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Method and apparatus for feeding a sample into a capillary 
electrophoresis apparatus 

s The invention relates to a method and a device for feeding a 
liquid sample into the capillary of a capillary electro­
phoresis apparatus. 

Electrophoresis is an electrochemical method by which it is 
10 possible to separate electrically charged particles, and by 

certain special methods also uncharged particles, in an elec­
trolyte solution, the size of the particles varying from the 
smallest ions and molecules to colloidal particles. The par­
ticles migrate in an electric field at different speeds depen-

15 ding on their electrical charge and other properties. In zone 
electrophoresis, the sample to be separated is placed as a 
narrow zone in the electrolyte solution, i.e. background solu­
tion. In the electric field the various components of the 
sample become separated as separate zones. In order for the 

20 zones not to spread excessively, convection of the background 
solution must be inhibited. In zone electrophoresis this is 
done, for example, by stabilizing the solution by paper, gel 
or some other supporting medium. 

25 The latest stage of electrophoresis development is capillary 
electrophoresis, which is one of the most rapidly progressing 
areas of application in analytical chemistry. In this method 
the background solution is in so narrow a tube, capillary, 
that the viscous forces of the liquid will inhibit convection. 

30 The inner diameter of the capillary usually ranges from 20 to 
100 µ.m. Electrophoresis is thus performed in a free solution; 
thereby disturbances caused by a supporting medium are eli­
minated. It is also easy to eliminate from the capillary the 
thermal energy generated by the electric current, and thus a 

35 high electric field can be applied, thus speeding up separati­
on. Furthermore, automation of capillary electrophoresis is 
easy. 
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In capillary zone electrophoresis, two reservoirs containing 

the background electrolyte solution are interconnected by a 

capillary tube which contains the same solution. Each reser­

voir is equipped with an electrode. The sample to be analyzed 

5 is introduced as a short zone into one end of the capillary. 

For the introduction of a sample the end of the capillary is 

usually transferred into one reservoir, and the desired amount 

of the sample solution is injected into the capillary, where­

after the capillary end is transferred back into the back-

10 ground solution. By means of electrodes in the reservoirs, an 

electric field is applied on the capillary, usually ranging 

from 200 to 1000 V/cm, under the effect of which the electri­

cally charged particles will begin to move in the capillary. 

The different particles will separate from each other if they 

15 have different speeds in the electric field. The particle zo­

nes will pass a detector at the other end of the capillary at 

different times, and their signals are measured. 

Capillary electrophoresis has many advantages, such as high 

20 separation speed, high resolution, and small required sample 

size. In order to achieve high resolution it is important that 

the sample can be introduced as a zone as short as possible 

into the capillary. The capillary volume in itself is very 

small, and the sample volume must be only a small proportion 

25 of the capillary volume. The problem of sample injection in 

capillary electrophoresis has not been solved satisfactorily. 

At present there are two methods used for sample introduction, 

the hydrodynamic method and the electrokinetic method. In both 

methods the capillary is first filled with a background solu-

30 tion, and for the time of sample injection the sarnple­

receiving end of the capillary is transferred into the sample 

solution, the amount of which must be sufficient for the ca­

pillary end to be immersed in it. 

35 In the hydrodynamic method, the sample is injected into the 

capillary by a pressure difference. The pressure difference is 

produced either by placing the capillary ends at different 

levels, whereby a hydrostatic pressure difference is produced, 
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or in a sealable sample reservoir overpressure is generated by 
means of gas, the overpressure injecting the sample solution 
into the capillary. The amount of sample passing into the 

capillary is controlled by the selection of the pressure dif-

5 ference and its effective time. 

In electrokinetic introduction of a sample, a capillary end is 
placed in the sample reservoir and the electrophoresis current 
is applied between the electrodes, whereupon the charged par-

10 ticles in the sample will begin to travel into the capillary 
at speeds depending on their specific mobilities. Furthermore, 

the entire sample solution will begin to flow into the capil­

lary under the effect of electro-osmosis. The sample amount 
transferred is a function of the electric field and the time, 

15 and it is different for substances with different electric 
mobilities. 

These known sample-introduction methods presuppose that the 
sample-receiving end of the capillary is transferred from the 

20 background solution into the sample solution, and after samp­
ling back into the background solution, and that there is a 
sufficient amount of the sample. The transfer steps are incon­

venient and affect the injected sample amount, and additional­

ly they are to some extent uncontrollable. The mere dipping of 
25 the capillary in the sample solution will cause a small amount 

of sample to be injected. In order for the introduction of the 
sample to be precisely controllable, it must be performed wit­
hout moving the capillary out of the background solution. 

30 US patent 5141621 discloses a capillary electrophoresis system 

wherein the sample-injection capillary and the separation 
capillary of the electrophoresis apparatus are fixedly linked 

to an interface chamber. The construction of the interface is 
difficult and the fixed interface complicates, for example, 

35 the replacement of the injection capillary and/or the separa­
tion capillary. Furthermore, in the system of the us patent, 
it is necessary to use pumping for pumping the sample solution 
through the injection capillary into the interface chamber or 
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into the separation capillary. In this case a much larger 

amount of the sample is needed than what is introduced into 

the separation capillary. 

s It is an object of the present invention to provide a novel 

method and device for use for introducing a sample into the 

separation capillary in capillary zone electrophoresis. It is 
a particular object of the invention to provide a method and 

device by means of which the sample can be injected into the 

10 capillary tube without moving the capillary out of the back­
ground solution. In addition, it is an object of the invention 
to provide a method and device the use of which will not re­

quire large amounts of the sample. To accomplish this, the 
invention is characterized in what is stated in the charac-

15 terizing clauses of Claims 1 and 9. 

The invention has the advantage that the sample-receiving end 

of the separation capillary need not be moved out of the back­

ground solution, and thus the introduction of the sample is 

20 sped up and facilitated, and the amount of the sample injected 

can be controlled with precision. Furthermore, the required 

sample amount is very small. 

The main principle according to which the injection method 

25 according to the invention works is as follows. Initially the 
inlet end of the separation capillary of the capillary zone 

electrophoresis apparatus is in a pure background solution. 

Electric current and electro-osmotic flow transfer a homo­

genous background solution into the capillary. In order to 

30 introduce a sample around the inlet end of the capillary, the 

sample solution is introduced in such a manner that, in the 
area of the end, the background solution is replaced con­

tinuously by the sample solution while contact with the elect­
rodes is maintained. After a selected period the sample solu-

35 tion is withdrawn from the vicinity of the capillary inlet 

end, and it is replaced by the background solution. The volta­

ge may be on all the time or during selected times. Thus samp­
le zones of precisely the desired size can be introduced into 
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the capillary. Hydrodynamic injection can also be performed 

according to this principle. 

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

Figure l depicts the principle of capillary zone electro-

phoresis; 
Figure 2 depicts a sample injection device according to 
the invention, having a fixed sample injection capillary; 

10 Figure 3 depicts a sample injection device according to 
the invention, having a movable sample-injection capillary; 
Figure 4 depicts one embodiment of the movable sample-in-
jection capillary according to the invention; 
Figure 5 depicts another embodiment of the sample - inject i -

15 on capillary according to the invention; 
Figure 6 depicts one further embodiment of the sample-in-
jection capillary according to the invention; 

Figure 7 depicts an embodiment of the movable sample-in­
jection capillary according to the invention, wherein a short 

20 sample-injection capillary is immersed in its entirety in a 
reservoir containing the background electrolyte. 

Figure 1 shows the general principle of capillary zone elect­
rophoresis. Each end of the separation capillary 1 is placed 

25 in a reservoir 2 and 3, which contain the background electro­
lyte solution 8. The reservoirs have electrodes 5 and 6, which 
are connected to a high voltage source 7. In addition, in con­
nection with the outlet end of the separation capillary 1 the­
re is mounted a detector 4, by means of which the particles 

30 separated in the capillary are detected. The detection can be 

performed, for example, on the basis of the absorbance of the 
sample. The sample travels through the capillary 1 past the 
detector 4 into the reservoir 3. The inner diameter of the 
separation capillary is typically approx. 25-100 µm. 

35 

In Figure 2, a, b and c, there is shown an embodiment of the 
invention in which the sample solution (N) is introduced into 
the vicinity of the capillary inlet end by means of a fixed 
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sample-injection capillary 9, the inner diameter of which is 
greater than the outer diameter of the inlet end of the capil­

lary 1 of the capillary zone electrophoresis apparatus. The 

difference between the said diameters of the capillaries is 
5 typically approx. 0.1-1 mm. In Figure 2, a, the end of the 

sample-injection capillary 9 is placed around the inlet end of 
the said separation capillary 1 in such a way that the ends 

overlap one inside the other. At this stage the sample­
injection capillary end in contact with the background soluti-

10 on may be full of the background solution. In b, it is shown 
how the sample solution (N) contained in the sample-injection 
capillary entirely surrounds the said inlet end, the back­
ground solution having been entirely replaced by the sample 
solution around the inlet end of the separation capillary 1. 

15 The sample is introduced for a predetermined time, whereafter, 

in c, the sample solution is withdrawn from around the inlet 
end of the separation capillary by means of suction via the 
sample-injection capillary 9, whereupon the sample solution is 
again replaced by the background solution 8. In the figure, 

20 the thinner arrows depict the direction of the electric cur­
rent and the electro-osmotic flow, and the thicker arrows de­

pict the travel direction of the sample solution in the 
sample-injection capillary. 

25 Figure 3, a, b and c, shows an embodiment according to the 
invention in which the sample solution (N) is introduced into 
the vicinity of the inlet end of the separation capillary 1 by 

means of a movable sample-injection capillary 10, the inner 
diameter of which is greater than the outer diameter of the 

30 inlet end of the separation capillary 1 of the capillary zone 
electrophoresis apparatus. The difference between the said 
diameters of the capillaries is typically approx. 0.1-1 mm. In 
a, the injection capillary, filled with the sample, is ready 

for being lowered into the injection position. The electro-
35 phoresis voltage is on, and the background solution is flowing 

into the separation capillary. In b, the sample-injection 
capillary is being introduced around the inlet end of the se­
paration capillary 1 in the background solution in such a man-
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ner that the ends will overlap one inside the other, whereupon 

the background solution will be replaced by the sample soluti­

on around the inlet end of the capillary 1. The sample is 

transferred into the separation capillary by means of the 

s electrophoresis current. The sample is injected for a prede­

termined time, whereafter, inc, the sample-injection capilla­

ry 10 is withdrawn from around the inlet end of the separation 

capillary. At the same time, sample solution may be sucked 

backwards in the injection capillary in order to avoid conta-

10 mination of the background solution. This is not, however, 

necessary, since the background solution can be maintained 

pure in a manner independent of the injection system. The 

amount of the· sample transferred into the separation capillary 

is determined by the speed of the electro-osmotic flow, the 

15 electrophoresis current and the injection time. The thinner 

arrows in the figure depict the direction of the electric cur­

rent and the electro-osmotic flow, and the thicker arrows de­

pict the travel direction of the sample solution in the samp­

le-injection capillary and the movement of the sample-injecti-

20 on capillary. 

Figure 4, a, b and c, shows an embodiment of the invention in 

which the sample solution (N) is introduced into the vicinity 

of the inlet end of the capillary 1 by means of a movable 

25 sample-injection capillary 10. The sample-injection capillary 

10 may also be fixedly mounted. In this embodiment, in the 

bottom of the electrode reservoir, in front of the inlet end 

of the separation capillary 1, there is a conduit 11 having a 

diameter greater than the outer diameter of the injection 

30 capillary. 

In Figure 4, b, the movable sample-injection capillary which 

contains sample solution is brought to the vicinity of the 

inlet end of the separation capillary in conduit 11 in such a 

35 manner that it will not block communication between the inlet 

end of the separation capillary 1 and the background solution. 

In b, the sample solution is being injected so that it will 

entirely fill the surroundings of the inlet end of the capil-
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lary 1. The sample will be transferred into the separation 

capillary 1 by means of either electric current and electro­

osmotic flow or suction generated at the other end of the 

capillary. The sample is injected for the desired time, where-

s after, in c, ·the sample-injection capillary 10 is withdrawn 
from the vicinity of the inlet end of the separation capilla­

ry. At the same time, solution may be sucked via the injection 

capillary in order to maintain the purity of the background 

solution in the electrode reservoir. However, this is not 

10 necessary, since, if it is to be expected that the background 

solution will be contaminated, it can be maintained pure in a 

manner independent of the feeding system. The thinner arrows 
in the figure depict the direction of the electric current and 
the electro-osmotic flow, and the thicker arrows depict the 

15 travel direction of the sample solution in the sample-injecti­

on capillary and the movement of the sample-injection capilla­

ry. 

In the embodiment of the invention shown in Figure 5, the up-
20 per end of the separation capillary 1 has been mounted so that 

its upper edge is at the same level as the bottom of the back­
ground solution reservoir. In the bottom of the background 
solution reservoir there is a protrusion 12 constituting part 

of the bottom. A movable injection capillary 10 has been lowe-

25 red into the injection position, and into the surroundings of 
the inlet of the separation capillary 1 there has been injec­

ted sample solution, which is beginning to flow into the sepa­

ration capillary under the effect of the electrophoresis cur­

rent. After a suitable time, any excess sample solution may be 
30 sucked off via the injection capillary 10 or in some other 

manner. 

In Figure 6, there is, in the bottom of the background soluti­

on reservoir, a depression 13 which constitutes part of the 

35 bottom, this depression guiding the movement of the injection 
capillary 10. The upper edge of the separation capillary end 
is at the same level as the bottom of the depression. The in­

jection of the sample is performed as in Figure 5. In the em-
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bodiments of Figures 5 and 6 the inner diameter of the injec­
tion capillary is substantially equal to or slightly greater 
than the inner diameter of the separation capillary. 

s In Figure 7, a, the injection capillary 10, equipped with an 
arm 14, is, filled with the sample, ready for being lowered 
into the injection position. The electrophoresis voltage is 
on, and background solution is flowing into the separation 
capillary 1. The arrows depict the flow. In b, the injection 

10 capillary 10 has been lowered to the inlet of the separation 
capillary 1 in such a manner that the ends of the capillaries 
are against each other. The injection capillary 10 is so short 
that it will be-completely immersed in the background soluti­
on, typically for example 2-10 mm. The sample is transferred 

15 into the separation capillary by means of the electrophoresis 
current. In the embodiment of Figure 7, the ratio of the inner 
diameter of the injection capillary to the inner diameter of 
the separation capillary may typically range from 0.1 to 2. By 
the selection of a smaller inner diameter for the injection 

20 capillary, a smaller sample volume is obtained. The sample 
volume may also be affected by the length of the injection 
capillary. 
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Claims 

1. A method for introducing a sample into the separation ca­

pillary ( l) of a capillary zone electrophoresis apparatus 

5 comprising two reservoirs (2, 3) which contain a background 

electrolyte solution (8), the reservoirs being interconnected 

by a capillary tube (1) which contains background electrolyte 

solution; electrodes (5, 6) located in the reservoirs, the 

electrodes being in contact with a high-voltage source (7); 

10 and a detector {4) at the outlet end of the capillary, charac­

terized in that the introduction of the sample is performed by 

means of a fixed or movable sample-injection capillary (9, 10) 

by placing the sample-injection capillary in the vicinity of 

the inlet end of the separation capillary (1) of the capillary 

15 zone electrophoresis apparatus in such a manner that the samp­

le solution (N) being in the sample-injection capillary (9, 

10), or being injected therefrom, will surround the said inlet 

end entirely, and after a predetennined time the sample-injec­

tion capillary is withdrawn from the vicinity of the inlet end 

20 of the capillary (1) of the capillary zone electrophoresis 

apparatus, whereupon the sample solution (N) will be replaced 

by the background solution (8). 

2. A method according to Claim 1, characterized in that the 

25 sample-injection capillary (9) is fixed, and its inner diame­

ter is greater than the outer diameter of the inlet end of the 

capillary (1) of the capillary zone electrophoresis apparatus, 

and the end of the sample-injection capillary is placed around 

the said inlet end in such a manner that the ends will overlap 

30 one inside the other, and after a predetermined time the samp­

le solution is withdrawn from around the inlet end of the ca­

pillary (1) of the capillary zone electrophoresis apparatus. 

3. A method according to Claim 1, characterized in that the 

35 sample-injection capillary (10) is movable, and its inner dia­

meter is greater than the outer diameter of the inlet end of 

the capillary (1) of the capillary zone electrophoresis appa­

ratus, and the end of the sample-injection capillary is placed 
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around the said inlet end in such a manner that the ends will 

overlap, one inside the other, and after a predetennined time 

the sample-injection capillary (10) is withdrawn from around 

the inlet end of the capillary (1) of the capillary zone elec-

5 trophoresis apparatus. 

4. A method according to Claim 1, characterized in that the 

inlet end of the capillary (1) of the capillary zone electro­

phoresis apparatus is in fixed contact with a conduit (11) 

10 fo::aned in the bottom of the electrode reservoir, the diameter 

of the conduit being greater than the diameter of the sample­

injection capillary (10), and the movable sample-injection 

capillary is introduced inside the conduit (11), into the 

vicinity of the inlet end of the capillary (1) of the capilla-

15 ry zone electrophoresis apparatus, and after a predetermined 

time the sample-injection capillary (10} is withdrawn from the 

vicinity of the said inlet end. 

5. A method according to Claim 1, characterized in that the 

20 inlet end of the capillary {l) of the capillary zone electro­

phoresis apparatus is in fixed contact with a conduit (11) 

formed in the bottom of the electrode reservoir, the diameter 

of the conduit being greater than the diameter of the sample­

inj ection capillary (10), and a fixed sample-injection capil-

25 lary is placed in the vicinity of the inlet end of the separa­

tion capillary (1} of the capillary zone electrophoresis ap­

paratus, and after a predetermined time the sample (N) is 

withdrawn from the vicinity of the said inlet end. 

30 6. A method according to Claim 1, characterized in that the 

upper edge of the upper end of the separation capillary (1) of 

the capillary zone electrophoresis apparatus is mounted at the 

same level as the upper edge of a protrusion (12} formed in 

the bottom of the background solution reservoir, and the end 

35 of a movable sample-injection capillary {10) is introduced 
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into the vicinity of the inlet end of the separation capilla­
ry, and after a predetermined time the sample-injection capil­
lary (10) is withdrawn from the vicinity of the said inlet 
end. 

?. A method according to Claim 1, characterized in that the 
upper edge of the upper end of the separation capillary (1) of 
the capillary zone electrophoresis apparatus is mounted at the 
same level as the bottom of a depression (13) formed in the 

10 bottom of the background solution reservoir, and the end of a 
movable sample-injection capillary (10) is introduced into the 
vicinity of the inlet end of the separation capillary (1), and 
after a predetermined time the sample-injection capillary (10) 
is withdrawn from the vicinity of the said inlet end. 

15 
8. A method according to Claim 1, characterized in that the 
end of an injection capillary (10) equipped with an arm (14) 
is introduced into the vicinity of the inlet end of the sepa­
ration capillary (1) in such a manner that the ends of the 

20 capillaries will be against each other, and that the injection 
capillary is completely immersed in the background solution, 
and after a predetermined time the sample-injection capillary 
(10) is withdrawn from the vicinity of the said inlet end. 

25 9. A device for introducing a sample into the separation ca­
pillary (1) of a capillary zone electrophoresis apparatus, the 
capillary zone electrophoresis apparatus comprising two reser­
voirs (2, 3) which contain a background electrolyte solution 
(8) , the reservoirs being interconnected by a capillary tube 

30 (1) which contains background electrolyte solution; electrodes 
(5, 6) placed in the reservoirs, the electrodes being in con­
tact with a high-voltage source (7); and a detector (4) at the 
outlet end of the capillary, characterized in that it comp­
rises a movable or fixed sample-injection capillary (8, 10) 

35 which contains a sample solution (N) . 
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10. A device according to Claim 9, characterized in that the 

inlet end of the capillary (1) of the capillary zone electro­
phoresis apparatus is in fixed contact with a conduit (11) 

formed in the bottom of the electrode reservoir, the diameter 

5 of the conduit being greater than the diameters of the sample­

inj ection capillary (10) and the capillary (1) of the capilla­
ry zone electrophoresis apparatus. 


