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Description

DEVICE FOR MOUNTING PIPETTE TIPS, PIPETTE TIP, AND
PIPETTING DEVICE

[0001]) The invention resides in the field of metering
technclogy and relates to a device for moantiﬂg' and

positioning pipette tips and to a pipette tip.

[Q002] Pipette tips are elongate, typically conically
tapering sleeves having a c¢entral tThrough-opening
extending along the longitudinal axis for the metering
of small amounts of ligquid., The pipette tips are slid
at their wider end (coupling end} ontce a suitable mount
of a pipetting device and immersed with their pointed
end, which axially opposes fthe wide end, into the
medium to be pipetted. Typically, the pipette tips are
intended for one-off use, l.e. they are discarded once
they have beesn used,

f0003) Pipetting devices are used widely in ail areas
in which relatively small amounts of liquid {(for
example in the microliter range) have to be metered,
for example in mclecular bioclogy. The pipetting device
can be in the form of manual pipetting devices or
pipetting machines or pipetting robots having an
individual pipetting unit or a large number of
individual pipetting units which are actuated at the

same time or geparately.

[0004] The basic mode of operation of a pipetting
device is based on the fact that a defined volume of
fluid is displaced, for example in a cylinder. The
cylinder is in this case connected on the output side
ir an air-tight manner to the through-cpening in the
pipette tip, =o that the displacement of the volume of
fluid leads to a corresponding volume of the medium to
be pipetted being drawn in at the pointed end of the
pipette tip. In order to ensure precise metering, the
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pipette tip must be connected securely and tightly to
the pipetting device. This is all the more necessary in
the case of pipetting machines in which a secure fit
and precise positioning of the individual pipette tips
cannct be checked manually. In additien, it should bhe
possible to manufacture pipetting devices in as low-

maintenance and cost-effective a manner as possible.

[0C05] A number of pipetting devices with holding
devices for receiving pipette tips are known. Thus, for
example, US 2002/094302, US 4 67% 446, DE 197 08 151
and US 4 748 B39 dsscribe pipette tips having on the
inner wall of their coupling end integrally formed
peripheral sealing strips which seal the pipette tip
radially against an outer circumferential surface of
the mount. At the same time, lateral positional
orientation o©f the pipette tip 1s intended to be
attained in this way.

[0006] Complexly embodied radial =seals are also
described in US 2003/218%3539 and YUS 2004/011145. These
seals consist of sealing lips which are formed
integrally with the inner wall of the pipette tip and
are intended to nestle against an outer circumferentiazl
surface of +the mount. MNevertheless, the producticn
costes for manufacturing the sealing lips are relatively
high. In addition, the lateral fit of the pipette tip

with sealing lips cannot be sufficiently ensured,.

[0007] Axial orienting means can additionally be
provided for orienting the pipette tips axially, i.e.
in the z direction. These are described for example in
Uus 6 168 761, US 2003/082078, CaA 2 122 Zz44, US 6 248
295, EP 148 333, Us ¢ 973 345 and US 4 824 641.

[0008] All the aforementioned pipette tips are held by
crimping the veripheral seal on the cuter
circumferential surface of the mount. US 5 200 151, on
the other hand, discloses fixing using separate locking
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ribs which are formed integrally with the inner wall of
the through-opening in the pipetite tip and engags after
a lecking mount encircling the outer clrcumferential
surface of the mount, '

[COQ2] A holding device with a rigid sealing collar is
described in US 2003/0006319., This sealing c<ollaz
interacts in the radial direction with a sealing
surface of a pipette tip, the wall thickness of the
pipette tip being sufficiently thin in the region of
the sealing surfaces to ensure slight expansion during

gliding onte the sealing collar.

[G010] EpP 1 319 437 describes a holding device with an
O-ring for radially sealing a pipstte tip.

f0011] A radial seal between the pilpette tip and
holding device i1s described in EP § 351 574 in which
the holding device has a cylindrical sealing portion
corresponding to a sealing portion of the pipette tiyp,
the wall thickness in the region of the pipette tip-
side =sealing porticn being thinner than adijacent
regions, and thusg flexible, in its configuration. This
is achieved by & reduction in wall thickness on the
inside and outside of the pipette wall. A pipette tip
with a resilient c¢ylindrical sealing portion is a&lso
described in WO 00/27530.

[0012] WO 00/62933 discloses a pipetting device having
an annular crimp seal for radially sealing the pipette
tip. ¥or the purposes of sealing, a displaceable crimp
slaeeve is pressed onto the annular crimp seal, thus
pressing said c¢rime seal radially outward into an
annular groove formed cn the inner wall of the through-
opening in the pipette tip. A coupling slesve, which
has an annular stepped attachment and serves axially
and radially to pesition the pipette tip, is arranged
upstream ¢f the crimp seal axially in the direction cf
the pipette tip. In the case of the pipetting device of
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WC 00/62933, the pipette tip is held and sealed by the
crimp seal, although said crimp seal requires movable
elements for actuation thereof. This leads to higher
maintenance and appliance ceosts. Alsc, the crimp seal
is subject to increased wear owing to the required

flexzing work.

[0013] Against this background, the invention is
therefore based on the object of providing a device for
mounting pipette tips, or corresponding pipette tips
which allow precise metering and preferably have
improved product  properties with regard to  wear,
maintenance, and manufacturing costs compared to the
prior art. The invention therefore proposes a device
for mounting pipette tips with a coupling element which
has a longitudinal axis extending 1in the axial
direction and has a free end from which a pipette tip
can be slid onto the coupling element in the axial
direction, wherein the coupling element has:

- a sealing element which 1is made of a resilient
material and has an axial and radially extending
sealing portion which is exposed in the axisl direction
toward the free end of the coupling element and against
which a sealing portion of the pipette tip can be
axially pressed at least in part.

[0014] According to one aspect of the invention, the
coupling element can furthermcre have at least one
guide element arranged on the outside thereof for
laterally orienting the pipette tip in relation to the

lengitudinal axis.

[0015] &According to a further aspect of the inventicn,
a heolding element can ke arranged on the outside of the
coupling element for interacting with holding means of
the pipette tip in order to vress the sealing portion
of the pipette tip against the axial sealing portion
and to position the pipette tip in the axial direction.
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[0016! According to the invention, the pipette tip is
sealed by an axially acting seal on the c¢oupling
element. For this purpose, the coupling element has a
resilient sealing element against which a sealing
pertion of the pipette tip can be axially pressed. The
advantage of an axial seal 1is that it is subject o
much less weary than a2 radizl seal. A radial seal has te
be slid with friction over an outer circumferential
surface of the mount until it has been sufficiently
crimped and thus produces an adeguate seal, or is
subjected, as in the case of the above-described crimp
seal of WO 00/62933, to considerable flexing work. In
the case of an axial seal, on the other hand, the
corresponding sealing portion need merely be pressed
against the seal. The nmount accerding to the invention
thus has a much longer service life and is subject to
muchh less wear. The sealing element consists in this
case of a material which is more resilient or displays
better elastic deformability than the material of the
coupling elsment. The sealing element has an axial
sealing portion, i.e. a portion which can be accessed
from the axial direction, for example an end surface,
against which the sealing portion ¢f the pipette tip
can be axially pressed.

[0017] Furthermore, the seal and mount or fastening are
advantageously separated from each cther both spatially
and functionally, i.e. the sealing element and holding
element are embodied as separate elements. The sealing
element seals the pipettes tip on the coupling element.
In addition, it serves, owing toc the axial sealing
effect, also &8 an axial positioning means.
Nevertheless, the pipette tip is not held or fastened
by the seal. This function is performed by the holding
element which interacts with an associated holding
means on the pipette tip and secures said pipette tip
against axial displacement. In this case, the sealing
portion of the pipette tip is at the same time pressed
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against the axial sealing portion of the sealing
element and, on the one hand, the desired sealing
effect is achieved and, on the other hand, the axial
position of the pipette tip is defined by the holding
element and sealing element. The holding element allows
a detachable connection between the coupling element

and pilpette tip.

[0018] Finally, in an advantageous manner, the lateral
or radial orientation of the pipette tip on the
coupling element 1is ensured by interaction of the
mount-side guide element with corresponding guide
elements, typically cylinder surfaces on the inner wall
of the pipette tip.

[00123] The separation of the sealing and mounting
function and also lateral guidance is advantageous in
particular in the case of pipetting machines, as it
atlows the a=xrial orientation {z position} to be
precisely defined by the interaction of the axial seal
and holding element. A radial crimp seal could on the
other hand prevent defined axial positioning.
Furthermore, the mounting device according to the
invention has a low-wear seal and permits precise
positiconing of the pipette tip and also secure mounting
thereof.

[0020] The inverntion further relates t¢ a pipette tip
for placing on a mount, wherein the pipette tip has:

- a lateral surface extending about a longitudinal
axis; and

- a coupling portion which 1s in proximity to a
first axial end of the pipette tip and arranged in the
sliding-on direction, ths coupling portion having at
ieast one portion having an inner wall which tapers
conically, at least in c¢ertain portions, counter to the

sliding-on direction and into which a guide surface,
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which is cylindrical in relation to the longitudinal
axis, 1s integrated.

[0021] The integrated cylindrical guide surface should
preferably extend in the longitudinal direction
parallel to the longitudinal axis. This allows the
pipette tip to assume, during interaction of its guide
surface with a guide element o¢f the mount, a defined
radial position irrespective of its axial position. The
pipette tip can therefore be slid onto the mount
without the guide surface impeding an axial movement of
the pipette tip and mount relative to each other. The
guide surface therefore leads merely to a radial
orientation of the pipette tip without influencing the
axial position therecf, i.e. the azxial and radial
orientations are separate.

[0022] The dinner wall has, in the longitudinal axial
direction in relation to the longitudinal axis,
typlcally an angle of gresgter than or egual to 0.29,
preferably between (.5° and 39, in particular between
0.5¢ and 1°. The angle can  alse lie Lbetween
approximately 0.2 and 1° and be for exampls
approximately 0.3°. As a result of the relatively small
angle, the inner wall is shaped as a mold release bevel
for easier remcval of the manufactured pipette tip from
an injection mold in the c¢ase of comparatively low

tapering of the hellow cross section,

[0023] The coupling porticn can furthermore have a
first portion and a second portion arranged axially
offset from the first portion in  the pushing-on
direction, the first portion having a smaller radial
extension than the second portion. In addition, the
coupling portion gan have a sealing portion between the
first and second portion having a sealing surface
peinting axially in the pushing-on direction for
interacting with & sealing element of the mount.

Furthermore, the ¢oupling portion can have a holding
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means arranged on the inner wall of the second portion
for interzcting with a holding element of the mount.
The cylindrical guide surface can be arranged in the
first portion, in the second portion or in both

portions.

[0024] The hoelding means can be an undercut formed on
the inner wall of the second portion. Typically, the
pipette tip 1s an injecticon-molded part, the inner
walls of the first and second portion eztending
varallel to the longitudinal axis, i.e. having no mold
release bevels. Furthermore, the coupling portion, and
in particular the second porticn of the pipette tip,
can comprise a region which is embodied so0o as to be
more flexible in reiation to the remaining regions of
the coupling portion or the second porticn and is
arranged toward the first axial end. The flexible
region facilitates the placing of the pipette tip on
and stripping thereof from the mount. In order to
improve and purposefully to adjust the flexibkility, it
is possibkle to provide Iincisions extending in the
coupling portion or in the second portion of the
coupling portion and teo £ill said incisions with a
second materisl which is more resilient than the
material of which the remaining regions of the coupling
portion or the second porticn consist. The coupling

portion therefore consists of different materials.

[0025] The sealing porticn can be formed by a shoulder

or heel between the first and second peortion.

[0026] According to a further aspect, alsc proposed is
a device for wmounting pipette tips with a coupling
element which has a longitudinal axis extending in the
axial direction and has a free end from which a pipette
tip can be slid onto the coupling element in the axial
direction, wherein the coupling element has on its

putside:
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- twe guide elements set axially apart from each
other, and

- a helding element which is separate in relation to
the guide eliements for interacting with holding means
of the pipette tip in order to pesition the pipette tip
in the axial direction.

[0027] The holding element can be a flexible element
which is suitably mounted on the outside of the
coupling element, or a xigid or regilient element
formed integrally with the outside or fastened
separately teo the wutside, feor example one or more
radial elevations distributed partially or annularly on

the circumferential side.

[0028] & further aspect preoposes a pipetting device
with 2 coupling element and a pipette tip which caa be
detachably fastened to the coupling element and has a
gsealing portion, the coupling element having a
longitudinal axis extending in the axial direction and
having a free end from which the pipette tip can be
slid onto the coupling element in the axial direction.
The coupling element alsc has & sealing element which
iz made of a resilient material and has an axial and
radially extending sealing portion which is exposed in
the axial direction toward the free end of the coupling
porticn. The sealing porticn of the pipette tip is on
the other  hand configured, in  relation to  the
longitudinal axis of the coupling element, preferably
as an axial surface pointing in the direction of the
coupling element and can for example be formed by &
shouldsr. in the coupled state, at least a part of the
sealing portion <f the coupling element should be
axially pressed against at least a part of the sealing
portion of the pipette tip. The coupling element of the
pipetting device can additionally have, individually or
in c¢ombinaticn, the properties of the separate coupling
element described hereinbefore, for example with regard

ro the properties and the material of the sealing
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element, the number, configuration and arrangement of
guide elements or the number, configuration and

arrangement of holding elements.

[0025] A further aspect proposes a pipetting device
with a coupling element and az pipette tip which can be
detachably fFfastened to the coupling eslement, wherein
the coupling element has at least one guide elemsnt
arranged on the outside thereof for laterally orienting
the pipette tip, and preferably comprises as many guidsa
elements as the pipette tip has guide surfaces. The
gulde element or elemsnts can in this case be embodied
independently of one another, preferably in one plece
or in a plurality of parts. The pipette tip has a
longitudinal axis and a coupling portion extending in
the longitudinal axis fer sliding onto the mount. The
coupling porticn has furthermore at least one pertion
having an inner wall which tapers conically, at least
in c¢ertain poriions, counter to the sliding-on
direction and into which a guide surface, which is
cylindrical in relation to the longitudinal axis, is
integrated for interacting with the at least one
coupling-side guide element. The guide element or
elements on the coupling part is {are) configured in
such a way that each guide element has at least partial
surfaces of a cylindrical lateral surface which
corresponds  in  each case tTo a cyvlindrical guide
surface, interacting with the partial surface, at the
pipette tip. The pipette tip can in addition have,
individually or in combination, the properties of the
above-described separate pipette tip, for example with
regard to the properties, the material, the
configuratien and arrangement of the inner wall, of
specific portions or of holding elements. In additiocn,
the coupling elemernt of the pipetting device can in
this case also have, individually or in combination,
the properties of the above-described separate coupling
element, for example with regard to the number,

configuration and arrangement of gulde elements. In
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addition, the coupling element can ceomprise a sealing
element having apcve-~described properties,
configurations and also suitable materials and one or
more holding elements described  hereinbefore in

relation to number, cornfiguration and arrangement.

{00301 The coupling element czn furthermore have at
ieast one holding element arranged cn its outside for
interacting with at least one holding means of the
pipette tip. In this case, the at least one holding
element can be embodied rigidly relative to the at
least one holding means. Alternatively, the at least
one holding element can alsc be esmbodied flexibly

relative to the at least one holding means.

[0031] The invention will be described hereinaftesr
tased on exemplary embodiments which are illustrated in
the figures and reveal further advantages and

medifications. In the drawings:

[0032] Figure 1 is a sectional view of a mount with a
coupling element and pipette tip according to a first

embodiment;

[0033] Figure 2 1is & sectiocnal view of a mount with a
coupling element and slid-cn pipette tip acccrding to

the first embodiment;

[0034] Figure 3 is a sectional view of a mount with a
coupling element and slid-on pipette tip according to a

second embodiment;

[0035] ¥Figure 4 shows a detail of a coupling element
with an X-shaped seallng element;

[0036] Figure 5 i3 a secticnal view of a mount with a

coupling element according to a third embodiment;



15

15

20

30

35

- 12 -

[CR37] Figure & shows a first detail of the coupling

element according to the third exemplary embodiment;

[G038] Figure 7 shows a second detail of the coupling
element according to the third exemplary embodiment;

[0032] Figure 8 shows a coupling portion of a first

exemplary embodiment of a pipette tip;

{0C40] Figure 9 shows & second exemplary embodiment of
a pipette Lip;

100417 Figure 10 is a three~dimensionsl view of a
further coupling element with a slid-on pipette tip;

and

[0042] Figure 11 shows geonmetric ratios betwesa the
guide width d:, external diameter D; and width 1; of the
individual guide elements or guide surfaces of a

coupling element or a pipette tip.

[6G43] Specific mounts are used for secure fastening
and holding of pipette tips on pipetting devices or
pipetting machines. The mount according to  the
invention has for this purpose a coupling element which
has an 1in particular c¢ylindrical bhagic element and
comprises a resilient sealing element having a sealing
porticen which 1s exposed azxially in the direction of
the free end of the mount and extends radially at least
in part. A corresponding sealing portion of a pipette
tip can be slid axially against this sealing portion.
The sealing effect is in this case achieved by axial
pressing against the sealing element. Typically, the
sealing element consists of a fluorcoelastomer and can
for example be embodied as an O-ring or else as an X-
ring, wherein O and X relate to the cross sectlon of
the ring material. Other cross secbions, for example
hollow or V-shaped cross sections, are aiso possible.

The selection of the respective cross section 1is
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intended to provide material resilience in cross
section, i.e. the cross section of the sealing element
is elastically deformable, in particular in the
longitudinal direction of the coupling element, and

therefore allows a very good axial sealing effect.

[0044] The coupiing element has furthermore at least
one guide element for laterally positioning and
orienting the pipette tip - in relation %o the
longitudinal axis of the mount. In particular, the
¢guide element can be embodied so as to encircle the
coupling element radially, preferably with a constant
radial extension, wherein 1t c¢an consist of partial
elements. In this case, the guide element can protrude
radially beyond adjacent porticns of the cutside of the
coupling element. The guide element thus has a greater
radial extension than adjacent portions of the goupling
element. This ensures that radial contact between the
coupling  element and pipette tip 1s established
substantially only wvia the guide element, 3¢ that the
guide element determines the lateral or radial posiltion
of the pipette tip. Typically, the guide element rests
against the inner wall of the pipette tip which can in
turn have correspending guide elements  or guide
surfaces. The guide element can be annuiar. The mount-
z2ide guide element 1s in particular in the form of
guide surfaces or  partial surfaces  which  are
eylindrical in relation to the longiltucinal axis cof the
coupling element. As a result, the lateral guidance and
orientation of the pipette tip 4is, in contrast to
conical surfaces, independent of axial positioning

mednas.

[00457 In one embodiment cof the mount according to the
invention, the c¢oupling element can have two guide
elements set axially apart from each other on the
cutside therecof. This further improvesz the lateral or
radial orientation or positioning of the pipette tip.

Improved coazial orientation of the coupling element
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and pipette tip is alsc achieved, i.e. tilting oz
oblique holding of the pipette tip on the mount is
prevented. This 1s advantageous 1in particular in the
case of pipetting machines with a large number of
pipette tips which are actuvated at the same time and

arranged for example in a matrix-type manner.

[0046] It is beneficial if both guide elements have an
axial spacing which is at least as large as the largest
radial extension therecf. The term “axial spacing of
the guide elements” refers in this case to the distance
between the contact regions or contact edges lying
furthest apart from one anocther. For example, the guide
elements can define gulde rings extending radially
arcund the coupling element and having a differing
radial extension or differing external diameter. 1In
this c¢ase, the axial spacing is defined by the
respective outer edge or outline of the guide surface,
i.e. the ocuter edges which are axially furthest apart
from one ancther. The guide rings can 1in this case
optionalily be embodied as continuously encircling rings
cr else as interrupted rings. It is also poessible to
embody one guide ring as a continucusly encircling ring

and the other gulde ring as an interrupted ring.

[0047] The gulde element or the guide ring or rings can
have a certain axial extension, thus defining guids
surfaces, the axial width ot which corresponds
substantially to that of the axlal extension of the
guide rings or the gulde element. It 1s likewise
vossible to reduce the axial extension of the guide
element or the guide ring or rings until one or mcre
substantially linear contacts remain between the guide
element and pipette tip. If, for example, a plurality
of annularxly arranged guide elements are used, one or
more point-by-point contacts with the pipette tip can
in each case also be established in the case of a

corresponding configuration.
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[0048] Typically, the coupling element has two guide
elements with a differing radial extension or external
diameter, the axial spacing of the two gulde elements
from each other being at least as large as the larger

of the twe external diameters.

[0049] In a further embodiment of the invention, the
coupling element has a first portion which is arranged
close to the free end or at the free end of the
coupling element and a second portion which is arranged
axially offset in the pushing-on direction in relation
to the first portion. Typically, the portions are
substantially c¢ylindrical. Bach porticn can have a
gulde element, wherein in particular the first portion
facing the fres end has prefersbly at each point a
smaller radial extension than the second portion. This
defines between the two portions a step on which the
sealing element can be arranged. The sealing element
accerdingly lies preferably between the Ffirst and
second portion and protrudes in the radial direction
typically Dbeyond the first portion and the guide
element leccated there, so that a part of the sealing
element is freely accessible axially from the free en

of the coupling element.

[0050] An inner stepped heel of the pipette tip, which
iz formed by a radially wperipheral sealing surface
pointing in the axial direction, can for example be

pressed against the sealing element.

[0051] The coupling element has furthermore at least
one holding element which is arranged on the outside of
the coupling element, interacts with corresponding
holding means of the pipette tip and detachably fixes
the pipette tip. The holding element causes 1in this
case in particular axial fixing, so that the sealing
portion of the pipette tip is &s a result at the same
time pressed axially against the axial sealing portion

of the coupling element. In addition, the interacticn
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of the sealing element with the sealing means, on the
one hand, and the holding element and holding means, on
the other hand, provides secure and precisely defined
axial positioning of +the pipette tip. The holding
element can be embodied flexibly or rigidly.

[G052] The holding element can be a flexible tensioning
element, for example a peripheral spring element,
arranged in a peripheral depression located on the
cutside of the coupling element. Flexible holding
elements allow the pipette tip to be slid on or
stripped with the applicaticon of little force. In
addition, flexible holding elements are relatively low-
waar and comparatively fault-tolerant, asg their
flexibility allows them partly to compensate for

preduction tolerances, for example of the pipette tip.

[G053]1 Alternatively, the holding element can also be
enbodied rigidly and have for example individual radial
elevations, for example rigid cams or knobs, which are
alstributed preferably annularly around the coupling
element. A non-annular distribution or a continuous
ring are alsc sultable as rigid helding elements. Rigild
holding elements have the advantage over flexible
holding elements of allowing more precise centering of
the pipstte tip.

[00504] Irrespective of the particular specific
configuration o¢f the holding elemant, sald helding
element can engage with & radially peripheral undercut
at the pipette tip, which is typically arranged on the
inner wall of the through-opening in the pipette tip.

I0088] In & further embodiment of the invention, the
holding element is arranged, viewed in the sliding-on
direction, after the guide element or elements. This
ensuras that the sealing element is located before the
holding element in the directiocn toward the free end of

the coupling element and as a result protects the
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holding element from accidental contamination with the
medium to be pipetted.

[0056] A first embodiment will now be described with
reference to Figure 1. The holding device comprises an
axially symmetrical, typically substantially
cylindrical coupling elesment 4 having a longitudinal
axis 6 and an axially arranged through-opening 5. The
coupling element has a leading free end 8. From the
free end £, a pipette tip 10 can be slid onto the
coupling element 4, Typically, the pipette tip 10 is
shaped axially symmetrically and has c¢lese to its
trailing end {coupling end cor first axial end) 12 a
coupling portion 14 which is slid ontoc the coupling
element 4. The pigette tip tapers conically from its
coupling porticn 14 to its leading peointed end (not
shown here) and has at this end an intake opening for

drawing in the medium to be pipetted.

[0057] The pipette tip is typically intended for one-
off use and embodied as an injection-molced part. A
suitable materizl, which 1is easy to process, for
pipette tips 1is polypropylene which can be injected
inte a suitable injecticn mold in liguid form and
optionally mized with additives (for example dye)
and/or fillers. Once the polypropylene has solidifiesd,
the finished pipette tip is expelled from the injecticn

mold and, if necessary, the gate 1s removed.

[G058] The coupling element 4 iz typically Zformed in
one plece from metal and has at its free end 5§ a first
portion 20. A second portion 22 of the coupling element
4 is arranged offset axially in the sliding-on
direction 2 in relation to the first portion 20. The
first portion 20 has preferably at each point a smaller
radial extensicon than the secend portion 22, =0 that
the second portion 22, the rear portion in the sliding-
en direction 2, protrudes radially beyond the first
portion 20. A respective gulde element 25, 26, in the



1G

15

20

25

30

35

- 18 -

form of a peripheral cylindrical guide surface, 1is
arrangsd on the outside of each portion. The guide
elements 25, 26, which extend irn the longitudinal
direction parallel to the longitudinal axis 6, have a
greater radial extensicn than adijacent regions of the
respective porticns 20, 22 over which they extend
radielly. This i1s intended to ensures that the pipsttie
Eip 10 enters radially intoe contact merely with the
guide surfaces and, as a result of the interaction of
the guide surfaces with the inner wall of the coupling
portion 14, the radial orientation or positioning of
the pipette tip 10 in relation to the coupling element
4 is defined, At the same time, the two guilde =laments
25 and 26, which are arranged axislly offset relative
te each other, also prevent oblicgue placement ¢f the
pipette tip 10 or tilting thereof onto the coupling
element 4. Preferably, the two guide elements 25, 26
have an axial spacing d which is at lLeast as large as
the diameter D {radial extension) of the larger of the
two guide elements, i.e. in this case the second guide
alement 28. This further improves  Lhe coaxial
crientation of the pipette tip 10 on the coupling
element 4., The spacing d is in this case defined by the
spacing of the respective outer edges 28, 29 of the
guide elements 25, 26. These outer edges form the axial
end regions of the contact bhetwsen the guide elemenis
25, 26 and the pipeite tip.

[G05%] Insofar as the coupling element has merely the
firast guide element 25 (see Figure 10), the heolding
element 27 has, in interplay with the first gulide
element 25, the function of laterally orienting the
pipetts tip. In this case, the distance di between the
holding element 27 and guide element 25 is, as shown in
Figure 3, likewise greater than the diameter D; of the
holding element 27 (see also Figure 1l1j).

[0060] Like the first and second portion 20, 22 of the
coupling element, the coupling portion 14 of the
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pipette tip 10 also has a first portion 40 and a second
portion 4Z, the =Zirst portion 40 having a smaller
radial extension (diameter) than the second portion 42.
This forms between the first and second portion 40, 42
a step or shoulder 43 which serves as a sealing surface
43.

[0061] In the exemplary embodiment shown, the first and
second guide elements 25 and 26 are shaped in
substantially the same way. Nevertheless, 1t 1is also
possible to give a different shape to each of the guide
elements. In the present exemplary embodiment, the
guide elements 25, 26 are embodied at the periphery and
rise above the outer contour surrounding them of the
respective coupling element-side porticne 20, 22 in the
form of an  integrally formed ring which has a
peripheral guide surface and the cross section of which

is trapezcidal.

{C062] Between the first and second porticn 20, 22
extends a depresaion or undercut 34 which enciroles
radially on the outside of the coupling element 4 and
in which a likewise radially encircling sealing element
21 rests. The sealing element 1s beneficially a ring
seal made of a resilient material. ¥Fluoroelastomers
have in particular proven to be suitable materiazls, as
they have high resilience, a long service lLife, high
chemical resistance and low wear. In the present
gxemplary embodiment, the szealing element 1is embodied
as a solid ring which is rectangular in cross section.
Nevertheless, it is alsc possible to uss ring seals
having a ¢ircular (C-rings) or X-shaved cross section.
For example, ring seals having an ¥-shaped cross
section are, owing to the individual sealing lips, more
resilient than O-seals and therefore lead to even
better sealing of the pipette tip on the coupling
element. A sealing element 21' having an X-shaped cross
section is illustrated by way of example in Figure 4.
The sealing element 21' has four sealing lips, the
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sealing lip 23', which points radially outward coward
the free end 12, being the axial sealing portion 23
against which the corresponding sealing portion of the

pipette tip is pressed.

[0063] The sealing element 21 shown in Figure 1 has
substantially the same radial extension as the second
portion 22 and as a result protrudes beyond the first
portion 20 in the radial direction. Therefore, a
sealing pertion 23 i1s substantiallv axially expoesed in
the direction of the open end & of the coupling element
4, The sealing portion 23 serves as an axial sealing
surface and is pressed axially against the peripherally
embodied internal shoulder 43 of the pipette tip 10. As
may ke seen in relation to Figure 2, which shows a
pipette tip 10 placed fully onte the coupling element
4, merely the axial sealing portion 23 of the sealing
element 21 is in direct contact with the Zinner wall of
the pipette tip and in particular with the shoulder 43,
As a result, axial sealing and at the same time z
crientation are attained, The z orientation is
furthermore defined by a holding element, as will be
described hereinafter.

[0064] The sealing element 21 has an external diameter
gsomewhat smaller than the internal diameter of the
second portion 42 of the pipette tip. This ensures that
the inner wall of the pipette tip 1s not guided with
friction via the sealing element 21 during sliding-on,
as a result of which it is subjected te far fewer loads
than radial sesls which have to be slid with friction
via conventiconally conically tapering surfaces to
achieve an adequate ssaling effect. Therefore, the
maintenance costs of the axial sealing element 21

according to the invention are alsc considerably lower.

[0065] & radial contact between the coupling element 4
and pipette tip 10 is established via the coupling
element-side guide elements 25 and 26 and via first anc
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second guide surfaces 45 and 46 of the coupling portion
14 of the pipette tip 10. In the simplest case, the
pipette tip-side guide surfaces 45, 46 can be formed by
the inner walls of the respective portions 40, 42 of
the pipette tip 10. Nevertheless, it is also possible
to form raised guide surfaces integrally with the inner
wall of the vipette tip. Fach portion of the pipette
tip~side coupling portion 14 has a guide surface 45, 4§
which encircles continuously or consists of partial
segments which are distributed over the circumference
side, the diameter of said guide surface corresponding

to the external diameter of the respectively assoclated

first and second guide element 25, 26, so that a form-

fitting orientation of the pipette tip 10 is attained.

[0066] In order to allow orientation with as precise a
fit as possible, the corresponding guide surfaces 45,
46 do not have any mold release bevels. Mold release
bevels are conventionally provided on injection-molded
parts in order to be able to release said parts more
easily from the injection mecld. Because mold releage
bevels are dispensed with, the pipette tip-side quide
surfaces extend in the axial direction parallel to the
axis 6. As & zresult, {he radial or lateral orientation
of the pipetie tip doss net dewpend on how far the
pilpette tip is slid onte the coupling element. In the
case of conically tapering gulde surfaces, s=aid guide
surfaces would, during the sliding of the pipette tip
onto the coupling element, increasingly be braced con
the coupling element and as & result resist the axial
movement. Thus, conical guide surfaces influence the
axial orientaticn and increase the reguired pushing-on
force. An annular groove 30 for receiving an annular
spring 27 is formed after the second guide element 26
in the sliding-on directiorn. The annular spring 27
gerves as a holding =lement &nd engages with an
undercut 47 on the inside of the second portion 42 of
the pipette tip. During placement of the pipette tip,
said pipette tip is slid, with its trailing end 1Z in
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front, over the second guide element 26 and the annular
spring 27 until the annular spring 27 snaps intc the
undexcut 47. As a result, the pipette tip 1s positicned
axially and fixed to the ceupling element. The annular
spring 27 and undercut 47 establish a detachable
connecticon which 1is at the same time sufficiently
stable to press the shoulder 43 axially =zgainst the
axial sealing portion 23 and thus to seal the pipette
tip on <the coupling element. The annular spring can
have a slight screw thread.

{0067] In accordance with the geometric configuration
of the coupling element, the guide surfaces 4% and 46
of the pipette tip, which, when placed on, interact
with the coupling element-side guide elements, are
typically at a distance from each other that is greater
than the internal diameter of the second guide surface
46. Likewise, should no second guide element 26 be
arranged on the coupling element, the distance between
the first guide surface 45 and undercut (holding means)
47 is greater than the internal diameter of the
depression in the undercut 47. As the holding element
27 is typically arranged after the second gunide element
26 in the sliding-on direction 2, this relaticnship
applies also 1if two guide elements 25, 26 or guide
surfaces &b, 46 are used. The first gulde element 25
can be arranged c¢lose to the sealing portion 23.
Accerdingly, the guide surface 45 can bke embodied close
te the shoulder 43. In this case, the distance of the
shoulder 43 from the undercut 47, in particular from
the genter of the undercut 47, 1is typically also
greater than the internal diameter of the undercut 47.

[0068] This situation is indicated in Figure 11 which
shows a coupling element 4 and a pipette tip 10
according to one  exemplary embodiment. In this
axemplary embodiment, the coupling element 4 has a
first guide element 25 in the form of a surface which

is arranged befcre the sealing element 21 in the
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sliding-on direction 2, i.e. in the first portion 20 of
the coupling element 4. A helding element 27 in the
second portion ZZ of the coupling element 4 1s arranged
after the sealing element 21 in the sliding-on
direction 2. A second guide element is not provided
here., The pipette tip 10 has a qguide surface 4% which
corrasponds to the guide eiement 25 of the coupling
element 4 and rests before a ssgaling portion or
shoulder 43 in the sliding-on direction 2, 1.e. 1is
arranged in the first portion 40 of the pipette tip 10.
The inner surface of the pipette tip 10 is shown here
extending slightly conically, the guide surface 45
being embodied as a c¢vlindrical surface integrated into
the wall of the pipette tip 10. This will be described
hereinafter in greater detail in relation to Figure 8.
A holding means 47, in the form of an undercut, is
arranged in the second portion 42 of the pipette tip 10
set apart from the sealing portion 43,

[0069]) On the ccupling element 4, the holding means 27
and holding element 25 are at a distance d; from each
other which is alsc referred to as the guide width. The
gulde width d; is determined from the center of the
raspective elements. The axial extension ({(width of the
individual guide surface) of the holding means 27 ang
holding element 25 is denoted by 1, and 1; respectively.
The external diameter of the holding means 27 is in
this case specified by Di. In order tTo allow secure
mounting and orientation, the relationship dy 2 Dy
should be fulfilled. In accordance therewith, the
undercut 47 of the pipette tip 10 has a maximun
diameter D.. The guide surface 45 1is at & distance
{guide width} d; from the undercut 47 ({(based in each
case on the center of said guide surface). The axial
extension of the undercut 47 and guide surface 45 is
specified by la and 1, respectively, wherein 1; is
typically greater than 1;, so that the heel between the
cylindrical guide surface 45 and the conical inner wall
{see heel 74 in Figure 2} dees not enter into contact
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with the holding element 25 of the coupling element 4
and impede sliding of the pipette tip 10 onte the
coupling element 4. Typically, the following applies:
Dy = Dy and di = dz, so that the relationship d; 2 D is
likewise fulfilled. The guide widths & and d;, the
axial extensions 1, 1,, 13 and 1, and alsc the
diameters D¢ and D are adapted to one ancthesr
accordingly, thus allowling the respective elements to
fulfill their purpose (the guide surface 45 and guide
element 25 for lateral orientation; the holding element
27 and undercut 47 in the present exemplary embodiment
for lateral orientation and fixing), wherein the fixing

can also be combined with slight clamping.

[GG70) The geometric relations describsed hereinbefors
ensure, regardless of whether the Ffirst and second
guide element 25, 2% interact with the pipette tip-side
guide surfaces 45, 48, or whether the first guide
element 25 and the helding element 27 interact together
with the pipette tip-side first guide surface 45 and
the undercnt 47 (without an additiconal sscond guilds
element Z6), that tilting of the pipette tip on the
coupling element is sufficiently reliably avoided.

00711 In order to achieve an adegquate sealing effect,
the distance between the undercut 47 and the shouider
43 should be adhered to as precisely &s possible,
wherein the distance is smbodied in such a way that the
shoulder 43 can be pressed against the sealing portion
23 to achieve an adegquate sealing effect. Nevertheless,
the resilience of the sealing element 21 permits a
certain tolerance, wherein an X-shaped sealing element
aliows for the same material a somewhat higher
tolerance than for example an O-ring. The distance
between the shouider 43 and undercut can for example be
8 to 9 mm. The interns! diameter of the pipette tip-
side second portion 42 can lie approximately between 6
and 7.5 mm, that of the pipette tip-side portion 40
approximately between 5 and 6 mm.
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[0072] During sliding-on of the pipette tip, reversible
slight deformation of the trailing end 12 of the
pipette tip can occur, as the trailing end is stretched
slightly as it passes the annular ring 27. The pipette
tip should therefore be embodied to be resilient up to
a certain degree at 1its trailing end. The resilience
can be adjusted by suitable selection of the material
thickness. It is nevertheless alsc possible to embody
the annular spring 27 to be sufficiently flexible to
yield during placement o©f the pipette tip and to

penetrate the undercut 47 as it passes 1it.

[0073] The annular groove 30 is ermbodied in the present
exemplary embodiment with an inclined inner wall 31
tapering conicaily toward the leading end 8 of the
coupling element. As a result, the annular ring 27 1is
precisely vositioned axially in the direction toward
the free end 8, as it is slightly radially compressed
by the pipette tip, vields owing to the conical inner
wall 31 in the direction of the stop surface 50,
against which it 1s ©pressed and positiocned. 7This
produces a force it starting from the sealing element
21, via the pipette-side sealing portion 43, to the
undercut 47 which guides the flow of vower to the stop
surface 50 wvia the annular spring 27. As a result, the
pipette tip 1s securely fastened to the coupling
element and oriented.

{0674] Figure 3 shows a further embodiment. In this
embodiment, the holding element used is not an annular
spring arranged in an annular groove but rather rigid
cams 57 which are distributed uniformly over the
circumference of the second portion. At least three
cams are beneficial. As may be seen from Figure 3, the
cars 57 are shaped intsgrally as a peripheral raised
ring which is interrupted by incisions. With regard to
the material stressing of the coupling portion of the
pipette tip, a plurality of separate rigid cams are
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more beneficlal than a continucus ring, as a continuocus
ring would force marked widening of the trailing end 12
of the coupling pertion 14 during sliding-on of the
pipette tip. Separate rigid cams, on the other hand,
reguire merely siight deformation of the trailing end
12, wherein in the case of three cams the cross secticn
of the second portion 42 assumes, until the cams engage
with the pipette tip-side undercut 47, a slight
triangular shape without significant matarial
stretching. The c¢ross-sectional deformation which is
facilitated without material stretching allows a
censiderable reduction in the application of force
required toc slide on the pipette tip. Alternatively,
the holding means used can alss be integrally shaped
conical surfaces or placed knobs or one or more placed

rings.

(00751 As in the first exemplary embodiment, the cams

57 engage with an undercut 47 at the pipette tip.

[0076] Figures 5 +to 7 show a further exemplary
embodiment in which, again, the holding element used is
an annular spring (not shown) arranged in an annular
grocve &0 having parallel side walls &1, 62 and a V-
shaped inner wall 63%. The annular groove 60 has the
advantage that the annular spring is, on the one hand,
mounted in a defined manner in the axial direction and,
on the other hand, elastically deformable in the radial
direction. This facilitates the placement of the
pipette tip and leads to a long service life of the

annular spring.

[0077] TFigures 6 and 7 show details of the annular
greove 60 and of the first and second portion 23, 26 of
the coupling element. These figures also show the
respective gulide elements such as can also be used in

the cother embodiments.
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[0078] The V-shaped inner wali 63 (Figure 6} comprises
two partial surfaces which are at an obtuse angle to
sgach other, said ?arﬁial surfaces being arranged
symmetrically with respect to the axis 6. The seccnd
guide element 24 protrudes beyond surrcunding reglons
of the coupling element-side second portion 22. As may
be seen, symmetricalily embodied run-on £lanks §5, 66
are integrally formed Llaterally fo the second guide

alement 26.

{0078} In the first portion 20 (Figure 7), a resar run-
on flank 67 and a front conical insertion bevel 68 for
precentering the pipette tip are alsc embodied axially
to the first gquide element 25. The insertion bevel 68
extending to the free end 8 ends at an end surface 68
at which the through-opening 5 also ends.

[0080] A further exemplary embediment of a coupling
glement 4 is illustrated in Figure 10. In the case of
this exemplary embodimsnt, the holding element 27 Iis
formed by separate camns 80 which are arranged
peripherally and are for example part of a ring. The
cams 90 can easilvy be produced from a for example
integrally formed ring in which axially extending
incisions 91 are formed. This produces separate and in
this case rigid cams 90 which, as in the exemplary
embodiments shown hereinbefore, can engage with an
undercut 47 in the pipette tip 10, which undercut is
provided in the second portion 42 of the pipette tip
14, By way of the interaction between the cams 20 and
undercut 47, the sealing portion 43 of the pipette tip
10 is axially pressed against the sealing element 21.
The ring, or the c¢ams 90, c¢an have in the axial
direction a round contour corresponding substantially
to the contour of the undercutr 47 in order to allow a

good form £it.

[0081] In contrast to the exemplary embodiments

disclosed hereinbefore, the coupling elemeni 4 shown in
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Figure 10 does not have a geparate second guide element
in the region of the second portion 22 of the coupling
element 4. The cams %0 perform this function in
interaction with the pipette tip-side undercut 47. The
gecond guide surface 46 in the szecond pipette-side
prortion 42 c¢an then likewise be dispensed with. The
pipette tip 10 can then have, viewed in the pushing-on
direction, a £first guide surface 45 in the region of
the £irst portion 40, a shoulder 43 at the transition
to the second peorticn 42 and a helding means 47 {in the
present example an undercut} set apart from the

shoulder 43.

[0082] In the regien of the first portion 20 of the
coupling element 4, the f£irst guide element 25 1is
formed by a weripheral ring having axial incisions 23,
the ring having & c¢ylindrical ocuter conteour. The
incisions 83 lead to spatiaslly separated ring segments
92 or cams. As a result of the cylindrical outer
contour of the ring, each cam 92 has a part of the
cylindrical outer contour, sc¢ that the holding element-
side cems 92 djointly form a peripheral guide element in
the form of an interrupted surface. Compared to Figure
T, it may bhe seen that in the exemplary embodiment
shown in Pigure 10 axially extending incisions 93 have
been formed in the region of the first guide =slement
25. The cems 922 lead, by interacting with internal
first guide surfaces 45 in the region of the fizrst
portion 40 of the pipette tip 14, to radial or lateral
orientation of the pipette tip 14 in relation to the

coupling element 4.

[0083] The coupling slements described hereinbefore can
be arranged on manual pipette mounts but alse on
pipetting machires having a large number of coupling
elements. Pipetting machines of this type also have
still Ffurther components, in particular wmeans for
stripping the pipette tips. Conventicnally, these means

comprise a stripper which can move relative to the



15

Z0

25

30

35

- 95 -

coupling element in the axial direction, engages after
the trailing end 12 of the pipette tip 10 and slides
said pipette tip counter to the sliding-on direction 2
of the coupling element.

[(0084] Figure £ is an enlarged view of a portion (Ffirst
portion 40 and/or second portion 42} of the pipette-
side coupling porticn. This portion has a conizally
tapering inner wall (inner surface) 70. The cone angle
{angle between the inner wall 70 and longitudinal axis
6} is only a few degrees and lies preferably between
0.5 and 1¢. This slightly conical embediment is what
i1s known as a mold release bevel in order to release
the pipette tip, which is shaped as an injection-molded
part, more easily from the injection mold. As may be
seen, the outer wall {outer surface} 71 of the coupling
portion also extends c¢onically for this reason., A
cylindrical guide surface 72 is integrated into the
inner wall 70, i.e. the gulde surface 72 extends in the
longitudinal direction wparallel to the longitudinal
axis ©. This forms between the gulde surface 77 and
inner wall a heel 74, the depth of which depends on the
cone angle and the longitudinal extension of the guide
surface 72. It 1s beneficial if the guide =surface
merges directly with the conical inner wall 70 toward

the wide end of the cone.

[0085] In order for the guide surface 72 to allow
sufficiently precise axial orientation of the pipette
tip, the wall of the pipette tip should be embodied so
as to be sufficientliy rigid in this region. As the cone
angle 1is, as described hereinbefore, typically very
small, the formation of the cylindrical gulde surface
72 leads only to a negligible reduction in the
thickness of the wall, thus ensuring sufficient
stability even in the region of the guide surface 7Z.
If appropriate, the wall as a whole should be embodied
s0 as +to be correspendingly thicker. Typically, a
cylindrical guide surface is embodied merely on the
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inner wall 70. The outer wall 71 has on the other hand

typically a conical course.

l0CBe] Figure 9 shows an embodiment with improved
Flexibility of the pipette-side coupling portion 14. As
may be seen, the coupling portion 14 {or the second
porticon of the pipette tip) has incisions 82 which
extend in the longitudinal direction and are filled
with & separate material in order to form axial soft
cemponents. The material 82 o¢f the axial soft
components B2 is more resilient than the material 80,
of which the main part of the coupling porticn 14
consists, and increases as & result the radial

"

lexibility of the coupling porticn. The ingigions 82
carn, as indicated in Figure 9, penetrate the undercut
34 to receive the coupling element-side holding
element. An iniection-meliding method can alsc be used
to manufacture two-component pipette tips of this type.
The pipette tip alsc has a portion 84 which is attached
to the coupling portion 14, tapers conically in the
axial direction and has at its axial end, remcte from
the coupling porticn 14, an opening for drawing in a

medium to be pipetted.

[0087] Generally, the total velume of the pipetie tip
is not particularly limited. For example, pipetie tips
can, a5 described above, bs configured in such a way
that they have a receiving volume 1in the receiving
region, 1.e. in the region of the pipette tip in which
the medium to be plipetted is received (receiving
portion}, including the outlet portion for dispensing
the medium, of from 5 to 2,000 pl, preferably from 40
to 1,800 pl, more preferably from 50 to 1,500 pl.

[0088] The length of a pipette tip is conventionally
obtained from the desired volume 1f the geometry of the
individual portions of the receiving region is defined.
The length of the pipette tip is therefore generally

not particulariy limited. For example, the pipette tips
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can have a length 1in the range of from 50 to 150 pm,
preferably from 60 to 140 mn and most preferably from
80 to 129 mm. In a particularly preferred embodiment,
pipette tips having a receiving volume of 50 pl have a
length of 60 mm, pipette tips having a receiving volume
of 200 or 1,000 pl each have a length of 80 mm, and
pipette tips having a receiving volume of 1,500 pl have
a length of 120 mm,

{0C28] In the case of all embodiments, the pipette tip
can consist of polypropylene and be filled with
graphite in order to allow capacitive level

mneasurements.

[0090] The sealing element can in the case of all
embodiments consist of fluorcelastomer, for example
Jiton® or Kszlrez® from DuPont. Depending on the medium
to be pipetted, other resilient materials are likewise

suitable.

{0081] The coupling elements, which are often referred
te also as the “mandrel”, consist of a preferably
corrosion-resistant metal, for example stainless steel
or other alloys containing for example tantalum,
titanium or tungsten. Nevertheless, it i=s also possible
to make the coupling elenments from suitable, for
example conductive, plastics material. Also possible
are composites made up of different materials, for
example stainless steel with plastics material inlays
or compounds of different, conductive and non-

conductive plastics materials.

(00921 A common feature of the emboediments described
hereinbefore i1s that they allow the pipettes tip to be
placed and stripped with the applicatiocn of
comparatively little force. This is achieved on the one
hand as a result of the coupling element-side flexible
holding elements and on the other hand as a result of
flexible regions of the trailing end 12 of the pipette
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tip. In addition, all coupling elements have a low-wear
or even wear—free seal, as the sealing element is
embodied as an axial sealing element. The aguide
elenents permit precise radial or lateral {(x and vy
directions}) positioning and prevent tilting of the
pipette tip. The axial positioning (z direction) is
defined on the one hand by the interplay of the
coupling element-side holding element with the pipette
tip-side holding means and on the other hand by the
pressing of the shoulder 43 against tbﬁ sealing element
21. The seal and the fastening are thus spatially and
functionally separated from each other and allow
positionally secure fastening of the pipette tip to the
coupling element. Both the pipette tip and the coupling
element can be manufactured cost-effectively and are

robust in use.
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List of reference numerals
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B D

14

20

21, 21°
22

23, 23"
25

26

27

28, 29
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31

34

40

a2

43

45

46

47

50

57

60

61, 62
63

65, 66, 67
68

69

70

71

72

Sliding-on direction

Coupling element

Through-cpening

Longitudinal axis

Free end of the coupling element
Pipette tip

Trailing end of the pipette tip/first
axlial end

Coupling portion of the pipette tip
First portion of the coupling element
Sealing element

Seccend portion of the coupling element
Sealing portion

First guide element

Second guide element

Annular spring/holding element
Outer edge

Annular groove

Inner wall of the annuvlar groove
Depression/undercut

First portion of the pipette tip
Second pertion of the pipestte tip
Sealing pertion/shoulder

First guide surface

Second guide surface

Undearcut

Stop surface

Cams/holding element

Annular groove

Side walls of the annular groove &0
Inner wall of the annular groove 50
Run-~on flanks

Insertion hevel

End surface

Inner wall

Quter wall

Guide surface
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Shoulder

First material

Second material

Conical porticon
Cams/holding elemant
Incision

Cams/first guide element

Incisicon
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Patent claims

1. A pipette tip for placing on a mount, wherein
the pipette tip has:

- a longitudinal axis (6); and

= a coupling portion (14) extending in  the
longitudinal axis (£} for sliding onto the mount, the
coupling portion (i4) having at least one portion (40,
42) having an inner wall (70} which tapers conically,
at leasti in certain portions, counter to the siiding-on
direction (2} and into which & guide surface (45, 46,
72, which is cylindrical in relaticn to the

longitudinal axis (6), is integrated.

2. The pipette tip as claimed in claim 1, wherein
the inner wall (70} has, in the longitudinal axial
directicn in relation to the longltudinal axis (6), an
angle of greater than 0.2° and preferably between (.5°
and 3°.

3. The pipette tip as claimed in claim 1 or 2,
wherein the coupling portion {14} has a first portion
(40) and a second portion (42} arranged axially offset
from the first portion (40) in the pushing-on direction
{2y, and the first pertion (40) has a smalier radiail
extension than the second porticon (423},

4. The pipette tip as claimed in claim 3, wherein
the first portion (40) has a conically extending inner
wall (70) into which the cvlindrical guide surface {43)
is integrated.

3. The pipette tip as claimed in claim 3 cor 4,
wherein the first and second portion (40, 42) each have
conically extending inner walls into each of which a
cylindrical guide surface (45, 46, 72) is integrated.
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g. The pipette tip as claimed in one of claims 3
to 5, wherein it has a sealing portion between the
first and second portion (40, 42} having a sealing
surface (43) pointing axially in the pushing-on
directiorn (2} for interacting with a sealing element of
the mount.

7. The pipette tip as claimed in one of claims 3
to 6, wherein it has at lesast cne holding means (47)
arranged on ithe irnner wall of the second portion (42}

for interacting with a holding element of the mount.

g. The pipette tip as claimed in claim 7, wherein

the holding means {47} is an undercut.

2. The pipette tip as claimed in one of claims 1
to 8, wherein the pipette tip is an injection-molded
part.

10, The pipette tip as c¢laimed in one of claims 1
to %, wherein the coupling portion (14} comprises an
end regicn which is embodied so as to be mors flexible
in relation to the remaining regiocns of the coupling

portion (14}.

11. The pipette tip as claimed in one of claims 1
to 10, wherein the coupling portion (14) consists of a
first material (80) and has incisions (82) which extend
in the longitudinal direction and are filled with &
second material which is more resilient than the first

material.

12. The pipette tip as claimed in one of claims 6
tc 10, wherein the sealing portion is & shoulder
between the first and second portion (40, 42).

13. The pipette tip as claimed in one of claims 6

to 12, wherein the distance between the sealing portion
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and the bholding means (47) is greater thar the radial
extension of the holding means (47).

14. The pipette tip as claimed in one of c¢laims 3
to 13, wherein the distance between the guide surface
(45, 72) arranged in the first porticn and the holding
means (47) is greater than the radial extension of the
holding means {47}).

i5. The pipette tip as ¢laimed in one of the
preceding claims, wherein the sealing portion is
arranged between the cylindrical guide surface (45, 72}
and the holding means (47).

16, A device for mounting pipette tips with a
coupling element (4} which has a longitudinal axis (6)
aextending in the axial direction and has a free end (8)
from which a pipette tip (10} can be slid onte the
coupling element (4) in the axial directicon, wherein

the ccupling element has:

- a sealing element (21, 21') which is made of a
resilient material and has an axial and radially
extending sealing portion {23, 23') which is exposed in
the axial direction toward the free end (8} of the
coupling element ({4) and against which a sealing
portion (43} of the pipette tip (10) can be axially

pressed at least in part.

i7. The device as c¢laimed in claim 16, wherein the
coupling element (4} has at least one preferably one-
piece or multipart guide element (25, 26) arranged on
the cutside therecf fior laterally orieniing the pipeite
tip (10). |

18. The device asg claimed in claim 17, wherein the
coupling element has two guide elements (25, 26) set
axially apart from each other on the outside of the

coupling element.
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19. The device as claimed in claim 18, wherein the
guide elements (25, 26) each form a radially encircling
guide ring having a predefined radial and preferably
constant radial extension, the guide rings each having
a different radial extension and being embodied,
vreferably independently  of cne  ancother, in a

continuous and/or interrupted manner.

20. The device as claimed in gclaim 18 or 19,
wherelin the guide elements (25, 26} are at a distance
(d) from each other that is at least as great as the
radial extension (D} of the guide elements or of the
larger of the two guide elements.

21. The device as claimed in one of claims 16 to
20, wherein the coupling element (4) has at least one
holding elsment (27, 57) arranged on its outside for
interacting with helding means (47) of the pipette tip
in order to press the sealing portion (43) of the
pipette tip (10} against the axial sealing portion (23,
23"} and/cr to position the pipette tip in the axial
direction.

22. The device as claimed in one of claims 16 to
21, wherein the coupling element (4} =nas a first
portion {Z0) which is arranged close to the free end
(8 of the coupling element and a second portion (22)
which is arranged axially offset in the pushing-on

direction in relation to the first vortion (20}).

23. The device as claimed in claim 22, wherein the
first wportion (20) has preferably at each point a

smaller radial extension than the second rortion (22).

24, The device as claimed in claim 22 or 23,
wherein a respectlve guide element (25, 26} 1s arranged

an the first and second portion {20, Z2}).
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25, The device as claimed in one of glaims 22 to
24, wherein the sealing element (21, Z21') is arranged

between the first and second porticon (20, 22).

26. The device as claimed in one of claims 2Z to
25, wherein the holding element (27, 57} is arranged on

the second portion (22},

27. The device as clazimed in one of claims 16 to
26, wherein the sealing element (21, 21') consists of a
fluoroelastomer.

28, The device as claimed in one of claims 21 to

27, wherein the holding element is a peripheral spring
element (27) which 1s arranged in a peripheral
depression (30} located on the outside of the coupling

element.

29. The device as c¢laimed in one of claims 21 to
27, wherein the holding element has one or more radial
elevations (57) which are arranged in a partially or
annpularly encircling manner on the outside of the

coupling element and are preferably rigid cr flexible.

30. The device as claimed in one of claims Z1 to
28, wherein the holding element (27, 57) is arrangsd,
viewed in the pushing-on direction, after all guilde
elements (25, 26).

31, The device as claimed in one of ¢laims 16 to
30, wherein the sealing element {21, 211) is

elastically deformable in its material c<ross section.

32. The device as claimed in one of claims 16 to
31, wherein the coupling element {4} has an inserticn
bevel (68} at the free end {(8) for preadijusting the
pipette tip.

33. A pipetting device with
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(a} a coupling element (4) as c¢laimed in one of claims
16 to 32 and

(b} & pipstte tip (10) which <can be detachably
fastened to the coupling element {(4) and has a sealing
portion (43) which is configured in relation to the
longitudinal axis (6) of the coupling element (4) as an
axial surface pointing in the direction of the coupling

element {(4),

and wherein, in the coupled state, at least a part of
the sealing portion (23, 23') of the coupling slement
(4) i3 axially pressed against at least a part of the
sealing portion {43) of the pipette tip (10).

34, The pipetting device with a coupling element
{4y and & pipstte tip (10) which can be detachably
Fastenad to the coupling element (4) as claimed in one
of claims 1 to 15,

- wherein the coupling element (4) has at least one
guide element (25, 26) arranged on the ocutside therect
for laterally orienting the pipette tip (10}, and
preferably has as many guide elements (2%, 26} as the
pipette tip (10) has guide surfaces (45, 46, 72),

o wherein the gquide element or elements (25, 206)
is/are embodied independently of one ancther,

preferably in one piece or in a plurality of parts,

- and wherein each guide element (25, 26) has at
least partial surfaces of a cylindrical lateral surface
which corresponds in each case to a cylindrical guide
surface {45, 46, 72}, interacting with the partial

surface, at the pipette tip (10).

35, The device as c¢laimed in claim 34, which

additionally has the characterizing features of one of
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claims 18 to 24, 26, 28 to 30 or 32 and preferably also
a sealing element a3 claimed in ¢ne of clalims 16, 25,
27 or 31.

34, The pipstting device as claimed in one of
claims 34 to 35, wherein the coupling element (4) has
at least one holding element (27, 57) arranged on the
outside therecf Ifor Interacting with at least one
holding means (47) of the pipette tip (10), the at
least one holding eiement (27, 57} being configured
praeferably either rigidiy or flexibly relative to the
at least one holding means (47}.



