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3 Thepresent invention relates to a device and a method for the complete uptake of fiuids fom
4 vessels, more particularly. for removing reagents fmmﬁ"ééc@tidﬁi)éééexsﬁsﬂzrigﬁpipettési.iQiiifiiifff”ﬂ[ P
R T O O s E O e
"6 Especially with applications in the field of laboratory analysis, different processes are often
""" 7 combined. In such“cas,es,specnal;vesﬁsﬁet;saréased.mterahéffé%?fréééi?ihémas'thése'nqusdsffijjf-ﬁf}“
& beingremoved again nthe course of the applcation.
S TR et s i
10 Because of the progféés'iﬁg automation, robotic systems(egl!qmdhandlmgatﬁomata)are
------ 11 being increasingly employed fo transfor a sample exlract fom cne vessel of afrst process toa
...... 12 comesponding container for a second process, for example.
ANy Al o e Rl o now b e
14 .:‘..-.rhese__systemgmm_nansfer..mosuy include removal units (6. pipeties) thatare lowered
15 from above nto the vessels, which are, as a ule, Upright, and suck the liguid out of the vessels.
BTN i 3 ot T L
17 The removal units i ndmupthtmmdmmdoratmm
......... 18 hqwdTh'snmsshapedsuchthatachannelthroughwmcmhenqumsauetoﬂowis
19 sumounded by awall. The channel begin at he removal tp and extends through the removal
ey vy 5 . "y "
Y L e
22 When there is an underpressure n the channel,the liuid is sucked out of the vessel. Inthis
B 23 weyteiudisremoved. T B 0 e
24 The removal tp hadrfcettdwhhdf’dbythcofgwll .
BB ‘
““““ 2% A dtsadvantageoftheseemstmgsystemsfmqudtransfer-stnaunenqmdcannotberemoved ”'
27 fromthe vesselswih no, or ateast aimost o, qamgmrer-tas -
128 currently not possible to remove, in partcular, small amounts of liquid from the vessels, or th wndi G
2 cnbeschewdonywihgreatdffut,
B AN By o E O o 2 3 E
31 Thereasonforthisis mam,emutwsremanacenaesduawosmemesel
32 since, when atempting to quanitatively transfer the liquid there is a risk of an air- and liquid- Ea
33ngmseaufo.-mmgberweenmeremovampofaremovammtandthevesselboﬂomduetotoo
34 low posiioning of the removal ntFmpnppugnpumstncmhe
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- the bottom of the vessel is curved, said removal tip being arranged eccentrically to the apex of

the curvature:

- the end surface of the removal tip is bevelled relative to the longitudinal axis of the removal tip
or has another shape that deviates from the plane surface, such as, for example, the shape of a

crown, or slots are incorporated in the otherwise plane end surface.

If the vessel is curved at its bottom end, it is advantageous, for example, to position the vessel
below the removal unit in such a way that the tip of the removal unit would touch the bottom of
the vessel at a small distance, i.e. 1/5th - 1/100th of the vessel diameter, from the apex of the

curvature.

One preferred embodiment comprises, in addition, at least one compensation element which is
suited for ensuring that if the removal tip touches the vessel bottom when the removal tip is
being inserted into the vessel, the vessel or the removal tip can perform an evasive movement

in the direction of the relative direction of movement of the removal tip and vessel.
This is the case, for example, if the vessel and/or the removal tip are resiliently supported.

Preferred compensation elements are active or passive elements or combinations of active and

passive elements.

Preferred passive elements are springs or other resilient materials, such as resilient plastics, for
example foamed plastics or rubber. Springs suitable for use are, in particular, helical or leaf

Springs.

The passive elements are advantageous in that compensation of the pressure acting on the
vessel bottom and the removal tip is accomplished easily and without additional control.
When the removal tip touches down on the vessel bottom, the latter automatically, by action of

the elastic compensation element, performs an evasive downward movement, or the removal tip

performs an evasive upward movement.
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2 ...As.th.e.rempvat:uimtjcontmues to remove hquxd this dnstabﬁcﬁéﬁisﬁcontihtmslyreciuced by the.... LI
3 distance adjustment element, as a function of the amount ‘ofiwiakéﬂﬁbfbar-'nﬁgih*s process,
4 thetip of the removal unit should always lie below the iquid level in the vessel.
""" Pl T g BRGNS B Y
6 Asameasure for the removed liquid, on the one hand, the weight force of the liquid that has
" 7 beentaken up or which has mdmss' maybe used, or, onthe other hand, the
6 laudlewlinthewesselorintereavaint
......... 9 e R R e o SRR i DL RS
10 Thetip ofthe removal unit shoud not touehthe vessel batom, o tleast ot before the lquid
11 hasbeenamostcompletely suckedup.
WO RN N ST o e e ey o R
13 Preferred distance adjustment elements are active or passive elements, of combinations of
14 actweandpassweelements R AR i
PE TR R e e R T e
-------- 16 Suitable passive 'metsegulatethedstabetwthee'boﬂmdthtpfm
17 removal unit, preferably via the weight force of the amount of liuid contained inthe vessel.
g RS PR R e T T
----- 19 With passive distance adjustment elements, regulation of the distance between the vessel
20 bottom and the tip of the removal unit is automatically effected due fo the always differing weight
2 fcefm amount of liquid transferred, if the distance adjustment element is arranged below
22 the vessel or at the removal unit. The vessel becomes lighter and is automatically, by the elastic
<N dsraoe adjustment element, pressed upwards, or the removal unit becomes heavierand
24 automatically advancesdownwards.
R rYa RN ge T N s s . rmy e
26 Suitable: active elements preferably regulate the distance between the vessel bottom and thetip
27 ofthe removal unit via the wegmrorceoftheamoumofiqundcomamedmthevesse!otaken i
|28 upbytheremoval unit, o viathe figuid level therect.
. L
30 Ina preferred embodiment, these elemens are fitled with a sensor measuring the amountof
31 liquid, and with control electronics controling the deflection of the distance adjustment element.
------- o Y e e E L e T o S Raw
_______ 133 Active distance adjustment has the advantage that failures, such as titing, can be compensated.
...... 34 Ifthe height oftn,ew.leséen inthe vessel is measured by the sensor, this has the addtonal
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advantage that it is possible to simultaneously monitor whether the tip of the removal unit is in

fact always below the liquid level.

Preferably, passive distance adjustment elements for inhomogeneously formed (e.g. curved at
the end) vessels are configured such that the vessel is lifted in such a way that as the amount of

liquid declines, the change in distance becomes continuously smaller per unit of liquid removed.

Particularly with resilient embodiments It is advantageous if the spring forces effective at the end
of the process are weaker. This is achieved by providing an arrangement of springs of differing

strength, or one spring with inhomogeneous deflection per weight force.

The device can be designed for one or more reaction vessels or removal units, for simultaneous
or successive removai. In an advantageous embodiment, each sample vessel, or each removal
unit, I1s individually supported in order to compensate any variances. The device is preferably
adapted for reaction plates in the 12-, 24- or 96-well formats, by grid-like arrangement of a

corresponding number of the devices.

The device is preferably dimensioned such that it can be used with commercially available

automata (liquid handlers) or in manual operations using pipettes.

The device preferably includes calibration elements for calibrating the distance between the

removal unit and the vessel bottom, preferably in a clearly defined state of the device.

in one preferred embodiment, the compensation element is integrated directly in the vessel
bottom, in particular, the vessel bottom consists of a resilient material; the vessel bottom may,

for example, be foamed.

Examples of the device according to the present invention are shown in the Figures.

Figure 1, in parts A to D, is a schematic representation of the constitution of the device and of
the sequence of the method.

Figures 2A and 2B show examples of the device based on springs.

Figures 3A and 3B show examples of the device with holders based on springs.

Figures 4A and 4B show examples of the device with active compensation elements.
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B 1 ; F |gure 5 shows ‘éih':example of a deﬁsée wuth a compensatxonelementontheremoval umt R
2 anuresshows Ja‘n"example of the device wathacompéhéé:tiéﬁ"éiément mtegfétéd'iﬁ'the-------*"' S A e
3 emovalut ey
: 4 Frgure? shows avessel w:th an mtegratedcompensatuon olement i e Y T
Y L S F LN RN . 600 O T Y
 . 6_  In_ F;Q:Ufeiiﬂ(A) "a compensatnon element (3 IS shown onwhlchisarrangedavessel(1)ﬁugd ----
"""" 7 witha liquid. Ap*pette(?)ﬁfhésbéfeﬁfiirfréé‘rtédrn'fhé?éésato removemwd
8 Inthe example, the pipett i arranged n a posion sl.gmy'@mmapexojfwgse;“
e B bottomtopreenttheppeuetpfwm suctioning to the bottom. T
......... R
11 Indrawings 1B and 1C the compensation element simultaneously acts as a distance adjustment
12 element. When liquid is removed from the vessel by the pipette (B), the liquid level in the vessel
13 and theweghtforceeertedbvthehqudonthedrstanceadmstmentelemem dmpmevesse;
14 i thereby becomingghtr, s pushed upwards by te disance adustmentslemert.
YT R R e T . PR IR N
*6T he vesse* s ws@. up(?wnwhe vp of .the ppettetouchesdownomhebortomof the vessel
18 ::::
b W s
; 20 bottom bvthep'peﬂet'pupéh‘ééhtébﬁﬁéfhé"bzdftzo'm'*scomééhéétfédbﬂﬁéfﬂéﬁééﬁf?@ﬁéﬁﬁiﬁg  o
21 as S"ght evasive downward movement. R e T
e e B e T e
25 InFigure 2A the vessel (1) s iaced drectly on s spring or  resilent plastc as compensation
24;;;.;;e|emem @) thecompensahonelementbeng anaagedms;aeas.eeve(syonamm;mg'unaiﬁf{}ffff'jf,i...fiff
............. 25 @ REE Do ek
Py y = Sy . E -
27 InFigure 28, said sleeve (6) is of a length suffiient fo the vessel to be guided safely andalong
28 astraight path by means of guide e!ements(?) In addition, the sleeve and the mounting unit are ‘“TT????? --------
20 amangedonabasepliate(d). e . 3 S S
0
31 Figures 3A and 38 correspond to the constittion i Figures 24 and 28, except thatthe
_________ 32 compensation element tsbomedwecﬂvonthebottomofthesleeveandthatthedewcelshe*d
B byawdmemee.
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1 InFigures 4A and 4B, the vessel is held by  holding device (4) which is connected to an active
....... 2 compensation element. The compensation clement s controled by a sensor with a controlunt
3 (5). This element (5) measures, in Figure 4A, the weight force of the vessel and, in Figure 48,
4 the height o the liquid level, while here s'mwtaneousw.measuﬁhéTtﬁé?ihﬁieﬁfs@i6épﬁftﬁﬁdfffhéff" """""""
5 pipstte tip, and deflects the distance adjustment slement in accordance with a given programme.
7 Such a programme may be a simple formula assigning a particular deflection to each weight
8 forceor eachw:I.e&ewe:gm;i;f;;isi;is;:iéi;isiifif;s::;;;“.:_::'..féi%%fé%?%iffif?%??é'%%%%?%?%_?%?i%?f:ff::f?if?i?iii?i'ff?iif?**'** """"""
------ R SR e e T e
10 Figure 5 shows a compensation element '(S)ftﬁé wmcharemovammt(plpettarsattachedsuch .
11 that pressure acting on the removal tp from below is compensated by an evasive upward
R MR e o e S S e R e
14 In Figure 6, a removal unit (2) is shown having a compensation element (3) integratedina
15 certainarea of its wall. This may be realised by adapting aportronofthewa"tobeefast'cusmg
0 S i s e,
....... 19 umdpmm;uu or atleastuniform, the lower partofthe
o A removalum becomescontmuouslvheawerbecauseofthemcreasmgamountothmdtaken
2 smeosacesgemencemer.
gy L v
24 InFigure 7 avessel (1) is shown, the boftom of which is made of a foamed materialthatis
"""" 25 sealed towards the Inside to ensure sufficlert tightness fo liquide. This foamed materisi must
28 have sulicient eiastcily to be able 1o act as acompensatene'ementw)Suchvesse'smaybe ...........
27 produced by using a two-component injection m'dgnfxamw jjj
S zs
----------- 129 An ackantage of such vessel s that they can be nseriedn sy exsing holders or
30 d'Sposable vesse*s .....
el r w0 L BE 0 E o
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Claims:

1. Device for taking up liquids from vessels having a curved vessel bottom, by means of
removal units having removal tips which are formed such that a channel is surrounded by a wall,
and which at their end have an end surface which is defined by said surrounding wall,
characterised in that the removal tip or the vessel bottom is/are configured or arranged relative
to each other such that that area of the surface of the vessel bottom on which the removal tip
would touch down when said removal tip is inserted into the vessel, and the end surface of the
removal tip are tilted relative to each other at least in a portion of the two surface areas, that is
to say are not parallel there, and

that the removal tip is arranged eccentrically to an apex of the curved vessel bottom such that
when the removal tip touches down on the vessel bottom there will always result a gap between
the corresponding area of the bottom and the end surface of the removal tip, so that the removal
tip is prevented from suctioning to the bottom and the liquid flows through the gap into the

removal unit.

2. Device according to claim 1, characterised in that the bottom of the vessel is positioned

so as to be oblique relative to the end surface of the removal tip.

3. Device according to claim 1 or 2, characterized in that the end surface of the removal tip

has a shape deviating from the plane surface.

4. Device according to claim 3, characterized in that the end surface of the removal tip is

bevelled relative to the longitudinal axis of the removal tip.

5. Device according to any one of claims 1 to 4, characterised in that the device includes at
least one compensation eiement which is suited to ensure that when the removal tip touches the
vessel bottom, the vessel or the removal tip can perform an evasive movement in the direction

of the relative direction of movement of the removal tip and vessel.

6. Device according to claim 5, characterised in that the compensation element is arranged
in a guide unit.

10
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7. Device according to claim 6, characterized in that the guide unit comprises guide
elements that guide the compensation element, the holding device, the vessel or the removal

unit along a straight path.

8. Device according to claim 6 or 7, characterized in that said guide unit is a sleeve having
at least one opening at its top side.

9. Device according to any one of claims 6 to 8, characterized in that said guide unit is a
sleeve having at least one opening at its top side, and said sleeve comprises walls which form

the guide elements.

10. Device according to claim 8 or 9, characterised in that the sleeve has a length which is

such that the sleeve may receive the compensation element.

11. Device according to claim 8 or 9, characterized in that the sleeve has a length which is
such that it may receive the compensation element with a holding device.

12. Device according to claim 10 or 11, characterized in that the length of the sleeve is such
that it may receive the compensation element and also receive at least part of the vessel or of

the removal unit.

13. Device according to any one of claims 5 to 12, characterised in that the compensation
element comprises active or passive elements.

14. Device according to any one of claims 5 to 12, characterized in that the compensation
element comprises springs and other resilient materials, piezo elements, muscle wires or

MOoOtors.

15. Device according to any one of claims 5 to 14, characterised in that the compensation
elements are configured as distance adjustment elements.

16. Device according to any one of claims 1 to 15, characterised in that the device
comprises calibration elements to calibrate the distance between the vessel bottom and the tip

of the removal unit.
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17.  Method for taking up a liquid from a liquid-filled vessel by means of a removal unit having
a removal tip which is formed such that a channel is surrounded by a wall, and which at its end
has an end surface which is defined by said surrounding wall,
the method comprising:

(a) providing said removal unit and a vessel having a curved bottom,

(b) arranging the removal tip eccentrically to an apex of the curved bottom of the vessel,

(c) inserting the removal tip into the vessel, and

(d) causing the liquid to flow into the removal unit by suction;
wherein, in step (b), said removal tip is arranged such that that area of the surface of the vessel
bottom on which the removal tip touches down when said removal tip is inserted into the vessel,
and the end surface of the removal tip are tilted relative to each other at least in a portion of the
two surface areas, that is to say are not parallel to each other, so that when the removal tip
touches down on the vessel bottom there will always result a gap between the corresponding
area of the bottom and the end surface of the removal tip, so that the removal tip is prevented
from suctioning to the bottom and the liquid flows through the gap into the removal unit.
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