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Ifi previous paa of this series ive pointed out several mechanisms which can 
fead to an interaction between cations and anions in paper electrophoresis. in ad- 
dition to the Wxal p~o~oIE@iOrk and compiexing equilibria, we &so showed that ion- 
Pair equilibria can be used to effect separations in eteceromigration. Isolated trials 

WSE reported of dectromigration of racemic mixtures of cobaIt(~~) comptexes in an 
OFtiCcd& active CounteE-iOa as electrolyte (for example, COAX- in /-strychnine’ 
and Co(dipjS3’ and Co(u-phenjS3- in (+)-camphor-IO-s&phonic acid’). The trials 
were alf entirely negative, Le.. a sin&e narrow band or spot of the migr_ating ion wss 
observed witl~oltt any separation of the opticaf isomers. We felt that this was remark- 
able as we had chosen systems which on crysta!lization separate the two opticafly 
active forms of the cobaft(III) complex. We assumed that there already exists some 
interaction between the anion and the cation before actual crystal formation. Thus 
we were ver;y interested when Yonecfa and Micra” reported the electrophoret-ic sepa- 
rations af the optical isomers of Co(en),3i using a iow-potential paper etectrophoretic 
technique and an electrolyte consisting of tartrate and aluminium chIoride. An ex- 
planation was afso given for the necessity of the aiuminium chIoride, i.e., it influences 
the hydration of the ions present, These authors SU,, amested that no separation was 
po&bIe in absence of aluminium chloride. We have na\v extended this wqrk to other 
cobalt compkxes and examined some of the variables involved. 

EXPERIMENTAL AND RESULTS 

A CAMAG high-voltage electrophoresis apparatus was used in aIL experiments 
and, unless stated otherwise, Whatman No. f paper strips were used with 30 min 

runs at E&B V and a circulating water temperature of 6-8 ‘. The spots were detected 
by spraying be papers Ii_ehtfy with an aqueous solution of ammanium polysulphide. 

Fig. 1 shows che eiectropherograms obtaiaed with a SO~U~~OII of disodium ri- 
tartrate as e&tro!yte at various concer,trations and $3 vaiues. It is evident from Fig. 
I a tlz3t a separation of Ca(en), 3+ it&~ two SpOtS occurs only at higher pti values (when 
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from the mixture. Fig. lb shcws on she other hand that*no separation of the isomers of 
CO(CQ),” -and Co(u-phen)33’ occurred. Analogous *results were obtained with I- 
tartrate instead of &aerate as electrolyte. 

Work with disc&m &malate at various concentrations and pK values yieIded 
EIO separation of the isomers of any CL C the three complexes examined. Some typical 

electropherograms are &~II in FL. _ ‘u 7 in which the skwer movement of Cofen),5’ 
compared to that of Co(dip)3”’ and Co(u-phen)d’ is shoyn. 

Fina& Fig. 3 shows the ekcrropherogams obtamed m mixtures of aluminium 



~hhxide with d- uf i-tartrate as ~3s reported by Yoneda a~d Miura3. Comparing these 
results with those in Figs. Z and 2, it is evident that the separation of the optic& 
isomers is much bet& in the afzminirrm chloride-tartrate mixtxxs. The distances 

between-‘&e spot centres were CQ. 642 mm, while in tar&ate without aluminiium chloride 
the distances were 7-9 mm. Furthermore the sequence of the dand [forms is she oppa- 
site of that found in tar&ate. We stress here &at neither C~(dip),~* nor Cqfu-p’nen)3St 
separate into two spots kthe presence of alrrminirrm chloride. It is readily shown by 
paper eIe&~OphOEgsis &at ahminium@I) complexes with tartrate under th% coo- 
c&ions of t&se ezxpedme~ts and that a complex akninium tatirate anion is presrrm- 
ab!y resporzsibb for the separation efkt observed. With tbi aid of the above results, 



we can throW m-f%2 tight OR the Sepa~tiOn ef&-*& obs&red_ 

It SeemS that f”r effective separation of opScaI isomers it is not suacient that 
a r2cemic mixture of a complex cation is in an optic&y active environment, but that 

outewhe= c~@exes mm be formed in this case probablY involving hydrogen 
bond@%. The isomers of Co(dip),“- and Co(~-phen),~l do riot separate as therho 
n*t form this %?e of outer-sphere complex with tartrate. _qso , extensive ex- 
ploratory experiments (not reported here in detail) to separate the isomers of 
Cofen)3”+ in electro&tes containing optically active amino acids and attempts to 
separate raedc exturcs of amino acids in czpticalfy active tanrate as &ctr-lJite 
were entirely ~~~~~t success. h addition, the anion must have ceein geometecaf 
Properties; if these are not fuilfiiled when outer-sphere comptexing takes place, as is 
the case with d-malate, no separation wr;itl be obtained. OpticatiY active aniOniC corn-- 
Plexe% such 2s ahmkkrn tartrate, may. due to their shape, have a much higher sepa- 
ration effect than the simple tartrate anion. TE,is is weI1 known from separations by 
cr~%-Ilization dxere the antimony tartrate anion is often employed for resolving race- 
tic mixtures. We can also now expIain why Yoneda and LMiur$ reported no success 
with tartrate alone. Under the conditions of low-vo!tage paper electrophoresis, the 
resolution could net have been such as to separate in tartrate alone without simul- 
tanously marring the separation due to diffusion ia long runs. 

Our results permit some generalizations concerning the possibilities of paper 
efzcctropharesis far the separation of opticai isomers. As discussed. above, the vicinity 
of opticafly actise counter--ions is not suflkient to Produce a separation efTect, and an 
interaction of the outer-sphere type (with same geametric specificity) must be formed. 
This rather Emits the scope of this technique as such complexes cannot move very 
qui&Y and presumabfy the best separation effects wilt occur near the “isoelectric 
point” of the system where separation is poor. Separations of OptidiY active iSomerS 
~-21 thus be the exception rather than the ruIe. 

fn Paper electrophoretic studies of the interaction of inorganic anions with 
metal ions of char,- ff, 3+ and IZ+- we have already noted’ that, in the range of 
concentrations us& in efectrophoretic studies (i.e., o-1-1 lLr), the inEera&ons are quite 
different to those observed in saturated solutions during the fOrmatiCn of a PreciPi- 
t2te_ The situation seems to be analogous for separations of OPtical isomer% for, 
while [-strychnine can separate the isomers of Co(ox);‘- and W-=mphor-IO- 
su@ho~c acid can separate the isomers of Co(dip)3S’ bY crYsta:liZation, no inter- 
actions are noted v&h& the limits of detec*abitity in paper electrOphoresis. -Es work 
may a~so give food for thought to biologists workin,o with optically active drugs. 
From Ow invesG,mtian, ir,teractians in sohtion seem udikdY: if there is mt &ct due 

ta a&y one op;iczI isomer, it should be a reaction t&ng place OQ 2% s&dde sIXfaCe- 


