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SELECTIVITY SEQUENCES OF A SERIES OF TRIPOSlTlVE COBALT(IlI) 
COMPLEXES ON INORGANIC AND ORGANIC EXCHANGERS 

SUXlXlXRY 

The eltttion sequences of four cobalt( 111) complcses on ;t wide range of papers 
loaded \vith inorganic cschangers. modified cell~tloses and resin papers xvcre esam- 
incd and the results at-e discussed in relation to the paper electrophorctic behaviour 
of thcsc complesrs and their tendency to form outer-sphere complexes. 

ISTRODUCTIOX 

Tuu rcccnt studies in this laboratory concerned the adsorption o,f inorganic 
anions from aqueous solitrions on aluniinat and the adsorption of the series of’ 
cobah( 111) conlpleses on :ilutnina and silica gcf’_ The results of both invest&ions 
suggested that them is ;I similarity bet\veen adsorption scqttences and electrophoretic 
scquencss obtained in paper clectrophoresis with cermin electrolytes. The latter wet-r 
interpreted previously as bein, ‘7 due to outer-sphere cotnplcsing of- the ions studied3_ 
WC thcrcforc Gel that there is an analogy bctuvcn outer-sphere complcsing and ad- 
sorption on hydrous osidcs from aqueous solutions_ 

The present investiptttion deals \vith a survey of a range of inot-ganic r‘s- 
changers. \vith emphasis on the ~ woup usuallv referred to as hvdrous oxides. AS \ve 
had found opposite adsorption sequencrs on &tnintl and silk~geF_ \v’c thought fhat 
such :t surwv might be of use in the classification of inorgnic eschan~ers. 

The t&n difticult_v in such \vork involves devising a means for comparing 
various materials that may vary in surfiwe m-m and ion-eschange capaciry. as is 
\vcll known ;~lt-cudy. WC decided to investipttte only the actual sequences. i.~.. the 
selectivity of some cobalt( 111) complescs, and for this purpose papers iniprcgnated 
with the hydrous osides are adequate. 

EXPERIMENTAL 

Whatman No. 1 paper strips \vere dipped into 1 111 solutions of aluminittrn. 
iron( II I) and thorium(lV) nitrates. the excess of solution was removed between two 
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pieces of adsorbent paper and the strips \vere bun, ~1 in an atmosphere of concentrated 
ammonia solution for 30 min and tfwn washed three times with distilled water. leaving 
the papers immersed for 30 min in each wash. and dried between blotting paper a\t 

room temperature. 
For zirconium(lV) papers, the same procedure \vas used cscept that I .5 N 

ammonia solution was employed. 
As precipitation with _gascous ammonia gave some irregular results with some 

of the oxides, the papers that contained bismuth( Ill), antimony(V), tin( IV). fsntha- 
num( I I I)_ magnesium( I I) and titanium( IV) were first impregnated wit11 a soluble salt 
(1 ~12 throughout) and then immersed in 3 N ammonia solution for 30 min and washed 
as above three times \vith distilled water_ 

Manganese dioxide papers were prepared b_v dipping Whatman No. 1 filter 
paper into 0.1 $2 potassium perman~anate solution, drying off the excess of liquid_ 
leaving the papers in the air until the purple colour had changed to dark bro\t-n 
(several minutes) and then \vxshin, = them thoroughly \vith distilled water. 

The h_vdrous oxides were thus aI1 precipitated from cold solution and \vere 
aged by drying them overnight at room temperature. Zirconium phosphate papers 
(Whatman deveIopment product: zirconium phosphate-impregxued papers) and resin 
papers were converted into the Li; form by cquifibrating \vith I N lithium chloride 
solution and subsequently washing three times \vith distilled \vater_ 

Ccffufosc cschxngcrs \vcrc used as received. i.t*.. in the carbosylic or phosphoric 
acid form_ 

Ammonium mof_vbdopho.sphate paper was prcparcd as dcscribcd by Afbcrti 
and Grassini’_ 

All of the paper strips \vere developed by ascending de\-efopmcnt in widc- 
mouthed jars closed with a rubber stopper- The cob&( I I I) compfeses could be de- 
tected with ammonium sulphide. except on the bismuth hydroxide paper_ where 
Draendortr reagent was used. 

RESULTS 

Adsorp~iorr of‘ t-cbdr t-ompl~_w.s OII inorgmic- t~_dmr~cm- 

We limited our investi@on to Four cob&( Ii I) complexes. all of \vhich have 
a charge of 32, riz_. Co(NH,),“. Co(en)j5a_ Co(dip),3Y and Co(pflen),J’. \vhere 
en = ethyfenedismine, dip == dipyridyl and phen = o-phenanthroline. 

The results are best illustrated as in Figs. I and 2. as RF vafacs \voufd give 
only limited information and would not explain tailing. etc. 

It is evident that the inorganic exchrtngers can be divided into three groups: 

Grorrp (i) _- Co( N H3)bC and Co( en)jJi are more strongly adsorbed than 
Co(dip),3 + and Co(phen),3+ _ Most of the hydrous oxides and zirconium phospflatc 
belong to this group_ 

Grotrp (ii): The complexes are not adsorbed strongly and move \vith high R, 
values. These are mainly the strongly basic oxides such as those of magnesium. 
cadmium and fanthanum(II1) and. unexpectedly, also that of antimony(V). 

Group (iii;_- Inorganic exchangers on which Co(dip)33* and Co(phen),-” are 
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Fig_ 1. 
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which was discussed in a previous paper’_ NY !i,und only bismuth{ I 11) aside and :xn- 
monium phosphomol_vbdate in this group. 

_-lrfsot-priott qf _ c-oh/r c-on~~~lc~_ws ott iott-i,~~-~-ftrttt~c t-c~llrtlosc~s curd t-csitt pupv-s- 
In order to make this survey complete. \vc cornprtred inorganic cschangers lvith 

scvcral substituted cclluloses and resin papers. Fig. 3 sho\vs the rcsults obtained. 
Substituted celluloses with either phosphoric or cttrbosylic groups showed the 

sttmr selectivity towards all of thr complexes as the ttlumina type of hydrous oxide. 

Sulphonated c~llttlose (reported prcviously2) also gave the same sequence. Rain 
papers gave rather inconclusive results_ discussed below_ 

The sulphonic resin paper Amberlite SA-_ ’ adsorbrd all complcses xry 
strongly with 4 N lithium chloride solution. With lithium chloride solutions of higher 
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Fig_ 2_ Schemtltic chromtitogranx of 1. CO(NH~),~+ L 1. Colen),Ji I 3. Co(dip),Ji rand4_Co(phen)~3’. 
developed with aqueous lithium chloride solutions (concentrations as marked) on prtprrs impregnated 
with (a) MgO, (b) La203_ (c) CdO. (d) Sb205. te) amtnorlitttn moiybdophosphate and (f) bismuth hy- 
drosidr. 
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Fig 2_ Schematic chromatograns of 1, Co(NH,),3i I 1. CotenlJJf I 3. Cotdip!3J- : and?. Cotphcn)~“. 
developed with aqutxws lithium chloride solutions tconcentmtions as marked) on the following ion- 
exchange ceIluIoses~ (a) Whatman NT-IO paper (with phosphoric acid groups): (b) Whatman car- 
bo~~metl~~lceIlcIose paper C%l-50: (c) Polygmm Gel 300 CM thin layers consisting ofcxbosymeth~l- 
ceiiuIosc 
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concentrations. Co( lUH3)b3+ and Co(en)” \xxzrc desorbed and moved as distinct 
spots. while the dipyridyl and o-phenanthroline complexes yielded indistinct trails. 

which we previously thought to bc due to decomposition’. WC believe that the lack 
of deconiposition on so many other supports now indicates that rather some type of 
irreversible adsorption occurs. perhaps a hydrophobic interaction betmven the ring 

systems of the complexant and the resin matris. In any case, it was not possible to 
establish a selectivity sequence. The results WI the carbosylic resin paper Amberlite 
WA-2 \vcre equally ditiicult to inter.pret. If employed in the sodium form ~“njy long 
traits \vere formed. When converted into the lithium form. there was a’stronger 
adsorption and in I N lithium chloride solution perhaps more rapid clution of 

Co(NH,),3’ and CO(~II)~~~. but the elongated trails make us hesitate to dra\v conclu- 
sions from these results. 

Elution \vith acetate bulli-rs of various pHs did not clarify the situation. 

It had been suggested earlier that the high atiinity of ions such~x CuLA and 
Ni’- to\vards hydrous zirconium( iv) aside is due to ion-pair or complex formation”. 
WC \vere able to show2 that turn opposite selectivity sequences can be obtained with :I 
series ofcobalt( 111) con~ple.xes \vhich resanble the sequences obtained in paper elrctro- 
phoresis. In the present paper \ve have attempted to clnssil~ inor_, ~wiic e.schangcrs 
according to this selectivity sequence. 

There seems to be ;t tendency. on strongly acidic cschangcrs such ~1s silica gel 
and ;Immoniwn nlolvbd~~phospl’tlte to give one seqmnce and metal oxides to give 
another. It is doubtful. ho\vever. lvhether the sequence depends on the acidity 
because- according to Abe and Ito’_ silica and nxmg;mese dioside have about the same 
acidities -et the opposite selectivity sequences \vere tbund_ 

In the case of bismuth( I1 I) oxide_ the titration curves sho\v an cstremcly high 
chloride ion crtpacity and it setxns that ;I surface chl~~robismutllr~tc anion is formed 
during elution \vith lithium chloride solution \vhich eshibits properties ditlPrent from 
those of the osgnion that is belie\-cd to exist on the surface of most hydrous oxides. 

Zirconium phosplxtte_ zirconium oxide and c~llulosc phosphate all give the 
same sequence. namely that of the hvdrous o.sides_ In paper clsctrophor&s_ this 
sequerlce is typical for anions such as SO,‘- that form hydrogen bonds \vith the amino 
groups of the compksant. The sclectivitv sequence observed thenX~>re scents to sug 
zest the t\rpe of surtke anion (if indeed it is really _I :I surt~lcc anion) av:lilable to the 
compleses. and this proprrtv mav still prove useful iii other aspects of the chrrnistr? _ _ 
of hydrous oxides. 
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