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ABSTRACT OF THE DISCLOSURE 
Method in counter?ow isotachophoresis. Into a column 

provided with two electrodes a sample comprising ions of 
diiferent mobility to be separated is introduced together 
with a ?rst electrolyte between the sample and one of 
the electrodes and a second electrolyte between the sam 
ple and the other electrode. These ?rst and second elec 
trolytes comprise ions of higher and lower mobility res 
pectively than the ions of said sample. A voltage is ap 
plied to the electrodes and a pressure is applied to one of 
said electrolytes. A boundary between zones of ions hav 
ing different mobilities is detected and from this detection 
a control signal is generated, said control signal control 
ling said pressure and/or said voltage. 

The present invention relates to a method in counter 
?ow isotachophoresis, in which a sample, containing ions 
of the same polarity which are to be separated, is intro 
duced into a column arranged between two electrodes, 
at which in that part of the column which is situated 
between the sample and that electrode towards which the 
ions in question are migrating when a voltage is applied 
to the electrodes, a leading electrolyte is introduced con 
taining ions of still the same polarity but with a higher 
mobility than that of the sample ions, and between the 
sample and the other electrode a terminating electrolyte 
is introduced containing ions of still the same polarity 
but with a lower mobility than that of the sample ions, 
and that the above mentioned leading electrolyte is sup 
plied to the column under a pressure so that the elec 
trolyte is made ?owing towards the sample. 

Isotachophoresis (Greek: iso=equal, tacho=speed) is 
an electrophoretic separatio? method which is more 
closely described in e.g. Anal. Chim. Acta 38 (1967) 
23 3-237, under the name of “Displacement Electrophore 
sis.” Isotachophoresis is principally carried out in that 
way that a sample containing a number of different ions 
with the same polarity is introduced into some type of 
column in which the sample is located between two elec 
trolytes, containing ions of the same polarity as those 
ions in the sample which are going to be separated, where 
at one of the electrolytes contains ions with a higher 
mobility than that of the sample ions and the other elec 
trolyte contains ions with a lower mobility than that of 
the sample ions. The electrolyte containing ions with a 
higher mobility, the so called leading electrolyte, is at 
that introduced in that part of the column which is con 
nected to the electrode, towards which the sample ions 
are migrating, and the electrolyte with the slower ions, 
the so called terminating electrolyte, is introduced at the 
other electrode. If a voltage is then applied to the elec 
trodes, the ions will be migrating in the column, at which 
the ions of the sample will be separated according to their 
mobility. The course thus obtained will be closer ex 
plained below. 
The essential advantage of isotachophoresis in compari 

son with conventional electrophoresis is that substantially 
smaller amounts of sample can be separated and that 
very sharp boundaries are achieved between the sepa 
rated zones of sample, the zones of sample thus not be 
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ing extended during the course of separation as in con 
ventional electrophoresis. A disadvantage is, however, 
that a long column is to be used in working with very 
small ions concentrations and in working with sample 
ions with very slight diiference in mobility, whereby very 
high potentials are required to give suf?cient ?eld strength 
in the column. The length of the column might, however, 
be considerably reduced if a counter?ow of the leading 
electrolyte is utilized, i.e. the leading electrolyte is pumped 
against the migration direction of the sample ions. (See 
e.g. Preetz and Preifer, Anal. Chim. Acta 38 (1967 ) 255 
260.) In that case a separation can be achieved without 
moving in the column the boundary between the sam 
ple and the leading electrolyte. By shortening the column 
the requisite ?eld strength can be obtained by consider 
ably lower potentials. The problem is, however, to choose 
the counter?ow and the electric current in the column in 
such a way that one of the zones, which are obtained 
when the sample is separated, is mainly immobile until 
the separation is completed and until an equivalence state 
has ensued. To solve this problem is hitherto proceeded 
in that way that the boundary between the leading elec 
trolyte and the ?rst zone of the sample is observated and 
the counter?ow is being adjusted e.g. by means of a ver 
tically adjustable reservoir, connected to the column and 
containing the leading electrolyte, as soon as the bound 
ary has any tendency to move in either direction. This, 
however, brings about that the device must be kept un 
der observation during all the separation course and it is 
further di?icult manually to accomplish the exceedingly 
small variations of the counter?ow which are necessary 
in order that the separation should not be disturbed. Thus 
the purpose of the present invention is to provide a method 
in counterflow isotachophoresis in which those disadvan 
tages are eliminated. 
The invention will now be closer explained with refer 

ence to the accompanying drawing in which 
FIGS. la and 1b schematically show how the different 

ions of a sample are separated, and 
FIG. 2, also schematically, shows a device for accom 

plishing the method according to the invention. 
In FIGS. 1a and lb the number 1 denotes a column in 

which an anode 5 and a cathode 4 are introduced. It is 
further assumed that the sample which is to be separated 
is introduced into that part of the column which is desig 
nated with S, and that the sample consists of salts con 
taining two diiferent anions C1- and C2", of which C1 
is assumed to have a higher mobility than C2—, and a 
common cation R+. The part of the column which is 
designated L is ?lled with the above mentioned leading 
electrolyte, which consists of anions A_ with a higher 
mobility than all the anions of the sample and a cation, 
designated R+, suitably common with the sample. The 
part T of the column which is turned towards the cathode 
is ?lled with an electrolyte which contains an anion B-, 
the mobility of which is lower than of all anions of the 
sample, and a cation R+, common with the leading elec 
trolyte. When a direct current voltage is applied to the 
electrodes 4 and 5 the cations will migrate towards the 
cathode 4 and the anions will migrate towards the anode 
5. As a result of the different mobilities of the anions a 
zonewise stepwise increasing potential gradient will then 
be obtained over the zones L, S, and T respectively. The 
potential gradient over the zone S will, however, lead to 
that the anions in the zone will be separated according 
to their mobility, so that those ions C," with the higher 
mobility will locate. themselves nearest to the leading elec 
trolyte, and those ions C2- having the lower mobility will 
locate themselves nearest to the zone T. Provided that a 
mainly constant current is forced through the column, the 
anions of the sample will thus be separated and after the 
separation the ditferent zones in the column will migrate 
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towards the anode 5 with a common speed which is de 
pendent on the mobilities of the ions A- and R't, at 
which a potential gradient is obtained, zonewise increasing 
from the anode on. The zones thus formed will be very 
stable since an anion which e.g. is ditfusing into an ahead 5 
lying zone with a lower potential gradient will get a lower 
speed so that it will be brought back to its original zone. 
In the same way an anion which is di?using into a rear 
zone because of the potential gradient present in that 
zone will be brought back into its original zone. A very 10 
good self-stabilizing of the Zone boundaries is thus 
achieved. In order to detect the different zones and their 
lengths the stepwise increasing potential gradient is suit 
ably utilized. For example the correspondingly stepwise 
increasing temperature on the outer surface of the column 15 
could be measured or the potential at one or more points 
on the column could be directly measured. Of course it is 
also possible, by means of the electrode, to measure the 
conductivity of the zones passing a certain point, and so 
far the separated substances are UV-absorbing, the UV- 20 
absorption could also be measured in conventional 
manner. 

As has been mentioned in the introduction it is, how 
ever, a disadvantage of the separation method described 
above, that a rather long column is required for the sep- 25 
aration, especially when the difference is small between 
the mobilities of the different ions in the sample, why 
in order to achieve the requisite ?eld strengths a very high 
voltage must be applied to the electrodes with accom 
panying problems of construction and of safety. The 30 
length of the column can, however, be considerably re 
duced, if leading electrolyte is continuously pumped to 
the column during the separation. The magnitude of the 
counter?ow can then suitably be chosen in a way that 
the boundary between the zones L and S principally is 35 
kept ?xed. The governing of the counter?ow in order to 
obtain this ?xation is hitherto carried out manually, gen 
erally by observing the zone boundary and according to its 
displacement, if any, the liquid level in a reservoir con; 
taining leading electrolyte has been raised or lowered. 40 
This procedure has, however, the drawback that the 
sample must be kept under permanent observation and 
further an incautious action on the liquid level might 
bring about that the magnitude of the counter?ow is 
altered in such a way that the separation is seriously 4.5 
disturbed. The purpose of the present invention is there 
fore to provide a procedure by means of which the coun 
ter?ow always is given such a value that a certain zone 
boundary is occupying a ?xed position. The invention 
will now be more closely explained with reference to FIG. 50 
2, which schematically shows a device for performing the 
procedure according to the invention. 

In FIG. 2 the number 1 denotes a column, which is 
arranged between an anode chamber 3 and a cathode 
chamber 2. In-the electrode chambers an anode 5 and 55 
a cathode 4 are respectively introduced and these are con 
nected to a current source 6. The column is further 
equipped with a multiway valve 7 by means of which the 
column could either be connected to the chamber 2 or 
to a sample injecting means 8. By this injecting means (30 
the sample can be introduced into a capillary between the 
terminating electrolyte, which is introduced into the 
cathode chamber 2, and the leading electrolyte, which is 
introduced into the anode chamber 3 and in addition into 
that part of the column which is situated between the 65 
valve and this chamber. That part of the column which 
is situated at the anode is further suitably equipped with 
a valve 10 via which leading electrolyte could be supplied 
or removed. Further, a diaphragm 20 is arranged between 
the column and the anode chamber 5 in a way that the 70 
column could be flushed with liquid without changing the 
circumstances in the chamber. With those polarities of 
the electrodes 4 and 5 which have been chosen in the 
?gure, it is then assumed that the anions of the sample 
are the subjects of separation. If the sample on the other 75 

hand would contain a number of di?erent cations the 
reverse polarity of the electrodes would of course be 
chosen. The device is further equipped with means for 
varying the counter?ow of the leading electrolyte. This 
means consist of a reservoir 11, in which a ?oater 13 can 
be moved up and down so that the liquid level in the 
reservoir and thus the pressure of the counter?ow can be 

' varied. A spindle 14 which is supporting the ?oater is 
introduced into an electromagnet 15 so that by varying 
the current in the electromagnet the ?oater is brought up 
and down in the reservoir. The governing of the current 
through the electromagnet is accomplished by means of 
a detection means 17 connected to the column. The detec 
tion organ can be thermocouple but can also consist of 
any other of the detecting elements which has been stated 
above in connection to FIGS. la and lb. The thermo 
couple is connected to an ampli?er 18, the output of 
which in its turn is connected to a governing device 19. 
This one is in its turn connected to the electromagnet 15. 
The signal from the thermocouple should then govern the 
counter?ow in order that a zone boundary, suitably the 
boundary between'the leading electrolyte and the ?rst 
sample zone, is mainly stationary at the thermocouple. As 
hinted above there will be obtained a temperature rise at 
this boundary which temperature rise also will cause a 
temperature rise on the outer surface of the column. Thus 
the governing device 19 should principally give an output 
signal which keeps the ?oater 13 in a ?xed position when 
the signal from the thermocouple corresponds to a tem 
perature which constitutes the mean value between the 
temperature in the leading electrolyte and that in the ?rst 
sample zone. A signal corresponding to a lower temper 
ature should further cause a slow decreasing of the coun— 
ter?ow by means of raising the ?oater 13, and a signal 
corresponding to a higher temperature should correspond 
ingly cause a slow increase of the counter?ow, i.e. a low 
ering of the ?oater 13. In this connection it should be 
stated that counter?ow governing by means of a vertically 
adjustable ?oater of course only is one example of vary 
ing the eounter?ow. A great advantage of the shown 
counter?ow governing is, however, that very small’ coun 
ter?ow alterations, free from pulsation, can be achieved, 
to a very inconsiderable extent disturbing the separation 
in the column. However, any pressure generating means 
could be generally utilized. As appears from the drawing 
the governing device 19 is also connected to a current 
source 6, and the purpose of this connection is that by 
varying the electric current in the column in dependence 
of the current from the thermocouple a certain zone 
boundary should be kept in a ?xed position. Of course it 
is also possible to ?x the zone boundary by alfecting both 
the counter?ow and the electric current. 
We claim: 
1. Method in counter?ow isotachophoresis comprising 

the steps of: 
introducing into a column provided with ?rst and sec 

ond electrodes a sample comprising ions of the same 
polarity to be separated, a ?rst electrolyte between 
the sample and said ?rst electrode and a second elec 
trolyte between the sample and said second electrode, 
said ?rst and second electrolytes comprising ions of 
higher and lower mobilities respectively than the ions 
of said sample; . 

applying a voltage between said ?rst and second elec— 
trodes, the voltage having such a polarity which will 
give the sample ions a tendency to migrate towards 
said ?rst electrode; 

applying a pressure difference between said ?rst and 
second electrolytes; 

detecting by a detection means a boundary between 
zones of ions having different mobilities; and 

obtaining a control signal from said detection means, 
the. control signal controlling said pressure in order 
to govern said boundary to move with a desired 
velocity. 
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2. Method as recited in claim 1, wherein said velocity 

is zero. 
3. Method in counter?ow isotachophoresis comprising 

the steps of: 
introducing into a column provided with ?rst and sec 

ond electrodes a sample comprising ions of the same 
polarity to be separated, a ?rst electrolyte between 
the sample and said ?rst electrode and a second elec 
trolyte between the sample and said second electrode, 
said ?rst and second electrolytes comprising ions of 
higher and lower mobilities respectively than the ions 
of said sample; 

applying a voltage between said ?rst and second elec 
trodes, the voltage having such a polarity which will 
give the sample ions a tendency to migrate towards 
said ?rst electrode; 

applying a pressure di?'erence between said ?rst and 
second electrolytes; 

detecting by a detection means a boundary between 
zones of ions having different mobilities; and 

5 

obtaining a control signal from said detection means, 
the control signal controlling said voltage in order 
to govern said boundary to move with desired 
velocity. 

4. Method as recited in claim 3, wherein said velocity 
is zero. 
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