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Nickel and cobalt have very similar clcctrochcmical characteristics, and no satis- 
factory method has previously been dcscril)ed for their electrolytic separation by rcduc- 
tion to the metallic state. I~~r~I,~~~~I~\~~SliS' attempted the deposition of nickel on a 
platinum cathoclc in the lxcsencc of colxllt from a buffered thiocyanate solution but 
the results wrrc far from satisfactory. The usual electrolytic mcthocl for separating the 
two clcrnents, ori+atcd by Co131Is hsxJ Gt.XsE.n2 and improved by ToI~~~scE~, in- 
volves anoclic dqx’sition of the cobalt as cobaltic oxide. Howcvcr, the latter is invaria- 
bly contaminatccl with nickel, and in accurate work the first &posit must bc dissolved 
and the separation rcpcatcd. ‘1’11~ variable composition of tilt colxlltic osidc deposit 
prccluclcs direct weighing, so that the second deposit must 1~ dissolved and the cobalt 
fin,llly delx)sitcrl as tllc metal. JIorc rcccntly Xi;s,\I~Ic~vIcIt~ rcportccl the electrolytic 
separation of nickel and cobalt from an alkaline cyanide solution. Nickelic osidc de- 
posits on tha pl;~tinum anode and the cobalt is held in solution as cobalticyaniclc ion. 
As with cobaltic osidc the conlposition of the nickelic aside clcposit is variable, so that 
it mllst bc dissolved and its nickel content clctcrmincd by one of the standard methods. 

The fact that in thiocyanatc or pyridinc media + 3 nickel and -tz cobalt yield well 
sc~l~aratcd polarographic WLVL’S for rctluction to the metals” prompted this invcsti- 
@ion of their separation and coulometric dctcrmination on the macro scale by con- 
trollccl potential clcctrolysis with a mercury cathode using an a(1ucous pyridinc clcc- 
trol_\rtc. 

The clcctrolysix ccl1 (I00 ml capacity and nlcrcury cathotlc nrc’a of 20 cmn) W.LY the sxmc ns thnt 
cicscrilxct by J.iN~hsd. A constant spcccl (Go0 r.p.m.) mechanical stirrer way usctl. with tlic stirring 
Mndcs adjusted to keep the rncrcury-solution intcrfxc in rapid but smootll motion. The ccl1 was 
closed with a Unkclitc cover, 
of nitrogen. 

ant1 ciissolvcd oxygen wits rcwlovccl from tlic solution with n stream 

Two types of nnotlc, immcrsctl directly in the test bdution, were usccl , . a silver anotlc with either 
cldoritlo or bromitlc iis dcpolaritcr, and a plntinutn anoclc with hytlr;wtnc as clcp ~lari~c~. Tlic sllvc-r 
unodc (orcn 103 cm*) was csscntinlly the sCa.nlc iis in previous stuclicsq. The plntinum anotlc (nrcn 
7.j cm?) was n garrzc cylinclcr, mountcrl vrrticnlly ant1 cowck~lly with the stirrer shaft. 

A p3tentlostnt4 wab usccl to maintain automatically tlw potential of the mercury cathoclc at. a 
cxnstnnt vduo ngninst ;L snturcltctl cnlorncl rcfcrcncc clcctrotlc. 

The quantity of clectrtcity passccl was mcnsurctl with it Jiyclrogen-osygcn coulornctcr4 when the 
initial current was lnrgcr than nbaut 30 nrilliamp. With srnallcr initial currents it WRY fonnd that the 
hytlrogcn-osygcn coulomctcr was subject to a significant ncgntivc error. Thcrcforc, when small 
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quantities (less than cn. PO mg) of metal were determined the quantity of electricity passed was 
measured with a grnvimetric silver coulomctcr. The electromechanical integrator described by 
LINGANE AND Job-rzssmay be used, and it is more convenient than either the gas or silver coulomcters. 

The tcchniquc of the determinations was as follows. The supporting elcctrolytc alone was placed 
in the cell, dissolved air was removed with purified nitrogen, and the solution was subjected to 
a prcllminary electrolysis with the potential of the mercury cathode at -1.20 V vs. S.C.E. Co remove 
traces of reducible impurities. The preliminary electrolysis was continued until the background current 
decrcascd to a constant minimal value, which usually required 30 to 60 minutes. The potentiostat 
was then set to maintain the potential of the cathode at the value to be used in the determination 
(-o.95 V vs. S.C.E. for nickel and -1.20 V for cobalt), the sample solution was added, and elec- 
trolysrs was allowed to proceed under automatic control until the current decreased to a constant 
minimal value. The total quantity of clcctricity passed, the electrolysis time, and the final current 
were noted. 

Correction for the quantity of electricity associated with tho background current was applied 
by subtracting the product of the final current (amperes) and the electrolysis time (WC) from the 
total numhcr of coulombs indicated by the coulomctcr. The background current probably results 
from reduction of hydrogen ion, and this method of correction assumes that it is constant throughout 
tlic electrolysis. 

The quantity of metal deposited W was calculated from the relation 

w =I 

ilI(Q - ic, 1) 

2F 

whcrc AI is the atomic weight, Q the total quantity of electricity (coulombs) indicated by the coulo- 
meter, ib the final background current (amp), 1 the electrolysis time (XC), and I; is the faraday. 

Standard solutions of niclcclous chloride and cobaltous chloride were prepared from the purest 
commercially available salts. The nickel solution was standardized by the dimethylglyoxime method, 
and the cobalt solution by oxidation to cobaltic oxide with hydrogen peroxide in allozlinc mctlium 
and iotlomctric assay of the +3 cobalt. The significant amounts of nickel impurity in the cobalt 
salt ant1 cobalt impurity in the nickel salt were determined by polarographic mcthods,s*b and the 
appropriate corrections wcrc applied. 

The pyriclinc used (Mallinckrodt Analytical Reagent) was redistilled, and the mitldlc fraction 
boiling within a 2O range was collcctccl. 

RESULTS AND DISCUSSIOS 

The optimum control potentials for the deposition and separation of nickel and cobalt 
were established by determining the deposition potentials polarographically with the 
dropping mercury elcctrocle. Polarograms were recorded in the usual manner with a 
polarograph at a relatively low sensitivity, and the deposition potential was measured 
by cstrapolating the nearly linear steeply rising part of the C.V. curve back to interscc- 
tion with the residual currcrrt. 

The deposition potentials (at a metal ion concentration of cn. o.ozM) wcrc dctcrmined 
over a wide range of 1~11 in an clcctrolytc containin g IM total pyridine and o&U 
chloriclc ion (added as tither hydrochloric acid or potassium chloride). The potentials 
at which reduction of the supporting clcctrolytc occurred were also dctcrrnined. 

As shown in Fig. I, the deposition potentials of both metals arc practically constant 
over the 1~1s range from 4 to 9. In neither cast dots the reduction of the pyridine-metal 
ion comples proceed reversibly; if it did the deposition potential would shift to a more 
negative value with increasing I)EI bccnusc of the increasing concentration of free 
pyridine. At a 1~11 below about 4 complesation with pyridine is prevented by the 
conversion of the latter to pyridinium ion (pKn for pyridinium ion is 5.4). The abrupt 
negative shift of the deposition potential of coba!t at PH = 3.5 is simply a manifestation 
of the well known fact that the ovcrpotential required for the discharge of aqua cobal- 
tous ion is larger than that for the cobaltous-pyridine complex. 
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From these data a potential of -0.95 V ZIS. 
S.C.E. was selected as optimum for the 
separation of nickel from cobalt over the 
entire PH range. A TJotential of -I.W V is 
satisfactory for the deposition of cobalt 
without interference from reduction of the 
supporting electrolyte. 

Resrdls withsilver-silvcrcldoridcauxiliaryanode 

Fig. I. Deposition potentials of nickel 
and cobalt at a mercury cntlwclc 
from aqueous pyridinc medium ~9 a 
function of plr. 

Typical pcrfomlancc data obtained with 
the silver-silver chloride auxiliary electrode 
arc shown in Tables I and II. Exactly similar 
data were obtained in a series of experiments 
with a silver-silver bromide auxiliary elec- 
trode, and in another series using a divided 
cell like that on p. 371 of Reference 4. 

The chief factor limiting the precision of 
these determinations, and the smallest 
quantity of the metals it is feasible to detcr- 
mine, is the appreciable background current 

‘I‘hBLlz I 

SEPARATE OETEHhlINATlOSS 01’ NICliEL AND COIIALT \C’ITlI SfLVRH-SILVER CIILORIDE ANODE 
--- _____-____-__---_---I. -__- .-_ _~ 

Elcctrolytc I .oodl total pyridine. 0.50.11 chloride. Volume an. 100 ml 
A’ickcl at -0.95 V vs. S.C.E. 

.Vickcl taken mg Idlid h’rsutmd 
ClcrrrPll m. I current m.l 7 *me mitt Total coulombs Nickel /oumt mg Error mg 

-___-__-_--._ __-_-~__-----.~_~_^-~~-.-~~ ---- 

5.3 208.G 250 .I. .? I 65 723 9 207.5 -1.1 
5.3 104.3 1 40 I.8 ‘SO 359.8 ‘04.5 0.2 

5.3 104.3 x7.5 2.7 ‘50 368. I 10.1.6 0.3 
5.3 x04.3 IGo 38 162 383 G X05.4 I.1 
5.3 20.9 GG 2.7 105 8G.4 21.1 0.2 

5.3 20.9 67 l.G 120 78.0 20.2 -0.7 
6.G X04.3 250 ‘SO 0.3 2.G 367.2 xo4.G 
7.9 X04.3 230 1.5 120 354.4 ‘04.5 0.2 
9.0 104.3 I.10 2 .‘2 120 358. I 104. I 4.2 

9.3 104.3 I 48 4.3 ‘57 38G.3 105.2 0-g -_ 
Av. fO.5 

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

Cobalt a1 -1.30 I’ VS. S.C.E. 
. * 

Cobalt takau rug c,t$~,~~!,.., Hrsidlunl 
currrlrl m.4 Time miu Total codombs Cobnlt /oumt mg Error mg 

--- --------_ --- 

5.3 

5.3 

Z:: . . 
7.4 

9.2 
9.2 
9.2 

102.9 13” 2.8 17.1 440.7 x2.5.7 22.8 

10’2.9 t IjO 2.8 120 387.0 x12.0 9.1 

IO?.?) 102.9 220 Xi0 “a.5 2.2 ‘50 ISO 335.9 359.7 I 103.0 x4.9 12.0 0. I 
X02.9 23“ 1.7 180 ;;iZ:: 102.8 -.t 

102.9 230 2.8 120 x02.6 -*3 
51.5 *75 3.9 I20 198.G 52. x 0.G 
20.6 83 2.4 120 87.0 71.3 0.7 ---_ 

Av. (abxe ptr G.4) ho.4 
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AGALYSIS 01’ NICKBL-C’OISA1.T hll,XTUKICS WITII SIl.VILI<-SILVKK CItI.ORIDl3 ANODE 
__ _. _-- ..__ _ __-_- ___. - ____ - ^____ -.-- _.____. ._ ..---- __--------___ .__- - -_..- 

JSlcctrolytc I .oolll total pyridinc, o.solcI chloride 
JSlcctrolysis at ---0.95 V us. S.C.E. for nickel and at 

-1.10 v 71s s.c.13 far colxdt 
___ __ ___._ ___ __.__ __-- _...______ - .__-. _^._ _-.-_- ----_._- .-_-_---.--_--- __._ --__ ---_-- 

_ _---__ .._._. - _.-__._ ---- _ .-.-- __... . -----_-- _.__ -__-- ._._ -.- _____ - .-.--_ __.__ __---~__.__-.-___ 

clue to reduction of the sul>portin g clcctrolytc. lTrom experiments in which the gain in 
weight of the silver anode was compared with tllc quantity of clcctricity passed, it was 
cstal>lishcd that about one-half the lx~ckgrouncl current results from the reduction of 
the constant small concentration of clissolvcd silver 1jrcscnt in the solutions. From the 
known polnrograpllic bchnvior of pyriclinc,: 1 tllc remainder lxolxA,ly results from a 
cataly/,ccl reduction of llydrogcn ion nt 1)” values l~low about G and from reduction 
of J,yriclinc at lliglicr p1L’s. 

As explained al,o\*c, correction for the background current was applied by assuming 
that the background current during the entire clcctrolysis was the same E. the final 
rcsidunl current ; i.e., that the bnckground current was not influcnccd by the metal 
<lq)osition. ‘J‘hc results in ‘I’al,lc I clcmonstrate that this assumption is valid in the case 
of nickel over the cntirc Im range, but with cobalt it is valid only when the l)EI is 
greater than about 6. At pr-r values less than G the background current while colxtlt is 
lxbing tlcpositcd cviclcntly is consiclcral~ly grcntcr than xt the end of the electrolysis. 
Cobalt is insoluble in’ mercury, ant1 ap1xu-cntly the hydrogen ovcrpotcntial on the 
frcstily clq)ositccl mctnl is significantly smaller than after the metal clq)osit has ngcd. 

Tlic 11s~ of ;L platium ausilinry anoclc clcJ)olarizccl by hydrazinc is somcvvhnt more 
convcnicnt than a silver-silver cliloriclc nnoclcq. Rlorc iniportantly the lxuzkgrouncl 
current with the I’l~itinum-liyclrazinc anoclc is only about half 3s large as with tlw 
silver-silver cliloriclc nnoclc. A furtlicr incidental aclvantagc is that tlic nitrogen lxoclucccl 
by tllc osiclution of the llyclrazinc, xccortling to N,l-Ia =- N, -I.- 41-I+ -/- +, aids in csclud- 
ing air from the solution. 

Since it bvns csJxxtcc1 that hydrazinc might form coni1,lcscs with nickel and cobalt 
wllicli could change tlicir clcl)osition cliuractcristics, a polarograpliic investigation of 
nickel and cobalt in tllc Ixcscnce of hvclrazinc, both with nncl witllout pyriclinc prcscnt, 
WIS carriccl out. ‘I’llis sl~owccl that xbovc a prr of about G both metals do form cotnplcxcs 
wit11 hydrazinc, wliosc clcposition ptcntinls arc about 0.2 V more ncgativc than tllc 
1 yriclinc: co~i~plcscs. In tlic Ixcscncc of both pyricline and llydrazine both complexes 
co-exist over tlic pu range from ;hout G to S, ~u~cl the polarogram sliows a separate 
wa\*c for c;ich. 

l’ilis is dcmonstrntccl in tlic CiLSC of nirkcl by tlic typical polnrograms in Fig. 2. 
TllC singk \ViI\‘C ‘.nt pI1 -;I 5.3 results from reduction 0 f tlw nickel pyricline complcs, 

.whilc tlic siiiglc’ wn\le at lar = 3.5 is that of t$c nick1 1ryclra;zinc complcs. At inter- 

mccliatc pit \~ducs a doublet ~ILVC is olwxvccl. the first wnvc being that of tlic nickel, 
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1 
Fig. 2. Polarogmms of nickel in the sanrultaneous prcscncc of pyridinc (r M) nnd hyclmzine (o.zM) 
nt tllc LIZ values indicated for CiiclI curve. Exh curve starts at 0 V VCYSIIS the saturated cnlomcl 
clectrorlc. The galvanometcr zero was tllsplrrccd downwartl for citcll succcw~vc curve to nvoicl over- 
lapping. 

pyridinc complex. The occurrence of the doublet wave shows that the rate of transfor- 
mation of the hydrazinc comples to the pyridine comples is relatively slow. 

Some transformation (albeit incomplete during the life of ;L mercury drop at the drop- 
ping clcctrode) does take place at potentials at which the pyridine complex is rccluccd. 
Conscclucntly the ratio of the pyridinc and hydrazinc complcxcs in the body of tllc 
solution doubtless is somewhat smaller than the relative heights of the two waves. 

At per values 1~Aow 7.5 both metals can lx deposited from the miscd pyridinc-hy- 
drake solution at the same potentials used in the xbscncc of hydrazinc, because the 
hyclrazine complcxcs arc transformed to the pyridinc cornplcses as the deposition of 
the latter proceeds. However, at a 1’11 al)ovc 7.5 this transformation is so slow that ~1 
inordinately long time is required for complete deposition. 

CVith the pyridinc-hydrazinc electrolyte nick1 can be cletcrmincd satisfactorily over 
the JIH range from 5.2 to 7.2. Mowcver, for dctcrnmination of cobalt the per must bc 
above about 6.3 to prevent the catalyzed reduction of hydrogen ion described above. 
Conscqucntly for the succcssivc determinations of both mctxls tllc 111~ must be bctwccn 
about G.3 and 7.2. Because the llydrogcn ion produced by the oxidation of hydrazinc 
at the anode causes a significant decrease in 1)~ the optimum initial NIL is 7.0+_0.2 

when the supporting clcctrolytc contains 1~11 total pyriclinc and 0.~16 hydrazinc. 
With up to IOO mg of cobalt in TOO ml tllc concentration of hydrazinc should not be 
much smaller than o.zN. \Vith only o.rM hydrazine a few tenths of a milligram of 
cobaltic aside was observed to deposit on the platinum anode, but this does not occur 
with o.e.ilf hydrazinc. 

l’hc data in Table III show that the successive dctcrminations of nickel and cobalt 
arc very satisfactory under the optimum conditions. 

Because the deposition of each metal requires 2 to 3 hours the total elapsed time for 
a successive determination of both is 1 to 6 hours. However, since the electrolyses are 
automatically controlled by the potcntiostat, the actual operator time involved is 
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SEI’ArtA’rlOS 01’ JGICKIZL ASD COlsAJ-T, I’LATINUJI-Il\‘DJ~A%INIS ANODE 

l~lcctrolytc l.ooM total pyritlinc, o.joM ctlloritlc, ant1 
0 2o;If llytll:rxinc sulfate. 

I<lcctrolysir at -O.CJJ V us. S.C.E. for nickel 
;IJlcl ;lt -1.20 v for colnlt. 

. . __ _ -. -- ._ -_-_------- -_ ------ -------. - --- --.- -- --.--..---__-_---______ _.__ _____ _ 

PII rVtcke1 faker ,,I# 
,VlCk.?l 

/owtl ,,IR rcrror mg C0bdl IdWl mg Cobull /oud ntg I9r.w WL: 
_ _._... _. _._____._.. ._ _. -- .- .--__-- -_- -.- -_ . . .-._. _-_ __. - -.. --- ..--- ._ .._ ._-_ ______ _____ ___ __ ____ ._______ __ 

I 7.04 CJ lO.).c, l0.l.X 0 . 2 103.3 103.0 --0.3 
.2 fj ‘i-cl I lO.l.6 105. I 0 ..5 103.3 n 

3 7. l-0.8 87.0 86.5 -4.5 x7.7 IS.5 0.8 

4 7 o-0.7 H7 0 NJ. 5 -.s 17.7 J.80 0. 3 
5 7.04.c) J 7.f) 17.7 0.1 H.5.G HS.5 --O. I 

r; 7. 07 I -f,.fJ 17.0 18.3 85.0 85.3 ---0.3 -- --_- _ . _ __ 
Av. :kO.,) Av. “O..l 

_ __.._. .- ..__.. --.___ __-_-.- _______ -__- ---___ -_ - --_- - _------ -__- __.... _ __._ ---_- 
a) l;inal plr too lcw for colxtlt clctn. 

only that required to rcsct the potcntiostat and observe tltc coulometer readings. Once 
the test solution 1~s been prepared the operator time need not escccd ahout twenty 
minutes. This is less than the actual operator time required to analyst a mixed nickcl- 
cobalt solution with equal accuracy 13~ any of the classical methods. 

Comnlcrcial nickel salts invariably contain significant amounts of cobalt, and the 
convcrsc is true of cobalt compounds. Ordinary purification tcchniqucs arc not very 
effective in removing small amounts of cobalt from nickel salts, and vice vcrsu. Since 
the controlled potcntinl tcchniquc clcscrihed hcrcin provides a very clean scpration 
of nickel from cobalt, it can bc used very advantageously for prcpring nickel-free 
cobalt compounds and cobalt-free nickel compounds. 

Chtcful nclcno\r~lctl~cmci~t is moclc to Chc htdlinckrotlt Chemical Works for partial finclncinl 
support of this investigation, and to tlic ltcscnrch Council of Ontario for scl~olnrullip aid to the: 
junior autl~or. 

SUMiwAXZY 

A ~nclhorl has been clcvclopcd for 111~ succcssivc tlctcrminntions of nickel nncl cobalt by controllctl 
potcntinl coulomctric anillysis with R mercury cntlloclc, using iln ac~ueous pyridinc clcctrolyte. @an- 
titles of tlw metals from about IO to 100 nq per 100 nil i~rc tlctcrininirblc with an crvcragc error 
Of ho.5 mg. IQxnusc this controllrtl potcntml clcctrolysis tcclmiquc protluccs il clcnn scpnratioll 
of nickel ant1 cobalt it can bc usctl for preparing nickel-lrcc cobalt compounds and cobnlt-free nickel 
conlpouncis. 

l;nc 1116tllotlc a et& niisc nu pDiirt pour closer succcssivcn~ciit Jc liickcl ct lc cobnlt pilr illldySc cOUlO- 
Jdtricliic A potcnticl contrblfi. cn solution cau-pyridinc, cn utllisnnt unc cnthorlc tic mcrcure. Des 
clUi’tlt.lth tic cc’s nihaus d’cnviron 10 r\. 100 mg/:/100 ml peuvcnt Gtrc tlGtermindcs avcc ua m-cur 
llloycnnc tic & 0.5 mg. <;r;icc A l’csccllcntc s+arution nickel-cobalt, obtcnuc par ccttc Glcctrolysc 
ii potcnticl contrhlc. ccttc tcchniquc pcut ctrc utilisbe pour 1;~ pr&parntion dc cornposh rlc nickel 
v.w-npts tic cobalt ct tic conipos~s clc cobalt cscmpts tic nickel. 

E:y wirdc cinc hIcthorle nusgcnrbcitct, urn Xiclccl und Kobrrlt mit citicr coulon~ctriscl~c:r Analyst 
bci k-mtrollicrtcm I’otcntinl in cincr \Vasscr-l’yridiu Lbsung n;tcIlciuantlcr XII bcstimmcn. untcr 
Htffml:co; p. 287 
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Vcrwendung eincr Quecks~lberclcktrodc. Xengen dicser Mctallc von IO bis IOO mg,/loo ml kimncn 
mit eincm mittleren Fchlcr von & 0.5 mg bcstimmt wcrdcn. Dank dcr hcrvormgcntlcn Trcnnung 
von Nlckcl-Iiobalt, welchc man mit dieser Elektrolysc bei elnem kDntrolliertcn Potential erhllt. 
knnn dicse Technlk such fiir die Pr2parntion von Nickel-Vcrbindungen. wclche kcin Kobnlt cnthaltcn, 
und von ICobalt-Verl,indlln~cn, wclche kein Sickcl enthalten, \w-wcndct wcrdcn. 


