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A oaper efectrophoretic study f3f icn-p2ir f~brma%m 
b 

We &we been conducting a survey of ion-pair formation between anions and 
Co(II1) compkxes, the results of whkh ob+@itined so Car have been published in a 

seiies of papers’“. 
00 examining chromate and bichromate, we noted a remnnrkable inversion 
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Fig_ 2. Ekctrophoretic movement of the complexes as in Fig_ L in various concentrations of sodium 
orthophosphaie. The conceatra:ions sod pH vzfires zre shown on the right. Conditions zs in Fig_ 1. 

efkt: whiile in chromate the greatest &i&y towards the anion was given by 
Ca(NH&3i and Co(en)f- * and IittJe effect was noted with Co(dip)33i and 

l The folkwing abbreviations are used: en = e’&yIez&amine; dip = dipytidyi; o-phen = 
or&-pbe32nti~ine. 
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Fig. 3. Ekctrophon;ic movement of the comp!exes 2s in Fig. I in sodium pyrophosphare, (2) 0.05 M, 
(b> 0.1 M atG (cj 0.2 M, at the pH values indicated on the right. condition4 2s in Fig. 1. 

Co(o-phen)j3’, the ‘opposite occurred in dichromate. This ef5ect led us to conclude 
that two entirely different ion-pair mechanisms operate in chromate 2nd dichromate 
2nd we h2ve discussed the types of interactions that are possibie in another p2per4. 

An obvious extension of these unexpected results ~2s to continue tke survey 
of the ion-pairing properties of condensed anions, 2nd in this paper we report on the 
results obtained with v2rious phosphates. Our interest in phosphates stems from the 
facts firstly th2t condensed phosphates have important industrizl 2nd biolo@cal 
functions 2nd secondly tkat pyrophosphate is much more stable than dichromate, 
thus permitting the pM to be varied without interferirq with the degee of polymer- 
ization of the anion. 

EX!?ERIMENT~L AND RESULTS 

High-voluqe electrophoresis ~2s cxried out in 2 C2m2,o apparatus. All re- 
corded electrophoretic movements were corrected for electroosmotic fiow fusing hy- 
drogen peroxide and ,olycerine) 2nd the spots of the Co(III) complexes were detected 
by spnzying the paper she-ts lightly with aqueous ammonium sulphide. 

We limited the study to four Co(EIf) complexes, viz., CO(N!&)~~~, Co(en),3L, 
Co(dip)s3& 2nd Co(u-phen)s”+, which were allowed to migrate in soltxions of pkos- 
phate (0.05-0.5 _M) 2nd pyropkospkate (0.05-0.2 M) at pH 2-11. Some work ~2s also 
czrried out with solutions of metaphosphate- 

The results are best represented in the form of schematic _mpks showing the 
actual efectrophoretic movement of the various complexes. Fig 1 shows the effect of 
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pH on the movement of the four complexes in 0. I fWotihophosphde. WhiIe Co(~Iip)~~+ 
and Co<o-phen),3+ me relrtively w2fEected by c’hanges in pH, i.e., by the gradual 
change from H,PO,- to MPO+z- acd then to PUa3-, both CO(NH&~+ 2nd Co(een)33+ 

change their movement consideLzbbly to almost zero above pM 7. This change corre- 

sponds to the disappe2rzznce of H,POG- from solution and the gradual formation of 
mo_~ highly charged ions, principalfy RP0,2-. 

Fig. 2 shows ‘&at the total concentr2tion of phosphate used zs electrolyte does 
not have it great infkence within the rar,ge O.CE5-0.5 1%’ except thzt, of corn-se,, all ions 
move more slowly at higher electrolyte conccntr2tions. 

Fig. 3 shows the electrophoretic movement of the four complexes in pyro- 
phospliate sohtrtions. There are sever& interestin,o features : firstly, there is no inversion 
of the general elect 2s was observed with chromate-dichromate; secondly, the ion- 
pairing effect on Co(Nrrj)6’A 2nd Co(en)(L is more pronounced even at fow pH 
values; and finally, while CO(NEE&~’ precipitates above pH 6, Co(en)5zL becomes 
negatively charged, suggesting an inter2ction principa%y of one tri-chzrged Co(III) 
cation with one tetra-charged pyrophosphate anion. 

Merzphosphates gave rather disappointing results, some of which are shown 
in Fig. 4. Only elongated trails are formed, the most interesting featrrre of which is 
the aniosic movement of virtually ail complexes. At higher concentrations of sodium 
me’aphosphate (0.5 M), there is 2 pronourrced difference between the complexes 
CO(NH&~’ and Co(en)z3L on the one hand and the complexes Co(dip)33z and 
Co(o-phen),“+ on the other. 

V 

a 

Fig. 5. Chronato~ of sample of "scdim metzphosphste”. S&eat: isoprop~o~~ater-trichlor~ 
zcetic scid -ammonia <75:25:5:0.3). Ascending development on Wh&narr No. I paper; 2 = point 
of app!ic&ion. 



470 NOTES 

We had 2lso planned to examine &e electrophoretic movement of complexes 
in tripolyphosphate, hut noue of the preparative method s .zvaifabfe yielded a product 
of sufiicient purity. The szme applied to the solution of metaphosphate, aad therefore, 
when considering the results shown in Fig. 4, it should be borne in mind that the so- 
lution contained dEerent phosphates; 2 typicai paper chromatogram of our “metz- 
phosphate” is shown in Fig. 5. 

In conclusion, there is no fmdamectal differeme between the types of outer- 
sphere completing (or ion pairing) mcountered with orthophosphate and with pyro- 
phosphate, both giving the type of icteraction already observed with other polyvalent 
anions such 2s sulphate, chromate 2nd thiosulphate. Owing to the high charge ou the 
anion, the compiexes me often found to migrate anionically, which is not so typical 
with divalent miens such as sulzhate. 
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