capillary electrophoresis apparatus and capillary el ectropho

apparatus The invention relates to a nethod and apparatus by

a sanple can be 5 taken froma process and be anal yzed on-1ine w§a
capillary el ectrophoresis apparatus. Eleftrophoresis I's an el ectrochem cal
nmet hod by which electrically charged particles, and by certain specialized
nmet hods al so uncharged particles, in an electrolyte solution can be
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electric field. In capillary el ectrophoresis, the background sol ution

travels in a thin tube, capillary, the viscous forces of the liquid
preventing convection. The inner dianmeter of the 15 capillary is usually
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the capill ‘end and in the sanple zone and reduces the precision of the
method. It is also necessary to switch off the current for the duration of
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free solution, whereby any interferences caused by a carrier are eliminated. It is also
easy to remove from the capillary any thermal energy generated by the electric
current, and thus a strong electric field can be used, a factor which speeds up
separation. Furthermore, capillary electrophoresis is easy to automate.

*159159* 1 Method for analyzing a sanple froma process with mﬂam ,muw‘"

20 In capillary electrophoresis, two vessels containing a background electrolyte
solution are connected by a capillary tube containing the same solution. Each vessel
is equipped with an electrode. The sample to be analyzed is placed as a short zone at
the upstream end of the capillary. In general, for the feeding in of the sample, the
end of the capillary is transferred from the background solution vessel to the sample

25 vessel and back. This operation causes interferences and distortions in the
background solution in the area of the capillary end and in the sample zone and
reduces the precision of the method. It is also necessary to switch off the current for
the duration of the transfer of the capillary from one vessel to the other, which may
cause changes in the conditions of the run. The same disadvantages are caused if the

30 background solution is changed during a run.

The reactions occurring at the electrodes also change the composition of the
solution in the background solution vessels, and these changes may pass into the
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capillary, causing distortions in the parameters of the test series.



solution in the background solution vessels, and these changes nmay pass
into the capillary, causing distortions in the paraneters of the test
series. iummniai aum~~ *@0002* 2 Several researchers have presented
appar at us opti ons by neans of which the disadvantages stated above can in
part be elimnated. Virtanen, Acta Polytgghnica Scandi navi ca, Chemi stry

I ncluding Metallurgy Series, No. 123 (1974), pp. 1-67, as early as the
1960s used an injection technique that allowed the injection of a sanple 5
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passi ng of the reaction products, forned in the electrode reactions, into
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appar at us, &fsierdalfons, into the capillary is also prevented. In order to avoid a high
consumption of the background solution, the volume of the solution ducts has to be
20 minimally small. The design of the apparatus according to the present invention is
based on this principle. In the apparatus according to the patent, the test conditions
can be selected without limitation, and they can be changed freely during a run.
However, this arrangement has the disadvantage that it cannot be linked directly to
the process but the feeding in of a sample has to be carried out as a separate
25 function.

It is the object of the present invention to provide a novel method and apparatus for
the feeding of a sample into a capillary electrophoresis apparatus, whereby the
above-mentioned disadvantages can be eliminated and all the various applications
of capillary electrophoresis can easily be carried out using the same apparatus. In

30 order to achieve this, the invention is characterized in what is stated in the
characterizing clauses of Claims 1 and 9.

The method and apparatus according to the invention are thus suitable for on-line
monitoring of various processes. The fields of application that can be mentioned
include the food industry, the forest and paper industry, water purification plants,
35 and various processes monitoring the state of the environment. In addition, it is
possible to use the method in, for example, nursing and health care. It is clear that



above-nenti oned di sadvant ages can be elimnated and all the various
applications of capillary electrophoresis can easily be carried out using
t he sane apparatus. In 30 order to achieve this, the invention is
characterized in what is stated in the characterizing clauses of Clains 1
and 9. The method and apparatus according,to the invention are thus
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the apparatus according to the invention can also be applied in a
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example, for the analysis of water samples.

The method and apparatus according to the invention have the following further
20 advantages:

- the capillary electrophoresis technique (isoelectric focusing, electrochemical
chromatography of micelles, zone electrophoresis) can be changed in the
course of the separation of the analytes;

- the solvent can be changed easily and rapidly;
25 - the capillary may also be partly filled with a solid-phase material;
- it is possible to reverse the field in the course of the separation of the analytes;

- several separation capillaries together can be linked to the apparatus, in which
case the sample can be directed to several separation capillaries
simultaneously.

30 The invention is described below in greater detail, with reference to the
accompanying drawings, wherein




course of the separation of the analytes; - the solvent can be changed
easily and rapidly; 25 - the capillary may al so be partly filled with a
sol i d-phase material; - it is possible to reverse the field in the course
of the separation of the anal ytes; several separation capillaries together
can be linked to the apparatus, in which ,case the sanple can be directed
to several separation capillaries simnmultaneously. 30 The invention is
described below in greater detail, with reference to the acconpanying
drawi ngs, Jfigami h 4 Fi gur e depibepiactdetal dsft dhd oapiltalny: e.lapﬁrbplmryzsis apparatus
el ectrophoresi s appar at us e invention,
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The el ectrolyte solution to be used as the background solution flows from
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15 placed in expansions 5 and 6 continuing from the lower ends of narrow ducts 2 and
3 intended for feeding in various solutions and serving as capillaries. The diameter

of the expansions is preferably approx. 1-10 mm. These expansions 5 and 6

E

continue as waste ducts W1 and W2 to waste containers. The inner diameter of the
capillary ducts 2 and 3 is preferably 0.02-1.0 mm and more preferably 0.1-0.5 mm.

20 The electrolyte solution to be used as the background solution flows from
containers (not shown in the figures) via these capillary ducts 2 and 3 slowly past
both separation-capillary 1 ends towards current electrodes E located in the waste
ducts W1 and W2 and connected to a source of voltage, and finally exits the system
via the waste ducts to waste containers 7 and 8 (Figure 2). The waste containers are

25 located at a distance from the ends of the separation capillary 1, and the electrodes
E are preferably located at the downstream ends of the waste ducts W1 and W2,
whereby the passage of the electrolysis products formed on the electrodes to the
separation capillary is prevented, for example owing to the long and spacious waste
duct. The flow rate is adjusted in such a manner that the required conditions in the

30 separation capillary 1 are retained and additionally the passage of the electrolysis
products of the electrodes to the separation capillary is prevented.

The feeding end 9 of the separation capillary 1 is placed at a height H1 which is the
distance from the bottom of the expansion 5 to the junction of the expansion 5 walls
substantially parallel to the separation capillary 1 and the expansion 5 walls
35 substantially divergent to the separation capillary 1. The exit end 10 of the
separation capillary 1 for its part is located at a height H2 which is in Figure 1



ducts W/ and W2 and connected to a source of voltage, and finally exits
the system via the waste ducts to waste containers 7 and 8 (Figure 2). The
waste containers are 25 located at a distance fromthe ends of the
separation capillary 1, and the electrodes E are preferably located at the
downstream ends of the waste ducts W and;W2, whereby the passage of the
el ectrolysis products fornmed on the electrodes to the separation capillary
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Substantially in the vicinity of the exit end of the separation capillary 1 there is

20  placed a detector 4, by means of which the particles separated in the capillary are
detected. The detection can be carried out, for example, on the basis of the
absorbance of the sample. The operation of the entire apparatus can be controlled by
means of a microprocessor.

A pump may also be installed in a waste duct W2, in which case it operates
25  according to the suction principle. In this case, valves can be used instead of feeding

pumps, and the suction is produced by means of the suction pump in the waste duct.

The number of pumps and valves is elective, and it can be selected according to the

application used. If a high precision of the flow rate is not required, the pumps may

also be entirely replaced by valves and the flow can be produced by gravity or by
30 means of vacuum or overpressure prevailing in the solution vessels.

By the use of suitable pumps and valves, a closed or open capillary electrophoresis
can be carried out or a pre-calculated flow rate in the capillary can be produced.
With the apparatus according to the invention it is also possible to run various



Fi gures .4-6.. Substantially in the vicinity of the exit end of the
separation capillary 1 there is 20 placed a detector 4, by neans of which
the particles separated in the capillary are detected. The detection can be
carried out, for exanple, on the basis of the absorbance of the sanple.
The operation of the entire apparatus caq?be controlled by neans of a

m croprocessor. A punp nmay also be instalfed in a waste duct W2, in which
case it operates 25 according to the suction principle. In this case,

val ves can dheniisfidgradizheagndpulseedidig avhepend asfcthe epatatibhaapiliarprautinges by
means of the suction punp in the waste duct. The nunber of punps and
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st andard i : i
focused on the detection area 23 by means of a focusing piece 25. The focusing

piece 25 is guided by a spring 26. By means of the focusing piece 25, a ray of light,
or the like, used in the detection, can be focused on the separation capillary 1 in a
20 standardized manner.

Figure 4 depicts the apparatus according to the first embodiment of the invention.
The apparatus has a capillary electrophoresis unit 13, on the feed side of which
there is connected as a sample feeding system a selection valve 14. To the selection
valve there is, in turn, connected a sample loop 15, made of some suitable,
25 preferably insulating, material. A sample from the process is fed into the selection
valve 14 via a duct 16, there being between this duct and the process preferably one
or more sample collectors in series. It is possible to pre-treat the sample before its
being fed to the sample collector or thereafter, for example, to filter and/or dilute it.

The sample collectors may be made from, for example, steel, polyetherether ketone
30 (PEEK), silicon, or some other inactive material. The structures transporting the

solutions, for their part, may be tubes or grooves machined in the material. The

materials used may be, for example, glass, silicon, various polymers, or metals.

To the selection valve 14 there are also fed the electrolyte and various solutions,
such as washing and balancing solutions, via ducts 17, 18 and 19, respectively,



pi eces 11 and 12, which are attached to each other. The separation
capillary 1 is focused on the detection area 23 by neans of a focusing

pi ece 25. The focusing piece 25 is guided by a spring 26. By neans of the
focusing piece 25, aray of light, or the like, used in the detection, can
be focused on the separation capillary 14n a 20 standardized manner.
Figure 4 depicts the apparatus according to the first enbodi nent of the

i nvention. The apparatus has a capillary el ectrophoresis unit 13, on the
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In the first embodiment described it is possible to use the same pressure at both

20  ends of the separation capillary, or a small pressure difference, in which case it is
possible to manipulate the passage of the sample into the capillary. The flow rates
of the sample-feeding system and the liquid-treatment system, and the amounts and
pressures of the solutions can all be controlled together or separately.

Figure 5 shows the apparatus according to the second embodiment of the method.
25 This embodiment has seven parallel sample loops 15 located between the selection
valve and the feeding system for the electrolyte and for solutions. The sample, for
its part, is fed from the selection valve 14 directly into the capillary electrophoresis
unit 13. In other respects the apparatus is similar to the apparatus shown in Figure 4.

With the apparatus according to the second embodiment it is possible, with the help

30 of the parallel sample loops, to construct solution queues of the various solutions,
the queues being fed into the capillary electrophoresis unit. It is also possible to
equip the exit end of the separation capillary with such a sample loop series.

Figure 6 shows the apparatus according to the third embodiment of the invention.
The apparatus has a capillary electrophoresis unit 13, on the feed side of which
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20 to the invention can be varied within the protective scope of the patent claims.



10 shown in .Figure 4. The nmethod and apparatus according to the invention

t hus have several different enbodinents. Wien so desired, any of the
enbodi'ment's and run conditions can be selected and, when necessary, be
nodi fied during the run. When the apparatus according to the invention is
used it is easy to select and 15 inplemapnt the initial and limt
conditions for various el ectrophoresis applications. Furthernore, it is
possi bl e to use conbi ned nethods by changing the limt conditions during
an el ectrofllaimsi s run. CErtain applications of the invention are presented
above. The invention is, course, not restricted to the enbodi nents
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means of ae{@@dph@fdglﬁhﬁp(]‘gﬂﬁ(i)[%l s apparatus having a capillary

el ectrophoresi s unit (13) havi n - a separation capillary (1) - current
el ectroges (E) connec zf)urce of voltage, and - a detector (4)
substantially iaﬁePW@ 19Pc,°iam a§y the exit end (10) of the separation
capillary 1, the ends of the said separation capillary (1) being located in
expansi ons—(5, ceirentiglectvodds (i) rgnfieciad the sbureerofeadimgef arshpi | | ary ducts (2,
3), which expansions continue as waste ducts (W, W2) to waste containers,
the waste cont _@'d&%éc’ioxb?)%ﬂbét‘aﬁﬁﬁl?ﬂlﬂhe AcHiift 3N@e dxicdd p@)%fctﬁe b pdriion
separation capillary and the current el’ectrodes bei ng cat ed in
t he waste duct §al€‘$lﬁlj)’ preferably in the vicinity of their downstream
ends, characterized in that the sanple is fed into the capillary ducts (2,
15I 3) diredctd wnﬂsmﬂmbesaidosepafatidnr oatgnaltyhel)samgdwdateﬂsm Sepr@slt)ﬁseqs 6)
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(5) belng located in the waste ducts (W1, ), pre erab y in the vicinity of their
downstream ends, characterized in that the sample is fed into the capillary ducts (2,
15  3) directly from the process through the same duct as is the feed solution, by means
of a pump.

2. The method according to Claim 1, characterized in that the feeding end (9) of
the separation capillary (1) is located substantially at a height H1 which height H1
is the distance from the expansion (5) bottom to the junction of the expansion (5)

20 walls substantially parallel to the separation capillary (1) and the expansion (5)
walls substantially divergent to the separation capillary (1).

3.  The method according to Claim 2, characterized in that the exit end (10) of
the separation capillary (1) is located at a height H2 that is substantially smaller
than the placement height H1 of the feeding end (9) of the capillary (1).

25 4. The method according to Claim 3, characterized in that the exit end (10) of
the separation capillary (1) is placed at a height H2 that is 10-85%, preferably 20-
70%, of the placement height H1 of the feeding end (9) of the capillary (1).

5. The method according to Claim 1, characterized in that the diameter of the
expansions (5, 6) is preferably approx. 1-10 mm.
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nmet hod according to Caim2, characterized in that the exit end (10) of
the separation capillary (1) is located at a height H2 that is
substantially smaller than the placenent height H1 of the feeding end (9)
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ducts (W1, W2) to waste containers, which waste containers are located at a

distance from the ends of the separation capillary (1), and which current electrodes

(E) are located in the waste ducts (W1, W2), preferably in the vicinity of their

20 downstream ends, characterized in that the sample can be fed into the capillary
ducts (2, 3) directly from the process through the same duct as is the feed solution,
by means of a pump.



