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Note 
- 

lsotachophoresis on paper 

Part I. InvestAgation of general conditions and separation of some 
inorganic anions 

Tsotacliopliorcsis is a relatively new term for an electromigration nictliod in 
which tlie analogue of clisplacement chromatography is usccl in clcctromigration scpn- 
rations. Experiments based on this principle dntc from the Igzos, but the renewccl 
interest in it is clue mainly to the work of MARTIN Ax11 IWI:RAERTS~, aid Evmmrcrs 
twm VIxxWIxGT:N~, who inclucled the use of thin capillaries for clcctrcmigration ancl 
coupled the method with modern instrumcntntion and recorcling mcthocls, 

In recent years thcrc liavc also been published a number of papers clcaling wit11 
column, thin-litycr and membrane isotachoI~hc~rcsis nf4, but to our knowlcclgo r;lobocl> 
has csamincd the possibilities of an isotacliophorctic nrrangcmcnt on filter-paper in 
one of tllc usual paper elcctrophorctic arrangements. This paper reports our finclings 
on this aspect as well as some scparatioiis of niisturcs of inorganic anions. 

A simple low-voltage apparatus was constructed wit11 Wllil,ttll~Lll No. I filtcr- 
paper strips (57 x G cm) sanclwichecl between 3 mm thick glass plates (50 x 7 cm) 
Iicld together with clamps. The clcctrophoretic runs wcrc performed at room tcmpcr- 
ature, which was 20 & 2’ during all esperiinciits. A @xmtial of 400 V applied for 
3 ii was used in the majority of cspcrimcnts, aricl this caused no noticeable warming 
up of the glass plates. 

Our cxperinicnts were plannccl by selecting leacling ancl tcrrninating clcctro- 
lytes from tables of ionic mobilities or cquivalcnt concluctances at infinite dilution6. 

The sc/x~mtio~~rs of CNS- mtl BrO,- usitrg a- cls the Ccm%tg mrd ncctntc as Ihe 
tevstuhnti~~g clcctvolyte. We chose this system of monovalent anions on the basis of the 
data for equivalent conductances at z$’ (Cl- = 76, CNS- = 66, BrO,- = 55.7 ancl 
acetate = 40.9) as well as of the case of clctecticn of CNS- with ITea+ ions ancl BrO,,- 
with KI-HCl without interfercncc from each other. Solutions of tlicir sodium salts 
of 0.1 iV concentration were prepared and paper strips were imprcgnatcd as uniformly 
as possible with zones of the leacling electrolyte, the terminating electrolyte and 
mixtures of CNS- and BrO,-, The results of clcctrophoretic runs with various ratios 
ancl concentrations of CNS- and BrO,- and various zone lengths are shown in Fig. I, 
In all instances sharp fronts were formccl at the front and rear of the CNS- and 
BrO,- zones and by inspection it seemed evident that “equilibrium conditions” had 
been reached. 

However, only a semi-quantitative correlation between zone length ancl con- 
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Fig. 1. .Ikwtncl~oplmrctic qxwtttion of tlli0cyan:rt.c and tromatc. Leacling clcctrolytc Cl-, 0.x N: 
tcrminnting clcctrolytc Cl-I&00-, 0.1 N; tinic 3 11; potcntinl400 V: run 21-27 cm. Sumylc compo- 
sition : mixture of CNS- Rlicl ?3rO,- in various rirtios and conccntrntions: (n) CNS- 0.1 N nncl .UrO,- 
0.1 N (1:x): (t) CNS- 0,x iV and 13rO,- O,I N (g:r); (c) CNS- 0.1 N nncl UrO,- 0.1 N (1:9): (cl) 

CNS- o,z N and UrO,- 0.2 iV (I :I) : (c) CNS- 0.0s N and DrO,- 
CNS- nncl I-ICI-K1 for 13rO,-. 

0.05 N (I : I), Dctoction : IW+ for 

centration was obtained and we feel that this is clue mainly to the rather crude 
method of applying the various clcctrolytes to the paper. 

Th scjbavation of chromate nml molpybdate zcsisg thioszcl~hntc as t/w leatliug nttd 
oxdnt~ as the terwimti9rg cfdctrolyte, Good separations with sharp boundaries were 
again obtained with various ratios and concentrations of ions, as shown in Fig. 2. 

Fig. 3 shows attempts to use sulplmtc as a “spacer” between CrO,+ and IMoO,,~‘. 
TIw length of the sulphtc zone is shorter than would be expected from its concen- 
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Fig. 2. Isotacliopliorctic scparntion of chromntc nnd niolybdatc. Lcacling clectrolytc SpOg?l-, 
0,x N; terminating clcctrolytc oxalntc, 0.1 IV; tinlc 3 11: potcntinl 400 V; run 23-27 cm, Swnplc 
composition : mixture of CrO,S- and MoO,s- 
flnd MOO,*- O,I N (I : 1) ; (b) Crop- 

in various rntios and concentrations: (n) CrO,,w 0.1 iV 
0.1 N nntl MOO,“- 0.1 N (g:~) : (c) Cr0.p O,I N and MoO,‘J- 

0,x N (I :g) ; (cl) CrO,+ 0.2 N nnd IMoO,~- 
+ I-ICI for MOO,+, 

o. I N (I :I). Dctcction : AlNO, for CrO,,Y- and [IJc(CN),]J- 
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Big. 3. Tsotnchophorctic scpnrntion of Cr0,,a--S048--Mo0,8-, 
Snmplc composition : mixture of CrO.,s- o. I N, MOO,+ 

Conclitions of run its in Fig. 2, 
0.1 N, ilncl SO,,*- 0,~ N (spnccr) (I :I :I). 

Oration. We think we are just on the limit of “equilibrium conditions” in this instance, 
which may be overcome by using longer paper strips, 

The coomWation of CrOd2- from very dihte so&ions. During tile above sepa- 
rations, the separation of the yellow chromate zone could bc followed visually during 
the isotachophoretic run and it was particularly striking how a dilute band of chro- 
mate became rapiclly concentrated into a thin.‘compact band. We thought that we 
could use this effect to demonstrate the possibilities of isotachophoresis in increasing 



470 NOTES 

the sensitivity of spot tests, The reaction of chromate with silver nitrate gives a red 
precipitate of silver cliromatc, but the sensitivity with dilute silver nitrate solution 
(o.Io/o) is rather low (I0 -3 AI), Wllcn a solution which is IOOO times more dilute is sub- 
jected to isotachophorcsis, the resulting band at “equilibrium conditions” should bc 
about 0.1 M. A thin conccntratcd line of chromate actually forms and is readily 
dctcctccl with silver nitrate. 

WC feel that. this USC of isotacllolJlloresis on paper has many potentialities, 
cspccially with solutions of rather high concentrations of other ions that would 
interfere in such techniques as the “Ring-0fcn” mcthocl. I:urtherrnore, it may enable 
specific but not too sensitive reagents to be used. 

SL!/~IYCIC~OUS of sot~t~’ ~rz~atzrrcs of Iltrcc nl~tl foam n~tio~ts. A goocl separation of 
misturcs of Cr0,,2-. iMoO,“- and M:O$+ is obtained, as shown in Fig. 4, The equivalent 
concluctances of these ions are .$ CrO,“-. = 83, 1 Mc~O,,~- = 74,5 and & CVO.,“- = 69.4. 

Fig, ,I, lvotiicliopliorctic sclxwation of CrO,n--ZuIoOJo--~\‘~).;J-. Conditions of run as in Pig. a, 
Srunplc composition : mixture of CrO,+ 0. I N, MoC),,+ 0.x N, :rncl W’Odu- 0.1 N in various ratios: 
(n) CrO.,J- 0. I N, &IoO,‘J- a. 1 N mcl WO,O- 0.1 AV (I : 1 : 1) ; (I)) CrO,J- 0.x N, iMoO,+ 0.1 N sncl WO,+ 
0.1 A’ (5:s: I). Dctcction of WO,‘J- with SnCI,-I-lCI, 
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Fig. 5, Inotachopliorctic sclxwation of CrO,U--~IoO.,g-~~(~,,~--l?~(~~-.. Conditions of run as in Fig. 2. 
Sample composition: niixturc of CrO,;J- 0.x N, RIIoO,u- 0.1 N, WO,u- 0, I N, am1 RcO,- 0.x N 
(x :I :I). I)ctcction of licO.,- with SnCI, eb KCNS in HCI, 

We then tried to separate a misture of the above three ions with perrhenate. 
Theoretically, perrhenate should move faster than the terminating electrolyte, 
oxalate, but as shown in Fig. 5, perrllenate is left behind the oxalate and thus moves 
as a well separated zone but without isotachoplioretic concentration, i,e,, as a zone 
that is slightly longer than the original zone and with a diffuse front and rear. This 
effect may be clue to the fact that pcrrhenate is adsorbed rather strongly on filter- 
paper0 and hence an adsorption effect is added to the isotachophoretic effect , 



In conclusion, we founcl isotncliophorcsis to be a fcasihle method with a simple 
paper elcctrophoretic arrangement and with low voltages. We feel that the technique 
of ir;otachophorcsis on paper will have applications in numerous problems, firstly as 
an elegant clcmonstration of the princi1Ae of isotachol~horesis for teaching purposes, 
secondly as a very effective metliocl for concentrating minor components from a 
mixture either for their detection or for prepnrativc purposes, and finally as a scpa- 
ration method in which the zone lengtll depends on the concentration of the constit- 
uent. Unlike zone electrophoresis on paper, it cannot furnish data for the iclcnti- 
fication of the separated zones, such as distances migratecl (or mobilitics), ancl it is 
also necessary to have an idea of the rnobilities of the ions to lx separated in order 
to be able to choose suitable lcacling and terminating electrolytes, whereas this is not 
necessary in zone electrophoresis. With the simple apparatus, we have separated only 
ions with large differences in mobilities and workecl at relatively low electrolytic 
strength, but the use of longer paper strips and cooling devices could improve the 
range of paper isotaclioplioresis. 

Work in this clircction and also with cation mixtures is in progress. 
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