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The present invention relates to the separation of 
chemical substances and more particularly to the separa 
tion of substances with similar properties such as homo 
logues, isomers and isotopes. 

It is well known that electrophoresis teaches the sep 
aration of chemical substances by passing an electric cur 
rent through a butler supported on a neutral medium, e.g., 
a paper tape wetted with bu?er on which the substances 
have been placed. In general, the positive ions in the 
substances move towards the negative electrical terminal 
and the negative ions towards the positive terminal there 
by separating the ingredients. However, when the sub 
stances to be separated have similar chemical properties 
with mobilities only slightly dillerent from each other, e.g., 
certain amino acids, the separation of such substances by 
Zone or paper electrophoresis presents a serious problem 
to the analyst. Attempts have been made to use two 
dimensional electrophoresis using both acid and alkaline 
buffers. A combination of paper chromatography with 
electrophoresis has also been tried. Still others have 
used high voltage electrophoresis between two large glass 
plates immersed in a cooling organic solvent. But, in no 
case has a clear separation of similar substances differing 
only slightly in mobility been achievable by means of 
electrophoresis alone. 
One of the major problems of long range electrophoresis 

is the phenomenon of electrophoretic equilibrium or mo< 
bility equilibrium. If electrophoresis is performed in a 
freely suspended stationary strip of paper, heat is gen 
erated and evaporation takes place. The buffer then ?ows 
from both electrodes towards the center of the strip or 
tape. Thus, if one stripes a marker (e.g., malachite 
green) near the negative electrode towards which it should 
migrate in an acid buffer, it will actually move backward 
toward the center of the strip, being pushed back by the 
buffer ?ow. On the other hand, if this substance is 
placed near the positive electrode, it will move much more 
rapidly than if placed at the center. If the current ?ows 
long enough, the two samples of malachite green will 
converge to form one stain and assume a position of equi 
librium where its rate of migration is just balanced by the 
buffer flow. This has been demonstrated for amino acids 
(Durrum, E. L., J. Am. Chem. Soc., vol. 73,-page 4875, 
1951). In attempting to separate amino acids therefore, 
once this time has been reached, there is no advantage 
obtained from further duration of the period of electro< 
phoresis. Of greater difiiculty is the fact that the pattern 
becomes compressed. This is so because if nearer the 
negative electrode, for amino acids in acid buffer, the 
faster amino acids are slowed down more than those he 
hind. 'If nearer the positive electrode, the slower amino 
acids are pushed ahead by the ?owing butter. Further, 
the pattern obtained is not reproducible in that the rate of 
migration will depend upon where the sample is ?rst 
striped, for periods of time less than that required to 
reach electrophoretic equilibrium. ,, 

Although many attempts were made to overcome the 
foregoing difficulties and other disadvantages, none, as 
far as I am aware was entirely successful when carried 
into practice for any practice application. 

It is an object of the present invention to provide an 
apparatus which will readily separate chemical substances, 
particularly substances with similar chemical properties 
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and close electrical characteristics and with 
slightly diilerent from each other. 
Another object of the present invention is to provide a 

method for the separation of chemical substances, partic 
ularly substances with similar chemical properties and 
with mobilities only slightly different from each other. 
The invention also contemplates providing a simple 

and convenient way of separating substances. 
vIt is also the purpose of the invention to provide an 

apparatus for the aforesaid purposes which is inexpensive 
to manufacture, of simple construction, and which can be 
operated by untrained or unskilled personnel. 
With the foregoing and other objects in view, the inven 

tion resides in the novel arrangement and combination of 
parts, in the details of construction, and in the process 
steps hereinafter described and claimed, it being under 
stood that changes in the precise embodiments of the in 
vention herein disclosed may be made within the scope of 
what is claimed without departing from the spirit of the 
invention. 

In its broader aspects, the invention contemplates an 
instrument which continuously moves an endless, elec 
trically conductive supporting medium in a direction op 
posite to the migration of the ions, the ions migrating in 
de?nitely until complete separation has been achieved. 
The invention will appear more clearly from the fol 

lowing detailed description when taken in connection with 
the accompanying rawings, showing by way of example, 
a preferred embodiment of the inventive idea. 
FIG. 1 is a longitudinal view of one type of apparatus 

contemplated herein; 
FIG. 2 illustrates a longitudinal view of another type 

of apparatus contemplated herein; 
FIG. 3 illustrates the results obtained on a densitometer 

when recording a tape having thereon certain amino acids 
with closely related mobilities which have been separated 
by the apparatus depicted in FIG. 2 and stained; and 
FIG. 4 illustrates the results obtained on the same 

densitometer when recording a tape having thereon certain 
other amino acids with closely related mobilities separated 
by the apparatus depicted in FIG. 2. 

mobilities only 

Generally speaking, the present invention contemplates - 
an instrument for the continuous separation of substances 
with similar but not identical electrophoretic mobilities 
by placing the substances to‘ be separated on an electrically 
conductive supporting tape. An electrical direct current 
is passed through an elongated portion of the tapetowards 
the central area of which elongated portion said substances 
to be separated have been placed, and the tape moved 
continuously by mechanical means in a direction opposite 
to the migration of the ions at a rate of speed somewhat 
of the order of the speed of migration of the ions of the 
substances being separated for an extended hourly period 
of time. This tape may have the edges impregnated with 
plastic, e.tg., polyethylene, and have sprocket holes cut 
therein for accurate guidance. The impregnation with 
plastic strengthens a fragile tape such as paper. Or, 
rollers may be used. 
According to one embodiment of the invention, there 

is provided an elongated box 10, preferably made of non 
condutcive electrical material, e.g., wood or plastic. A 
?at piece of plastic or glass not shown in the drawing acts 
as a cover for the box. At one end of the box is a feed 
ing reel ill. This reel holds the supporting medium which 
in the case of this embodiment is Whatman 3 paper 11/2 
inches wide; although, of course a plastic ?lm supporting 
a gel would do equally well. A cord made of nylon, silk, 
cotton, or other ?ber thread may also be used for the 
same purpose. To better illustrate the invention, supports 
for feeding reel 11 have been omitted from the drawing. 
The supporting medium 12 which is usually wound around 
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reel 11 beforehand is fed through slits 13, through guide 
rollers 14 and 15, made of non-conductive electrical ma 
terial, e.g., polyethylene. To apply tension to the sup 
porting medium, the rollers are held together with a spring 
16. From the guide rollers 14 and 15, the tape passes to 
the ?rst electrical contact roller 17. In the embodiment 
shown in FIG. 1, this roller was made of polyethylene 
around which ?lter paper had been wrapped and sewn in 
place" to act as a wick. Sintered glass rollers may be used 
for the same purpose. Roller 1'7 is so designed as to con 
tinuously supply buffer solution to the supporting medium, 
i.e., tape 12. The buffer solution 18 rests in a container‘ 
18a at each end of box 10. Electric power is supplied 
by power supplying means shown in block diagram in the 
drawing. The power supply for this embodiment is ade~ 
quate if it can supply ?ltered DC. voltage without ripple 
of the order of 90 to 500 volts. Associated with the 
power supply are the customary positive and negative 
terminals 21 which are adapted and designed to engage 
corresponding terminals in the frame. Attention is di 
rected to the fact that the terminals or sockets 21a and 
21b in the frame are not identi?ed as being positive or 
negative. This is because of the fact that the movement 
of the tape is unidirectional. And, since the direction of 
movement of the tape must be counter to the direction of 
migration of the ions of the substances being separated, 
the connection of the power supply terminals to the frame 
sockets 21a and 21b depends on the substances being sepa 
rated. The current from sockets 21a and 21b is fed to 
electrodes 2% located in buffer solution 18. These elec 
trodes advantageously may be made from platinum wires 
wound on a Lucite or polyethylene bar. Since the action 
of the electricity from the electrodes 2!) in the buffer so 
lution 18 produces substances, it is essential that these 
substances which are impurities be prevented from get-_ 
ting on to the tape 12 so as not to interfere with the sepa 
ration of the substances on the tape. This is accom 
plished by means of a ba?ie plate 19 which isolates the 
electrode. This ba?le plate is supported in the vicinity of 

r the electrode in the buifer solution a few millimeters from 
the bottom of the soltuion and thus allows electrical con 
tinuity. Thus, the electricity goes from the power supply 
to the terminal 21a; to the electrode 20 supplied by ter 
minal 21a; along the bottom of the bu?er 18; up wick 
roller 17, along tape 12 as far as the corresponding wick 
roller 17a which is identical to the ?rst described wick 
roller 17; down wick roller 17a to buffer 13 on the far 
side of the box, the buffer solution 18 on the near and far 
side being separated by a partition 18a; to the electrode 
20 on the far side, and back to the power supply. On 
the far side of the box, tape 12 passes through slits 13a 
to guide rollers 22 and 23 which are constructed similar 
to rollers 14 and 15. Guide rollers 22 and 23 are like 
wise retained by a spring 24 to apply tension to the tape 
which is wound on take up reel 26 by a slow moving 
clock motor 29. Preferably, the motor 29 acts on guide 
roller 22 which is a constant speed roller pinned to gear 
25 which is activated by gear 28 whose rate of rotation 
is in turn controlled by the constant speed motor, i.e., 
clock motor 29. A gear train arrangement is provided in 
connection with motor 29 which is adjustable, i.e., the 
gears may be shifted to change the speed. This type of 
motor is well known. 
a spring pulley 27, in engagement with roller 22. If 
instead of a liquid buffer, a plastic ?lm tape supporting a 
gel is used, the apparatus is the same except that the gel 
layer is placed on the bottom of the tape to make contact. 

This embodiment uses low voltages and currents so that 
the heat generated will not evaporate the liquid buffer 
medium, e.g., water and thus break the circuit. 

In this embodiment, the substances to be separated are 
placed towards the center of the tape and the phenomenon 
of electrophoretic equilibrium is partially overcome by 
moving the paper at a rate designed to keep the amino 
acids in the same position relative to the electrodes and as 
far from both electrodes as possible, i.e., near the center. 
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Thus, with two amino acids of similar, .but not identical 
mobilities, a separation is readily achieved. In connection 
with this embodiment however, relatively low voltages 
and currents must be used so that the heat generated will 
not evaporate the liquid buffer medium, e.g., water, and 
thus break the circuit. This requires therefore a rela 
tively longer run than the second embodiment herein de 
scribed. If a thickening agent such as methoxy cellulose 
or starch is added to the aqueous buffer, evaporation is 
retarded and somewhat higher voltages may be used. 
A better arrangement is that shown in the second em 

bodiment which utilizes a cooling medium so that higher 
currents and voltages may be used, achieving the desired 
separation in a shorter .time. As is apparent from the 
drawing, in the instrument depicted in FIGURE 2 cooling 
means are provided. 

Thus, there is provided a feed reel 31 containing the 
tape or supporting medium 33, i.e., a paper or gel, and 
fed into a box 35, advantageously a Te?on coated alumi 
num box or frame. Towards the opposing ends of the 
box are contact wick rollers 32a and 3215 whose function 
is identical to contact wick rollers 17 and 17a hereinbe 
fore described in conjunction with the ?rst embodiment. 
On both sides of the center of the instrument are idler 
rollers 34a and 34b. In the embodiment shown in the 
drawing, these are Te?on 1" diameter rollers. Under each 
contact wick roller 32a and 32b is some buffer 44 solu 
tion, e.g.,_ an aqueous solution, 1.5 normal with respect 
to acetic acid and 1 normal with respect to formic acid. 
As hereinbefore described, the electric current goes from 
one of the terminals, e.g., 45a to the electrode 47, under 
the bathe plate 46 designed to keep impurities from reach 
ing the tape 33, up roller 32a, along the tape to the other 
contact wick roller 32b, into the butter 44, under baffle 
46, to electrode 47 and out through terminal 45b. ' vIn 
FIG. 2 depicting this embodiment, the power supply has 
been omitted. On the far end of the instrument are pres 
sure rollers 36 and 36a advantageously Tygon coated. 
Pressure on the tape is maintained by spring 37 thus keep 
ing the tape level and without slack. The tape is wound 
on take-up reel 38. The tape may be wound on this reel 
by an arrangement shown in the drawing, namely, the 
motor 43 which is a very slow clock type arrangement 
moves gear 42 at a speed of 1~l4 inches per hour, the 
speed of course being adjustable depending on the mate 
rial being separated. Gear 42 in turn engages correspond 
ing gear or pinion .40 which is connected to take-up reel 
38 by means of spring pulley 39. An important feature 
of this embodiment is the cooling chamber 51 made of 
glass or polyethylene. This chamber is an elongated 
chamber disposed at right angles to the principal axis of 
the frame and in the center of the frame. The guide 

of chamber 51 and 
guide the tape in and out thereof. At the end of the 
chamber is another roller 50 to reverse the direction of 
travel of the tape. This roller 50 is maintained by 
Teflon coated metal rods 49. A cooling coil 48 runs 
through the chamber. Tap water or a refrigerated liquid 
is moved through cooling coil 48, not in electrical con 
tact with the system. When a heat transfer, inert and 
insulating ?uid 52, e.g., carbon tetrachloride, Freon, or 
octane is in the chamber, the tape 33 and substances or 
buifer'solution thereon will be cooled. By the use of this 
cooling chamber, much higher currents and voltages (of 
the order of 500 to 3000 volts) can be used than in the 
?rst embodiment described. The use of high currents and 
voltages materially reduces the time for separating the 
substances. Attempts to use cooling by circulating cooled 
inert gases were only partially successful. By direct con 
tact of inert heat transfer ?uid, best results were obtained. 

Attention is directed to the fact that in both embodi 
ments, the polarity of the input terminals 21a, 2117, or 
45:: and 45b must be reversible as it is much easier to do 
this than make the direction of travel of the tape revers 
ible. Thus, the tape will always travel in the same direc 
tion, but the polarity must depend on the polarity of the 
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substances to be separated and must be so that the direc 
tion of travel of the ions is opposite to the direction of 
travel of the tape. Thus, by moving the tape at the ap 
proximate speed of migration of the ions in-the substances 
being separated, the ions remain substantially in the same 
placet: Where many substances are present the pattern 
develops with time, some substances moving to one side 
ofroller 50, some remaining in the center of roller 50 
and some to the other side of roller 50, the separation 
spreading with time. 

In connection with the second embodiment, it is prefer 
able to use a paper tape immersed in carbon tetrachloride 
as the cooling medium. There is a much reduced buffer 
flow due to evaporation up to the surface of the carbon 
tetrachloride and it stops there. Thus, for the portion of 
the strip of tape immersed in the carbon tetrachloiide, 
the rate of migration is almost linear with time, and the 
longer one runs the current, the wider is the separation, 
provided the specimen remains submerged in the carbon 
tetrachloride. Runs up to 48 hours have been made with 
the instrument requiring minimal attention. The instru 
ment may be safely allowed to run overnight unattended. 
In practice, a strip of tape has been immersed in 45 cm. 
of carbon tetrachloride. Thus, the pattern may develop 
over 90 cm. of paper. Further, it is preferable to have 
some additional 10 cm. of paper on each side in air avail 
able before the contact roller is reached. Thus, the total 
?eld is 115 cm. over which the substances, e.g., amino 
acids ‘may spread. During a 24 hour run, 192 cms. of 
paper is pulled through the ?eld. In order to duplicate 
such a set up with a stationary run, one would need an 
instrument of 307 cm. length between electrodes. It 
would also be necessary to have siliconed glass pressure 
plates of this length and a voltage in excess of 5000 volts 
as compared with the 1800 to 2000 advantageously used 
in connection with the instrument depicted in FIG. 2. 
The overall length of this instrument from electrode to 
electrode is only 18 cm. as compared with 307 cm. re 
quired for a stationary instrument. If one were to com 
pare a 48 hour run on this instrument with a stationary 
set up one would have to double the voltage (in excess of 
10,000 volts) and more than double the length (499 cm. 
total). 
For the purpose of giving those skilled in the art a 

better understanding of the invention, the following illus 
trative example is given: 

Example ' 

The instrument described in connection with FIG. 2 
was‘. used for the separation of amino acids. All opera 
tions involving the handling of the paper were done using 
rubber gloves to avoid contamination. The instrument 
used was in a completely enclosed case. The drawings do 
not show the case merely to better depict the instrument. 
Four meters of Whatman #3 paper 11/2 inches Wide 

were wound on a removable reel. The reel was dipped in 
_ the butter and the excess solution shaken oil‘. In this case, 
the buffer comprised 80 ml. glacial acetic acid and 46 ml. 
of formic acid diluted to make one liter with Water. The 
reel was then replaced and the cooling chamber contain 
ing the carbon tetrachloride was removed. Regarding the 
carbon tetrachloride, this was made iron free by allow 
ing commercial carbon tetrachloride to stand over anhy 
drous sodium sulfate overnight, ?ltered through glass wool 
and distilled in an all glass apparatus. Unless the iron is 
removed from the carbon tetrachloride, the iron will 
aifect the results obtained as hereinafter explained. 
The moist paper was then drawn over contact roller 

32a, idler guide rollers 34a, 50, and 34b, over second 
contact roller 32!) and under pressure roller 36 which was 
lifted and the paper pulled through. The paper was 
wound on take-up reel 38 and reel 31, the feed reel was 
turned back until the paper was taut on the rollers. Ex 
cess moisture was wiped off from the paper with gauze, 
and a mixture of amino acids was applied with a pipet at 

' the bottom of roller 50. 
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6 
The carbon tetrachloride containing tank or chamber 

51 was then replaced and a voltage of 17 v./cm. (approx. 
2000 volts) was applied. The motor was started and set 
to run at 8 cm. per hour for the so called acidic and neu 
tral amino acids and at 15 cm. per. hour for the basic 
amino acids. The actual rate depends on the buffer used. 
Tap Water was allowed to ?ow through the coil and into 
a drain at a rate suitable for maintaining the carbon tetra 
chloride at room temperature (approx. 22~25° C.). Sat~ 
isfactory runs for the separation of the 15 most common 
acidic and neutral amino acids took from 18 to 24 hours. 
At the end of the run, the current was disconnected, the 
carbon tetrachloride tank or chamber removed, and the 
paper Was slit at the contact rollers. The paper was dried 
in an oven maintained at 75° C. on cotton gauze or sus 
pended from Te?on supports. The dried paper was then 
dipped into a color developing mixture and again allowed 
to dry and heat at 75° C. until the colors were developed 
some 10 to 15 minutes after drying. 
As a color staining solution 2 grams of ninhydrin and 

300 mg. of hydrindantin were dissolved in 500 ml. of 
absolute ethyl alcohol. This reagent is stable in the re 
frigerator inde?nitely. Just before use, 10 ml. of glacial 
acetic acid and 8 ml. of collidine were added to 50 ml. of 
this solution. ' ' . 

A curve was prepared using a densitometer with 1 mm. 
light slit with suitable light ?lters, by passing the paper 
through and plotting absorbance vs. distance. The results 
are shown in FIGS. 3 and 4 which are typical of such 
curves. Concentration is estimated by the area under the 
curves as compared with a standard for a particular amino 
acid. 
While the instrument of FIG. 1 may be made of Lucite, 

this is not so for the instrument of FIG. 2, because of the 
effect of solvents on Lucite. Te?on is preferred, but poly 
ethylene is satisfactory and much less expensive.‘ Thus, 
the rollers, frame and containers,'including the chamber 
or jar for holding the carbon tetrachloride may all be 
made of polyethylene. No iron may be present in the 
system since it will dissolve and serve to increase the con— 
ductivity thus resulting in overheating. Further, iron will 
change the color of the stains and cause fading. For these 
reasons, the axles on which the rollers'turn are made of 
Te?on and the carbon tetrachloride needs to be redistilled. 
Even analytical grade of carbon tetrachloride often con 
tains some iron. . ' 

Where a mixture of all the common amino acids are 
present two runs may be performed simultaneously with 
two instruments but with one power supply. For the 
basic amino acids (arginine, lysine, histidine) the take-up 
reel is run at approximately 15 cm. per hour, the exact 
rate varying with the pH and the concentration of the 
buffer. The neutral and acidic amino acids pile up at the 
positive electrode and the three amino acids are isolated 
in the vicinity of the center» roller 50 of FIG. 2. In the 
second instrument the take up reel is run at 8 cm. per 

_ hour. In this case the basic amino acids are removed 
from the ?eld, piling up at the negative electrode. 
With a single instrument, two sequential runs may be 

made. At 8 cm. per hour for the take up reel, the neutral 
and acidic amino acids are kept in the ?eld and separated, 
the paper is cut at the carbon tetrachloride interface, on 
the negative side, for development of color. A fresh strip 
of paper is sewn to the remaining paper near the negative 
contact. The paper is pulled through to place the basic 
amino acids around the center roller 50 and electropho 
resis is continued for their separation. > - 

The heat transfer medium contained in the jar 51 of 
FIG. 2 is preferably one which is heavier than Water and 
not ?ammable.’ Further, it should have some volatility 
otherwise it will slowly creep up the paper and eventually 
foul the electrodes. It should not react with or dissolve 
the material being analyzed, under the conditions of the 
experiment and should not affect the staining process. 
Carbon tetrachloride, free of iron is suitable for the sep 
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aration of amino acids. Heptane, kerosene, and various 
fluorinated hydrocarbons, e.g., Freon-TR, 

CChE-CCIFZ 
were tested. The aliphatic hydrocarbons have a tendency 
to creep on the paper and are a ?re hazard. The ?uori 
nated hydrocarbons have no advantage over carbon tet 
rachloride for this particular purpose. 
The instrument of the example was operated in a cold 

room at various temperatures down to‘ 4° C., no advantage 
was found in the degree of separation. A disadvantage, 
was the collection of moisture at the surface of the carbon 
tetrachloride with resulting partial shorting of the system. 
A further disadvantage was turbulance produced in the 
pattern probably due to the steep temperature gradient 
between the outer surface of the jar or chamber and the 
paper. This caused more rapid circulation of the carbon 
tetrachloride with resultant disturbance of the patterns. 
The portion of an electropherogram of ninhydrin 

stained paper strip shown in FIG. 3 illustrates the separa 
tion of threonine, leucine, isoleucine and valine by the 

' instrument of the example, i.e., of FIG. 2, the buffer being 
80 ml. glacial acetic acid and 46 ml. formic acid to one 
liter with water. The plot is that of absorbancies vs. 
distance on paper in centimeters. Alanine and glycine 
are to the right of the diagram shown, widely separated. 
The factors of importance are: time, 20 hours; 17 v./cm.; 
take up speed 8 cm./hour. FIG. 4 should be integrated 
with FIG. 3 and shows a portion of an electropherogram 
of ninhydrin stained paper strip illustrating the separation 
of tyrosine, aspartic acid, cystine, phenylalanine, glutamic 
acid, methionine, proline and threonine. 
The scan of the electropherogram separating leucine, 

isoleucine and valine as shown in FIG. 3 illustrates the 
efficiency of the instrument in achieving separations which 
have not been possible before by electrophoresis. On the 
original strip, three separable distinct spots are observed. 
FIG. 4 complements FIG. 3 in that the slower neutral and 
acidic amino acids are clearly separated. Each amino 
acid is distinctly separated as seen on the original paper. 
White light was used in the scanner. For higher peaks, 

, tyrosine, cystine, phenylalanine and proline which pro 
duce colors of lower absorbancies with white light need 
to be read with different ?lters. The amino acids of FIG. 
3 are readily separated from those of FIG. 4 on the same 
strip, therformer being much more mobile. Threonine is 
included in FIGURE 3 to integrate this pattern with that 
of FIGURE 4. Similarly, tryptophane, glycine and ala 
nine run much more rapidly than valine and are readily 
separated on the same strip. By proper choice of bu?er, 
serine can be made to run either between threonine and 
leucine, or isoleucine and valine, on the same strip. The 
relative mobilities of the amino acids is thus markedly 
affected by change in pH and concentration of bu?ers. 

It is to be observed therefore that the present invention 
provides for an apparatus or instrument for the separa 
tion of substances whose electrical ions have slightly dif 

. ferent rates of electrophoresis mobility or migration, e.g., 
certain amino acids, comprising in combination; an elon 
gated frame adapted to de?ne the limits of an electrically 
conductive absorbent carrier medium or tape 13 and 33; 
feed means 11 and 31 at one end of said frame to con 
tain and feed out a continuous even supply of said carrier 
medium; guide means along said frame to guide said 
carrier medium along the length thereof; electrical ter 
minal 21a, 21b or 45a, 45b, including circuits associated 

V with said frame, adapted to provide positive and negative 
electricity to opposing ends of said frame, either terminal 
being adaptable to be either positive or negative; 21 contact 
17, 17a, 32a, 32b, engaging said carrier medium at each 
of said opposing ends, associated with each of said ter 
minal circuits; take-up means 26 and 38 at the other end 
of said frame adapted to take up and retain said carrier 
medium; and slow moving motor means 29 and 43 for 
continuously moving said carrier medium at a» uniform 
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slow speed somewhere of the order of the speed of the 
electropheresis migration of the chemical substances to 
be separated.- Advantageously, there can also be provided 
a cooling means intermediate said contacts in the path of 
travel of said carrier medium for cooling said carrier 
medium, e.g., a cooling chamber 51 having electrical-$0001 
ing elements 48 therein. By placing an absorbable mix 
ture of substances whose ions have similar but not iden 
tical electrophoresis migratory mobilities, e.g., amino 
acids, on said absorbent carrier medium towards the center 
of said frame, passing a direct'electrical current through 
said terminals and circuits, and moving said carrier me 
dium in a direction opposite to the direction of movement 
of the ions of said substances at a speed of the order of 
the rate of electrophoresis migration of said ions for a 
sufficient period of time, separation of said substances is 
achieved. 
The cooling chamber may take on different shapes. In 

one variation the paper is made to move down, then up, 
down again and finally up, by means of three idler rollers, 
thus shortening the length of cooling chamber 51. 

It is to be noted that the present invention is not to be 
confused with other devices or arrangements of the prior 
art herein explained. This technique of continuous anti 
dromic electrophoresis as used with the instruments shown 
in the drawings and described in the example has the 
advantage of the ability to perform separations not attain 
able before by electrophoresis. It has the further ad 
vantages of compactness, lower voltages, approximately 
linear rates of migration, and ease of construction and 
operation. Furthermore, although the present invention 
has been described in conjunction with preferred embodi 
ments, it is to be understood that modi?cations and varia 
tions may be resorted to without departing from the spirit 
and scope of the invention, as those skilled in the art will 
readily understand. Such modi?cations and variations 
are considered to be within the purview and scope of the 
invention and appended claims. 

I claim: 
1. An instrument for chemical identification, for the 

separation of substances whose electrical ions have slightly 
different rates of electrophoretic migration, the separations 
being reproducible and at constant relative distances from 
each other, comprising in combination; an elongated frame 
to de?ne the limits of an electrically conductive absorbent 
carrier tape; a feed reel at one end of said frame to con 
tain and feed out a continuous even supply of said carrier 
tape; guide rollers towards said one end of the frame to 
maintain saidcarrier tape suspended along the length of 
said frame; a pair of buffer solution containers'towards 
opposing ends of said frame; electrical terminals in said 
frame, lead lines from said terminals to electrodes which 
enter said containers to provide positive and negative 
electricity to a buffer solution in said containers; impurity 
retaining means adjacent said electrodes in said containers 
preventing impurities formed by the electrical activity 
from being carried along in a buffer solution in said con 
tainers; wick roller contacts for evenly moistening the 
buffer solution onto the carrier tape and conducting elec 
tricity onto and off said tape, said contacts being housed 
in said containers at opposing ends of said frame; a take 
up reel at the other end of said frame to take up and 
retain said carrier tape; rollers for moving said carrier 
tape towards said other end; slow constant speed moving 
motor means and gearing coupling said motor means and 
rollers for continuously and constantly moving said car 
rier tape at a uniform slow speed somewhere of about the 
speed of electrophoretic migration of the substances to be 
separated; a cooling chamber intermediate said wick roller 
contacts, to contain an inert heat transfer ?uid; and, a 
cooling coil in said cooling chamber to circulate a cooling 
fluid maintained at a constant temperature. ’ 

2. An apparatus for the repeated separations of sub 
stances whose electrical ions have slightly different rates of 
electrophoretic migration, the separations being repro 
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duced and at constant relative distances from each other, 
comprising in combination; an elongated frame to sup 
port and de?ne the limits of an absorbent elongated sup 
porting medium for absorbing an electrically conductive 
buifer solution, said frame also de?ning a bu?er solution 
container towards each end thereof to retain a buffer so 
lution therein; feed reel means at one end of said frame 
to contain and reel out a continuous even supply of a long 
?exible supporting medium; guide means along said ‘frame 
to guide said supporting medium along the length thereof; 
electrical terminals in said frame, lead lines from said 
terminals to electrodes which enter said containers to pro 
vide positive and negative electricity to a buffer solution 
in said containers; contact means separated by a ?xed dis 
tance for engaging said supporting medium towards each 
end of said frame to supply electric current to said sup 
porting medium by evenly moistening said supporting 
medium with said bu?er solution; reel take-up means at 
the other end of said frame to take up and retain said 
supporting medium; constant speed motor means including 
a driven means for continuously moving said carrier me 
dium at a uniform slow speed of about the speed of elec 
trophoretic migration of the chemical substances to be 
separated; and, cooling means intermediate said contact 
means in the path of travel of said supporting medium, 
for maintaining said supporting medium at constant tem 
perature. 

3. An apparatus as claimed in claim 2 including a car 
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rier tape extending across said frame between said feed ' 
reel and reel tape-up means. 

4. An apparatus as claimed in claim 3 including a gel 
coated supporting medium supported by said frame be 
tween said feed reel means and said reel tape-up means. 

5. An apparatus as claimed in claim 3, said contact 
means being wick roller contacts. 

6. An instrument as claimed in claim 3 having an elon 
gated cooling chamber intermediate said contact means 
for engaging said supporting medium, said elongated 
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chamber being disposed at the center of said frame, sub 
stantially at right angles to said frame; guide rollers on 
both sides of said chamber changing the direction of travel 
of said tape in and out of said chamber by about 90 de 
grees; guide means in said chamber reversing the direction 
of travel of said tape; and cooling conducting elements 
in said chamber, said chamber being designed to contain 
chemically non-reactive electrically coolable cooling me 
dium to cool said tapes as it travels through said chamber 
and maintain it at a constant temperature. 
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