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OF MIXTURES 

(71) We, NATIONAL RESEARCH 
DEVELOPMENT CORPORATION, a 
British Corporation established by Statute, of 
Kingsgate House, 66—74 Victoria Street, 

5 London, S.W.I, do hereby declare the inven-
tion, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly de-
scribed in and by the following statement:— 

10 This invention relates to the separation of 
solid and liquid components of mixtures and 
in particular to a technique for use in auto-
mated systems for the separation of solids 
from liquids. 

15 In recent years a wide range of automated 
analytical equipment has become available for 
use in the industrial and, in particular, clinical 
fields, and includes automated immunoassay 
(RIA) systems. RIA and other binding assays 

20 techniques have acquired immense importance 
in clinical practice, where they have made a 
major contribution to present day understand-
ing of endocrinology. 

Many analytical procedures, however, re-
25 quire the separation of solid and liquid com-

ponents of mixtures and such separations, 
owing to their inherent unsuitability, are diffi-
cult to automate. For example, it has been 
proposed {Butler, Bagshawe et al, pp. 635— 

30 638, "Radioimmunoassay Methods", Ed. 
Kirkham and Hunter, pub. Churchill Living-
stone, Edinburgh, 1971), in an automated 
RIA system to effect this separation by an 
automated filtration step. Filtration however 

35 is not readily adapted to automation and leads 
to unavoidable mechanical complexity and 
thus expense, and also, of necessity, involves 
contact of the mixture being filtered with 
extraneous surfaces which can lead to loss of 

40 material and inaccuracies in the results ob-
tained. 

An improved method of separating solid 
and liquid components of mixtures has now 
been devised particularly suited for use in 

45 automated systems and which also diminishes 
contact with extraneous surfaces. 

Accordingly the present invention comprises 

a method of separating solid and liquid com-
ponents of a mixture comprising a solid and 
a liquid, in which a second liquid, having a 50 
density intermediate between those of the solid 
and liquid components of the mixture, is de-
livered to the mixture to form a discrete layer 
above or below the mixture, and the solid 
separates into the layer of the second liquid. 55 

Normally the solid component of the mix-
ture is more dense than the liquid component. 
Thus more usually the invention comprises 
delivering to the mixture a second liquid, 
having a density intermediate between those 60 
of the solid and liquid components of the 
mixture, to form a discrete layer beneath the 
mixture, and allowing the solid to separate 
into the lower layer of the second liquid. 
Conveniently the solid may be allowed to 65 
separate under the action of gravity into the 
lower liquid layer, though advantageously 
additional applied force may be employed to 
enhance the rate of separation. For instance, 
separation of the solid into the lower liquid 70 
layer is assisted by centrifugal force, or alter-
natively a magnetic field may be used when 
the solid phase comprises ferromagnetic 
material (e.g. in the manner of Nye et al Clin. 
Chem. Acta 1976, 69 (3) at page 387). 75 
Generally the use of applied force may assist 
in the removal of supernatant liquid con-
tamination from the solid. 

It will be appreciated that the method of 
the present invention is widely applicable to 80 
the separation of solid and liquid components 
of mixtures in general. More particularly 
however, the method finds advantageous appli-
cation as a separation technique for use in 
automated systems and especially automated 85 
analytical systems such as automated binding 
assays e.g. RIA systems. Such automated 
analytical systems include both discrete 
sample and continuous flow systems. In such 
automated analytical systems, subsequent to 90 
separation, the solid or liquid component of 
the mixture is usually automatically analysed. 
Thus the invention includes a method of 
carrying out an automated analytical tech-
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nique which includes the separation of solid 
and liquid components of a mixture compris-
ing a solid and a liquid by a method accord-
ing to the invention and in which, subsequent 

5 to separation, the solid or liquid component 
of the mixture is automatically analysed. 
Without prejudice to the wider application 
of the invention, the present description, how-
ever, concentrates upon application of the 

10 method of the invention as a separation tech-
nique for use in binding assays. 

Binding assay techniques typically depend 
upon an immunological reaction in which an 
antigen or hapten, reacts with an antiserum. 

15 Generally the techniques rely upon competitive 
binding of the substance being assayed and 
a labelled e.g. radio-labelled, version of that 
substance, subsequent to which the bound and 
free fractions are separated so that the ratio 

20 of labelled component in the two fractions 
may be determined. In an alternative method 
the binding reagent itself may instead be 
labelled. Thus the method of the present 
invention may be applied to systems in which 

25 the bound and free fractions are in the form 
of a solid/liquid mixture, including systems 
employing either the solid phase antibody or 
solid phase double antibody (DASP) tech-
niques. For example, one phase usually the 

30 solid phase, may comprise bound antigen, the 
other phase the corresponding free antigen, 
and the solid phase may be separated from 
the supernatant liquid by the method of the 
invention. Such a bound solid phase may 

35 comprise any suitable solid phase material, 
preferably in particulate form and includes 
those which are well known in the radio-
immunoassay field. For example Sepharose or 
Sephadex particles have been found to be 

40 particularly satisfactory for the purpose of 
the present invention (Sepharose and Sepha-
dex are Registered Trade Marks). The liquid 
phase, normally comprising the free antigen, 
is usually in the form of an aqueous solution. 

45 Thus in a preferred embodiment the present 
invention includes a method of carrying out 
a binding assay technique in which a mixture 
consisting of solid phase comprising bound 
antigen or hapten and liquid phase compris-

50 ing free antigen or hapten is separated by 
the method of the invention. In such binding 
assay techniques the solid and liquid com-
ponents of the mixture normally comprise a 
suitable label; for instance, the solid and 

55 liquid components of the mixture comprise 
a radioactively labelled tracer. 

The liquid which is delivered to form a 
discrete layer beneath the mixture may be 
any suitable liquid and thus may be an organic 

60 liquid, for instance a water immiscible organic 
liquid e.g. carbon tetrachloride. More usually, 
however, the liquid is an aqueous solution of 
appropriate density. Desirably the liquid has 
no detrimental chemical or other interactions 

65 with the solid or liquid components of the 

mixture, which in the case of binding assays 
may comprise relatively unstable protein-
aceous materials. Thus for example, suitable 
liquids include those which are currently used 
for density gradients for the separation of 70 
materials such as proteins and are generally 
aqueous solutions of highly hydrophilic and 
electrically non-polar solutes. In particular 
aqueous solutions of sucrose e.g. about 10 to 
20% w/v sucrose solutions, have been found 75 
to be particularly satisfactory for use in bind-
ing assay separation techniques. Generally also 
the liquid in solution form or otherwise, may 
contain other components as desired. 

Advantageously this second denser liquid 80 
is delivered to the mixture in a controlled 
fashion, preferably in a substantially non-
turbulent manner to minimise mixing of the 
denser liquid with the mixture. For instance 
the dense liquid may be delivered to the 85 
mixture preferably towards the base of the 
mixture, by means of a tubular probe. Thus 
the invention also includes automated appara-
tus for delivering the second denser liquid 
to the mixture in a controlled fashion. 90 

Accordingly apparatus for the separation 
of solid and liquid components of a mixture 
for use in the method of the present inven-
tion comprises automated apparatus for de-
livering a second liquid, of density inter- 95 
mediate between those of the solid and liquid 
components of the mixture, in a controlled 
fashion to form a discrete layer beneath said 
mixture, said automated apparatus compris-
ing a tubular probe for delivering said second 100 
liquid and automatic control means for intro-
ducing and advancing said probe towards the 
base of said mixture and delivering thereto 
said second liquid in a substantially non-
turbulent manner. 105 

After delivery of the second denser liquid, 
solid present in the mixture separates, con-
veniently under the action of gravity, into 
the lower layer of the denser liquid, and 
advantageously may be effectively cleaned 110 
and contamination by unbound tracer sub-
stantially removed as it passes through the 
second liquid. Subsequently further liquid or 
liquids of intermediate density and of pro-
gressively higher density may be delivered to 115 
form a further discrete layer or layers below 
the initial layer of the second dense liquid, 
and the addition of further layers of denser 
liquid is particularly desirable when the solid 
is required in a high state of purity, e.g. when 120 
it is required that there be minimal contami-
nation of the solid phase "bound" fraction by 
"free" labelled antigen or hapten. 

After separation of the solid and liquid 
components of the mixture the supernatant 125 
liquid component of the original mixture, 
alone or together with solid-free dense liquid, 
may be removed and further treated or dis-
carded as desired. Similarly as for the de-
livery of liquid to the mixture, the removal 130 
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of liquid is advantageously carried out in a 
controlled fashion, preferably in a substantially 
non-turbulent manner. 

The invention also includes apparatus for 
5 removal of supernatant liquid in a controlled 

fashion for use in combination with the afore-
mentioned apparatus for delivery of liquid. 
Similarly as for the automated apparatus for 
delivering the second denser liquid the 

10 apparatus for removal of supernatant liquid 
may also be readily automated. In a par-
ticularly preferred embodiment liquid is 
sucked from just beneath the surface and the 
tubular probe is advanced to keep in step 

15 with the fall in the liquid level, and in this 
way the surface layer is progressively removed 
in a "bacon slicer" fashion preferably with 
minimal stirring of the liquid and solid be-
neath. For instance the liquid may be sucked 

20 up, preferably from the top of the layers of 
liquid by means of a catheter or other tubular 
probe. Thus in an automated system there 
may be a plurality of tubular probes for de-
livery and removal of liquids, including wash 

25 liquid if desired, arranged in an appropriate 
gantry beneath which samples of mixture pass 
on a suitable conveyor, the whole typically in 
the form of an endless belt or other similar 
discrete sample system. In an automated 

30 system pneumatic piston and cylinder devices 
have been found to be highly satisfactory for 
lowering and raising the tubular probes to and 
from sample containers. These devices may 
conveniently be used in combination with a 

35 suitable sensing device, such as a photo-cell, 
which senses the arrival of a sample container 
and activates the device. 

Also the apparatus may include sample 
containers modified for use in the method 

40 of the invention. For instance the sample con-
tainer may be provided with a side arm or 
overflow means by which supernatant liquid 
may be removed. Alternatively the sample 
container may be in the form of two side by 

45 side compartments having a weir or barrier 
between them over which supernatant liquid 
can flow, thus effecting separation of the solid 
and liquid components of the mixture between 
the two compartments of the container. 

50 The type of labelling tracer which is used 
in a binding assay may influence the particular 
procedure or apparatus employed. Suitable 
labels include radionuclides, both y-emitting 
tracers such as radioactive iodine (I125) and 

55 j8-emitting tracers such as Tritium (H3), and 
in these cases it is desirable to monitor the 
tracers in the solid phase. Thus for example, 
in the case of y-emitting tracers, after separa-
tion of the solid into the lower liquid layer 

60 the sample container may be introduced to a 
well-type counter for direct 'counting' of the 
radioactivity. The supernatant liquid is pre-
ferably drawn off before introduction of the 
sample to the counter, though an appropriately 

screened and modified counter may be em- 55 
ployed. 

/̂ -emitting tracers are usually monitored by 
liquid scintillation techniques and thus either 
the tracer may be dissociated from the solid 
phase into solution with the liquid scintillator, 5 
or the solid phase itself may be held in sus-
pension in the liquid scintillator. Alterna-
tively the jS-emitting tracer may be monitored 
as a component of supernatant liquid phase. 
In a preferred embodiment, however, the 10 
solid phase incorporating j8-emitting tracer is 
allowed to separate into the lower layer of 
the second liquid, supernatant liquid together 
with solid-free dense liquid is removed, and 
a liquid scintillator containing a thixotropic 15 
agent is then jetted into the remaining liquid 
and rapidly gelatinises to hold the solid sus-
pended within it. Also the denser liquid itself 
may comprise a gelling agent such that the 
lower liquid layer slowly gelatinises becoming 20 
solidified only after the solid has precipitated 
into it, and the supernatant liquid may then 
be drawn off. 

Alternatively non-radionuclide labelling 
may be used, such as chromophore or fluor- 25 
escent labels attached to the antigen of 
hapten. Also enzyme or catalyst labels, such 
as those which may be used subsequently to 
generate a detectable signal such as a coloured 
compound, may be employed. Generally these 30 
non-radionuclide labels are monitored by tech-
niques such as colourimetry, spectrophoto-
metry or fluorimetry, in which case it may 
be desirable to determine the labelled material 
as a component of the supernatant liquid. 35 
Thus monitoring may be carried out with the 
supernatant liquid in situ in the sample con-
tainer above the layer of dense liquid or 
alternatively the supernatant liquid may be 
drawn off into a separate container for moni- 40 
toring or further treatment. For example the 
supernatant liquid itself may not initially con-
tain the substance which is monitored and it 
may be necessary to carry out some trans-
formation on or by the supernatant e.g. to 45 
produce a coloured compound, before the 
labelled material can be monitored. 

The invention is further illustrated in the 
following examples and description which 
refer to the accompanying diagrams in which: 50 

Figure 1 represents a modified radioactive 
counter holding a sample container in which 
the solid and liquid components of a mixture 
have been separated by the method of the 
present invention; 55 

Figure 2 presents automated apparatus in 
accordance with the present invention for 
delivery of a second denser liquid to a solid-
liquid mixture; 

Figure 3 represents diagrammatically the 60 
pulse-time pattern of the automatic control 
means of the apparatus of Figure 2; and 

Figure 4 represents automated apparatus 
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in accordance with the present invention for 
removal of supernatant liquid from sample 
containers after separation of the solid and 
liquid components of mixtures by the method 

5 of the invention. 

Example 1. 
Radioimmunoassay for Platelet 
jS-Thromboglobulin (BTG). 

After primary incubation with 125I BTG, 
10 1 nil aliquots of standard BTG of known 

concentrations in the range from 0.2 to 25.6 
g/ml are incubated in 75 X 17 mm tubes 
with an antibody to BTG coupled to Sepha-
rose 4B. After incubation the Sepharose 4B 

15 and supernatant are separated by the method 
of the invention as follows. 

1 ml of diluent is added to each sample 
tube followed by 6 ml of 10% w/v sucrose 
in water. The sucrose solution is added over 

20 a period of about 15 seconds through a stain-
less steel probe by means of a peristaltic 
pump. The outlet of the probe is positioned 
about 0.5 cm from the bottom of the sample 
tube, and the sucrose solution forms a discrete 

layer beneath the incubate. In this way the 25 
sucrose addition is carried out in a substan-
tially non-turbulent manner. The sample tubes 
are then left to stand for about 60 minutes 
during which time the Sepharose 4B together 
with bound BTG settles out of the incubate 30 
into the sucrose solution forming a deposit 
at the bottom of each tube. 

Each sample tube, in turn, is then placed 
in an auto-y-counter (Wallac Instruments 
Ltd.) modified as shown in Figure 1 and 35 
counted for a period of 49.9 seconds (this 
being the period required to yield 10,000 
counts from the total amount of l25I-BTG 
added to each tube). The sample tubes are 
then left to stand for a further 16 hours, 40 
and each sample tube is again counted. The 
results obtained are given in Table I, dividing 
the counts obtained by 100 giving the results 
in terms of the percentage of the total 123I-
BTG which had been bound in each case. 45 
The two sets of results are in good agreement 
demonstrating the remarkable stability of the 
sucrose/diluent interface. 

Amount of Standard BTG 

0 
0 
0 
0 

0.2 
0.2 

0.4 
0.4 

0.8 
0.8 
1.6 
1.6 

3.2 
3.2 

6.4 
6.4 

12.8 
12.8 

25.6 
25.6 

Controls without antibody 

TABLE 1 

Counts (in 49.9 sec) 

A after 1 hr. standing 

4617 -. x(% bound) 
4492 I 45 7 
4581 f 
4599 J 

3061\ „ „ 
3409 J i L i 

2657 X 2784/ 27'2 
j . 2 2 . 0 

j. 15.1 
J-10.4 
},, 

j- 4.8 
J- 3.5 

2117 
2286 

1469 
1552 

1103 
986 

706 
721 

465 
495 

346 
357 

B after 17 hrs. standing 

4584-t x(% bound) 
4474 I 4 5 . 1 4503 f 4496 
31101 3154/ 
2059 
2816 

2059 
2129 

y 27.3 

J. 20.9 

145l'X 14 5 1447 / 

979 
1001 

650 
665 

440 
458 

337 
321 

} 
} 
} 
} 

1 3 3 > 15 180/ 1 - 3 160 X 
149/ 

9.9 

6.6 

4.5 

3.3 

1.5 
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With reference to Figure 1 the y-counter 
has a well type detector into which the sample 
tube 1 enters. The detector is modified by 
placing a 2.5 cm length of plastics tube 2 in 

5 the bottom of the well and adding an annular 
disc 3 of lead screening material beneath 
customary annular plastics disc spill shield 4. 
In such an arrangement the source which is 
to be counted, the bound 125I-BTG linked 

10 to the deposit of Sepharose 4B 5 at the bot-
tom of the tube 1, is well within the detector. 
The free 125I-BTG present in the 2 ml layer 
of aqueous incubate 6 is separated from the 
detector by the intervening 6 ml layer 7 of 

15 10% w/v sucrose solution, and also the 
detector is shielded to a large extent against 
stray radiation from the free fraction by the 
disc 3 of lead screening material. For all 
intents and purposes the detector "sees" only 

20 radiation from the bound and not from the 
free fraction. 

Example 2. 
Radioimmunoassay for Human Follicle 

Stimulating Hormone (hFSH). 
25 A comparison of the separation of "bound" 

from "free" 125I-FSH by conventional centri-
fuge techniques and by the technique of the 
present invention is carried out as follows. 
After incubation of aliquots of the tracer 

30 (1MI-FSH) and primary antibody (guinea 
pig anti-hFSH) a solid phase second antibody 
(rabbit anti-guinea pig y globulin serum 
coupled to Sepharose 4B) is added to each 
incubate giving a total volume of 0.5 ml in 

35 each tube, and the tubes are agitated for 30 
minutes. Control tubes containing tracer and 
solid phase second antibody but no primary 
antibody are also prepared for the purposes 
of comparison. The tubes are then divided 

40 into three groups (A, B and C) and further 
treated as follows. 

(A) 6 ml of diluent is added to each tube 
in this group and the diluent is thoroughly 
mixed with the incubate. The tubes are then 

centrifuged at 2000 g for 5 minutes and the 45 
supernatant liquid discarded. A further 6 ml 
of diluent is added to each tube, the diluent 
mixed with the deposit, centrifugation re-
peated, the supernatant discarded, and the 
tubes are then counted using the Wallac auto- 50 
Y-counter as in Example I though without the 
modifications as in Figure 1. 

(B) 0.5 ml of diluent is added to each 
tube in this group and the diluent thoroughly 
mixed with the incubate. 1.2 ml of a 10% 55 
w/v aqueous solution of sucrose is then imme-
diately added to each tube using a stainless 
steel probe and peristaltic pump as described 
in Example 1. The tubes are left to stand for 
10 minutes during which time the solid bound 60 
Sepharose phase settles under the action of 
gravity into the sucrose layer. 1.2 ml of liquid 
(i.e. 1 ml of upper aqueous layer and the 
interface and about 0.2 ml of the sucrose) is 
then removed from the top of each tube by 65 
means of a glass tube connected to a water 
pump. The contents of each tube are then 
counted by placing them in an unmodified 
counter as in A above. 

(C) The tubes in this group are initially 70 
treated as are the tubes in Group B. Prior 
to counting however, 1.2 ml of 20% w/v 
aqueous sucrose solution is layered beneath 
the suspension of Sepharose in 10% sucrose. 
The tubes are then left to stand for a further 75 
10 minutes, the Sepharose settling under the 
action of gravity into the layer of 20% 
sucrose, and 1.2 ml of liquid is removed from 
the top of each tube. The delivery and 
removal of liquids is carried out in the same 80 
way as in Group B. The tubes are then 
counted using an unmodified counter as above. 
The results obtained are given in Table 2 
below, in terms of the percentages of total 
radioactively labelled hormone which is 85 
bound to the solid phase second antibody in 
each case together with results obtained from 
the control tubes. 

TABLE 2 

Amount of hormone 
bound to solid phase 
second antibody Controls 

Group A (centrifuged controls) 

Group B in situ system 1 wash 

Group C in situ system 2 washes 

36.9% Bound 

36.9% Bound 

34.3% Bound 

2.9% Bound 

1.8% Bound 

0.8% Bound 
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As can be clearly seen from Table 2 the 
results obtained from Group B (1 wash with 
a single 10% sucrose solution) are in excel-
lent agreement with those obtained by the 

5 conventional centrifugation technique. Also 
the results obtained from Group C (1 wash 
with 10% sucrose and 1 wash with 20% 
sucrose) show a small decrease, illustrating 
how a further sucrose wash may decrease 

10 the effect of non-specific intrusion of "free" 
125I-FSH into the "bound" Sepharose com-
ponent. 

The addition of a dense second liquid to 
the solid-liquid-mixture and subsequent re-

15 moval of supernatant liquid as outlined in 
Example 2 may be readily automated, and 
appropriate automated apparatus is now de-
scribed, by way of further illustration of the 
invention, with reference to the accompanying 

20 diagrams 2, 3 and 4. 
Figure 2 shows automated apparatus for 

addition of sucrose solution to a solid phase 
double antibody (DASP) aqueous mixture 
comprising a tubular stainless steel probe 10 

25 which may be automatically lowered and 
raised by means of a pneumatic cylinder 11 
and piston 12 device to introduce the probe 
10 to sample containers 26. The probe 10 is 
supplied with sucrose solution from a reservoir 

30 14 through a length of flexible plastics tubing 
15 by means of peristaltic pump 16. The 
probe 10 is located in a seating provided in 
a side arm 18 of the pneumatic cylinder 11, 
which is vertically slidable on its piston 12, 

35 which in turn is firmly held in fixed position 
by a connecting rod 19 passing through a 
seal in the lower end of the cylinder 11 and 
attached at its end to a firm base 20. The 
piston 12 divides the cylinder 11 into two 

40 compartments 21 and 22 each supplied 
separately with compressed air from a five 
port, solenoid operated, spring return, pneu-
matic valve 23. The solenoid 24 for the valve 

. 23 and the motor 25 for the peristaltic pump 
45 16 are each separately connected to suitable 

monostable time delay circuits (not shown) 
which supply electric pulses for appropriate 
periods of time and at appropriate points in 
time to lower the probe into the sample tube 

50 26 and deliver the required quantity of sucrose 
solution. The monostable time delay circuits 
are activated by a photocell 27 located at the 
sucrose addition station. 

In practice a sample tube 26 containing 
55 mixture is conveyed towards the sucrose 

addition station by the conveyor 28, and on 
arrival the tube 26 intervenes between the 
light bulb 29 and photo-cell 27 activating 
the monostable time delay circuits. The pulse-

60 time patterns of these circuits and of the 
photocell 27 are illustrated diagrammatically 
in Figure 3, wherein A represents the photo-
cell circuit, B the first monostable circuit 
activates the valve 23 and C the second 

65 monostable circuit which activates the peri-

staltic pump motor 25. Thus after an initial 
time gap ta the first monostable circuit 
switches on, activating the solenoid 24, mov-
ing the valve 23 and diverting the supply of 
compressed air from compartment 21 to com- 70 
partment 22 of the cylinder 11 which causes 
the probe 10 to lower into the sample tube 
26. The initial time delay tx is required as 
a finite time will elapse between sensing of 
the edge of the tube 26 by the photo-cell 27 75 
and the tube 26 taking up its correct position 
vertically beneath the probe 10. After a further 
time delay t2 the second monostable circuit 
switches on activating the peristaltic pump 
motor 16, and sucrose solution is delivered 80 
in a substantially non-turbulent manner via 
the probe 10 to the mixture in the sample 
tube 26. After a further period of time t; 
both monostable circuits switch off. The sole-
noid 24 is deactivated and the spring return 85 
moves the valve 23 back to its original posi-
tion diverting compressed air into compart-
ment 21 of the cylinder 11 which causes the 
probe to be raised from the sample tube 26. 
Also the current to the pump motor 25 is 90 
switched off and sucrose solution ceases to 
be delivered to the mixture. The solid phase 
double antibody (DASP) material 30 then 
settles under the action of gravity out of the 
mixture through the layer of sucrose solution 95 
31 to form a deposit 30 at the bottom of the 
sample tube 26. In this fashion the DASP 
material is separated from the supernatant 
liquid 32. 

Similarly Figure 4 shows automated 100 
apparatus for removal of supernatant liquid 
37 from above a layer of dense sucrose solu-
tion 38 and a deposit of separated DASP 
material 39, and similarly comprises a tubular 
stainless steel probe 40 which may be auto- 105 
matically raised and lowered by means of a 
free vertically slidable cylinder 41 and fixed 
piston 42 pneumatic device. The supernatant 
extraction apparatus is similar in construction 
and design to the sucrose addition apparatus 110 
of Figure 2. The peristaltic pump 43, how-
ever, is arranged to pump liquid from the 
sample containers 44 to a waste reservoir 45, 
and need not be connected to an on/off 
switching device but may be left to run con- 115 
tinuously. Also the extraction system is pro-
vided with a secondary solenoid operated, 
spring return, three port, pneumatic valve 46 
which is used to restrict the exhaust of air 
from compartment 47 of cylinder 41 thus 120 
controlling the velocity at which probe 40 is 
lowered into the sample tube 44. This further 
valve 46 is activated by a microswitch 48, 
or other suitable switching device, arranged 
to switch on the solenoid 49 controlling valve 125 
46 when the probe 40 has just entered beneath 
the surface of supernatant 37 in the tube 44. 
In this way the probe makes an initial fast 
approach into the tube 44 until it reaches just 
below the fluid surface and thereafter the 130 
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downward velocity of the probe 40 is reduced 
keeping it just below the surface as extraction 
takes place. Such an arrangement has been 
found to be particularly desirable for removal 

5 of supernatant liquid in a substantially non-
turbulent manner, causing minimal stirring of 
the sucrose and DASP material. 

Otherwise the arrangement of the extraction 
apparatus and mode of lowering and raising 

10 the probe 40 is similar to that of the sucrose 
addition apparatus of Figure 2. The appara-
tuses of Figures 2 and 4 may be used either 
separately or in combination in automated 
analytical systems according to the present 

15 invention. 
It will be appreciated, however, that the 

automatically controlled means for introduc-
ing dense liquid and removing supernatant, 
as oudined in the foregoing description, are 

20 only examples of the devices which might be 
used and other devices besides pneumatic 
devices are included within the scope of the 
invention. 

WHAT WE CLAIM IS:— 
25 1. A method of separating solid and liquid 

components of a mixture comprising a solid 
and a liquid, in which a second liquid, having 
a density intermediate between those of the 
solid and liquid components of the mixture, 

30 is delivered to the mixture to form a discrete 
layer above or below the mixture, and the 
solid separates into the layer of the second 
liquid. 

2. A method according to Claim 1, wherein 
35 the second liquid forms a discrete layer beneath 

the mixture and the solid separates into the 
lower liquid layer. 

3. A method according to Claim 2, wherein 
the solid separates under the action of gravity 

40 into the lower liquid layer. 
4. A method according to Claim 2 or 3, 

wherein the separation of solid into the lower 
liquid layer is assisted by centrifugal force. 

5. A method according to Claim 2, 3 or 
45 4, in which the second liquid of intermediate 

density comprises an aqueous solution of a 
highly hydrophilic and electrically non-polar 
solute. 

6. A method according to Claim 5, in 
50 which the second liquid of intermediate density 

comprises an aqueous sucrose solution. 
7. A method according to any of the pre-

ceding claims, in which the second liquid of 
intermediate density is delivered to the mix-

55 ture in a controlled fashion and a substan-
tially non-turbulent manner. 

8. A method according to any of Claims 
2—7, in which further liquid or liquids of 
intermediate density and progressively higher 

60 density are delivered to form a further dis-
crete layer or layers below the initial layer 
of the second dense liquid. 

9. A method according to any of Claims 
2—8, in which, after separation of the solid 

and liquid components of the mixture, the 55 
supernatant liquid component of the original 
mixture, alone or together with solid-free 
dense liquid, is removed and further treated 
or discarded as desired. 

10. A method according to Claim 9, b 70 
which the removal of liquid is carried out in 
a controlled fashion in a substantially non-
turbulent manner. 

11. A method of carrying out a binding 
assay technique in which a mixture consisting 75 
of solid phase comprising bound antigen or 
hapten and liquid phase comprising free anti-
gen or hapten is separated, in which said 
separation is effected by a method according 
to any of the preceding claims. 80 

12. A method according to Claim 11, in 
which the solid and liquid components of the 
mixture comprise a radioactively labelled 
tracer. 

13. A method according to Claim 12, in 85 
which, subsequent to separation of the solid 
and liquid components of the mixture, the 
radioactively labelled tracer is monitored in 
the solid phase. 

14. A method of carrying out an auto- 90 
mated analytical technique which includes the 
separation of solid and liquid components of 
a mixture comprising a solid and a liquid by 
a method according to any of Claims 1—10, 
in which, subsequent to separation, the solid 95 
or liquid component of the mixture is auto-
matically analysed. 

15. A method according to any of the 
preceding claims, substantially as hereinbefore 
described with particular reference to the 100 
accompanying examples, Example 1 or 2. 

16. A method according to any of the 
preceding claims, substantially as hereinbefore 
described with particular reference to the 
description following the examples. 105 

17. Apparatus for the separation of solid 
and liquid components of a mixture compris-
ing a solid and a liquid, which comprises 
automated apparatus for delivering a second 
liquid of density intermediate between those 110 
of the solid and liquid components of the 
mixture in a controlled fashion to form a 
discrete layer beneath said mixture, said auto-
mated apparatus for delivering the second 
liquid comprising a tubular probe for deliver- 115 
ing said second liquid and automatic control 
means for introducing and advancing said 
probe towards the base of said mixture and 
delivering thereto said second liquid in a 
substantially non-turbulent manner, in which 120 
the means for introducing and advancing the 
tubular probe comprises a pneumatic cylinder 
and piston device. 

18. Apparatus according to Claim 17 which 
further comprises automated apparatus for 125 
removal of supernatant liquid in a controlled 
fashion from above a layer of a second denser 
liquid into which the solid component has 
separated, said automated apparatus compris-
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ing a tubular probe through which said super-
natant liquid is removed, means for removing 
said supernatant liquid, and automatic control 
means for introducing said probe just beneath 

5 the surface of said supernatant liquid and 
advancing said probe to keep in step with 
the fall in the liquid level, in which the means 
for introducing and advancing the tubular 
probe comprises a pneumatic cylinder and 

10 piston device. 

19. Apparatus according to Claim 17 or 
18 substantially as hereinbefore described with 
particular reference to the description follow 
ing the examples. 

R. S. CRISPI, 
Chartered Patent Agent, 
Agent for the Applicants. 
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