
VOL. 15 (1956) ANALSTICA CHIMICA ACTA 

THE PREPARATION, DETECTICN AND SEPARATION OF SOME 
VALENCY STATES OF VANADIUM AND COBALT 

BY PAPER CHR3MATOGR4PHY 

H. hf. STEVENS 

A.R.C. Unit of Plunl Ntctrdon. Norlictrilural Research Slatton. Lo~rg Ashlou, Brisfol (Englad) 

INTRODUCTION 

Recent work with Nerrros$oru crussaI, Eschericiria col? and higher plants3 has 
shown that the cnzymc nitrate rcductasc contains MO, and that the element undergoes 
a valence change (MoVl c MO”) when nitrates are reduced by these organisms. 

MO is also essential for nitrogen fixation by A z~lobrtctcfl, but the MO requircmcnt 
of this organism can bc partly replaced by V. It was, thercforc, of intcrcst to m-e- 
pare and separate the valency states of V for USC in biochemical studies which 
are being undertaken in this laboratory. 

It is well known that Co is a constituent of Vitamin 13,,, which is produced by 
microorganisms, and recently it has been established by S-ray absorption analysis 
that the metal is present in the trivalent form 6. Thus the separation of the valence 
states of Co was a useful preliminary to a study of possible valence changes of the 
element during microbial metabolismO. 

Independent investigations upon the separation of the valency states of several 
elements, including V and Co, by paper chromatography have also been carried out 
by POLLARD and co-workcrs7*8 in the Department of Chemistry of the University 
of Bristol. The author is grateful to Mr. A. J. BANISTER for telling him of the work 
before publication. 

EXPERIMENTAL 

Vanadium 
Prqbavatio~t of vanadimt solutions 

Vv chloride solution was prepared by acidifying a solution of ammonium vanadatc with 
2N HCl, and a VV sulphatc solution by dissolvrng 4-5 g of vanadium pentoxidc in a mixture of 
sulphurrc acid (20 ml) and water (to ml) by heating. The sulphatc solution was cooled and diluted 
to 400-500 ml with distilled water, and filtcrcd (Whatman No. 41 paper). 

Vlv chloride (VOCl,) solution was prcparcd by heating vanadium pcntoxide with hydrochloric 
acid (d = I .x8) until the concentrated solution ccascd to give a Vv spot when analysed by paper- 
strip chromatography (see below). A Vfy sulphatc solution was prepared by dissolving 4 g of 
vanadyl sulphatc (VOSOd.2H,0) in 500 ml of water and adding 2 ml sulphuric acid (d = r.84), 
or by electrolytic reduction of Vv sulphate solution using Pt elcctrodcs and a current of G-7 A 
in a ccl1 with a porous anode chamber as described by WARDLAW AND SYLVIBTIZR~. 
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VIII solutions wore maclc by the following mcthocis: 
(a) V metal powder was hcatctl with hydrochloric acid (cl = x.r8), and the green solution 

tlilutcd with ethanol, flltcrctl and cvaporatctl under rcducccl pressure from a water bath or at 
ordinary prcssurc in a slow strcaJn of CO,. l’lic prcparctl solution contained Fe (as FcCI,) as a 
contaminant from the vanadium metal cmploycd. 

(b) IiccluctJon of an acicl VIV solution by zinc dust, followccl by the removal of %n+2 ions by 
chromatography, using an duallt CCJnSkting of: ctllanol 100 ml, CthCr 100 ml, hydrlXh1oriC acid 
(cl = 1.18) 20 Jnl. 1 hen 2 g of VOSO,.;?I-I,O, were dissolved Jn 20 ml of water, ancl the solution 
mixed with 40 Jnl of cluant. The mixture was left in contact wJth zinc tlurt with occasional qitation 
until the soliition was IJlllc-green or blue In colour anti rctluccd 0.5(x, copper sulphate to copper 
(due to VII). Excess of zinc dust was rcmovccl by filtration A cc1lu1o.s~ column 45-50 cm in kmgth 
and 3.5 cm in tliumctcr was prcparcll by packing a suspension of WhatmJrn ccll~rlosc in ethanol 
unclcr cnmprcssccl air in the iisiral way. A quantity of piire cluant, followed hy a solution of 
fuchsin in the cluant wcrc allowccl to 5oalc into tlic ccll~ilosc in tcJrn. The zinc-recluccil vanadium 
soliition was then pl:rccd on the column, and when this hat1 sunlc into the ccllulosc a 500 ml 
rcSerVCJir Of cltlailt WilS inVcrtcc1 ilit0 die tOp Of tllC Cdlltnn, 

fuchsin hnncl tojicthcr with %rJ+” 
and clution allowed to proccccl. l’hc 

kJnS movccl ahcatl of the van;~ilium, and wits rcjcclcd after 
hrcakthrou~ti. ‘I’hc vanacliuni fr;lCtilJn was collcctcd when the diintc comnJcnccd to rcclucc 
sodium Jnolybtlatc SollltilJn to “molyl~clcnum blue”. During the run VII was continually oxiclizctl 
to VIII, which Jnovccl alicail of the former. and by the time: tlic fraction hacl hccn collcctccl all 
the vamrclium was in the trivalent state. ‘I’hc cluatc was concciitriltctl by clistillJJtion from a 
wrrtcr-bath iinclcr rcclucccl pressure or :rt ortllnilry prcssurc in a stream of CO,. l%pcr-strip analy- 
ses, itsink the sanio cluant, wcrc pcrformccl upon the conccntratctl cluatc fractions. l’hc strips 
wcrc dcvclopcrl lay dippiii# tlJam into a solution of oxinc in cthcr and allowrng them to dry in air. 
HI.* vaiucs wcrc 0.24 for VIII (rusty brown q:ot) ancl 0.9.) for ZilIl (yellow fluorcsccncc over am- 
monia in u.v. light+). Zinc was found to bc conccntratccl in the initial fuchsin-colourccl fraction 
nnd abacnt from the VIII fraction. 

(c) An acicl VV or VJV siilpliatc ScJllltiOn was prcparecl and clcctrolyhctl as described above 
until a dig/if prccipitalc of copper was obtainccl (clue to tlic prcscncc of VII) when in few drops 
of the catholytc was atlclccl to J-2 ml of o 5(x, w/v solution of copper sulphatc. On stancling, 
the trace of clivalcnt vanadium soon oxiclizccl. 

(cl) V metal pow&r was hciltccl in :L stream of Br, vapour carriccl by dry CO,, and the black 
sublimate of Vl3r, was clissolvctl in it wilim mixture of acctonc ancl water (Ho vols : 20 ~01s). 

Vi1 solutions wcrc prcparccl lay rctlucing solutions of the other valcncics, containing a small 
c.xccss of hyclrocli1oric acicl, with %n clust. \Vlicn cxccss of %n was rcrnuvccl by filtration, the 
lavcnclcr solution soon oxicliectl, ancl was tlccmccl too unstable for cxpcrimcnts of any cluration. 

A few drops of the chloriclc solution of CiLCll valcncy were atldcd iii turn to 2-3 ml of the following 
rcagcnt solutions in scparatc test tubes (a) 20/i, soclium niolybdatc to which one tenth of the 
volume Of 2N J-ICI had IJccn iIClllCCl to give a ldc yellow cdour, (b) 0.5%, w/v copper sulpliate, 
(c) nicrciiric cliloriclc (saturatctl solution), (cl) potassium nitrate (0. r&Z) with sulphanil~niiclc 

&Fin l’ablt I 
in N I-1C1) and N-( J naplitliyl) cthylcncclinminc clil~yclrocl~loriclc (o.ooI~/~)**. Hcsults arc set 

’ I 

no action ii0 action l.dM! (MO blue) IJlUC (MO bl11c) 

no action ii0 action *wliitc prccipitatc of brown prcclpitatc of 
Cl&I, CU 

(4 no action 110 ~~CtlOJl +wliitc prccipitiitc of black or grcy prccipi- 

1-16&l, tJ1t.C Of 1-16 

(4 no rctluctioJl no rccluction PillI<, due to rccluc- pink, clue to rccluc- 
tion of NO,- tion of NO,- 

__._ _.---_ ---_----_-._ -_._.. _.__-_ - .._._. __. ._._ _. _. __..._._ _ _.._. _ . _ _.___._ --___--_- -_____ -_.--_ ____ 

+ In strongly acicl solution precipitation is inhibitccl; 
aclvisablc. 

buffering with sodium acctatc is then 

VIII appcarccl to reduce CU+~ and Hg+a ions to tlic univalent state only. 
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Estimation of the strength of vanadium solutions 

The method of TALVITIE~~ using S-hydroxyquinoline was modified, and the 
estimations were carried out in the absence of iron, which caused serious interference 
and could not be satisfactorily removed by chemical extraction methods. 

1-\ standard solution of Vv containing x000 pg V per ml was prepared by warming o.zzgq g 
of “AnalaR” ammonium vanadate with water, and addrng sN sodium hydroxide until a clear 
solution was obtained. The solution w‘as then acidificcl with IO ml of ZLV HCl+ and chlutcd to 
xoo ml with distilled water. Volumes of this standard ranging from o. I ml to 0.7 ml were then mixed 
with I ml of 2N HCl and shaken with 50 ml aliquots of 1% w/v S-hydroxyquinolinc in pure 
chloroform at two minute intervals for 15 minutes. The chloroform extracts wcrc then frltcred, 
and a calibration curve obtained on a Hilgcr “Spekkcr” absorptiomctcr using llford No. 604 
green filters and a drum setting of 1.30. 

The use of a phthalate buffer as recommended by TALVITIE~~, was found to suppress 
the colour of the’vanadium oxine complex under the conditions employed here, 
and so was omitted in the estimations. 

The strengths of VIv and VI11 solutions were determined by digesting measured 
aliquots (o.r-0.5 ml) with a mixture of nitric acid (20 ml), sulphuric acid (z ml) and 
perchloric acid (5 ml) until most of the latter had been fumed off. The resulting 
orange-yellow digest containing the vanadium in the pentavalent state was cooled, 
mixed with 50 ml of water and treated with sodium hydroxide solution until just 
alkaline to phenolphthalein. The mixture was then neutralized with zN HCl and 
r ml of the acid added in excess. The solution was allowed to stand for ro-15 minutes 
until it was colourless and the vanadium was estimated by extraction with a IO/~ w/v 
solution of oxine in chloroform as described above. The error obtained in the deter- 
mination of duplicate aliquots (0.05 ml) of a Vlll solution containing g7oo pg V per 
ml was o.G%. 

Separation of the valetrcies by baker-c/trolnatograp~ty 

Valencies differing in charge by more than I were found to interact with one 
another, and so separations were achieved bctwecn Vv and VIv and between VIv 
and VIII, Downward chromatography upon acid-washed Whatman No. I paper- 
strips was employed for the separations. 

Eluants containing ether have been successfully used by POLLARD el aL8, and in 
this work those containing acetone and ether were employed. The very volatile nature 
of these solvents rendered the reproduction of results difficult at times, and it was 
sometimes observed that the best results and the most compact spots were obtained 
when a small chromatography jar (30 cm x 12 cm diameter) was used without the 
preliminary equilibration of the air in the jar with the eluant vapour. Previous 
equilibration had the effect of reducing movement and causing tailing. This effect 
could also be produced by increasing the acetone or ether content of the eluant and 
it is suggested that the escape of vapour from the trough, followed by its adhesion 
to the wet strip increased the concentration of the volatile constituent on the strip 
during the run, and caused the detrimental effect upon the separations. Chromato- 
grams were developed by dipping them into a solution of S-hydroxyquinoline in 
ether and allowing them to dry in air. A black spot appeared almost at once for Vv, 
-- 

* A yellow colour at this stage was allowed to fade before proceeding, in order to avoid low 
results. 
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a dark yellowish-brown one for VIV gradually turning black, and a rust-coloured 
spot for VIII which turned black over a period of several hours. 

VIII spots became blue or yellow upon chromatograms sprayed with acidified 
sodium molybdate or potassium thiocyanate solutions respectively. The correspond- 
ing colours for Vlv spots were pale greenish brown and pale blue. 

Solvent mixtures recommended for the separations of the valencies with approxi- 
mate Xr: values are given in Table IX. 

-__.-_-..- __.__ -__-_-_I_ _ “._. _. ._- _ _. _--.-.-.--_-L---__““.-_.-_ -.-- -_.. _-- ._ ..__- _..___. - 

_--... .-_- .___. ___ _“_ . __ __ ____ -_. ..___ 

15thanol 
acetic acid 
209$ tiodium ncctatc solution 

._. 

acotonc 
ctlicr 
acetic acid 
20%) kiutlium acctatc solution 

. ..-.-- --c-_ I.--_-_--.-._---_--. 

VIV and (c) ethanol 
VIII acetic ac1i1 

~o'X, sodium ncctittc solution 

(cl) acctonc 
acetic acid 
4ocj& sodium acetntc solution 

: 84 ml 
: 42 ml 
: 25 ml 
: 50 ml 

_I__ --__. 

: 50 ml 
: 5mt 
: 10 ml 

: 50 ml 
: x0 ml 
: 5ml 

vv 0.50 

WV 0.80 
(20 cm run) 

vv 0.40 

v1v 0.70 

(20 cm run) 

__.__I.._.__ __.__-_ 

viv 0.68 
VliI 0.97 

(15 cm run) 

VIV 0.64 
VIrr 0.97 

(I 7.5 cm run) 

Solvent (a) prefcrrcd 
lxcausc of the tess 
volatile nature of the 
organtc constituent. 

Rcplaccmcnt of the 
cthcr by ixopropyl 
cthcr gixvc) inferior 
results (c.f. cobalt 
separations blow). 

-.- _- ._- - -_ _ -_-___ 
(c) prcfcrrccl to (d). 
It was csscntiat to 
buffer tile vanadium 
solutions to pH G-7 
with 40?4, sodium ace- 
tatc to @. ;L satisfac- 
tory separation. 

-_ _---- _ _____ _ . . _.x__-__ -_-.-^--_.____-_--i-_-._-._. _-___--. _ ---- _-__ __.-.._ .__._ ̂ _.__.. . . . _ 

Quantitative investigd?m of V V-VI V scfxzrations 
Cliromatograms loaded with a mixture of 0.1 ml of VV solution (3480 pg V per ml) am1 0.1 ml 

of VIV solution (3530 pug V per ml) wcrc run in solvent mixture (b) (see Tab10 11). An attached 
“pilot” strip was run alongsidc each of the main chramntoyrams in the usual way13. After the 
run the chromatograms wcrc tlrictl ant1 the pilot strips cut off and dcvclopccl by dipping them 
into an cthercai solution of S-llyclroxyqllinolinc. The vanadium-bearing bands wcrc them cut 
out from the main cftromntograms and rligcstccl in a hot mixture of nitric acid (50 ml) and sul- 
phuric acid (5 ml) until nil solicl matter had clisappcarccl. Pcrchloric acid (5 ml) was then actciccl 
nncl tltc mixture hcatctl untit nearly iill of the latter hrtcl been fumed off. After cooling, the vana- 
dium estimation was carried out as rlcscribcd previously, Two typical results are given below in 
Table III. A blank chromrttogmm was trcatccl as one bonring vnnadium. Sands of the same area 
as the valuncy xoims wcrc cxciscrl and ctigcstutl, and diowancc mack for the readings in the 
vanaclium nnniyscs. 

TABLE II I 
a-___ -. __ _._-- -____._ ____ _ __._ ____._.___ -___-- ._ _. _..- _-_^. . -- .---.-- .-_- 

I”’ $Uf ow v recovcrzd 1’1 v ptr1 0,) v rccovcrc1~ 
-.-.._..--- -._~___--I^-_--__-~~.-.-~-------___C_I_-- 

Expcrimcnt x 348 Cl& 372 PR 353 Pfi 326 P&z 

Espcrimcnt 2 345 I* 360 ,# 353 *I 343 I‘ 

____.-___--.___.__- -- -____.-- 

It was noted that a faint yellow tail was usually present behind the VV spots. 
This was presumed to be colloidal vanadium pcntoside which had been precipitated 
from the acidified vanadatc solution by the buffering action of the sodium acetate 
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in the solvent mixture and so the part of the main chromatogram bearing the tail 
was always included in the V\’ digest. No b ackward tail was produced with Vlv 
(or VIII) spots. Exclusion of sodium acetate from the solvent mixture gave inferior 
separations of Vv and VI\‘. 

The results, which were not regarded as being very satisfactory, suggested that 
the high values usually obtained for V\’ might be due to some adsorption of VIv 
(vanadyl) ions by the precipitated vanadium pentoxidc tail which also caused low 
values for Vlv. It is impossible to get a truly reprcsentativc “blank” determination 
as another sheet of filter paper has to be used, and this is suggested as being another 
source of error. 

VIII solutions underwent oxidation too readily on the chromatogram to permit a 
separation from V lv to he investigated quantitatively. 

Interaction of vanachm and molybdenum valencics 

It was necessary, prior to biological application, to determine interactions between 
the valcncy-states of V and MO. These tests were carried out using chloride solutions, 
and were based upon the reducing properties of the V valcncies given in Table I, 
the reactions of MO valencies with potassium thiocyanate, and the fact that copper 
sulphate and mercuric chloride were reduced to cuprous or mercurous chloride by 
MoIrl but were unnffectcd by MO v. The conclusions drawn from these tests are 
summarized in Table IV. 

‘L‘AT3LE IV 

(-- no actron, + interaction) 
._._ -. .-_ __-___-_..-___--_-_. ._.- -.__-- .--_----..- -...-- - --...- . - .--. - . . . . -_. _ - 

I, *I' Vii' VIII VII 
_______~_________________ _ ____ _____-_.-__.__-_ ____-. ____.__ _. _-__ ---____- 

MO\‘1 - - -t + 

MOV + - - + 

ZIOlIl t- - _- - 

-._--._. ---- ----- _---_ - -- ------ -- -..I__ ----_ 

Cobalt 

For biological purposes it was desired that the Co in the valency solutions should 
not be in the form of co-ordinate complexes. As the CO-‘-~ ion itself is unstable, a 
solution of the weakly-complexed acetate was used for the work. 

Prefiaration of cobalt solutions 

Coil. Cobaltous acctatc tctrahydratc (1.0 g) was dissolved in water, I ml of glacial acetic 
acid was added and the volume made up to IOO ml with distilled water. This solution contains 
2370 j4g of Co per ml. 

CoIrl. 50 ml of ice-cold Co11 solution (prcparcd as above) was’addcd gradually with shaking 
to an ice-cold mixture of saturated potassium bicarbonate solution (g ml) and IOO volume hydro- 
gen pcroxrde (1.5 ml). Acetic acid (2 ml) was added, and when cffervcscencc had ccascd the 
solution was diluted to xoo ml with distilled water. This solution contained I 185 pg Co per ml. 

Estimation of the stre?tgth of Co solzrtiotis. The strength of both valency solutions 
was estimated calorimetrically as the blue thiocyanate compound (Co**) in acetone. 
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&agents required 

I. Boo/, ncelone. A mixture of acetone 80 wk. ant1 water 20 vols. 
z. Thocyunic u&d. 40 ml of hytlrochloric acid (cl = 1.18) was mixccl with an icc-colcl solution 

of potassium thiocyanatc (40 g) In water (40 ml). Acotonc (400 ml) was atltlccl to the mixture 
(which was kept ice-cold cluriny the ntlchticm) ant1 a’ftcr being allowed to stantl In the rcfrlgcrator 
for an hour, the prccipitatccl p.rJtassium Lhlorrtlc was rcmovcd by filtration through a Whatman 
NO. 41 flltcr paper. 

3. .Sfut~duvd Co solzfl~o~i. 0.4034 g Of AnaIali cobaltous chlorlclc hexahytlratc was tl~ssolvccl In 
cliutilletl water, ant1 the solution clilutccl to IOO ml in a gracluatccl flask. l’his solution contains 
1000 pg of CO per ml 

A I-lilgcr “Spckkcr” ab~orptiometcr w;ls calibratccl by mixing volumes of this stanclarcl solutron 
ranginK from 0.2 ml to 2.0 ml with 10 ml of thiocyanlc acitl rcagcnt ant1 dllutlng to 50 ml with 
80%, acctonc. Rcaclings wcro obtalnctl on the drum using Ilfortl NCJ. Go7 orange flltcrs and a 
&urn-setting of 1.30. The Co concentration rangc in the acctonc ScJlUtlOn% was 4-40 pg per ml. 

The strcnKth of tha Coil acctatc solntlon wav chcckccl by treating an 0.5 ml alquot In the 
milnncr tlcscriIJetl. h v:illic of 2375 /rg Co per ml was CJbtninCCl. A simitnr cheek was pcrformccl 
upon 0.5 ml of the Co111 ncctatc holutiun Giving a vn~uc of I 187 /l&g c:O per ml. 

‘~lic Q;KcsOncc of hytlrocllk~ric :mtl wxi fount1 tcJ supprcbs the coIour Of the cobalt thiocynnatc 
(prcsumnbly I)rc;rusc of tlissocintirm) ant1 iron, which causccl scr10ns intcrfcrcncc, could not bc 
cffcctivcly supprcsscd by stnnnous chlorlclc in the acctonc mcchurn cmploycd. A poasiblc cxplan+ 
tion for this iw that stannoiis chloride is prcscnt in acctonc as a covnlcnt compound, thcrcby 
rentleriny: the reducing power elf the Snll ion incffcctivc. 

Clwondogm+hic separation o/ the valency states 

For qualitntivc cxpcrimcnts more conccntratctl Co11 ant1 Colll solutions wcrc preparccl. For ic 
Co11 solution JO g of cobalt0us acctatc tctmhytlratc and 5 ml Of acetic acicl wore du~olvctl in 
tlistillccl wntcr, finally cliluting to 50 ml antI filtering. ‘I’0 pruparc the CoIII solution, fo ml of 
this Cell solution (ICC-colcl) W;LH slowly acltlctl to an ice-colt1 mixture Of sntumtccl potassium 
bicnrbonntc salution (35 ml) ant1 100 v0l. hyclrogcn pcroxitlc (5 ml), followccl by G ml of glacial 
acetic l citl. Prcshly prcparccl ColIf ncctatc solution, 
gri~phy (9cc below) gave a very faint Co11 spot. 

when ;rn:rly~ccl by pnpcr-strip chromato- 

When it was clcsirctl to rcmovc rcsiclual hytlrogcn pcroxrtlc from the CoIIl solution immediately, 
a small quantity of a suspension of mctnllic silver (prcparctl by mixing solutions of silver nitrate, 
soclium hyclroxidc nntl hyrlrogcn pcroxiclc, ant1 centrifuging ant1 washing the prccipitatc) wan 
atltlccl; the mixture was slialtcn for a short time nnd then filtcrccl from the sllvcr. Uy nllowinr: 
hyclrogcn pcroxlclc solutions of clilfcrcnt strength to stancl over prcciprtatccl silver, an irpproximntc 
minimum concentration of 1 part by weight of I-1,0, in 10,000 volumes of solution coulcl 1~ 
tlctcctctl by the cscnpc of oxygen IJU~I~J~C~ from the surface Of the mctnl. 

Spots of the mixccl valcncy solution wcrc run on acitl washccl Whatman No. I paper strips 
by downward cliromatogrnphy. 

The cluont usccl wns prcparctl by warming powclcrctl magnesium acctatc (I .5 g) with ethanol 
(GO ml) ant1 acetic ncicl (3.5 ml) iintil the solicl had clissolvctl T11c solution w;~s coolctl, 30 ml of cliethyl 
cthcr was adtlccl, ant1 the mixture flltcrctl am1 storctl in the rcfrijicrator. The clicthyl cthcr coukl 
1~0 rcplacctl by 30 ml of iso-propyl cthcr with virtually the same results, but with Jr-butyl- or 
)I-nmyl cthcr, tllc rnovcmcnt Of the spots was rcducccl ant1 resolutions wcrc infcrlor. When the 
Iso-propyl cthcr : ethanol rntio in the cluant wns incrcasccl to 40 : 50 or 50 : ‘10, good results 
wcrc obtninccl, proviclctl that the scpamtiOns wcrc carriccl Out on unwashccl \Vhatman No. I 
strips. An incrcaqc in tlic CtllctYX~l constitucnl imparts a swifter flow-rate to the ClUiLllt, iLIlt this 
sums to bc cnhnncctl by the acitl-washing of the paper. Conscqucntly, the flow is too great, ant1 
poor resolutions arc Obtiiinccl. T11c Co scparntions. like the vnnnthum Ones (q.v ), were somctimcs 
impairccl by the previous Yatllri~tlon of the air in the chromatography jar with tlic cluant vapour. 

The inclusion of mngncsium cicctntc in the cluants irnprovccl the scparntions ant1 was promptccl 
by the cliscovcry of POLLARD nntl co-workers l*l that tllc aclclition Of ammonium salts Of fatty 
ncitls to solvents usccl for the separation of nlknlinc earth clcmcnts rcsultccl In bcttcr resolutions. 
Ammonium or potnssium acctnte wns not sufflcrcntiy solul~lc in the cluonts cinploycd for the 
cobalt separations to permit the use of cithcr of thcsc salts, ant1 so magnesium acctatc was cmployccl 
instcacl. 

The clriecl strips wcrc tlcvcl~pctl by clipping them into cithcr a solution of oxinc in cthcr and 
clrying in air (yellow spots) or into the thiocynnic acicl rcagcnt (blue spots). A spray of potassium 
IOtliclc in clilutc sulphuric acid tlctccts Co111 as n brown spot, clue to the libcmtlon Of ioclinc. 

When the strips wcru sprayccl with a 0.20/L solution of z-nitroso-I-naphthol-.)-sulphonic 
ncicl in 500A, cthunol, which has been fount1 to bc a very scnsitivc tlctccting rcngcnt for cobalt 
by POLLARD ef nl.15, it was obscrvcrl thnt the Co111 tone tailccl back to the starting point. The 
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approxlmatc RF values of the main spots wcrc 0.9-0.95 for Co111 and 0.55-0.60 for CotI (I 3- I .g cm run). 
A quantitative invcsttgatrun was matie by the usual mcthoci13. The Co vaicncy bands were 

ash4 with mtrx and perchlortc acici, irnd then fumed to clryncss wrth hydrochloric actd. ‘I’hc 
rcsirlues were taken up in a few tlrops of wntcr, IO ml of thiocyanrc ncd reagent was adtic& 
and the solution diluted to 50 ml with So%, acetone. ‘i‘hc Co conccntratrons were tlrun mcrrsllrcd 
colorlmctrically on thr! “Spekker”. A blank cirrr)matogmm was trcatccl Ln o parnllcl manner. 
The values for the CotI fraction wcrc always htgh, anti those for the Co111 fractton low, due prcsum- 
ably to the gradual rccluctmn of the latter on the piipcr during the run 
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SUM>I,\li\ 

Solutions ctmtalning pcnta-, tctra- or trivaicnt vanndium were preparc and thclr vsnatiluln 
strength cstlmatcti ?‘hc rcctuctng power 0f nil the vnnatinlm vnicncies uprxi L‘u Ga nncl Ha+* 
salts, acidif moiybcintc, anti nitrate w:tb invcstigntcci Suparatlons bctwrcn the vnicncy stabs, 
whxil inciucicri a quantttativc tnvcstigatlon of :I VV-\‘fs separation, and bctwccn VIfi and 
%n by paper chromntagriq~lr~ DrC ticscrrbxi. The interactton of vnnatisum vidcnclc8 with some 
hto VaicnCy-StikteS arc summarizcci. 

A chromato~rapi~ic scpnratton of Cal* anti CoIf$ as ncctatcs. 
rnvestlgaticm, IS also cicscnbcrl. 

incluchng n brief quantttntivc 

I<l?;sUM I_? 

en vanacilum tie ccb soliitlons n cnsuitc tit& tidtcrmindc. I.0 pcmvotr dtlucteur ;lu vatbdium, h 
cc9 cirffdrcntcs vnicnccs, %ur Its scls dc Cu+-” ct tic Iig+ a, lc molylxintc cn solution acitic ct lc 
nitrate, a Qtd cxamtnb. I)cs sdparntlons cntrc its diffSrcnts stndcs de vaicncc (comprcnant unc 
~ccherchc tic stiparntmn quantItatlve de VV-VIV) 0t crttrc ,Vl11-%n par chrotnato~r~piric sur 
pnpicr sont ci&rltcs. I-cb Interactions tiu vnrincizinn ct riu tr~olytxi&nc, i “r dlff&rcntc% ViiicnCcs, sunt 
signnl&zi 

Une sbparatlon chromatographrquc ric C’olI-Coll[ commc ;tcdtatcs, RVCC unc br&vc Jturlc quanlrta- 
tivc, cst &galcmcnt tlt?crttc 

%ISS.\~lXIENI’hSSljSC 

i’tinf-. vicr- ocicr drcrwcrttgex Vanachn cntiraltcntlc I.&ungcn wurdcn hcrgcstclit unri ihr 
Vanaciingchait ixstlmmt. I&G lictiuktions\,crmijjcn tier vcmchicdcncn Wcrtigkcttcn tics Vnnatiins 
gcgcn Saizc van Cu+2 unti i-Ig+* sowtc gcgcn hlolybci~t in saurcr l&sung uncl gqgen Nitrat 
wurde untcrsucht.. I’o~~~~rcl~romat0grapl~isci~~ ‘I’rcnnungcn dcr vcrdlicticncn Wcrtigkcltsstufcn 
(mit lnbcgr~ff ctncr qiinntitxrtivcn Untcrsucliung tlcr ‘I’rcnnnng VV-VIV), sowic van Vlll-%n 
wurtlcn ixscliricixxi. 1Ilc ~~‘ccl~sciwirkur~K~n zwlschen den vcrsci~lccicncn Wortigkcitcn tics 
Vanaditrn unri clnigcn \Vcrtigkeltcn tics Molyi~~i~ns wurtlen zusammcngcfnsst. 

13ine cilrorllato~rilphische ‘I’rennutq tier Acctatc van Co11 und Colll, SOWIC cinc kurzc quantlta- 
tivc Untersuchung dicscr Trennung wurcicn ctcnfails i~eschr~cbcn. 
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