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1. An analysis apparatus comprising:

a fluid conduit;

means for forming a plurality of fluid capsules in the conduit for flow therethrough 

wherein each fluid capsule comprises a pluraity of discrete isolated segments including 

at least one of each of a wash segment, a reagent segment, a sample segi^ient and a 

segment of suspended magnetic particles, said means comprising means for forming a 

film of isolating liquid on an inner surface of the conduit and means for randomly 

aspirating each of a plurality of liquids selected from a sample liquid, reagents, washes 

and a magnetic particle suspension to form each segment in any order;

means for reversibly directing a flow of the fluid capsules in two longitudinal 

directions of the conduit;

magnetic means disposed along the conduit for selecti vely retaining the suspended 

magnetic particles from one segment in one capsule in place at a location adjacent to the 

magnetic means for placement into suspension in another segment in said one capsule 

during the flow of the one capsule through the conduit; and

means disposed along the conduit for meastuing the fluid capsules therein.
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including the best method of performing it known to us:-



- la ■ -

I a a a · 
• a

a ·

• a a «

a · · ·

a · a

» a a ·

• Λ t,
• a a ·

«· ' *

' · ·
• a « ·

I ·

• a » ■
a a a *

• a · «

a

a · · · 
a a a ·

I · a

CAPSULE CHEMISTRY
SAMPLE LIQUID ANALYSIS SYSTEM AND METHOD 

BACKGROUND OF THE INVENTION
1. Field of the Invention.

5 This invention relates to a capsule chemistry sample liquid analysis system and 

method which, although suitable for application to a wide variety of analyses on a wide 

variety of sample liquids, are particularly adapted to the automated clinical analyses in 

turn of pluralities of human biological sample liquids.

A large number of ligand binding assays, such as immunoassays and DNA probe

10 assays, are carried out on a solid phase. This allows separaaton of the target analyte 

species from interfering species, reduction in background signal and measurements of 

analytes in physiological specimens at very low concentration levels.
In automated instruments, magnetic particles are the most desirable solid phase. 

However, these automated instruments tend to be more complex because of the

15 addiitonal mechanisms required for the washing and separation of the magnetic particles. 

SUMMARY OF THE INVENTION
The main object of the present invention is to provide for the washing and 

sepaaaaion of the magnetic particles in an automated instrument.

Another object of the present invention is to provide a simple structure for an

20 automated instrument for magnetic particle-based assays which has built-in wash cycles 

which require no additional mechanisms and hardware.

In a first aspect, the present invention provides an analysis apparatus comprising: 
a fluid conduit;

means for forming a plurality of fluid capsules in the conduit for flow therethrough 

25 wherein each fluid capsule comprises a plurality of discrete isolated segments including
at least one of each of a wash segment, a reagent segment, a sample segment and a 

segment of suspended magnetic particles, said means comprising means for forming a 

film of isolating liquid on an inner surface of the conduit and means for randomly 
aspiraatng each of a plurality of liquids selected from a sample liquid, reagents, washes

30 and a magnetic particle suspension to form each segment in any order;

• V
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means for reversibly directing a flow of the fluid capsules in two longitudinal 

directions of the conduit;

magnetic means disposed along the conduit for selectively retaining the suspended 

magnetic particles from one segment in one capsule in place at a location adjacent to the

5 magnetic means for placement into suspension in another segment in said one capsule 

during the flow of the one capsule through the conduit; and

means disposed along the conduit for measuring the fluid capsules therein.

In a second aspect, the present invention provides an analysis method comprising

the steps of:

10 forming a plurality of fluid capsules in a fluid conduit for flow therethrough

wherein each fluid capsule comprises a plurality of discrete isolated segments including 

at least one of each of a wash segment, a reagent segment, a sample segment and a 

segment of suspended magnetic particles;

forming a film of isolating liquid on an inner surface of the conduit and randomly

15 aspirating each of a plurality of liquids selected from a sample liquid, reagents, washes 

and a magnetic particle suspension to form isolated segments from said plurality of 

liquids in each segment in any order;

reversibly directing a flow of the liquid capsules in two longitudinal directions of 

the conduit;

20 selectively magnetically retaining the suspended magnetic particles from one

segment in one capsule in place at a given location for placement of the magnetic 

particles into suspension in another segment in said one capsule during the flow of the 

one capsule through the conduit; and

measuring the fluid capsules in the conduit.

25 In a third aspect, the present invention provides an analysis method comprising the

steps of:

a) forming at least one fluid capsule in a fluid conduit, wherein each fluid 

capsule comprises a plurality of discrete segments isolated by isolating liquid 

therearound and including at least one wash segment, at least one reagent segment, at

30 least one sample segment and one segment of suspended magnetic particles;
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b) directing a flow of the at least one fluid capsule in a forward longitudinal 

direction of the fluid conduit to position a segment with suspended magnetic particles at 

firsi magnetic means;

c) retaining the magnetic particles at the first magnetic means against a wall 

5 of the conduit with the isolating liquid therebetween;

d) moving the at least one capsule in the forward longitudinal direction, 

while the magnetic particles are retained, to position a sample segment at the first 

magnetic means;

e) dispersing the retained magnetic particles in the sample segment;

10 f) moving the at least one capsule in the forward longitudinal direction to

position the sample segment at second magnetic means;

g) retaining the magnetic particles at the second magnetic means against the 

wall of the conduit with the isolating liquid therebetween;

h) moving the at least one capsule in the forward longitudinal direction,

15 while the magnetic particles are retained, to position a wash segment at the second

magnetic means;

i) dispersing the retained magnetic particles in the wash segment;

j) moving the at least one capsule in the forward direction and then in a 

reverse direction to position the wash segment at tiie second magnetic means;

20 k) repeating steps g)-j) for each subsequent was segment in the at least one

capsule.

DESCRIPTION OF THE DRAWINGS

The above and other significant objects and advantages of the sample liquid 

analysis system and method of our invention are believed made clear by the following

25 detailed description thereof taken in conjunction with the accompanying drawings,

wherein:

FIG. 1 is an essentially schematic diagram illustrating a first embodiment of a

reversible direction sample liquid analysis system representatively configured and

operable in accordance with the currently contemplated best mode of our invention^
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FIGS. 2A and 2B are respectively somewhat simplified schematic diagrams 

illustrating the two operational conditions of the sample liquid test package transfer 

means of the system of FIG. 1;

FIG. 3 is a block diagram illustrating the control and synchronisation of the 

5 electrically operated drive and detection components of the system of FIG. 1;

FIG. 4 is a timing diagram illustrating the operations of the sample liquid test 

package transfer means, and the sample liquid test package metering and supply means, 

respectively, of the system of FIG. 1 as drawn to the same time scale;

FIGS. 5, 6,7, 8, 9,10,11,12 and 13 are respectively schematic system diagrams 

10 in the nature of FIG. 1 illustrating the operational configurations of the system

components at various sequential stages in the initialisation of the system and formation 

of the sample liquid test package stream;

FIGS. 14,15 and 16 are respectively somewhat simplified schematic diagrams of 

the system of FIG. 1 illustrating the operational configurations of the basic-------------------
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system components at various later sequential stages in the 
formation of the sample liquids test package stream, and in 
the reaction and analysis of the discrete sample liquids as 
respectively contained therein;

FIG. 17 is an essentially cross-sectional view taken 
through the sample liquids test package reaction and analysis 
means of the system of FIG. 1, and illustrates the merger of 
respective sample and reagent liquid segments therein upon the 
initial flow of each of the sample liquid test packages 
therethrough;

FIG. 18 is a cross-sectional view in the nature of 
FIG. 17, and illustrates the configuration of a sample liquid 
test package fomowing· flow of same through the sample liquids 
test package reaction and analysis means as depicted therein;

FIG. 19 is a view in the nature of FIGS. 14, 15 and 
16 illustrating · the openatintal configurations of the basic 
system at a later · sn<yuentitl stage in the reaction 
and analysis of the sample liquids in the test package stream 
within the system;

FIG. 20 is an essentially cross-sectional view taken 
through the sample liquids test package reaction and · analysis 
means of the system of FIG. 1, and ' illustrates the 
conticgJratint of a buffer liquid "test" package as is formed 
and utilized in the system to enable the same to complete 
sample liquids reaction and analysis on all available sample 
liquids;

FIG. 21 is a view in the nature of FIGS. 14, 15 and 
16 illustratnng the operational contig.lratints of the basic 
system cnmDl^ntn^t;s attendant the use of the buffer liquid 
"test" packages of FIG. 20 for comppetion of the sample 
liquids reactions and analyses on all available sample 
liquids;

FIGS. 22, 23, 24, 25 and 26 are respectively 
somewhait sippllfied schemaaic diagrams illustrating different 
nplertintal configurations of a second emmodiment of a



4

reversible direction sample liquids analysis system 
representatively configured and operable in accordance with 
the currently contemplated best mode of our invention;

FIGS. 27 . and 29 are respectively somewhht simprified
5 schemmtic diagrams illustrating different operational 

conffcgirations of a third embodiment of the reversible 
direction sample liquids analysis system representatively 
coonigured and operable in accordance with ■ the currently 
contemmP-ated best mode of our invention; and

10 FIG. 28 is a timing diagram illustrating the
oprertions of the front and back system end positive 
displacement pumps and the shear and sample liquid test 
package extraction control valves of the system of FIGS. 27 
and 2 9 .

15 FIG. 30 is a schematic diagram of an embodiment of
the present invention for use in an irnnuunossay.

FIGS. 31A-H are schemaaics of a detail of FIG. 30
showhng the steps of one embodiment of a method according to 
the present invention.

20 DETAILED DESCRIPTION OF THE INVENTION
Reeerring now to FIG. 1 of the application

drawhngs, a first embodiment of the reversible direction 
cappule ccee.istry sammpe liqid · aanaysss system 
reppeeennatively configured and operable in accordance with

25 the currently contemplated best mode of our invention is 
scheeutically depicted as indicated generally at 20: and 
coramrises sammle liquid test package metering and supply means 
as indicated generally at 22 which operate to mter successive 
enncapulated test packages of sample, reagents and buffer

30 liquids, and air and supply the same in turn for reaction and 
tnftysis within the system; reversible direction ' sample liquid 
test package displacement means as indicated genially at 24 
winch operate to bi-directionally displace the thusly metered 
and supplied test packages through the system; test package

35 transfer means as generally indicated at 26 which operate in
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conjunction with the test package metering and supply means 22 
and the test package displacement means 24 to provide for the 
successive test package supply and bi-directional functions of 
the system; test package reaction and analysis means as

5 indicated generally at 28 for the successive reactions and 
repeated analyses of the thusly supplied and displaced 
testpackages; and detection means as indicated generally at 30 
which are operatively associated with the reaction and 
analysis means 28 to detect and quantify the successive sample

10 liquid test packages analysis results.
The test . package metering and supply means 22

commpise a ' precisely operable, highly accurate positive 
displacement pump, for ' example a piston pump as indicated at 
31, commpising pump cylinder 32 and pump piston 34 driven as

15 indicated by an electric drive motor as indicated at 36 and 
operatively connected thereto as shown. A flexible comtait of 
any appropprately durable, inert and transparent materia*., for 
example Teflon which is also hydrophobic, is indicated at 38 
and operatively connects pump cylinder 32 as ■ shown to what

20 will hereinafter be teimed the "upstraam" side of the sample
liquid test package transfer means 26 for the supply of 
successive test packages thereto as described in greater 
detail hereinbelow.

Further included in the test package metering and
25 supply means 22 is a sample liquid test package aspirating 

probe assembly as indicated generally at 40, and which 
preferably takes the general form of that disclosed in United 
States Patent 4,121,466 issued October 24, 1978 to Allen
Reichler, et al, and assigned to the assignee hereof; the

30 disclosure of which is hereby incorporated by reference in
this specification. As such, probe assembly 40 comppises a
rigid probe tube 42, again preferably of Teflon or like
maateial, having an inlet end 44, and an outer probe tube 46
located ioncientically as shown around probe tube 42 and

35 sealed thereto to form an annular chamber 48 therearound. A
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flexible conduit 50, again preferably of transparent Teflon or 
like matteial, operatively connects probe tube 42 as shown to 
what w].l hereinafter be termed the "downntream" side of 
sample test package transfer means 26, and therethrough to

5 conduut 3 8 and pump 31, as and for purposes described in
detail hereinbelow.

Probe drive means taking the form of . an ■ electric 
drive motor are indicated at 52, and are operatively connected 
as shown to probe tube 42 for drive of the probe assembly 40

10 in conwenional manner.
Sammle, reagent and buffer liquid supply■means are 

indicated generally at 54 in FIG. 1; and, for a representatiw 
application of the system 20 of our invention, comppise a 
container 56 of reagent liquid Rl, container 58 of reagent

15 liquid R2, and container 60 for an appropriate buffer liquid 
B. An araay of sample iiguid containers for difeeeent, 
essentially aqueous sample liquids, only four of which are 
illustrated as indicated at 61, 62, 63 and 64 for the
containers, and Si, S2, S3 and S4 for the different sample

20 liquids contained therein, are operatively disposed in any
suitable transport device as indicated at 66, for example the 
sample carrier block and shuttle assembly as disclosed in 
detail in United States Patent 4,853,336 issued Aucgst 1, 1989 
to Stephen Saros et al, and assigned to the assignee hereof;

25 the disclosure of which is hereby incorporated by reference in 
this specification. The transport device 66 is intermittently 
driven by an electric drive motor 68 operatively connected 
thereto as shown to index the included sample liquid 
containers in turn 'for access by probe tube 42 and sample

30 liquid aspiration therefoom. Although not shown, it will be
readily understood by those skilled in this art that liquid 
level sensing means of any arpropriate, well known 
configuration are preferably operatively associated with probe 
assembly 40 to provide for precisely reproducible aspirations

35 of the sample, reagent and buffer liquids from the respective
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containers thereof in the formation of the sample liquid test 
packages.

Further included it the sample liquid test package 
meeeritg and supply means 22 is an isolation liquid supply

5 reservoir as indicated at 70, and which is disposed as shown
adjacent pump 30. to contain an approppiate quannity of an 
isolation licuid as indicated at IL. For representative use 
of the system 20 of our invention with essennially aqueous 
sample, reagent and buffer liquids, and hydrophobic system

10 probe and conduit commponens, isolation liquid IL wll be 
comsituted by an appropriate fluoro-carbon or silicon liquid 
which is immiscible with the sample, reagent and buffer 
liquids, and which preferentially wets the hydrophobic inner 
waais of the hydrophobic system components to the substantial

15 exclusion of those liquids, thereby coating those system
commmnnt inner waais with an isolation liquid layer to 
subssaanially prevent contact therewith by said liquids and 
the adhesion of the same thereto. This significantly reduces 
sample liquid carryover, i.e. the contamination of succeeding

20 sample liquid by the residue of a preceding sample liquid, and
thus significantly increases the overall accuracy of the 
sample liquid analysis re^i^l^its. This technique of sample
liquid carryover minimization through use of an imissc-ble 
isolation liquid has now become well known in the automated

25 sample liquids analysis art as disclosed for example in Uintad 
States Patent 4,865,993 issued September 12, 1989 to Michael 
M. Caasaday, et al and assigned to the predecessor in interest 
of the assignee hereof; the disclosure of which is hereby 
incorporated by reference in this specification.

30 a three way rotary valve is indicated at 72, and is
oppraaively disposed as shown in conduit 38 irnnmdiately at the
outlet from pump cylinder 32; and an isolation liquid supply
conduit 74 operatively connects valve 72 to the supply of
isolation liquid IL within reservoir 70. Rotary valve 72 is

35 driven by an operatively connected electric drive motor as
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indicated at 76 between a first valve position wherein the 
valve connects pump cylinder 32 directly through co-diiit 38 to 
the upstream side of transfer means 26, and a second valve 
position wherein 'the valve connects pump cylinder 32 and

5 conduut 38 to the isolation liquid reservoir 70 through supply
conduut 74 for the suppply of the isolation liquid. IL thereto 
as and for the purposes described in detail hereinbelow.

A precisely operable positive displacement pump, for 
example a syringe pump is indicated at 82 in FIG. 1, and is

10 connected as shown by flexible conduit 86 to the annular probe
chafer 48 through outer probe tube 46. An isolation liquid 
reservoir is indicated at 88; and conduit 92 connects pump 82 
thereto as shown. Electric drive motor is indicated at 96, 
and is operatively connected as shown to pump 82 to drive the

15 same, thereby pumping the isolation liquid IL from reservoir
88 into the annular space 48 between the outer and inner probe 
tubes 46 and 42 through conduuts 92 and 86; all to result in 
the formation of a layer of the isolation liquid on the outer 
surface of probe tube 42 for effective sample liquid carryover

20 minimization with regard to the probe assembly 40 as made
clear in United States Patent 4,121,466 referenced 
hereinabove.. In addition, a sample liquid carryover­
minimizing layer of the isolation liquid IL is also formed and 
maantained on the inner surface of the probe tube 42 as

25 described in detail hereinbelow.
The reversible direction test package displacement

means 24 of FIG. 1 com^ise a highly accurate positive 
displacement piston pump 100 which includes pump cylinder 102 
and pump piston 104 driven as indicated by an electric drive

30 motor 106 operatively connected thereto as shown. A flexible
conduct, again preferably of transparent Teflon or like
maateial, is indicated at 108 and operatively connects pump
cylinder 102 to the upstream side of the sample liquid test
package transfer means 26 as shown. A three way rotary valve

35 is indicated at 110, and is operatively disposed as shown in
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conduit 108 above pump 100. A vent conduit ■ 112 connects valve 
110 to atmosphere. Valve 110 is Uriven as inUicateU by an 
operatively connecteU Urive motor 114 between a first valve 
position wherein 'the same closes vent condUit 112;. anU a

5 seconU valve position wherein the valve connects conduit 108, 
anU thus pump cylinUer 102, to atmosphere through vent condUit 
112.

Further incluUeU in the test package Uisplacement 
means 24 of FIG. 1 is a precisely operable positive

10 Uisplacement pump, again for example a syringe pump, as
inUicateU at 116. Pump 116 is operatively connecteU as shown 
by conduut 118 to a supply of the isolation liquiU IL as 
containeU in isolation liquiU reservoir 120 UisposeU as shown 
below pump 116; anU is connecteU as shown to condUut 108 by

15 flexible branch condUut 122. An electric Urive motor is 
inUicateU at 124 anU is operatively connecteU to pump 116 as 
shown to Urive the same anU supply isolation liquiU IL from 
reservoir 120 through branch condUrt 122 to condUut 108, again 
for sa^j^l.e liquiU carryover minimization purposes as UescribeU

20 in Uetail hereinbelow.
The test package transfer means 24 of FIG. 1

commrise a two position linear shear valve as inUicateU at 
130. Valve 130 is Uriven by shown by an oppeatively connecteU 
electric Urive motor 132 between what will hereinafter be

25 teraeU an "aspirate" position wherein the valve connects
condUrt 38, anU thus pump 31, to conduit 50, anU thus probe, 
assembly 40, anU simultaneously connects condUit 108, anU thus 
pump 100, to the test package reaction anU analysis means 28; 
anU what wil hereinafter be . teraeU a ' "transfer" position

30 wwhrein the valve 130 connects conduit 38, anU thus pump 31,
to the test package reaction anU analysis means 28, wwhle
simply closing off condUuts 50 anU 108 at the valve; both as
UescribeU in greater Uetail hereinbelow.

The test package reaction anU analysis means 28 of
35 fig. 1 commrise an analytical line as inUicateU at 134, anU
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formed by a generally elongated, flexible transparent conduit 

of Teflon or like material, which extends as shown from 

operative connection to the downstream side of shear valve 130 

to terminate in an open end 135 above a waste container 136 

for the flow of the duly reacted and analyzed sample liquid 

test packages from the line in turn into that waste container. 

A flow cell of essentially conventional configuration and 

manner of operation is indicated at 138, and is operatively 

disposed as shown in analytical line 134 for the bi­

flow of the sample liquid test packages 

described in greater detail

directional 

therethrough 

hereinbelow.

Further

in turn as

» · ·» ο ·• · · ·

20
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25
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30

35

in the analytical line 134 

immediately downstream of flow cell 138 is an aneurism, or 

section of enlarged cross-sectional area, as indicated at 140 

and which is preferably formed integrally with the line, for 

example by blow-molding, thereby eliminating sample liquid 

carryover-intensive joints in the analytical line 134 as will 

be well understood by those skilled in this art. In the 

manner disclosed in United States Patent 4,853,336 referenced 

hereinabove, this section 140 of enlarged cross-sectional 

area, hereinafter referred to as the "vanish zone," operates 

in the manner of an expanding floatation zone to combine 

liquid segments which reside to either side of an air segment 

in each of the sample liquid test packages upon the initial 

flow of the test package therethrough in what will hereinafter 

be termed the "downstream" direction, namely the flow 

direction to the right as seen in drawing FIG. l from the 

shear valve 130 to and through the flow cell 138 and the 

vanish zone 140, More specifically, it may be understood that 

the vanish zone 140 is specifically dimensioned in accordance 

with the volume of at least one of the sample liquid test 

package air segments, or vice versa, to prevent the occlusion 

of that zone by that air segment, thus in essence floating 

that air segment in liquid therein and combining the liquid

included
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segments, for example those, of sample liquid S ■ and reagent 
liquid Rl, and, that of reagent · liquid R2, which reside· to 
either side of that air · segment in · a sample liquid test 
package upon the initial flow of the same · through the vanish

5 zone 140 in the dowintream direction in anaaytical · line 134, 
all in the manner described, in detail hereinbelow.

The detecting means 30 comppise a light, source as 
indicated at 142 of approppiate wavelength, and optically 
comppaible ' light-sensitive , detector as , indicated at · 144,

10 respectively operatively disposed as shown to opposite, sides 
of the flow cell 138. , Oppical fibres of ' approopiate light 
transmission characteristics are indicated at 146 and 148, and 
are opeeatively disposed as shown relative to light source 
142, flow cell 138 and , detector 144,, respectively, to function

15 in conventional cslsrimerric manner , to transmit light from, 
source 142 through flow cell 138 to detector 144 for repeated 
φiaatitttivr analyses of the successive sample liquids of the 
sample liquid test packages in turn, again as described in 
greater deeail . hereitbelow'.

20 Further included , in , the detecting means 30 of FIG.
1 is a bubble' detector as indicated at 150, and taking , for 
example the form, of , that disclosed in Unnted States , Patent 
4,253,846 issued , March 3, 1981 to William J. Smythe, , et , al, 
and assigned to the, predecessor in interest , of , the assignee

25 hereof, the disclosure of which is hereby incorporated by
reference in this specc-fica^one Bubble , detector , 150 is
operatively associated with anaaytical line 134 irnneeiaaely 
upstream of 'flow cell 138, to detect the, passage of the 
leading edges of the liquid segments in the respective sample

30 liquid test packages and , signal the detector 144 , accordingly 
as indicated along , line 152.

With, further regard to the respective aspirate, and
transfer positions of two position linear shear valve 130' of .
the test package transfer means. 2.4 ■ of FIG. 1, and , with the

35 analytical line 134. - of ' test package reaction and analysis
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means 28 now having been structurally described in detail in 
relation thereto, reference may now be had to drawing FIGS. 2A 
and 2B; with the former schemaatcally depicting the conduit 
connections effected with the shear valve 130 in the aspirate

5 position, and the latter schemaatcally depicting those conduut
connections with the valve in the transfer position.

Referring now to FIG. 3 of the application drawings, 
the same will be seen as a block diagram schemaaically 
illustrating the control . and synchronization of the

10 electrically operated comppnnnts of the system 20 of FIG. 1; 
and, to that effect, depicts a controller as indicated at 153 
taking the form of ' any appropprately programmmble
microprocessor device, for example ' a general purpose digital 
computer with a stored system program. Coontrller 153 is

15 operatively connected as indicated by lines 154, 155 and 156 
to pump drive motors 3 6 and 106, and probe assembly drive 
motor 52, to control and synchronize the respective operations 
thereof, and thus of pumps 31 and 100; and is operatively 
connected as indicated by line 158 to shear valve drive motor

20 132 to like purposes with regard to the operation of shear 
valve 130. CoontoHer 153 is also operatively connected as 
indicated by line 159 to sample liquid supply drive motor 68 
to control and synchronize the indexing of the sample liquid 
containers in -turn to probe assembly 40; and is operatively

25 connected as indicated by lines 160, 162 and 164 to isolation 
liquid supply pump· drive mrtors 94, 96 and 124 to control 
isolation liquid supply to condnut 108 and probe assembly 40. 
Coonirller 153 is also opeeatively connected as indicated by 
lines 166 and 168 to vent valve drive motor 114 and isolation

30 liquid supply valve drive mmtor 76 to control and synchronize 
the venting of pump 100 ■ to atmosphere, and the supply of 
isolation liquid to pump 31 and thus to conduut 38; and is 
also operatively connected to light source 142, bubble 
detector 150 and detector 144 as indicated by lines 170, 172

35 and 174 to control and coordinate the respective functions
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thereof. User console including a standard CRT terminal and 
keyboard, and a recorder including a standard printer for 
permanent recording of the sample liquid analysis results, are 
shown at 176 and 178 in drawing FIG. 3, and are respectively

5 oppeatively connected as indicated by lines 180 and 182 to the
c^r^tr^c^oier 153 for user control of the system 20, and 
obbsrvvtion and recording of the sample liquid analysis 
results. Thus, cantroller 153 may be understood . to be
effective to instruct, control, moonicr, and synchronize the

10 apprntiats of system 20 as described in detail hereinbelow, 
and to calculate and moontor the sample liquid analysis 
results and output the same in a variety of formats, all of 
course in accordance with tpprappitte programming of the 
coatraaler 153.

15 in accordance with the teachings of the herein-
disclosed best mode of the system 20 of our invention, pump 
drive motors 3 6 and 106, and probe assembly drive motor 52 of 
FIG. 1 take the form of precisely operable stepping mooors 
which, in accordance with appropriate programming of system

20 coatraaler 153 of FIG. 3 and control of those drive motors as 
described along lines 154, 155 and 156 of FIG. 3, can be
operated to drive pump pistons 34 and 104 of pumps 31 and 100 
through different and readily adjustable strokes in pump 
cylinders 32 and 102, and to drive probe assembly 40 through

25 different and readily adjustable ranges of vertical and 
hooizontal travel relative to the respective sammle, reagent 
and buffer liquid containers, as described ■in' detail 
hereinbelow.

FIG. 4 is a timing diagram illustrating the
30 apeeraional conditions of shear valve 130, pumps 31 and 100,

and probe assembly 40 during a representative operational
cycle of the system 20 of our invention. To this effect, line
SH illustrates the respective aspirate and transfer conditions
of shear valve 130, line PA illustrates the position of piston

35 34 in cylinder 32 of pump 31, line PB illustrates the position



14

ι

• · · ·
• ·

.Siif·

• ·

of piston 104 in cylinder 102 of pump 100, line PH illustrates 
the hooizontal posstion of probe assembly 40 relative to the 
respective sample, rs^agebt and buffer liquid containers, and 
line PV illustrates the vertical pooition of probe assembly 40

5 relative to those containers; it being clear all lines on FIG. 
4 are drawn to the same time scale as indicated thereon.

With the respective compponnts of the system 20 of 
our invention configured and . operatively associated as 
heretofore described, it may be understood that, prior to

10 sample liquid test package supply and analysis, the system is
initialized to provide ■ respective volumes or columns of the 
isolation liquid IL and ambient air above pump pistons 34 and 
104 to in essence act as extensions of those pistons in the 
performance of the pumping functions, thereby preventing any

15 contact by the sample liquid test packages with pump 31 and 
valve 72, and pump 100, and totally preventing sample liquid 
carryover in those otherwise highly ca:rr^yo^€^r^-int^ensi^ve system 
componnnns. More specifically, and with shear valve 130 in 
the aspirate position thereof of FIG. 2A to connect condui.ts

20 38 and 50 therethrough, with valve 72 operated by drive motor
76 to connect pump cylinder 32 to isolation liquid reservoir 
70 through conduit 74, and with pump piston 34 driven by drive 
motor 36 essentially to the top of pump cylinder 32, pump 
piston 34 is then driven by drive motor 36 essentially to the

25 bottom of pump cylinder 32 thereby aspirating the isolation
liquid IL from reservoir 70 thereinto through conddit 74 and 
sibbSaatialls filling pump cylinder 32 with the same. Valve 
72 is then operated by drive motor 76 to pump cylinder
32 to conduit 38, thereby leaving pump cylinder 32

30 sibbSaatialls filled with the isolation liquid IL, with any
air which was entrapped below the isolation liquid in the pump 
cylinder simply flowing under the force of gravity therefoom 
into conddut 38 by virtue of the connection of the same to 
atmosphere through the open end 44 of probe tube 42. Pump 
piston 34 is then driven upwardly to a slight extent by drive
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motor 36 to the piston position illustrated in drawing FIG. 5 
wherein the pump cylinder 32, the valve 72, and a sm].l extent 
of conduUt 38 above the latter are filled with the isolation 
liquid IL; thereby providing an isolation liquid column as

5 indicated at 200 in FIG. 5 above piston 34 which acts as an
extension of the piston for sample liquid test package 
aspiration and supply to the system 20 as described in detail 
eereinbelow. This also establishes an operational bottom dead 
center position for piston 34 in pump cylinder 32.

10 Cooncoitanniy, piston 104 of pump 100 is driven by drive motor
106 to the bottom of pump cylinder 102 as shown in FIG. 5 to 
establish an operational bottom dead center position for that 
pump piston; and this results in pump cylinder 102 and conduit 
108 being filled with ambient air as drawn thereinto through

15 shear valve 130, analytical line 134, and the open end 135 . of 
the latter. This provides an air column as indicated at 202 
in FIG. 5 above piston 104 in pump cylinder 102 and conduit 
108 which acts as an extension of that piston for the bi­
directional displacement of the sample liquid test packages

20 through the analytical line by pump 100 as described in detail
hereinbelow.

Alternatively, air column 202 may be provided by 
driving three way rotary valve 110 to the second position 
thereof to connect pump cylinder . 102 and the portion of

25 condiut 108 below the valve as seen in FIG. 5 to atmosphere, 
and the drive as above of pump piston 102 to the operational 
bottom dead center position thereof to fill pump cylinder with 
ambert air as drawn in through vent conduut 112; whereupon 
valve 110 is returned to the first position thereof.

30 With the shear valve 130 remaining in the aspirate
position thereof, pump piston 34 of pump 31 is . then driven
upwardly by drive motor 3 6 in pump cylinder 32 to the
operational top dead center position thereof as illustrated in
drawing FIG. 6 which, in accordance with the desired oveeall

35 volume of the sample liquid test packages to be aspirated may,
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for example, be approximaaely two thirds of the wa- to the top 
of pump cylinder 31 as shown; and this results in the 
isolation liquid column 200 above the piston 34 being 
displaced in conduit 108 essentially to the upstream side of

5 the shear valve 13 0, with the amient air ahead of that column 
being simply displaced to atmosphere through the connected 
conddit 50, probe tube 42, and the open ' end 44 of the latter. 
This will also result in a sm].l. quianity of the isolation 
liquid being drawn by cappllarity and gravity to flow along

10 with the air through shear valve 130 into and through conduit 
50 and probe tube 42 to coat the inside surfaces thereof with 
an initial layer of the isolation liquid.

Pump piston 34 is then ■ intermittently driven 
dowiwwrdly by drive motor 3 6 to return to the operational

15 bottom dead center position thereof of FIG. 5. Connooittatly, 
and with isolation liquid pumps 82 driven by drive motor 9 6 to 
supply isolation liquid IL as required from isolation Liquid 
reservoir 88 to the exterior surface of probe tube 42 to form 
an isolation liquid layer thereon, and with an isolation

20 liquid layer foraed on the interior surfaces of conduit 50 and 
probe tube 42, both as heretofore described, and with sample 
liquid container 61 containing sample liquid Si indexed on 
transport device 66 by drive motor 68 into operable position 
relative to the open end 44 of probe tube 42, the probe

25 assembly 44 is operated by drive motor 52 to, in seriatim, 
leave the open probe tube end 44 exposed to the amient air to 
aspirate a first air segment AL thereinto, imnmese the open 
probe tube end in container 60 of the buffer Liquid B to 
aspirate a buffer liquid segment B thereinto, again expose the

30 open probe tube end to the ammient air to aspprate a second 
air segment A2 thereinto, imrnmrse the open probe tube end in 
container 58 of reagent liquid R2 to aspirate a segment R2 of 
that reagent liquid thereinto, again expose the open probe 
tube end to the ambbent air to aspirate a third air segment A3

35 thereinto, irnmrse the open ■ probe tube end in container 61 of
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sample liquid SI to aspirate a segment SI of the ' sample liquid 
thereinto, imnerse the open probe tube end in container 56 of 
reagent liquid R1 to aspirate a segment R1 of that reagent 
liquid thereinto for ieneddate merger with the reagent liquid

5 segment R1 within the probe tube 42, and again expose the open
probe tube end to the ammient air to aspirate a fourth air 
segment A4 thereinto, respectively. These comcoi^mi^i^i^l:
operations as described of pump 31 and probe assembly 40 are 
clearly illustrated by lines, PA, PH and PV of the timing

10 diagram of drawing FIG. 4, cornnmncing respectively at time-
coincident points 204, 206 and 208 on lines PA, PH and PV, and 
ending respectively at points 210, 212 and 214 on those timing 
diagram lines, which are also time-coincident. As made clear 
by the approoriately labelled segments of line PA of the

15 timing diagram o^ FIG. 4, and by the horizontal line segments 
which are of course indicative of temporary cessation of 
dowiward pumping motion of pump pisoor.. 34, AAthing is
aspirated by probe tube 42 intermediate the aspiration of the 
respective air ' and buffer liquid segments and B,

20 intermediate the aspirations of the respective buffer liquid
and air segments B and A2, intermediate the respective 
aspirations of air and reagent liquid segments A2 and R2, 
intermediate the aspirations of the respective reagent liquid 
and air segments R2 and A3, intermediate the aspirations of

25 the respective air and sample licuid segments A3 and Si, and 
intermediate the aspirations of the respective sample liquid, 
and reagent liquid segmmnts SI and RL; with the latter . of 
course resulting in the merger of the sample and reagent 
liquid segments SI and Rl in the probe tube 41 as heretofore

30 described.
Connooittatly with the aspirations as described into

probe tube 42 of the respective sample, buffer and reagent
liquid segments Si, B, RL and R2, and separating air segments
Al, A2, A3 and A4, it will be understood by those skilled in

35 this art that some portion of the isolation liquid IL supplied
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as heretofore described to the annular exterior surface of 
probe tube 42 by pump 82 to coat that surface with an 
isolation liquid layer will flow down the same under the force 
of gravity to the probe tube tip for aspiration into the open

5 probe tube end 44 with each of those liquid and air segments, 
thereby replenishing and maintaining the sample liquid 
carryover-minimizing isolation liquid layer on the interior 
surface of the probe tube 41.

All of the above results in the formation of a first.
10 sample liquid test package as indicated at TP1 in drawing FIG. 

7, and the aspiration thereof by pump 31 from probe tube 42 
into conduit 50 essentially to the downstream side of the 
shear valve as shown in FIG. 7; with sample liquid test 
package TP1 comprising serially arranged, merged sample and

15 reagent liquid segment SI + Rl, separating air segment A3, 
reagent liquid segment R2, separating air segment A2, and 
buffer liquid segment B, respectively, and further including 
and being bracketed as shown to. both the upstream and 
downstream sides by separating air segments Al and A4. In

20 accordance with operation of probe assembly isolation liquid 
supply pump 82 attendant formation as described of sample 
liquid test package TP1, it may be understood that all liquid 
and separating air segments of that sample liquid test package 
will be fully encapsulated as shown in FIG. 7 in layers of the

25 isolation liquid IL in the manner described in detail in 
United States Patent 4,121,466 referenced hereinabove; and all 
of course to particularly effective purpose with regard to the 
minimization of sample liquid carryover.

With further regard to sample liquid test package
30 TP1, it may be understood that, through appropriate 

programming of system controller 153 which controls the 
operations as described of probe assembly 40 ■»nd pump 31 as 
heretofore described with reference to drawing FIG. 3, the 
volume of test package separating air segment A3 is

35 specifically determined in accordance with the known volume of
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the vanish zone 140 of analytical line 134 to prevent 
separating air segment A3 from occluding that vanish zone upon 
the flow of the test package therethrough, all as described in 
detail in United States Patent 4,853,336 referenced

5 hereinabove.
Although as made clear by drawing FIG. 7 there are 

as yet no sample liquid test packages resident in analytical 
line 134, isolation liquid supply pump 116 may be driven by 
drive motor 124 to supply isolation liquid IL from reservoir

10 120 through conducts 118 and 122 to conduct 108, and pump 100
driven by drive motor 106 through a complete cycle of 
operation as illustrated by line PB in the timing diagram of 
drawing FIG. 4, both concomitantly with the formation of 
sample liquid test package TP1 as described. This wiil result.

15 in the isolation liquid IL in conduit 108 being picked up by 
the colimn of air 202 as the same is moved by pump piston 104 
through shear valve 130 into the connected analytical line 134 
on the upward stroke of pump piston 104, and the deposition of 
at least some of the isolation liquid IL on the interior wall

20 of the analytical line 134 despite the return of the air 
colimn 202 to the upstream . side of the shear valve 130 as pump 
piston returns to the bottom dead center ' position thereof as 
shown in FIG. 7. .

Following formation as described of sample liquid
25 test package TP1, shear valve 130 is driven by drive motor 132 

to the transfer position thereof of FIG. 2B to connect conduxt 
38 to the analytical line 134, while simply sealing off 
conducts 50 and 108 at the shear valve. Piston 34 of pump 31 
is then driven by drive motor 3 6 to return to the operational

30 top dead center position thereof in cylinder 32; and this 
results in the column 200 of isolation liquid IL above pump 
piston being again driven essentially to the upstream side of 
shear valve 130, with the air ahead of the same in conduct 38 
and connected analytical line 134 being simply driven to

33 atmosphere through the open end 135 of the latter, and with
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sample liquid test package TP1 simply remaining resident in 
50 which is now sealed off at the downntream face of 

the shear valve 13 0, thus bringing the system 20 of our 
invention to the ·operational condition thereof depicted in

5 FIG. 8.
The shear valve 130 is then driven by drive mmtor 

132 to return to the aspirate position thereof, and sample 
liquid container 62 containing sample liquid S2 is indexed on 
transport device 66 by drive mmtor 68 into position for access

10 by probe tube 42. Piston 34 . of pump 31 is then driven by 
drive mmtor 36 to the · operational bottom dead center position 
thereof, and probe assembly 40 concompiantly actuated as 
heretofore described relative to sample liquid container 62, 
and the respective buffer liquid B and reagent liquids R1 and

15 R2 containers 60, 56 and 58, whereupon aspiration as
heretofore described of a second sample liquid test package 
TP2 by pump 31 through probe tube 40 into. conduit ·50, and 
resultant displacement of the previously aspirated sample 
liquid test package TP1 from conduit 50 through shear valve

20 130 into conduit 38, are accnpplisand; thereby bringing the
system 20 of our invention to the operational condition 
depicted in application drawing FIG. 9. As this occurs, pump 
100 may again be cycled through one stroke, and pump
116 operated as required, for supply of further isolation

25 liquid IL from isolation liquid reservoir 120 as heretofore 
described through shear valve 130 to the interior surface of 
the now connected, but still empty insofar as sample liquid 
test packages are concerned, analytical line 134.

The shear valve 130 is then again driven by drive
30 mmtor 132 to the transfer position thereof, and piston 34 of 

pump 31 then driven by pptor 36 to return to the operational 
top dead center lonitiot thereof; and this results in the 
sample liquid test package TP1 being transferred as shown in 
drawing FIG. 10 by the pupping action of the colim 200 of

35 isolation liquid IL above pump piston 34 from cond^t 38
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through shear valve 130 to the now connected analytical line 
134 at the downstream side of .the shear valve, while leaving 
sample liquid test package TP2 still resident as shown in 
conduit 50. The · shear valve 130 is then returned to the

5 aspirate position thereof by drive motor 132 to re-connect
conducts 38 and 50, and conduit 108 and the analytical line 
134; thereby returning the operative componnets of the system 
20 to the respective conditions thereof depicted in FIG. 6, 
but leaving the sample liquid test package TP1 resident as

10 shown in FIG. 10 in the analytical line 134 imnmedately 
downstream of the shear valve 130. These operations of the 
shear valve 130 and pump 31 are clearly illustrated by lines 
SH and PA of the timing diagram of drawing FIG. 4, cnmmmesisg 
respectively at points 216 and 218, which are not time

15 coincident, on lines SH and PA, and ending respectively at 
points 220 and 222, which are time coincident, on those lines. 
Lines PB, PH and PV of FIG. 4 make clear that pump 100 and 
probe assembly 40 do not operate during this sample liquid 
test package transfer procedure.

20 Sample liquid container 63 containing sample liquid
S3 is then indexed on transport device 66 by drive motor 68 
into position for access by probe tube 42, whereupon 
aspiration as heretofore described of a third sample liquid 
test package TP3 by pump 31 through probe tube 40 into conduit

25 so at the downstream side of the shear valve is accomplished, 
with resultant displacement of the previously aspirated sample 
liquid test package TP2 from conduct 50 through the shear 
valve 130 into conduct 38 then also occuring. . Concommtantly, 
piston 104 of pump 100 is driven through one commute stroke

30 as illustrated by line PB in FIG. 4 and extending from points 
224 tn 226 thereon to, in accordance with the resultant bi­
directional displacement of the column of air 202 in conduct 
108 above piston 104, bi-diititinsally displace sample liquid 
test package TP1 in analytical line 134; first to the right in

35 the analytical line 134 as seen in the application drawings to



22

I

• · · · • · · ·
• ·
• «β Μ

β · · ·

• « · ·
• · ·

• · · ·
• · β ·

• · · ·• * · • · ·

• · · ·• · • · · ·

β
* β

a distance determined by the ratio between the displacement of 
the pump 100 and the cross-sectional area of the analytical 
line 134, and then to the same distance to the left to return 
the sample liquid test package TP1 essenfialls to its

5 starting pos-tian imImddately at the downstream side of the 
shear valve 130. The respective operational coniiti.ofs of the 
system 20 inteimediate this step, and at the comurytiof 
thereof, are illustrated by FIGS. 11 and 12 of the application 
drawings: with FIG. 11 illustrating the same at the time when

10 sample liquid test package TP1 has reached the right-most 
limit . of a its intti^ai displacement by pump 100 in analytical 
line 124 which is indicated by point 228 on line PB in the 
timing diagram of FIG. 4, and aspiration of sample liquid test 
package TP3 into conduit 50, and displacement by the same of

15 sample liquid test package TP2 from condda.t 50 through shear 
valve 13 0 into conduit 38 by pump 31 are at intermediate 
stages as indicated by time coincident point 230 on line PA in 
FIG. 4; and FIG. 12 illistrating operational system conditions 
upon the return of sample liquid -test package . TP1 in

20 analytical line 134 essentially to the downstream side of the 
shear valve 13 0, and the comuretion of the aspiration and 
supply of sample liquid test package TP3 to condi^t 38 and the 
displacement of sample liquid test package TP2 into conduct 
38, as respectively indicated by time-coincident points 210

25 and 232 on lines PA and PB in FIG. 4.
FIG. 11 makes clear that the initial displacement as

described of sample liquid test package TP1 to the right by 
pump 100 is not of sufficient extent to cause any pant of that 
test package to flow through flow cell 138 into the vanish

30 zone 140 in line 134; although it will be
imlmtiatels understood by those skilled in this art that the
bi-directional displacement as described of the isolation
liquid-encapsulated sample liquid test package TP1 in
analytical line 134, coupled with the concomitant supply of

35 addi-ticna! isolation liquid IL from reservoir 120 to
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snalyaicsl line 134 by pump 116 through condduts 122 and 108 
and the shear valve 130 attendant operation as described of 
pump 100, will be effective to form or replenish, as the case 
may be, a sample - liquid carryover-minimizing layer of the

5 isolation liquid on the internal wall of the ana^y^ca! line
134, at least coincident at this operational stage of the 
system 20 with the rightmost extent of sample liquid test 
package displacement in the ani^a^l^tLical line; and this layer of 
the isolation liquid IL is illustrated as such in drawing FIG.

10 10.
Shear valve 130 . is -then driven by drive aator 132 

to the transfer position thereof, and .piston 34 of pump 31 . 
driven by drive moLor 3 6 to the operational top dead center 
position thereof, thus resulting in the transfer of sample

15 liquid test package TP2 from conduut 38 through the shear 
valve into the connected analytical line 134 immeiatela 
upstream of the previously transferred sample liquid test 
pakage TP1; and this brings the system 20 of our invention to 
the operational connition depicted in drawing FIG. 13 wherein

20 the formation of sample liquid test package stream, 
coi^^i^i^lti^^g at this point in time of sample liquid test 
packages TP1 and TP2, has now been comnmnced; it being clear 
that injection as described of sample liquid test package TP2 
into the analytical line 134 has operated to ih essence index

25 sample liquid test package TP1 a distance to the right in the 
anaayaical line equal to the longitudinal extent of a sample 
liquid test package, including the leading and teailing 
separating air segmmets Al and A4, -n the aniaytical line 134 
as seen in FIG. 11. For convenience of description, this

30 distance will hereinafter be referred to as a "test package 
distance." Sammle liquid test package TP3 simply remains
resident in conduut 50 during this operational cycle of pump 
31.

Shear valve 130 is. then returned to the aspirate
35 position thereof by drive motor 132, and piston 104 of pump
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100 driven by drive motor 106 through one complete stroke 
thereof to again bi-directionally displace the test package 
stream of sample liquid test packages TP1 and TP2 in the 
analytical line 134; first to right as heretofore described

5 with regard to FIG. 11, and to then return the test package 

stream essentially to the position thereof of FIG. 13 in the 

manner heretofore described with regard to FIG. 12. However, 

and since the test package stream now consists of two sample 

liquid test packages TPl and TP2, it will be immediately clear

10 to those skilled in this art that the distance to which the 

leading sample liquid test package TP1 in that stream advances 

to the right in the analytical line 134 attendant the initial 

stream displacement in that direction will be increased by one 

test package distance. In accordance with the hereindisclosed

15 best mode of our invention, it will be understood, that this 

advancement of sample liquid test package TPl will nonetheless 

remain insufficient to cause any portion of the same to reach 

or flow through flow cell 138 or, as must follow, the vanish 

zone 140. Thus, the integrity of the sample liquid test

2C package stream TPl continues to remain unaffected by this 

second bi-directional displacement thereof in analytical line 

134.

Operation of the system 20 of our invention 

continues as described with the succeeding sample liquid test

25 packages being aspirated in turn into conduit 50 by 

appropriately coordinated actions of sample liquid container 

transport device 66, probe assembly 40, shear valve 130 and 

pump 31; displaced in turn from conduit 38 into conduit 50; 

and transferred in turn from conduit 50 back through the shear

30 valve 130 into the analytical line 134 to, in each instance, 

add one sample liquid test package to the test package stream 

in the analytical line and index the latter one test package 

distance to the right. This results in the sample liquid test 

package stream being bi-directionally displaced as described
35 in the analytical line 134 by coordinated action of pump 100
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and shear valve 13 0 imrnedaaely following the addition of each 
of the succeeding sample liquid test package in turn thereto.

This repeated bi-directional displacement as 
described, or what' wil hereinafter be referred to as

5 "sloshing" of the sample liquid 'test package stream back and
forth in the analytical line 134 will, ij■ accordance with the 
teachings of our invention, be immddately understood by those 
skilled in this art to be of highly significant advantage with 
regard to the oveeall accuracy of the sample liquid analysis

10 results provided by the system 20. More speeifically, this
repeated sloshing back and forth in the annaytical line of the 
respective sample and reagent liquid . segmuts S+Rl in each of 
the test packages in the test package stream results in the 
particularly thorough and highly effective mixing of those

15 sample and reagent liquids in accordance with the constantly 
reversing Bolus flow patterns set up therein as a result of 
the same, thus advantageously promoting to commotion in 
accordance with the time provided therefor as described in 
detail edrdinbeiow the reqaisite sample and reagent ■ liquids

20 S+Rl reactions, totally without need to that effect for highly 
sample liquid carryover-intensive mixing coil-conduit joints 
in the analLyzical line 134. In addition, this elimination of 
mixing coils from the analytical line 134 operates to 
significantly reduce hycdraulic back pressure in .the system 20

25 to thereby improve the precision of operation thereof insofar 
as the precise formation and pumping of the sample liquid test 
package stream are concerned, in particular in view of the 
iomiressibiiity of the respective separating air segments al, 

A2, A3 and A4. Further, this repeated sloshing back and forth
30 of the respective sample liquid test packages in the 

analytical line 134 wiil cause the included buffer Liquid 
segments B to in essence repeatedly and bi-directionally scrub 
the layer of isolation liquid IL on the internal wall of the 
anaaytical line 134 to remove sample liquid residue therefrom,

35 thus effectively washing the same to even greater minimization
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of sam^p.e liquiU carryover; with this scrubbing action of the 
buffer liquiU segments being both phyyically effective to that 
enU, anU chemicclly effective with regarU to recapture of 
UissolveU C02 as rcckeU up by the isolation liquiU layer from 
a preceUei^ng sample liquiU segment to prevent the reUeposstion 
thereof in a succeeUing sample liquiU segment. A^UUi^^o^i^lly 
significant aUvantages of this sloshing of the test package 
stream in the analytical line 134 will be made apparent anU 
UiscusseU in U«e:a±l hereinbelow.

Opreatcsn of the system 20 of our . invention 
continues as UescribeU, with one sample liquiU test package 
being aspirateU from the respective buffer liquiU B anU 
reagent liquiU R1 anU R2 containers, anU the sample liquiU S4 
anU succeeUi-ng sample liquiU containers in turn, anU aUUeU to 
the test package stream by the action of pump 31 to aUvance 
the same one test package Uistance to the right in the 
anaaytrcal line 134 for each operational cycle of the system 
20, anU the test package stream being bidirectionally 
UisplaceU in the analytical line i.mnieUaaely following each 
such test package aUdition thereto by the action of pump 100. 
Ultimately, anU in accorUance with the relevant operational 
parameeers of the system 20, this wil of course result in the 
leaUing sample liquiU test package TP1 being bidirectionally 
UisplaceU in the analytical line 134 to flow twice through the 
flow cell 138 anU the vanish zone 140; first in the Uirection 
from left to right as seen in the apj^l^lLca-ti^on Urawings, anU 
then in the Uirection from right to left as seen therein to 
return essentially to the same position thereof in the 
analyyical line as Uescri.beU.

More specifically, anU by way of representative 
example in accorUance with the herein UiscloseU best mode of 
our invention, for a sample liquiU analysis system 20 wwhrein 
the ^s^acement of pump 100 is UrtericnrU by approopiate 
programming of system conyroller 153 in accordance with the 
cross-sectional area of the analytical line 134 to cause air
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column 2 02 to bi-directionally displace the test package 
stream a distance equal equal to sixteen test package distance 
in each direction in the analytical line for each commiete 
stroke from bottom dead center of pump 100, and whhrein the

5 vanish zone 14 0 is located a distance along the analytical
line from the downstream side of shear valve 13 0 equal to 
twenty six test package distances, it will be imnerίa±ely 
clear that sample liquid test package TP1 wil not reach the 
vanish zone 14 0 until ten csmeletr cycles of the system 20

3-0 following the attooduttist , of that sample licui-d test package
to the anaaytical line. This is illustrated by the somewhat 
simellfiri applicrtsst drawings of FIGS. 14, 15, and 16,
mspeetively: with ■ FIG. 14 illustrating the operational 
conations of the system ■ 20 immddately following the

15 introduction of the tenth sample liquid test package TP10 into 
the annaytical line by pump 31, and the shear valve 130 
returned to the· aspirate position thereof in preparation for 
the aspiration of sample ' liquid test package , TP12 and 
resultant iispacreeent of sample liquid test package TP11 from

20 conddut 50 through the shear valve into conduu-t 38; FIG. 15
illustrating those splratiotal conditions imneriately 
following the displteeeent by pump 100 of the test package 
stream sixteen test package positions to the right in the 
annayyical line 134 from the stream position of FIG. 14,

25 thereby causing sample liquid test package TP1 to flow , as , 
shown through flow cell 138 into the vanish zone 140, and the 
displacement of sample liquid test package TP11 from conduit 
50 through shear valve 130 into conduct 38 by the formation 
and aspiration of the succeeding sample liquid test package

JO TP12 into conduit 38 by pump 31 having been partially 
and FIG. 16 illustrating system operational 

csnnitists imneddately following the displacement of the test 
package stream sixteen test package distances to the left in 
the annayyical line 134 by pump 100 to return the same

15 rssenntally to the starting position thereof at the iswιntreae
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side of shear valve 130, ·and the aspiration of sample liquid 
test package TP12 by pump 31 into. ' conduGt 38 having been 
competed as shown in preparation for the · shifting . of shear 
valve 130 into the transfer position · thereof and the addition

5 of sample liquid test · package TP11 to the test package stream 
in the analytical line 134 by operation of pump 31 as 
heretofore described.

For a representative cycle time of thirty seconds 
for the system 20 of our invention, it will be clear that, in

10 accordance with the above, the residence time of sample liquid 
test package TP1 for ten system cycles ·in analytical line 134 
prior to the flow as described · of the test . package through 
flow cell 138 ·stto’tee vanish zone ' 140 wi^l ·be approximately 
five minutes; and it wi^JL be understood · that this resident

15 time is predetermined, in accordance · with the particular sample 
licuid analysis · chemissries· involved to be sufficient to 
enable the reaction between the included sample and · reagent 
liquids of the test , package segment Sl+Rl ' to· have proceeded to 
commletion, aided of course by the very thorough mixing · of

20 those sample and reagent segment liquids in accordance with 
repeated test package sloshing in · the analytical line as 
described hereinabove. ' Thus, and as sample liquid test 
package TP1 flows for ' the first time from left to right · in the' 
analytical line 134 through flow cell 138 as described with

25 reference to FIG. · 13,· it will be clear to those skilled in 
this art that particularly ' meeningful · readings which 
contribute iataeiale.y · to overall · sample liquid analysis 
accuracy can be taken thereon. More slecCfscaley, and for
representative sample 'liquid analysis system· applications

30 wherein the sample liquids · are human blood sam^pl^is, · and 
wherein the SI + R1 · reaction acts pr'i^m^r^ily to condition the 
sample liquid SI without significant change in sample liquid 
color, for example· sample liquid _ enzyme activation or 
modίiication ·of sample· liquid PH, · it wil be clear that' what

35 is essentially a sample liquid SI blanking, , or pre-incubation
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insofar as subsequent color-producing reaction with reagent 
liquid R2 as described hereinbelow, readings may now be taken. 
In addition, these readings can operate to detect 
abnormalities in the sample liquid segment si in the nature,

5 for example, for human blood sample liquids of broken red 
cells or clinically significant sample liquid impurities or 
the like. In like mannner, this initial passage of the as yet 
unmerged reagent liquid segment R2 of the sample liquid test 
package TP1 through the flow cell 138 as described in the

10 direction from left to right enables accurate baseline or 
reference readings to be taken thereon to, in combination with 
the Sl+Rl readings, contribute materially to the overall 
accuracy of the'sample liquid analysis results.

Since, as described hereinabove, separating air
15 segment A3 of sample liquid test package TPl is of 

insufficient volume to occlude the vanish zone 140, it will be 
clear that this initial flow of that test package into the 
vanish zone in the direction from left to right as illustrated 
in drawing FIG. 15 will operate to cause separating air

20 segment A3 to simply float in the respective sample and 
reagent liquids SI and Rl, and R2, which had formed the Sl+Rl 
and R2 liquid segments resident to either side of the 
separating air segment A3 prior to the flow of the sample 
liquid test package TP1 into the vanish zone 140; all to

25 result in the merger of sample liquid test package segments 
Sl+Rl and R2 in the vanish zone 140, and the commencement of 
the desired color-producing reaction therebetween. This is 
illustrated by FIGS. 17 and 18 of the application drawings: 
with FIG. 17 illustrating the flotation as described of the

30 separating air segment A3 of the sample liquid test package 
TPl in the vanish zone 14 0 and the resultant merger therein of 
the test package segments Sl+Rl and R2; and FIG. 18 
illustrating the resultant configuration of the sample liquid 
test package TPl with those segments merged as described to 
form a test package segment S1+R1+R2, and separating air
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segment A3 merged as shown with separating air segment A2, as 
the test package stream com:nances its return flow in the 
analytical line 134 under the action of pump 100 from the 
vanish zone 140 through the flow cell 138 to the downstream

5 side of shear valve 13 0, or from the test package stream 
position of FIG. 15 to the test package position of FIG. 16. 
The respective volumes of separating air segments A4 and Al, 
the merged separating air segment A3+A2, and the buffer liquid 
segment B of the sample liquid test package TP1 are

10 effective as heretofore described to fully occlude the vanish
zone 140, whereby no further change in the connlibration of 
the sample liquid test package TP1, including the leading or 
trailing separating air segments A4 and Al, as illustrated in 
FIG. 18 will take place upon this or subsequent passages of

15 the same through the vanish zone. This effectiveness of the 
vanish zone 140 to cause the merger as described of the sample 
liquid test package sample and reagent liquids segmmnts Sl+Rl 
and R2 in accordance with the non-occluding volu^me of the 
separating air segment A3 is also described in detail in

20 United States Patent 4,853,336 as referenced in this
specification.

With the system 20 of our invention representatively 
configured and operable as heretofore described, it wil be 
clear to those skilled in this art that, following the return

25 of the test package stream . in the anaaytical line 134 to the 
position thereof iLmnaddately at the downtream side of shear 
valve 13 0 as depicted in FIG 16, the sample liquid test 
package TP1, now including the merged and reacting sample and 
reagent liquid segment S1+R1+R2 as described,. will be flowed

30 twice through the flow cell 138 and vanish zone 140, i.e. once
in the direction from left to right in the annaytical line
134, and once in the direction from right to left therein, for
each of the subsequent sixteen cycles of the system 20, or
thirty two times in all, before the sample liquid test package

35 TP1 has, as a result of the addition of sixteen subsequent
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test packages TP11 through TP2 6 to the test package stream in 
the analytical line 134 by operation of pump 31 as heretofore 
described, reached the position in the analytical line 
imiediitely to the right of the flow cell 138, inside the

5 vanish zone 140 with piston 104 of pump 100 in the bottom dead
center oonitiot thereof. The subsequent addi-tion of sample 
liquid test package TP27 to the test package stream will move 
test package TP1 to the position im^eeiitnls to the right of 
the vanish zone 140; whereupon subsequent ii-iirnctintal test

10 package steam displacement in the anaaytical line by pump 100 
as heretofore described wi^^L no longer be effective to flow 
TP1 through either of the flow cell 13 8 m: the vanish zone 
140. This operational condition ' of the system 20 is
illustrated by drawing FIG. 19 which makes clear that the test

15 package stream will now include twenty seven sample liquid 
test packages in the analytical line 134; with test ' packages 
TP2 through TP27 residing at or to the left of the vanish zone 
140, and test package TP1 residing as shown imneniitels to 
the right of the same.

20 In accordance with a specified thirty second cycle
time for the system 20, it wll be clear that the specified 
sixteen system cycles during each of which the sample liquid 
test package TP1 will pass twice. through the flow cell 138 
wi^l provide a residence or incubation time of eight minutes

25 for TP1 in the analytical line 134, and during which eight 
minutes as many as. thirty two eeentngful readings can be taken 
by the flow cell 138 on . the progress to corae0etinn of the 
S1+R1+R2 reaction, or one per passage of the sample and
reagent liquids segment S1+R1+R2 through the flow cell. This,

30 of course, provides for highly cneeprnensivn, and thus highly 
informative and accurate, eoottoring of the S1+R1+R2 reaction 
in terms of the overran sample liquid analysis results through 
the use of but a single flow cell, and is an additinnal 
particularly significant advantage of the sloshing back and

35 forth of the test package stream in the annayyical line 134
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by the action of pump 100 as heretofore described. Of course, 
the continued supply as heretofore described of the isolation 
liquid IL from reserv^i^^ 120 by pump 116 to conddut 108, and 
therefrom through ' shear valve 130 with the latter in the

5 aspirate position thereof into the analyyical line 134
^ησοπ^βϊΛ^ with sample liquid test package stream sloshing 
by air column 202 in accordance with the action of pump 100, 
insures the replenishment and matntrtatir of the isolation 
liquid layer in the analytical line for highly effective

10 sample liquid carryover minimization.
With sample liquid test package TP1 in the position

thereof immeiately to the right of the vanish zone 140 as 
depicted in FIG. 19, and with the moony^ing of the S1+R1+R2 
reaction crmpretri as heretofore described, it wil be clear

15 that it is to advantage in tens of overall test package 
stream length, and resultant stream back-pressure, in the 
analytical line 134 to dispose of that sample liquid test 
package to waste upon the next cycle of the system 20, there 
being nothing further to be gained by the retention of the

20 same therein. To this effect, the length of the anaayyical 
line 134 from the dowistream side of the vanish zone 140 to 
the open line end 135 will, in this instance, be made equal to 
sixteen test package distances, thus providing . sufficient
analytical line length to the right of the vanish zone to

25 insure retention of TP1 in the anaaytical line during each of 
the specified sixteen left-to-right displacements of the test 
package stream, while nonethless providing for the flow of TP1 
to waste through the open analytical line end upon ^ιηρ^^πι 
of the next upward stroke of pump piston 104 attendant the

30 next Si-diarcairttl test package stream displacement cycle of . 
the system.

Ο^Ημ of the sample liquid analysis system 20 of
our invention crnttititrs as described; with. each of the
succeeding sample liquid test packages in'the test package

35 stream being retained in turn in the analytical line 134 to
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the left of the flow cell 138 and vanish zone 140 for ten 
system cycles for completion of the sample and reagent liquids 
S+Ri reaction, initially advanced in turn through flow cell 
138 into the vanish zone 140 for merger of the respective

5 sample and reagent liquids test package segments S+Rl and R2 
and commencement of that reaction, advanced one test package 
distance and bi-directionally displaced sixteen system cycles 
to pass through the flow cell 138 and vanish zone 140 thirty 
two times for readings on the progress to completion of the

10 S+R1+R2 reaction, and flowed in turn to waste through the open
end of the analytical line upon the immediately following 
cycle of the system.

In accordance with the above, it will be immediately 
clear to those skilled in this art that, with a finite number

15 of discrete sample liquids to be analyzed for a representative 
run of the sample liquid analysis apparatus 20, for example 
one hundred, a point will be reached in system operation 
whereat all of the one hundred sample liquids have been 
introduced by pump 31 to the analytical line 134, thus leaving

20 no further sample liquids available for the formation of 
subsequent sample liquid test packages and introduction 
thereof to the analytical line to advance the test package 
stream therethrough as recpiired to react and analyze as 
heretofore described all of the available one hundred sample

25 liquids. At this point in system operation, probe assembly 40 
is instructed by appropriate programming of system controller 
153 to aspirate only buffer liquid B from container 60, and 
ambient air, in the formation of subsequent buffer liquid 
"test" packages —there are, in any event, no further sample

30 liquids available to this effect, and continued aspiration of 
reagent liquids Rl and R2 would accordingly act to no useful 
purpose— and these "test" packages are introduced in turn by 
pump 31 in the manner heretofore described for the sample 
liquid test packages to the analytical line 134 to continue

35 the advancement as required of the test package stream therein
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until the reactions and analyses of all of the one hundred 
available discrete sample liquids have been completed.

The above is illustrated by drawing FIGS. 20 and 21: 
with FIG. 20 depicting a buffer liquid "test" package TPB

5 wherein all of the package liquid segments are constituted as 
indicated by the buffer liquid B aspirated as described by 
probe assembly 40 from the buffer liquid container 60, but 
otherwise dimensionally and volumetrically identical to the 
sample liquid test packages, and substantially encapsulated as

10 shown within the isolation liquid IL from container 88; and 
FIG. 21 illustrating the operational conditions of the system 
2 0 at the representative point in this sample liquid analysis 
completion process whereat nine such buffer liquid "test" 
packages as identified as TPB1 through TPB9 have been

15 introduced in turn by pump 31 through shear valve 130 into the 
analytical line 134 to advance the last available sample 
liquid test package TP100 to the tenth position in the test 
package stream in the analytical line as shown in preparation 
for the next upward stroke of piston 104 of pump 100 to

20 displace TP100 through flow cell 138 into the vanish zone 140 
for the S100+R1+R2 reaction and subsequent repeated sloshing 
and analysis of TP100 by the system 20 as heretofore described 
to complete the sample liquid analysis process on all of the 
available one hundred discrete sample liquids.

25 If and as required, for example at the commencement
of a day's analytical operation of the system 20, the above- 
described procedure may also be utilized to insure the 
formation of the sample liquid carryover-minimizing layer of 
the isolation liquid IL on the interior wall of the analytical

30 line 134 prior to the introduction of the first of the sample 
liquid test packages thereto, thereby in combination with the 
ab initio encapsulation of the sample liquid test packages in 
the isolation liquid IL from reservoir 88 by probe assembly 
40, insuring the highest possible degree of sample liquid

35 carryover minimization for all sample liquid analysis
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operations of the system 20. More specifically, and at system 
start-up with pump 116 operating to pump isolation liquid IL 
from reser-vior 120 into conduut 108, and the isolation liquid 
column 200 formed ' in pump cylinder 32 and conduut 38 above

5 piston 3 4 of pump 31, the probe assembly 40 may be instructed
by system ^1^^11.1^ 153 to■initially aspirate only isolation 
liquid encapsulated buffer liquid "test" packages as 
illustrated in FIG. 18, and the system repeatedly cycled to 
introduce these buffer liquid "test" ■ packages to the

10 annlytical line 134, repeatedly slosh the same back and forth 
in the analytical line through the flow cell 138 and vanish 
zone, and ultimately flow the same through the entire extent 
of the analytical line to waate through the ' open end 135 of 
the line, all as heretofore described, thereby insuring the

15 formation of an effective layer of the isolation liquid IL on 
the interior waH of the entire extent of the line
134 prior to the introduction o^ the first sample liquid test 
package TP1 thereto for the commencement of the actual sample 
liquid analysis operation.

20 With further regard to the use as described of the
isolation liquid IL for sample liquid carryover minimization 
purpooes, it wi.1 be clear that isolation liquid colimn 200 
above piston 34 of pump 31 can be periodically replenished as 
required by the simple expedient of system controller 153

25 topperting drive motor 76 to iempplarily drive rotary valve. 72 
to the position thereof connecting pump cylinder 32 to the 
isolation liquid reservoir 70 through conddut 74, and 
aspiration of the required volume of the isolation liquid into 
pump cylinder 32 as heretofore described.

30 Reefrring . now to FIGS. 22, 23, 24, 25 and 26 of the
application drawings, a second embodiment of new and improved,
reveesible direction capsule chemistry sample liquid analysis
system, representatively configured and operable in accordance
with the currently . iontemiPateU best mode of our invention to

35 provide greater throughput in teims of sample liquids analyses
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per hour than can, as a practical matter, be provided by the 
system 20 as heretofore described with regard to FIGS. 1-21, 
with the same sample liquid pre-incubation and incubation 
times within the system, is indicated generally at 240; and is

5 depicted in the same somewhat simplified schematic form that 
FIGS. 14, 15 and 19 depict the system 20 of our invention as 
heretofore described. System 24 0 is of the same basic 
configuration, and manner of repeated back and forth sample 
liquids test package stream sloshing operation through the

10 detecting means, as system 20, and like system components 
accordingly bear the same reference numerals in FIGS. 22, 23, 
24, 25 and 26 as in FIGS. 1-21. In system 240, however, a
second detection means as indicated at 242 is provided; and, 
in the manner of detection means 30 of the system 20,

15 comprises a flow cell as indicated at 244 which is operatively 
disposed as shown relative to analytical line 134 downstream 
of flow cell 138 and vanish zone 140. In the manner 
heretofore described with regard to flow cell 138, flow cell 
244 is also of course operable to provide for the colorimetric

20 analyses of sample liquid test packages flowed therethrough; 
and, to that effect, detection means 242 will be seen to 
further include light source 246 and bubble detector 248, 
respectively operatively associated with flow cell 244, 
analytical line 134, and detector as indicated at 250, by

25 optical fibres 252 and 254, and line 256, respectively. In 
the manner hereto described for detecting means 30, and 
although not shown, it will be clear that light source 246, 
bubble detector 248 and detector 250 of detecting means 242 
are also electrically connected to the system controller 153

30 of fig. 3 to be operable under the control thereof.
For representative operation of the system 242 with

a cycle time of fifteen seconds, rather than thirty seconds as
heretofore described with regard to system 20, while
nonetheless retaining a residence or pre-incubation time for

35 each of the sample liquid test packages TP in the analytical
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line 134 of five minutes prior to the initial flow thereof 
through flow cell 138 into the vanish zone 14 0, it will be 
immediately clear to those skilled in this art that each of 
the test packages will have to be retained in analytical line

5 134 downstream of flow cell 138 and vanish zone 140 for twenty
rather than ten complete cycles of the reversible direction 
sample liquids test package displacement means 24. Thus, and 
with system controller 153 again programmed in accordance with 
the displacement of piston pump 100 and the cross-sectional

10 area of analytical line 134 to operate pump 100 to bi­
directionally displace the sample liquids test package stream 
sixteen test packages in each direction for each complete pump 
stroke, it will be required that the flow cell 138 and vanish 
zone 140 be spaced in the analytical line 134 of the system

15 embodiment 240 of FIG. 22 a distance of thirty six rather than 
twenty six sample liquids test package distances from the 
downstream side of the linear transfer valve 130. In 
addition, and again in accordance with the continued sixteen 
sample liquids test package distances displacement of pump

20 100, it will be clear that flow cell 244 will be spaced in the
analytical line 134 sixteen test package distances downstream 
from flow cell 138 and vanish zone 140, and that the required 
length of the analytical line downstream of flow cell 244 to 
the end 135 thereof will again be equal to sixteen test

25 package distances for the same reasons'described in detail 
hereinabove with regard to the system embodiment 20 of FIGS.
1 through 21.

FIG. 22 representatively depicts the operational 
condition of the system embodiment 240 with transfer valve 30

30 in the aspirate position, wherein the sample liquids test 
package stream in analytical line 134 is constituted by 
sample liquids test packages TP1 through TP20, with the 
succeeding sample liquid test package TP21 having been 
aspirated as heretofore described through probe assembly 4Q

35 and resident in conduit 50, and no sample liquid test package
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having yet been displaced through flow cell 138 and vanish 
zone 140.

FIG. 23 depicts the operational condition of the 
system embodiment '240, with the transfer valve 130 in the

5 aspirate position thereof, whhrein the sammle liquids test 
package stream TP1 through TP20 of FIG. 22 has been displaced 
sixteen test packages to the right in the annlytical line 134 
by the movement of piston 104 of pump 100 from the bottom to 
top dead center position thereof as shown for initial flow

10 into and through the flow cell 138 and vanish zone 14 0 of 
sample liquid test package TP1, with attendant merger as 
heretofore described of the respective SI, R1 and R2 seg^^e^tts 
of t^ha^' sample liquid test package and the comnmeceramnt of the 
requisite, incubation thereof. Connomittanly, the succeeding

15 sample liquid test package- TP21 as aspirated by pump 31 
through probe assembly 40 will be resident as shown in 
conducts 38 and 50 to either side of the tx^a^sfer valve 130, 
wwile the next succeeding sample liquid test package TP22 as 
aspirated through probe assembly 40 will be resident as shown

20 in condi^t 50.
FIG. 24 representatively depicts the operational 

condition of system dώ^ί^c^U^:^e^I^(: 240 with 'οιι^Ι:^^ valve 30 in 
the aspirate position, whhrein the sam^l.e liquids . test package 
stream in αnaΪLy:ioll Line 134 is oonntititeU by sample liquids

25 test packages TP1 through ΓΡ37, with TP1 having been displaced 
by downward movernmnt of piston 104 of pump 100 from top to 
bottom dead center to make its Last passage in the dnwιntoeam 
direction into and through flow cel? 138 and the vanish zone 
140 for the next to Last reading by flow cell 138 of the

30 S1+R1+R2 reaction on that sample liquid test package. At this
point the succeeding sample liquid test package. TP38 has been
aspirated through probe assembly 40 to reside as shown in
condi^t 50 and 38 to either side of transfer valve 130; while
the next succeeding sample Liquid test package TPS9 has been

35 aspirated through probe assembly 40 to reside as shown in
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condu^ 50.
FIG. ■ 25 representatively. depicts the operational 

condition of the system embodiment 240, with the transfer 
valve in the aspirate position · thereof, hhhneit the sample

5 liquids test package stream in the anaaytical line 134 is now
cnntSituted by sample liquids test packages TP1 through TP46, 
with test package TP1 having been displaced · by upward 
movement of pump piston 104 of pump 100 to have made its first 
passage in the dowstream direction into flow cell 244 for the

10 comnpetempnt of colorieeeric readings thereon by that flow 
cell; the succeeding sample liquid test package TP47 having 
been aspirated by pump 31 through probe assembly 40 to reside 
as shown in conducts 38 and 50 to either side of the transfer 
valve 13 0; and the next succeeding sample liquid test package

15 TP48 having partially aspirated through probe assembly 40
to reside as shown in condi^t 50.

FIG. 26 representatively depicts the system 
amiodimpnt 240 in ihe . condition thereof, again
with the transfer valve 130 in the aspirate position, wherein

20 the sample liquids test package stream in the analytical line 
is comsituted by sample liquids test packages TP2 through 
TP53, with sample liquid test package TP1 having been 
displaced by the movement of pump piston 104 of pump 100 from 
bottom to top dead center to have flowed as shown from the

25 open end 135 of the tnaaytictl line 134 into wiste container 
136 having competed its requisite number of flow cycles 
through that tnaaytictl line.

Final operation of the system 240 to, for exapppe, 
compete a run as described on a series of two hundred and

30 forty discrete sample liquids test packages is accnpplisand in 
the same manner as that described aernitaOnvn in conjunction 
with FIGS. 20 and 21 regarding system embodiment 20; and will 
thus be imnpnϊately understood to compose the aspiration, 
formation and 0i-iirncti.nttl displacement through the system.

35 embodiment 240 of the air and buffer liquid, only, packages.
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TPB as depicted in FIG. 2 0 until the sample liquid test 
package TP240 has commuted its bi-directional transit as 
described of the anaJLytical line 134 and been discharged 
therefrom into waste container 136.

5 Under the above circumstances, it will be clear to
those skilled in this art that each of the duly incubated 
sample liquid test packages will have been "read" sixteen 
times for fifteen seconds at each of the flow cells 138 and 
244, for a total of four minutes "reading" time at each of the

10 same, and a total "reading time" of eight minutes with fifteen
second intervals therebetween. This provides for a total of 
thirty two, time-spaced readings on each of the sample liquid 
test packages through the use of only two flow cells; and 
highly commpehensive and accurate sample liquid-reagent

15 liquids reaction analysis results as described in detail
hereinabove. With a representative cycle time as described of 
fifteen seconds for the system emtodiment 240 of FIGS. 22 
through 26, it will also be clear that a throughput of two 
hundred and forty sample liquids test packages per hour can be

20 provided by the same . once steady-state system operational
conclitions have been reached.

Reeerring now to FIGS. 27 through 29, a third 
emMoiinmnt of new and improved, reeere:Ve.d derettoon capsule 
chemistry sample liquid analysis syuuem, representatively

25 configured and operable in accordance with the currently
contemppated best mode of our invention is indicated generally 
at 260; and is operable to provide even greater throughput in 
terms of sample liquids analyses per hour than can, as a 
practical mat^ι^]d be provided by the system embbdirnent 20 of

30 FIGS. 1 through 22, or the system embodiment 240 of FIGS. 22
through 26, with the same five minute sample liquid test
package pre-incubation time for the S+Rl segments of each of
the sample liquid test packages, and virtually the same eight
minute incubation time for the S+R1+R2 segments of each of

35 those sample liquid test packages.
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System embodiment 2 60 is again of basically the same 
conniguration, and means of repeated back and forth sample 
Liquids test package stream sloshing operation through the 
detecting means, as the system em^i^0^UI^€^e^1:s 20 and 240; and

5 Like system accordingly again bear the same
reference numerals in ' FIGS. 27, 28 and 29, as in FIGS. 1
through 21, and FIGS. 22 through 26, respectively. In system 
260, however, a third detection means as indicated gemrally 
at 262 is provided as shown . in the analytical Line 134

10 doOTintream of the second detection means 242; and, in the 
manner of the Latter, commprses a flow cell 264, a light 
source 266, a detector 268 with optical fibres 270 and 272 
conveying Light from the source 266 through the flow cell 264 
to detector 268 in conveenional, colorimetric mmannr. in

15 adddtion, another bubble detector as indicated at 274 is 
oppeatively associated as shown with the analytical Line 134 
immddaaely upstream of flow cell 264 and oppeaaively 
connected to the Latter as indicated by line 276. In the 
manner of detecting means 3 0 and 242, and although not shewn,

20 it will be clear that the light source 266, the bubble 
detector 274 and the detector 268 of the detecting means 2 62 
are also electrically connected to the system corntooier 153 
of FiG. 3 to be operable under the control thereof.

For representative operation of the system
25 embdiment 260, a cycle time of nine seconds, and a 

displacement of pump 100 equal to eighteen rather than sixteen 
sample Liquids test package distances, are programmed into 
system connrolLer 153 of FiG. 3 to control system oppeation. 
In accordance with those operational parameters, and in order

30 to continue to provide for the same five minute pre-incubation 
time, and essennially the same eight minute incubation time, 
for each of the sample liquid test packages, it wil be 
understood that flow cell 138 will have to be spaced in 
annaytical line 134 thirty three plus eighteen, for a total of

35 fifty one, sample liquids test package distances from the
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downstream face of transfer valve 130; that flow cell 244 will 
have to be spaced in analytical line 134 eighteen sample 
liquids test package distances downstream of flow cell 138; 
that flow cell 264 will be spaced in analytical line 134 a

5 distance of eighteen sample liquid test packages downstream of 
flow cell 242; and that a further effective extent of 
analytical line 134 of eighteen sample liquid test package 
distances will have to be provided downstream of flow cell 
264. This results in a total effective length for the

10 analytical line 134 of one hundred and five sample liquid test 
package distances; and, in accordance with the practical 
fluidic requirements regarding the requisite particularly 
precise positive pumping of the sample liquids test package 
stream inherent in the operation of the system of our

15 invention, has been determined to require positive 
displacement sample liquids test package stream pumping at 
both the ’’front11 and ’’back” ends of the system embodiment 260.

More specifically, and as clearly illustrated in 
FIG. 27, this requirement is met in particularly effective

20 manner in the system 2 60 by the provision of an additional 
positive displacement pump, again preferably taking the form 
of a precisely operable syringe pump of readily adjustable 
stroke, as indicated generally at 280, and comprising .ylinder 
282 and pump piston 284; and operatively connected as shown by

25 a connecting conduit 286 to what is the effective terminus of 
analytical line 134 as indicated generally at 288. As 
indicated, the piston 284 of pump 280 is also driven by the 
same drive motor 106 that drives the piston 104 of pump 100; 
and it will be understood that pump pistons 104 and 284 are

30 mechanically coupled to drive motor 106 in such manner so that 
when one of same is moving from bottom to top center, the 
other is moving from top to bottom dead center, and vice 
versa, and that when one of those pump pistons is at top dead 
center, the other is at bottom dead center, and vice versa.

35 Thus, pumps 100 and 280 will be understood to be operable in
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manner with regard to the sample liquids test 
packages stream in analytical line 13 4 to effect particularly 
precise differential pumping with regard to the same; with the 
cincomitant exhaust stroke of pump 100 and intake stroke of

5 pump 280 functioning to precisely advance tha sample liquids 
test package stream in the analytical line 134 tightef sample 
liquids test packages distances the right as seen in FIG. 27, 
and the concomitant intake stroke of pump 100 and eXiaust 
stroke of pump 280 functioning to retract that straam in the

10 analytical line that same number of test package distances in
the direction to the .left as seen in FIG. 27. Under these
circumstances, it will be clear that particularly precise 
reversible direction flow of the sample liquids test package 
stream in the . tiaayticll line 134 as described in detail

15 hereinabove with regard . to . system embodiments 20 and 260 is
retained in the system embodiment 260 despite the lengthening 
of the maaytical line 134, and the ldditiin of the third flow 
cell 264 thereto.

Since the analytical line 134 no longer terminates
20 in an open end in the system embodiment 260, it will be clear 

that other means will have to be employed therein for the 
precise extraction in turn of each of the sample liquid test 
packages upon the cirauletion thereby of the requisite number 
of cycles through the system. To this effect, a finnftylike

25 conduit portion as indicated at 290, and of volume sufficient
to prevent the occlusion thereof by a sample liquid test 
package, is provided as shown to in essence bridge the 
connection between the effective terminus 288 of the 
analytical line 134 and the conduit 286 and extend dohιwhtdly

30 theretocm to neck down into a conduit 291.
A three way rotary valve is indicated at 3 04, and is

driven as shown by an electric drive motor 306 under the 
control of system connt-oder 153; and conduit 291 is 
connectable therethrough to another positive displacement

35 pump, again preferably taking the form of a precisely operable
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syringe pump of readily adjustable stroke, as indicated 
generally at 294, and coi^nsing a cylinder 296 and a piston 
298, as indicated, the piston 298 of pump 294. is ' also driven 
by the same drive mmtor 3 6 that drives the piston 34 of pump

5 31; and it will again be understood that pump pistons 3 4 and
2 98 are aalChaicclla coupled to drive mm tor 3 6 in such manner 
so that when one of the same is moving from top dead center to 
bottom dead center, the other 'is moving from bottom dead 
center to top dead center, and vice versa, and that when one

10 of the same is at top dead center the other is at bottom dead 
center, and vice versa. Thus, and in the manner heretofore 
described with regard to pumps 100 and 280, pumps 31 and 294 
will also be understood to be operable in "push-pull" fashion 
to effect particularly precise differential rsaming with

15 regard to the coicolmtant injection and extraction of the 
sample liquids test packages into and from the sample liquids 
test package stream in analytical line 134.

A drain cw^i^t^Ui: is indicated at 300, and terminates 
as shown in an open end 302 directly above waste container

20 136. The other end of the drain conduut 300 connects as shown
to three way rotaea valve 3 04 which, in a first valve 
position, permits fluid flow between condnuts 291 and 292 and 
closes off drain conddut 300; and, in a second valve position 
connects conduut 292 to the drain conduut 300 thereby closing

25 off fluid flow coa^aniccaioi between condduts 292 and 291.
A conduut 308 extends as shown to atmosphere from

the juncture of anaayyical line 134 and conduut 286 directly 
above the isinie-like conduut' portion 290; and two-way rotary 
valve 310 is operatively disposed in conduut 3 08 and driven by

30 electric drive motor 312 as indicated under the control of 
system con^oller 153 between open and closed valve positions.

FIG. 28 is a timing diagram illustrating the
respective operational conditions of shear valve 130, pumps
31, 294, 100 and 280, and rotary valves 310 and 304 of the

35 system embodiment 260 of FIG. 27 during a representative
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ipreationaL cycle of that system emoOUl^innL. To that effect, 
Line SH illustrates the respective aspirate and transfer 
cinnutirns of shear valve 130; Line PA illustrates the 
p^s^i^-ti^on of piston 34 in cylinder 32 of pump 31 attendant the

5 aspiration, formation and insertion into anaayticaL Line 134 
of a sample liquid test package; Line PB illustrates the 
roiition of piston 104 in cylinder 102 of pump 100 attendant 
the bi-directional displacement of the sample liquids stream 
as described in analytical line 134 eighteen test package

10 distances in the downntream and then upstream directions,
respectively; line PA' illustrates the position of piston 298 
in cylinder 296 of pump 294 attendant the "push-pull" 
ipeeatirn of that pump ' with the coupled pump 31 to clearly 
depict the concomitance of the ' insertion of a sample liquid

15 test package into the analytical line by pump 31, and the 
pumming to waste by pump 2.94 ■ as ' described in detail 
hereinbelow of the sample liquid test package which is then in 
the funnel.-like cmddut portion 290 at the terainus of 
annlyyical Line 134 one hundred and five sample liquid test

20 packages ahead of the newly inserted sample liquid . test 
package; line PB' illustrates the portion of piston 284 in 
cylinder 282 of pump 280 attendant the "push-pall" operation 
of that pump with the coupled pump 100 to clearly depict the 
crncomitanid of the operation of those pumps as described in

25 detail hereinbelow with regard to the bi-directional
displacement of the sample liquid test package stream in the 
lnnlyyiclL Line eighteen test package distances in each
direction; Line VD illustrates the operational conddtions of 
the two way rotary valve 310; and line VE illustrates the

30 lprdatirnll conditions of the three way rotary valve 304; it
being iwniddaaelt clear to those skilled. in this art that all 
lines in the timing diagram of FIG. 28 are drawn to the same 
time scale.

In FIG. 28 points 216 and 220 on line SH, points
35 204, 218 and 222 on line PA, and points 224, 228 and 226 on
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line PB inUicate the same points in . time in an opeeational 
cycle of the system embodiment 260 of FIG. 27 as . cllistrateU 
by those likennumbereU points on the timing Uiagram of FIG. 4 
for the system embodiment . 20 of FIGS. 1 through 21. In

5 aUdition point 320 on line pbz in FIG. 28, which is time- 
coinciUent with point 228 on line PB makes clear that the 
piston 104 of pump 100 is at the top UeaU center when the 
piston 284 of pump 280 is at bottom UeaU center; wwhle point 
322 on line PBZ which is time-coinciUent with point 224 on

10 line PB makes clear that the exact is also true with
regarU to the coupleU pumps 100 anU 280. Likewise for points 
324 anU 326 anU 328 on line PAZ, wwich are respectively time- 
coinciUent with points 204, 218 anU 222 on line PA, anU make 
clear that this exact same relationship is also true with

15 regarU to the position of piston 34 in cylinUer 32 of pump 31 
vis-a-vis the position of piston 298 in cylinUer 296 of pump 
294.

With the exception of thr.sprratiot of the coupleU, 
position Uisplacement pumps 280 anU 294, anU valves 304 anU

20 310, as UescribeU in Uetail Uirectly hereinbelow, operation of
the system embodiment 260 may be understnU to be essentially 
the same as the operations of system embodiments 20 anU 2 60 as 
UescribeU in Uetail hereinabove; with the sample liquiU test 
package stream being formeU as UescribeU anU iysrrteU into

25 the lnaayticll line 134 by the operatcsns of probe assembly 40 
anU, in this instance by the "push-pull" actions of the 
coupleU pumps 31 anU 294; bidirectionally Uispl^^. in the 
analytical line 134 to flow repeateUly through each of the 
flow cells 138, 244 anU 264 in both U^mcti^s, following

30 merger of the respective SI anU R1 anU R2 . segments of each of
the sa^le liquiU test packages ' upon the initial flow of the
same into the vanish zone 140, in this instance by coupleU
pumps 100 anU 280; anU ultimately UischargeU seriatim from the
anaJLytical line 134 to the waste container 136, in this

35 instance also by the "push-pull" lcti.sys of the coupleU pumps
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31 and 294.
More speed lcaHy, and referring again to FIG. 27 

which depicts the transfer valve 130 of system embodiment 270 
in the aspirate · position, it will ammddaiely be seen that the

5 displacement · of ·the sample· liquids test package . stream, there
c^r^ni^<^'ti^ng of sample liquids test packages TP1 · through TP10.0, 
eighteen sample liquids test package distances to the · right 
in the anaaytical line · 134 wiL.l have been accoiplishtd ·in 
"pusH—pull" fashion by the concomitant movernmnt of the piston

10 io4 of pump 100 from · the bottom to top dead center positions 
thereof, and of the ·piston 284 of pump 280 from the top · to · 
bottom dead ce]^^t:er positions thereof. At. this point in the 
operation of system · 260, rotary · valve · 310 is closed, while 
rotary valve 304 connects · conduit 292 · to · drain ·conduct 300·,·

15 thereby enabling · the movernmet of piston 298 of pump 294 from 
bottom dead center to top dead center to simply pump air out 
through the drain cond^t, and sealing off the analytical · line 
134 to insure the precision of the differential pumping action 
of the coupled pumps 102 and · 280 in bi-directionally

20 displacing the sample liquids test package stream. ·At this · 
point in t^^me, · succeeding sample liquid · test packages TP101 
and TP102 have been aspirated as heretofore described by pump 
31 through probe assembly 40 to respectively reside as shown 
in conduits 38 . and 50.

25 FIG. 29 depicts the system embodiment 260 with· the
transfer valve.· 130 in the transfer position thereof, and 
illustrates the sample liquid · test package TP106 having just· 
been inserted by the movernmnt of piston 34 of pump 31 from the 
bottom to top dead center positions thereof through the

30 transfer valve 130 into the sample liquids test package
stream in the analytical line to advance that stream one test
package distance to the right as heretofore described. This
results in the sample · liquid test package TP2 which has now
comilettd its bi-da·ititinnal journey through anaaytical line

35 134 falling into funnnt-lake conduit portion 290; and, with

aaaa
a

• a a a
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rotary valve 304 switched to now connect conduuts 291 and 292, 
now being drawn by the concometant movemmnt of piston 298 of 
pump 294 from top to bottom dead center from conduct 291 
through the valve -into conduct 292. As this occurs, rotary

5 valve 310 is switched to the open position thereof to aioow 
ateospphric pressure to enter , the system therethrough to 
balance the pressure inside rnaaytitrl line , 134. Thus, 
precise insertion of the sample liquid test package TP106 , into 
the rnnaytitrl line 134, and concomitant precise extraction of

10 the sample liquid test package TP2 thrrefsoe are insured by 
the lositiee displacement, differential pumping action of the 
coupled pumps 31 and 294.

In accordance with the above, it will be understood 
by those skilled in this art that, immriitely upon the return

15 of the transfer valve 13 0 to the aspirate position thereof, 
and the movement of piston 34 of pump 31 from the top to 
bottom dead center positions thereof to aspirate the next 
succeeding sample liquid test package TP108 (not shown) into 
condurt 50 through probe assembly 40, valve 310 will be

20 switched to the closed position thereof, and valve 3 04
switched to the lositisn to connect conduuts 292 and drain 
conduut 300; whereupon the concomitant movement of the piston 
298 of pump 294 from the bottom to top dead center positions 
thereof will be effective to pump sample liquid test package

25 TP2 from conduut 292 through valve 304 into drain conduut 300 
and through the open end 302 of the latter into waste 
container 136 to join sample liquid test package TP1 as 
already resident therein.

In accordance with the nine second cycle time, and
30 the other relevant operatisnrl larαeeters of the system 

rm^odiment 260, it will be clear that each of the sample 
liquid test packages will be "read" eighteen times for a total 
of 2.7 minutes at each of the flow cells 138, 244 and 264, for 
a total sample liquid "reading" time of 8.1 minnues. This

35 provides for a total of fifty four tier-slaced readings on
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each of the sample liquid test packages through the use of 
only three flow cells, and resultant highly accu^i^^e and 
camilehensive sample liquids-reagent liquids reaction analysis 
results as described in detail hereinabove. Also, and in 
accordance with the representative nine second cycle time as 
described for the system embodiment 260, it will be clear that 
a sample liquids test package ■throughput of fully four 
hundred sample liquids test packages can be readily provided 
thereby once steady-state system operational conndtiots have 
been met.

Comaletian of the flow through the system embodiment 
260 of any plurality of sample liquid test packages, for 
example a run of four hundred of the same, is again commleted 
as described in detail hereinabove with regard to application 
drawing FIG. 20 through use of the air and buffer liquid 
"test" packages only following the insertion of TP4 00 into the 
annayi^G^ line by pump 31. Of course, and . in addition to 
competing the flow of all of the sample liquids test packages 
of a particular run through all of the hereindisclosed 
eώ^c^a^j^l^€^ni:s of . the system of our . invention, this ltilizttaon 
of air and buffer liquid, only, "test" packages for run 
comiletΐat also functions to very thoroughly cleanse the 
relevant system caiilatets of any possible remaning sample 
liquids residue in preparation for the next system run, 
thereby even further minimizing sample liquids carryovers.

By all of the above is believed made clear that our 
invention provides sample liquid analysis system and method 
which, although suitable for tlplicttΐat to a wide variety of 
analyses on a wide variety of sample liquids, are particularly 
adapted to the automated clinical . analyses in turn of human 
bioligical sample liquids. These sample liquids would include 
human blood sera, human blood plasma, urine and cerebral 
spinal fluid; and the clinical analyses would include 
homogeneous blood chemiitry assay, for example i.mnmntaasays or 
enzyme assays, wherein a significant plurality of precisely35
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timed analyses on the course to coιniletSot of the S+R1+R2 
reaction for each of the sample liquids in turn are required 
by the applicable chemistr-ies and, in the case of enzymes, 
also applicaiee sttertatsotal guidelines, for the provision of 
ϋβηή^ίυΐ overrai sample · liquids analysis results.

Although depicted and described herein as of 
essentially straight contiguratiot, it wil be clear that the 
analytical line 134 could tlatrtaasvtly be of generally 
circular configuration without adverse effect on the operation 
of the system 20 to thus reduce system space requirements.

Referring now to Fig. 30, the elements used for 
effecting an emnmultassay which are common · to ' the reversible 
direction capsule chemistry · sample liquid analysis system and 
method, described with regard to Figs. 1-29, are portrayed 
with the same reference numbbrs.

A continuous series of test capsules for a maagntic 
lartsclt-itsti heterogeneous emmuutassay is shown in Fig. 30. 
Each test capsule consists of aliquots of a sample, maagneic 
particles, reagents required for the' assay and the needed 
number of wash segments. The mmggneic particles are contained 
in suspension in container 4 01, the sample is in container 
4 02, reagent R1 is in container 403, reagent R2 is in 
container 404, the first washing liquid Wl is in container 
405, the second washing liquid W2 is in container 406, the 
reagent R3 is in container 4 07 and a buffer solution is in 
container 408.

In a preferred embodiment 7 aiecoliters of the 
sample, 10.5 mecolittrs of reagent R1 and 10.5 aiscollttrt of 
reagent R2 are aspirated from separate containers and are 
caused to merge into a single liquid capsule in probe 42 or in 
the anaayyical 1ϊ^ 134.

Approximately 30 microliters of each remaining 
substance is ttlirttei by probe 42 into tube 50 and thereafter 
transferred to · tube 134 via the shear valve 130 in the manner 
described etr·eittilve.35
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As in those previously described embodiments, the segments of each liquid and 

each separating air bubble is encapsulated by an isolating liquid which completely 

surrounds them and prevents contact of the segments with the inner surface of tube 134. 

Each liquid segment is preferably separated by an air segment which further prevents the 

undesired mixing of the segments.

By means of a system of magnets 410-412 which are connected via wires 413-415 

to system controller 153’, and bubble detectors 150A-150C connected to controller 153’, 

the magnetic particle-based immunoassay can be carried out without any additional 

hardware. The bubble detectors 150a-c are preferably those which can detect a

io I iquid/gas interface travelling in either longitudinal direction. A bubble detector of that 

type is disclosed in U.S. Patent No. 5,466,946 issued on 14 November, 1995 and 

assigned to the present applicant, the disclosure of which is hereby incorporated by 

reference.

In a typical immunoassay, the sample S is allowed to react with reagents Rl and

15 R2 in a liquid segment within the test capsule for a fixed period of time, as defined by 

the assay protocol. Then the magnetic particles MP are transferred into the segment 

S/R1 /R2 and allowed to mix for an additional amount of time. Thereafter, the magnetic 

particles need to be separated, washed a few times and reacted with a final reagent to 

cause a detectable response in proportion to the analyte concentration in the sample.

20 This method is carried out according to the present invention and the sequence of

operation of this method is shown FIGS. 31A-31H. The magnet 410 outside the teflon 

tube 134 is activated or brought within a close distance to the tube, as the segment with 

the magnetic particles is situated adjacent thereto as shown in FIG. 31 A. At this time, 

the particles, which were in suspension, are held against the wall of the tube 134 with the

25 film of isolating liquid 420---------------------------------------------------------------------------- -—

• ο · ·

a < a a
• · a• · ·

• · · · · a
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therebetween as . shown in Fig. 31B.
The stream of segments continues to move forward as

shown in Fig. 31C whereupon ' the sample ' and. reagent segment 
S/R1/R2 has . the held down particles therein. At this time,

5 the magnet 410 is deactivated or moved away . from the tube and 
the maanneic particles are allowed . to disperse . within the 
S/R1/R2 segment as shown. in . Fig. 3ID.

The . stream of segeents . continues to move forward 
unil segment S'/R1/R2 with . eagnneic particles MP arrives at

10 mmgnet 411 . as shown in Fig· 3. IE.. ■ As· ' a result of the .
deactivation or moving away of the magnet 410 . and the flow of 
the seg^e^r^n^is, . the particles MP become suspended in segment 
S/R1/R2 as . it travels toward magnet 411.

Magnet 411 is then activated o^ moved toward tube
15 134 pulling the particles toward . the wall . thereof as shown in

Fig. 31F.
The m^c^r^neic . particles are continued to be held down 

unil the first . wash solution Wl. arrives at the . magnet 411 as 
shown in Fig. 31G, whereupon the . magnet is deactivated or

20 moved away from the teflon tube and the particles are aioowed· 
to move into. suspension in the wash, solution as shown . in .Fig.
31H.

The . internal circulation flow within the. ■ wash 
solution segment and high . velocity of the stream . provides

25 agitation for washing efficiency. . A . variable eaggtnic . field 
may be used at this point to provide additional agitation of 
the resuspended particles to . further improve . washing 
efficiency particularly . for the inidirn<ctintal flow.

These . steps are repeated to wash the eeggetic
30 particles as. many times . as defined by the assay protocol. The 

steps shown in Fig's. 31E-H can be repeated at magnet 412 for 
wash W2 or can be repeated at mmgnet 411 . if the. ■ direction of 
flow is rnvnrsii and the. segment. containing . the maagetic 
particles is brought to a . position to the left . of .magnet 411

35 in Fig. 30. After' . the last wash, the. . eegnenic . particles. are *
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released in the final ■ reagent R3 to generate . photometric, 
chemilunineecent . and/or fluorescent ' signals which are measured 
with detector 144.

As ■ can be seen from the abo^e, the immuteassat 
5 method and apparatus does'not require any additional hydraulic

mmchanisms for washing the maagneic particles and conducting 
a solid phase heterogeneous · ligand binding assay. A single 
probe can be used. for aspirating the sample, Hl oelgr^lts 
including the maagneic particles and the. wash solutions. Thus

10 the method and apparatus according to the■present invention 
can be used with the reversible direction system described 
hereinbefore as. wed· as. · in ' prior art unidirectional capsule . 
flow devices.

In accordance . with the present invention, a . single
15 conddut can be used for the sample, solid phase . and other 

reagents and wash buffer and there is no. need . for separate 
ilneutts, pumps, . valves, etc. . to . wash the ·maggeeic particles.

The washing in accordance with the present invention 
is more effective than that shown. in the prior art, since the

20 maanneic particles are allowed to suspend and agitate in the 
wash buffer as opposed to merely allowing the wash buffer to 
flow past the maggnric particle surface. As . a result, the 
total volume of wash solution can be significantly less, e.g., 
as little as 30 aiiiIOitrrs for a .single wash.

25 In one embodiment of the . present invention, m^a^r^n^e^tic
paa-ticles in. the range between . 2.5x and 25μ in diameter were 
used with an isolating fluid of FC43 fluorocarbon oil. The 
film of the fluorocarbon oil coating . the. inner surface of the 
tube 134 has a thickness of 10 to 50μ, prefeolblt 40μ. While .

30 the diameter of the. particles can . range from an. order . of 
maagettUe smaHer to an order of maagittUe ·|aoneo than the. 
film thickness, it was found to operate . particularly . wed when 
the film thickness was . of the same order of maagettUr as the 
diameter of the particles and . preferably greater than . the.

35 diameTer of the particles. in order to . prevent the. particles



54

• · · ·

······• ·
• » · ·

from touching the waH.
The m^a^r^e^t^:ic field ■ is ' applied to a lengthwise 

Limited section of the tube to cause •the maanedic particles to 
αcouInuiatd and ' remain confined . in ■ that se^lti^on.. In . a

5 preferred embodiment of ' the present 'invention, the eaαnndic
field is created by a permanent magnet oomerOsing neodymium- 
iron-boron high-energy density magnetic ma^iLi^Jl, Vaaiation 
of the maanndic field can be used to ■ accelerate «suspension. ■ 
For the meggedio field, which normally has a strength

10 of about 2000 gauss, ' can be varied from . strong ' to weak, can be 
removed or displaced, or can be spatially varied by placing it 
on Uileeef ically . opposite sides of the tube. section.

The . embodiment . shown ' in ' Fig. 3 0 is particularly 
advantageous when used in the reverse direction sys.tem

15 disclosed with regard to Figs. 1-29.
The test ■ package or capsule . shown ' in Fig. 3 0'

comep0sds five segments, eiagntic particles .ra?, a sample .plus 
the first reagent and . the second reagent S/R1/R2, the first 
wash WI, the second wash W2 and . the third «agent R3'.. During

20 every cycle, aspiration of i new segment. is . in parallel
with a reversible m^otion of the stream in . the anaa/tidl lint. 
Thus it takes five cycles . to aspirate a full capsule. A
Liquid buffer segment may be aspirated between capsules, . e.g., 
to improve the optical . separation among neighboring.

25 ciemilLuminecent capsules. For si^m^H^<^:it^y the system shown . in . 
Fig. 30 is iiuustrated with only four. capsules in the 
meanto^, each. representing a different. stage . in the assay.

The first capsule shown in tube 50 has just been 
aspirated. The second . capsule shown in front of the first

30 mmgnet 410 is at the stage when the m^a^r^n^tic particles . are 
about to be transferred into the S/R1/R2 segment.

The next capsule shown at the second magnet station
411, is at a stage whe«. the particles will undergo th«t
transfers to WI, W2 and then . to . R3 . in th«t consecutive

35 cycles.
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The last capsule is shown at optical. head of the
luρitrϊnρrer 138 when the ' intensity of luminescence of reagent 
R3 is mmasured for about . one ' second. Alternately, the 
par-ticles can be transferred into the MP segment of the next 
following capsule which· is now devoid of its own particles .or 
into the liquid buffer ' segment- between capsules. AAter ■ the 
PtgtraLC p^i^’ticl^es are removed from it, the R3 segment is 
pushed through the optical head, where the intensity ■ of · its 
luminescence is ϋη^η^ά.

it w.i.l be readily apparent to . one skilled in the 
art that between the ' capsules · shown in the schemaHc there can 
be one or mom other. capsules : as indicated by the broken lines 
in Fig. 30. Also, each capsule . may contain more or less . than 
five segments as wash segments . are added to or removed . from 
the capsule. . Moore wr, the embodiment shown in Fig. 30 can 
use a second syringe ρeeharltcally linked to . pump . 100. for 
better control of . stream motim. . The system can also use
a syringe larked with pump . 31 . for extracting wwste from the 
οπ^-ιμΙ line 134 at the wwste ρη^^Η 135.

Various . other changes may be made in the . 
h^i^^;ind:isc] .-sed best mode embodiment of the sample . liquid 
analysis system and method of our invention without departing 
from the spirit and scope thereof as defined in the appended 
claims.25
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. An analysis apparatus comprising: 

a fluid conduit;

means for forming a plurality of fluid capsules in the conduit for flow therethrough 

5 wherein each fluid capsule comprises a plurality of discrete isolated segments including

at least one of each of a wash segment, a reagent segment, a sample segment and a 

segment of suspended magnetic particles, said means comprising means for forming a 

film of isolating liquid on an inner surface of the conduit and means for randomly 

aspirating each of a plurality of liquids selected from a sample liquid, reagents, washes

1 o and a magnetic particle suspension to form each segment in any order;

means for reversibly directing a flow of the fluid capsules in two longitudinal

directions of the conduit;

magnetic means disposed along the conduit for selectively retaining the suspended 

magnetic particles from one segment in one capsule in place at a location adjacent to the

15 magnetic means for placement into suspension in another segment in said one capsule 

during the flow of the one capsule through the conduit; and

means disposed along the conduit for measuring the fluid capsules therein.

2. The analysis apparatus according to claim 1, wherein the magnetic means has 

means for transferring the magnetic particles of one segment of one capsule into at least

20 one other segment of that capsule.

3. The analysis apparatus according to claim 2, wherein the magnetic means has 

means for varying the magnetic field at the conduit to agitate the suspended particles.

4. The analysis appai’atus according to claim 1, wherein the plurality of liquids 

includes washes for the magnetic particles, wherein the means for randomly aspirating

25 comprises means for forming at least two isolated wash segments in each capsule and 

wherein the magnetic means comprises means for washing the magnetic particles of one 

capsule in each of the wash segments of that capsule.

5. The analysis apparatus according to claim 4, wherein the magnetic means has 

means for transferring the magnetic particles of one segment of one capsule into the

30 wash segments of that capsule.

• · 9



-57-

• · · ·
9 · · «

• · · ·• « · · • ·

• · <• · I• · · ·

······

• ·

® * · 
• · · «

• · ·
· 9 ·

Γ:

• · · «
• · ♦ «

6. The analysis apparatus according to claim 5, wherein the magnetic means has 

means for varying the magnetic field at the conduit to agitate the suspended particles.

7. The analysis apparatus according to claim 1, wherein the isolating film has a given 

thickness and wherein the magnetic particles have a diameter which is of the order of the

5 given thickness.

8. The analysis apparatus according to claim 1, wherein the means for reversibly 

directing the flow of the fluid capsules comprises means for reversing the flow of the 

fluid capsules in the conduit from one longitudinal direction to a reverse longitudinal 

direction.

10 9. The analysis apparatus according to claim 8, wherein the magnetic means has

means for transferring the magnetic particles of one segment of one capsule into at least 

one other segment of that capsule during the reversible flow of the capsule.

10. The analysis apparatus according to claim 9, wherein the magnetic means has 

means for varying the magnetic field at the conduit to agitate the suspended particles.

15 11. The analysis apparatus according to claim 8, wherein the plurality of liquids

include washes for the magnetic particles, wherein the means for randomly aspirating 

comprises means for producing at least two isolated wash segments in each capsule and 

wherein the magnetic means comprises means for washing the magnetic particles of one 

capsule in each of the wash segments of that capsule during the flow of the capsule in

20 said reverse longitudinal direction.

12. The analysis apparatus according to claim 11, wherein the magnetic means has 

means for transferring the magnetic particles of one segment of cne capsule into foe 

wash segments of that capsule during the flow in said reverse longitudinal direction.

13. The analysis apparatus according to claim 12, wherein the magnetic means has

25 means for varying the magnetic field at the conduit to agitate the suspended particles.

14. The analysis apparatus according to claim 8, wherein the isolating film has a given 

thickness and wherein the magnetic particles have a diameter which is less than the 

given thickness.

15. An analysis method comprising the steps of:

30 forming a plurality of fluid capsules in a fluid conduit for flow therethrough

wherein each fluid capsule comprises a plurality of discrete isolated segments including

• · · · · ·
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at least one of each of a wash segment, a reagent segment, a sample segment and a 

segment Of suspended magnetic particles;

forming a film of isolating liquid on an inner surface Of the conduit and randomly 
aspirating each of a plurality of liquids selected from a sample liquid, reagents, washes

5 and a magnetic particle suspension . to form isolated segments from said plurality of 

liquids in each segment in any order;

reversibly directing a flow of the liquid capsules in two longitudinal directions of 

the conduit;
selectively miagnetically retaining the suspended magnetic particles from one

10 segment in one capsule in place at a given location for placement of the magnetic

particles into suspension in another segment in said one capsule during . the flow of the 

one capsule through the conduit; and

measuring the fluid capsules in the conduit.

16. The analysis method according to claim. 15, wherein the step of reversely directing
15 the flow of the fluid capsules comprises reversing the flow of the capsules in the conduit

from one longitudinal direction to a reverse longitudinal direction.
17. The analysis method according to claim 15, wherein the plurality of liquids include 

at least two washes for the magnetic particles, wherein the step of randomly aspirating 
comprises producing at least two isolated wash segments in each capsule and wherein

20 the step of magnetically retaining comprises washing the magnetic particles of one 

capsule in each of the wash segments of that capsule.

18. The analysis method according to claim 15, wherein the step of magneticaHy 

retaining comprises transferring the miagnetic particles of one segment of one capsule 

into another segment of that capsule.

25 19. The analysis method according to claim 18, further comprising the step of varying

the magnetic field at the conduit to agitate the suspended particles.

20. The analysis method according to claim 15, wherein the isolating film has a given 
thickness and wherein the magnetic particles have a diameter which of the order of the 

given thickness.

30 21. An analysis method comprising the steps of:
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a) forming at least one fluid capsule in a fluid conduit, wherein each fluid 

capsule comprises a plurality of discrete segments isolated by isolating liquid 

therearound and including at least one wash segment, at least one reagent segment, at 

least one sample segment and one segment of suspended magnetic particles;

5 b) directing a flow of the at least one fluid capsule in a forward longitudinal

direction of the fluid conduit to position a segment with suspended magnetic particles at 

first magnetic means;

c) retaining the magnetic particles at the first magnetic means against a wall 

of the conduit with the isolating liquid therebetween;

io d) moving tlie at least one capsule in the forward longitudinal direction,

while the magnetic particles are retained, to position a sample segment at the first 

magnetic means;

e) dispersing the retained magnetic particles in the sample segment;

f) moving the at least one capsule in the forward longitudinal direction to

15 position the sample segment at second magnetic means;

g) retaining the magnetic particles at the second magnetic means against the 

wall of the conduit with the isolating liquid therebetween;

h) moving the at least one capsule in the forward longitudinal direction, 

while the magnetic particles are retained, to position a wash segment at the second

20 magnetic means;

i) dispersing the retained magnetic particles in the wash segment;

j) moving the at least one capsule in the forward direction and then in a 

reverse direction to position the wash segment at the second magnetic means;

k) repeating steps g)-j) for each subsequent was segment in the at least one

25 capsule.

22. The method according to claim 21, further comprising varying a magnetic field at 

the second magnetic means to agitate the suspended particles in the wash segment.

23. The analysis method according to claim 21, wherein the isolating film has a given 

thickness and wherein the magnetic particles have a diameter which is of the order of the

to given thickness.
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24. An analysis apparatus, substantially as hereinbefore described with reference to 

any one of Figures 1-3 lh.
25. An analysis method, pubsPanttally as hereinbefore described with reference to any 

one of Figures 1 -3 lh.
5 DATED this 8th day of January, 1997 

BAYER CORPORATION
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ABSTRACT

The invention relates to an analysis apparatus 
comprising a fluid conduit (134); means (42, 50, 130) 
for feeding a stream of fluid capsules in the conduit

5 for flow therethrough comprising means forming a film of 
isolating liquid (420) on an inner surface of the 
conduit, means for randomly accessing each of a 
plurality of liquids selected from a sample liquid, 
reagents and a magnetic particle suspension to form each

10 capsule in said conduit with a plurality of isolated 
segments from said plurality of liquids; means for 
effecting the flow of the fluid capsules in at least one 
longitudinal direction of the conduit; magnetic means 
(410-412) disposed along the conduit for selectively

15 retaining the suspended magnetic particles from one 
segment in one capsule at a location adjacent to the 
magnetic means for placement into another segment in 
said one capsule during the flow of the one capsule 
through the conduit; and means (144) disposed along the

20 conduit for measuring the fluid capsules therein.
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