engaging a tubular stem (433) in the housing (420) to restrain motion of the tubular stem relative
to the housing (420) at least in one direction along a longitudinal axis of the tubular stem and to place the
shaped cavity in fluid communication with a proximal end (432) of the stem located in the shaped cavity
(421,422, 424);

extending the tubular stem (433) to extend through a coaxial connector (440);

constraining the connector (440) to rotate with the housing (420) so that rotation of the housing
causes the connector to move along the longitudinal axis of the stem; and

moving the connector (440) relative to the housing (420) and relative to the longitudinal axis of the
stem (433) to connect a distal end (433a) of the tubular stem to the end fitting (470) and placing the distal
end of the tubular stem in sealed fluid communication with the column (480).

18. The method of Claim 17, wherein the step of placing the fluid inlet (490) in sealed fiuid
communication with a shaped cavity (421, 422, 424) comprises the step of threadingly engaging an end cap
(410) having a female fitting (411), a ferrule seat (415) and a pilot depth (414), with the housing (420) to
seal an end of the inlet tubing (490) against the pilot depth (414).

19. The method of one of Claims 17-18, comprising the further step of placing a cartridge
(450, 454) in the housing and placing the cartridge In fluid communication with the proximal end (432) of the
tubular stem (433) and with the fluid inlet (490).

20. The method of one of Claims 17-1 8, wherein the cartridge (450) has a first side facing
the end cap (410) and a second side facing the stem 432 and comprising the further step of forming the
second side with either a different color or different shape from the first side.

21. The method of one of Claims 17-20, comprising the further step of constraining the
motion of the tubular stem (433) relative to the housing (420) in both directions along the longitudinal axis of
the stem (433).

22. The method of one of Claims 17-21, wherein the tubular stem (433) comprises a distal
portion at the tubular inlet (490) and the step of restraining motion of the tubular stem relative to the housing
(420) comprises the step of placing a stopper pad (630) having a hole (631) for receiving the inlet tubing
(490) inside the cavity (421) and restraining movement at the stopper pad in at least one direction along the
longitudinal axis.

23. The method of one of Claims 17-22, wherein the connector comprises a floating screw
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(440) with a hole (431) through a length of the floating screw through which the stem extends, and the stem
is adapted to be movably inserted through the screw so the screw can rotate about the longitudinal axis and
move along the longitudinal axis when forming the sealing connection with the end fitting (470).

24, The method of one of Claims 17-23, comprising the further step of forming the distal end
of the cavity (424) to have a hexagonal channel, and forming a portion of the connector (440) or floating
screw (440) extending through the hexagonal channel to also have a matching, but slightly smaller,

hexagonal shape.

29, The method of one of Claims 17-23, comprising the further step of forming the connector
(440) or floating screw (440) to have a rim (446) located in the cavity (422) in the housing (420), and
forming that rim to be larger than the cavity (424) in the housing (420) through which the floating screw or
connector extends to keep the connector or floating screw from passing through the cavity (424) in the
housing.

20. A method for forming a fluid connection with a chromatography column (480) having an
and fitting (470) containing a pilot depth (471) with a pilot seat (471a) in fluid communication with the
column (480), characterized by the steps of:

engaging a cavity (421) in a housing (420) with a tubular stem (433), the stem (433) having a
longitudinal axis extending through a distal end (433a) and proximal end (432) of the stem;

restraining motion of the stem (433) relative to the housing (420) along the longitudinal axis of the
stem (433) in at least one direction;

placing the distal end (433a) of the stem (433) against the pilot seat (471a) of the pilot depth
(471);

moving a connector (440) along the longitudinal axis to connect the distal end (433a) of the stem
(433) to the end fitting (470) while constraining the connector (440) to rotate with the housing (420) such
that rotation of the housing causes the connector to move along the longitudinal axis, and

sealing the distal end (433a) of the stem (433) in fluid communication with the pilot seat (471a) of
the pilot depth (471).

27 . The method according to Claim 26, wherein the step of restraining motion of the stem
(433) along the longitudinal axis comprises the step of restraining the motion in the direction toward the

proximal end of the stem (433).

28. The method according to one of Claims 26-27, including the step of placing the proximal
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end (432) of the stern (433) in fluid communication with a fluid inlet (490).

29. A method according to one of Claims 28-28, including the step of placing a cartridge
(450) in the cavity (421) intermediate the fluid inlet (490) and the proximal end (432) of the stem (433), and
in fluid communication with the fluid inlet and the proximal end (432) of the stem (433).

30. The method of Claim 29, wherein the step of placing the fluid inlet (490) in sealed fluid
communication with the cavity (421) comprises the step of threadingly engaging an end cap (410) having a
female fitting (411), a ferrule seat (415) and an end cap pilot depth (414), with the housing (420) to seal an
end at the inlet tubing (490) against the end cap pilot depth (414).

31. A connector far a chromatography column (480) having an end fitting (470) containing a
pilot depth (471) with a pilot seat (471a) in fluid communication with the column (480), comprising:

means (410, 460) in a housing (420) for forming a sealed fluid connection with the fluid inlet (490);

a tubular stem (433) having a proximal end in the housing and adapted to be placed in fluid
communication with the inlet (490) when in use, the stem having a longitudinal axis extending from that
proximal end through a distal end (433a) of the stem;

means (410. 423, 432, 630, 650) for restraining motion at the stem (433) relative to the housing
(420) along the longitudinal axis of the stem (433);

means (440) movable along, rotatable about and coaxial with the tubular stem (433) for placing
the distal end in sealed fluid communication with the column (480) when in use, the housing (420) having
means (424) constraining the movable means (440) to rotate with the housing (420) to move along the
longitudinat axis of the stem (433), the stem (433) extending beyond the movable means (440) to form the
fluid connection with the inlet (490).

32. The connector as defined in Claim 31, further comprising a cartridge (450) in the cavity
(421) in the housing intermediate the fluid inlet (490) and a proximal end (432) of the stem (433), and in
fluid communication with the fluid inlet and the proximal end (432) of the stem (433).
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