EP 0010 456 B1

Europaisches Patentamt

9 0) European Patent Office () Publication number: O O 1 0 4 56

Office européen des brevets Bl

D) EUROPEAN PATENT SPECIFICATION

Date of publication of patent specification: 28.07.82 @ nt.ci3: BOTL 3/00, GO1TN 33/48
@) Application number: 79302339.1 '

@) Date of filing: 25.10.79

Liquid transport device.

Priority: 23.07.79 US 59924 @9 Proprietor: EASTMAN KODAK COMPANY
25.10.78 US 954689 343 State Street '

Rochester, New York 14650 {US)

Date of publication of application:
30.04.80 Bulletin 80/9 @ Inventor: Columbus, Richard Lewis

Kodak Park

Rochester, New York {US)

Publication of the grant of the patent:
28.07.82 Bulletin 82/30

Representative: Pepper, John H. et al,

KODAK LIMITED Patent Department P.O. Box 114
Designated Contracting States: 190 High Holborn

AT BE CH DE FR GB IT NL SE London WC1V 7EA (GB)

References cited:

EP-A-0010457
EP-A-0014797
FR-A-1444146
US - A-3565537
UsS-A-3690836
US-A-3992 158

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may
give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall
be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 39(1) European patent convention).

Courier Press, Leamington Spa, England.



L 0010456 2

Liquid transport device

This invention relates to the flow of liquid
through an aperture leading from a surface, the
liquid having arrived on the surface in the form
of a drop.

In US—A—3,690,836 there is disclosed a
device for use in the study of chemical and bio-
logical reactions and method of making same.
One embodiment therein disclosed includes an
exterior surface having an aperture extending
from the exterior surface to a zone within the
device. This zone is a capillary tube or chamber.
The tube or chamber is filled with liquid intro-
duced through the aperture. In this known
device the ingress aperture for introduction of
liquid has a smooth, cylindrical sidewall. Such
an aperture has the disadvantage that a drop of
liqguid which is not accurately placed on the
exterior surface, that is, it is placed with its
centre outside the sidewall of the aperture,
tends to stay outside the aperture rather than
move into it. It is only when the centre of the
drop is deposited well within the aperture that
the surface tension of the liquid drop forces the
drop into the aperture in full contact with the
sidewall. In particular this has been a problem
when the exterior surface is formed of material
which tends to be hydrophobic, that is, that
forms with the liquid a liquid-vapour contact
angle that is greater than 90°. For example cer-
tain plastics materials are sufficiently hydro-
phobic that drops of liquid such as blood serum
are more likely to remain on the exterior surface
than to flow into the aperture.

In accordance with the present invention
there is provided a liquid transport device
having an exterior surface, an aperture extend-
ing from the exterior surface to a zone within
the device, said zone having means for trans-
porting the liquid through the zone, character-
ized in that at least the intersection of said
exterior surface and the bounding surface of the
aperture includes, at a predetermined location, a
surface configuration for substantially urging a
portion of a drop of liquid deposited thereon to
move into contact with the bounding surface of
the aperture.

Such a device is particularly useful in intro-
ducing liquid into a transport zone between two
opposed transport surfaces spaced apart a
distance effective to induce capillary flow of the
liquid between the transport surfaces.

European Patent Application No.
79302340.9 (publication number 0010457)
describes a device for determining the activity
of an ionic analyte of a liquid, and in one
embodiment of the device means are provided
for driving a drop of liquid from the edge of an
aperture towards the centre of the aperture.

Embodiments of the present invention will
now be described, by way of example, with
reference to the accompanying drawings in
which:—
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Fig. 1 is an enlarged perspective view of a
device in accordance with the invention;

Fig. 2 is an elevational view in section taken
on the line II—Il in Fig. 1, demonstrating the
operation of the device.

Fig. 3 is a fragmentary, diagrammatic plan
view illustrating the effect achieved in a device
in accordance with the invention;

Fig. 4 is a plan view of a second embodiment
of the invention; and

Fig. 5 is a sectional view taken generally
along the plane of line V—V in Fig. 4.

The device of this invention is described in
connection with embodiments featuring the
capillary transport of biological liquids and par-
ticularly blood serum, between two opposed
surfaces. In addition, the device can be applied
to any liquid a drop of which is to be carried
through an ingress aperture from an exterior
surface to a transport means for transporting
the liquid for any purpose. For example, indus-
trial liquids can be so transported.

A device 10 constructed in accordance with
one embodiment of the invention comprises
(see Fig. 1) two members 12 and 14 having
respective exterior surfaces 16 and 18, and
respective interior, opposed surfaces 20 and 22.
The members 12, 14 have boundary edge sur-
faces 24. Surfaces 20 and 22 are spaced apart
a distance “X {see Fig. 2) such that capillary
flow of liquid is induced between the surfaces.
In this manner the spaced-apart surfaces 20
and 22 define a transport zone 26 and act as
means for transporting introduced liquid
between the surfaces. As will be readily
apparent, a range of values for “x” is per-
missible, and the exact value depends upon the
liquid being transported.

A preferred means for introducing a drop of
liquid into zone 26 is an aperture 30 extending
from surface 16 to surface 20, through member
12. The aperture 30 comprises a sidewall 32
extending between the surfaces 16 and 20. The
preferred largest dimension of aperture 30 in
plan (for example the diameter of the smallest
circle which entirely encompasses the plan form
of the aperture), is one which is about equal to
the greatest diameter of the drop expected to be
received by the aperture 30. The drop diameter
is dictated by the volume and surface tension of
the drop. The volume of the drop should be
adequate to fill transport zone 26 to the extent
desired. For uses such as clinical analysis as
herein described, a convenient drop volume is
about 10 ul. Thus, since a 10 ul drop of serum
having 0.07 Nm™" (70 dynes/cm) surface
tension has a diameter of about 0.26 cm, the
largest flow-through dimension, measured as
described above is preferably about 0.26 cm.

The intersection of surface 16 and sidewall
32 is provided with means that encourage the
selected drop of liquid deposited or received in
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the plane of surface 16 generally at aperture 30,
to move into contact with the entire perimeter
of sidewall 32. More specifically, sidewall 32 is
shaped so as to comprise a plurality of surfaces
that intersect, at least at and adjacent surface
16, at predetermined locations to form a plur-
ality of interior corners 34. As used herein, “pre-
determined location” or “locations” means
locations deliberately chosen, and dis-
tinguishes the present invention from cylin-
drical apertures which inadvertently or acci-
dentally have imperfections, such as micro-
scopic corners, in the sidewall. Such accidental
constructs are not capable of providing the sub-
stantial urging of the drop into the aperture
which the present invention provides. As shown
in Fig. 1, sidewall 32 comprises throughout its
perimeter, six sidewall surfaces and six such
predetermined corners 34. In this embodiment
equal angles of such corners 34 and equal
lengths of the intersecting surfaces {measured
in the direction of the perimeter of the sidewall
32) are selected to provide a shape, when
viewed in plan, i.e. perpendicular to the surface
16, that is a regular hexagon, the preferred con-
figuration.

in operation (see Fig. 2) device 10 is placed
in a drop-displacing zone adjacent to a source of
drops. A drop A of liquid such as blood serum,
or whole blood, is dropped onto the device as a
free-form drop or is touched off from a pendant
surface onto surface 16 generally at aperture
30. The surface 18 preferably is maintained in a
generally horizontal orientation during this step.
Corners 34 act to centre the drop and urge it
into contact with the surfaces of sidewall 32. It
then moves down into zone 26 and into contact
with surface 22, where capillary attraction fur-
ther causes the liquid to spread throughout zone
26, (see the arrows 36), so that the bounding
meniscus arrives at the position shown in
broken lines. Assuming sufficient volume in the
drop, the spreading ceases at edge surfaces 24

which define an energy barrier to further -

capillary flow. Once the drop of liquid is so
distributed, a variety of processing can be done
to or with the liquid.

In order to ensure effective filling of the aper-

ture the drop should be applied to aperture 30
s0 as to contact one of the corners. The effect is
most pronounced when the centre of gravity of
the drop is positioned over the aperture 30,
rather than over the solid surface 18.

To vent air as the liquid advances within zone
26, means are provided within the device, such
as the open space between members 12 and 14
along all or a portion of any one of edge sur-
faces 24. Alternatively, a second aperture (not
shown) can be formed in either member 12 or
14.

The corners of the aperture 30, at the sur-
face 16 where the drop is first applied, seem to
act as centres of force which induce the drop to
move into contact with sidewall 32 along its
entire perimeter or circumference. That is,
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referring to Fig. 3, it is believed that the centring
force F; of a drop A applied at-one of the corners
34 is significantly greater than the
corresponding centring force F, or F, that exists
for a drop A’ placed at any adjacent location 38
or 39 spaced away from a corner 34. At least
one corner 34 is needed for the effect. However,
at least three corners 34 are preferred, as in Fig.
3, to ensure a greater likelihood'that the drop A
will be in contact with a corner 34 when it
contacts surface 16.

For a predetermined largest dimension of the
aperture 30 calculated as described above, the
greater the number of corners that are created
by the use of a corresponding number of inter-
secting surfaces, then the greater is the likeli-
hood that the drop will contact a corner. How-
ever, as the number of corners is increased, so is
the value of the interior angle of each corner,
until eventually the sidewall 32 approaches a
smooth, curved surface in shape wherein all the
centring forces are equal, and the effect is lost.
It has been found, therefore, that a preferred
number of corners is between three and about
ten. Highly preferred is six corners in a regular
hexagon. )

As a matter of practicality, the corners 34
will have a slight radius of curvature. For the
corners to be effective, they each should have a
radius of curvature that is no larger than about
0.4 mm.

Although flat or planar surfaces are pre-
ferred between the corners, they can also be
continuously curved as is shown, between the
two lower corners 34 in Fig. 3.

Although the centring mechanism of the
corners is not fully understood, it is believed
that the effect is due to forces that apply to the
compound meniscus when the drop is located
at a corner 34. As is well known, a compound
meniscus is one in which the principal radii of
curvature of the drop surface vary, depending
on the location taken on the surface of the drop.
If the drop is properly located at a corner, the
compound meniscus forms a drop that extends
laterally farther out over the aperture than it
does when not located at a corner, and the
weight of this extension causes the drop to fall
or otherwise move into contact with the
perimeter of sidewall 32 and then through the
aperture 30. It may also be that there is at the
corner a greater tendency for the drop to wet
the sidewall than would occur in the absence of
a corner.

It will be readily appreciated that the centring
force of corners 34 is needed primarily at the
intersection of sidewall 32 and exterior surface
16. Thus, aperture 30 will function equally as
well if sidewall 32 is smoothed out, as it
approaches surface 20, to form a cylinder (not
shown).

In addition, it will also be appreciated that
the presence of a capillary zone around the
downstream end of aperture 30 assists in draw-



5 0010456 6

ing the drop through aperture 30 and into the
zone.

Members 12 and 14 can be formed from any
suitable material, such as plastics or metal.

In Figs. 4 and b, there is illustrated a second
embodiment of the device. This second embodi-
ment is one in which a transport chamber is
formed for radiometric analysis of an analyte of
a biological liquid such as blood. Parts similar to
those previously described bear the same refer-
ence numeral but with the distinguishing suffix
“a" appended. Device 10a features a support
member 14a (see Fig. 5), a cover member 123,
a spacer member 50 used to adhere members
12a and 14a together, and a radiometrically
detectable test element 60 disposed on support
14a. The test element 60 is spaced away from
member 12a so that there is a transport zone
26a between element 60 and member 12a. The
spacing between surface 20a and the test ele-
ment 60 is such as to produce a capillary effect
to induce the drop that enters through aperture
30a to spread throughout the zone 26a. Prefer-
ably, the test element 60 abuts against the
spacer member 50, and is held against member
14a by, for example, adhesive.

Thus, the members 12a, 14a and 50 definea

capiliary transport chamber containing the test
element 60 and having any convenient shape,
such as a rectangular chamber when viewed in
plan, as in Fig. 4.

Any suitable joining means can be employed
between members 12a and 50, and members
50 and 14a. For example, a variety of adhesives
can be used, or if all the members are thermo-
plastic, ultrasonic welding or heat-sealing can
be used.

Member 12a is provided with an access
aperture 30a extending through the member
from its exterior surface 16a to zone 26a,
disposed directly above a portion of test
element 60. At least that portion of the
aperture’s sidewall 32a that intersects with
surface 16a is provided with corners 34a, as
described above. Preferably sidewall 32a is in
the cross-sectional shape of a regular hexagon.
An additional, cylindrically shaped, aperture 70
in member 12a acts as a vent for expelled air.

A viewing port 80 is optionally provided in
support member 14a, particularly when the
latter member is not itself transparent.

Test element 60 comprises an optional trans-
parent support 62, formed, for example of poly-
(ethylene terephthalate), and at least an absor-
bent layer 64 disposed on support 62. Such
layer can have a variety of binder compositions,
for example, gelatin, cellulose acetate butyrate,
polyvinyl alcohol, agarose and the like, the
degree of hydrophilicity of which depends upon
the material selected. Gelatin is particularly pre-
ferred as it acts as a wetting agent to provide for
uniform liquid flow through zone 26a. Support
62 can be omitted where adequate support for
layer 64 can be nbtained from support member
14a.
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Additional layers such as a layer 66 can be
disposed above layer 64 to provide a variety of
chemistries or functions, such as to provide,
either in layer 66 alone or together with layer
64, a reagent composition. Filtering, registra-
tion and mordanting functions can be provided
also by such additional layers, such as are des-
cribed in U.S.—A—4,042,335. Thus, layer 66
can comprise a reagent, such as an enzyme, and
a binder of the same type as is used for layer 64.

As used herein, “reagent” in “reagent
composition” means a material that is capable
of interaction with an analyte, a precursor of an
analyte, a decomposition product of an analyte,
or an intermediate. Thus, one of the reagents
can be a preformed, radiometrically detectable
species that is caused by the analyte of choice
to move out of a radiometrically opaque por-
tion or layer of the element, such as layer 66,
into a radiometrically transparent portion or
layer, such as a registration layer.

The noted interaction between the reagents
of the reagent composition and the analyte is
therefore meant to refer to chemical reaction,
catalytic activity as in the formation of an
enzyme-substrate complex, or any other form of
chemical or physical interaction, including
physical displacement, that can produce ulti-
mately a radiometrically detectable signal in the
element 60. As is well known, radiometric
detection includes both colorimetric and fluori-
metric detection, depending upon the indicator
reagent selected for the assay. The assay of the
element is designed to produce a signal that is
proportional to the amount of analyte that is
present.

A wide variety of radiometric assays can be
provided by element 60. Preferably, the assays
are all oxygen-independent, as the flow of blood
or blood serum into zone 26a tends to seal off
element 60 from any additional oxygen. Typical
analytes which can be tested include BUN, total
protein, bilirubin and the like. The necessary
reagents and binder or vehicle compositions for
the layers of element 60, such as layers 64 and
66, for these analytes can be those described in,
respectively, U.S.—A—4,066,403, 4,132,528
and 4,069,016 or 4,069,017.

Quantitative detection of the change pro-
duced in element 60 by reason of the analyte of
the test element is preferably made by scan-
ning the element through port 80 with a photo-
meter or fluorimeter. A variety of such instru-
ments can be used, for example the radiometer
disclosed in DE—A—2,755,334, or the photo-
meter described in U.5.—A—4,119,381.

The following is an illustrative example of the
device shown in Figs. 4 and 5.

Example

Members 12a and 14a are formed from poly-
styrene of a thickness 0.127 and 0.254 mm,
respectively. Member 50 is steel of a thickness
0.38 mm. The three members are sealed
together by adhesives such as polybutyl acrylate
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adhesive (trademark “Covinax'). Apertures 30a.

and 70 in member 12a are about 8 mm apart
on centre. The outside diameter of the hexagon
form of aperture 30a is about 2.6 mm. View
port 80 is about 5 mm in diameter. The capillary

12a is about 0.05 mm and the width of ele-
ment 60 is about 11.56 mm.

For a test element 60 designed to detect
total protein in a 10 ul drop of blood serum, the
following sequential layers are used:

5
spacing between test element 60 and member
Layer Composition Amount
62 Gelatin-subbed poly(ethylene terephthalate) 175 microns thick
poly(acrylamide-co-N-vinyl-2-pyrrolidone 16.0 g¢/m?
CuSO0, - 5H,0 10.8 g/m?
64
LiOH 5.4 g/m?
tartaric acid 8.0 g/m?

Claims

1. A liquid transport device having an exterior
surface, an aperture extending from the exterior
surface to a zone within the device, said zone
having means for transporting the liquid through
the zone, characterized in that at least the inter-
section of said exterior surface and the bound-
ing surface of the aperture includes, at a pre-
determined location, a surface configuration for
substantially urging a portion of a drop of liquid
deposited thereon to move into contact with the
bounding surface of the aperture.

2. A device according to claim 1, charac-
terized in that said surface configuration com-
prises at least one interior corner in the bond-
ing surface of the aperture at at least its inter-
section with said exterior surface.

3. A device according to claim 2, character-
ized in that there are from three to ten similar
interior corners at predetermined spaced-apart
locations at at least said intersection.

4. A device according to claim 3, charac-
terized in that there are six of said corners.

5. A device according to claim 4, charac-
terized in that the bounding surface of the aper-

ture conforms to a regular hexagon at least -

adjacent the exterior surface.

6. A device according to any one of the
preceding claims, characterized in that the
transporting means in said zone includes two
opposed surfaces of the zone spaced apart a
distance such as to cause capillarity.

7. A device according to claim 6, charac-
terized in that at least one of said two spaced-
apart opposed surfaces includes an absorbent
layer containing at least one reagent capable of
producing a radiometrically detectable signal
when contacted by the liquid of the drop.

8. A device according to claim 2 or any one
of claims 3 to 7 when appendant directly or
indirectly to claim 2, characterized in that the
comner or each of the corners extends through-
out the length of the bounding surface of the
aperture, from the exterior surface to the zone.

Revendications

1.—Dispositif pour le déplacement de liquide
qui présente une surface extérieure, une ouver-
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ture s'étendant de la surface extérieure 3 une
zone a l'intérieur du dispositif, la dite zone com-
prenant un moyen pour que le liquide se
déplace a travers la zone, caractérisé en ce
qu'au moins l'intersection de la dite surface
extérieure et de la surface délimitant le pour-
tour de i'ouverture comprend, & un emplace-
ment prédéterminé, une surface ayant une con-
figuration propre & inciter effectivement une
partie d'une goutte de liquide qui y a été
déposée a se déplacer pour venir au contact de
la surface délimitant le pourtour de l'ouverture.

2.—Dispositif suivant la revendication 1,
caractérisé en ce que la dite configuration de
surface comprend au moins un angle rentrant
dans la surface délimitant le pourtour de
'ouverture & au moins son intersection avec la
dite surface extérieure.

3.—Dispositif suivant la revendication 2,
caractérisé en ce qu’il y a de trois & dix angles
rentrants similaires a4 des emplacements
prédéterminés distants les uns des autres a au
moins ia dite intersection. o

4.—Dispositif suivant la revendication 3,
caractérisé en ce qu'il y a six dits angles.

5.—Dispositif suivant la revendication 4,
caractérisé en ce- que la surface délimitant le
pourtour de [I'ouverture a la forme d'un
hexagone régulier au moins adjacent a la sur-
face extérieure.

6.—Dispositif suivant I'une quelconque des
revendications précédentes, caractérisé en ce
que le moyen de déplacement dans la dite zone
comprend deux surfaces opposées de la dite
zone, espacées de maniére & provoquer la
capillarité.

7.—Dispositif suivant ia revendication 6,
caractérisé en ce qu'au moins l'une des dites
deux surfaces opposées espacées comprend
une couche absorbante contenant au moins un
réactif apte a8 produire un signal détectable
radiométriquement quand la goutte de liquide
vient a son contact.

8.—Dispositif suivant la revendication 2 ou
'une quelconque des revendications 3 & 7
lorsqu’elles dépendent directement ou in-
directement de la revendication 2, caractérisé
en ce que l'angle ou chacun des angles s'étend
sur toute la iongueur de la surface délimitant le
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pourtour de 'ouverture, de la surface extérieure
jusqu’a la zone.

Patentanspriiche

1. Vorrichtung zum Bewegen einer Fllssig-
keit, mit einer dReren Fldche und einer sich von
der dulleren Fldche bis zu einer Zone innerhalb
der Vorrichtung erstreckenden Offnung, wobei
die Zone Mittel zum Transport der Fliissigkeit
durch die Zone aufweist, dadurch gekennzeich-
net, daR zumindest an der Schnittlinie zwischen
der duleren Flache und der Begrenzungsfliche
der Offnung an einer vorbestimmten Stelle eine
Oberflachenausbildung vorgesehen ist, die im
wesentlichen einen Teil eines darauf befindlich-
en Flissigkeitstropfens mit der Begrenzungs-
flache der Offnung in Ber{ihrung bringt.

2. Vorrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, daB die Oberflichenausbildung
zumindest in ihrer Schnittlinie mit der duReren
Flache mindestens eine innere Ecke in der Be-
grenzungsflache der Offnung aufweist.

3. Vorrichtung nach Anspruch 2, dadurch ge-
kennzeichnet, daR zumindest an dieser Schnitt-
linie drei bis zehn &hnliche innere Ecken an vor-
bestimmten, im Abstand voneinander angeord-
neten Stellen vorgesehen sind.

4, Vorrichtung nach Anspruch 3, dadurch ge-
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kennzeichnet, da® sechs solcher Ecken vorge-
sehen sind.

5. Vorrichtung nach Anspruch 4, dadurch ge-
kennzeichnet, daR die Begrenzungsfléche der
Offnung zumindest im Anschluf® an die dufdere
Flache einem gleichseitigen Sechseck ent-
spricht.

6. Vorrichtung nach einem der vorherge-
henden Anspriiche, dadurch gekennzeichnet,
dal} die Transportmittel in der Zone zwei ein-
ander gegeniiberliegende Fldchen der Zone um-
fassen, die in einem solchen Abstand vonein-
ander angeordnet sind, daR eine Kapillarwirk-
ung entsteht.

7. Vorrichtung nach Anspruch 6, dadurch ge-
kennzeichnet, da zumindest eine der beiden in
einem Abstand voneinander angeordneten, ein-
ander gegeniiberliegenden Flachen eine ab-
sorbierende Schicht besitzt, die mindestens ein
Reagenzmittel enthalt, das bei BerlGihrung mit
dem Flissigkeitstropfen ein radiometrisch fest-
stellbares Signal erzeugt.

8. Vorrichtung nach Anspruch 2 oder einem
der Anspriiche 3 bis 7 wenn unmittelbar oder
mittelbar auf Anspruch 2 zuriickbezogen, da-
durch gekennzeichnet, daB die Ecke oder jede
der Ecken sich {iber die von der dueren Fldche
bis zur Zone reichende gesamte Lénge der Be-
grenzungsfldche der Offnung erstreckt.
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