CA 2637010 A1 2008/04/10

Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office (21) 2 637 01 0
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2007/09/28 (51) CLInt./Int.Cl. BO7L 3/02(2006.01)

(87) Date publication PCT/PCT Publication Date: 2008/04/10 | (71) Demandeur/Applicant:
SORENSON BIOSCIENCE, INC., US

(85) Entree phase nationale/National Entry: 2008/07/11
(72) Inventeurs/Inventors:

(86) N° demande PCT/PCT Application No.: US 200//020885 PRICE. WEST L. US:
(87) N° publication PCT/PCT Publication No.: 2008/042233 JENSEN, ZACKARY J., US:

(30) Priorités/Priorities: 2006/09/28 (US60/847,820), CALDWELL, TYLER W., US;

2007/09/27 (US11/862,840) STEED, FREDRICK C., US
(74) Agent: DIMOCK STRATTON LLP

(54) Titre : POINTE DE PIPETTE A PLUSIEURS COMPOSANTS ET PROCEDES ASSOCIES
54) Title: MULTI-COMPONENT PIPETTE TIP AND ASSOCIATED METHODS

i i v

fﬂox

VAN A A

7 < 7

7 Z 7

S B o i 7 27 7 7

7 O el L

Z__ i 7

L24-0

(57) Abrégée/Abstract:
Described are pipette tips and methods of making the same. The pipette tips may include at least two components, an annular

component and a tubular body component. The annular component may comprise a different and relatively more compliant

<o
Sy SR VEEEEN
.l.!.\‘\-c.c..--.
. N r
' e [ [ [
T
o

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2637010 A1 2008/04/10

en 2637 010
13) A1

(57) Abrege(suite)/Abstract(continued):
material. The annular component may be partially or entirely telescopically received within the tubular body component.

Alternatively, the annular component may comprise a proximal end of the pipette tip and the tubular body component may
comprise a distal end of the pipette tip. A portion of the tubular body component may be telescopically received by the annular
component or otherwise attached thereto. The pipette tip may be formed by first molding the annular component and next molding
the tubular body component. Alternatively, the tubular body component may be molded first and the annular component may be

molded within, adjacent, or about the tubular body component.
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The pipette tips may include at least two components, an annular component
and a tubular body component. The annular component may comprise a dif-
ferent and relatively more compliant material. The annular component may
be partially or entirely telescopically received within the tubular body compo-
nent. Alternatively, the annular component may comprise a proximal end of
the pipette tip and the tubular body component may comprise a distal end of
the pipette tip. A portion of the tubular body component may be telescopically
received by the annular component or otherwise attached thereto. The pipette
tip may be formed by first molding the annular component and next molding
the tubular body component. Alternatively, the tubular body component may
be molded first and the annular component may be molded within, adjacent, or
about the tubular body component.
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MULTI-COMPONENT PIPETTE TIP AND ASSOCIATED METHODS

PRIORITY CLAIM
This application claims the benefit of the filing date of United States Patent
Application Serial No. 11/862,840, filed Sepiember 27, 2007, pending, which
application claims the oenefit of the filing date of United States Provisional Paten:
Application Serial No, 60/847,820, filed September 28, 2006, for “TWO-PART
VMIOLDED PIPETTE TIP" (MULTI-COMPONENT PIPETTE TIP AND
ASSOCIATED METHODS)

TECHNICAL FIELD
Iaisinventionreiates generally to pipette tips, including methods of making or

using an improved version of such tips.

BACKGROUND

Pipette tips are conventiona..y, either manually or robozically, manipulated for
use individually orto register with the individual weils of well assay plates. Well assay
plates comprise individual wells (analogous to miniature tes: tubes) organized in ranks
and files in standardized patterns.

l'omanipulate atip, a probe may be inserted into its interior, whereby creating a
phys:ical connection between the probe and the tip. Pipette tips are typically
characterized by an internal passageway defired by a tapered inner wall, The insertion
of a cylindrica. probe into such a tip creates an interference fit. Properly mounting the
pipette tip on the probe effects a fluid-tight seal between the peripheral cylindrical
surtace of the prabe and the tapered nnerwa.l of the pipette tip. In practice, the taper
of the passageway in the pipeite tip does not reiiably effect precise sealing and
a.ignment of the pipette tip with the probe, In additicn, the force needed to load the
pipetie tip on the probe is not reliably consistent,

According to established procedures, the mounting shaft of a probe is driven
axially into the tip a distance deemed sufficien: to create a fluid-tight seal between the

tip and the mounting shaft and to assure lateral stability between the tip and the
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mounting shaft, This operation inherently requires some ceformation of the annular
cross-section of the tip. Pipette tips have conventionally been formed of arigid plastic
material, The annular deformation of the pipette tip required to accommodate
movemen: of the tip onto the shaft sutliciently (o create a fluid-tight seal with lateral
stability 1s difficult to achieve and requires a large axial mounting force..
Conventiona. automated probes are commornly specifically designed for use with

pipette tips of a standard vo.ume. Pipette tips of simiiar volume obtained from different

- manufacturers differ significantly from each other in shape and other details of

construction. Thne tips of each manufacturer are correlated, by details of construction, to
selected probes: they are thus not suitable for use on non-correlated probes. Use of
non-correlated pipette tips on any of the currently available probes introduces a number
of practical concerns. An meffective seal may result. Unique insertion and removal
forces will usually be required, and these forces may not be determinable without
considerabie effort. Improper axial alignment and position are also probable, As a
practical matter, tips from a single source may not be used interchangeably with probes
from multip.e suppliers,

Pipette tips are converntionally formed of a non-reactive material, tor example,
polypropylene or nign-density polyethylene. The pipette tip must be sufficiently rigid
for axial stabiiity when mounted on a manual or automatic probe anc when eiected from
the probe. Mounting a pipette tip on a probe requires the exertion of an axial (usually
downward) force to drive the probe a sufficient axial distance into the tip. Achieving
the annular ceformation required of the pipette tip to generate a sufficient interference
fit may require a force exceeding twenty pounds (9 kilograms). A force of tha:
magnitude is unachievable for many individuals, making manual operation problematic.
The greater the axial force exerted in mounting the pipette tip, the greater the force
necessary to gject the tip from the probe.

Numerous pipette tips have been designed to overcome these difficulties. For
example, a pipette tip having one or two annular rings extending around the interior
wall of the pipette tip for sealing with cylindrica!l flat portions of a probe is described ir:
L.S. Patent 3,232,609 to Pardinas. However, the pipette tip of Pardinas requires the

prooe to incluce cylindrica: fiat portions and a shoulder forengagingarim of the pipette
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tip and limiting movement o7 the probe into the pipette tip. Without properly limiting
axial movement, the annularrings wi.l not be aligned with the cylindrical flat portions,
and the sealing function of the annuliar rings 1s not assured. Thus, the pipette tip of
Pardinas 1s specifical.y suitable for use only with a pipette inciuding a specific
correlated probe,

U.S, Patent 6,197,259 to Kelly et al., describes a pipette tip including lateral
stabilizing means or an inner surface of the pipette tip forengaging the outer surface of
4 mounting shaft as itis inseried into the pipette tip. The lateral stabilizing means may
comprise three circumferentially spaced contacts extending inwardly from the inner
surface o the tip, An annularsealing region further within the pipette tip1s designedto
engage a .ower end of a sealing zone of the mounting shaft, and to stretch radiaily
outward as the mounting shaft 1s guided and onented in position to create a fluid-tight
seal. Thus, mounting the pipette tip of Kelly requires sufficient axial probe force to
racially distort the pipette tip,

A need exists for a pipette tip that forms a fluid-tight seal with a probe upon
application of relatively low axial mountng force. The tip should also be laterally
stabie when mournted, and offer a universal fit {or use intercnangeably with the pipette

probes obtained from different manufacturers.

DISCLOSURE OF THE INVENTION

Thisinventon provides a pipette tip witnh different selected physica. properties
in different segments alongits length. According (o certain preferred embodiments, the
tip is constructed of a plurality of components. each of which is formed of materials
selected to provide specified physical properties. In a typical construction, a f{irst
component is formed as a tubular body naving a first proximal end segment and a
second distal end segment. A second annuiar component is positioned coaxiaily with
respect to the first component. The second component may be partially or entirely
telescopically positioned with respect to the firstcomponent. Materia.s of construction
are selected such that the second component is relatively more compliant than is the
first component, The second component may comprise an elastomer, for example, a

thermoplastic  vulcanizate. The first component may comprise, for example,
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polypropylene. The first component may be tapered, with 1ts proximal end segment
naving a diameter greater than the diameter of its distal end segment, The proximal end
segment of the first component may include an outwardly extending flange, and a
plurality of circumferentially spaced apertures through a side wall of the first
component. Optionally, the first component may inciude circumferentially spaced
longitudinally extending fins on 1ts outer surface. According to one typical
embodiment, & pipette tip of this invention comprises a tubular body having a first
proXximal end segment and a second distal end segment. The ins:de-facing surface of
the proximal end segment s more compiiant than 1s ‘he nside-facing surface of the
distal end segment.

One suitab.e method of forming a pipette tip of this invention comprises
providing an injection-molding chamber with multiple sources of injection material.
The injection material of a first such source 1s selected to produce finished components
of relatively compliant characteristics, and the 1njection ma:erial of a second such
source is selected to produce finished components having relativelv rigid characteristics,
A first moid may be utilized in generally conventionai fashion to form an annular inner
component of the pipette tip from material provided from the first source. That tubular
Inner component is then moved to a position adjacent the second source of injection
materiai, = A second mold 1s then utilized to form a tubular pipette tip bedy from
matenal provided from the second source. The annular component may be at least
partially telescopica.y received within and molded to the wubular pipette tip body.
Alternatively, the tubular pipette tip body may be at least partially telescopically
recelved within and molded to the tubular pipette tip bodyv.

An altermative methed of forming a pipette tip comprises providing an
injection-molding chamber with two sources of in‘ection material, injecting a first mold
with the insection material of the first of the two sources of injection material to form a
first component of the pipette tip, and forming an annular second component at least
partialiy telescopically received within and optionaily molded to the outer component.
The injection material of the first of the two sources of injection material may have
relatively rigid characteristics subsequent to molding and the injection material of a

second of the two sources of injection material may have relatively - compliant
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characteristics subsequen: 0 molding. The first component may include a tapered
tubular body having apertures circumferentially spaced about & distal end segment. A
mold material may be injected through the apertures of the first component to form the
annular second component,

In yet another method of forming a pipette tip, an annular second compoenent
may be mo.ded with a first tubular body at leas: partially telescopically received within,

As usedinthis disclosure, the term “compliant” refers to physical properties that
comply with the requirements of a fluid-tight seal, Materials exhibiting varying degrees
of elas'ticity, resilience, hardness and related properues will be relatively more
compliant or more rigid. In the context of thisinvention, the degree of rigidity required
for a tip to be suitable for manipulation in a typical pipetting operation drives the
manufacturers of such tips to select molding materials that are relatively more rigid and
relatively less compliant. Incorporating a compornent formed from relatively more
compliant material, in accordance with this invention, provides a more compliant
interface between a probe and a tip, thereby reducing the mounting force requirec to

effect a fiuid-tight seal.

BRIEF DESCRIPTION OF THE DRAWINGS

Inthe drawings, which illustrate what is currently regarced as the best mocde for
carrying out the invention:

FIG. 1 is an illustration of a first embodiment of a pipette tip of the present
Invention,

FIG. 2 is an illustration of the outer component of the pipette tip of FIG. 1|

FIG. 3A illustrates the inner component of FIG. 1;

FIG. 3B depicts a perspeciive view of the inner compornent or FIG. 1]

FIG. 4 is a perspective view of a second embodiment of a pipette tip of the

- presentinvention;

FIG. S is an illustration of a third embodiment of a pipette t1p of the present
invention,
FIG. 6 depicts a fourth embodiment of a pipette tip of the present invention,

mouanted on a pipette.
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FIG. 7A depicts a fifth embodiment of a pipette ip of the present invention;

FIG. 7B depicts a close-up view of the juncton of a first component and a
second component of the pipette tip of FIG. 7A;

FIG. 7C shows a pipetie tip mounting shaft and ejection mechanism,;

FIG. 8 depicts a mold of the present invention; and

FIG. 9 illustrates a flow chart for a method of making a pipette tip of the present

invention,

"MODE(S) FOR CARRYING OUT THE INVENTION

FIG. 1 depicts a first embodiment of a pipette tip, generally 100, ol the present
invention. The pipette tip 100 comprises a hollow, elongated, tapered body 200 (also
“outer component 200") with a proximal open end 230 for receiving and releasably
mating with a mounting shaft of a manual or mechanical pipette device (see FIG, 7C).

The pipette tip 100 comprises two components respectively formed of matenals
selected for their distinct bu: different properties. An outer component 200, shown as a
hollow, elongated, tapered body, telescopically receives an inner component 300, For
convenience of description, the outer component 200 is referred to as “tapered.” Within
the context of this disclosure, however, the term “tapered’ refers to an overall reduction
in diameter throughout the length of the body. The outer component 200 may, in
practice, include cylindrical segments. In any case, outer component 200 nas an Interior
wall 220 defining an inrer passageway 210, The proximal open end 230 of outer
component 200 is of greater diameter than the distal open end 240. The proximal open
ernd 230 is configured to receive the inner component 300 ard the mounting shaft of a
pipette device. The distal open end 240 is configured to draw a liquid into the inner
passageway 210.

The outer component 200, shown in detail in FIG. 2, includes a nm or
flange 270, which protrudes beyond the inner component 300 (FIG. 1), and extends
radially outward from the remainder of the outer componen: 200.

As illustrated, the inner component 300 of the pipette tip is generally annular, It
may comprise a separate, generaliy cylindrical componen:, as shown, but in other

embodiments, may comprise a coating on an interior wall 220 of the outer
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component 200, The inner component 200 may ccver only an end segment of the
interior wall 220, proximal to proximal open end 230. The embodiment of inner
component 300 (shown in detail in FIGS, 3A and 3B) comprises an annular body 370
defining a passageway 310 and comprising a plurality of segments 370a, 370b, 37Cc,
370d, and 370e. The passageway 310 decreases in diame:er from a first end
segment 370a to a second end segment 370e. The first end segment 370a defines a
tapered section of the passageway 310, The adjacent segment 370b defines acylindrical
portion of the passageway 310, A third segmen: 370c defines a tapered portion of the
passageway 310, and the next adjacent segment 370d defines a second C);lindr‘ical
section of the passageway with a diame:er smaller than the first cylindrical section. The
passageway 310 1s thereby configured to receive the mounting shatt of a pipette in
fluid-tight sealed relationship.  Alternative embodiments nave passageways 310
configured to present a uniformly tapered interier wall, a cylindrically shaped interior
wall, or any number ol tapered or cy.indricai sections, provided that they are shaped and
dimensioned to effect a fluid-tight seal with the mounting shaft of a pipette probe. The
material from which the inner component 3C0 is consiructed 1s ideally sufficiently
compliant to deform as required to receive and seal about the mounting shaft.

Returning to FIG. 1, the pipette tip 100 comprises a taperec, tubular body with a
passageway 110 therethrough. The passageway 110 1s defined by an inside-facing
surface 120. The inside-facing surface 120 includes a first portion 220, corresponding
to the insice-facing surface of the outer component 200. A second portion 320 of the
i'nside-facing surface 120 of the pipette tip 100 corresponds to the inside-facing surface
of the inner component 300, The material of the inner component 300 is different than
the materia: of the outer component 200. The materia, of the inside-facing surface first
portion 220 1s, theretore, different than the material of the inside-facing surface second
portion 320. The inside-tacing surface second portion 320 may comprise a compliant
matenal, and be configured to receive and sealingly engage with a mounting shaft of a
pipette.

A second embodiment of a pipette tip of the present invention is shown in
FIG 4, The pipette tip 400 includes an outer component 500 and an inner

component 600, The outer comporent 500 includes circumferentially spaced
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longitudinally extending fins 550 on the outer surface 505. The firs 550 provide lateral
stability.  The outer component 500 further includes circumferentially spaced
apertures 360 about a first open end 530 thereof. The apertures 560 may be useful for
the tormation of the pipette tip 400, as described in further detail subsequently in this
disclosure.

The inner component 300, 600 may comprise an elastomer, such as a rubber, a
foam, a thermoplastic elastomer (TPE), or a thermoplastic vulcanizate. A TPE
combines the look, feel and elasticity of conventional thermoset rubber with the
processing efficiency of a 'plastic. The melit-processability makes it suitable for
nigh-volume injection moiding arc extrusion. One suitable thermoplastic vulcanizae is
sold under the trade name SANTOPREME™ by Santopreme Specialty Products of
Akron, Ohio,

The pipette tip outer component 200, 500 may comprise, by way of example,
polypropylene or polystyrene. The pipette tip outer component 200, 500 is preferably
resi.ient enough to be ejected off of a pipatte probe, and to have la‘era! and dimensional
stability,

FIG. 7C depicts the mounting shaft 730 of a pipette with an ejection
mecnanism /30 disposed about the shaft, In use, the mounting shaft 730 may be
inserted within the pipette tip 100, 400 with enough force to deform the compliant
matérial of the inner component 300, 600, forming a fluid-tight seal between the
mounting shaft peripheral cylindrical surface 740 and the second portion of
Insice-facing surface 320 of the inner component 300, 600. Fluid may be drawn into
tne pipette ip 100, 400 with a vacuum through the mounting shaft 720, and the fiuid
may oe expelled, for example, in a different location. The fluid may be drawn in
through and expelled from the distal open end 240 of the pipette tip 100, 400. The
pipette tip 100, 400 may be pushed off of the mounting shaft 730 with the ejection
mechanism 750, The ejection mechanism 750 may comprise an annular body. The
mounting shaft 730 may be an element of a manual or an automated pipetie,

Ihe compliant material of the inner component 200, 600 enab.es the pipette
tip 100, 400 to be mounted on the pipette device with little or no deformation of the

more rigid material of the outer component 200, 500. Therefore, the axial mounting and
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eection forces are minimized. In addition, the compliant material of the inner
component 200, 600 enables the pipetie tip 100, 400 to have a universal fit. Thatis, the
pipette tip 100, 400 of the presentinvention may be mounted on the mounting shafts of
various pipette devices, despite the differing shaft diameters of those devices. For
example, a pipette tip 100, 400 having an inner component passageway with a diameter
of about 0.172 inches (0.437 centimeters) ai the largest open end may fit a
pipette-mounting shaft having a diameter between about 0.173 inches (0.438
cenimeters) and about 0,183 inches (0.465 centimeters). The material of the inner
component may have a durometer between about 50 and about 60, preferably about 53
onthe A scale, and the materia! may be compressed a maximum of between about 40%
and about 65%. Therefore, an inner component having a wall thickness of about 0.010
inches (0.025 centimeters) and a maximum compression of 50% may {1t a
pipette-mounting shaft having a diameter up to about 0.010 inches (0.025 centimeters)
larger than the inner component passageway.

FIG. 5 depicts a third embodiment of a pipette tip 450 of the presentinvention.
The pipette tip 450 comprises at least two comporents. The two components shown are
formed of different materials having correspondingly different physical properties, The
ouater component 570 comprises a hollow, elongated, tapered body, with a portion of a
second, annular inner component 580 received telescopically therein. The outer
component 570 has an interior wall 572 defining a passageway 571. A firs:, proximal
enc segment 375 of the outer componen: 570 has an opening greater in diameter than
the opening of a second, distal end segment 574. The segment 575 is corfigured to
receive a firstend segment 585 of the inner component 580. A second end segment 587
of the inner component 580 is configured to receive the mounting shaft of the plpe:ie
device. The segment 574 of the outer componen: 570 is configured to craw a liquid into
the passageway 501. The segment 587 of the inner component 380 protrudes beyond
the outer component 570.

Theinner componen: 580 may comprise an elastomer, such as a rubber. a foam,
a thermopiastic elastomer (TPE), or a thermoplastic vulcanizate. The pipelte tip inner
component 580 is preferably resilient enough to be gjected off of a pipette probe, yer!

compliant enough to form a fluid-tight seal therewith. The material of the second
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component may have a curometer between about 60 and about 95, preferably about 87
on the A scale.

The pipette tip outer component 570 may comprise, by way of exampie,
poiypropylene or polystyrere. The pipette tip outer component 370 is preferably
relatively more resilient and/or rigid than the material of the immner component 380,

FIG. 6 depicts an alternative embodiment of a pipette tip 650 of the presen:
invention. The pipette tip 6350 is a positive displacement pipette tip. It includes an outer
comporent 660 and an inner component 670, each of which may be formed of the
materials disclosed as useful in connection with other embodiments of the invention
The inner component 670 is fashioned of 2 more compliant material than is the outer
component 660. The pipette tip 630 1s depicted mounted on a pipette 680, The
pipette 680 includes a plunger 683 that may be used to draw a liquid 695 into the pipe:te
tip 630, and to dispense the liquid 695 from the pipette tip 650, The pipetietip 650 may
have a substantially cvlindrical passageway 635 thereihrough, with an inside-facing
surface of the inner component 670 flush with an inside-facing surface of the outside
component 660.

FIGS. 7A and 7B depict an additional embodiment of a pipette tip 700 of the
present invention. The pipetie tip 700 includes a first componen: 710 and a second
component 720, The first component 710 may comprise a holiow, elongated, tapered
body of a re.atively more rigid maternial than the material of the second component 720.
Tne firstcomponent may be axially tapered from a first openend 712 (see FIG. 7B) to a
second openend 714, The second component 720 may comprise a ho.low, substantially
cylindrical body with a first openend 722 to a second open end 724 (see FIG. 7B). The
second open end 724 of the second component 720 may be configured to telescopically
recelve the first component 710 therein. The second component 720 may include an
annular rim 726 ror abutting with the fizst component 710, and an annular flange 728
for encircling a portion of the same. FIG. 7B depicts a cross-sectional view of the
junction of the first compoenent 710 and the second component 720. The inside-facing
suriace 721 of the second component 720 at :he second open end 724 and the
inside-facing surface 711 of the first component 710 at the first open end 712 may

adjoin to form a substantially continuous interior surface of the pipette tip 700.
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The pipette t1p 700 comprises a tapered, tubular body with a passageway 701
therethrough. The passageway 701 1s defined by an inside-facing surface 702. The
inside-facing surface 702 includes a first portion corresponding to the inside-facing
surtace 711 of the first component 710. A second portion of the inside-facing
surface 721 of the pipette tip 700 corresponds to the inside-facing surface of the second
component 720, The material of the second component 720 is different than the
material of the first component 710, The matenal of the inside-facing surface first
portion 711 1s, therefore, different than the material of the inside-facing surface second
portion 721, The inside-facing surface second poﬁion 721 may comprise a compliant
maternal and be configured to receive and sealingly engage with a mounting shaft of a
pipette,

In use, the pipette tip 450, 700 may be mounted on a mounting shaft 730
(FI1IG. 7C) of a pipette. The mounting shaft 730 may be inserted within component 580,
720 of pipette tip 430, 700. The'component 580, 720 deforms to form an annuiar
flutd-tight seal between the mounting snaft 730 anc the component 580, 720. Fluid may
0e drawn 1nto the pipette 1p 430, 700 with a vacuum through the mounting shaft 730,
and tne fluid may be expelled, for example, in a different location. The fluid may be
crawn in through and expelled from an opening of the second end 574, 714 of the
p.pette tip component 570, 710.

The pipette tip of the present invention may be formed by two-shot molding,
a.s0 known as double-shot melding, insert molding and over-molding., Thé inner
component may be mo.ded first and the outer component may then be molded around
tne Inner component. Alternatively, the outer com;onem may be molded first, and the
Inner componen: may then be molded within tne outer component,

As shown 1n FIG, 8, two mold p.ates may be providec for a practical molding
process. Thennercomponen: 300, 600, 670 are molded between a first plate 810 and a
second plate 820, The first plate 810 may include a protrusion 8135, also known as a
core, configured to cefine the inner surface configuration of component 300, 600, 670.
Ihe second plate 820 includes a cavity 825 for receiving the protrusion 8185, thereby
defining a cavity closely approximating the size and shape of inner component 300,

600, 670. The protrusion 815 is thus configured 1o define the passageway through the
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pipette tip 100, 400, 650. A first portion 825a of the cavity 825 is configured to define
the outside surtace of the inner component 300, 600, 670. A second portion 825b of the
cavity 825 may be configured to receive the protrusion 815 with a relatively tight
tolerance therebetween. Thus, nomolding cavity is created between the protrusion 815
and the cavity second portion 8235b. In use, the protrusion 815 may be disposed within
the cavity 825, forming a molding cavity to form the inner component 300, 600, 670 of
a pipette tip 100, 400, 650. A first molding material may be inserted into the molding
cavity from a first molding material source 830.

Subsequent to the formation of the inner compolnent 300, 600, 670, the firs:
plate 810 may be drawn away from the second plate 820, The protrusion 815 with the
inner component 300, 600, 670 formed thereabout may thus be removed from the
cavity 8235,

A third plate 840 :is shown, having a protrusion 845 with the inner
component 300, 600, 670 formed thereabout. The third plate 840 may be pressed
against a fourth plate 8350, the fourth plate 850 including a cavity 855 therein., The
cavity 835 may be configured for receiving the protrusion 845 and the inner
component 300, 600, 670 creating a mold cavity for forming the outer component 200,
500, 660. A second moiding material may be inserted into the molding cavity from a
second molding material source 860,

Ihe second plate §20 and the fourth plate 850 may comprise a contiguous plate
for use with an injection-molding machine having a rotating platen 870. The first
p.ate 810 and the third plate 840 may be a part of the rotating platen 870. After forming
the inner component 300, 600, 670 within the cavity 825 of the second plate 820, the
first plate 810 with the first component 300, 600, 670 positioned about the
protrusion 815 may be cdrawn away from the second plate 820, rotated, and the mold
may be closed with the first plate 810 against the fourth plate 850, and the outer
component 200, 500, 660 may be formed therein,

-

FIG. 8 depicts a flow chart for another method of making a pipette tip 100, 400,

650 of the present invention. The pipette tip 100, 400, 650 may be formed by insert
molcing. In step 900, the outer component 200, 500, 660 may be formed within a

cavity of a first mold, about a first mold core. Next, in steps 910 and 920, the outer
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component 200, 500, 660 1s removed from the first mold cavity, and positicned within a
second mold cavity, The outer component 200, 500, 660 may be disposed between a
second core and the cavity of the second mold. The second core may include a portion
thereot having a diameter smaealler than the diameter of the first mold core. A mold
material may be injected into the second mold in step 830, and the inner
compenent 300, 600, 670 may be formed between the second core and the outer
component 200, 300, 630. The inner component 300, 600, 670 may be bonded to the
cater component 200, 500, 630 by molecular bonding of the maternial of the
componéms, during the molding or with a thermal weld. Alteméti\-*ely, orin addition to
the molecular bonding, mechanical bonding may take place. For example, the outer
component 200, 500, 650 may include surface irreguiarities, which are surrounded by
tne matenal of the inner component 300, 600, 670, or shrinking or swelling of the
materal of the components may take place.

Whnile this invenuon has been described in certain embodiments, the present
invention can be further modified within the spirit and scope of this disclosure. The
formation of the pipette tip 100, 400, 6350 of the present invention has been described
using two-shot molding, “orming the inner component, and subsequently forming the
outer component about tne inner componeant, However, it will be unders:ood by one
skilied 1n the art that other methods of forming a muiti-component pipette tip are within
the scope of the present invention, For example, the outer component may be formed
prior to the inner component, or other molding methods may be used (o form the
multiple components. The term “pipette tip” as used herein, is intended tc encompass
all types of pipette tips, including pipette tips used for automated and manual pipetting,
positive displacement pipettes, and all other pipette tips.

This application 1s, therefore, intended to cover any variations, uses, or
adaptations of the invention using its general principles. For example, it is within the
scope of the presentinvention for the inner component 300 shown in FIG. 1 to comprise
an O-ring or a sealing ring. Further, this application is intended to cover such
departures from the present disclosure as come within the known or customary practice
In the art to which this invention pertains and which falls within the limits of the

appended claims.
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CLADMS
What is claimed 1s:

L. A pipette tip, comprising:

a first tubular component constructed of a first moldable material, having a proximal
end and a distal end; and

a second annular component disposed coaxially with respect to said first tubular
component and comprising a material re.atively more compliant than said firs®

moldable material.

2. I'he pipette tip of claim 1, wherein the second annular component
comprises a coating on a portion of an inside-facing surface of said first tubular

component,

3. The pipette up of claim 1, wherein said second annular component is

formed from material comprising a thermop.astic vulcanizate.

4. T'he pipette tip ot claim 1, wherein said proximal end of said first tubular

component includes an outwardly extending flange.

3. I'ne pipette tip of claim 1, wherein said first tubular component

comprises polypropylene,

0. The pipette tip of claim 1, wherein said first tubular component :s

tapered to progressively smaller diameters from said proximal end to said distal end.

7. The pipette tip of claim 1, wherein said first tubular component has at

least one aperture through a side wall of said distal enc,
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3. L'he pipette tipof claim 1, wherein said first tubular component further
commprises circumferentially spaced longitudinally extending fins on an outer surface

thereof?,

9. The pipette tipofclaim 1, wherein said first tubular component is at least

partially telescopically positioned with respec: to said second annular component.

10, A pipette tip, comprising:
an outer component comprising a tapered body defining an internal passagewayv; and
an annularinrer component received within said internal passageway and comprnising &

relatively more compliant material.

11, Ihe pipette tip of claim 10, wherein said annular inner componen:

comprises a thermoplastic vulcanizate

12, 1he pipette uip of claim 10, wherein said outer component includes a

plurality of circumferentially spaced apertures disposed thereabout.

13, Ine pipette tip of ciaim 10, wherein the outer component COMPTIiSEes

polypropyvlene.
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14, A method of forming a pipette tip, cOmprnsing:

providing an injection molding cnamber with sources of first and second injection
materials, said firstinjection material having relatively compliant charac:eristics
subsequent to molding,

injecting a first mold with said first injection material to form an annular component of
the pipette tip, '

rransferring said annular component to a position adjacent a source of said second
injection material: and

injecting a second mold with said second injection material to form a tubular pipstte tip '

body positioned coaxially with respect to said annular component and attached

thereto.

15, The method of claim 14, wnerein said second injection material has

relatively rigid characieristics subsequent to molding.

16. The method of claim 14, wherein sa:d tubular pipette tip body is mold

bonded to saic annular component.

17, The method of claim 14, wherein said first injection material comprises a

thermoplastic vu.canizate.

L&, The method of claim 14, wherein said second injection material

comprises a polypropyiene material,

19 The method of claim 14, wherein said first mold comprises a tapered
cavity within a melding plate and a protrusion of another molding plate receivable

within said tapered cavity and contacting a oottom surface of said tapered cavity,

20, The method of claim 14, comprising forming the tubular pipette tip body

telescopicaliy witn respect to a portion of said annular component.
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21, A method of forming a pipette tip, comprising.
providing an injection-molding chamber with two sources of injection material;
injecting a {irst injection matenal from a first of said sources to form a tubular pipett
tip body; and
Injecting a second inleciion material from a second of said sources to form an annular

body coaxla: with and attached to said tubular pipette tip body.

22, The method of claim 21, wherein said first injection material has
relatively rigid characteristics subsequent to molding and said second injection material

has relatively compliant characteristics subsequent to molding.

23 The method of claim 21, wherein said tubular pipet:e tip body is formed
with apertures through 1ts side wall and said second injection material is injected

through said apertures.

24, A method of forming a pipetie tip, comprising.

molding a tubular body cefining an internal passageway;

dispos:ing said tubular body over a mold core to form an annular gap between an outer
sursace of sald mold core and a portion of an inner surface of said tubular body:

and

injecting a mold material into said annular gap to form an inner component

telescopicaily within said tubular body.

25, A pipette lip comprising a tapered, tubular body having an inside-facing
surface defining a passageway therethrough, whereirn a first portion of the inside-facing
surface comprises a first material, and a second portion of the inside-facing surface

comprises a second material having different physical properties than said first material.
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