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device for dispensing a plurality of liquids, the device comprises: (a) a plurality of containers (1, 2, 3); (b) a selection valve (30)
oveable between a plurality of positions enabling fluid communication between a respective one of said plurality of containers

(1, 2, 3) and an opening (34) and a position enabling fluid communication between said opening (34) and an outlet (35); (c)

P

Ump means (20) connected to said opening (34), said pump means (20) comprising; (1) a settling vessel (25), and (il) a condulit

(24) connecting said settling vessel (25) to said opening (34); and Is characterised In that the internal diameter of the settling
vessel (295) Is greater that the Iinternal diameter of the conduit (24).
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(57) Abstract: A device for dispensing a plurality of liquids, the device comprises: (a) a plurality of containers (1, 2, 3); (b) a selec-
tion valve (30) moveable between a plurality of positions enabling tfluid communication between a respective one of said plurality of
containers (1, 2, 3) and an opening (34) and a position enabling fluid communication between said opening (34) and an outlet (35);
o (c) pump means (20) connected to said opening (34), said pump means (20) comprising; (1) a settling vessel (25), and (i1) a conduit
(24) connecting said setthing vessel (25) to said opeming (34); and 1s characterised in that the internal diameter of the settling vessel

(25) 1s greater that the internal diameter of the conduit (24).
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LIQUID DISPENSING DEVICE

The present invention relates to a liquid delivery
device and, in particular. to a device for delivering
5 predetermined quantities of at least two liquids. The
invention also relates to an apparatus for performing
chemical and physical operations using a liquid delivery
device as aforementioned, and to a method of dispensing

a plurality of liquids.

10 The desire to perform a multitude of chemical and/or
physical operations in a short time 1s well-known,
especially in the art of combinatorial chemistry. To be
able to perform these operatioms, ‘automated systems are
needed for delivering predetermined quantities of

15 different liquids to a plurality of reactor vessels.

Delivering a predetermined quantity of a liquid 1is
typically performed by means for drawing 1n a ligquid and
means for ejecting a specified quantity of that liquid
such as a piston-comprising pump, for example a syringe

20 or the like. In automated 'devices, such as robotically-
operated equipment, 1t 1s advantageous toO deliver
predetermined quantities of different liquids with the
same pump, since fewer control means are needed thereby
enabling the device to be more compact. However, using

25 the same pump for different 1liquids can result 1in
contamination of the different liquids with each other,
since liquid remaining in the dead space of the pump
after ejection may become mixed up with the liquid that
is subsequently drawn in. It is known that contamination

30 can be reduced by using a pump that contains a spacer
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liquid in an amount that can fill at least the dead space
of the pump. The spacer 1liquid should be inert with
respect to and immiscible with each of the liquids to be
delivered.

A device for delivering predetermined quantities of
different liquids while using one syringe containing a
spacer liquid is known. However, it has been found that,
if a wide variety of 1liquids (including aqueous and
organic solutions) have to be delivered, contamination of
the liquids with the spacer ligquid and with each other
easily occurs due to breaking up of the interface between
the spacer liquid and the liquids to be delivered.

If a first liquid is drawn in a syringe or the like
which already contalns a spacer liquid, an interface 1s
formed between the spacer liquid and the first liquid.
During drawing in and ejection of the first liquid, the
interface is mobilised and can break up due to shear
forces occurring, for example, at the edges of the
syringe, resulting 1in droplets of one of the liquids 1in
the other. As a result, the ejected first liquid may be
contaminated with the spacer liquid and spacer liquid
comprising a small amount of the first liquid may remaln
in the syringe. When a second liquid is drawn into the
syringe, it is easlly contaminated with the residual
first liquid. In the case of delivering small quantities
of liquids, i.e. quantities of the order of microlitres
up to millilitres, condulits which have an inner diameter
of the order of 0.01 to 5 mm are typically used, most
especially in the range of 0.5 to 1.5 mm. When using

small conduits, the droplets formed typically have a

PCT/1B00/02024
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diameter of the same order as the inner diameter of the
conduit whearein they are formed. As a result, the

droplets formed cannot move freely through the

surrounding ligquid and will be delivered as a

contamination in the surrounding liquid. This phenaomenon

is sometimes known as "plug contamination®.

US-A-4 483 927 describes a method of automatically analysing
chemical substances contained in sample liquids.

US—-A-4 189 943 describes an apparatus for transferring a liquid
in one or more successive volumes, which apparatus is immediately
reusable for transferring another different liguid.

US-A-5 192 504 discloses a minimum carryover container, and an
automated analysis system incorporating the containar.

It is therefore an object of the present invention

to provide an improved device for delivering
predetermined quantities, especially in the order of
microlitres up to millilitres, of different licquids using
a common pump, wherein contamination of the liquids with
each other is minimised, including when the liguids to be

delivered comprise organic solutions.
The inventien 1s a device for dispensing a plurality of

liquids, the device comprising:

(a) a plurality of containers;

(b)y a selection valve moveable between a plurality of positjons
enabling fluid communication between a respective one of said
plurality of containers and an opening and a position enabling
fluid communication between said opening and an outlet:

(c) pump means connected to said opening, said pump means
comprising;

(i} a conduit connecting the pump means to said opening;
(ii) a settling vessel arranged between the ends of the
conduit, for accommodating a spacer liquid; whereln the i1nternal

diameter of the settling wvessel 1s greater than the internal

diameter of the conduit.

TOTAL P. o4
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Praferably, the pump contains a spacer liquid which.
o is inert with respect to and immiscible with any of the

liquids to be delivered.
Preferably, the inner diameter of the settling

vessel 1s at least two times greater than the inner
diameter of the conduit. More preferably, the inner
10 diameter of the settling vessel is at leaast three times
greatar ‘than thae inner diameter of the conduit. Most
preferably, the inner diameter of the settling vessel is
at least five times greater than the inner diameter of

the conduit.

L2 In a further aspect, the present inventiion relates to a method ot
dispensing a plurality of licuids, the methoed comprising:
a) providing sources of a plurality of different liquids; | ;
b) providing a spacer liguid in a settling vessel, said spacer

liquid being inert and immiscible with any of the liguids

dispensed;
c) drawing a first liquid usihg pump means into the settling
vessel
via a selection valve operable between a plurality of positions
enabling fluid connectien between a respective source and an
9E opening and a position enabling fluid connection between said
opening and an outlet, such that =said first liquid and said
spacey liquid form an interface; |
d) switching the selection valve ta tha position enabling
fluid connection between said opening and said outlet;
e¢) delivering said first liquid from sald settling veasel
30 through said outlet via said opening using said pump means to
move the spacer fluid and, hence, to move saaid tirst fluid: |

AMENDED SHEET
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f) switching the selection valve to another of the positions
enabling fluid connection between & source of liguid and said

opening;
g) drawing a second ligquid using pump means into the sattling

veasel; and
h) repeating steps (c) to (J) as necessary to complete

dispensing of said plurality of liguids;
wherein the settling vessel, being connected to the opening by a
conduit, is arranged between thé ends of the conduit and wherein

the internal dlameter of the sektling vessel is greater than the
internal diameter of the conduit connecting the settling vessal to

sald opening.
The invention will now be particularly described by

way of example only with reference to the drawings, in

which:
Figure 1 is a schematic drawing of a device in

accordance with the invention:

Figure 2 is a view of part of the devive illustrated
in Figure 1, showing the position of the iﬁterf‘ace
between a gpacer liquid and a liquid to be delivered when
the liquid to be delivered has just been drawn in using
the pump, and

Figure 3 is a view similar to Pigure 2 showing the
pasition of the interface after much of the ligquid to he
delivered has already been dispensed.

The device shown in Figure 1 comprises three
containers 1, 2, 3, each containing a liquid 11, 12, 13

to be dispensed. it will be understood by persons

TOTAL P.24
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skilled in the art that many more containers could be
present, each containing a different 1liquid to be
dispensed. Three containers have been used in this
example merely for demonstrating the operating principles
of the invention. The device further comprises a pump
20, a selection valve 30, and a delivery conduit 40. The
selection valve 30 comprises a respective inlet 31, 32,
33 for each container, 1.e. each inlet is connected to a
respective one of the containers. The containers 1, 2,
3 are connected to the inlets 31, 32, 33 of the selection
valve 30 by means of ;espective supply conduits 51, 52,

53. The selection valve 30 further comprises an opening
34 connected to the pump 20, and an outlet 35 connected
to delivery conduit 40. The selection valve 30 can be
set 1n four different positions, i.e. three positions
allowing fluid communication between one of the inlets
31, 32, 33 and the opening 34, allowing one of the
liquids 11, 12, 13 to be drawn into the pump 20, and one
position allowing fluid communication between the opening
34 and the outlet 35, such that drawn-in liquid can be
dispensed through the delivery conduit 40. The delivery
conduit 40 may deliver the liquids to reactor vessels,
such as vials or the like (not shown). In general, the
selection valve 30 can be set in n+l positions, where n
is the number of inlets. In the present embodiment, this
is equal to the number of containers for liquids to be
delivered.

The pump 20 comprises a piston 21 in a cylinder 22
having an inlet and outlet opening 23. The inlet and

outlet opening 23 is connected to the opening 34 of the

PCT/1B00/02024
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selection valve 30 by conduit 24. An elongated settling
vessel 25 is arranged between the ends of conduit 24.
During normal operation of the device shown in Figure 1,
the settling vessel contains a spacer liquid 60 which is
inert with respect to and immiscible with any of the
liquids 11, 12, 13 and may be disposed in a substantially
vertical orientation.

The amount of spacer liquid 60 is such that the
liquids to be delivered will not enter the cylinder 22,
even when the maximum amount of liquid is drawn into the
pump 20. In other words, the volume of spacer liquid 60
is larger than the displacement volume of piston 21. The
volume and disposition of the settling vessel 25 is such
that, during normal operation, the interface 61 between
the liquid 11, 12 or 13 drawn in by the pump 20 and the
spacer liquid 60 remains in the settling vessel 25.

Operation of the device will now be described.

The selection valve is set in one of the positions
allowing fluid communication between an inlet 31, 32, 33
and the opening 34. Subsequently, the amount of one of
the liquids 11, 12, 13 to be dispensed to one Or more
reaction vessels (not shown) is drawn in by the pump 20,
such that the interface 61 between the drawn-in liquid
and the spacer liquid 60 remains in the settling vessel
25 at a first position. This first position of the
interface 61 in the settling vessel 25 is illustrated 1n
Figure 2, which shows the situation wherein the amount of
liquid 11 to be delivered is drawn into the pump 20.
Subsequently, the selection valve is set 1n the position

allowing fluid communication between the opening 34 and
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the outlet 35 and predetermined quantities of liquid 11
are dispensed via the delivery outlet 40 to the reaction
vessel(s) (not shown). The size of the settling vessel
25 is such that, after delivery of liquid 11, the
interface 61 between liquid 11 and spacer liquid 60 still
remains in the settling vessel 25, at a second;position
which is shown in Figure 3.

After delivery of liquid 11 to the reaction
vessel(s), the 1liquid 11 remaining 1n the pump 1s
ejected, preferably such that no spacer liquid 60 enters
the delivery conduit 40. The selection wvalve 30 1s
subsequently set in the position wherein fluid
communication between, say, inlet 32 and the opening 34
is allowed. Then, an amount of liquid 12 is drawn 1n by
the pump, such that the interface 61 between the drawn-1in
liquid 12 and the spacer liquid 60 is in the settling
vessel 25 at a first position. This may be a different
first position from the first position that was
established for liquid 11, and will be determined by the
total volume of each liquid that is to be dispensed to
the reaction vessel(s). In some circumstances, it may be
preferable to draw in the same amount of each liquid to
be delivered, even though different quantities of these
liquids will actually be dispensed to the reaction
vessel(s). In these circumstances, different volumes of
the respective 1liquids to delivered will have to be
eliminated to a waste reservoir after the completion of
the dispensing operation to the reaction vessel(s).
Subsequently, the selection valve is set 1in the position

allowing fluid communication between the opening 34 and



10

15

20

25

30

WO 01/48443

CA 02394161 2002-06-12

PCT/IB00/02024

8

the outlet 35 and liquid is ejected from the pump to the
delivery conduit 40. After having ejected the amount of
liguid 11 still present in the delivery conduit 40,
predetermined quantities of liquid 12 are dispensed to
the reaction vessel(s) (noﬁ shown). The above-described
procedure is repeated for all the 1liquids to be
delivered.

As mentioned above, the device shown in Figure 1 has
three containers for liquids to be delivered, which means
that, at most, three different liquids can be delivered
by the single pump 20. Preferably, the device according
to +the present invention comprises at least ten
containers and a single pump, more preferably at least
twenty containers and a single pump.

Preferably, the inner diameter of settling vessel 25
is at least two times greater than the inner diameter of
conduit 24, more preferably at least three times greater,
and most preferably at least five times greater. The
inner diameter of settling vessel 25 is defined as the
inner diameter between the first and second positions of
the interface 61 described above and shown in Figures 2
and 3. Typically, the inner diameter of settling vessel
25 is not larger than twenty times greater than the inner
diameter of conduit 24.

The device according to the present invention will
preferably be applied for delivering small guantities ot
different 1liquids, typically of the order of micro
litres. In devices for such small quantities, the inner
diameter of conduits, such as conduit 24, is typically of

+he order of 0.05 to 1.5 mm. Thus, the inner diameter of
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the settling vessel 25 is preferably at least 3 mm, more
preferably at least 5 mm, and most preferably at least 8
mm.

Tt has been found that the use of a settling vessel
according to the present invention significantly reduces
+he occurrence of breaking up of the interface 61 and
+hus the number of droplets formed of one of the liquid
phases in the other liquid or liquids. Moreover, 1f
droplets are formed, the width of the settling vessel 25
allows the droplets to pass each other and move freely in
the surrounding liquid, such that they can reach the
interface 61 and coalesce with 1it.

It will be appreciated that, during normal
operation, the position of the settling vessel 25 with
respect to the selection valve 30 and the supply conduits
51, 52, 53 is such that the 1liquid having the higher
density is contained in the lower part of the settling
vessel 25. In the embodiment illustrated in Figures 1 to
3, the spacer liquid 60 has a higher density than liquid
11 and, therefore, the settling vessel 25 1s positioned
below the selection valve 30. Persons skilled in the art
will recognise that an alternative arrangement of the
settling vessel 25 in relation to the selection valve 30
could be used if the spacer liquid 60 has a lower density
than the liquids to be dispensed.

In order to minimise contamination, it is important
+hat there is a density difference between the spacer
liquid 60 and each of the liquids 11, 12, 13 to be
dispensed. Preferably, the density difference 1s at

least 0.05 x 103 kg/m?, more preferably at least 0.1 x 10°
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kg/m’.

Typically, the pump 20 will have one pilston-
comprising cylinder 22 and one settling vessel 25, such
as shown in Figure 1. The device of the present
invention may, however, comprise a pump having more than
one piston—comprising'cylinder'connected.to one settling
vessel. More than one piston-comprising cylinder may be
used advantageously if different accuracies are needed,
for example if one of the liquids has to be delivered 1n
the microlitre range and another in themillilitre range.

It has been found that fluorinated alkanes are very
suitable as spacer liquids in the device according to the
present invention, since fluorinated alkanes are 1nert
and immiscible with a wide variety of both aqueous and
organic solutions. Moreover, fluorinated alkanes have a
high density, generally above 1.7 X 10° kg/m* such that
a sufficient density difference exists with a wide
variety of aqueous and organic solutions. A further
advantage of the use of fluorinated alkanes as Spacer
liquid is that fluorinated alkanes can easlly Dbe
separated from aqueous and/or organlic waste streams and
are therefore suitable for recycling.

The liquids used for the spacer liquid need not be
restricted to fluorinated alkanes. They may be organic
liquids that comprise atoms other than carbon and
fluorine, such as hydrogen, oxygen and/or nitrogen atoms.
However, completely fluorinated alkanes, i.e. compounds

consisting only of carbon and fluorine atoms, are

preferred.

It will be appreciated that a spacer liquid has to
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be in the liquid phase under normal operating conditions.

11

Typically, the device according to the invention is

operated under atmospheric pressure and at a temperature

in the range from 10 to 60°C. Therefore, preferred

fluorinated alkanes have a carbon number in the range
from 4 to 40. More preferred fluorinated alkanes have a
carbon number in the range from 6 to 12. A particularly
suitable fluorinated alkane is CgF;s.

The device of the present invention may be a part of
an apparatus for performing physical and/or chemical
operations, for example in the art of combinatorial
chemistry or rapid catalyst screening. The device may

form part of:- an automated apparatus. Accordingly, the
present invention further relates to an apparatus for

performing physical and/or chemical operations comprising

the device as described above. [Faa—further-aspect,—the.

a

present invention relates to a method of dispensing

plurality of liquids, the method comprising:

(a) providing sources of a plurality ofdifferent
liquids;

(b) providing a spacer liquid in a settling

vessel, said spacer quid being inert and

immiscible with 4dny of the 1liquids to be
delivered;
(c) drawind a first liquid using pump means into

e settling vessel via a selection valve

operable between a plurality of positions
enabling fluid connection between a respective

source and an opening and a position enabling
T TonneTtion betwes rid—epening—and—an——
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spacer liquid form an interface;

(d) switching the selection valve to the position

enabling fluid connection between said opgning

and said outlet;
(e) delivering said first liquid fpém said
settling vessel through said outlét via said

opening using said pump means’ to move the

spacer fluid and, hence, tg " move said first

fluid;
(f) switching the selectjon valve to another of

the positions erfabling fluid connection

between a sourge of liquid and said opening;
(g) drawing a second liquid using pump means .into

the settling vessel, and

(h) repeaging steps (c) to (g) as necessary to
compplete dispensing of said plurality of
iquids;
wherejr{ said settling vessel has an internal diameter
greater than the internal diameter of a conduit
e . ing che . ‘ Y Ve z o AP aninc
In a variation of the device described above, a
further container is provided for replenishing the spacer
liquid.. When the apparatus has been primed with a first
liquid to be dispensed, and after all of the reaction
vessels downstream of the delivery conduit 40 have
received thelr respective quantities of the first liquid,
there may be a residual amount of the first 1liguid
present in the device. Before a second liquid can be

drawn 1n via the pump, the residual first liquid must be

- AMENDED SHEET
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eliminated. This can be done by venting the residual
first liquid to a waste reservoir via the delivery
conduit 40. As a consequence of this step, some of the
spacer liquid 60 is also passed into the delivery conduit
40, so the spacer liquid 60 needs to be replenished to
its former level by connecting the selector valve to a
source, such as a further container, of spacer liquid.
This is done as a preliminary step prior to switching the
connector  valve to a position allowing fluid
commhnication between another of the inlets 31, 32, 33
and the opening 34.

Although the invention has been particularly
described above with reference to specific embodiments,
ithill be understood by persons skilled in the art that
variations and modifications are possible without

departing from the scope of the claims which follow.
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CLAIMS

1. A device for dispensing a plurality of liguids, the device
comprising:
(a}) a plurality of containers:;
(b) a selection valwve moveable between a plurality of positions
enabling fluid communication between a respective one of said
plurality of containers and an opening and a position enabling fluid
communication betwaen said opening and an outlet:
(c) pump means connected to said opening, said pump means
comprising;
(1) a conduit connecting the pump means to said opening:
(11) a settling vessel arranged between the ends of the conduit,
for accommodating a spacer liquid; wherein the internal diameter

of the settling vessel is greater than the internal diameter of
the conduit.

2. A device according to claim 1 containing a spacer ligquid in the

settling vessel, sald spacer ligquid being inert with respect to and
immiscible with any of the liguids to be delivered.

3. A device according to claim 1 or claim 2, wherein the internal
diameter of the settling vessel is at least twice as great as the internal

diameter of the conduit.

4. A device according to claim 3, wherein the internal diameter of the
settling vessel is at least three times as great as the internal diameter

of the conduit.
S. A device according to claim 4, wherein the internal diameter of the
settling vessel is at least five times as great as the internal diameter

of the conduit.

6. A device according to any of the preceding claims 2-5, wherein the

gpacer ligquid is a fluorinated alkane.
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4 A device according to any of the preceding claims 2«6, wherein the
spacer liquid is a compound consisting only of carbon and fluorine atoms.
8. A device according to claim 6, wherein the fluorinated alkane has a

carbon number in the range from 4 to 40.

5
9. A device according to claim 8, wherein the fluorinated alkane has a
@ carbon number in the range from 6 to 12.
¢ 10. An apparatus for performing physical and/or chemical operations

10 comprising a device in accordance with any of the preceding claims.

11. A method of dispensing a plurality of liquids, the method comprising;
a) providing sources of a plurality of different liquids;
b) providing a spacer liquid in a settling wvessel, said spacer liguic
15 being inert and immiscible with any of the liguids to be dispensed;
c) drawing a first liquid using pump means inte the settling vessel
via a selection valve operable between a plurality of positions
enabling fluid connection between a respective source and an opening
and a position enabling fluid connectlion between said opening and an
20 outlet, such that said first liguid and said spacer liguid form an
interface;
d) switching the selection valve to the position enabling fluid
connection between said opening and said outlet;
e} delivering sald first liguid from said settling vessel through
25 said outlet via said opening using said pump means to move the spacer
fluid and, hence, tc move said first fluid;
f) switching the selection valve to another of the pesitions enablinc

fluid connection between a source of liquid and said opening;

g) drawing a second ligquid using pump means into the settling vessel,
30 and

h) repeating steps (¢) to (g) as necessary to complete dispensing of
said plurality of ligquids:;
wherein the settling vessel, being connected to the opening by a conduit,
1s arranged between the ends of the conduit and wherein the internal
35 dliameter of the settling vessel is greater than the internal diameter of

the conduit connecting the settling vessel to said opening.

12. A method as claimed in claim 11, wherein the level of spacer liquid is

replenished after each step of evacuating a liquid from the settling
40 vessel.

AMENDED SHEET

CA 02394161 2002-06-12




CA 02394161 2002-06-12

PCT/1B00/02024
WO 01/48443 1/1

— . Fig.1.
33 35 40
52
- o1
E i
- "
E 3
30
~ Fig.2.

o
i

vy,

:
4



40

—_—

5

O.n

1
| s N
1

nU N
N W
N

3 ™
LN

52

13




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - abstract drawing

