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' 
ua,7 ii.h, . .1.Lu 3 "·8 nnd .t .. u in various statt:is - oright~ black 

.<rte .. - huv0 been studied us oxygen eloctx;odeu ..in the three 

ihe use or oxygen or 

t.:,i.r oloctrodes for titration pt.u-iJoses ho.0 been extensively 

studled bjr others, and therefore little attention has bocn 

given t<i th.is u2pocrt of these electrodes in this work, which 

lloo ·oeen chic.fl3 oon.finoei to the aea.roh .for a reproaucible 

wiu oocurate oxygen electrode . 

.i..\1rtical.tU' note was ·taken of the effect vf' the previous 

his.tory of tbe elcctr.;d0 on tho potential,, out, the hi,~tory 

in not t..racnnble to accw:·ate measurement; amt uv very definite 

rcoulto Hore obtuined. tfo electrode was f oWld which gs ire 

a reproducible, constant, thermoaynumically revereible ±,otent~ 

i::..1. vt, the ,;thor hanct, tho theoretical potential of tho 

oz.ygen electrode wus often e .. ' ceeded; s.1·though onJ.y :for very 

ollvrt periods of t.;.me t..to t-he potentiv,l .fell rnyidl.Y., by 

f:roohlY lleutecl lul un<i Ir electrodes o .t.1 thu~h not t:.t t.t1e 

reveroiblo potential, 4JotenCi&ls were u.lev obtuineo. rJ1ich 

r;ero re,proctueible w:1 thin c.rjproximntely lv mv. 1 o .. g . 

. ed in Kt:.L, us in iit.v.d Wl.d li.,~u 4 • 
.... -

'i'ile olectroues were heo.ted in vacuo tu 4v(.>°C, in o.n 

efi'ol't to ciecvmpose uny o::&icte filrns i,om.-libly present un the 

t.10 t:..ll1o ouri'acc. I, very :.o.urkeu lvwer ing uf t.bs tnlt :Lal 

t,1vtenti.n.l was e;baor'f;ed due to this treat:nent in noutral and 

ac"-1...l ool11tion, bu.t tho treat,.nent hu.o. little or no ei-fect in 

u.lko.lino oolution - ,'1th .i..g .:nd lili ther.e wao very little effeot 

in c;ny oJ.eotrolytc. A tlle~ry is a.eveloped tu explu.in these 

J.nt.tcr results und th.e generul behaviour of oxygen oleotrot,ies 

in undisturbed oleotrolyte. lt is ccm~i.dorecl t.hut no n1nglo 

thoory pr oi)ooecl U:.,, tv tho .i. .. resent ic ccpttb.le o:f fully ., 

ex.Jlu.in:1.ng the anomalies 1,Jf the ox.vt.:enel.ectrodo, but thut. a. 
\ 

<.:,Juo.inution of ooveral tuec.,ries t1uy uc eo ... the oruinnr;r 



The i_otor .C.:loctrolytic .t'Ot9ntia1 (:.~~ 4,.J.'. ) , produced _ 

by :i'elativo motion between eloctrode nnd. eloctrolYte, was 

o.lso {rtudiect with those oleotrodea,,. sJ.nce it ayponra to have 

considerable bearir:te on the constancy and re1>rouucibili ty 

o.:£ tho elootrodeo. It hoe been point-ad out tbttt there is 

no theory at present to account for the ll.E .. -t1. of g$.u 

£3lcctt~od.os as distinct .from metal electrode a., .::;.l". , und that 

e"\l'"en .tot m.etalD there a;pou1·a to be considera.blo confusion 

t!S'tv 1.1bat the It:E.J?. really is, o.nd us to how i't is to be 

The il. ~ .. 1: .. c:f the ..:t mete.ls wus :found tu vary 

V1idely., sometimes t}Oing positive und sometimes ne6o.t1ve. 

ey coverir.\J5 the electrode with a coating such us oollodiun, 

v:bich is permeable to tho electrol,ytr-1:., the negc,,ti ve Iu. I:r • .t. 

is rende1·cd positive. in all the cases triod. A theory is 

·uavoloped, baaed un thnt of' bvans, and ... ,..llller tm.d Ko.nupich.y, 

to explain_ tho behaviour of these collodionised electrodes 

end the S.!.;..P. ot o~ygen eloot!·odes in general .. 



well known~ bu.t the mechdn.ism o:f this elecrtrot'la io 

still a highly contr,;vorsial subject. Although 

soveral t.hcuries have been 1)roposed. to acommt fur 

the facts as a.t 1;;resent kno,vn,none ie yet genernlly 

aooeptod t\S true .. ln practice the result vf thio 

irrcvat·oibility iti the low cxpe.rim,3-nt:al values., for 

oxra~1£,lc, obtained f<Jr tho UK.Y-h.)wogen cell- The 

Hydrogen electrode, o.f c0urm.i, giving tl1G thoorotioal 

po:t,ontial; the low vniues muat be. due to t.hc oxygen 

olectroue. 'l:he .c,.,...,;.;..&.•. of this cell, culculuted 

from the resu.J.ta ol:· t.tic clo.ssice.l cx:->erimenta of 

llernat H.!lti Von o,crtcnbci·g1 
011 tllc dissociation of 

0 atee.u ut higll t(}IDfH:lr&turea, is l.232 - O.GC.-085 (t ~17) 

voltu.. • Lewie .o.nd ;t;.nnde.112 give 1 .. 22 volte &a the 

average vnlue fur tho 02-li.2 oell o.a calculated .fr.om 
•;, 4 ., 5 6 

the da:t,~ of LvWenstein°, Lo.ngmuir' , .lJSWia ., .Broflstod ., 

. Taylor unu llulett
11

1 and !ieru.et l..nct von ,it~.rtenberg. 

Britton8 ha.s ct,lculu.tod the vo.lue tu be o..PProxirnutely 

1.22 v.o.lt.s :from ovns1dct·e.t1ons o:f the potontiol of 
~ 

f.lf oilvcr oxide. The gone.rally accept.cu theo1:eticul 

vu1uo ia thero:fore euproxi:natel.y l .. 23 vvlta, un(.l 'thio 

is the vuJ.ue uood. £or the p1,.irposeo vi.' this invoatigatii.,n. 

The ;}Ubliu!led e~pe1~ir.:1entt..l ,n..,luee iwr the 02---F..2'-lCll, 

hc,wevcr, ere .cvnsid.erebly luwer than this figure, 

v~..rying froe1 1 .15 to O. 9 vol ts. .Jpielnwnn9 gives 

u sm,.J.'.1.i.o.ry of the eJ1;:p0rirnental V.,;.lL1es obtained f'or 

this ce.ll b;; worker·s up to 1909, c.nu t,hc vuluco 

all lie v,ithin ti1.c ebeive lh.-its .. Ho further oo.va.n.ce 

br.;;e been mo.de· riinoe then us rehrardo tne attaru:nont 

u:f th( t:~eoret1ool oxygen potential under ordinary 

cowli tiorn.J. 
Cvntinued 



use as nn Indicator i:..lectrude in .filectrppotriq, 
~- lbA/l"Jll"{\111 11 j l - _ ,i .iii . t l illl L 

Titrativn-s: 
" :Zft..44 --• .• 

H.o.bcr und lile1::iclnnenn10, liabcr und .lfostor1 J., 

end I!ubcr•1 ;.·; have used thE: ox.ygen elactrudo at t1igh 

tempere:tu:cca in :fused glass, porcelain., tiaOfl nnd 

KOU as olcctrulytoe., und they found that, at tem­

J?eX'o.tu1·cH.1 betwoen 400 1..1.nd 1000°c; the elect.r·ode 

gave values in e.ccordtmce with. tbermodyn3Ir.tical 

molt-on outcc.htic u:t' 1:11:lOL! lind .L,.u.1:i t.nd .. Jaur and 

Brunner14 in curbunat0 melts at 5C0-6G0°c. It 

electrode is rovorsiblc. 

OXygon oloctrodos cem~..,t be cvr.i_;..Jletely irro­

veroiblc oven unde.c ol'uinary conditions:, 

oinco they .uo.ve boen extcn:;:dvcJ.y L.nd aucceoB1'u11y 

used oo inci..icnter electrodes in eleotrometric tit ... 

rat.ions¥ wt1ere tho uso o:t' hydrogen electrodes has 

to be avuid.ed fur various reo.svns. being readily 

sensitive tu chc;.nges uf pH, they u.1ust nave a certair. 

degree ol" reversibility a.t ~.l1J1 rute. Furmtm1D hos 

usod oxygen eloetrodEHJ ror d.ctermlning totul 

acicti ty oi' • o.lkulinity in the vresonco of chrouia.te 

o:nd dic.brvim.to by □euns o:r electl·u:ae-tric titrn.tiona. 
lG 

He la.ter extentlod. the rrork tu uir dlectrodea , 

using oxidising and non oxidising sulu.tivns., and 

Zvund thew qaite nat1efuctory. ..:~lttwugh 'tbe tit.-

ratifm curves e.re nvt repruducible ttu:oughout their 

de.finite i-.ntl t.lmqo occurs nt the .sri: ... 1e point in the 

ti tre.tion, t.hus :fu.rniGhing an i...ccuro.te method of 

c1etermining ecicti ty in ool.utions , where the use of 

ff.ydroeen oloctrodeo is unpracticuble. ,l,rtnur uid 

Keele.rl 7 U$ed u~ uir elootrude iv.c cc,utr.:.1lling tho 



elkolini ty ot' boiler .t'uect v1ater 1m.1uatrie.l]J'·. 

Tilley and ,.iulston18 ueed the uir electz•ode to 

follow tho removr .. .1 vf ferric :iron and ulumiu~ from 

copper sulplwto solut.ions by precipitation 'vVith 

11mestono,. and a. .few othe1. • similar lt.ydrol_ytic 

Van d.e-T ~eulen t..1nd .:i:llccxon19 t1oed a 

polioned vlatinu..rn tdre as indioo.tor electrode in 

t1trat;1ng NeOli with etuna.aru acid. J:hey stirrc{l the 

solution meohanicallY and uaed no hydrQgen gt.a, but 

£;;.mnd. a aharp brei'tk at the end point. Under theae 

conditioo3 thc.,y wore <.ibviouoly tlsing an o.ir oleotrodo, 

as th.o electl'vl.yte wou.ld be in an o.ir setureted condi-

tion. Tlrn,i,i attribute the AJotential, btrcrevor., to 

l •1 ~ t•. f., ..,._ 'tt 20,21,22, se,oo~ ve a.usorp·i;,1on o. lDns. .vri on, 

(.,f all 'tho v.rorke1·s in this field., han curried out 

.._Jrobabl.Y tho uost exhaustive i.t1vostigations on oxygen 

elaotrQdee1 ao .1ncttcmtur electn.:ides i.n eleatrO!!lS'tric 

t1 trations~ He followed the 11recip.tltation of 

5G (ioL Od, J.:>b, Ag, Cu (ic), V (ic), and Fe (io) 

ion.a v,itb lm.vil w1d investigated the titration of 

veriou.e acids nith fo:ivII. 'l'heae ex.1:1erimerrts inclu<l.cd 

titI·o.ticme • o'f .chromic acid una orgt:.1J1ic dl-ba.sic aoida-. 

ks a ros.ult of this work he :found that., olth.ougb two 

eleotrodeo nover give coincident curves, thJ oxygon. 

olect.rode is- quite sa.tis:fa.ctory o.s an indiootor of 

rapid changes 1n lzy<l1'"ogen ion conceutration. 

{loc. cit)co.J.ioratctl his electrodes Gn rm c..1pirical 

pll scale.,, end Br11i-ton la.tei· itr..vroved the method to 

vbtain gree.tor n.ccuraoy thrc;ughout tho tit1•at:ton0. 
23 ••A 

• • t' 11 ' C 1 • d n t 1 ,-.;"' ... .... un 1 . on onu n.s.se ~ an· .urewer and. ....on i lon - , 

hove ueeu. uxygcn nnd a11· electn.,dot tc. dete.nnine ti10 

pH oi'. .vluting bathe o.a.t,1ei.:iall,y whare h3urogen 

cleotb(;dee ru·e • inap.!,ll.icable., e .3. Ni v.nd C<;;. }lltiting 

1:Jolutions .. (.£Ji 11.nd Co being loner thn.n h..vdrogen in 

too eloot.ro-...1otive mn:ies hn ..... thcre1·oro lih.ol,y to ;:-,lute 



out on the- eloctrocle~) Calibrut1ng their olec*rodos 

by means cf buffer solutions, they claim. to hnve dcter­

minod the acidity with an accuracs of .1 pH. 
. 25,2G 

.t'opu£f' end .kcllenry u.aed air electrodes in otra.ight 

&0ic1'-bo.se ti'tra.tions, alsu in estimating acidity 

in presence vt' 1'.I:n04 ii phenol, varnish ond. c1·c$ol 

(hydrogen electrodes rcduco the last th:r-eo aub.stanoee} 

and in thi::.: que.nti tativo estimatio.n ,c,;f o.lkaloids, 

i'thcro they claim e sroator accuracy than £'Qr ~y 

ether ucthod. EldorS7' o.iacueoed the titration of 

ferric i.ron 1-11 th No.OH using un air electrode, and 

ot.ateo tha,t ti10 uJ>:tnu-ont end point may be o.pproximo.tezy 

l,J frora the true end point~ und. that nu direct 

dctorminotions of pH can be rnado by air eleatrodco m 

such a solution. The vo.rintion 0f the encl point ho 

atttibutoz tt.- the fact that the platinum ulectrodc io 

measuring pl"incip?,11.y an oxidation - reduction 

potential, tha c,xygan p~rtentia.l being supp.reseed. 

Dut.ler and Arnmtrt,ng
28 usod bright platinu!Il oloctrode.0 1 

polariood a.nod1cnlly f'or a 2hort ti.me,. und then, 

mo~ente.rily, cn.tt.odical.1.$ in ordina1~y acid-base 

titro.tione., and olaitr,ed tu hcvo c.uhicved a grea'te.r 

degree of reproducibility than in the cs.so o:f 

oi•dinary oxygen elcctrodeo. 

,a11ard and Fenw ic1t29 , .rlo.ylie00, rerker:31, 

Kahl.nnborg fl..nd co-work•ers32/ 34, Blrttton and Dodti35, 

36 .and 11olf , wlio gives :further referonce.s to bi-metallic 

titrations, have used ~eta.lo other thnn platinum. e.g. 

tungsten t.u ;follow t.itra.tions, or ·tc., test pli and 

1'ow:id tl:Krr:... q:~i te aatisf'notory. The 0xplw1ation of 

'fihy these eleotrodco :t'1111ction L..s pH 1nd1ce..tora is, in 

all probability, ·that they too ore. aoting in part at 

any rote as reversible oxy-go1i electrodes" or 1i1eto.l..­

motullic oxide electrodes wn1c,h ru:·c, in e:f:f'ect, o,cygen 

cle.ctrodcs, 'f1he-re tho preeout·c o:f ux;vsen is dcterminod 



by the tnndenoy of the oxide to disso;Jia.te into 

eleotro<le would also come under this category .. 

idl • this evidence pointa ,1jite c;.;ncluoively to 

ditions. t;n tnoother !1u.nd tl1e electrode ia to a 

very .lorge extent ir.cever•.nible_.. ea ie ehown by the 

.t·.nct that re.,1ruc1uoibl0 ond oonatan'.; potential.a aTe 

not given evan by the sm110 e:.-)c:trode unctor,e.s fai-

o.o ~tJSLJibl.o, idontico.l oundi tic.mow to explain 

t.bia ir1·cvcrsibility u.nd the o.any a-;i.ollllll1ee t'ound 

when using these el.eetrodos, various theories for the. 

r.1eohaniam of' th(;;;. electrode liavo been proposed .. 

hlVilQtiWt:~.A!Ul.. ,t,Dto ,£he i{iti: .. h~p!pm Pt,.t_.ne Q.e.vgea 

~~qt,~.c,dp.,.UQ, t.g ljj.Q_:_,. 

In the ec,..1,1y yel:lrs of this centur·N tho:r·c existed 

in the main two tlleorico,. and to•dtW ·ehese .rema.iri 

easentiu1ly the same. Glaser37, ,d 1letuore38, 

SS/,U. .. 42 
.uoeo _. . ,.and .Brislee ,. oboerved. tbat on. oxidising 

substo.nc.o uae t.ircser..t in the electtolyte around the 

electrode aft.er .11rolonged uae. This oxididng aub-

atonce vmu auppoe.Jd tu be H202 ~ ~s they found that 

o.ddi.tion o:t' HzO,e lvwored. the iH>tential v!' tne electrode, 

tuo tneo1·y we.a ndvai.ced thu.t cn0 poter.1.tiel a.otnaJ.ly 

being moo.su,:eu wue that vf the 1'1·ee energy of for-

Tnuo the low experit....·.ntal values 

of theOz•ll2 cell were e.Ac\ounted for. 

tVJu mou.it'icetions ur isomers of l:fe02, the vne> a. 

hlg.hor peroxj,de which would account .for aume of the 

high cx.f)erl.ment&l v>alucs obtained, Wld. tbu vtber u 

lt1wer uodi:fication "fi1h.ich wcio the product o;t' tho de-

con:;)oaition of· the high parc.;xide. Thie deoo...1poalt.ion 

wss su.9y0Lcd tu .:;>l'uu.uce the dru,p in pvtential observed 

by .dose mt.er ru1vdic pvlw."'icatio.u uf the elec.:trudi,.;. 



-o-

})ornems.nn·1''3, bwwcvar, o.lttlough findlng no:oo ovillonce 

for the prodnct1ou of li.202, was doubtful eu .. to ,,llethor 

or no this i::.ubotanoe was actually :rormed. Both 
44 ~5 • _.}Ia.ber M and .t-ewis ~ suggested thut the primary ro ... 

action in the 02-H2 cell was ·the formation o'f H.202. 

Thia v1ew ho.s beon otrongly supported by,Dancroft 

and l,w.rpey46 in recent years, who etate, in o pep0r . . . I . , 

on "Oxidation Md Reduction t1ith HaO,/l, that, tllough 

1 t is not yet acceptecl, it ia unquestionably ·the 

correot cxplo.iJ.at1on. 

~he eecond,. oxide.., theory was .tnvestigo.ted and 
.. . d 1 k 4'/i/61 au1tported principally by Lo:renz an 111s ec-wor ·era • .. 

Evidence 1'or ~he exiata.nce of oxides on platinum baa 

prev1oaely been b1~ought forward by Lq-nd., Uc.msay a.nd 

Sh1eld.s52163 frou conside~ationa vf the heat evolved 

by absorption ot oxygen by plaiinurn blaolt, by ,ioehler54 

v;ho obtained ovidonce of th~ existence of Pto on 

heating .Pt ,lin ox:ygcn e.t 2aooc :ror ;t3rolongod per•.iods:, 
s~ 

and b3: Lu.'tlio:r and ..dr it1lee O who found plat.inum passive 

under certain 01..,ndltions., and nttributod this paasivity 

to the prcoence of nn ox:l<le film. 

Lorenz and hio co-workers based their t.hcory 

mainly on:. 

{u) The 0 resting points" t·ou.nd during t-he 1·0.11 

of -the potential ca.used bl the disclmrge or anodicoJU,.y 

poler1eo4 bright ?t electrodes; o.nd 

(b) 1:he ;fac.t that whe11 t.he po·t.. of various 

oxides or bydroted oxides of Pt, were r:1eaaun,d 1 they 

were fuu.nd,to agree very cluae1y·w1th the reported 
. . 

poten-tloia or .it. currounded by oxygen, both meo.aurod 

agoinst the hydrogen electrode .. 1.l}ielr c.B:plonation 

v;as t.:tlti1i the ·fo.ll 0£ poto.ntial ov.outrad ·as the • . . 
hisher oxid&D decotn!)OSOd into the lower vnes - tho 

nresting Joints•1 being the single J.,)otentials o.:r the 



thi-:t the llighe1· the c;xido and tne higher the degrea 

qf hya.x·ction,) the higl1cr will the si..nglo potential 

~hl.4s tlw put,c.n.tit.1 u£ the oxygon electrode 

io roe~lly t.llG c.i.ngle ~<.,tOntiul ,11· ox:1.des of .t?t and 

• 'the: mt..ny d.11'':fcrint; vuluca ()bta.ined ere ,1ue ·to dif.ferent 

nvt e..ble to find tm ox;iae, h{.;wavcr, wi tll a high enough 

£:Jiugle 1H;tcntiul to nccuunt .t"l.ir • tho ·values o:f over 

ono ·volt r,llich wox·e often reported fvr the 02-lil: 
t·5 7 

ll - ◄ •• -.i 1 07 .,. lt~ Gl'""'e·~,.3 1. 08 vr,lt"'. cc .. , c~e• .J:.:.a.J..O , • ' vV v-, ... .., .. V u,, 

• r:.7 38 .- 39/4 1 
Crotogirfo:) J..06 v0lte, ,'fi1cmure 1.1,::. volts~ ..dot1e _ ~ 1.15 

1 • C • 1 •• 
581 1,. .. t • t 1 591 1 lt vo ts,. ZOJ:lln.O.ci:1 •. i.:::. voJ. s, nes 1.laver . v;_, s .. 

J.l. su.: .• c:ary o:f l.oronz 1 o cvnclu1:.1ionn up to this 

9 _po.int is given by Spllilmnnn . 
60 Later Grube repurted 

the vrcpurat:1.011 <.;1,' ru1 oxide, .et03, giving a aing1o 

potonticl of 1.5 volts. 

rc.pictl~ Hith tho evwlution uf oxygen., es the oxide 

He explains tho ctcpres~ing action 

(i.iecharging ·t~1 ,.;>t03 and Pt02 electrodes. lin.ber, 

Floisolrniu.1n t..nd b'oste:rl.C/lZ fo~cl that tht-3 ox,ygon 

electrode was thermo-:l.yr..r,,micaJ.ly reve:rt:;1ible at lligh 
1~· 

teL.:pero.tu.res., and Raber·-~ in the t'inul po.per; appoaro 

to fuvvur tho uxide.t.ion .of ttlc ;,t "by F.202 ns e.n ex­

planation uf the ir•rovero1bili ty o:f the oxygen 

ir electrodes., ax.i?1aincd his result ou Lorenz's 

oxidia theory. He pootula.ted that bile Ir oxides 

ru.)re leas stob:Le tba.n kt <:.:xidef.l, thus explaining 

He af:firws the.t tho cuncentra:t1on o:f .H;:1..-2 in tJie 

electrolyt-0 ~ dcrtcrmineo the cuncentrat.ion 

o:f the oxides, und tnerefo;,:o 'the pote.utia.1 of the 

elcctrvde. 
~· 1.. 

l3ooe.;>..,. c.:;1 veo c. bibliogruiJil.Y vt \1vrk on gun 
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cells u11 tc 19001 and decides for tile lf.802 tt1eory > • 

~chocnG2 in !1· l'Oi_)tirt of vrosrese ccm:;-el:ning WOI'k on 

toe oxyeon ~1~otrode up to 1910 sun-~ up, tor the 

uxid.e · t.hoory,, • r:hich theory co1·tS;illl..Y h~,d thd groateot 

ucisht of expoz·tmental evidence b0.t1ind it. 

1,nt;~~ Iny;;egti~q.~Jonu conduct.pd .. on the .Y'>.YsenQ ~lectr,5?.Q!: , 

FroJn 1910 there was a gpp, with the excopt,ion tif 

the work of Orubo and .uu:u/i3 whv .favuir.ed tho oxido 

theory, ond no c1ireot work a_ppeare to ho.ve . been a.one 

en the tllooretiooJ. mcygen eleot1"ode untilthe ee.rly 

t-wentioe~ . 'l:hose late1· ";'fOrkero, sturting with .i1u.Tm8l'llt\ 

wero conersJ.ly more cvncernad v,1 th me.kin~ usa of' the 

electrode us a 1).rnctical inet.rum.er.1t in cleotrometrio . 

titrations_;,c than with the theoretical reueuna :for 

it, 9 a i1Tev(?raibili ty. • ~vet of thmri eoem to have 
62 • . · 

ogreed with ~choch'e summing up· and a.ocep-tad the 
. 15 16 · 

(JXide tlleory as it ntcod. illus Furman • ' proHumes 

the 1rrveru1bility to ba ruo t1..i uxide :rormation .. 

.Br1tton 2 ·~.,it.h the evid.euce of hin extenslve work on 
. 20 /22 

e1eot1·ocetrio ti'trot1one with t.~e i;.,;:cygen electrode ' . , 

attributon. the ir:reversibili ty to "'tlle tondencJ 01·. the 

gas to coob1.no uith the ~t t-0 form a sez'ietl of oxides 
6A 

or perhaps o:r or..,l.id ivluti~ne -n.. .5.e also :rooogJ.iies 

tho 1·act:. hc.1~1evar, that, to a large extent, trie electrode 

is roversible, the oxygen ions being in equil1brum 

r1i. th tho llydroxyl ions ·thus: 

0 11 i' .H.20 ¢. J3CJI I 
G.5 

Goard and Uideel. dLscuaa tho evidence f'or tho oxido 

tb.1.:wry vers thorouahly, and ucnoider' it higllly 

vrobnble th.lit tne a.noma.11~s of tho ox,.ygen eL:aatrode • 
" .. • • - "" 

m~e due to. solid oolution.s o:f oxide a in tbe sur:fa:oe 

o:f the electrodo. An. elect.r.ode, pre-treated in 

n.no1to con:trol is 0x.ye;ez:,. content,· wo,o fumd 'to 

sivc a reproducible tn.!'.l.X.imtun potential. in reducing 

the ,,usis. o:!.' ux1dos 1n svliC1 eolution in the surt'nce 
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Tar::.:iunn end Hunge , oe ti result of experim~nte 

on tho cUcct -et' tii•ossu.re on tbtt vxygetl electrode,; 

decided thHt it vms not ·reversible below 100°c, and 

that the poteutitil r..:ould be exvlaine{l oatisf'aotorily 
' 

cm tho bosia o:ti l..o:."'enz •.s oxide ttmo1·y,, Thf;l~ suggest , 

thut it io i>robnble t.hat a re·versible ox.ygon olectrods 

could be attained a.t high teat£H}rnture at tihich the 

oxides ore decomposed. 6'} 
Von l',nrey Sr.&bo QSOd a. 

ditfuaion .oxygen electrode similar to the diffu.oion 
~. OS . 69 •• 

hydrogo11 oleotroaeo uf lCn.obol and Schmid ; v,hich 

.. con.sistcd of llollon carbon rods plated \Vi th ft., gas. 

lreing led dcr:n the cent.re of tho Tod und allowed to 

dit·fuoo through the :nctaJ.. He explained his reoulto 

on the uduel eleo'tromotively native "primlroxydn 

theory. 

ateady in ovlutions uf borates 01· r,l'losphete.u and 

aclvocatecl an u:tide tneory in combination with the 

oxygen ion theory, 1 ~.e .~ the theoretior:r.l oxygen 

oloctrodtLi ;~o,t o:f tho eorly workers considered the 
71 •. 

potont'ieJ. to ba purely oxidic. Ho.er uses tho oxide 

thoory in a campletol~ di:fferen·t canner. n:e assor,ta 

tb.c't tt1e ia.yer, of oxide, , as such·~ will not uf;f cct • 

the JH.rtcntio.l o.r the electrode but applies tho elec-. 
~ 

trochemical t.hcory cf cur1·vei.on, oo supported by 

_ 72/74 . 
~-van.a· and others, to tho ca.ee 01· t.he cr.,tygen 

electrode. 
/' 

Some later v1urkers, hvwevor, hatro supported tho 

Hz02 theory. 

eleotrvde is ecnsitive both td oxidisi.ng t.gento·a.nd 

to tho hydrogon. ton concentra.:tion, c(nac to t.hc con­

clusion t11ut tl1e electrode io e, cvwblnation of the 

. .::;,,.:..;.; l~02 c1ectrode 1md the thecretlca.1 oxygen olec-

trode. :.s o reou.lt 0£ the, steady potential give by 

tho oJzyGen electrode, r,her: oxygen scturated eledtrolyte 
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floriod past th,l electrode at a un11·orm rate., Tartar 
?6 • 

nml dellroan auJpurted the n2 v 2 tll(.;!V.f.)" :iu 11re:t'orence 

They :r·ejooted the oxide 

theory beoauae 0 It does not oco:r. ,t?robable that a slight 

,1eorea.oo in the rate of t'lot1 of' the li.qu1d pset tho 

electrode should permit the cx.idation of the J.:'t with 

tho posnible formation 0f a. lli3her oxido. r;re vert hela otl ~ 

:. a ot,11·ting oi' the potential awn,; frott1 zero usually 

nocor~:~nnied o. decrease in the rf,l.te vf flow of tl:i.e 

solution°. 

rode r:ou.ld, o:t <:a,urse~ be .1nr1uenoed by the rate of 

.. flow, thu~ a!:f'ecting the potenti.al. Tartar and . 
ri7 /?J2 

.,el.lmun :fowid, huwevcr, os t110 <:nu•:-;.lcst workers nad..;; ' • 

tttc p0tcnt1c:.1 of the olectrtidc .. Consequently they 

state "It 1s not ea.oily uw.lerstooct, I1owover, why an 

increaao ~n tho rate of flor: o:f the elcctr.olyte pnet 

tho electrode sho'.lld ahift the potential in th.a sanje 

direction. a.s ia ca.need by adding l:L2o2 ~o the- eleatro¼ytan. 

Le.tar, o.s a result ,.,~ tiio 1.H .. rh. cf Tartar end ,tt1lker7Ci 

thl.s l1_2Vr; theory woo abandoned in favour ;f tho soleoti ve 

udeorp'tion of iona :f'ror:i the .ooluticn by tho £ii. Th1o . 

..,thobpy nao proposod by Van der keulez1 and ,1 ilco.x:on+9" 

but fru·tnr c.nd iialker ware the f'irst to develope i·ti 

fully and to a,pply it to the oxygen electrode. Tho-

offoct er oxygen on tbc electrode potential mie ex11lained 

ae due t.o t.llc m.odii'ica.tion brought ab0ut oy adsorbed 

oxygen molecule a on tile pre:t'e1·ont1al a<1oor .tltion of the 

ions by tho metul electrodo ... Lurther dotuils (,f HOQ"' Is 
71. 

tbe.ory a.nd, that of Tartar end ~,alker nro given later. 
_ · 77 78 

FrencJ1 nnd Kalhlonberg , l.nd. Kruege.r .and .n:.aulenberg 

, tried tho eUect uf va.riou~.:: ge.eea, • including H,U,I-t, He 

and 11., un tbc potential of muny m.eto.ltJ including .tlt., 

Ir, All, i~: and rd tin ocid.,. alkaline end neutral 

electrolyte~ 



.tecul'ta., but o.t'finn that thero is no uuoh thing a.s 

u. goa olectruie; tha potential deponda on tho gos, 

tho mctL..l t .. nc the clcctrol.yto - they ere ea.o-meta.l 

cleotrodaa .. Tllo final putoi1t1al tieponcla pcrt]Jt., on 

the eb~"'bing powor,,:t tb.e part1uular motnl :for the 

p~1·ticulcr goo, and ptu:tly on a gao :film condendod • 

on the electrode, the itistability of the filtt pX"oviding 

the cauoo or tl,e m2.l kt1own .t1uotuo.t1on cf the potential 

of m..,..uo ens c lectrodoo ~ /1,n oxidici theory would. oor-

to.inly agree thot the potential depended on the motnl 

:frotll 1·1hioh tho oxide wns derived a.'1d. also on the go.a, . ~. 

providing it has a:1 effect on the stability of the 

oxide. It is difficult to undorstund, however, how 

e s:lmpleLuxiclio i;hoory could explain the i~edint.e 

tho.nge of potential observed by the uutbura on tapp1~. 

or jarring the electrode .. 

:tten.rouµ,ci,ble ~.PJlpaton;t,,.21S,yscn.,.t'<,·t.ei;i,t,~o.l.s:: 

'J:hrouglmut ell these ibreotieations a repr ... duoiblc 

1-1otcntiu.l nc.o ott-1:unr:Jd oi:J.y in a. few ca.sea under. ver3 

sr>oaia.1 conditions with a limited upplioation.. Goa.rd 

and i.Ucle_nl 
65 

found o. roproducdble potcntlc.l but only 

in arsenite,.. glu.Gaae or similar colutions,. cml nftqI' 

th€: electrode hci.d been p1•e-treateu in fil.Jlu.d. . • a 

li1clla?·do7t: obtained rosu.lts rep:coduc1ble tv witllin • 

on.o millivolt, but only in bo't'ate solu.tions end with 

n 000.eowJtl "elect.rodes, i,. e. elcctroaes which had bean 

al tori1ctely ma.de anouo c.nd cathode acvo:ral tin1~s and 

then loft to ocqui.t·e a steady putentic..l in the tiloot­

rolyte ... 

l.t seem!> t.o be slightly easier to ob'tain o. 

C(J.uSt•flllt potent.io.l w1 th t...n Cleot1.4 od.e even thvugh 

this potential ma., not. be ro9roauc1ble. Thus 

Tartar ~nd ,,el1man75 etee.d.ied tho pi,,,'tential by keeping. 

the elootrolJ:tO fl.o',"l.int.3 at e. unif'orm rote past tho 
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elootrode nnd ~orttu· w .. <l ,.u1kcr by etabilising 

' the electrulyto round tne olcctrwde with Silicon 

~owder or ager jolly. .'d'i,it tho exception of a. 

tho only r.10t::,,l usod by tbe large mnjurity of ·oorkcrs 

hnr:; been Et. tJo.osequcnt.ly, in U10 prescmt 'investi-

g--a.tion, it nas decided to undertake a mo:re 01..,uprehen-

si vo survey of the J.-lt mot1.ilo than bed yet been atteoptod 

in tho hope that tiria raight either leo.d t.o t!1e dis-

covery_ of a. roversibla 1 or at least n reproducible,, 

oxygen cloot1'C;de., or else provide doto.. tono.rds solving 

· the problem of the mochc.nism of this cloctordo. Sucb 

a roprvducible ol.eotrodet- evon if not giving tbo 

t11c:oreti9al putcnt1al., would provide s. verj/ use£ul .. 

instrument for direct dete.nnination of pH in the 
15/36 

ca.ees where tho hydrogen electrode 1o inapplicable. . 

The two wain sources of error in the direct deter­

mination of ~Here: 

npo·tentinl llrift", which involves change 
_,A;> 

of oii.;gle potential. witll ~, and 

{b) 01:otor J!:lecrtr.ol,Ytic .Potentialn ( ..... ,,,...i>.); 

wbich involves change <Jf sin~le pctenti.e'l. witll .. relet.i:v;e 

r.tvtion }1etweeq,_eleQ~!~.d9, e.rn.'l~~lectt,91:it;to. • I·t vies 

necessary therefore to study both of these factors. with 

all the elootrodea .. 

. ,~enin there is nu generally a,.rnapted theory to 

account. for either of these phenomena, although 

sovoral liava been proposed .. 

• to account:O.rthe irreversibi.lit.y of the o7,.ygen 

oloctrodo in moot oesas cover tho phcniJm.enon of 

potentiai d~i£t ee woll. 

·to· -the -oxide theory, tho yotentia.l dr•ift ls \tue to 

tho slow ,1·ormntion ·and decum}iu$i.tlon c:t d,ii.ferent 

oxidoc 7 !tnd according to the adsorption thavry it- in. 



uuo to t11e sla::1 o.tlj ustoent 1-,:J:' tLo. liOtel: edge u:f th.a 

ionic ot..Joapll~re nu.rround.iUe the electrode. 

• , '15/79 
:!!he ;;henO!.Jenon o:t ... , . . ..:..s:. has., with a -Lei, exceptions 11 

been le:ft entirely alone by investigators w'"'rking on 

tlle t,il1:H.>retioul oxygen electrode. wt· those excoptiona 

Partar n.ml_ ~1ell1~an
75 

o.nd To.rtru.· and ,iclkor76 ho.ve net 

raadc o. study of , .... ~-..: .. , hut. just o:fxer tentative 

• C)L~l.ruia.tions bcaad on t11eir respective. theories o.f 

'tho c7.ygen electrode,as tu why relative rrtovcmcnt of. 

electrode ez;d olcotrulyte ahoul•i afi'ect tho potential. 
, . . · . 77 .«za 
b7:renoh und ;;ahlenberg ., and ?..1·ouge.r and IJ111lonberg 

i.ix,ygcn cloctrl.,ideo, o.nd nttx·ibute it to tho destruction 

ox a c\.;ndanscd ee.a :f!~..D uuuolly present on the electrode. 

!.Choy say this of'fect mey be brought into vlay mere~;;-

by c, po.tou of dirt on the electrode. ·rl!10 invostiga-

tion is broahill.B a.Jr.oat unknor1n ground tbc.refora, in 

tackling th~vhenQDenvn 01· oxygen oJ.eotrcde ,l,..• ;:;.~ .i:. 

1.rhe su'bjeot 01' motal electrode ...... ~.r., howlnrer, he.a 

been invaetiga.ted by a ·nu!jber v:f workers, end o ahort 

resume o:f t.b.e1r theories will be ,;ivon. herq.. The 

exper111...entnl reaultc obtained d;iring this inve.atisa ... · 

tion., llm1evcr, seem t~ allow tllo.t·· ox;ygan· electrode 

L... ~, • .t). ia a. phcnmr.onon distinct, in wo.JlY ways, :from 

motel clectrudo z.: . .J;:; • .t.>., and possibly even .:trow. .hyarogen 

electrode 1 .... 1.:..r., as euggeat,Jd by .Novibery and timith99 • 
• 80 

Billitzer nei.t1cad thr:t change in potential. 
• l 

. ca.used b3 mc.vement o:r the electrolyte -1·ound o. l!g • . . 

clectroo.e., in etudyir.g el.cct.cccapil1ary phenomena. 
Ol.;82 

.f!ioncb.on !uund that i:f two Cu ,.;lates in water 

are coan.ooted t11r-0ugh a .eensitivo- golvanometer and • 

tho 1::.,,. !1\, ullov1ed to becvtJ.C conuto.nt 7 on tupping 

the one l,11&tc tho tJo.lvanomcter showo u marked deflection. 
\\; 
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lie att,cibutea tb1u t .... the tu9.i.Jett plate losi.ng copper 
83 

iunn ,...ill!'O rupiuly ths.n th;;J~her. observed 

the• ot;tw.r&~· c,1· sint;1o potential '::it~1. r1~ltr~i ve ootion 

botr,cen aloctrodo iu.1.d clect1·olytc \;itll electroues o:f 

F-e, 111, Co,· t'U ,.nd 2.n durin~ ovcrvolta«e i~vostigo.tions. 
· • · • 84/87 

. 11r0Gi.J..f'iu , however, nae the :first. to undertake 

a d.etc.iled. ntuo.;y vf the phcno . ..;eno11 of metal. electrode • . 

. ,,,_.: ,.r.. , nnd be eventually p1·opooed a theory depending 

01. tho dieturbunco of'. an ionic d:oncentration c1·adi~b.t 

postulo:tea. to exist 1n the ul.f:fuso portion of the · 
. 

Helml1ol.tz electrical double 1!4Yer .. ~11ushe identified 

hio results -r.iith ii.he well known. eiectrokinetie 1:mten­

tials:1 end. attea.;?rt,od. tc cc.,rrolo.te h1a va..luos. <>f' J.i..E .. P. 
8-8 

\"Ji th .Burt.on, s elect:rokinetic c;11asure;:iento, bu.t no·t ' . 
. 

with Ootil~>l;.. te success .. 
' • ' 

His thc:H.1ry ho.s: however, 

received support iron ether workers.. Thus Eonne1:1it2 
• 8Cl 90 

anti Sclmlt2; ~, G4.i.d Bonne.'1i tz und "ignlke oxpla.in 

their rosulta,, obto.ined by ooro.pi:1a une o:f two silver 

eloctrodeo in AgNu3 with n n:otl'able diru11:.md point,. eo 
. ' • 

aue tt the disturbs.nae of the dvuble lf.\Yc.t: • ut ed.oorbod 

i0ns ut tho CJetal liquid i:nter.fe,co. Char,.:i.enc.ar j en' 

• . . 91 92 
and ..t.·Grwunchin .. ' nttribm;e their results to th~ 

acne· facto1s as givo rice to 01octrokineti6·..: poton.tie.ls; 
9a 94 • • 

GllGtJ1'£;hiu ., a.nd l?inJt t.nd Lim?ord • all :find thoir result a 

to !Jc ox~l.;..:incble t"in the bc.sio o:f i: .<'0.;09iu t e theory .. 

..unpther ·,:idely supported. theory 10 that. or 

nd.i:t'i'crontiul .o.orntion1
.,. caused by motion .. This nos 
'l"/'lr~ 95. 

first proposed by Evens "" .... , .,end ·he has boen 
. 9(; 

GUiJportcd by ..:Uller and Jf...onopick:y ,o.nd rrom tJ 

. 9? -olishtJ.y di.!:ferent ot::ndc;.:h.1.int by Roci:.u.C' ,. very~ 
sn 

recently h,_,..::.spu- h, ,a produ.!eo. evidence in fo.vour of 

i..tlllor t,nd .Kono:.:d.cky' o ictet.. of tlie meebaniso of .;:. ... .c,. l'. 

as opposed 'to the ..'.!lect.:.·oh:in,.rtic theory,. 
7b 

.~.L'"t:.r • ItLl ,.elwHl uttetJA>ted. ,m e~l:!r.ction 



J;ut. i..'oµ.mi it in.;Oid..J .tiblo :lith tucir o,m oxperi..10. 'tnl 

,.:ot;ulcu. '1:t rtor no ,; ,l;ccr 76u.;o. t-trni.r ·.1rofcront.ial 

41._,t3ntic.i ... ltey _>ro,)osc .,in:.t x..~y be t;;.i.~,J:'.!d ...:. :.....adified 

dvuolc lnyer; .in ~·,hinb t.i10 oolutiun siuti oonuistsof 

chnreetl cvll id.al rJ-....rthil...;s of the .:ietn.l in tho 

inu tul-liquici. 1nt0r.fcce. ut..)id rota.t ..tvn o.f t!1e 

to the r:.ct.r...l lt.,r to lonn in the ;.;0luti.un. Thie 



1;.1etaJ., oxid.iBccl r:.1ct .... 1, cloct.r,._,1_yticullj' ue~vsitcd 

(blcck) """'o'trl er.ti t;lis blnch. wvt:..1 hct~t.ud tv cive 

11{.;royotl n 0J.ect1·oues. .(.2.1 the differci1t f ol'Iria o:f 

nmtn.1 were usod_, o.s tii.ero is o decided tUff'er.Juce ot· 

o:dnion e.m.ong r;orket·e t..S t0 uHich is tl1e form rr:ost 

oatisfo.ctory. L'or exam.t:11e, Hichards70 advised 

heavily pli:rtinincd electroues fur the best results 
. 'ib 

. "t:heroas Turtar t.;.nd .iellman sp,ply only otll'ficiont 
-~:~:it:· • 

olncJ•; to tn!<.G tho Glint of:f the .t't l:nd ho16 th:..,t. 

bright ... n aiveo tho ·uettet' results. 
67/69, 101 

Since it hao bee,1 shown that gas elect-

rodes att~tiu equ.i.librium murc re.pidi'.y Hhen tt1e metallic 

boac io in the i'urc: (,,)f' a thin film '1epositea. on elaoo., 

here '1oE,cr.:i.bcd 'l"Jei-o ple.teu v~~ glaso,. thcu.gb".1e. ;ter1 

ex1ieriments Ticre tried \Vith oet&l shec't,oloctrodes. 

'11hese r.:ctnlliocd glu&o '-:!lectr·odes ,vcre used in the 
· 102 curly y0ars ;:.,f t1iiC:J century by t.!0ttrcll , .Luther 

~:ic; 42 5~ 
cr,d .t3:tisleev,,. .!Jriolee , 11.osthaver und Haber und 

10 
Fleicbhmann Theil· u1;.10 tc..e recentl.V been extonch'!d 

es u very cheap a~.J.d duro.hle form 1)f 

wetallic btce fo.r tho hydrogen electi ode. 

The glans tubes tu be mctul11ced were 4-5 mm. 

external, ,ua:netor, 12-14 cm. in length and sea.led 

u:f:f at the ~ne e·nd. The sealed. emu wu.s cuatod with 

1:ietcl f'or 20-30 tJJl. 1 • tho thicknesn o:r the metallic 

±·111.1 being 0~ t~&e ord.er o;f 10-4 mm., ac dotennii10d 

by a "Ne igh.ing mo tho.d. le till caseo tho llietulo were 

111ntad on glr....ss liy digping the gliias tube fnto ai.ooholie mut 

oolu.tions 01· the cetala1 and burnit1g of£ in u bunsez¥('loma. 

~ont-act i-11th 1nercury inside the tu·b:; w.~o mo.de \,ith 

~ sllort .tit wire., which had· been sealed through the 

end of· the tube to be }luted. The wholo vrocedure 
101 

has bean desoribed in detall by riewbary Tho 



solution usoc1 :for pluting silver on glass wa.o 

uno of .at:J!:'.lon.io si 1 ver c.i~:ida in o.lcuhol p!'epu.rad 

t:Hl follows. ::iilvor wc.s precipita.tod "ff·rom i'8i:io3 

Tho p~eo1p1tote was washed> disoolved 

the solution diluted \Vi th alcohol,. The elootx-odos 

wore ms.do st unoa 1 and the exceos solution wu,s woll 

dilute(l with water .t and thrm-m down the oink., oinoe 

• tho ammonia oilver oxide. Hilen dry pvsscssea 

ex~losive µroporties. 

Tho ~ollowing aro the· details cf tho weighing 

method. used in estimating the thicknosc of tho 

motalli{~ filmo. The only a.Deum1:ition nac1a io tllf1t 

tho densities of the :films are·the a~a· a.a those 

of the reopocrti1fo masai vo metals. 

~nnll sample tubes 6 oms. long were acnled 

up a.t ¢no end us in making thti urdinury eleotrod,es, 

but no i:"t wire was see.led thruu.gh. 

timn cleaned in .qot fiavH, washed VIitb !tao .. &.nd 

alcohol, dried and r1cieheu.. Tries we1•0 thon heet~d. 

and cooled acvera.l times anu :finally re-v1Jir;tied. 

The 11.ea.ti.ng hai .. dly a:t'fectod the.J.r \,eights ·o.t all. 

The mei;iullio :t'ilm was depooitt,d us trnuu.1 and tho 

tubeo weislled sguin. The weight v::f the met~llic 

cottrJ w~s·dotorm1ned, honoo their volume and, on 

estiiJa.ting the a.ren of tha tnu•.foce, tha averugo 

thickness o:f'. tt1e film waa calculatma. 

:'-'f cour~se, cnl.y' gi vea the averago. tulcknc:Jo sincH.: 

the :film 1e lih.ely to be tiuo~~or round the end fJ:f 

the tube 1 cJ.t!lou.gh rnpid rotation uu.ring burning 

oi:f mi:tiraiaoa t_hio to a· large extent .. 

(::>ee Tablo 1..) 

Tho .;o:&idiscd o lcctrodoi., were .1.1ade I where 

"' .. oo3iblo., b9 bccting the briaht metril ·to rcd.ncaa 



- -
:f-

Uetal 'it. of' e:ln~ '!,~'t.-, tube ,;t,. 1:1.etal Density of ·Vol. o:r lirea of' Av. thicimees 
tube ... -t- metal filci. metol. f'iln .. ou!'f'acc .. of' filn •. 

fi.ln. 

I 

•·er.,~ .,.it .. 1.2244 Ct!C. 1~2264 (1:':;$:. .co20 grim,, 21,!~5 GT,s./ .000093 c .. c, 2 .. C~J 3 10-5 cmo. " 

Ir, 1.1534 n 1 .. 151-tl,t. H .0010 n 22.42 
cc::. ,, .00001..,5 ti 2.J2 II 2 10-5 H 

Fd~ 1.1300 0 1.1336 11 .,0036 ·" ll.6it. It .00031 q 3 -11'1 •·• u 11 l 10-4 n 

Rh. 1.1145 " 1.1147 0 .,0002 ft 12.2 It .000016 II 2.18 ., 0 10-6 ft 

Ru. 1.oq71 ti 1.0782 " ,0011 Ii 12.,,32 •1 .000002 " 2.61 :t 3 10-5 II 

f~U• 1.0786 u 1.0033 ti .OOh7 H 19.,3 It .0002!+ ,r 2.90 fJ 8 10-5 fl 

·• 

Values obtained froo t1ello:r' s u1.no1"'[Jenic 2~ Theoreticol Chemiotryt' vols~ iii and ;w ... 





I· 

1'0.cr.w.. 1.io vit111Jl0 o::-dd.t..tion l-ook t-'l.uco clLu•iub uce er on 

elect,rol:,rt.rio aevooitioi1 u.f tJluch. ..1ett..l \,ithout any untorm.rd. 

'1111.c 1:'utontiu.l ru· iit. -oi' br igtrt 

i .. CjJl'Ol'lUciuil.lt;y ia voor ~t 60 nrv: ,.,_ con8toncy 

O:t' f. mv. WUt'lZ.'.'J vut l:iS a. put.at1.t,.i..~ ... 1 Ul" l.ft of J.f; WV. t:"a1· houl' 

t 

15 
,1llfc11 .:L., t:.);i<ox. n11u:t l•un.uc.n rupvrteu. 101· .vl~t.rm.u:.i in Gcj_-a-,-----

solution (G-10 1..tV. 1t0r huu.r). Co11Lim10uo tiubblii,£.; :ro1· the 

oo.turute<l solution. In ths· cuQ~? o:f ulack .r.·t. ·tht.. tlci..:f't -is 

noar1y t.ll'.;t:yu in u· riwro ntiblo u.1.i-cction, u1.1.1l d.;hc conntuncy 
. 

is ti.bout t!w ea.1!~ ua· ..t..<h· 1.H·i,;,i.1t .r'.t. l,eJ}l.·oduclulli..;y ,11onover, 

1c V'Cl--Y :trrcgulur ocrt·h in ret.r,.1.rct to the mugni'tuct!J ard. the 
. 

cli:rcH;tion 0:t' 1?otentlH1 drift :1 ucin:5 coonoidernblJ, \;o-1.·0c than 

1;001· ut lvu UV'. 

7u· rav. lern.; nc-olc thc.n L,lnck r·t. k blt..ck .it. elcc..rt;rode 

tis Ghe initial pctcntiLl of cre;J z,l...,.tinum. ln u.1.1 caHes th::: 

Grn~ho o:t· clct!-trodeo l1EH:1.ted in vacuo ore· lr.belleci ri. 1n V. 





..i.::.:vu .... t loc .. rt 

• .. :hu u.:J._crclc. ere ..;i~ .. .lJ n. r-..c;..i.1w 1.,;;; ic..o.t1i;;l:::.1 in,.;) :::hich 
, . el<!ef.rtNI'~ . . 

,_JLJ.l'tt.lCUlu.1·_,,,:i....1 .Ju.11,...., u;.;,.H.L .Llm ;!ott ,,:13 .. r.3:i.·01: to 'the hiotory 

clcct,:ua,o, r 11.:.c.i~ ....... 

The E.M.F. values shown in the graphs are all ref'erred to 

the appropriate hal:t· cell, N H_g2so4 , ffic: N KOL or N HgO. 



,' 

• end cu.oJ.1ng .in air. ~r.he blo.ct. ..: lee trodes r:ere 

formed by olectrulystng ti10 u.;.:ie;.;uc cvlutluns of 

the ·chl:or!des uf the r;ietcls, using t. b1·i...,ht 

'm-et;:.llised glL\s.s cuthouo 1 e..nC::. .c.n a.node o:f the sa.mo 

·wire fuivdo, wao used, u.o mi;.ssive J?ieceu o:f those· 

it.Ct&ls fmre not:. !..Vailable. -the table un tlm opp-

ooi te P0-88 :lndic{,._;tca th~ 1;1rocouw·e ,;hich was f'ollo,·wc1 

in prept.ring the electrol3t1cally bluokened or 

z-ouehonecl electt·odos. 
•!1~eo 'l'able 2 ) . -

• of brie;11t J:t on c.;1ass, ,,ccuruinz tu 1.,ho direot .. i0ns 

" • , •1 lv3 
0.J. 11Cl3C!l8ue ~ ln the caeo uf hu; the a.node 

. . 
dinphra...;1!1. :th.., cathode Gvlutiun i~- :firHt reduced 

to l-i.uClt:l :...:nd. tho colcu . ...- ch:.J.n~F~O :t:.1:1..,m dnrk vrow:n , .. 
to ereen-bltie, e:rter wh10:.1 the !~u olu~k io do,t,1osi ted . 

. 
TI1is _.•ruoco.urc t'i:..:.S the.t advouutad by .... onohot &nu 

. 104 
S~h:.nd. . 11 nu o. similor oeth.od hue recently been 

_ ·lv5 
u.sed oy Gudm:i.ttl 4nd ~,at·tl.1ui1 • 1i1.e Cie~;ooition 

Ctl 
1.J! lr wail u ttemptcd by .!t:ocrater I o method ., hut, 

1.,.11e hi&;h cui•rt3.t1·t donsity rcquir..;d iu no·t 0ott..ino.ble 

Y1:t'tl1 metblliued gluas cleot .. -ooes, eo tbo re::,iota.nce 

of 1~h~, •1 lotrt.:tles bos:ts up the el.oct1--olytc: too 

quickly., 
59 

.as .ht•.ver olno fouml ,;reot u.itfi_culty 

in i.t•idislng r.1;,:rta.llised gL.·ss eiectrou:.,:J.. 11:is matllod 

t10.a tried., bltt c;o.ve ver;y uns~tiet•ultvry. (h.:_,osits of a. 

::Lot) ulue .. hiluur i • nhich u.iu .not aaberc v.cll. T he 

. . 
1:ile_ctrod~s, but· there u,_;µ ... ·_rs tG • be no n _ tisfnctc.iry 

method of dc_,u_i ti~ Ir bh! . ..:lt vn met!..llie .. Hl gla.e..,3 

poton.tion!etri1.; .... a,thud o::C controlling the r.:u.::•rent 



uo9d i.n ti·tr.J,tions, they ure, t..ccordlnJ tqthfF 
. 1!;,lo 

ex.:)Cr 1once of :i i,w;:aon t..nd others, no·t us relicble 

c.n o~gen elect.codes. Junsuquontly.,. slthou.:::t.1 o. f'en 
' . 

y.t'Cli:ni_ne.ry e:xJerimcnts r.cre tried ·v:ith a.ii· innteo.d 

oi" ox.Yuen, uie investig:...th,n :...o u tihvlo wa.o 

in OX8t,Cn, 1.t could UC t,·iou 8.0 ;...n OX.Yl,e-Il \;lect:rode 

uruin...:.r .;ur...:::crcial CJlluuur, ..i.since J/..., cncb end 

7"r 
Ku,u.enoera ~:.uve .fountl 't.u,.; use or ~t.rc:full.Y 

t5awo 4~eailt$ ao tbo:::m ·cc t .... ineu ~,1 tn uum::!l.JrcJ.sl 
, 'I,.; 

n.Ltori&.ls. .nicho.ru.s 1..luv uoe.l unpuri:t'iod oxycen 

~nd_ O,)taint;d results .i;•ev.1.'ouuciblo to ':7i.:.hin one 

;:;o 1..11ormootnt t'h ... S uued, t➔ :.n; the te;::ijilorntu.1·c 

uw·ir.l!) mus·t ...,f the inve.otit;;o.tion vec 19°..; +3 0°. 

It uca cv1.widorod thttt ~ ther;,1ootat ,·,ould be an 

u.o.noceast....1.'J elt.bv1·, .. :tion o:f t:.._vpw.•atus,, ainoe the 

• tem...,eriJ.turo uoc:fi"iciant 01· L.1..1st alc ... 1trod.es io 

v.:.ry Gtmll., unu tho 1,: .r·Buulnr .votenticl d.r ift noBld 

:r.uok £.Jl.J vor:1 sl:i.ght 0h .. nuo 01' 111:;tonti!..l du.e 

to small t.:J-~lpuruture vt..ric.th,ns. 



p:to:Cet·cuce t.v: "lle ruJuuorou,l t.:, ~.1e $ bc;cou.ae the 10t:tor 

took l(.,ne;er to give f-1 nl1cr:.J .L'C.i.)t'OuUCibl; ,_.,otcntial, 

in tho ouoe o:r th..: li..yw·v...,e.ti .;.;lcct.i.:od.c. Each oleutL'udo 

.-iutl ~sou in the th ... :ee u~lution_s li/l li2S04, 1'1/1 KCl & 

N/ 1 N.a.01-J.. A Tinsley Vernier .L"'ote.ntiomctei·• CflJ!.;..ble of' 

potontic.1 mecsurcmentu, e..lthvLt[:;h the e.X)CriQt-;ntal 

values \70rc only rend t~o th!.: nec.. . .cesi. railli volt. 

ilhe roferenc-a o lectroc~es ueod we.co such aa to 

eliminate u:ny boundary potential dif:n:.h·cnce: 

N/1 KCl 

N/ l Na.OU 

Zor w~lt electrolyte. 

:for o.lka.line clcotrol.yte. 

The t.heoretico.l lt.1.~.F.. o:f tho· oxygen electrode in 

...........,,_~~ 

since th.e l,o,;rcc ot di. s.o,J iution of tl1c H;;....iu,1 = .. 51 

~lh . • I. .p th . 1 1 ' • "I •• / • . T. '. i.' 1 't 1:~*e J.!.l ...... .i.1 •• v.i.: e ce .... ,,r:;./ .i.g;:..:iu.rl: .1., .i":::."""''4 / ti .11. o ec -
• o , . . 1J6 

1·odc io . 676 volts Gt 18 l, i o detcrr..:inJd oy l,,e.ttio . 

Hg I 11-t-· r, ,.; I.I I 1. H ,>v4 I f rt.1-,...,;.U~1 I ~·1," ./t. 
"-J l:., '1 ,, . 

I,,. '* 
..., 

I 
ts • 675..;.i.; 

.. 
iD (1.l3 - •~c9~)~ults 

' 
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electrode, u.nd conGe,-.iu.ently' all the vulues of the u2-H2 

cell chould be taken us rof'erring to ;. theoretical 

riyei.rogcrn. electrode in the :Ja.Jle electrolyte. In order 

to check the the crctieal cnlcule.t .ions) di.re ct m.et..sur.ements 

of' the 0.-·-H cell we;:-(.!> made in all three electrolytes ,::, 2 

uning plutinieed tilatinum.·e1ectrodes. Tlle vulueo so 

obtai.ned: i. c. by m.__asur ing 1...n oxy:?;en electrode versus 

1-1. hydrogen electrode in 'the SB.i ... e el.ee trolyte} cneclced 

with the 0a.lcul1~ted values with1n exper i.;1errte.l error 

ih a.11 three e1e~;troJ.yten. 

In studying the oxye;cn elch.:trou.e wi i:.bcilut the 

. presence o:f i.~ ...... .r:., i.e. in uno,isturbeo. electrolyte, 

tt1e tiOlution rn.s t:aturatcd Lefore use by ouubling oxygen 

ges throubh for 30-40 mtnutes. The eleutroc'ie was then 

IJ1ucod in the quiescent electrolyte, an<l rcudings 

ti:l.ken t·rom that rnvmont. 

In the cuse of r..01.. ... surcments tu.Len in disturbed 

elect.rolyte, vrhen .:_.f.,.2. wn.s JI'enent, the electre,1,yte 

riun not saturated be::rorehund, but bubbling was commenced 

,:.t the moment thut the elect..:·ode r:as irmnersed, and 

potcnti0!:1etcr r.eudings to.ken frotn tho :;:;ume time. 1rhe 

rt..te o:f bubbling of oX,fGen \,t..s teyt u~ ne,~.r b.S possible 

to throe uubblcs per second throu3ll6ut the investigation. 

the general fll:.o..:edurc fur ru.ns in the stmiy o:t' 1., .... ..;,. P. 

,,-;t.:,S t:.s follovH1. 1fhc bubbling cf oxyg-en was continued 

forfive minutes ;:i,na. tllcn shut off~ ttlc electi·olyte 

remaining 4uiet .for anvther f'i ve r;1.inutcs, ,,hen buobling 

vma re-cmnmenceu. .11 ternate f'i ve ... inu:te ,.::er iLdG ef 

bubbling and quiet v.ere continued :for thi.ct,y 1i,inutes 

or~in eumc c~ses, longer. 

In every c~se -tlle electro(ie \11:.:.s completely lm.mersed 

ln thfJ clectrol,yte. ·l:hit:1 wa ·.dvo0utcd b,:/ i,.rench und 

· '7'? . . 70 
~1=..hlenberg ·to obtG.in the e;reatest i!,: .. s effect. ,,tichards 

• I • 
Jtl-'tOC tll~t the 8t,rfo.ce of the elec t:code GhOi.lld be kept 

L.S conotcnt ai;; .tyc.:.;::;:i.blo, l. e. that ·.the elect·roo.e should 



ir .. :..h ..i<i.foro ucc . . ftt:r UJO., vilO ·clectro<les 

the p ... ·coatu:o, u:t'tJJ. .l.Uiti. 113 bein~ ,__;:onsltle1·uuly 

0 
t1..J·-toc1 to 4.., .... L L1J.u couli.;,.i it~ tillo tJ.bv _ ....... cJ. u..rn:.:or the 

t...nor: .. aor.i..lotor lyint; c..lon...,oHJ.O t.i.w clo.:ti..·uiJ.o. \.Jll r: .ining 

. 
• .. • J,,.. 
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.,. 
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Eore ro£.i.::otluciuili to)' i.::.; 1)00:i· for 

L • .i:; .. J?. way be \JithcJ.· vos1tivc u.· no~.._•,tivo., For th~ bright 

eloctrotieo it L:; ul.:uy~ n:l/},.•.tivo, J tut ;;;rc,y oJ.cctrodci::1 kept 1n 

air u.nu :rraohly bl:1ckcd electrode~ c:;ive t. pooitive "· ... I!t . .P. et 

t!OOo.nd. 1J0riocl of JUbbling. Tho r. :...: . 01: l>1uck eloctrodcs 

inc:..·m.u.i.es sl1ah.t1y :;ith time but the vt J ... ues c;ivcri ..,y e,rey 

e.nu b1·it:;h1~ clect.1·odos r.lccrec2e r1ith tine.. Ihe generul trem1. 

or· 1;h1J curves is c:;<:r\y :fr•om the theo:rotioal oxye;on potent-ial, 

but. O{;&in i'.roshly ble.clrcd ?t e. a.ml t_;roy i't ~ ko9t in o.ir ore 

oxcepticmul - they tentl to drift to-.1c.i:t'!.n th::: thoorcticul 

o:t· grey -4u mv. aw:.i. of trieht -f:.7 r.nv. .,herco.s ~co_pins und.er 

distilled ,:eter rectu,.:!es the 1.l., . .e. of tJi•it.;ht cluctroctes, tt 

th~ rute of bubl.lli!1~ r;t..n c.cciucnt:.lly :.,llo . .-ed. to, cl...,:; uo·,n, 

and ii; \n .. :..; 1\amd that the ~otential st.urt.ea. • i,u 1.~ i~1e ,111.ile 

t,till u uubling. vn incroi.winr; the .ro.te to 3 bubbles per :.:tee., 

one whid1 i1& qui to different frorr. c.11 tl:~ -,·os L. Thut is Cl1c 

one civon by a. collodionised elect.rode - ;.;__.~., .. .i...,. ic el.moot 

eliuim .. too but· l<. cr."'.Hlll positive eff'ect o:t.: 2 - Z rt,v. a-till 

po.roisto. haverthelese, un ~, •• ...:. • .i..1 • 01' -50 mv-.. hr ... n been. 

rotiuced to +2" fuv. eimvls b,Y cover-in~ the el~ctroC.c ·;,i th a. 

clcctrodef cu:.'~,lobellcd 11 co11.n. 





t:.,1,_ cit .!t ul:.ctrode in vt.,Jao 1 ~ ... ;uve ·.~l1. ini t.ittl J.JOtcntiol 

' .th:·11 th:'). u.:,ur.il potontlbl v.C i..il: .• ck .et t:.t the co.rr,1.a.¥onu.i.t13 , · 

t i,:;iO .. 

CUl'VO.!J Ll'C ~ui t .. .1 rli1':t.Jrtmt i'r'or.,1 vt.l.vCC. in .JU:l.1:lhuric UCJ.ti.. 

,.,.oui tivo 

~~. rnv. Grey t!lactro<les ru· .... • uli,,.htlJI 1c...,o nuiJl.o tl1un black 





Qin~u:,...:p£3_d i:loc_!,~pl,zte: .ncu..;.i".t. CJ.1.L cw·vos a.ro similar 

1.1nu rceulu.r, ulthuutSh tho .fi!• .. :t 1.;cr1od o:f bubuling• 

bluoJ: ana. grey, -lU mv. o.wl vricht -19 mv.. .t'rcvious 

history h~s nu mt.rl:ed crf'oct on L:.~ .. .tl. .dth the uright 

electrodes ll .. ~.,t>. incren3es vrith tirr.e.,.but the .w • ..c.. .. .i! of 

th~ othe1· i'ormn i:·cmeins mo.1.·e or leoo constant. All tho 

curves have a. general trend in the more noble direction. 

01:ey electrodes C:.tre approx. 3u mv. l.on-cJ.· tht:'.11 ·thiJ blaclt. 

lt \JtlS obaer--1ed that in o.ll cases the .t;)otentiul., which at 

:first i'ulls o_n bubbling, begins to rise towards the ,;n.d . '. 

o;f the :t'ivo minuter.. i1. ooll(Jdioul.aed grey .£"t elect.rmle 

-lo mv .. 

----~--------

blacl; fo1TiJt:1. ihe 02.idiscd :iu1"ID. 1n ti purplish-blue in. 

colour; u...11.tl huo loot the bri.:)1t polish o:f the b.ci.3J1t :form. 

Jn 110..itin,c u ble..ck electrode it oxidises ·cecdily end an 

ordinary oxidised electrode roaultf.J, consequently Pd wo.s 

one of' the •rnett-lo bested in vccuo in an ·ef:fo:ct to grey 

tho blcck :rorm. • The black remained S£ii,eirently unchonged 

'by this trce.tru~n1;. In all cazee rd uluck cleotrodes 

muot be ke,:.>t in ai,· or oxygen 1:·01· approx., 24 hours berore 

boino used. .uc oxygen e1ec't:codos, ln order to allov, dissolved 

hydrogen to oxidise~ dince theJ ~ave stood ror Z4 houro 

:..n the ~ir, these clectroc'.es uro denoted, in the .arophn., 

·,,itb the 1o'ttex· 111),u, h&~..ring not been provi..1usly used aa 

oxyc;en electrodes •. Uxidioed olcct::,odes, in all electroJ,ytos, 

usu::.ll.7 0!10V1 potentia.la., 2Ci - 40 mv .. lo•,·1e2-- then brie;ht ones. 

ln. nc; ce.uc 't}vu_ld t-ip,.y di:f'i:ercnce oe noted in the a.ppcc.ran.ce 

o.f tho olt.;.ctrtide a:t::t~.r· 1 t hl,:j.d teen uncd. 





; 

o.1.r::otion of d.t'.1:Ct t:1ay revcreo durin=~ the 30 !id.no.. The 

ul.;tillcd T'i:.),t,:Jr n::t·to.t• une. • 211.:: bl.:..ck c loctru-!o.; r..re 

elimim ... tod., ·;J.na. 1:.110 ..:ont.tHlh:.:.> iJ e;•.cellont ut u ... l hlV. 

o:r -. v'9 ro+ ts .. :efo.1."'rcd .to the. no.i.""r:.;.ol HgzS04 e1eotroda,,. 

. ,;·q1oro::.u; t,c~. evern.f.;; ;otamtiol of the· ordim.:.ry ;.;Lick 

4¥-lcctrc;do.;' io ....:.J.> .. ;.tox .• 2lu v-c.lts .:,or::itivc to t...hJ no.tmnl 

. 
potcnt'it..l only 5 mv .. mo!.'e J,>OE:i ti ve. !J.1hin :.c..ti !.'.SSumed to be 

due to the l?'d not ueiri,'.l ru.9idly· o:r.itiised e:.t ordinary 

!muted c..ud • cooled in uir to o;..it,.iin a visible o.xi<le con.t:i.r,e. 

vn i.J;1orotun ~ri the e1,,ctrolyte·., t-h.:; oxidised oloctrod.c 

iJr;.odL ... tel.,I gc.ve a potential of .18 volt~ refe;,.~red to .the 

nor:c10.l H,e2So4 electrode, thut io, thit usual ~ot~ntinl o:f 

vif'.iuly uxlcdscci electrodes. 

Lit:itur.Jl.99 I!.tl,&_c2,:!!1·olY.,te: ... 11{.,.ck olecti~oaes ai v.9 a large . . 

ti·~·ero.gc -10 mv.. '.i:he .:/rcviou:u hi .:.,tor.1 o:f olcctrodeo has 

little c.r.fect on the 11.i,.:l"'., .. uu.t one or t.7o oxidised 

eli::ctr.:Htco r;or..;:; 1'oun~ ,:.hie.ti Gaite -r1cr;,. lcf:1 poc1 ti ve ·values. 





ln this electrolyte ~d 

lo.rne.r crn.i-1 .. mt, gi vc oxtrt:.o.cain~ry .r-eflroducible i·eoulto. 

ln oicht mt1>_?ri:!l.ento usinLl. tb.coe dif:fe:.ccnt .. blc.ck 

elcotrodos rrith vnriouu hiut<.wios, t11e potontir.ls all 

lo.y ., .i thin c. compao s 01· 15 mv.. after lv u1in~.. in the 

S!.:;lutiun... ; .. ftcr 3u rJine. tho rcproducioility w.:..o 12 mv. 

'.l:bc oon::,tw1cy r:a.J ooviou.sly tI1orc1·or;.: very cood u.n -.mll .. 

.i.1 such revrou.uuil>ility can u.11,t:wo t.ie .r\.111od on it ":1ou.ld 

on.,~le pH dctormino.tiono to be 1•1ade to :i thin .. 2 pH uni to 

l~xouml tho neutral. point. li.&idiaed elcc &ro<lcf:l give c 

;;tery much ·,:ors.e l.'eproducibility - 30 faV. The conutanoy 

i'or t'ro:Jh.ly ,'.l~tia.ised. olectrouce 1s i.;ouo. out after lmeping 

in air or unde1· distilled t1t1.te;c it o.e tc ... • ivrates to 3 - 4 

mv. Black e.nd, oxid.isod cleot.r·od.es fu· ift towards the 

theoretical oxygen potential, uut uricht Pd. ;no,y drift 

oithor torm:rda or a~my :rron it. t"I. blu.ck elcctrou.e heated 

in vacuo gd~.rc an initial potentiul 240 mv. belor, the 

usl,lo.l ini tiµl pvtontiul of' blttck olectrodeo., imt roso 

steadily throughout tho SU mins., _o.t t;ho cmi oi' ,·:hich 

. pol"1od i ~ g~v7 a po1;entiul ctill. 160 mv. i)cla·.1 the usuol 

£inuJ.. Jqte:o.tial. ,· 





• 

thJ cecona und t.b.h·d periods. .l.n the c~oc o:f bright and 

~.ralues uu"~ · .. 1ui tc tle.fini toly pooi•t.i l/O. For blt ... ok eleotrodeo 

O..'"t_icliso11 electrodes avqra.gc -19 mv. lt io extraordinary 

to :fina. ouch u. di:t·terence with the oa:no motnl in the samo 

09l.utiun. 1·11:0 o.tddo ooating io e·1idently not p:r-eventing 

x.1ccl1~icul dioturbmlce 01· tlw aleetrolyte immediately round 

tl1e electrode in thio Cfat:ie, nu 1.·ms suggested fo"' so.ne cases 

of: OX.ic.li::ietl ..::d .. in sulphm·ic, o.cid.. "cproducibility ie boat 

:t'or tile b.cig.nt elect:·odes, c.pprox. 20 r.1v. - the black und 

of tho ou.1.~vcs i..; ulitShtly in a poei ti vc tlircctio.n l:or black 

and ur1gt.:t ... d., uut in the negati vc di.coction ::tor· tlie oxidisod 

olcc iirodos. 

ln riuu.a: 
-1L~lliO!:Y.£bC:d J?l£.tl:r.:p_4.z!g_; constunc,:J in v~ury good :tor 

. 
illl i"oJ.'1i!S oi' mctc.l a.nu the .; u1•ireo n:rc 1.\:;~~lL:.1· with tl 

p:.;sitivo drift in t,he c1.:;c v:t· brieht uml o::idisccl electrodes. 

l:11 tho aasc o::f l1lH-ck elcctrodeo th~ clt•lft io .in both 

electrode du.r5.n!; th(J 30 min. uoe. The r.it>.{;ni·tude of tho 

Ori.ft., ho·wever, ic very !l:H.111. .11.eprodv.ci:. ili t.v is poo.r 

1·or black and bright electrod.oo, 40 - GO mv.,, oat lJOOd 

for ~he oxidised electrcdce, 10 m-.;.. Honti.r,e a. black 

electrode ;_n ve.euo hnd ver,y r::1uci1 lcos c1Tect on the initial 

potential in thJ,_ eiectrc:lyto - it lo\·:cred it by a.p..,,.rox. 

80 mv .. , e.wl utcr 30 minti. it -..--:t.,:;1 onl..7 50 mv. 1m-;£;r than 

t.hc u.sue.l flnal pot.ontiul o:t' black oloctrodeo. Oonoidcri{Jg 

that tho rer,,roduciuility t·o~· tlcclt. eleo'trm.leo in this 





.ior br·ight 

\ 

they oxidited _-,:hcu hou.ted. in l'l.ir.. 1'110 oxi(llnecl }<u 

o113ctrodes L.Cc t..:. t,uld:3n colour \d t,1- e:; till d. co.uaiu.ereblc 

In u i'£:fo cusos, by 

very c&.r-cful heatin;_;, c.n electrode ~,u::i ;;re;ycd ai tlH,ut 

, o.t·ter eloctro-::lepo'-1ition 0£ Lu t1a...:: u.~i:t.:.lly cu:f:rioient to 

c1iminute the ef.ft101; oi· ciosolvod h,yd.roc;cn on 'the Glect.t·ode 

hictory iL.': .ccferrod to •.;1th 'the letter "er in tho graphs. 

11lle nppocra:nce of the oetul is unoht~nccd o,t·tar use uo a.n 

ox,vr.,en eleu'trod.e • 

.t:ornm o:r motal ir, poor - approx ... 40 1~v. - r:nd so is the 
' 

an averti?o conutLncy o:f 2 ov ~ The :fc\1 grey electrodes 

bave ? ~J::,rticul:...rly poor ccnotcncy nnt! :.:c otill fulling 

ra_pid.ly o:ftor 30 mins.~, The-so ·c;roy electrodes st,.i.rt e. t 

tl1e higb.ont potential and :f imilly .r:·occh tllc lo-:,ect potontia.1 

of' all the f or.ns of .tiu uocd, uo:f'oro bec0w.ing co1·0 or loss 

oonatun't .. 





✓- The potontiul or the bright, oxidised and grey eloctrodeo .. 
drii tt; ui,t.y i".nr.n tlle • t,l.i.00.t·otice:.1.l o:'I.Jfi30n 1.1vtential, whilst 

·ttu .• t v:r thv b luc.t. muy drii"t ..ilightly in oiti1er dirc.Jt.ion. 
' 

hc:..1tod 1n··vnouo, c;iva _:i.nltiul .:}Otcrrtials approx. 100 mv. 

bClo,,i tllvfO t>ivon uy 'the ~n·dinury oluck elcctrodua.. ~y 

.,,:..~ cz~d. ot 3(; rr.ins." hor,evor,. thoy ilavo ri~o11 to the 

co.i.·-res1lon~ine r.,utentiul c;ivon uy thu uil·-treui;oJ. b.lack 
I 

olectroclcs. The 1Jotct,tial 01· gt·oiJ' clectrod.o:.:: a1·ter 30 mino.· 

in the vX.Seen outu1-:-ateo. solution huve 1·u11cn to approx. 

the atw.!e. pct11nt~.ul 1.10 th!:i.t t;i vcn ini tia.lly oy a blaok 
; 

. . 
electruae llr,a.1~eci in vcc1.w. Tho oxidlsod electrodes give 

The ·.i.::..~ • .f •. curve3 here consist 

all th·..- curve.<J if;:! very definitely !n tho ncg&tive d.irec_tion • 

• 
Th~ votcntialo o~-rrcahly made brieht and oxidised 

olentrouea i'a.11 more ~lU-ickly then thooc of electrodes ,iitll 

otnor h1r:r~orics. Hero oxidised. elect,~od.cs .give almost, tho 
I • 

00.tm vuludc u..s triiht eleotrodes. • L.h:.l:'. d.ecrcasos. ,:1th 

• 
bright amt .oxiii.ised -15 m.v., i:>ltlCk -5 mv. These., of oouroe., 

are not tile maximum vulueu oince ,the· potential :fu.llo 

steadily throughCJut the 5 0in. porioas 1Jf bubbling without 

o.pp1·ou.crliric e.ny minimum. The rop1:oduoiuili ty is very 

!H.:o?', 90 niv., for bluck clec1,;.codes but improves :for bright 
'" ,·, 

" , .. ~ 

~ •. . .. . ' 
· und o:xidiae<l e:tectr6d.es • 

.1.
-·n .. ,n ►L·. . .s. .. v . 

,'lµdia~l_!rbod ~~c9,krcl,vtQ.: r~crJroctucibili ty :fer oxidioed 

1 • c.nd b°Fi3lrt" clectr<:>cles if3 puor, 40 --;- 60_ mv • ., but i"or blo.ok . 
e1E'1ctrod~:·Hf ic eood o.t 15 mv .. •• .i:'o:tontiel drf:ft, 1·01· all .forms, 

may ?Je in eitho.r a ,l)OSitlve or ne{I:ltive dirco1,ion. Constancy 





is: good :for black electrodes, 1 - 2 mv., but varies 

considerably -riith bricht t:.ucl o.:tidh;ec.1 cJ.Qc·troc.cs, • averaging 

3 - 4.mv. Oxiclinc<l clectrotlc..; u.rc 30 - GO mv. lo;1or than 

bright one~. On hca.tinz a l>lt..ct electrode in vccuo it 

ohor~~d o.n fni tiol pbtcntial of . 05· voJ.tG ccmi)rx·cd rd.th thu 
• • ' , f 

uoual ini tiul potentio.l of . 28 vol ts :for block eleotrodco .. 
, 

Tho potent1.t.il rises rupiclly., h_owcv·~r, to th~ 9otential o:f 

the t1,1;:•~tr6u.t.cd black cle,!t.coden. t . . 

Dintur:qg~gcctr~ixtc: Th~: general. tr,3mi o:f oll tho 
'. ~· ' 

cUTvco id,0''{n ,.;.t ncuo.ti T,o direction, but it tn not. as 
. 

• Ir 

decided us ie the case for Hu in aulphID•ic acid.. Average 
' 

·,111d .LOr oxic1ised -15 mv. 1.rhe ~·1rat period of" bubbling 

i,:i usualJ.y ~(~gulur but in a !"e,l ~aGe,tl 1H poqi ti ~,re.. In 
.. . . 

tho anac cf one oxidiood clcdtrodc the positive L.E.P-

continuou ··torou~h the second und. :thil'd pe;!'iod~ although 
♦ ~• I 

it b'ccUw.e c:ta.ller. •• Thio st1mc cloct1·ode, on ',Jeil'l:J' used . ' 

. . 
ue~in, haying otood 1·or 23 hourtt under distilled ,·mter, 

t~~vo ·a pcrfqc tl.Y ordin~y curve t:i th tho unual negative 

~~B.P.. FrJshly mo.do electrodes uoun.lly i5ive highest 
i • ~ 

:fo1· .oxidic0cl olcotrodeo !ind for bl .:(:k unci bi· itsht 40-50 
. . 

rav.. Oxidi~cd. ·clect~oLtes give oxygcr1 potontioU; 30 m.v. 

lower then qriGht electrodes. L!.E .. .?. docroanco \Ti th 

ti1r.e. • 

ln No.OH: 1 . • 

~JIMisturbcd .ti,J&c~Yls!.= .Pvtentio.l drift~ in the co.no 

o:f o:x:.idiood olcct1·odco io so:..i.o.tir:ca _i.:vUif.iive aw.: oc:notimos 

ncgati ve ,· ';li1proua -.-1 i th black E'.Jld bright elcctrodeo. it is 

noi~r~y µlrmys pooiti ve. Constancy is app!"cx. tho acme 
. . . ~ . . 

:tox:-~ll :Co>-O\s(-1: 0~1.) un~ rcp.t .. oduciuillty :ts puor in a.ll 
"-. I\ • - • ' :: J 

·ca.sec,, .bl~ck~ cl~htrodcs UOi!3G t1l~'best ~-,1t11 u. rap.roclucibility 

of 40' mv.. Oxic.tiecd and· vright c.lectrodo.:J give ulmost t.he 

oame OX-YB~n votontiA.1- ,,ithin, the· lim~ t's ·of 1·cproducibilit~··• j ' . '. •' . -, . t . 

.. 





.l blaoii elect.roue ti.1 tul' houting un(i cooling in vacuo 

tl!hi uwinc; irr-.. aeuiutol,.y d'OVC a curv-o ictentioal 1n ull 

res~ceto vrith tb.e u.sual vle.ck electrode curve. 

Cill"Voo are almost identical in ehepe wi.th the., ourv·o:.J o~ 

black elt,~,rtrcdoa in oxygen uuturo.ted olectrolyte .... ou.b.bling 

ha~J vor,y little e:ffect on the potential end the poo i ti ve 

vi::.luo of .i.L •. t'i • .t!. dect'·eazea rapidly r.1tb time juet wJ oleok 

eleotrodes in qu.iemcent ·electrolyte beco;ile conotant ~;.1th 

tiwe. FI·,.1ah1y made oxi(1.iuetl nnd bright oleotI'odes usuull;y 

ollfft"l u :negative .t:L.E . ..1!. during all periods of bubbling, 

but eloctrodeu \7itn othe.1.· hiotoriea lJ.Guully beijin nith a 

rttlJidly \11th time... Heproducibility is 30 - 40 m;v. for oll 

tbree ty1:>Ern o;r c.etal. Brigh't and oxidised alec:trodoa 

give a L.E .. J?. o:f -4 to -5 rrrv. anti. blaok of +4mv. 

iUlO.vlOI.1 ...... _ ... 

1.inis rnatu.l vme u.ood in 'tl.e bright, oxidts:ed,. black 

t!-nd grey i'o:rma., sines the electrode coul.d be turned groy 

at o, tempcra:tw·o ct which no visible oxidation took place. 

It :n.is not ul .. l\Y'S obvivuo *·1botl10r visible oxide oootipge:1 

had.been built up or not 1 since in somo co.oea·vcry light 

bluioh yotcbos appeared a1'tar heat1r.ig, wbich may or muy not 

have beon oxiuiaod ... tho bright end oxidised electrodeo 

bob.o.ve very simil.a.rly, hcw1ever:;: and vhen only one t·orm is 

illu,:rtra.tod, the ot;.hor OJJ,;,J be taken to be of the sr~e typo .. 

Uouully the oxidised Rb electrodes aro a. groy-bluo colour 

and rotnin o. considerable 1JL1ount o,g the polish of bright 

eloct.rodoa. ..i'ome brig.ht ol.ectrodcs, on heatilll,; to z·ednoes 

in the bunsen t"l6me, re:t'use to oxidise visibly, but ui)su.-rno 

a matt :finish, which slightly dul.ls tlle usua.lly highly 

polichcd sar1·uco given by ordinary bright electrodes. 
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Thiu chunge in the f'inish of' the electrode surface mu.y 

indico.to a oht..t.nge in the crystal st1~uoture of the mota.1,­

but apparently it does not greatly .o.1·fec·t the oxygen 

electrude's properties. 

'.i:he electro-deposited metal in most co.sos showed no 

d1epoait1on to register the· eydrogen potential, even nhen 

uoed im;:..t0cliu.t0Jy nf·ter elactrodepoeition and washing. 

~~he grey electrodes are definitely a l.igllt,er colour than 

the black,, but thoy do not go 0.8 light a rsrey BS ."t blook 

clo.. 1·~tl the ·eloctr-odeo rwre apparently u.nol.tangod in 

oxto.i ... na.l uppournnce a:t'ter use . 

l:n H#"• SOt1; 
~ -

...,,.....3':.z1ot __ J·t1 

YX!s.I,!gtut_~;g. Eloctr.01t~: .Ocight and grey l'lh in this 

solution give o. .completely new type of curve. Very high, 

but transient, .initial values ar·e b1ven, so..JetJ.u:eo 

exco0dill6 1 •. 23 volto meu.nuz·od uguinst a hsd:rogen electrode 

in the ot:.tme oolution, .i.o. exceeding tho ·theoretical 

ox.¥"een i1otentia.l. The potential :t'&lls very rapidly, 

apt1ro2t:. .a volts :t:or tho 02-Hz cell, at which value the 

.votont1al ~~emuins constant (constancy l - 2 mv.}. The 

olicht potentinJ. dri.ft after the elec,trodo hna settled 

down ic 1.u1ually .in a positive dii-e;otion. The hicsn 

ini tiol voluoa dif.tor \'lidely; freshly heated eloctrodea 

giving tho ltighes"& values - for grey Rh l.30 volts for the 

<>2-H2 cell wirl for bright Eh l. 28 volts - whilst u:t't;cr 

ltcepin,g under diot .. illed no.tar tho initial potential is 

only lU.1 .... 2vo m.11. above the £ine,l conatantc value.. 111nm 

.t'ina.l vnlucs o.re ol.l, however, mucll the some - reproducibility 

is ~o mv.:fJ including tho ere;; anti l>ri0 ht oleotrod.es together~ 

i'ho block e.lectrodes on the other hand li1 ve quite the uuuul 

type o:f curve, with potential c..1rift either pusitive or 

neguti ve emd sometimes cha.P..£;ing in direction during the 

3u u..ino. Co,nsta.ncy is not quite &.a i.;;oo<l us .for tho L1.~.1eni 

t.rn., ero:,,r oloctrodoo, £..nu 1·op"·oducil1ility io 4u rnv. 



higher ·thun tho bJ~ibht und g1:e;1 onon. i~ bright .i.dl 

electrodet heated in vaouo, gave an initiBl .votentiul 

c.~bou.t tllo aame aa i the i"insl pvtentiul ot' the bri{Jht and 

grey oleotrodee, i.e •. 8 volte re:ferred to a llydrogen 

oloctrode 1n tile m1w.e ole..:t,·olyte, but rioes e.ventuo.J.ly 

t-o the potontiol of the 1;1ir-tree.tod bl.(lck elect:rodos, 1.e. <--. 
100 mv. higher. t-.. black 1111 c1oetrode., heated in vacuo, 

·beho.ves e1milar1y but the potent.iel in this cutJe tokes 

longer to rise. Cine brj.ght i'\il eleotrode waa 11.ef;l,tod and 

cooled in oo at:noaphe:re of oxygen. lto·' poten·t-ia.l u.fte, .. 

Sv ocos,. • in tl10 rolut.ion wuo J..24 volts for _the 02;-U2 cell., 

but the rato o:f fall wJ.l.a much .slo._·,er than V'lith~ J.Jl 

olectrodee bea.ted and co~led in air. .. .. f·ter au mino .. the 

potential \"10.:.i_ still l.l volto.. It seemo that the ox1deo 

:.ro..1.7Jot1 1n an ox.ygen a.tmos,t,1hore a.re more uto.ble tlmn tu.020 

l'i.>rmed in air, or else th~t a greatex· quanti t.y ,:;;t: oxide 

10 1'0 ... i.ilcd in o:xygen a.nd tho1•e:rore takos longer to be 

dccompo.ecd. 

DisturbQ.g .U~,s:r!trol~·tf!: Bright, oxidi.sod unu b"I'ey metal 

~l.l cive an .C..}!;.£. ourve. similar to that of olr..:.ok .i:'t in 

011li>huric c.oid, o.lt-llo1lgh the i'irot periods of' uuubling 

way be irregular ~ g:r-ey nh gives o very- ll1gh initial 

potential; uut it drops .,1 thin tile :t·irst tleriod of 

bubbling t.o tho regular potential of bright a..ntl grey !4 • .:...1:' 

curves. i:eprodu.cibili ty ia poor throughout.. !l.1bo unu.nl 

trend 01· the curves .ia in a posi ti vc, more noble direction, 

altbough aor.ic bl~ck Uh curvns show a alight negutivc trond. 

The vclues of the ~.E.~. ere: £or bright Rh -46.mv., 

for oxidised J..h -40 mv;; for grey .i:J1 -25 mv. ~ and i"or 

black 1~ -15 mv. fhe highest potentialo nre uJ.mzyo ei ven 

by i'resh olectrodee.. ..,ometiu.1es u •. 11.J:l. doereascs -r1i th time, 

oom.etim.es it inorcu.saa - there io no general. rule. 
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l!!JfQl= · 
Und!.,q~u,i:-l~.eJ!JQ;;(!ot1·2~.: The curveo hex·e aro vo1·y 

i:i:reglilnr, potential d1:•ift. vury.in,g erootly ootb in 

magnitude an<l d.irection. iH?tjroduoibility is exce .. Jtiono.lly 

voor,, oxoept. for tho black electrodes (30 mv.). Constv..noy 

ia o.J.so .t:l1.;0r, ulci.ok electrodes being again t.be best with 

u. value of' upp1·0.x:. 3 mv. ln the co.se of oxidioed unu grey 

oOtbl., fresh cloctrmlea gi.ve the highest potential, :mt 

tho:i.."c iu no general rulo for the other .:forms. Ii. bright 

ti!! electrode, hooted in vacuo., gave a c,urve. eimilor to tho 

air--t.roe.tcd bright electrodes and st tho same 1:>otonticl., 
. 

No pa.rticula.r.l.y high pote.nt.io.la a.re given by hh i!,l this 

clectroly·te., the highest beil1t; the value of 1. <,9 volt.a 

1·or tho 02-H2 cell given by a groy electrode. lt is 

oxtrcoely puzzling to !ind thut tho :freshly heated grey 

electrodes, in this caoe, sturt at o. moderately low 

tJOtent-iul a.nu rioe to their highest Vf.tlUe tU::tc.r ubout 

3v o.ins., ·nnioh lo qu.1te unlike their bohav,iour ln 

·sulphuric acid or sodium hydroxide. 

))i~~.UJ:b.fJfl.~l~;o{:r;q;i.~9..: Agni.n freshly 1100.ted grey 

cu.· oxidined electrodes give f..l cvnsiderLbl.Y hlt,;har 

potent,ial thun tm,y· other ele<.}trode,s. i:. 1)eculiar yoint 

i1J that, 1.1h0roua in st1lphuric nc,id the highest potential 

is glven immecilo.tely on immersion in the electrolyte, 

bcre tno initi.al potontinl is often quit~ 1cm, but risen 
. fho • 

rovidl.y during the ,firot/o:t ten minutes to a maximum, 
-a.nu. then declines stoactil.Y uguiu. This causes very 

irregular L.B.J/ .. valueaQ 2hc highest maximum (l.,19 volts. 

1'or tho 02,-1~ ooll} wns roo.chcd i.Jy e gray electrode, eig!1t 

minu,tes a.:ftcr 1mr".11i1·a1on. Grey olectrodes., \.Thi.ch ha.vo been 

kci)t in r.iir or under distilled wo.t0r, however~· 61 vc u. 

yotcn'tial i.'ioll belov1 t.hut given by bls.ok electrodes, r1h1ch 

lie midway bot.:Yeen tbe :htch and lor; groy electr(;tlee, i.o. 

electrodes r1lth ot.l'wr hi.:;to:ries. 



£.eprouuoibility is agu1n excer,rtionall.Y poor exceJt 

:roz~ the hlu.ak mota.1. 1 ... i!, • .P. is very l.rregulex· in sign 

und mugnitwie ,:for all :fo:rma of metal. exoo!)t the bluek.;­

v,hich c;itree a regular I ... K.J?. Wi'th a. negative sign . 

ln t.no ouar: of vxidiaecl and grey electrodes the l:'i,rst 
' ' 

vt.lues, lHlt t.hin changes, soJ.t.etimes im.;.edia'tely 1 sO:ilotimcn 

much lctor.11 into a negative lS:.E.f. The cm·ve then consists 

01' e.lc.o!Jt straight. lino sections. The o.vcro..ge 1,:.,1!: . .t? •s 

1:u-0:- ~tidised elcctrocleo ... 21 mv •. , black -7 mv., g1~oy -4 av . 

. Ln NauH: 
- "'' ·Undiotu.!:Q.09-£,le£:tI·o!,y_~: ,,1th :freshly '11eatcc. oxi.disod 

o:;: t.;rey electrodes potentio.1 dri:t't io very ratJid in the 

nottativc .uit·oction~ but for all i:he brigllt, black Uli.d. the 

o:~idisoti or g1"'ey electroO.es, r1hioh have been- ko,;.>t in o.ir 

or under distil.led wa:ter, the drii't io much lesc n.nd in a 

positive dirnct,ion. l.!onstanGy i0g>0d. at l ;... 2 mv. in 

tho· le:t'te1: on~ca.. ,:ieproduc.ibility is 1·eir at. appro.x. 

4u inv.. in all ca.see. Very high ini tio.l votentitilS , 

rcseobling those in sulphuric acid, ru:'ti uiven by oxidised 

o.nd. Grey L~h in this electrolyte. '11he highest potential 

ottained we.a the V'alue or 1.28 volts for tho 02-fl2 cell 

Biven by :t'.reohly oxidised electrode. Li. bright hh 

electrode, heated invaouo, gu;..e sensibly the some -poteutie.l 

as 'the atr .... treu'tod brigbt ,hh electrodes. u.eproduoibili ty 

is :rair. 

,Disturbed .t!aectrobY;tQ: 1~.i!: . .t'. ;is low in all the 1·orms 

of the mot.ul; occaniono.lly a small ,t,)Ositive value io {:;ivcn. 

black hh -1. mv., grey hh -11 mv. OXiclisod electrodee 

".1hich have oeen kept in air gi vc tllo lo..-res't. Ll.h . .P • 

... ,eproducibility, e:t 20 mv., is better t.han the undisturbed 

olcctrolyte value. The general trend or the c urvee i.fJ, itl 

a posit.ivo direction. ~ho 1'i1·st period 01·· bubbling, 





bofmve.1.·, in t11e cuae of :t'reuh oxhtiaed or fJ'!~oy clectroaeu; 

oxii,ites u negoti~o t..'.~ena. The highest n.luo fur tho 
.. 

c,z .... H2 cell wuo g.ivcn by u i':reuh'ly heatea grey eiectroc.te 

imt:.,ediately 011 1nn:ers1on in the electrolyte (1.12 volts). 

Tbei curves o:r br1gllt, ~ in bot11 undisturbed end disturbed 

' eloetrvlyte are ·almost· iden:tica.1 in al)_ respects with 

those given by bright Ru 1n this ao~,o eloctDnjSto. 

i~ re.narkable thing about Fll i.n thio solution is that 

all forms oi' tha metal give a.pprox.1ma.toly .. Y7 vvlto 1·01· the 

O;z-H2 cell, after 30 mins. in the elect..co).ytc ~ 

lt ia 1ntoreot1ng to ooto, in connection T?ith. o.ll. 

those v·alu.es exceeding the generally nocepted th:e",rcotioal 

potentie.l oi' the 02-112 cel.1, that Soderholm ttnd • .Benodiclts
109 

huvo suggested thut the true value is 1.48 uolts. 'l1hio 1n 

as for beyond tho values· re.ported lle,:-e.., au l .. B..:J V\.1lts 

\7no beJtond t,1e previous h!gheat values .. 

l.ttlJJitrJA 

1:hi.s mote.l vm.s uauully used only in the bz·igh·t form 

as it could not be visibly oxidised even ot r~d h13ut, und 

as 110 satiafuotory blaclt deposits were obtninuble. The 

a.ppca:runce v:t· t.ho metal rer.nu.ineCl uncllo.ngod o.t'ter uso .. 

Ill UaS(.14; 
c·4 ql\_l f _SU(& 

here I nG 1n tho caoo of 

llli, vorl,t high 1nitiu1 valuos for tbe v2-li2 cell were given 

by :frcohly lloatcd cleat.rodes., the highaot i~ocorllod b'oing 

... :.s a 1·u1c, howovor, the potentio.l 

doee not .ftJ.11 rur>idlY tu a. 00110tv.nt vnlve as in tl10 c::..t1c 

. o~ F.h> but . .f1..lls more er less regularly throughout tllo 3◊ 

min.a. Ra.t:u:·oducibil:it3 1s · excevtionally poor. ,r.. bright 

1-,lectrode hea.ta(l in vacuo gnvo an init1ul potential,, 

cpr,ro:x:1mately 180 m~ v. lower than the average but the 

pot.ontial rvae during tho 30 mine. almvot to . tbo .;utent1t.>l vf· 

the corroo.:.1om.U.ng e.ir-treuted electrodes. Usine; the very 
unouti1..,i'uoto1"Y nolc.ctt0 Ir d.t•.:.,ooi ts o:t .coeroter61 :.1nd 









from 1.38 volts to . 76 volts were obte:t.ned, Poerator'o . . 

11blaokn ge:ve the b.igheot vrihteo, ,lfeathaver 't:t ~-ev~r exceeded 

1~19 volt.a; Deep.te th.e very high valq.oe reo.chad the 

potential ·-did nut ;fall ri,pidl.Y but re!iln.ined ·conatti.llt, 

ulthin a. fer: 1:.1illivolts. in moat cnoea,· tbroug~out tile 

30 mins. !.in t1tter,1pting to grey the electrodes a fairly 

high initial potential wo.o oboorved, but this fell I'Upldly 

thr1,,u.gh1.,ut ·t11c 30 ,nine. to tho lor, value o:t· appro.x.ime.tely 

.135 vvlts for the 0t?. ... JI2 coll.. ~ihis in vars much like tho 

benaviou.r vf br lgbt lr althoug!l. in 'thn lo.ttor once tlie fall 

of Jctonti:tl 1a not, PS repltl.. 

ttne bluc.i. electrode me.de by ,:ostbGvcr 'o method v,a.s 

hente<l in vaou.o; ond gave c lo-o ,t>Otcmtic.1, { .. 82 trolts,.for 

, 94 volts e:fte1" 95 mino-. in the oolution .. 

u.suul voluo £or 'brgght lr olc-utrotlcs .. ~tn vie.-1 ol' tho :fuct . . 

that- rw oat;L(:fuctory det,uoite cvnlu be ubtdnod, only bt'1f:!iht 

J:1• rmn uuod in the ot.hor cle.ctt"olytca. 

bublo :rro,..i ·ti'Je above obo:zrvnt1ono thtit tho 0 bluck 0 cleotrudco 

c.:ro 1·egiatoring the a1n.glo )utent1u1 01" ou,.ilO com:,.1ountl cf' Ir. 

P~§t!ftbod 1;,lopt1·01i1:,,~ Tho typet.ti:' curve t,iven by 

.l>right rr 1s .oimilar tv tno.t vE: bright Hu in li.,~v-1.. The 
(. -

! .. ~i;. L". c:vort..,goo -11 mv., and deorot.,soa wl th tL-n, .. ,. Tho 

curves u1·0 mootly very· regulur, u.u.t- t·oprvdu...:1b1lity is 

VCl"'Y poor. ~ho fraohly llootc:tl olootr.odes give the hlt)lost 

:wtenticls ..... one stortocl at 1.21 vulto re:t·erred. ·tv c. lWdrQgcn 

olcotrotle in tl10 oe..,10 ·eleot.col,yte. • The tz·on<l vf Lll 1,.;;f 

tlre curves la in n ncao.tivQ ,u1·cction. 

l!qdj§turb,ed ,,.~;teot~plJr&Q.;. f .i>utm..t1cl d.t'ift uccu.r~ in 
. t 

both diroot1ono 1 l'mn the curves e.re rnther 1rrogul01·. 

t~a_pr<.oducibilJ.t,y io vers poor e.t 100 .uv. ~ end cotista.ticy 





.iJl electrode heateo. in vrwuo gave M initial (>ote-nt1ul 

o:f o.ivrox1. t.:tcly 180 mv. belo~i the uou:,.;.1 initia.1 potontlal., 

and nftoz· :30 mine. in tho eleotrolyte the 11otcmtia.l. had 

l!!sturped. EJ~ocuna:,',!"t!t;~ EeJ•o high vuluei.:~ t\;r the 

02-.f,e coll are utt:i1ned - U.i) t,.; 1.11 vvlts - after about 

poeit.ivn voluco 1'vr tho ~--~.J!. r;ilicb graaually ch~ngo 

to negative. l•'rcehly heated olectructea give tl'io lll.ghcst 

potonth.l. 'l:he ~first pez1m.l c,t bubbl.ingj) for electr0des 

ether than· :t·reohly heu.tod o.r.100~ :iH o.ften i.1.'regular ao .. ;otimos 

g1vin~ (~ positive, ond svoeti.:aes a nego.tivo :;.~.,,:-+ f.c-

produoiuility over all the clectrodoa taken together is 

,rerJr po-or ( 200 mv.} ,11 but :f<1r :rrestll.8' heo.teu onoa only 
. 

is 40 mv., end £or th.d 1·est ·tu:iten aeJ?oro.tely it is o.lsc. 

40 mv., 1.0. the .fresh electrodes ure quite sep&ate :from 

the others - at a octent.iol over 100 mv. moz-e noble. - . 

rapidly during the first tvm periods o:f bu;,,bling. 

J:rt !\e9i'ff..l 

. . P.ndi.Pl!JL'.&e(\J'rl.Cfs.;t.•t.J.;1J.,y:tc.;., .. eotentit.l orift m::1y 

occur in ei thcr a _pooitl va vr negative diroctJ.cr1., dei.)onding 

on the history o:f the cloc·t1'ode .. F:rcahly h.c.nted eloctruae a 

Electrodes with other hiotories atnrt 

witb lower ,::>o'tcntialo (approx1..1utely .93 volts :fvr the 

ao the frosh electrodeo. Re~roducibility~ hcwever, is 

only cbout '40 .uiv. f..n electrode ti.oated in vacuo •f'ollor1cd 

The cunnto.ncy o:f •:fresh electrodes is poor o.t 11 mv. , but 



cell were rccoz·dod in the uaui. aturbcd olectr·vlyte. 

,~""l electr..;do hoatoa. in vacuo guve an ini tie.1 pot.entlbl 

ot' c,ivro:x.i., c.tcly 180 m;r. belv:-. tho usu.:.:l initiul yotcinticil., 

• and aft-or 30 ::1ins-. in tl1e olectrolyte t.he .votential hu.d 

rieen to l"1itt1in BO mv .. vf tl1qusual ;final .1>0tential.. 

l!i§t!dtuwf-l &l2£lf~:i~t2.;.. 1-rei~e 111gb vnluer:1 t'ur the 

02-.F.i2 coll are nttr-J.:i.nea - u.:.1 to l.,ll volts - after ubout 

ia oimilo.r _to tl,ut of Gray. l-Jl in K0Ir, tli virq-;;., ut :first, 

poeiti•ve value a .for the .... .l!i. j;.'. which gvoctutllly cl1unge 

'io negetivo. Z.1:rcahly heated olectrvctea givG tho b.1ghcot 

potentic..l. Tho £1:rst pe1°1oJ wf bubbling, for oloctt·vdes 

other than t·reshly heutod 01100 j, is often i.rroeular ao .. rotimao 

(# ving u. positive, tJnd s .... ceti1':les a nego.tivo :;;. :'.,d". f.c-

producitili ty over all the electrodes taken togetbt}l' is 

vor,1r poo1· { 200 mv. L but :tor :t'recl1ly heated onoa only 

is 40 rnv., anc1 for the rest tc.i~en • ee.i,,>arntely i't 1o al.so 

40 mv. ~ 1.e .. tl't(;) fresh electrodes ure quite eepn,r·ate 1·rom 

the otJ1ers - at u potential ovor 100 mv. mo11e rh.,ble. 

the t·inol periods 0£ bubblinc only., since ..1 .. c.. "J. changes 

rapidly d1.1ring the :firot tvn, periodo or bu:.>bling . 

.ID1dif.'S.Y.t:RE2g_~~leslt,o~q.:.. rotentiLl drif't may 

occur in ei tiler a positlvo vI' negative diroct.ion, de1)cuding 

Freshly :hcH1.tect eleotrude s 

f.;n,d drop s;noothly. Electrodes r,i tit ct11cr h1utories start 

w.:l.th lower ~lotcnt1F.ils (up1J1·ox1Jatoly .93 vol.i;s f1.,r the 

at,,;1 the :frosh eleo~rodes. lie.tJroducibility, hcwever, 10 

o~.l,y cbout 40 mv. lon. electrode tlC:'.lted in vacuo ~ollowod 

tho second tyi,c 01· curve,, tut uoo .:::.bout 30 mv. lcmor. 

ine conr.rtancy ,o:r ·:rrcsh. elcotrodeEi ia poor a·t 11 rov., but 





:fur tho '12-H;-;;; call, 1.1 volts, .1u.u a,iven by r;.. :frooh 

electrode itnr::cdintely cm ir...:..:toraion in tho oleotrolyto. 

p;tqt,grq;ad. !,'+1eotr.iJJ.3:t£= The curves nere arc., in. ull 

ltu in Ne-OH ond u.I·e st the su...1e;1;,otent.inl. .i.i:a;irvcluc:liJility 
'i 

is . .fairly good at 20 i;..v... !!."ho. geno:r·tll tro1..d o:f the curves 

is slightly llpwa.rds. towards the t.ileox'.otica1 o:x.veen votential. 

GOW. 

Tllc :for,.1~J_ uf metal. uaed wore the br-ir;ht, 1·ough 

elect:ro-depocited or uR 1·orm11 ; 1...nd tho hco.t treated or 

0 .i:i :t'ormu., correspr..,nding tu the uaual grey o1cctrodes. 

Tllo oleotro-ct.e~.>osi tcd ~orm 1s of an r:e.i·tr:iy oro·,·m coluur, 

which goes much lighter 0n heating., becoming a ~olden 

• orgnge colour v1hich., ho~ever, is deeper tlu: .. n tho light 

gold v! the ~right clectro<los. l,here tho coating o:f 

bri{£tlt .,_u ia i;.hin, the film can b0 vi0'."1et1 by .trL1.h.1r.1ittcd 

light, rmd .tbo colour io seen under tho...,:i cow:i:i.tions to 

be purplish. 

~1101·0 :is no visible oxidation 01· the bright !or.i:i nhen 

hes.ted in c.ir. T.a.e bright 1~a el.eotrodes., artJlntad from 

o.lcoholic: ,t.,uCL3, aro dull but ruuy be brighterieu by polit1hing 

1·fith un agate burnisher ·without U,t,!pt>..rently nf·;fecrting the 

Thero is n0 vis1ole cl1unge • 

in the-; wetal eul"faco uurine uso as on U3Ygen eleotrotlo. 

In li2S,.n,1 : 
,. r fJM1 ...., 

.Au az'c:: rc.thcr irregular in 1.blseloctrolyto 1 unu the 

6.1.roction o:t· the potontiul drift may clmngo ruore thu.n :.,nco 

. during tflo 30. mine .. ·t;ne electrode is in the evlution. 

Conotuncy i~ tt;.oro:foro vnriarJle. 



Tho hiiJhost value 

for tho v2•H2 oolJ., l~l volta~ ,n..1.s r;iven by t:. frcoh 

oloc:tI·ode i1ru:et.iiatc.ly on ir.. ... :iicraion in tho oleotr,,lyto. 

P.i~p.rlzed ~J.ectrtiJ.~·~s: The cu.rves here are, in u.ll 

rccpocts, oimilor to those u~von by br13ht ... ~h uriu briet1t 

llu in m:e.OH nnd are at the ;;:.nnEu>otent111• hoc1rvduoit.l.ility 

is, :fai1"l.Y good at 20 mv. . ~he. gene'.{'Cl trc.i:;Gl of the curve0 

.is slightly upWtirdG towards tl1e th.eo1:cticsl. oxygen potential. 

The nvora.,ao ~ ... .it., 1" .• is -6 mv. 

. . GOW . 

Tllo fur,.un. of metal used ricro the brio.ht; 1~ough 

• ele'ctro-depocitEHl or uE i'orm11 , t..nct the hoo.t treo,ted or 

"l:t . .form0 
j eu:rresvi.;nding tv tl1e usual grey olsot.rodeo ~ 

fl.ID oleotro-deJoel tcd. ~Qr:m ia u:f t:m eai·tl]J' brown co:tou.r, 

whicl1 g-0es much lighter on heating, bocoi..Uing a golden 

gola v.f the .bright elec·trouos. 1,hore tho cuating of 

brieht ,.u ia 'Chin, the. £1lm ccn be viev1ot1 by :trL.t.i.Jra1ttod 

light> end tho. colour lo seen under the;.,..::t c.ca,di tion!➔ to 

bo purplish. 

Tnore io no visible· oxidc.tion uf 'tbc bright i'cra 1.·1hen 

heated in oi:r. 

ulcohol1c ,b.u.1.JL:;, ere <lull but may be brigbtoned b.Y poliahi,ng 

with tm q;ute burnioher withou.t a,tJpa.rentl,y at1·ecting tho 

There is nr.., visible change· 

in tlle metal au.rfucc durinf~ use as on oxygen electrode. 

l:u H.2!.:104: 
•• 11 r • Jw!IIM. .. u ,11.,~ 

The curves .fur 01•ight 

.A.u are ruther irregular in 'tb:as electrolyte, end the 

direction ot' the potontio.l drift muy cbo.nge more thtt.n t..oco 
. 

during ttm 30 m~ns. • 'tho ;electrode 1s in tho solution . 

Conotuncy is thors:foro variable. ..... bright eleotroele 

heated und cooled 11.. oxygen gnve e t:meh steuo.ier t:.:nd 



Lnd D1urc rcc;:ulur curvo but t1.t t.l1e same ,wteu:tie.l. 

11110 bright, R bnd. H 1·.or;:...;.e of .~u all (3iVe a._1l}roxir:m.tely 

t,he sa.":le potcntit:.l, but the vuluo is J.Ch7, uauo.lly being 

u.)vroximo.tely . 7 volts rn:l."erred t,o a l-1 electrode 1n. the 

oomo olcot:.tolyte. Reproduci!Jility is t-10vr in ell caoee .. 

Tho gcnoro,l trend uf the curves io in the wore rnible direo~A. 

The constc.r.cy 0£ the R and Ii :forms is good at 1-2 mv ~ 

~lcotroues which ht.we been :freshly electroplated givo 

exoeptionully hi5h val~os of the order uf 1.29 volta :for 

the o:2 ... H2 cell. This tlJpcnra to bl:_ d1.1c tu some uf the 

,,, electrolysing solution remaining in the 1)vrca uf the 

coating even after tllorcugh i·mshing. Thia ver::,r bigh 

potontiul fulls rapidly: nnd rna.,y ho dcotroyccl by kcei.1ing 

tho ole.ct,rodo under distilled Hz<" i'or. uyprox.i.ruitely ~4 

h0urs ·~cf ore ase. 'l1hG usual low :,otonti.uls of bright 

au and c,f the H form t.ro then given .. ..n cloctrodo, 

It gt:.ve 

tho ex.co11t1onc&lly high vuluee mentioI1ed above ii:t.~ediutf~ls 

on iUM ... orsio.n, thus shuwiug tao.t the hl.gil Jct!Jntinl YIOO 

.iJI'-Obebl;r due 'to inoc1.·i._;,lote ~o.ohint; of t11e o lectroplnted 

electrude'1. t. bright: , .. u electrvde, heated in. vacuo., 

gcvc on initio.l potentit_l lCO mv.. lotrot· .·t.1cm the ordinncy 

br.i.1}ht au electx·tHles but,. o.:t·ter ;;io ~ine: 1 t ,1Ld risen up 

to tbo usual £HJtJntiL1 o:r bright J~u iu .n2~u4 . 

.il~sttlfb.i.f4 ~lgotrol~tr,: i~u in qui•te excopti onttl in 

this electrolyte in 13i ving cunoistont:t.y i1ir.;h vosi tivo 

~ue ciieturbed 

electrulytc • curves lie biJ.;roxir::t. tcly 60 ri1v .. higher then 

thorm in mic.iioturbed electrolsitc .ror bright electr,)ues. 

The ~~ untl H i'o1;1us, htrnever, 1.io at much the st...'De t1otcutial, 

,,nether ;, .. .t'i• t> ~ is in action or rmt. 0ontinuouo bubbl:Lng 

:for tno :full ,:;O r:iizrn. gr..vo, in the CO{;iJ of u. briuht 



.,. 



intoraittont bobbling. 

time. 'l:lle evoruc;c v~luea a.re: bright Au~ 23 m.v., 

l1 f onn t 13 1.1:v ~ , und 1i form + 20 mv. ~be general trend 

o:! tho curves is in the oo,·e noblo direction> but there 

ure a considerable number ni th the 011fOS1 te t.1."0nd. 

The repz!oduoibility •Ot' the bright elootr~dos is atill pour 

but that cf the R and H :t'oru10 ie SO mv. 

, T,ie 2:1rot .t.leriod oi· bubbling is u;stmll..y rout.ili.lr., 

, .. t:cm bri3ht electrodes wore 

co1Jlodion.ioed end it t·1ae :found tnc.t thoro was no romurlrn.ble 
' . , 

of.:foct on the t~- 1.,;.1'. , no in the case of ft .. 

Ji.. uO 1 collotlionieirur th~ electrode eltorocl the •-• ..:. . ..:'. c:; I,: ""O 

rcdicol,ly :from -50 -fi!V • to +2 uv .. 11 but r1i tll i~u tho -.4• l!.. j,'. 

tu.i.o only sl1t;f1tly reduced - :fro~ +23 mv. to +10 rav. --~ 

oolid ,J'.u pla:te cloc.trodo, ,1b..icll had been standinS in air for 

a.t lenst tcmlvo mvntlls, • nso ueed 1...11d gave a low negutJ.vo 

11. D . .l~. of ~2 to -::..} mv. (curve, eo11d .~u c.) This elootrode 

nae the.u heatod 11 ~ooled and used it:li..ledio.toly, und then guve 

un ,;,.;.~ . . l. o:r tho order u:f + 10 mv .. , Le. with the t.u:.itml, 

pooitivo oign {t:urvo, Dolid .Au·-u.}. 

J.n Jt.Jt; 

l!D9!,ntu.rbed ,.-2J:~otr~g-.;.. Bot.h ccnsto.11oy and 

ro;roduciuillty ure poor :for c.11 rormi:;i o.f ~u ill this 

olectroly'tc. 

in direction sevarnl times.during the 30 mi.ns. 

oasoc frooll_ly mo.de eloot,rouea give tne ilie-)lest ~otentiul. 

The H 1·0.rm und brigllt J..u give., in cen~rul,, a hi&;her ;;;ot­

ontinl tllSfl. the ,,4.l :iorm: ,~ bright .uU electrode, heutod in 

vs.cuo 1 .s'tartcc'l uff l~W mv. bclo,7 tho ueua.l initii::.l pote.ntiul, 

-' un<i ufte.t' -:;o mins. it., was atill abvu·t 1ao mv. oe10~1 ti:o. 

uvoroeo firiu1 t,b·tcnticl o:r ortliru.:1·.1/ brinnt . .1~u oleatrodeo. 

f:!,gturl}q,g_ ...3,;toc·~r,ol:t:t,.E].: Tho average -· '-"· r 1 s uro; 

brigllt. .i!..U .,.3 iav., R f'1rm ,..7 ·mv., JJ form '1'1lry.1n,c from -8 

The vuluen usu~lly doc rouse i,i th t i.dl. 
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curves ore ver~ irroi::,ulur. !luth vocitive and .uegat,ivo 

; .... E.P's uro given ln tho bright aml H:forms, but the 

\Jith the bright i:1nd li :t'on1a, the .M • .E.r. llris settled down 

toa_pooitivo vnluc by tho i'inal period of bubbling. Ee-

~)rOdt!oilil.i·ty is fr::ir at 30-4◊ mv. The general trend of 
• ' ! .. 

tbo curves is inc. more noble direction., bu't there uro 

excaptiono to thia rt1le. 

1n t..1'3.t.;..i; ~'----
lJntl!.s:l!,~bpg . .f:.-le9tro,lyt·o .i Reproducibility for all 

forms 01· meto.l is approximately 40 w1 ~ but for the R and . 

.d ·:formo, aft.er kcopi~; in liir ·or under clis.till~cl water, it 

tor,rovea tu· lC mv. _Oonstcncy is uoue.lly o.p1;x•oximatcly 

~ rav. but for tile R end H t·orms,. u-thcr than f"ros1uy m.ado, 

it in very good nt 0-l ~- .J'roehly oade electruuos ulna.yo 

give the hifjhoat putcntials. One euch bright 1.u electrode 

cuvo en init.inl tJcd;crit~o.l of 1. 04 volts :fur the (J,:}-R) cell c. i;;, 

\'Jllich io vory eooct. :1:'ur. a Au, electrode. ....->-0tential drift may 

be in G. more noble vr le.so nublc directi.on, nnd 01·ten 

<thangcc d1i·oction durina use. A bright L.j.1 olcctrodc hosted 

in .ecuo gt.Ve a curve oimilor in slmyo to, and tlt tho St"DG 
air 

i,otentic,1 oc the 01·dinc.ry/trcctod bri5ht cloctro<los. Gno 

bright Au el.eotrodo t1a.o bcnted in &ir and then cooled in un 

t.tmuo)hcre of eydror;on. rt geve a curvo similar in all 

respects t1J o :freehly hoe.tod electrode, whicl.L lled boon cooled 

in air . 

.i..i.,tur:.:.'.l~!'.;loctrtlitc : £~ont. of tho oloct,rGo.cH .. otart. 

-.11th c. ~osi ti ve 1.~~ ~-.t'., but tlliG chur!Ge □ rnl1iuly to 1.1. 

• n~}ao.tivc value in ull ca.sos oxccpt a :ro;; .h :form electr<.:dOt"3. 

The t:..veroeo vo.1uoo of 

J. ... ..:.:..J;'. ure : uri~ht l.u -8 mv .. , lt form from -5 to +5 mv., 

:forms io good t.rt 2u 1;";.v., but ;>t,;Or f'or britjbt electrodes u.t 

4U - 5v n:.v. L'!"Dshl,y macle clcctrotloo oJ .. l have u. 11eJa.ti ve 



,j 

.:.>otontinla uf olectroa.es ;:;,ith othor ilistorioo ten<l t, ... rise 

\'t1tll time. J,. brieht Au electrud.rJ wa.e co1loui(m1sed., nnd 

th.la troo.tmont i!J.lr.'.odiatel,Y t.i.ltored the .... ~.c .. from -e mv. 

This motal wcs usod as bright Ji..g, eloetro-do!1os:i.ted 

l.g or 11R f or.m", and t.hi s h :form bent tret-,,ted - tl}e "H 

form1
l. . Tho olect:ro-cto;ositod i1g io u dead \'1hite colour 

o.o rleposi tad i'rLm tt cy :nido .i:)le.ting bath., and cm heating 

this it brightens up aligntl;y. Caro muct be taken during 

the heating of both brigbt und lt form olootfodes., os., if' 

the Ag 1a hcatod t<: too hi13ll e temperature, patchos of 

the mctul turn o. d1rty greyish whi to, ana. o:Jparently 

becot..e n,.m-conuucting. On b;;;ating the .u form the Ag 

ckin accms . tv oxpe.nd and. nut contr0-ct to the sume extent 

ou cooling thus fo:rmingtTinkleo. Lg as plated on glnes 
101 

o.ccvrding to t.c:;be:ry , i. o. fl'l>!'l t;1.n a.luullolic :J"-'lution 

oi' c. .. t.:.i..,nio - J:.1ilvi;:r cxido, 10 t·e.ther dull but t.jay be 

• hricht.oucd, t:1s ,.ith :~u, b_y p.olithin.g ·.•1ith t:i.n ngute burnisher. 

~his a_;.>parontly ~oos nut affeo·t tho oxygen electrode 

.l}roport-les. ihe thin filmo uf Ag, ',vJ+eu viewed by 

washing u1 th0ut rm:, tmttms;rd offecta on tho 1h.>tcntie.l. Tbo 

oxygen electrodo. ; 

Bright Lg electrodes in 

thio electrolyte g1.vo cUJ:·ves ~1111ch a1 .. c m,t rcJroducible 

ut ul1 ... fhc }vtentiul drit·ts unc:t jum.1:,H3 in nll directions, 

lt 10 SCl'\.Tcoly 

.t1vsaiblo tu iind t~iv curves <.,f tho eu.n.e shape ai-nonc;rrt 

~11 tho experiments on bright Ag in uni.list<1ribod • a, .. $v,~, 





Lnd col1SQ,JUOrttly n.: graph ia shv;n1 fc;;:r• tJl.i:J caee. , 

orra:tic bob:L..,.vicur t.1t;.y .~ossib.ly be connected ·with the fuot 

that "~g is kntJrm t..1 dissolve in hut cc.rn<~on~rotod ll~..)04. 

1:tw ·sudden chnnges in potentiul a.re net ca.uoad by 

olig:1t r.1vve!:1et1t. 01' the oleotr61.Y:te re le.ti ve to the olocrtrode. 

Gince' the 1,;. E.r. for bright Ag in .i.li,.Jv 4 ia only -19 mv., 
G. -

whcre(;..s the potontio.l suLtti.r;es changes 50-100 mv. in 

either a positive or negutive direction within a fow 

'l1,.10 ~m'.i H :f:'orr.:s:. llcmover, .uro perfoc1tly rec;u.lur \lith 

excollent·c~nsta.noy (O•l r..iv,} und n reproducibility of 

aptr1roxiw.atel,y 50 mv . Potontiul 6.rift :ror the Rand H 

.forraa lDB.Y be in oit~1er a 11onitivo or negative dl.reotion. 

The :: :for'w. electrodes u.oually g,i vc rJliihtly hie;hcr potontialo 

then tho u· tom.,: r...nd for both types froohly made oleotrocsas, 

ia generul, give the hieh<:Hrt potential .. In thiG oloctro-

lyte .t~g ia ccno1.)iutious as giving the luv,;est vcluce :t·or tho 

u2 ... H2 cell o:r c.n.v i\.1urn.i tlir ... ut,11uut tHo ontira investie;at.ion. 

in)1 .. e bright Ag electrodce :finished up r,ith ia potential of 

~he .t. and tl foros, arc oligh.t­

ly better, avcr, .. ({il1C .. 54 volts t'cr tho ot:!-Ht 0011. 1. R 

1'orrJ .1ilvcr cleot:rode., heated in vacuo., atn.rtocl nt tho 

uaua.1 initial t1otont.J:t:l, btit .roco to w vu+ue at least 4.0 mv. 

hichor thu1 the ll1ghoat atteuned by ~ other It :r orm 

olectroue. 

no11r.u1l wnd givec ; .. I:;.r .. cux.,,ea iclanticcl in slluvo und o.t 

the oo.."':le r,.otcnt:i.t.l.' ·u:;; tho$e given by the .H and. ,d :t'v.:n,1s. 
·" ~ 

at 20 mv. .Bri~ht oleo-trodes tti.kon ulono give a. r.o!JI'uducil>~ 

. , 

cbnngc £ro1,;,.i the behuviour uf b.right i.g i:1 saturuted 

olect1·ulytc. 

t..lt,hou.e;h in c. f'c'."l cuees tne :first voriud of bubblitic is 







i..vors.ge vc.lues vf !,L b.:,.i..,, are: brigr1t .¼:, -19 ·uv., l. form 

-15 mv. 1 and lI £vrrr, .... 1:.; mv. '.ilimo tlturi Yory lit·tlo e1':£oat 

The t.rond o:f tho curvea is very slight and 

Ct\Y be e.ither i)Oaitivo ur nceativo. Since babbling of 

oxygen seems to improve the repnoducibility· of bright /~ 

to such u. uerkod extent, two br15ht JJ.e oloctrvdeu nero 

tried with contlnuoua bubbling uf oxygen fvr e full 30 mins. 

~he cul'·vos 31 ven nere vcrf'ectly ragulnr and fairly ral}I'O"'! 

duciblo, beins well nithin 10 r::r.;. 01' ea.cu L,.ther uf'tor 00 

mins. in the electrolyte. 
' 

!.i:he pooitio.n uf' tlle curv00 wue at, the cOhlc 1,otential i:.s that -

given b,1 the averoge R nnd B i'orms of 'metol olectrodcm. 

lt aeews tbut in sume way bubbling o~ ox,ygen renders the 

bright ... \g pa.salve.,. und it s·top.tl tl1onolving. M1at is 

vcrs dif.fieult to Cltpla.in., howevpr, ia hem the it .form has 

0ecomc po.sai ve t1ithout t;UlY bubbling vf oxygen. The:re is 

fa.r loss likelyht:od o:f an uxidc :film being 1:,reacnt on a 

cnthouically deposited metal than on a bright, Ag electrode, 

which huo·been beei.ted in c.ir. Cc.,nsequantly it hardly 

seems thut t1 .. e poasi vi t.y Ovlll<i bo ox,.>luined by ossuming 

that tho bubblir..g of oxygen oa1.1eed the formation o'f an 

oxide film over the bright :,,:r elP~trodes. 

In .K.CL: • ............. -
In tilio electrulyte bx· igilt 

11.g bollavcs normnlly uguin; giving similar curveo tu thonc 

given b,y tlle :8 and lI i crmo. Tho uverage value £or tbe 

potential of tho 02-ll2 cell is sti.11 very lo-,i, o.i;>proximetely 

.6 vults. ..1:1otentful drift vories considore.bly, ,.:.nd rcm.y bo 

in either o pooitivo or negative d.il·ection. .;;.J.octrudoo 

often sh".:w a dri!t in both directions during the thirty 

uinu.tea in the oolution. lietJroducibil.ity f'or the 1< nnd n 
;forms ia r,oor et 60-80 mv., out fur bright electrodes is 

~ rnv. Constancy ~or bric;ht ulectrodof1 is 3 uv., £or R 

form ,7 mv. t:nd the H .form 1 nN. Freohly deposited .H form 



el<:1ctrodcs usuo.ll.y gi.ve tho lowest potential or all.. !!:he 

H form eleotriocte i:ie.at·ed c.nd. • cu9led in vacuo gave the oooe 

results as un nir-trented R :fo:rn1 eleotrcde . 

. After hef;iting an R t'on1 Glectrode in order tv obtain 

the 6. furm, the .c\g 'skin ,-,rirlkled up on cooling t.1.nd oemo. 

uwrzy- f'rom the _.Sloss ot tl10 top~ Using this-electrode, 

c.ftor olectroplating a. J:1~es11 de!Josit of AB on· tho H form, 

it neo found tc give exceptionally lo·.,· reailts .. Thia was 

tra.oecl tv tho presence of a. small quantity of plating 

bath eoluti on, •,mich l}ed rc~1ttined bet:-;oen t11.o glueo e.nd 

•ti1e wrinkles in the J,g skin o:t tho top o.:f' the metallic .. 

.film. /.n ordinary olectrode di:)fJOd into the glating bath 

e..nd used "\"Jithout r;aohing, gave similar exceptiona.ll;;- low 

vo.J.ues. 

Tb.e L1.E . .P3a in th1s 

:m.etnl. Tho values tend to decrot"l.Oe witi1 time. 

ility io not very good ... 30 rov. :f vr bright or .it forra 
. ' 

cltJOtrodoo and 50 mv. :fox· tho II :form cloctrodcs.. The 
the 

t.ronu of/curves ma:t be elthor positive or negr.itive. The 

:first 1.,eriod.o of bubbling tire .born regu].ar, i.e. they tJiVe 

Tho vo.luea given by ,1.g fur_..., 

tll~ _ l,~-fi2 cell are oxoelleut t"nr t11iz, el.ectrolyto,, compared 
tho 

rii·tb.;corrcspolldir}e values in KCL and H2so4 rihere the_y neldom 

exce-9d ... 6 vc,1 ts. In Nao.a tlle lligllost value_recorded wo.s 

l.l.~ volts, 5iven by o. :fresh li form olec.trotle ir.o:i1adia:toly 

in the neighbourhood of .97 volt~4 1~et,1roducibility is pcor 

cxcop't f'oi·thc fr:. f'orm {30 mv.). Tho poor repr0dttcibi.li.ty 

iu tho othet· oesea ie du.c ·to ::mme oi' the t::,>To.phs b£ling very 

These irregular curves occur so.l.t;.etimes ,:,1th 

:t'ros.:.1ly made ,2loctrodes, end. 81.>=ictimes Hith electrodes r,i th 

othor'" histo1•ios ... ti.iorc "'1.>pe"' ..... "' t.0 b ...... -.- ..., ·e no connoction between 
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n,~cvioue hiu. tory i.nu. 1_ .. :.t:•o,,.ule.rity. (C'°'. c·,.•·vo ... nl ,·~.-:b • .fl' t> ..1. ,..,... "" u U • , ..-,.,:;, • :, Wlt~ 

4£Jle magnitude ot· poteut!ul uri:ft vu1•ioz oontinuounly; 

1' too aircct1on of uri.ft ldOY·.Churige ktOrc thun i.JDC8 tiurinb 'tho 

30 rnins. l!.1.c oonuti,,ncy tor these i:rrogu.j.ar u-rc.)ho is very 

poor, b1.tt :fur the othcr!.-J. is .ft.ir t:&.t: 1-2 . .;.v. Iir,1shly 

• IlOatcd ii"' fui~m electrodes t:1 vo the hi1.:;hc,rt; o;:yt$en 11otentiol . 

•. ....n B 1·c,rm electrode ms heo.t.ed ung ovolod 1n vacuo., tnd 

00.vo c. cuJ.~ve similar to c. frosh.~ u :for:ll olcctr-c,do, tll though 

not st::..rtir.g at so llich a potontit:11.. Tilia • ,{$ the only ease 

~~ong the electrodes hected in vacuo, tihere tbe initial 

votcmtie.l, is tt:;i.1·ly higbi_,. Wld th~ potontiuJ. :fallo nith 
• ~ . :~~ 

time; U.Gu.i~:119 tho in1 titt.l~po·tonth,l is lo-r, end the potential 

.i;~ines t"J.ith timtf. A<H,uo.lly 1 aven in thio cuae, tbc potent­

ial aid rioc to c. rac.Y..imum o.fter abvut one mi11ute in the 

olect.rol3t0; c.f'ter which it :fell . steadily. 

1iilo ccneral tronu here io tJ.,1s.y 

from the thcoreticcl oxygen ,votenticl., ultht"1t13h this trend 

becomes much,lesa if the aloc.trode i~ ke~t 1n uir-ur under 

diatlllod ,n.1tor. .~ fet, u. ,md .ll ;form electrodes ahr.A7 e. 

~,ositive tronu... 1:ho b.cight ruu! .tI forrac. ttveraa;e -Eu .Jv. 

docreaseo with ttme .. ,eproclucibil,ity io av r.1v. for the I, o.nd 

.ti forms, but very fJl,JOr fvr the b1•1ght electrodes. 1i'lle f'irst 
. 

.,,;criod vr bubbl1118 is u.ouu.11,y- q_uito regulc.r.. 'fha filuhost 

.vctontie.l attuincd ,,o.n L,14 V'->lto., u,y · u .f,t•oshl.y h,:;utad origh 
t 

.Sinoe Oau4 is so eesily vola:tiliuod this 1.1etnl could not 

be ,i:,lntcd on gloss by dccom.i1ositiun of it's uults by heat. 

,;1,. cou.tinG 0:f bleok ve w:·s thorofvrc -6.'3poni teo. (.,n u buoe of 

bright ~t on t;J.aee,. In o. f'on co.sos C1thor :.:..atcllic t>esos on 

oi..ulci not be h~oted in o.ir in order to grey it~ r.md it t·10.s 
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1 .. 5 vvlts rcfc1~rod to a. hyd,.:-vgun alectrticte ln tin same 
.• 

out us on a ,.j.0 base {Sove D.,tlproximo.toly . 65 volts. Jo that 

in tb.o cnse o:f .i.3, ut ;;;.ny- rate, the base metal ho.s o vary 

doi'in1te ef.fcct on tho _1otcntial. us elec·trodes he~tcd in 

;.vuou.o ci ve, ini tic.'lly, yotontio.ls ubuut 16v mv. l(.;,1ez· than . 

is ucuo.l, but this initit:.l vulue riuos nlpitlly en r..fte:i:· zu 
reins. u._.;pr1.,&.ches r;ith.in ::J ur 3v mv. of the corres.._1unJ.lng t;oi;,,, 

onticl ~iven by o.ir-trnt.i.ted olectrvdesr l.f'ter kee;Jine in 

u.ir or unv.er diutilleu \'H~ter :.ror 24 hours, the electroueo 

he,yr<Juuoibili ty in this 

vloctrol.y"tc io e.:..-'prox1rno.telY 15 ,:Lv. :t=ho curves are reuulur 

thrvUtJhout oll tllroe 1Jeriods o:f bubbling~ 11:llo vnlueo of 

the ~- I:..~. e.re very low., uv-ornginz -3 r.iT,., ,;.hich vulue tenci:. 

touecrottse with time. Tbe general trend of tho curvoo is 

sliehtly in the mot"e .noble directiun.. .so;.i1e electrodes were 

ctJllotlionioed and used. These otorted at u lowa.r potentinl 

thwi the othe1:-o (6U-70 ti..v. lower),. Wld rose t\j.irl;y roe;;ulurly ~ 

' ~,ithout shvi11ng much change v1ith bubbline;, 'to tho usm .. tl 

fin:....1 vu.luos given by uncoo.ted eloctrocios. The l.:. • .o • .:r.>. \10.o 
. 

thore1·vre .,:)Psi ti vc. i'or these collodioni~ea olec.trodos.. C.no 

olectrtide, t.hi9ll had been hcutcu in vncuv., r,uo used en.ct. ah;:;n -

ed a nerJutivo ll. i\ • .E' .. of· -4 to -o 1uv .. ., but tlw curve was 

of ·tho electrode heuteu in vo.cuo ..,llowcd. u :ninimum vttluc 

. u:fter t:..bout one minute 'o bubblirtC, \."7hen tho pc,tentio.J. 

ot:Jrted to rico ut_;uin, t"llthough bubbling in.u.1 ot111 continuetl. 

TI/Yl.c -. -~ 

curve r.:;ivcn by _the o.ir-troe.t.ed vs 

e,g,.. 

Poi- t ----
.ln i\ . ..,L : -





j 

I 
' 

In KCL: 
........ ;..-...,u;_.-... 

ln K0L both tho 

conoto.ucy'nnd revroduclbility ore considerably loss 

The consta.noy lo n.pprox.im;.. 

!i.tely 5 mv. o.nd the rcJroducibility 60-70 mv .. Keeping 

ih au 0xyson a:tmos;)ilcro ch.,e.o not 1.nprove tne c uIJstc.ncy 

• but lowors ·the potenticl approxim&.tcly 30 mv~ It' the 

,~lcctrodceJ \~1hioll ht:vo been J.Lept in oxygen~ a.rt:., taken 

alone.,the;y give a. rc ... >roducibility o1: 25 rnv., but in­

,:luding all the di:t':C'erent l11stories tho 1•cproduoib.ility 

is 60- 'lO mv. 

Tile curves in tbio electrolyte are grouped. tc:get­

her uccordini:; tu the previous history o:f the ~lectrocles. 

Ill tho figure the grou,t?S s.ro reprooontod by single 

grephs. Th.J.s ·tho ~r .... u.r) nt tho hifiZ1est po'tential 
tho 

consists 01' ·:rrochly.blLokod electrodes, und/group @t the 

luv1C;rnt, u:f' e,lectrodeu ltopt in an ox.y3on atmoopllera. 

A oimilar ,. iJut much more ae1·1ni to grouping according 

to the i,revious history of tbe elect.rodeo was fuwid \"lith 

oa in disturbed .NavH .. In the case of naoH, hm1over,. 

·the electt·udoe kopt -in an oxygen utmosIJhere give tho 

highest votentials, and freoh electrodes tho lm,est. 

Tile 8eneru1 trend vt: tbe curvea is in a loss ... ,oble 

tiirocti on. .An electrode treated in vacuo comr..:1onced at 

o. potentiol 320 mv. lo-..1er thtln. the u.suul, and a:fter 30 

mlns., tho potential was still 230 u1v. lower tha.n the 

usur .. l .final values .. 

D;j.aturbptl ~U~atr ... 2 .. itte, . .z.. The general. tre.nd u1·1ne 

ctu-ve!l is dc:f1n1 'tcly in n, less nvblc ~ireotion. The 

IJ . .c,. p. 

-ll'tnV. 

... 
is oonsiderab_ly higher. t.ban in n2 ... o4 , uvciging 

heproduoibility io approximately 20 mv. 

:.., .• r ... .t'. decrensas slightly with t1ru.o. PresbJ.y.mado 

ir.. oxygen' reduced the l'J.. E.r. • tti mucll tl10 sumo extent 

no keoping 1n ti.ir~,0.na.· nloo reduoed th~ oxygen 1:iotential 





by 10-.co rnv. 

ln tbia clootrolyte 

Concto.noy 

ia very good at 1 mv. and reproducibi:t i ty at nppimxi .... 

r.utcly l!i rav * The gcnerul trend of the curves io in 

e pooitivo direction. In Na.OH tllo us eloot,rodc on o. 

Af!, ba:.Jc cdi.vc u curv.o similar tv tf"le umml curve, btlt 

at :.i pc-tentiol 10 m.v. lm;or tilsn uom.11. vf couroe, 

bright i.g in •. o.u.t1 go,ve curves at much 'tho swno poten­

t1ul uo bx-1gi1t rt elcctr·odco., so onevtiuld expoot very 

little difference botrmcn on Os oleotroae on q.· .1:t or 

L(J, base in this particular el0--ctrol3tQ. 

• ,hll Os electrode 011 a .t:'t boso, or., .. houting in 

Vt:.cuo; uc.vc cur'vos ··o:t tho same potential as., nnc(rJimilar 

L,1 sht~pe t!L those given by ordinary f.til"'-treatod 

olcctrod.es. ?re3hly t•loohed cloctrotles gcwo very lmv 

initici vuluce~ but rose rupiaJ..y to tho usual ntontly 

i}Otcntiul of approx.imatcly o.o vulto 1·c1·orz•od to the 

jJ r..(t(J eloctrodc 1 1.rJ. it scc:.:10 thut ovnn 48 hourn atnnd, .. 

ing in uir. or oxygen is not tHlf:t'.i.c.:1Gnt cowplctely to 

olimino.te the occluded h.ydl·ogcm~ 1:f the electrode is used 

:tn' .Haon. 

mcde va cloctrodes ia highest, even reaching +10 mv., 

uut after ccntinu.ed uoe the M. lE. l'. drorn, nnd eventually· 

Tne avorage 11.E.P. for all cnsoo is +3 ruv. ln all 

·Ca,ses ·tho first porioC. of bubbling eivoa a poDitivo 

M.E . .e. :the lj.h.i>. usu.ally decreo.sao Pith time. Ee-

,;r0duciDility 1s~good. Th.a general t:1;"011d cf tho curvoa 

is 1n u • pooitiva' directfotJ... 'Tbs cQrvcs. in this case 

' • 

,·,a::, moro msrlr:od thun in any other cane. 

~he arouv showning tlle highost potontio.l. is ono of 
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' 
:.Che cUt·vcs never difi'or from 

or..o c..."!othor b.r .:i~ro than 1 er 2 mv •. tbrvugbout the 30 

.:,t e • poten·tic.1 vf ub0ut 5 mv. lens noble 1a a 

~ccuntl group e,~ electrodco, ·r1bici1 ho.ve been uued oeveral 
-

til:.o, but );cpt in air only., ~:.hile not iu uso. JJ'ivo nw. 

l~\ter oti ll 1 s a thi.cd grvup, \Ii.ii cu 1,.;vfJ.Oi-:to c,:f o le ctr odes 

J.i'rczhly ~ttdc clcctrodeo r.m..t..!::i u.v the final grvup o. :fur .... 

tncr 10-l!t mv. lu1mr 1 wrl i1cre ·the curve:::i do n.0t follow 

onn anot11c:c quite as cloBcly f.HJ .in the 1,reviollo ·groups .. 

• rri the f igu1·e, the 1..,rouyo e.re rep1·csented i:i.Y sin3le 

,.,. cioU.l!r crouping io nhown by i.,;a in und.is ... 

tUiF:bed r:at,H, but it io not noo.rl.y e..s cleurly dc:finod 
. . 

as in th~ c~nc v1· ·unC:ieturood electrolyte. 

(me Oo electrode U!.J..O coc.tcd \1i.tb collo<.iion, end it 

oturte<l. c.t :;:;11>utelltinl oi' 1.19 vults rc.t'crroll. tu u hyo.ro­

Thio vulue fell 

rapidly, t;ithin 10 r.iir.o., to tb0 ::u.aul pvtentic.1 c,f obot;t 

,.xtcly -,=,; tJv., since tt.e electrode h!l..d been u.oed oeferal 

ti-...::cs i).1,.·oviously, t1au 1·inull.Y., i1ormvcr, + l mv. 

_11,1is metal, Os, gives the ro.os1; con□tnnt emu repro-, 

ct.J.uil.Jl.e rnsultn of all the r.1otsls in ha.OH u:id llz..i~J4: to­

aotlwr rlith a very low 1:i.E.2- ond reau0ncbly high 

uxygcn pctontiala. '.Uy csre:ful atando.rdioe.t.ion cf 

procedu.ro thio electru~c could poscibls be developed 

into a lfery uoc:ful tnstrumont f'or direct :pH 1.:eo.suremento 

in o.J.ko.line or acid aolution. If th~ 1,,t base oolfil be 

eJ.imi.natcd_, it rivuld. JoiJaii..,ls be i\ .. und timt us a.lone 

v;ould 'b0llavc even better O.!.l 1:'c.i' uo cv1 .. mttl~Cy und 1·e-

9rouuci11ilit.y ure conee.cnod. 



blnch ci "tee rosnl tL L..£ conct~nt c..nu. roL)rct:uc iblo t~s 0s 

d~oo tin tho othc1· olect:roJ.yte tJ, t.nd uoula. 11u..;oibly. be 

~,imilsrly dovcl0ped. . 

.Cost rwrkers., ;:ho h0,ve turned thoir u.t1;entiun 

t" tho rJt'vblcm of the oxygen electrode, imvo con.fined 

their experime:lnta tu J;t, t.:nd, un u. :J,imi;~ed set ot· 

ob::icrvut1ons, buvc boldly ststod thut .:mob till<l ouch c 

:forn. of t1ettil is best tw usG, or \ih:.:.t ..,he oloctrode io 

mure repr"-dt.:.cJible in thi,; or thut olcct.1.:-olyte. .:.s o 

result., d.iffel"ent um~kers hu:s.re come to ul1'ferent,. and 

oome·timaa com,i;;lc tcly inova11?Ltiblc, c1.1nclu.Jions. t..Uriz1g 

thH t,)t'esent invcatit;.J.ticll close on 15,vuu re;,;1,dinti';; wore 

tekon, t..nd. ·tllo grouter tho volumo oi: ox:Jcrimcntal rceulto 

the loct:J :lid l t seem !.nrnciblo thut. ~n.Y 1.1cwu..:·t•.to 1 

cOI'.4.:.-irohensi vo e;oner..1lioutio.no could be rac.do, vo li t·tlo 

1~cgulr.. .. rity i;ms J11t.i".1n by the dutu obtt..incd, x:..:.kin,.:; 

lirni ted portiono oi' tl1e <le.tu unly .. ·certuin e;E'.mor~li£Jat~ 

iono ace.t.od .. :t'c.irl.7 ob,1ioun 1.mt, es I.Jut·e 1.~nto, ,,UJ 

uccumnlc:tcd, it uecl.T.ln evident thn.t thooe c;enert:.lieo.tiono 

nore, in tJ:.;ot cuso3, noi; net.:rly genero.1 enuULJh to ·deo­

i:,rvc the nume. t..:onBe~.;,uentl.Y, "l·,hon liOnero.lir . .;G.tiono ere 

.:n1:..de .1· ..... ..,m limi tcd dnt.~, they ,n::..y 7ury oo.:::ily lead tc con­

clusions v.i1ich i'urther e:&:1)1.!rimol'lttil t10..t'l. ,.<.iuld prove 

·tG be 01· only very liruitcd a~lpliol.;i.tiun. ln concoquem;o 

r..1' the lurt;e number v:f 0Xt0-'rimontul ro.;ults ller·o obtuined 

1 t ie o.._ns:ide1·eu. th:l.t eny t;eneralisa.t1uns macle will 

ca1~ry :.10ro r;eight th:...n thcoe vbt.o.incci. ~:1th loss exten ... 

oi vc tlata. 

i .. m.11:t'ber of ern1>hs !mve boon (;l.rreneo~ as an appendix 

'11h13so are curvce a.verug0d .frvm the e:t.:{."eri:.icnto.1 onoo 

in co.ch oJ.ectrolyto, and ·then cc.lculotod to rofer tu 

tho h.:,d1·;.;fJOn olcotro,lo in tho s~'nc electrolyte. '11l:tu3 

the m.n . .F. values oro those of tho Oz-lB c<:?11., and 



the vulues 1;tiven by the ·di.fferent. fornn ~:f r~1cto.l in . . . 

L::.0cpt in· c:.J.seo_ Y1here Hei:m1"tite cu1"vins o.ro uiven for 

the oxidised and erey znett.1, tl~e bri;,;11~ curvee c:.re 

averaged. :from a.11 t-he bri~ht Mei - vxidlacd ox.r>orimontal 

curva!3., und t?1e blu.ch. :rrum nll tho bUlclr emu erey rooultt. 

'lli1is, of c0urco,. only ro:fer s to u:ctclo \'7hic:h have been 

(4U "H. in v.n or 

nco11n cu:rvos uro included .. 

Cuy.vetJ vllt.n._,i,ne .. _ti in,, Undint,nr.bod .:. .. 1ootrvl:;rto .... · .... • 
- ,._ - .~. - -- - . - .t.. -

These 

curves IDC:,Y be, vary r0uahl;v, clovided 1;itu t,10 clo.sso~. 

(e.) C11rvee that :t'oll nnr.J. tond tc .bcoor.ic otce.d.y with 

ti1.1e: and (b) Curves that riso and t-cnd t~ hocome 

steady ~ith time. Ec.:-ie, cf cvuroc, do not becot1e 

ep~roachod after 3~ minri. The dr.if't TThich still 

rom~ins may bo either in a poaitive ur n~cutive diroc-

tlon. 
1 

1ur::err;ion L1 'tho- oleotrcilyte., u ch:mgc io tho direction 

of tho p~tential Grfit is vrten foun~. ln nou.tra.1 

aoultion, hut1ever., thio c.hruigo of direatic,n ins-tea.a.' 

v'f: t:..ucing place w:ithir: a. :few minutes scemo to be a.p-read 

out uver a mucl~ loneer period. - Svll".c-t1ri:res changing slowly 

j;hrcuc;hout the 30 :iin::. Thi6 lo.tor chr .. nne of' direction 

metals Au nnd ,;.'..g. In many oaeoo no initiol ,or later 

oh1:u1t:;e in direction 0:f potanticl dr 1ft in found., o.nd 

this may .be t.tue tv the change tG.i..i.u...; pluce 1;oo ro.pidly 

ti.I bo shton up b..v rcc.di.ne:::; taken :1t th~ tin::q·in•terve..ln 

Only in o. few C.l.{1ec, especially 

direction u:t' the potcnthtl uri:!t !'vund, i.e .. ::i c•.lI'VCk 

which, sey, .ft!.llo., then rises und .tirn:1lJ,y i'ullo o,gain .. 

.t!.i.1 fattmnpt wan wt.do to clasaif'y tho m:>tulo uccord.i.ng 

to t7hether they feJ.1 in ervup (a) or {b), but thore via.a 



no ro[;Ulu.1·1 ty evictont. .ur.i.ght, v::.idlned o.nd grey 

t·onr"'s vf motul allow nc decided preference, about 507/o 

The black f vrm tJf electr·odo, 

ho'.,~var, ohcrtvs a slinhtly greater tendency to riac, 1. o. 
i 

G(t .. \of tl1e black form of' motuls fall in claoc (b). uf 

the r1oing curves, np.vroximt.toly 451J vccur tn .Nct1.JH, 

01' l,he :f'ulline curvoo 

i.rt !iOOll. .tlere there is nothing very clo!'inite tu :o 

on, rm<.!. there ooema to be no gi;meral:tea.tion no to 

\'7hicb typo o:i:-· prcviouu hietory of ·the electrode ~rovideo 

the moot class (a} o~ olasu (b) curvco. 

• be dtvidod> ro.1001::~ into th:, same tr,u clao~cs u.o the 

curves obto.inod • iu undioturbed electrolyte> i. o. (a.} 

Curves th:'...t hn.v-e n eenorr,l trend in a pooitiv-o clireo·tion.t 
,. . 

c.nd (b) Curven that t,t,ve a general trond in n negative 

In thi!l case tb!)rO are ali3~tly tlvl'e 

definite indico.titJno ns. to r1hicfl fvttt vr ;.:tottl fo.lla 

int a ,,hi ell Cl8.0:J. 

of the 1brieht !!;.c·tols .:fall into claaa (a), but again 

ox:i.diood a.nd erey t:'letnlo shO?i no decided preference . 

.i.'..lri.uline oolution a.coin promotes t,he rioir.tC type 0£ 

curve, but moro dci'inltely in this oe.se. 

Cle.so (b} lo specially evident in 

neutro.l colutio:n: u6;J of all clu.os (b) ourves occur 

find nlLalinc oloctrolyte tending to ra1ee the potcntia.1 

to~·:o.rdo tne theo::'ctical oxycon potential. 'l'ha proviouo 

hiotu.cy of the electrcdcn aoe::.o tv hcvo no vor:y de.finite 

o:t'i'oet in eith.Jr !.liroc·tion. 

Cu:rvos in dinturbod electrolyte may 1 bo.vever, i'e 



(1) 

I'hc genorul t.1·O.uC. of tue curve T...1l.i.Y, of r..:vurse, be 

i.11 c i -thc.c ( i.t(Joti on. 

tiu.1 co:_ onooo tw rioo iJ11.ilc bubb111~2 i:J • ct ill contim1od 

TIME ----Y 

but thio :..touo..lly tlovclv./JO r:..:9iti.l.Y int.., c. ty.,1c1 (l) curve. 

Ju<lcine 



• 

• 



ty:,o { 1), ut !l.ny rut:.:, has never been .:ibcorvctt be::furo. 

raetcJ.e i:.t OthU.e tir..o 't,r cnot.hor,. but it undvu.i>tedl.y pre~• 

dcmino.teH in n-::utrc.l .sJlution - only .. ,5 ll.t"ld uo show no 

..BlLok Gs ch~\rn i L, hov;evcr, in 

lt is uoticouble 

all tr.rec el.ectrolytes. 

In tho tnblo on the c,ppooite poge are s1ven tho u.-vcruge 

valuot:1 of the IJ • .iB.1: .. , in mill.ivolts, of' oach f'orm of each 

ln diacu~eing tho numerical values or thqvariouo 

li,. E. i,;. 1 o;, these are co.lcml.o.ted f'.f'.,jffi the oecond ana. third 

1JGriods of' bubbling only or, in Si.ifilO oo.aoa,fti.,m the 

tl1:i.ra i,1eriod onl.v., oinco,. in many cases.,. Ghe first and sc.ime~ 

times tho aeconct Jariod vf bubbling prout1ces a i .... l:..l.' .. 

of o._;poai to oicn o.nd widely different in mt.:,eni tu.de "4,rom 

t.b.o:t gltten when the electrode has sottlo<l uorm. vf' 

c1Jursc, in cu.sos where tllo I...~ .. J?- is of t.7~e (1), the 

maximum ...... 1::. J.~. is never resliood as the potential t'o.lla 

steooiJ.y thruught the 5 min. ~oriod (J:f bubbling. 

although every L.otul hes some curves v,bero ..... n, • ..it. increases 

ij,vst fJ.f thcea in1Jrcus00 occur in t::lkaline 

:i.his genornlisution io mu.ch imrroved i::f 4 .... u 

1ncrenoes with ti.mo, .. nd tllese incroc.sea _ ore spread uut 



lG\"mst .... L. J:. -valur.w are t.,i tten in alltulino or uoutral 

aoltH,ion. ln .1s;z! .. 04 t11e vclueu t.l'O altnont o.lWt.YB che 
'lb 

111chest - the ono exccpt,ion is i..g. Tu..:to.r & .. ollmt:i.n 

atuto thut tho nhenge of ,tlOtcmtia.l with chan.::;e t.f rnte 

of :f.'low oJ. elcct.:roJ.y'te ie moat me.rlcod in alka.li ... 'thio 

a. .... }pel,ro to contro.dJ.ct the ubvvo ate.to.:,1cnt that ~~ .. l...i·. 1o 

U3uo1J.y low0ot in nlkal1ne electrolyte.. ~ho black ur 

'the only ou:tot~ nelin,1; ox:ceiJtion bei1ig l?d., t1hore tho black 

metal e;ive...1 a. 11it;;her; ;.:.. h.P. thnn t.ho bright or ox.idised 

:forms in a.;ll · electroJ.ytes. .d.lt.b.vugh ~.r • .\.:I•••. is rectucod., 

in mo2t ce.ucu, by uair1:.., .the black t"or1J of tbe metal, it 

is quite defini toly ·nut elimin!:.tod es ia the cr-.sc with 
79 

tho .~. tt-.t.. 01' hydt·oecn ol.ocfa--odes . Tho !:, .. c..F. of Ll1c 

L . .b • .t'. io hi'5he.st. in 70r, of the coses, uhen tllo 

electrode llas beon freshly mo.de. ..~ft;JI' usu nr1t.\, keepirit~ 

doorec,ooe in eenoral. 

Bleck du. end block CJs t,i ve extruordinaril.y similt.r 

Li". J!. o.urveo u1 all tbree oleotrolytoo and ulso ·lJi vc 

v-,~lu.os fo:r· the ;,~.i,.;.,p. t1hich L..fe 01:ions the lom:Hrt. These 
. . .. ~ ' 

two metr,.J.s llevo prooi..:oly tho crcatost likinc ft:r uxyl:.>en 

qt any o:fthc rt met.els aru1 th1s 11o.s# po~nibly, aomo 

bearing On their bclmviour when t..'l-10 conconc.rction of 

oxygen is suddenly increa.o-od, oy bt1bblint, trie gti.s round • 

the olec_,ro<le. The £ollowi11g 1a a. tLbla u:f tine everuge · 



'. 

'i, .. aL .. 4. 
J JJta.1. - ..~V"..:ru~ ,:e ..... -':.• J.!. 
1;:t_-• 1l~ ,_,.,,_ ~-\:;,I .. b $ '!11~:,Ht d._.ii:.j!i;,~ P .. '>4 

l .. Oo J(I "'· ., •· .. ••• 5 .. 30 m • V • 

2. Ir •• • .. ·•- .. • • • ?.:s mv • 

a. .t:U • • • . .... . . .. 9.0 mv .. 

.4. /,;Q. . " . • • • . ... 9.3 mv. 
5~ Pd . . •· • • • . . " lC.t mv • 

G ... r41 ,. .... • •• • • • 16.4 mv. 

7. i.g • • • . ~ . ••• 17.8 ?JV • 

H .. ;.-'t 6 ,i; II • • • • • • 21.l. mv. 

In ull CUSGO eomo ty.t,1e (.l.) curves ~re :found vllere 

the i .... ,.;j,..J. does not rea.cm L rnoximu.a# uut vath lr and Bu 

ti1).B ooow·a • in G.ll ttireo electrolytoe, Phore$.S v: 1th ottror 

il1btola it only occW"s ~n one ele.;trol...vte, ummllJT k.CL • 

.t .. a c rcm1lt lr t:nd .. u snoulu ps:•obe:bl3 be jlu•t11or down tho 

l1ot 1 i:f unly tlio m.~imu,rn ;4.. !!..Jt. were ta.kea lntu ·consitler­

t:i.tion .. 
96 

~Ul.le1· e.nd ~nopicky ;- 'in d.eo.11ng with. metal 

olectrodo i . t, .. r!. , otc. te t hut thero 1s no ci~ in 

_potentio.l • w.bon 81'1 .elo,rtrov.o i.a rotn.ted in ru1 electrolyte# 

wile as t;ho;t mctttl is l' .. ttacked. by the elco i;rolyta. ~bis 

mr~ o..coount, in ~}4J:"t, for the fact- that the values fer 

oxycen eleo trodo !ii.~ t>;. J?. w·o ao 1.0"v~., sine a tlle .t:'t n:-otct.tls 

a.re cmonJ tho most tlll!.1tt-cok, ·blt} elce·trvctoo lr.."Wrm. ~.b.e 

~-.. ..L..r. fo;i• . tho bluck i or£i of met.ul is, bov1ever,,. u.r.luolly 

less t.hcm th,...t for tho 'brigl1t form., v,hereuo ono would 

expect the :finely di.vided blt-.o.L. mstol to be much more 

cunil.Y f.i,ttcck(:)d1 1:f .aey ett&ck iu tukinz 1)ltico, th.ill'! tho 

other f'.oron o.nd oonsoqucntly on the ha.sis o:t .:,Jlllct' uncl 

Xono11ioey • s etatomant j to ha:ve • n l:!rger ;.~. b • .l~. 

~: f<m e.xv~·.1.:ioonta were tried u.oinc electro<les. coated 

w:i th coll.orUon.. 'Ti1is collodion, wtlan ary, pr·ovid.eo ~: q 

pyofeel"/ll't: covo~ ing over the eloctrode, but ... no cont 

0onto.ino innumoi-c.b.le -tir"v 11ococ, which omd.>lo tho 



.·t'·· 

olootrulyto t,v reach tho -e.1.octrode, out wh.icb .,Jrevent 
ir..'.lW.ediately • round tho electrcae 

cn.y meoban.ioal dioturoc..n.:,o vf' the solution,/ auau an 

m.icht be ceused by bu.obli:1.:1{.., gn~ or st:h.•ring the main 

bo(!Y o.f cleoti·olyte. 1Iowever.1 'the inc:ree.aed concentr·t ... tio:n 

o.f' oxygen at ti!e electrode brought about by bubbline, 

noulrl s'till be avu.lublo t: t the olec't;rode o\ll:•fecc by 

diffusion. On uainu mese coe.teli oloctrodeo in quiescent 

oloctr·ol,yto, they gavG potentials just the sui ... m 00, and 

just as o.asily er.a uncoated ele.c tro6es., thus .;howl~ that. 

tho elf.w'trolyto can ec..sil.y penet-ra4te tlle ti~y porus- in 

t;1{i collodion. ..hen uoocl h1 disturbed eleetrolyte, t.bc 

althoU£..:,h the fint.1 potant1nle were juat the co...ie us with 

unooc.1red electrodes. ,,11:· course, in oi•d.01.· to mnke o:n:, 

. definite titntem.ents regarding tho .effect of oollodicn 

a.t..rnount 0£ the mnrked i.cregulsritios found u"-nong Lhe 

oetale durine this ,>'Ork.. This it wt.1s .not found por:s1blc 

to do, out seve1·al mete.ls were piolted out. nn<i tried in 

acid ond t\lll}.:i.linc fH.i.l!ltionc. .i!t was clloaen beccucc it 

gave, with unooG:'ted oloctroctee> euc11 high neg::,.t1.ve values 

i"cr the ..,~9 .t).., :t!. Bright .Lu ,,cs oho sen beo~uoe <>f the high 

in t1a0tl on uvo,rQge value £or the M .. a!, • .t1·. io given. Finally 

on u high poeitive, a higll ne6utivc, en i::.v0ruge a.nd a .low 

a ollodion.: ... 



.dlack .~:t 

Gre.v .Pt 

.i>r .lght .,;.u 

.Bright .t .. U. 

-10 mv., in H,.iori. 

+25 mv. in ll2;...v4 

- 8 mv. .in Ue.Oli 

..,.. :': mv. in He.UH 

+ 2 mv. in H2su4 

+ 2 mv. in Ifa.Oll 

• 15 mv. in u2:;04 

+ 6 mv. in NaOlI 

+ 5 to + 10 mv .. in H2Sv4 

+ l mv. in bu.011 

voo.ttivc in sign; UJ.d twually ot snull mrnorical va.11.te. 

Tlie totn.1 vaI·io.tion of r •• ~.1.',. witn tho collorUoniooa. metals 

is onl..Y 14 nw .. , t":llereas with the corresponding metal tns 

varintion ie 73 mv .. 

·::1th every metal ut one t:i:.mo or tmothcr an :.,.. fc~ • .P. 

aurvo o: typo (3) is given, 

l'of: f 

Type (3) 

i.e. the potential, ofter co,:;l!Jencir~; to fall . ., begins to 

rieo whi.lc tho bubbling is still ctintinuod. It seems 

t.ha:t by coverini; the metc...l with oollodion the f l.rct 

rapid drop o:f potentiel is eliminated, rmd tho s ... aller 

positive movement ol'.lows through. This firut rc.11id drop 

v~ould than appe:..r to be due mo.inly to mcobanicel dis­

turbance and probably the eeoond£lr.V r loo io due to 

incrensod ocnoentrotion of oxygen round the electrode, 

ln some cases., p:resumabl.y /J' the firot rta.pid drop com1.1let@lY 

of a di..:.forent . .form to type (S) are t;.;iven. 



_57 ... 

-.l. ... ~:.: .:a.>.ustu.WJY., of ocuroe, only ref ere to .meta.ls 

wl1en u~od in undisturbed electrolyte., but the repro­

ducib1l1ty inoln.neo the rem1lts in d1a:turbed electrolyte . 

. In general.,. the :re.i}roducib!lity .of the metals is bo·tter 

in disturbed electrolyte., when ~- ~~ . .i:. is in o.ctlon, · than • 

L. .... ,;,eii1turbed eleotrolyte.. An extreme oaoe of this :ta 

b1"ight .. .g in 112;:.04. In undisturbed ·elootrolyta there 

weru no two simile.r curves, bu.t in disturbed c-lcctrol.3to 

rcproduoibility wee excellont at 20 mv .. 

11:he goneralim.:.tions f'or con.stancy bnd 1•eprodt1oi?ility 

are mucl1 the otme throughout • t.h.ere seems t,c; be oomm 

oonnoction between the two quanti tioo. Both tho 1,,eet 

reproducibility end· the beat conste.noy &re found in 

a.lkolinc el-0ctrolyt,c, followed by R.Ct and Bz .... v4 in -tllat 
l.5,16 

. orcier D Thie is contrary to the experience o'f »'urm.an , 
76 76 

:l:'artar. and M.:llmo.n .1c and Ta:rta.r and .. allier ~ all or 

whom t'otmii the oxygen eleot:roda more concta.nt in 0,c1a, 

than in alkaline solution. .t..ven o<.msider ing J:'t onlY, the 

metal to whi-.,h tlleae investigators restrioted thcmselvea,, 

the experience obtained during this work is still oontra.ry 

to t,he -opinion exrlreoaeli. by th~ above t.breo groups of 

v1orke1~e.. In tbio invaiJtigc .. t.1.on tl1e .f.ilme of metru. uced. 
-4 

wore extremely thin ...,. of ti1e order 0£ 10 oma.. in thlckrw ss -

wherellil tbe a.bove-mentioneci workers useo massive metal,. 

eJld this rosy havo oomethi.nt.;; to do ·with tho d1£.f cx·enoo a 

oboorvod. 

In all ·three e 1eat1·0J.yt es freehly 1000.a elo.: 1.1rodeo 

uauull.Y uivo tt1e woret 0onoti:.n09 ami. reproducibility. t1hi1Ht 

u:tter keepir..r; in air, oxygen or under dictllled Wt'.tor, 

both oonstl1ney o.na. • roprou.uoibility ir.aprova. 

l~a1n the ~e..:,t :form o:t metal ti; use f'or ei:thar e. good 

conotnnoy 0,1~ a. i;,OOu 1"011roducibility is generally the black 

or rough eloctro ... deposited i'orru... Tho exoGpthmn for the 



two aascH3 (11-·c 1 ho-.,evor, different. For .I..g m1d , .. u tho 

boat fvn::~ to use in. either c~se in the t;rOY or ii form> 

but bright .t't t;i vos oette1.· conotwicy than 011...ck, t.ncl bright 

Ir gives tho bost reprod.uoibility (since the black Ir 

dcpoei ts were. eo wist..tiaf.~atvry fl'vm the pci.nt of view 

o:f reproducibility). 
15.,16 7G 

u.nd Tcr·tcr m1d .. alltor found a. m~imu.'11 

t.u.1.d. • 5~10 mv,. per hour in o.oJ.u ooltttion. The :£\Jllv11ing 

te,hles eive the average oonctL.l'.lcy nnu rup1·oduaibility in 

all threo olc~atrolytou,. If' the conott\:tl~,Y ia rmu.•ti)licd 

by 6, tho i:;otcntial drift in mv. per hour .i..: ootnined; 

end tho figure cgrces fairiy wall ,11th tlle nbove ... mentioned. 

ereat :-l" votontiol di:ffor.cnce bot.r:oen the electrode. c.nd • 

tho electro]J,"'te., i.o. in o .vositive <liroctlon, 1::u;3. otuted 

b;t ?!artc.r aurl. .. o.lker - it mn.:, be in e. positive or negctive 

diroct1o.n" or even chenf;e t·:rom positive ·to ne,g ... tive or 
?5 

11:i.oe versa. 1)ertur ar.u.'l ,,ellmc.n .fou.YJ.d tll4t there \\TS 

no otoocy drift, wnen thg olootrolyte flowed po.st til~ 

electrode .ut o. unifor . .1 oppcd, but a fluotuntion ln both. 

diractiOllO .. 

'LJ31~.,. "· '.Li •.• .i.lL:.:. 'j. 
·- $4 

~.-..41:. .,.,,._ 4111!1!\II!. 1111. I J'} ►- 0¢. 

t!etal. i:.Y!f r 9:fJiS g1·i·1·· A:VQ£,aPO -- A.~,.,•-~ # !- • I tll1ttr • .aim. 
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• ~hose figm·co for tllo reproducibility are usu.a.ll,y 

better tllun t.h.ose DDnt.ionod ·1n the experimontal rcsulta, 

beouuse here electrodes with d.tf:forent histories hove 

been tre~ ted a.s di osim.ilur e.l<ZH1 truues, 1 • e. their 

re1,rodu.cibil1tiee have been taken ~epcr~tely" whereas 

before. Ln e1oc~roue Wt.1.e o-on0id.er0d uc similar to another• 

if :t t \"!:. c o:f tbe sil.iDo form of wete.l., no mot tor what their 

rcr::pecti tre pteviouo .histories had been. 

The o.voj:a.go reproduc1bll1 ty £or all the metLls in 

¾:..04 is 27 1lw .. , in JillL 20 mv. t..nd in Na.OH 14 mv. The 

.:·{:..:;·.· .':t .:.::1n~·1tij.0Cy for all 1; ." ·.:oto.ls in !!.zSv..,_::. ir -~ ... :, mv. ~ 

in ~CJ.r ;.;;.1 ::iv .. und. liaOH ~. o mv.. i-tcai.n .NaillI comes out 

with the beot fieuroc. I:. very remt.'irkable coincidence· is 

ho.te e.ppsrent. In the :firot onso, thore is 1.1 cllii.nge of 

l ·mv~ ~oproduoi!lilit;y pe1" pH uni.t .... i.e .. from pH 14 t~ 

pif 7 ·tlle::·c is n total chonLO vf reproducibil1t.v of 7 mv~., 

and from pil 7 to pH o another cllcnge of 6 mv. • :;1mile.rlY • 

• oori~itncj,: ~ .. 1.m:. untl.y oh&nges r.;gulc:rly by .J.. mv. per pH 

unit f.rom S-.0 mv. :for etron.glY olltc:line aolu'tion ·to 4.4 mv. • 

in strongly acid solution .. If_ :Lt is nothing m.01"e., it ie 

coi·•tuinly .a reoarkeble coincidence, Wld yet ago.in conatf::i.ncy­

and re1>roducibility foll01"1 eo.c11 t.ithc.r 01osely •. 

!.Y,i!2~:-t.21.tt1s f ot J.tje VR;;,,Ii2~..9..fi.JJ.: -

1.1he tabi'es a £4"ld 9 on the opposite page give tho 

bVarage- initial t..na. i'inal poteutialo ctta.tned by each of' 

the i'orms of each metal in ell three eleotro~yteo.,. t~;;:;t:r,i,~,r 

Tho values are thouCJ of the 02-.112 cell in volte. 

1.t:he • poten-tia.ls in t~io eeotion h~ve all boon oa1..: 

• oUlntcd to .t.'•efcr to a lJ.Ydrogen eleotrod.c in the uame 

eJ,ectrolyte., bees.use the theoretior""l value ox" the oz ... li2 

cel.l io vrell knov;n, 1.2s v·o.lts,. a.nu ohculti. be tho st:t.:Jo in 

all elcotrolytee.i wheroo.a the tlleorotical v-ulaeo o.f tho 

po·tontial versus the v: riouo rcforonoe elt:h:t1·odes o..r-e not 



potentials in ull ths olootrolyteo nre Lhen OO::.lJ?E.U'able t 

and it ia en~y to sec hc;Ni t10u·.l.y tlls theoretical potential 

ef'tho olecti"'ode h~ls been o.pproe.-ohed. 

Tho f1no.l potential given by these electrodes a;;;pe~s 

to be very little affected by bubbling. • Trantin~; the 
/' . . t. 

alsctrodo with continuou.o bt1bbling :for the full 30 minutes, 

or 1r1ith ulte:rnuto :1eriodo o:r bttb1Jlin:; Lnd quiet, or with 

quiesoont elc~trolyto tor ·tho full 30 ro1ns. makeo ve1:y 

little differenee to the final vot.enti-al, which is 

ay9roximatel3 the ecme with all tllree treutmonta. 
7.L 

Iloer :£o@d thnt Nu,01! (.98 volts) wao a b~it.t~r 

eloct.rolyte for gi~in.t,; high potontiola then H2tu4 (. 02 volts) 

and in. t.lio inveatigntion it h~s been found that, J.n 

genernl;, both initial ~u f inrtl elactrode 1:>ot,~nti&l.a are 

highest in &GU o.nd JIDL I r,,ith 1Ieo.EI the bettor of tho two. 

In the ccse oi' tho initie.l iJOtential given ifir.1ediately on 

inrmeraion in the elee:i;rolyte, there a.1~0 a number of ex­

ceptions to thisruls, but by the end o.f the 30 mine. No.w'1 

io quite definitely the best oolu~ion £or hit:h ox:y~en 
56 

potentiula. Snala also found ·tb.e hieheot 02-H2 cc1ll 

values to be t..,i ,,en in alkaline eleot.rol.vte. Th!) exceptions 

found among tho initio.l potentialE; i.:re 1)ossibly duo, in 

moot oases$ to tllc .fact that the electrot'ies., when used 

isr~dict.oJ.y after h~uting, are tJiVing an oxidio poton:tial~ 

1.o. they nro ret;istcring prinoipo.lly the single pctont,ial 

of un oxide :fori:10<.1 on tho me·tallic surf'i.co by he~ting in 

Roar hao roportod higher v2-Il2 cell vc.lues tor .t't 

b1uck {1~06 voltfl) than 4,0r bright l>t (.98 volts}., but 

thore ooeco to be no general rule as to what form of 

electrode .surfooe is -cho bout to uce for higb votentials. 

In thG ouse of au., lr o.nci Rh, however, it .e.o very ,vla.in 

that tho hi[;b:H::,t 1ni tin.l votentie.le sre given by .froohly 
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• 

• 
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l!et .. ted eleotrodeo., 1 .. e. by the bright., ox:idiEed or gi·ey 

:f'oruis. Tho ef:fcct of hou,tine; tbe electrode, cooling 1t 

end uoin& it i;r,1.i;0diot(~ly, • is very pronouno~d in tbe 00.00 

o:f !th. o.nd Ir., whcl'C it produces vei~y l1igh initial potentials, 

but :for the ot~0:- meta.la.,. 't'lith a poseible exceJ.,>tivn of iLg 

in Na.vll~ tl1e hcut1n5 h:m apparently wiry little effect on 

t.he electrode ~otentio.l. 

In bot?1 aoid. and :neutral electrolyte f,reel1ly ma.de 

ole~trodes givo the !ugller :finaJ. valuoa, ln::t in t.1.lkoli 

tr·oa.tmento .. 

Ru~ Uh (eepeciulJ.y} und Ir give oont1isten.tly lligll 

~:r,ti ti~ Vf3,lucs in ull three electrolytes., J:'d, b.fS and .t-U 

roach their highest values in lie.OH, r..nd oa anu .'t in k-CL. 

iill ;~he metals exceed. l.00 vol to o:.~t some time oJ.' anotb~r, 

bU.t only hh and l:r e.x.ceed l.!:!O. volts. l'io metnls g.tve 

auo.h oonsistentl,y high .fln,eJ; valueo (a.a 1.2 ToltrJ},, but 

.Kt und .:>d (curvea that beooue m.ox·e noble with time}~ are· 

ti,~e best in . .Na.OH. 1~u 1s the leuat s~~t iafectory metal, 

only once givints i~ J.Jotontiul 3bovo 1.00 volts for th.1 v:;-.112 

ceJ.l. Au t,lJd .. 1-u, except in .Nav.1:::i. t1he1 .J they , .. i ve 1~eaaonably 

l1ie;ll potentials,.. 5ive by fui .. the lowest Vb.lues for the 

vg-.H2 aell. in lI2~04 A:j give~1 e. vaJ.ue ne low aa .4? volts. 

- !;ioille el.ect;roctes were iioated 6-Dd cooled. in vaq110. 

1'11e affect o:i: this- treat.mei1t o.n their 1n1'tio.l potentials 

1~ given in the folloo:tng tabla:- (~ee op,posi-teJ 

i:t.'hi.o treut.nent of he.: .. ting tho electrodes to -100°0 in 

Vtlouo 1lot only enabled tho metal to be .neatetl out of 

oonte,ot wi'tll air, but also very prob:.:bl,y deoom.:,.,oced acy 

oxides that might huve tmen formed on t.im e.lec'ttrode by 

previous treutment. lt is extremel.v interoating to note 

hoy, au.oh fleaompoai tion bau a:t:fectea. tho potenti oJ.s.. In 

tlzCU4 ~.v.d l:CL ell. the mato.la~ with the exception of .1.U1 a.nc1 

11;.g? shm, ini tic! ,()Otent,io.lo cc;moidern.bl.y lower than those 
I 



given initially by tho .c.ir-treotad fcrmo, but in Ueorr 

tho honti.ng in vtm~o hne littl{l or n<J efJ:act on the potential 

The curveo given a.ro ull o.f the riains type, i.e. 

they stvrt at a low potoutial e.nd become mere noble witb 
. . 

t:ioe, with the exoept1on of t18 in. IlaOR Hhich gives .a :t'a.lling 

type of ourvo. The potential in mney 0000::; rcc..ches the 

uoual i)Otontial given by o.ir".!'t:roated metal., within ~o m1ns., 

but in come ossea, notabl.Y 'blr.ck l>t ond l?d, tlie rioo is 

muoll · slorzc?r c.nd the .Jricrinal u.ir-... tron1;ed potential. ie 

only aivon u£ter a long 1,1oriou of t\ae or stancling in air ... 

it oey usually bo utteinod :l.mr.ned1o.tely, howevor, by.heating 

tho m.ctal in 1lir, cooling and using., 

·i .. ccorclint;; to theory, the poter .. tio.l o! the oxygen 

olectrodo ahould cho,nge t~ sc.me amount per pH un1t aa 

the hydroeon elnotrodeJ 1.e .. 056 vvlts per pU unit. 

Tho electrode; to a 001·tu.i.u extent, ontero into equilibrium 
via tl!c i1.;1a.ro,cyl ic.ina, 

with 'tfiG hydrogen .ioM ,/thus: ... 

"·' o -t• .d.Gu ~ 2 v!l t 

U.boreforo r • 1 ·-lt.nl, 
/l/1 - }.,. > 

:.at.e.i a.inoe fr~.,] J( [wa j !:;. .c, , 

or 

Tho potential. 1.1f the oxygen ·.;lcJJtrode is g1von by:-



Id: ,! hl1 C 
l:1 - -lo;J - .::: log-u., nlr e p e ... n1t1 C 

$ v58 l = Et +-log-
2 (oj 

where .t.:' = no:rmal eloctrodo ,i;>otenti1:1l 

of oxygen. 

~t1ba1etuting .for {µ 11); lYe got; ... 

Or· 8 ~ fi1;12 
• LJ .(},. lfJ.J 

l!;' ,... ---log ;,., 
2 !UR'~ 

= ..:.' + .. v29 lvgK - • "58 log.h.w ·t< .• u58 log {jij 
= E ·t .. v58 l4Jg f:t] -

i.,c, tho iwi;e.u.tio.l vf the elect1·ode will chc.ng·a thouretica.lly 

Iu order t0 find how thG· potential wao changing ,..-11th 

prt, i•t \·1ua noccrn.J:1ry to rof:er the i:.i.l,, .• F .. readings in iAll 

eloctrclytes to ·the same standu.rd oleotrode. The E. :,;. :.U\ 

roi.;.dings were, tharofvre, all calculated to refer to the 

nt-rmsl h_yu.rogon olect.roo.e in each osoa.. • Ths values,.. on 

\.hich these co.leulaticns o:f the chnnee of potential with p1l 

.wore bused, v1oro the avornge i'ino.l potentials given by 

<:H .. toh .foru1 of tli:, ms tel in tho pnrticula.r electrolytes. 

In lb% o:t: ull the u.vo:rege i'inul values tl10 thEH;rc-tical 

cbt..nge ia e~ ... prcxi::nutoly e.tt.:,.ined .. 

givo tho wore tllooz·atic1Jl results,. In 0. f e1'1 Ct.SOS the 

ch~~..ge X, .. nind h.n.o boon greo.ter til:..n the the ore ti cul • ~D v. 

per 11.H. 1.mit, un.d in these cuseo it is ciuo to -the metul 

givi~ lo-:1 rooulto in tlle vno electrvl.yte, ~,hi.lt.t the socon,1 

olocrtrolyto gives u t..ioro nc~rl.Y tbo6rotioul J.Jvtontiol. 

Tho moi.it c..utotc,naJ.ng r.;.stc.l in thie section ta· un1.1oubt ... 

oc.i.1,y lr, al1icll gi vca un n.lmont the1Jrettct:t.l oh...:.ngo :tor ell 

tlu:co oloctrvJ,ytc comiJin:..tiono,, i.e. 



.I.\IJL . .... J.12 w v '1: 

lJ"'I "' - .:r r .. ,. 
'-""""' .. :t:;.:: .... v4 

t:md ..i:<i uro quita 11nsu1t,~ble 'J.8 _;.n indicstoro. !l:hese last 

three mc·tuls novar come within . c,5 vvlte vf the theoret.icu.1 

cllwl{;e of J.; • .;,.~ .. F. 'tiith pH, t,hioh io D.1.)prt,.txim.u.tely .4 vulta 

bctheen .h...JL and• 1lo.Ul ... or !ti.;04,, wi'1 ~._,,1.,ruxlrm:.i.te~v .a vulta 

oetwoon .i,avU oud lI2..:v4 . 

• itb. tho Qxception of J.r, ~ihere onl.Y bright rnetal r<1e.s 

us-ed, thia blt..cl! end e.i·ey :t'c.rme 0£. f.letal arc b,y for the most 

reli3.blu as pll imiicaturs .. 

~ilerl3 1'l.)pear tv be three main theories to uccuunt ff,)r 

the i:rrevoraibil1 ty of the o:x;vgen el.eotrude - the i-r,v2 theory, 

the oxide theory,. \'Vhlch is emp1oy0d in different wa.yo by 

dif:terent, workere, and t.b!J adsorption tJOtonilial theory. ~e 

l~v2 theory oxpl.ains the irroversibili ty on the bas1o ;,;f tne 

.foi~mation of H~o .... Lt tl1e elect.rode., prottucod uy the hydration 
f.+"' 

'lh!a theory appeura to h~v·e few ndvvcutes 

ttl.Oory. 

i1rubably aue to tl1e well lmown c.:;-;tclytic ei'.fect of J/t on the 

tioc-vmpoait;ion of Hzv2, nnd the .fact that it he.e not boon 

con.elusively proved th~t mw ;.izv;;; is aotuo.ll,y found ct 1;110 ele­

ctrode. 
'l(, 

i...s 'ltarte.r ut1tl ,talJ~or • s odso.eption 

theory waa nut i\.uly described in the intruuuotion., f;i.D. t3.Ccount 

of :i't 'a main points will be given here. i'J,Ctse a.utboro 

auggea1:.;r us did vun uor , .. culen am:1 .• iilcoxon1~, that the .r:t 

prefcrentio.l~v a<iscrbs iono from the t:JOltition tbus creating 



l 

a },1otential dif::Coronce bet·;v-0en the electrode sur:fa.ce w~d the 

lmlk u:f ·ehe solution .. l~u oJ.otrica.1 uvablo lo.;yer of r..nions 

t.Jirl cntlons io viouo.lised) but u preferentit.11 o.dsorption 

of either tho nnivn or tlle cution on the eloctroa.e, with 
' a. erct~ut.1 change in avncentrution o:f both ionc out into the 

solu.tlon, until eventually t-l1c cunce.ntrationo oco4.;me the 

Tho 1'oll<JW1ng :fizure., :t.fter one in the vrigino.l 

JB)or,, explnino their ide,i .. 

o.. b c D1srRHCc. F~o"' EL.4C~~G>D~. 

1.s ohcw n tho oloctrod$ would be positively churged 

. ,.i th rm;pcct to the solution; 1'cr e. noguti voly charged 

oloctrocie the unlons v1oulcl be o.dsiJrbeci in pref'oronce to the 

cc.tions .. 

m.cnt of the outer :fringe, b tu o, r~nich, being a cvnsiderable 

ci.i.st~nce from tl1c ,~lectro<.lc, would. be bound by weaker fvrceo. 

L:~£.?. is ex.9la.ined by the sweepinr; away of the- uutcr 

.fringe £rem a t.o c. 1l1Iie ef:fect of QXygen and other gasoo 

on tlle .i.)otentiol of tbe electrode is a.t tributea to the 

tii.f1'erencc a1 c.dot-rbou lt!.,Yor of oxygen molecules 0n tho elec,,. 

:trouo 1.ioulG. 1111.ve un t,h.e ads0rptive powers. of the metal for 

tho iono in the solution. Ci:hie t.hcvry is very elc.stic ;. 
~ 

it could ex~lain., quite eusily, either a positi..,;e or o. 

s.i.m.Jly by .£.h)utul~.:.till{j o. prc:fe:rential am:Jorption of .Cfl.tl(;ne 

in cvmc ca.o(lS, t-.ntl nniono in othoro. Thi1:1 woulu be very 

v,eloc:..:o in on i.nveotige.tion ouch on thia _present one, t-\ilere 

i t/1 s oo very uif':ficul.t to dra-r-1 u.,J Oll.Y comprohe.nci ve 

gcnoraliootiono. '.i'hc th.oory ~ bowover,. io unso.tiof'o.ctors 

in tht.t it. leaves us still cc.,r.1:Jlotel.y in the dn:r•)i c,o to . 
,;hy cortnin oJ.octrcidca uciooro cortoin ions m,Jra otram.gly 

thr:.n others. 



oomething elso just co unex:.'1,o.inable. In addition ~ortar 
1i~ 111 

end L.c1i.lin -Ilti li1e,rtar t.nd i.:o--i.wrkora have mou.i!ied the 

.fi.i: ct icleaa on tho distance the adsorbed layer exten-:lo into 

the oloctrol;yte" 

'l.1trtcr cud i~oLui.n fvund that, by mov:inc tnvo Pt electrodes 

c.:loscr to eaob other in certain elect1'olytea., the ,t>otential 

could b,3 cban,,5odJ £no. ex11lei.ned this un being due to tlle 

re-orrongemen't o:f tho ionic .i'ilm \·:1hich tlley cona1dered. to 

oe .1..it - .25 mm .. thick round oech oleotrode,. ln u later 
11.1 

pa.ver , however 1 thoy :f'vund that -the results :f....,l.·raerly 

obtnine<l were due t.o fo.ult,y a_vpru·nt-uo nnd stu.tc tJla.t 

0 ·ttie authors cuncu.r in tile opinion tbe..t bringi.ne 11ar:lllol 

,llo..tos together would not f>roduca a re-elign:nent of the 

1on1c leyors ';,thi.ch ono could raeaoure potentiornatrically0
, 

consoquontly th.Ere is a doubt .!:\Stu whether they themoelveo 

ot11l ou .. ,)ort their or10inal theory or not .. 

1)robt..b1.y account :for ·the la.ck of supvort :ft.,und fo:r j)hia 

thoory in the published lite.i·ature,. 

j.!he uxi.uo~w~Y.:.uf .... no,9;;: :- l.n des.ling ·,,itb t11e vX11le theury, 

HO ilt\VO tv,o mu.in points vf viet',' :i (a) that tho potential 

of' the eleot:rodc ie a.ctuull.jr due tu the oxide t'11m 

aU}.:)OBOdl.y t)roaent on the our:t'aoe uf the metul - thie oxide 

be1D€{ tho clecti,omotively native material, und (b). that 

_)1"u1:wsed b;y Hoar" that the uxiue t'llm.i> aa such,. wvuld nut 

a1:1·eot the ponential, oxco,t1t in ..;o for as it s.lov;s up the 

utta.in::icnt of equilibrium, lleing leos Cu'tulytic8.lly :..:.ativo 

than u nu.ri'ace vf' bright metul. 1hio theor3 damunds th.at 

thu. oxide J;'ilo be; nut continuvus, but p,,r-:,us 1. enu.bling 

iho o.lectrol;y te to roaoh the base .. retul thr'"'u.;;h tD,e pores. 

ln the ooll thus formed~ electric oi.U"ront is tJet up., the 

hnee metal bei?:l;8' rolutively anodic to the film aw:·face,. 

,lhich remvv·es, irrovt,raibly, electromotively active material 

1:£'<.im the film nurfcce, thus doJrOa(ling the potentiol bel0Y1 

tlle theoretica.l value. 



' f 

preoiJitatpd oxideo or !\Ydroxiuon of Et,. 

in the t)ores incren.ses tho resietu.n{)e and therefore cuts 

dorm the se1:t·-.. ;olsrieing current, r:hich in ·cur.n roduces the 

.:.onsequently ec.iu.ilibr iti.-n 

at ·the theoretical pt,tentia.l v1il.l on.J...y be at1tainod after a 

very lo~ per1c.,d v:f timo; Hoer estimates it et lU,vvv.,O~v 

yea.ra, tt:fter v,hich time the reeiotwwe uf t.hc pores will 

be so grea:t tho.t the oxide ourf'oce willbe L.ble to ucntalyae 

the revcrsiblo reaction tlt the revereible J1otentinl at a 

rate l"elut.i voly rep-id tu tbo :rato L:.t \'ibioh it allows 

clectromotively active m.ctorial to ba reccved by salf-

~'his thoury E-U[JL,"Csts., therefore, that tha 

potential nill tJlo-r;ly i11oreuoe ,,itb -time,. ulthougb. never, 

,dthin rcesoneblo tir,1e limits, roacbine; the theo:t~eticnl 

oxygen !Jotontiul .. 
. 

'.l:·biu o.ffonl~ au excellent exylanc.ticn of t.he slow. 

po~i-tivo potentiul drift fuunJ with ooaa olectrodes., but 

re.ils to explain \:hy, u~ :f uund in w . .any oao(Hl in th.is 
• ' . 

investigation, the potenticl arii't ell1.1uld be negative) 

t..nd. also v,l,,y the _potential dr 11·t, iu reuu,v coijea, cho.ngea 

in dixoctio.n :trom p,Joi ti ve to negu.ti ve or vice ·;,roroa.. If 

wo a.ccept the t-11.eor;r of Hoar as· it :!ltc.nao, 1 t . beoomon 

im.i)onsible to exvluin Llle vcr3 high v-nlues reached by Ii' imd 

bh; t',hich so1not1mos. oxcoed 1 .. 23 volts f'vr tho U;a11H2 cell., 

since Hoar deduoes from hie ther,;ry c.,:t the o.xygen oloc;~tr·od.e 

tna.t; u.ndor tl10 t>l"eaent 001111 tiona, the theoretical 9otential 

can never bo attained ... 

1t io intei~eet.tng to note th:1t 1:-.vo.ns., who 1e tho 

i:orem,01;:;t. Ghtttnpion o:f the non-con:tinuvus oxiue :f 1lm arJ the 
72-7-G 

wu.ir .. catll:lO o:t' CIJ!TOsi'on , a.oscrta i;hat tlle th111W'3T 'the 

.:filmJ the le~a lilteliht.iod in there o;f there l>oing discun­

tinui tics., i.04 thin :Cilm.s., i.n g::nere.l, provide tho bt.e·, 

prot.ec ti on ft .. om ot t.ooJr. • l.f i·Jc o.""ply this to th:, Fi; metalo, 

1 t io obvtoua thc.:t the ox:iue f iJ.m m.u::;t bo extreordinr.r.ily 

cumplcto, oinco 1.t protocto those ;-.1ot;:...l3 £rom n.ttaclt in a 



wvst e:r4oc.:-tivo uutll.i.er, Yet .t.,io.r I s theury, hilich ia 

~t.~ iOt!;!:;l;l,.y )Bfi;U,tC +·l'JJhcl'tY !.!¼ tl}!i .. ~·L;eu .t;otent;As1l, :- ln 

u.eb.ling .,ittl thJ .1.:ir1.1t. view vi the •J.:ir..ide t,he ♦-iry, i.e. that 

t,HO c.;....i..:t-.:noe 1,.,i' in wXi1.~e ~film ..... n l..ho J!t llictuls is not 

.., ... niJluuivo, ultL ... ~il. th,Jre .1.t, tvo much ev1uenue in favour of 

... t i .... nvt nc..;e:::H3,; . .r_,, ti.u1,,avo1•, to n:..:sume thL.t the:.::t 

uJ: uXiue 11J.mi;;., uut 1..1.wea nvt t1.Ltr1uuta th~ vX3gen .i.-1utential 

t'w tht1m - :neitner J.S it ncue:Js~.1 t\l assu.;:ue that, if the 

o..idueu -1·e roat. 1.JUa1ole 1.·v:i.' -1. po-tent ie.l., the,1 are r1bully 

1·ustJi...n;.:.i...;lo £v1· t.a.J OJi.J'iJlm _;otentiul, nin..:e there ie nothing 

t" .Jro1ont. """n \,.x..;~en ion ,H..fteotltd, or even u H~..;2 putc.ntial 

o,;.i.utl .. 1t:, ~t tllo sti..J.e Llme. 

:.i:ne .fvllu,1.1.n.:; iJ t1. .;ll;.);f li u.1.1cul1nt o.f the ovidence 1'or &.nd 

L...G:...::.nut tho ~xis tenc.o v.f ..,.;itiue .f ilwa un the .t't mettt.la, li-6 

uni.I. .. u. ihe our.liost ~v .i.u.euce i'o,: t.uu ;1·e~3nce i..;f the Ille 

vx.J. ... cs .au.a u.lrG'.J..cy oeon ~i,ad .:..n tho int.r1.,uuction, .. l1ure the 
• ~~,53 54 

t.:-10 • .. u:rk cf .... 1.1nu, lwt.1tiu.Y ..:.nd .... hit:lus , of ivoehler E.Dd 
Gu 112 

1.,;1' .Luther t..nd .l.)risleo w:;i.s ,.:iont.ioned. TUll.il:ilnn t;.lld .... chneider 
i"vWlu til:it ..:d .Curillcd o:dues w1ll h•3-,itii:g tu •lv..i0 0., bu.t that 

:·.uc;l.\ thicker i'ilos wt11·e .t'vrmcu by f1Jlvdic ,.11.11 .:.i•i..;ution at 
11J 

21..."'u in 1.6 li :;;r .. ~ • .,4 • .:eu.11,Y.Juic.a '.:!.."ld ;.•~oltil(.,f.f u.nd 
11✓1: •· 

•. t:,-,c.:::. hu.ve :.f...tmJ. that 1'inel,y div.1ded .::t> e.g . .rt black, 

fort:'.lr; 110.,.i;;,.h_ydru,~.i )1:. tlnio :\Cid in ~ :U•JoU~ o ... lutions in the 
115 , 

.. ,·:-v.~onoc vf uX.y·-,,.m ~.J.;. ..:..10.,,~a11 , ,hile ilI'loc.:.g0'-1 in I.:lCti.GUr-

inc; th.e :u.uitlty vf 0...1_::•.1."'eut ro . .:.•.1ircd. tu .;h,~o the i;utential 

vl: : - ;. t olectr'"'dn :ftv!!l th,,.t "'f' h.:/Llr"'eo11 to 'that c:t o.xygan or 

v J.C.; ,M.CJ,.,, i\.1..mll th: . ..:. t. 1..i.cJ'lni to .'.rre.:Ttu vllcw·red o.u.r· in« the 

,n • ..:eDS:, .,uu t..-.. ese l.i.e :. tt1' ..i.u1.1tod tv the i.\.1,.:m..J.tion u1 .. aulution 



of· oxides of J.:'t vn ti.10 eloctrotle .. 
116 

• 11v,;evcr, JJu.tler t.nd .t~l!lot1·ong 
J.17 

.AJU.t.lor 

, .t.U-mstrong., !lims.wrth t11d 
118 

arrive at tho conolusion 

that those breako nre not due tu cxido 1'crmnt1.on nnd deof.irJ .... 

posi tiof.1:., but to the 1.·om"vel end .furmatiun of udtiorbed layers 

of oxygen and hydrvgen . 

• : .. u dof.'HJ :form a:n cxiuo> but not in .ho. vii. -.,hutt and 
lltt 

,,i..;lton , in o. pnpor vn the cncd.ic passivation of .. i.u in 

chlori<lo colu.t1ona, decide that tJ1e passivity of the metal 

is ti.ue trJ the "'rocenoe <Jf high oxides of Lu formed on the el .... 
l~O 

octrodo. In u lat,er p,per they fou.nd ovio.enoe thu.t Au 

re<.:,ct.e in t:,l~l!!l .fo.r;ning a film of oxioe 1 ,..1,1ich is directly 

o~-.. 1oseu to "the views of butler ar.td his co-workers (loo.· cit .. ). 

Sllutt und ,;t.u."tl#n a.loo f1,1unn that, o.fter .Jrol(,m,god. CX;.,Josure 

to nir 1 tbe timo of pt.ssi ve,tion t'.or the iiu eloetruclo is 

cllortenoti 1 tntl exylain thio by aaouming th.:.}-t o.n oxide film 

hon c.lready boon :fur:Jlod. 

uorc 6.ircot evidence has ocen £orthtH.1rJing .frvm the +»orlt o:f 
1r::.1 

,1 .. Jiller eno to~v ~hey showed, o,.,,r 1uaans of photogru)hs, 

th.at r:. clean, (no ox.i(le) J Au plate on cxposare to the 

r..1ti1.h:>oi1llere t,'Tudtu1lly darLe.na,. and thio tho authurs ax1.;lai11 

r:o bab1t; u.ue tt, the aluw :for,.llstivn <.,1 t:n 0xide ;film • 
f '--

~. 
1,rom t'llaee JJhvtvcruphs it; a .. ;1Joa.1·s thut the :tilin .,take a 

ti.:.rkening uccura. 
1;..::: 

Ju.r;ob..:, o.ml i,halley ., in stuuying the _t)haoe boundary 

pot0nt..icls vf ucuJorbed film..; vn metal.a, fcuntl 't.ho.t both Au 

t..nd .i:t, on exposw·e to o.ir,. are iw"lledietely covered witb, a 

ing 'the rt in.ail",. tho met&l e.ot1ui.x·oo a film v:f ox:io.e.,, r.hich., 
12:1 

hu7ever, ia unstu.ble und dc-cvmposes olvwly .. 

using the .:r.et-ho(l o:f eleotrtJn d,if.rraction.. is a.oubt.ful as to 

I,hctl1er ur no un ux1de film is :furr.1ed on hasting u l.-'t wire 
l,;,,4 

in OAygon.. .t:.rech.2:r,. loborin l;;nd .Frumkin di.:..te that., un 

houtln!.! it in V'lr'=rtton to 9v0°,~ .c-,, .... 1 
- ""<Jt;;., "' .Lv"-' V oeoa. ~ U UlU!la.t00:3.c 



film cf (;JtY.,:;cn io i"oru1ed on tllc l·t surface,. one atum of 

1i.n olcotroly•tically 

rcd.uoad J.'t. electrodo was oxitliacd most retJidJ.y in aolutions 

·.1ith a 11ll grouter ·than 7, i~c- in clkalia. Gfinther-oohulzo 
125 • 

ond 1:Setz sllo•.rmd, by zr.eano of eleotronE set :fr·eo fre,m 

o c;lo\'? disohsr.ee, t!1at .i't oxidisos superfici£1ly in e.1r. 
• 126 127 

~h.ia ·vion ie nc.t su11portBd by Dobin.:1ki or ,/lessing 
,._ ,.,: ... " 

both cf ·;,hom used the electron di:ffra.ctio,n method for 

ctudyi:n{J the growth cf oxide film ... on ,.u Lntl. Ag. .doth 

uuthors ~rec th~t Au .. md ... g do not furin un oxide film 

au1·ing oJ;po~ure to tho six•_, orcven on polish.1.ng the mGtal in 
128 • 

c1.i1". liinully ·;"'u,1!lrtor und 1~uth1~ra:t; h&:va recently shown, 

u.ur1nr.; ~ao.:.ouremontc of electrical ro~istantH! of thin f11ma 

of w.ctuls~ :th0-t ttn he.;,.ting thin film~ u.f rt r.nd .t?d in 

cuntu·.!t \:i.th wxyg-en 0Uy0rficial layers v:f oxide era forrJed .. 

'l'!mre io, thcrefc,ro, -oonui:Ieruble evi"enoo :for tlle 

exietonc:e of oxiue filmo 1..m the ~t :netcls after anodic pvl.• 

c.rioo.tiun,. or hco.ting 1.u i:ir er o:xygen, bu't not so much 

evidence that 1.,i1e metu.lo ucg,uire an oxide :f'ilm merely by 

cxpo&1;.re tc.. air,. 

; .. lthougll the earlier wc.,rkero ~11 u.:::co.e1tod. the total . 
64 70 

oxldic theory, later vrorkero,. e·.g .. Britton u.nd :tU.cb~·ds ~ 

he.vo :realised thc.t the potential cruuiut be tc..tu.lly oxidic 

since, an na:. oho;-;n in the 1nta:oduction, the oxygen elcctr1:;de 

is reversible ..,o soma extent. ·-
oxy0on eJ.ectrode is immod..i:...teJ.y uensi ttve to ch.unges in the 

oxygen gt..s c,moantrnticn - he oven nho7red thut the fo o~ 

v:xyaen in g&fH)ouo mixtures o 1.m.ld be determined by moo.na uf 

this electrode- inl.J. he po1ntc out th~t, on ll t.~tally o:,ddia 

-t,heory, thi::. •w,.,uld moon 'th.fat high cxictcs ot J;.1 t must be 
56-

z·eversibly forr.icd ot ordint:.ry tem}eruturcs1 t1heroas [,oehler 
, 121 

£,.nd- Lu1.io1:: und ,1.,0,·1 have allo"'1n tllut they aro only 



:fori.:lod t'lith great di!.ficulty w!ter t1rvlunged ex.,;osure to 

uir or v~son~ 

In addition to :this, .1. .. icha.ruo quotes th.9 work of 
' lE9 

.tierd1ng l.nd Sn.1th as at'±'or,unu eV.idonoe for the o;x.vgen 

G.bso:cbod by t'd boirlg to some extent in the uncomlUnad 
\ 

atate. Theso \'.1ork6rt1 fc.,und that, on :taking ild c:athodic, 

u eudcicn dscrcu..se 111 resif:.ltunca duo to occluded. l:cydrogan, 

na.a obcerved. iJlhis hydrogen is usu.ally tu.teen o.s being 

uncomoinod. ,:hen mo.de the onbdo, o. ei milu.r, but omi:.iller 

deoreaso vt. :reaistanoc no.o o1Joerved, :follot-:ed by e. 

permun.errL ~pcrea.ee o.uo to oxic..e i'ormction .. _ .By tJ.Lle,logy 

tu tho case of h.Yltrocen., it i.e f:..i.irly a4fe tc- eo:y tbo.t the •, 

u:,;ygen ia r:tlso in tho unccmpino.d s·to.te. 

There ia t·urthcr., tilurfJ tiiroot evidence, l1owever, that 
. !; . 130 

v:ity.3en -ea,a- ie- <iiaoociu:ted. by' J~.. Joh.noon ~nd Larose 
showeu. • tt11:;..~·t the dif'.fusion o:r oxygen tbrc1.2gh l.g obeys a 

_qua.re rwot; lo.w just as the diffusion of hydrogen thrQugh 
j 

Pt or l1i do.a e. • This ic very ot:ro!l[.! evidence for the formation 

of oxygen iuno r·hen tl10 £ha is dissolved in meto.J.lio t~g., 

In :::,uppe,r't 'cf their viou, the ttuthors. quo to ~imilnr work 
131 132 

cicne by H~.rtlo-y :i ~tenoio , .nd J obnson Johnson. 

and Lo.rose foi.md no oimiJ.or .o'.fillcnce to sur;ges t. 'tho.:t J!t_ 

boho.ves towards vx.veen us /.g does. The r,ork of Haber 
1.0-12 13 14 

and bis co-r.rorkere " .rle.u:r tmd .ds.u::- u.nd Dru.nner II sll 

of' whom :found the oxygen oloctroc..o thorrnod,ynnm:lcally 

revereiblo above c.bou.t llC0° C-, ::tr.rr.ia ~ hor:over, that at 
' 

hitJbor tnmiJoraturea thoro mu.ct bo oon2.iderable diaeooiation 

of oT..ygc.n to.kirig placo. T"ner.e is ev.ery posoibil.ity, th.On,. 

• 'thut o.t. ord:lnn..t",7 temperatures there. is un oxygen ion pot­

,int.iaJ. muni:footi:ng i taelf ~ to come extent D.t on.y ra.te. 

The idea thQt the oxygen ::;otential., r.i,a -.... :i.ousurecl,. ~sy be 

due, j,n part~ to an oxygen ion pctontial ie not thc1-. 

altceet11or fantas1,.ic. 

Tl1cre ara eevoral :fnirly obv1ouo deductions whioh 

:h.1ula .. bo raace frv.m n ,thoury, t•;l1ich ou.~pooes an vxide to bo 



too only m~ter1,il <loter.:.1ining the· fctctltial o.f the eleota.'ode. 

~o:oc ut tnouo, hu\'lever, o.ro lrre~oncilablo with obeor-ira,t:tvns 

truide durlng the ~I'Osent' inveot.lgation. 

wllicb.., it io moat com:aonly ouncedett <luow .fol~ an oxide t'il.m. 

l.lS io u m.etnJ. ,'ihich io known tu havo thtJ greu.test a;f,'t'ix:ti ty 

:t:or ~ge~ of oll the. i?t metO:lc, clH1 yet; ; .. u und Us gite 

onl.y cause of the potential one "t-:oultl expect, at loo...ot,, 

-~bat c similur ty.t,e o:f curve wo~1ld bo shown b,y these t..-1u 

'l'hc eux·ves illustruted, 

llouever, chow thft even in the sa'.Ile eloctrCJlyto we get 

greatly vt.riod typos cf curve. 
' 

.iinotller st:t·iking :fact is that,, cilthough tho initial pot­

entials of :·ti.ho ,,lectrodes <J.itX'er wiuoly, th.ey all tend to 

serttle uo,,n to a,t1pi·oximu.toly the sa:rue value evell'tuslly. 

gl.vo finnl values cf' between .:h! and .97 vol.ts for the 

It ls big.tll.y :l.tnprobf.ible thut all theae mettle 

wuu.ld f,ive Btc..blo oxides r-;ith the sane ~ingle potentiw.. 

t .. lj:hough tti0. 1-'t metals are very clooely ulliect in mtin;y 
' . 

pr-0partiee, yet c.m,,ng t,hcm \VO nave stublo c>:lues t",J1orc the 

meta.le exllipi t Y7id.ely differing valencies; the 11,.idrution of 

the oxictes r:ould P..lao ltif:fe'r ·tr·c:,.m 1aetal to metul., a..Jd 
tl7-51 

Lorens &f!d hie cc-';'lcrkers .found the single potent.ia.l ot 

tho oxides cf .Pt differed oonsiuerntl.Y, both with the state 

of' oxidation of tlle metal t.nd with ·the deg:i:·eo o:f' h.Ydration ,o:f 

lt seems far mere likely that the ·very similar 

f'ina.l potentials o.ro due 'to aoroo co.aso !.n1tsido tho differing 

chemical :,ropartm.ea of tho individual m.cta.la - ,,robn.bly to 

tllo ·11l1·1ucn~o of aff CXJll}an ion potential ani~logous to tho 

b.Ydt·ogcn pot, .. mtial, .'.hi~l1 JOtcntio.l sh.oulo. be tho eemo for 

any moto.1 cc.pc.ble of' dissolving and d1ssociu:tine; the gos .. 

1:he very high. ini t ic.1 vulaes of Ir .:..nd .... h oepceioll,y, 

would require oxides :-;ith exceedingly high single potentiuls~ 
9 

.;;.;piel::.:ienn moasureu the 1,o·tentiaJ. of u kt plate covercirl 



with various knov,n l"'t oxides, in v~yi:--.g degrees o:f nyd­

r-ation., i.. qd :f cund tl1~t nune eave ~ auf'ficiontl.Y high 

:potcntiLl to e.oovunt for the potOll;tiel of tbo (Jx.ygen e1ectroco 
• • 

!ie the~:fo~e found it neo0s1:1ur.v .,i::o iostulctc hi~11~r oxinee 

t.t11:~n tJIJ..Y kno:.n. tu exist ir.t accounting ;fur the t'.)otentials 
. 

then fum.d, and even these were co:nAiderr~bly lowo~ tho.n 
60 

·the hit)10at rept.rtod. in this invoQtige:tion. Grube , 

however, lntor cltiimed to h::ive prop:a:i·od an oxide, .Pt0-z 7 ; V r 

::hich r;c:ve a ein~·lo potentic.1 ·o:f 1 .. e ·iolt$ in 2N H2~04 -

this hirrh value :fell rt!p-161,y v,ith the evqlution cf .'..txygon. 

u:1 t_ha oxiqe 6.ece,,mpo$ed. 

l'tlh: vQry hicrh ini tinl value, £o.l11nu ru.pitlly with time, 

io o!lw·o..ctoristic vf the putont:l(!lo t~iven by Hh r.nd Ir 

inm.edic1tol3 c.:fter hec:.t:l.ne to redne.::1s t.:lld cooling in air. 

fhu3 it eeemo ver3 likoly that tho cause of thoeo 'transient 

inij;ictl. vuli100, uctunll.Y ex~ceding the tlleo1"0 tionl potential 

o:f tho ox.,yzcn oloctrodo in scme oo.naEl., is the ;f\::rmatioo ot 

hiJh, unatu.ulo, t?le~tromotively t...ctive oxi<les of .rlb and Ir. 

ln the caoe of tlw other metl,..i.le; including ..tit, these 

hiehor u . ..:ideo are evidontily v.JrJ much. r..w .. ·e rli:t:t:ioult to 
I . • . 

lr, de..::om.poein3 cwiplctel.3 dur ~.ng th? timo the electrode is 

cvoJ:ing.. ·J:hio, ho,,cv<::r, is cont!·t.;ry to t.hc OX.,tierJenoo of' 
61 . 

i 11oerator ., ,.;ho fuuno. tlle oxides of Ir to be losa stable 

thun those {.Jf i"'t ~ 

1.:: t,1e urdinary potc.nt,i,.':11 of th~clectrodo w.are due 

pr1r.it.rily to .:m oxide :filin, o.ne r,tuld exl"ect bright, 
-resutrs as 

uxidisod and grey cloctrocteo nll to give cucl1 the smn~., e.nd 

t"1ore re,t'>J:',.,duoi/Jlc recults then the ole.ck., sinc:c 'the :first 

t;;1rce .£t.;r!!ll.J urc 1Jrepa.rod by hou:ting to redness in e.ir,. thus 

having tho b1J.:,t o,.Ji>Ol'"i:,unity o:I: UIJ-::.Uiri.nz ti.n oxil~e :f.llm.,, 

.11leretta the blt..ck eloct.ruao.o ht.i.ve been ,.)repur·ed in t,10 presen 
-oe 

o:f hydrogen (during olectrolysio) and con~1ec1uently t::iight be 

expected to aivc errt.tia rooulto before tlla oxide coating 



hnd .f'cn:ned oom1,letely. (i.:.Uller t.nd Low obcwed that the 

oxide film on 1.u roqui1·es GC-'lO hourn before it is completcl.y 

formed.}. 

oho,,-: th~t -bluck eleotrodcH.1, 1n gcncro.l.., gi~tc the most 

camct.Jlt Lf';d revroducible reoults oi' all th;; :formo o:r oleot1" ... 

ocle· surXaoe. 
. . 

In some cesco tho curves Of' ths bright r~nd oxidised 

forns of metal oro u.lmoot iC.enticel, e .. g . .t'd, Rh and Bu in 

Visible oxidation in these ce,see 

a..,Jpoora to have ver.11 lit·tlo o£fcot on the .,n..,tential ot the 

f'ovour of the theory ·that the potential uf the br i,ght metal 

io oimpl.y due tG an o.xiue :film nlreuclj present. 

imaotic;ction, h<.t,1ever,. ohol"'md thut the eleotro ... depo ... i ted 

01~ blacl: 1·0;-m., tt.nd the hefat trco.ted. or grey f\;,I'ID cloo give., 

similar cuz--ve:s fer the black t.nd grey t'oiinF- of metal. i.e 

hos been pointed out, it, does not $00:'l poaaible that tllo 

oleotru-depocitoO. forra could he-vc r...n vxiue film vn the 
' 

oete.1 tm..rtaoe, v1hereue tho hoc.t ·troc.tecl for.~ ia in the moflt 

fuvouro.ble poaiticti fer n.c::·.uirincr ouch u :filo .. 

The ;;n:-vhlem is ftlrt.neT ocm.:.>lio:ltct.'i by the :fo.ct that~ 

in the o:..:.ae o:r come oett.ls ~1hc:ro \JXidised. end b?"ifl'ht. metE'l.1 

fs1v-e difforont tH:tcn•tinl.n, the vx1diaed rJcttil in e:t e l.owor 

pot.ontial thim. the br igh't; ,.herc.:...s :t:0:r otb~r· metala ·t:hc 

The none upplieo t.o the bluclr. und 

gr:e:y :fu;.'Ii.ls - aamctimoa tho one for.:J. gi vos tho lliener put-

on.t:i.nl., ~ntl somoti:nes the otl'ler t'onn dvos. It soema ·that 

1;llcre raust b? t.10 \il"" no::·ei c0.n,.:cnon't-s combining to gi vc tho 

. measured. potential., and it depends on the properties of the 

particular me-t~l end on the c0ndi tivns u.,91der \,l1ich it is 

usod, a:a to wnieh component will have the croo.tost o:ffeut 

on the 0 cooprom:iee pof.;entit::l n .. 'limo r:itll onB metal under a 



.. 

tho crey .:::etul. UL>Opa.rod ni th the blo.clt metlj.l; unt'le1· different 

c-0na:I, tiono , a socona c oIDf.1one11t mey predc.rilinute, pro due i:ng u. 

.high pote:ntial £or tllc gr0y :t'orm cum..o.1aretl ,J.i. th the black 

·~*~n indic1-1tion of \1lwt the sevc1·21 o.:f:foots mentivned 

t1etalo 'in vacuv, ··i.e. i'rom tho cho.nt;e in the initial l'H .. -t ... 

• cntinl of the motels u:Ctt1r hcuting in vncuo. The rJoct 

stril..:ina point ev:ltl,erit fro:;n ·theee rooult3 i.a thut the 

1n11.1c1 potS;ntial of the eleotrule io tierkedly affected by 

vacuum tror1t11:ent) {becomes lcnc noble) if the olootrode is 

used in· neutral or acid 1;;olut1on, bu.t the;t in o.lkc.lina 

oolution the e:f:feot is ncglia1blo in noet c:_.:.1eo. F<Jr 

tlie time bci.ing tho ,i,rre0ule.rit.1ea of J..g nnd t'J1 ere ignored, 

1.1at a tentat;lve ex.plta1ution io. ci':f'ored lat,n·. . l.:f' tho drop 

in initial r,htcntinl on t.1.co.ting i..J vacmo io "Asct1roed to be 

these results may be e::1q.iJ.aincd ao t'ollffiVt:l: The big ef·.foct on 

t.ha potontiel in KGL ar.i.d ul) ... o A. is d((e tu tho :fo.01~ t!mt the 
i:;; .. 

ordina.1·y potcutio.lo, gl ven by air trer.tod c lcctr.odoc.; in 

quently) '.7hen til~ee ocHlea a.1 ocpi,ctrir J a bi.a c1':fect on the . . 

1>otc.n:t1:.:1 u:f the oloctrcdo in to bo ox9octod. vn tho other 

u,:-.nd, the cffecrt of htm:tina t.t:i.e electr0de i:..1. vacuo, in 

Tli.i n cun b~ cx'!,)1.a.ined 

as beir:$ Ciue tc.; the ordinb .. :ry c~u·. treutoo. electrode po·tenttnl 

cvnslsting, ih the ;uuin, not 1.,,:t u11 ox1d.io, but ver:y px·o.bably 

v£ en \;J,,.,Yc;on j,on puteid,ial,, v.nd conoc,:u• . .:mtly the offoott uf 

• dooornpoain~ arry oxide f'ilin. ls negligiblo in the omno pro-

tho·o1eygon ion putont1o1 . 
.tt. at.ill re~.icinn tv bo CX:)loinou. i"ihy t . ...:: ini t.iul 

I 

_vctentihl. of the vacuutn trouteu cleoti"odo s 



vondi.nB po~ontio.1 ..,f ·tho cir t,i:ectoa cloct.roctes, $i.nce 
ion ~ 

a Puro . .ly OJcyff/3n/ .:wtentiAl v1ould be tr:i.c theoretical ono. 

the oxygen ion potontifil. -r .~ ... ne5ligible .in KCL and H0 ,.;04., 
~Q 

I..;, 

and the oxidi,o ootont;icl ,..: . . .. is elioinatcd by dOCOu1i)Qsing 

> 

rtell ltnt:,f;n that J-t .. v,~ de,n.:·osoeJs tE10 potcnti.:...l o:f tho oxygGn -~ .... 
eie-0trotio, thue oxi. .. leining the low ini tie.l ;n.rtentials found 

nftor !leuting the cloctronoa in vacuo. 

ion ~otentinl .it1 the ,predominnti.ng fc.ctor, is not infl.uenootl 
• 

Ly honting in vacuo, oru1 consequently remains prodotnino.te 

The three t:..uin eff'octo t.H.h.Jbinine to giVCt the 0 compro;:nir.::c 

{l) T-ho si.ngle putcntiul u.i' t..n v.x.ide f1lm pree()nt 

on the met-al sur.:t:a.ce .. 

(2) . .«\ti oxygen ion i)Utentiul un the 11:noc; of the 
' ,r ~ , 

theoretical c,xygen electrode. 

oxygen iono-. T.!w of:f'q.et c:f this po·tcmtiel ie u.sually 

mippt·et1sed by tl1e.Jgiggcr :.tf:fects duo to { l} 1.md. ( ~). T~e 

e.:tt"cct p:rcdomtno.ting in tr1e mcaEJurecl co:n,c>rcmioo potontinl 

of t,b11 electrode 1 will <..1cpt.~nd on the 11roper•ties of the motul 

uaed,,1 on tho ;pr·cviouo history of· tuo cloctroue and un 

thn conditi.ohn under \"Jhic.h ·the eleo·trude is used. 

ln n ... .:.iO.a tho vacuum tro1..1t.:...or.t c;.:t.H:res u. big initinl 
. ~ ~ . 

potont~e.l tti:C.feronco bot-rreon ti:t-: vecuum cJ.J1i'.l air t.1.~cat;ed 

electro dos, end this t-HlO oxpleinod o.s duo ·to t!w air trootcd 

electrode putc.ntiol beinc ir1 tho !JO.in clue tc., &...."l vxidic plus 

hew.ting ir1 veouo ~ t.ho ~ .. .,,C fJvtentiel e.xerto it;:1 eacprecJe:-ling 

c.ffcct on t1.ie cu::u .. ;.n.,~11ioe l)utentit.'.l. . .£-Icrc U{si.:...in outside 



evidence io (H..'n.fir;..utory > oinoo H'.)u,, ia knorm tc be cieire 
1:.,, i"' 

otn.ble in 112sv1 'thuu i.n o.lt~u.lio - B£so4 io n nogat1ve 

outul,yut :fer the docon12~ai tion of fi.2\.,2 - end ccnsoquol'itly 

the liJ:t0 factor io greater in li.,-;,W,11 than in &vH~ Tl1c 
-t:,~ ... •::11; 

1;rodominut1.qg :ro.otoro in 1'..CL oust also be tlle oltidic t,l'ld 

H •• o~ ef£eeta1 since heating in vacuo proaucea muon tho some . ... '1::: r., 

eff'eijt c.s it doeo 1n a,~OA ~ In enoll electrolyto the extent 
w -

to 11.hich one effect suvp1·ossar1 tbe othcro \1111 do1>ond on the 

oetul. uood ~--id ·tho prov·ious blatory of the claotrode. 
' In ttio cene o:! WL end H

2
so

4 
tho cleot.rooo potential 

1 .. ·i,ioe, om,:otit1cuJ rapo:1-l,y, oc,;n.otimeo o~nai£lerabl3 ,nore 

slor;-~r, ~E tl::e o.r~.i.do 1·11m rE.d'urme ant\ tile· onic.io potentio.l . . 

becins to t.:U1,1C:t' irl~ose i toel:f U_pOD the ,.o,;•u .feeble Hzvt: 

.:}ot-enticl. 'T.ho varying t'ato., at ','lhich the oxide iilms of 

'the dif'fe.1·eMt L,.ct,a.lo ttte t.n.1.il t up,. prov1dos the expla.na.tion 

of t!10 varying rutes a.t. whlcb tllo initial pot~entinla o:f the 

vnouum ·tr.outed. motnla rise. ~1hv ordinary pctont1h.l o:f tho 

a.11· treat.ea ~ctul was u.ttnined ir:.c:edintoly , it' tno oet,ol 

Th1u -is obviouoly due 
\,, 

to the :fact that the heat tt·cetcont bu11Crn • up tilo oxUio film, 

whioh is ttlen prooent r.hen the eleot .. :odo io ir;.:Jersed in the 

elect~rolyto, arul therof vre exerts its influon.eo on the 

ln explr.•,ining tile rcaulta o:f: boo.ting in V!,1cuo, it- wo.o 

rGerely esau:aed t11st in Hz904 und kC1, the potentiul io 

oo.inl..V ox.1.uio u.nd t.t1.at i,n Navli it ls ~o.inly .an ox.ygon ion 

potontteli but tllcre nre dofin1tc g1·ouri..a.s for believ:f.nu, that 

f1n oy...yge.n ton a,1otcntiu.l t:~Julµ. be ehorm to the greatoat 

ex-tont ·tn Nao.a euu.,ea flus ulrcrn.dj been pui11tea., out et 

considerable ·1eng·th., there must bo an oz.,ygen ion _pvteutiuli 

in ~art at any 1"ate, in n.ll elcct.c·olytca in order to explain 



uu.i.ut.lon . J.'j.e .t:zyd.,a;·utior. vi. tae D:xyge11 ions ;;n,uu.ces still 

.. oi·e 1.1,j' ,tr oxy l ions., r.i ili thiu .,, uulu be inhib 1 tec.l oy tiio cu~iui1 

ion e:ffeot. 

,.i1,Hc,Sll.iilit,y v1' fi11,Li.J.l(J; 'UJ ltt1pr.1.:hll.O.bl•:;l nu.·!)',.};" oJ. u.r.,l~a.ted 

ox,.ygvn iono, • .. .:.u tr1u g,:eateat i..,.;.;.J:.oj ... 1 t,1 wt" r.n uxygon ion 

iivtontiiil bocv1.:ing predCimina.te in the usuul , .. a.i .. :c11:·u ... .;.:..;e ...,wt-

ion ~otcmtin.l reacL.1r.1g tilC reversible u.x,Yc:;on .. >utt,;)ntir.l. 

J.n t1,:1 cu.se 1.,:f uluv.b. ., 6 in· Nav . .il, tueouJ..y heu.tin8 ilJ vacuo 
.,1th 

,.Hu·ve ·,,uicll ft..J.ls, t.L;:.e i::: 1·0..1.uJ., 1.e. ji.g ho.a, i.u. tills 

lL.:.e w ... li.l. ~LiL it r,aa steteci. tl.1.ut 



Tho f~ot tha:t t.;o· wt;,,vgen i...).1..i ,)vteutinl even in 

MuvH;. uover ac'tual1.1T rea.cnes tho reversible oJt:;gen potential 

rnrzy bo due to mmoveJ. 01· elootromotively cot1vo Matoriul 
• • 'll 

.frQm tho cxido film stn·.fo.oe ae propooetl by Hvtlr , or 

simply to t11e clop.reeoing effec·t or the lth·ro.r oxidio und 

vn tho 

basis of tloar 'ti th(,01·3 the ox_vge11 olectrodc vuluoo niU 

be higher., in ita.Qll oinc:e hydroxyl ions Bl"O supposed tu bo 

particu.larly effective in rove.iring an..v t1ren.hs in the 
1·~3 l"~t1 

oxide film .., ' v ~. 

!rho slp,1 r?Otcntiul dr:ii't~ in either a pooitive ur 

ucgatl.v<) dil"Ootion, can be cx,iinined o.a dtio to t11e ·slow • 

t·omo.tion and deccm)OOition rcopeetively of tho highe:r 

oxides. 

t1.1 "being oxid1c~ 1$ in p!,U't an OXJ1gen ion votcut:i.al, this 

wiJ,l in nll probability be g<.iing on uuneltl.·rentl;y with a 

positlve drifi clue to increcsln.g reolste.nce 0£ the 11ores 

in the ux:1de film -to the oolf-.. )ulnriaing cur.rent, os 

nuooe,oted by Hoar .. 

Tti-..0110 still rc~ieina. ·t-:, oo exglf.:.:ined the :fnot thn't 

i,e ood Rh, Y,,1en Jwetct1. in voouo, su.:ffo1~ no change of 

irJ.ti,!.\1 potential in t,ny electrolyte ... 

not decom.9osed by tho va.cutw treo.toi:.ent, o.nd t.:mnscquontly, 
I 

i:f the potential io mninl3 oxldic in ell cleotrol,ytcs, the 
. 

hoat.ille in vacuo p:r'oduces no lvworing of th.11 ini tia.1 
• .• · · 130 

potent1e.1. on the other hand, Johnson end 1.Grose ~l:wwdd. 

that l'i.l!, bas :t,b:u })O":tor of diasoc1ntiz:ig oxyeon ·to un extent 

compurrible ,-;i th the dioo~c1at1on, (.,,f hydrogen by Ni.. ~ 1 t 

seomo pussiblo., ti1ercfore ,. that in a. caue of Ag tLc o.ruinan 

oir trented clootr-ode poten.tiel is, in tlle rto.in, an oxygen 
• • • ~5 • In a ·racent pa.._per Gera.Boimo:ff ...... hus .found that tho 
hoe:t 0£ odoo1~pticn of: oxygen by ~~e io ep~ro.xitnately the 
ae.!?lc no tho hef.,.t of tormati,on o:f J.,f!J.zv 1 E:.U<l regards this 

, t.:ts. GVidence tlmt tlID adsorption is rcully chemical cr,m­
bine;tion~ 



ion potential, t..n.d s.1.nc0., 1n thiG caaEl, the !ncree.sed 

o:f..foct o:t: th.a vjcygan ion ;)otcntial is duo to the mota.l 

and . no·t to 'the electrolyte, it w.111 bo evident in all 

tltree clectrol.;,tes, u.nd beating. in vacuo nus therefore 

may 'be similar to that • of Ag~ and it would be interesting 

to inveatigµto whether the diff\ision o;f oxygen through 

.Rh oboyc a aguaxo root le:e; i,.e. r1lletimr hh, e.o woll a.s 

.... n tile otllCt" hand 

Rh.203 is or10 of tho most d1£fioult of tbo oxiuee of the 

Pt metfllo tq <daoom,,ooe by heut undo.r ordinary attnao;herio 
. 136 • 

p1•,n-:-;sut:·e. CUI .. ta:r gi v-es ti.to doccr.J£H.H)i ti on tempernture 
rooults 

• as ll50°C,, From tho very high init1ul1 found for frcohly 

. hoototi Bh alecrtrude.e duriJJg tllio. investigation, it seems 

t,fmt tllo high. 'ol!icl.ee 'o:f Rh are ;,n.11·ti.oult:ti:'ly coti ve 

eleotromotivoly. It ia" therefore J a rensonablc (HH . .:sibili1r 

tho:t tho loner oxide ,iill ht;:.ve the prodominetill6 influence 

lt soerua, tllen, the.t., in 

in 1_;i'OducirJJZ e low ini·t1ul po·tcntio.l may be due either to 

t,ho in.ab1l,ity o:f tbe t1""cat:nent ·~v decor.uposc tho oxide 

film, or 'to the to.ct tb8t rm., like AS; io giving mnirily-

on oxJt;en .ion i:n.>tentinl. . 

In putting .fornord these suggestions it hos been 

nsoum<Hi ti::µ1t. tho .~oau::;.. treatment .bas uecom;:H.;sed tbo 

oxide film preoent on the metal. FJ.oharda.70. found that 

electrodoa., whL,h had e.ttahod. n. etablo potctrtit.:l. on being 

made cn:ki:t~de ir.. :l3..1::h.;3 1 gave a poteut1Hl cvnsit\or·ably 
' , 

Thia ne attributed to cetbodi.o 

reduct.ion ·of' the oxide :film" i.e .. by i·oducine; tho oxides 

he 1ltt-n.inod a h.!BlJ.Q.t. ini tia.1 potent 16l, due t,.) the now 

unsuppreeaod o.x:yt,"'On ion potent.inl I uhiob io just tile 

ls it 

poea1ble~ then, that heating in vncuo .vroducea c. d:u:·:forent 

cff'eat., not the docompoeition of the oxide f'ilm? Tbc 



~.1lcJt-

onl,y ,,ot,hor poculblo effects aee!n to be the removal of: 
:. , 'I,•, '. . 

w,1-}olJbined oxygen from the netal, or a1ee dec0!!1,.,oo1tion 
• ' 

of tho, oxidos, rwt to free mctnl, but to some very lov; 

oxide with w~ extremely low single 9otontial. 

not a.1,_poar t-hnt the firat cou.ld be t..tie oaae, oinoe evtim of 

tllo·eloctrodes require tl length of time of tb.e order of 

days oofore tho original uir treated potenti~l is renollmi. 

• The metal would hardly tut:e llll that ti1;'.ie tu ttl.tte up the 
121 

.q~e:n ognin., but, ee mentioned ·earlier,. .tHlllar & Low 
·' 

ht.Ve slloun. ·toot some of the mctu.lo g.e, roquire goriod.e cf 

tho or-tier of de.ya for the Qompletion ot the oxide i'ilm.11 
r:;4 • 

t:.nd ~toei1ler.,) _ showed thr..t the nigher oxides of tt at'O oiily 

rormed with d.1.f:ficult.y,. nr.d after cunsitlerubl3 poriOds of 

ln 1uo.dition ~ nork of Du1;1or 

dcubt on the work o:f J.hoharde ( loc,. cl t,. ) . »utle.r & 

.1t.1·eu,trong t'ountl. t11at un electrode anodico.11,y polaz'ieod. sot 

up an ox.ygen ovorvol toge. ;i, which grnduully .,doc,aled,ll. :finally 

appros.china a i~onstnn1P "'velue e3;t0r a. £ow houro.. .By 

cathodic pol&ioation tho.:r olo.itJ to huve elimine.tod the 

i1!iio oatllcdio polnriea:liion1 carried 

ou't in l!r::;o4 , gave reo1.111n ;nore l1Ac those ne1·e re.t;,1orted 

f1'0!;.1 heating in vo.cuo, end q'-41 te cU:fferel!t from tne high 
/ 

valuao reported, on cathcctic polc.risation in HJBo~,, by 

• ~licnarda,. 
" 

The suggest.ion t.hut the aecomr,ooition of tbc ortainnl • • 

oxide film is not ovmpleto but only produ.cec lov-mr oxitlee 

with very loi; e1rig1e potentHila is atil,l u poE:t!Jibility .. 

suggosted. rwuld stand ulmost unalletled .... the ;,ostulated 

. 
to tho t!lt?Ol'.Y £1...S a Wllolo. 



.;J.eo·~~-;pae),t.E 1Jl,t. 1 .. 0 woo mon·tioncd in t11e introduotiun., the -

phenomenon of M.E.P .. ,as tar U!J the o.xygen ole@trode io 

conco.rncd., is a.J.moot an untouched. f'leld.. To.rtn:r a._"ld 

~·;o.lker 76 applied their acl::.,01•ption. potenti~l theory to the 

. :· uubjoc·~ o£ 1.t.E.l'. et:ter i'incling thut the H2tt2 thoory wos 
• . · 7R 

un&ol.e to explain t!le pllenow.enon ~. Tho objections to 
. l 

\ tllio adsorption theory, mention.cd ea:t'licz·, : atill n,Ppl9 

when the theory in, applied to the prob lam of M. E. ;p. 

Tile purely oxidic thoor.v cannot eX1~l.ain M .. .B .• F., nor 

haa en eJQ;)lonation over boon c-.ttemptod by tho e.dvocatoa 

of thio tne~r.v. Tho only ws,v tlD bubbling o:f o:,cygen could 

• o.:ffscta.purt-":;ly oxidi.c potentJ.al wuuld be by the ini'luonce 

ot an incrcesc-d concontre.tion o:f gas on the atubil1·t.y of 

the oxide ♦ J'\a Rioharda70 h~o pointed vut, these oxides 

arc not revernibly .formed at, ordinary tomperaturos~ Th.e 

theory proposed by Kablo.nborg an.d bis co ... yrorkers 77 ~ 78, 

oasod oq,tbo destruction, by relat-i vc motion of tile elccrtrude 

c.md tlle electrol_yt.e., o! n condensed gos film t.!sually 

prosont on the electrode, lo quite ine.doquate to explain 

the nidol_y, di1"t'ering veJ.u.os :for u. E.P .. found during th.is 
) : 

investigation .. In the work they- did on .Pt, Pdund Ag 

\'Ii til bubbling of oxygen, they alwuyD f otUld a ncgat i. VI? M. •. s.;e 

nlt-houg.b for metals other the.n noble r.:.at,a.la n positive 

The destruction of a film 

01' ounde11aed o:xygen on the elcotrccte ourf'ncc ce.nnot. 

and. sorr.otiu:.os .e. negative qui.ntlt;r, as was found evGn emor.g 

'the. .rt, r.wtaJ.e during tl1in investigation .. 

ouch o. thoors explain -U1e maximum nnu minimum potentials 

.found by l>ronch o.nd Kahlenberg d.ur ing the bubbling of tho 

tu thcoc r.:01·0 0011plicoted coses, since it obviou.ely 



\ f": 

Mil~c,,:i'-1V 

cc.n.,,vt oup_ply Wl t1de(.rua.te explai)att-on,b 

.• o a !iiO.tter uf :fact, the UDU.:.1 tl:.teor i tw £Irv _H1eoJ to 

eocount. i~or tuo irreve.raibilitil· und other• e.nomelioo of' tho 
; ' . . 

. ox.ygei). eJ.eo·trode will, ln all probability, be 1naut£icient 

to explain the pi.rono::m-non oi llt .. E.P.,. a.a tlle :following .yointa .. 

·{l) Very often the potontiE..l cf an oleot:rvde is., s·t 

f'irot, movo<l in thQ lees noble direction. by hubbling, but 

•• towards the end ct the five mi-nute period of bubbling the 

fJvtential bogine to rioo a.gain. 

(2) C,)ntinuo.d bu .. bbling £or tlle full tllirty minutes 

gave, wi~n tried in aum.c cu.sea, ·tho ae.me .fina.1 vz::.li1EiHJ 8 witbh 

tbo liw.ita ct rep.roau.oibility o:t ~to experiraent, os an 

• eleotrode whicn h.nti been uoed 1n undisturbed eleotrol,yt~. 

(3} i~ bright J!t elext.rode showed e. r1oFJ of 1wten-. 

tinl at the lmeim.iug of the i"ive minute poriod, t1hile 

oxygen gao 11as being bubbltid at a slow rate, tmt on 

increasing ·t,ie ru.te of bubbling, the potanti~l became 

lae(Jnoblc o.gain1. i.o .. i:f' tho bubblir,.e is nvt &uft.Lo1ently 

vigorous the usu.al .JlQW 11oa1tivo t11"ift given· 1n undisturbed 

cleotrolyto, o!ai still mo.ke itself eviclent. 

Thoue threo uboorvct:lons augeest tll:.~t 'tue final 

equllibrimn potential of tl~ electrocle is the same, w1;1etlter 

the electrolyte ha.D boon diaturbed or not., :i.o. tbe potential 

o:t 'tile ox.yg~n alectrouo .during bubbling :.i.s still, in the 

mo.in, cunt1.·olled by the cm:no fs.crto;ra u.s v11len tJ1e electro­

J.yte is undisturbed~ 

in the potent.ial o.f the order of l.0-20 mv .. (1,e. M,E.P.} 

otill clo occur due to eo.'.llo new, and very m1.1ci1 lcsa impor­

tunt factor-a I r.llicll iu the undiaturb~d • t:~leotrol:rte do 

n(,,t affect the i?Otentiul to en;y qpre~iahlo extent. 

1'11eee no·.1 .fsotore, ·bruueh:t into .eJley by the bubbling u:C 

t.uo O;.(Yl'.,On gc..e, r,..ro 110t imJorts.nt :ft•om tho t_>Oint vt· view 

o:r tho 1rrovercioil:i.ty of t11e ux..ve'endl.octrode.: but o.ro 



conoto.ncy or rop.roduc.:.ib.ility, a,inoe t-he re.t.>l'od.ucibility of 

10 ... 20 m.•,1.. io not good enoue;h for direct fill cietarmino:t1on 

with t.he olectroda3~ 

Tt~c only other u:1t1·.01·0 tv tackle direcrtly the eut!jeot 

of ~gen elect1·odo,l!.E .. P. wore Newbe:r-y ond Smith
79

. They 

put .for~·,m--u o.n oxidat:ton - reduct-ion theory for .r,:otal 

elecrtr(;rle fd. E • .P. , end the u. B . .P. 01. hJrdr«Gen electrodes, 

but ututed thnt it woe inedaquato to ervlain rucy-gen electrr..ro 

- I-J. B.J? ~ 

l,hc1:r.1es .or, ;.10;tr:..¾. E,lftc.trode, f:.\·.~:.g,•.,;..f?Pd, ~ileir .hela'tionship .· 

~O. Gaa hJ,;~~tc,2de .I.i~E•f;,. !n turning to theoriee of roets1. 

oleotrode ?!.E •. J. 1n ~...n endeavvur tv :f1nd one -r1hich might 

be ar>plied. to the case o:f tI. E . .P. o:f tho OXJlgon eloot1~odc, 

it e~pears that. there 1a n aonsid:ero.blo need .for~ et.andar·­

disation of the. procoduro used ln obtaining Lt .. E.P'a .. 

Iireuoh and tahlonberg
77 

obtninod an U~E . .P. by stirring 

the electrol:rte,. thoroby i .. ,.,)ving it relotivo to t110 elaot­

rooc I and propose. that the diffaronco in potential 

obtierved io due to the desiruotion of tho gno film en the 

mettil. They add that the sligb·tcot jal' given the oleatrode 

or even a potch vf dirt on tnc su.rf'ace is ouftioicnt 

. partitilily to destroy this fi.lm, encl so to change the 

oloctrode potontiul .. 

On ~i1& ot?lor hand, Fink ood Linf'ord94 obte.inucl the.ir 

relutlv1.; mot.ton bet.ween electrode n.nd oloctro1:{te by rote.t­

ine thoir elaotrodo::. at peripheral opeede of up to J.O,QOO 

f .. p.m., a.rid. etsted that toooe ageods were oeocnt1cl 'to 

break down thq unatlrrable liquid loyar against the 
' 

o:1ectrode .. 

et1rrin5 tl1e. el.e~t1·olyte p1·oduoea a ch.an.go of pot.e:ntia1 

qu,itc diotinct 1:x'om that brougll't about by roto.tir~ the 

electrode. . , 

Iri beimoen those two cxtren.ea wo be. vo ne-r,bery nnd 

S-...:i.t1i'7
9

. \7llo rotntod tltoir ""lectrrir,n,'l nt d .r, t"'lOQ • ~ ~-v- = o~eo 8 0~ ~ r.p.m. 



~> j91ffiilli:,-l )It 

,,nu find that bubbling gas round the eloctr, .. de has 

exactJ.y the s~o of:feut. Chi ttm.1 ti.Ud Hunt
100 

used apoeds 

of l., '700 r ... p,.m., :.md ulao otatcd tllo.t bubblir..g gas pr·oduces 

an 11olcot.rokineticu 11otentio.l, tne term which ·they app:l.y,, 

i..l' itllout tH.1ch juoti:ficat!on,, to .6!~ E-.t' ~ .wltiller t1nd 

• tfo -d if l t"" Kon.OJ:Jiu,: . .y ra..11idl3 1·otetc one c:Z a. pa r o e ao rol.eo f.n,n 

f'ound c.. M .. h..J:'., if the el,eotrt.ide wns nvt nyert'ect11 or 
97 

unn~tac:koblo.. h.oenig unod e:.1 e-lectro ..... ognetic vibrc.tor 
t!JB 

of u.r.iknvun frequency and ulso n etirrer :,1Jrl:.i.ng in/ electro-

J.yto at :a~uoo r.p.m. Beinnewitz end Schulz89 end Bonnewitz 

• ... net .digolke90 , usina tutJ .l.g eloctrude.~ aore..i.,--ad the aurfeee. 

_ oi the one £;.g ~lectro<le w1 th c move,blo o.icmona point and 
~79, ';;7 98 JOO 

.1·ound a. 1J.:OL.J> .. oven in Agno3 "' whel•ep.o most wo1·kera • 1 
> 

iH1ve stated tllet J.lcg 1n Apj:lo3 Bives zero or very 10\"1 r.~.m.~. 

vel.11os. 

in order to get W'i. M4 E • .F .. , t~10 olaot-rode ~fl.t; ,b13.ao,taag,(l. 

~.·era rotation of the eleotrode ie nvt .suf.fi.eient to break 

down the unath-.1·uble liquid luyer on the electrode ;11 without 

v1hich no 11. h;.P ~ ia t,bte.ined t'or .:i.g in AgNo5 ,, 

'£here appear~ tJx·coent. tv be twv diotinct p!1m1omens 

conprieine mo'tal electrode tr. E. i'. a1Jpa.rantly being regarded 

b.B ideuticul. The tine e:ftea.t onu be cauaed 1,..crely by a 

slight jar Bi velJ t.i1G eleotroa.o, by a patch -dirt on· the 

eJ.cctrodo.., or by motierotes o:f stirring or fctat-ing the 

elcctr·odo .. • T.i:'10 other· :t·equ.ires electrode speeds o:f 10.,000 

r· .. p .. r.1 .. to br<~sr,. down the u.~atirrable liquid lt.yer on tfle 

elootrmle to be acra_psd as Bennewit-g tmd hio co-worke1"s 

:t:'ound. 

lt hardly oeeme poaoiblo, tne-u:, that tin explano.tiori 

01· ono -01' tl1e.se oould be Dfivlied to the other .,.,1th any 

deg:·oe o:f suco-ees, '1ven t.houg:b Fint:. end Linford' a change 

or ,potential would 01.· rJ.000;:f.ii ty inulttde rmy change brought 

about simply by a slight jar or raodernte rates of r·otation 

Jo1le nta.nde.rdisr,,tion of _p.vooech.a·e 



is 1,;tioro~oro cvoonttnl., in order tu uopa.ro:to and 

idcnt.ify .tho oo two o!focta, antl afford a means of comparing 

the wqrk of di:f'fero.:nt inveotigntors. 

Gas electrode lit.:W .. P ~ is bt·ottght into ;lay merely ,. 

by gentlo bubbling of 1jh.e gos round th~ electrode# und 

therefore must be governed by :factors quite·diatinot frozn 

thoee governing metal elect1--odo ll.E.P .. , v;bich oro moaaured 

by znottvqo dmila.r to that of Fink and Linford or llennewitz 

i'tle 'theocy of metal electrode M.E.!'., 11hich flus 

probsbly received ta1e largoot e.oount of sup,port in the 
89 90 gf-94 : - . 

literature 1 ' 
1 

• - , . is tha olectro!tinetio theory.of 

Thio theory demands the owceping av,ey o:.f tho 

diffuso port.ion of tho Heldholtz double layer by the ro­

lcti vo mvtion of' ~lectrode and ·aloctro·lyto. Xcenig~J7 
. 

plbintn out tho.t eloctro'kinetia pheocmene depend only on 

tho cllp ()I* dieplo.cenent o:f tne di:f.ftum. port of the double 

layer relative to the i-mr:::obile part, ahereuo tile electro-

• kitietie the(Jry. of ll. E.F. demends A co:1,..,lote removal ot 
lGO 

tho diftuoo- component.. Chittum and F..unt unvo n.lso 

uttao.lm6. 'the validity of rrocopiu 1.s- use vf the eloctro­

kinetlo theor.f ·to exploin metal olootrode ur. ,G.l) .. from a 

dimilnr thec:1·ct.1da1 point of vi.cw. Hewbery nnd ~ith 79 

nave pointed out tbe.t tho generation vi o.ppreciablo 

electric cu1~rcr .. t.ri by r,.E.F. ao1·1nitcly pJ.ncos thia 

phenomenon 1n quite a distinct cetegor,y frorn.el.eotro ... 

kinetic potentiala. 

Pro~opiu''s attecpted cor1·e.lation 01· At~E.P. vsluoo v1ith 
. . 88 . -

Burton •a : oloctrokinet-io mce.surements io not at all 

conoluo1 ve, o.nd 1 t \10.s unfortunate tl!r::t Chi ttnm nnd .t:lttrrt 

• should bpply the term ualeotrok1uotic pote.ntial" to M. L.'.l?. 

i1honor.··cm.o:· 111th, such 1:itt·le ·exparioenti . .l proof o:f the 

identity of th.J 't1'o guantitica .. 

Doth Chittum and Htu1t 1 0 u..~ .. P. thoory o.f the diatur-



tJ~ce b.x 1:.iotion cf e .(.:i1.J,iifieu '-wu:blo lcyer, tuo solution 

a.hie ovnoiotir!B wf ciJ.W·gel<. (aJlloidal .uot:.,l Ja.rtioles., 

i,nd .t?rou.0,4.:,iu' a ·tnovi•,.y of t;..:u d.iatu.t·bcnce uf tlle outer 

co:nponent vf tho .Uolrun<Jltz uouule leyer, t..re J.Mpplic:ti.ble 

to <.ni'.ygen electr~,tte 1;. h;.J?.. f.01:· too s~e reucon., 
lo.ye.,... , 1;::;7-140 

!!'he unstirrable liquid"on .the electI'odo . ia 

,generally cunooded to .i.mve u depth oons1dero.bly in oxcess 

u:f tile doptb of oduorbe,1 le...vers. ,1,ccordio,s to JJUVis and 
1,10 

CJ"a.ndull uator stirred ot l,..c;1v1,;,. r .p.o, lee.voe an un-
-2 

s,,1rrea film o.pprvximatel.v '" x lo mta. thick. on the other 

ht.nd tllG £Ie.lr.ol.i:oltz uoublo 
111 

and u1~oan , hue a depth 
142 

layoi· 1 according tv .,hi te, ,;,,.onu.ghu.n 
-4 

of O.}pr-v:xlmately 2' x. lv ,ani. > ond 

iJtber eJtiID!.ttes u.re even le~o, i .. e. tho !,tnstir1•aole luyer is 

ut .l0aE.~t one hunc.Ll'OO. times deeper then the electrical duuble 

layer~ 

C:unsoquentl.y in tile ce.ae of either ~"'rocu1,iu 'a ur 

Cbittw anti 11.unt'a thoo .. ryE tile L.,.,.,c, .. ¥. oim only be b.r<.,l~ht 

intli ?Jluy by broo.Iti:ng d0 .• 1n "the unotirreblo lo.yer on tlm 

olectrotle, nnd mere 'bubbling 0£ oxygon ga.e, wbicb iB au:f'f-

1e ;lent to ;,roduce oxygen electrodo • :,~. lii .. J:'. , \7vuld cez·'tuinly 

:fail to dv tllio. • liurther; either o:f those tmJ theoriea is 

&Jplicable to t'98~q! ele~'trodo .:u ... ; • .t, .. , v.nl.9' \'lhon tl1e values SJ."e 

obt.:1lned b9 c. method such. as i.•1nl.l- t.illd Linford.ts or t,1. .... t. ot 

c. large part of the .c,otent1n.l ti1ms mo~1sured 1t1ust bo duo t,u sun. 

:factor, 11hich does not 1nvo1 ve the 01·eakil36 uown . c+f tbe 

uristirrable l.iqu1d leyer, si.nco moclerute rates u:f etlrr ing 

oleo pr4,;duco a very def1ni te me.tul electrode ~~ .. b .. J.' .. 

-e 

~'he only theory o.f metal eleot.1·ode ... ;..,.; . .e. which remains 
96 . 97 

is thst au.vgortod b.t ~Jlller and .h.unu.1.>icky , Kuen.tg # 

95 96 
,...ve.ns UlU .Ko.spar .. r..L'hio theory, ·:,hor}'a..;..tJlict1. to the 

orainur~ mctelo, ho.a become known us tho 11 di£:fe1·emt.ia.J. 
7P.. 

(!Oration° tnoor,y. Lo ori5im2.lly :1ro1H,sed ~ tbo stirring 

of the· clectrtil3'to io ou~>poaed to e.f:foct tl1e olect.roc!e 



... 95_ 

potentiol_merol.9 by incrau.si.ng the concentre.tion.o.t' c-xygen 

at t.ho ono electrode - tha stirring:, as such;- havir.g no effect; 

on. the potentit!l. Thie view bo,s boon rot1dified in uertc.in 
96 

oa.oea of metal elootrode ;.1 .. Ee.P. iJ3 Lllller nnd Rvncpicky • 

· They £ound three ef£octp ~~used by relative mution or 

eleotr~de n.pd eleotrol.,.,te~ 

' 

{~) a smull negative etreot due-to the a~eeping. 

~wa.y o:f me tall1o ion#''1f,PID ,tlle ~lee tr ode" 

nnd i'b, e.nd .independent of J)H. 

lround with Cu 

positive. . 
(b} A second, biBgetJi ef.fect,aus.,ez•itnvos~d. ou (a) t 

due to tlle remov3l of' the producto. of the rcmction betwoen 

the electrode a.nu the ele<rtrolyte - theoe vnoduoto having a 

hiehcr pH :thtin. ·t;be reoo.:1.ning solution.~ 

~1hloll reo.cted wit.b the electrolyte. 

{c) A third a.nu biggest e.f:fect, r,ooitivo in a.aid and 

negative in all~ali; due to the increneed ccmeeotra.tion of' an 
ll 

oxidioing ngcrnt at the electrode. 

ThuCl the e.f:feots (a) end (b) have been u.cided t-0 the 

original idea of Evans that. the increased concentration of 

o,cy-gcn at the olectrode ia the only factor iu L!.E . .r. Kaegar•s 
00 

Tiork \70.G intended to snow t,hat; 1£ u • eyotet1 is in ·true 

eJ.ect:fochatnical equilib1 .. ium., then nu .1-.r;.,e. is evident. 
I . • • . . 

He took I~ in ,).J?ITO.,.., h1 the absence o:t· o.ny ge.eoo like oxygen, ..., ·, 
. 

as being in true oleotroobemitHtl equilibl'•ium. 

s.hould then show none ot the tr.tree o.bove effects) al·though 

9-n ele,,:rt.rokinct1c et'foct should r:till be 1:i.ppnrent~ ii' preo1:1n:t. 

K.a.:epa.r found that there 1:10.s zero I.. • .I:...l,. , .'.lnd ther·Qfore cunclu-­

ded that the elect.rokinetio theory of Ll.J.S • .t'. is innppJ.icm.hlo., 

and tlla:t 1Jlllcr c.nd Konopicky have the correct explanation, 

Thia conclusion is pr·obably correct :for hie experimental. 

results 1 since, although 1w.D£lC.r does not mentivn the. s1,eeu 

at t'Jllioll he rotated hia electrod.oe, 1 t is probable that 110 U.c1eti 

moderate opccds, Vlhi'ch would be too 1011 to brook down the 

unstirTablc film. on the olectrode ~ and he wo~lct tben, of 

conree, 1'ind nu oleotrokinetio ef.itroct .. 



or: the . other hi~ nd, huci he U!JoJ r.ietnoc,te,. ouch ao tt:1000 

uaod by lrinl..: encl Linford or .. .:.U.lle1• and KOUO.i,.>icky:, for 

measllri.ncr his IJ.E.r .. , it 10 probable thnt., even :f:'01" J\8 

in AgHO,.;; he ,vould have found nn appre.-'cioble Lz.E • .I!. ~ i,.e . 
..:J 

an electrokinetic effect n.ight then be evident. 

c 
96 • t~ t• t 1 • ~;vMs l.n e. J uemp "ng o exp · ain 

, tiicl1. is ·uouolly negative, mc.kes tho assumption thnt nublo 

metulo, on agitation in un electroly·t.o roopond pt•~f'e;.'"eni;ia.ltY 

to tho decroo.00 in mcrtal ion concontrotion, L.o. to e:f'.feot 

(o.), und not t,o tho inoroo.ee of oxygen conccnt,ration, i.e .. 

effect { ci) .. 

The effect (b) would, of 

oouree, ?Jc i~r;y- m1nll or zero for the l"'t metals, since ·thoy 

nro verg 'neorJ.y • 11pe.r.tect 0 or un~ttsckablq alc.ctrodtbs in 

awst oleotrolyte~. 

00, A't~fi0ffiE~.efl.~l.~~9':!:?t9,{1 R!' ..... tl.lc !.:. E~• ..... Q.1' tJ:le, ,vygcn 

hlectrode: 
•• _ .. !4~ 

Any ·u1eory o:r oxygen eleotrode .M. J:;.J? .. , to be 

oc.tisfactors, muot be co.peblc of explnin!ng, pa.rt:J..culilrly, 

why the obuo:rvod !ii., E; .. l.J. is st..motirnea positive u.ncl oornctiruea 

negative 9von nith tbe oll.'Cle motel.;. a.nd also tlm irregular 

ve.riations of JJ.. E.P .. 1·'1 th the nature of eloct:rode su:r·f'aco 

fillfilling t!leoo cona1 tions at prese:rrt, • is ·that of ;.t,fillor 

and i<o11opicey 1 mce it. provides for bot.h e. pcsi ti ve &nd a 

nogntivo effect on :relative motion bCtt.veon the elect1;.'1da 

. ami the e1.ectrolyte. It seems, f'r(.Jrc the irregularities 

o:f the fl!.$. 1f .. 1 tllo.t 't:1e ob nerved vt1.lues. must bo o ovmpromiso 

botween at least t't7o ef:focta ;'fliicb protrn.bly worlt in 

oppo£ite dircotians, :1 .e .. tend to move tlle potentiul in 

01,,poaite directions. Tlle cf':foct, t.hnt t1redomi.i;11.1tea undor eny 

set o.:t· cond.itions, 1dll. dcp~nd on those cvnditio.ne. Thue 
. 

under ona sot oi' c..,nditions e. positive IJ.,E.f' .. may result, 

t,lic nege.t~ve cf':fcot or ei:':fecte beirag ouppreoscd, ,and under 

u.:uotlm1~ oet 01' cond1ticno the po:.>ition .may be reversed, 



ot the pooitive J,1 .. Jt...J:' ... will tlepen<l on -t.he ox.tent tv whioll 

the negat.ivo effects o.re oup1Jreosed by the pcrtieulsr 

conditions w1der which tho clootrodo is })~ins u.scd, end 

vioe- vc1 .. ca.,. 

,;,i tll rago.rd to ~~o LL E. J?. of the Pt metals uaod a!:'! 

oXj/e;o.n olootrodos, it Ut)peo.ro thut there arc only two main 

ef:fectst and these vmrk in opposite directions; tho one 

e.f:fec·t yrvd.u.cing a.. :fall in pntentiul ai tll bubbling 

{negoti·;;e r~ . .:.... .. :>~) rind tho other o .rioe of' potential v,ith 

It still remnins to dcoida to 

nbet these tnw effect.a are duo, and the reasons £or tho 3UJIJ­

reDBion (.;f tho one effect in oortoin ca.sen and the: other 

in o'thcr case$, thus producing poo1tive and nor;a.tive l!.E6i·. •a 

under di£ferent conditions. 

From Toole 5; r-1hcre . the e:f!eot of a collodion coeting 

ori too L ... :ti . .r'. o;f J?·t, Au and Js ie ta.bulo.tet.'t,, it &.ppearo t110.t 

tho· _pr·inci?J.e e:ffect of thir; coc.ting io to chruiee the r"'. L- .t.' • . 

:i;i;·vm ncectivo to ·poni ti ve. In the cuse o:f !J.U~ v:h1ch govo 

a pooitivc,w.t.~.; in H2304, the valu.c, but not the aign1 

io chsngcu., ultnougb the tr,o valuoa,. +.~3jt';N}J and + 15 mv. 
~ • ,,.,,.y:· '·, ..... . ~: •' -~* 

ro::.ipccti'-1Cly, lie tfithin tb1 .limits of reproducibility of. 

the ex.:erii::.ont. ,.lone uncoetett .t.u eleo·trode in 1Lt::!Bo4 govc 

Tho oollodion ooatinsJ of 

course~ prevent a any r!:echanicul tli o'turbanoe of tlie 

udiffuaion layern round the electrotie., leaving tho electrode 

in muc11 the ss::ne condition a.a it is in undinturbed olootrolytt. 

bu'l, tlle exceoo concentration (.,f' oxygen gas p;rodu(?ed by 

bubbling oan still diffuse through onto the electrode end 

~ttoct the potential. lt oppcnrs. then, that tt.tO S!.U.o.ll 

positive u. h.J:'. 'a> c;ivC!n by the m tals coated r1ith oollodion., 

t.ll"C dUQ, in tlle t.1uin, to ·the incree.sccl concontrution ;:r;f OX9!30 

gc.o produced by bubbling.. This ugrceo v,cll wlth tt1<:,i.1r·ion 

. 95 .. - • 96 '? 1 o:f c.vtma ,,_ ..... uller ond K-01101,icky a.nd Ho.ar , all o:f whom 
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This 

p;., ~i tivc )vt..;;!..i.tic.l c..rii't c~ . .i. be ex...)luined., ::.:s 1:!wntiuned befvre, 

CW.;.I .... t o.:· .. ,:__t .. 1:n : J..CwL t.i. VO po ten ti r.l dfift. 

pot.::utial tL.:ift "uulu oe 1;.creu.::ed l.u t:w ,JOJitive direction., 

:,.l~llt bo ~J.1.:::,~~tlJ 1r. t .. ncgatlvo ciirecti.Jn 1~ • . lm(:li..Jturbed 

eloct1'1.iJ..:, te c.., 1.t h~ uo<:h,. ,1 ;1..,.~i ti va i,, \.i.J.St~'bcd <ilectrolyte., 

• eluotrulyte c..,uld Lltill show a G.';.all H.,i.litive ... ...:.. . .1. -.~·hen 

collouiuniae ..... 

: .. d.i.ia LH.1Gi ti vc ei'fect ia., hvwevor, UGtl(..lly omt:;.ll unu the 

. lt.ri;e1· nccc~ti ve c:C:Ccct., '.,hich u. culluu;.on o .. m.t 3U ... tJx·ec.:::ies, 

h~o still to be uucvtmted fvr. 

0.,1 bt.tUoling. l'he 

.:.J•·cvt.le.nce ..,f ti11; ri.-:3cutlve l, .•. ,.J.. 1 8 ti::ivllG tno· ... t .:..i.et8.l& has 
9b 

bean t;_,:_d.ttineu b,.1 .. ve.uf: ;;ho ntutos ti~=-·t til-::} nvole c;1etc-.ls 

lt 1 ' .. 



.. 

a.re hero ElX£)lainecl on the bo.sis of the foreg·oiug theory• 

\10.rc nctuully tt.o vluoo which led. to the theory. .,hon 

eltG:1.ini~ the ~~;..,"i.'. gra.phs1 it was found that ever3· wete..J. 

ho.d u n.ur.iber of ijruplla like the following! 

Q. 

T .I ,Iv') E --,> 

,..: • .h .. .t:. Curve, i'Jrpe 3. ( see l',. 61) 

'.Lue _potential :falls rai.1idl,Y :1 on oubblintt, frvm h to b, 

but eventunlly the fall etops ".nd e slow riso bogin.s, which 

is usually of tha order of u tew millivolts or leas {b to d). 

These are apparently oases,, wbere ... J·;h,e eleo'tl~udo hes at 

f'irot res1.mntted to the $tldder, decrease in concentration v.f' the 

oeto.1 ions caused hy bubbling, (a to b), thun~ as the constant 

potential in roaohe-0., ( b ) , the smaller rise in ;otentlal d.ue 

inereaaod conccntre.tivn of oxygen gas beoomes evident (b to a)., 

:l.1hia lnttor rioc in potentliul was SUiJpreseed at first by the 

much bi(;t;er potential drop ouo to the decreased. metal ion 

ct;ncentrtttion :r."'..:iumi the electrode .. The actual shapo of these 

solu:t.iou to colutio11, <lcpondine on the Jrevious Jlioto:ry of the 

electrode. 

,-.biab ohov.ed a. 1wsitiv.e ,,, ... 1t,~r.- when tho rato 0£ bubbling wail 

very olcn., end i1. nct;ative :- .. .:1~.l:'. r,hen i·t wew stJeeded. up to 

throe bubbleo ,.Jer second, is an obviot1u ca.es of hov1 the une 

effect can be GU)_preascd by vu.ryuig the ct.nai·tiona unuer which 

the olec i..rode is usoti. 

~ometimes the b to c ... ;o,..·t.ion, due to increased lH.mcentrat4i-c: 

ion v.f 1..1:xygcn, is nlmoat non .. ,e;r.:.tstent, being very ems.11 fur 

the conditions 1nvvlved. 

J:\.C.L, tho c. to b o.ffeot. ha.a bean small compare:6. witb the b to o 

af£oct t.nu uo, undor these conditions, omall positive ve.luea 

for the ~- . .:i • .t> .. are recGrded.4 
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\"Jllether the elootr·od.c ile.u u collod1on couti:P..g or not> i ... e .. 

not being i1'l1'lt1onoe<l by m.echuniot.11 dioturbnnco to any extent. 

In n"::,,,O,i Au u.t1purentl3 behnves rrH.,re like u base ~etal than 

u noble rr.etal., on the bauis o:f ..Gvans' theory, c.nd producea 

B £!.£.?-~ in Joteni,iul \vi th th~ increased -concent:retio.r:1 o~ 

oxygen, whloh io big envugh t,o suppress avmpletely the .fall 

in. po·tential due to the decreased ooncontro:tion o:f meta.l iono. 

ln ttlia caoe the urigint-.1 .1.1oten't,iol drift vi: .i:u :.ln li2S04 is 

not- bl.5 enottg.h to. ex1,la.in th::: large posi ti vo ; .. ~ !!;.J!. vf the 

collmiionieed Au electrode. ln audition the putent1al drift 

io occas.ionall,y J.n a. negati vo tlirec~ion., • c..,noequentl.J,· ·tho 

e:t-1·oot of the increa.oed ooncent.rution of oxygen rmJst be 

exceptionallY largo for Au..,1.,e. Au ie betlcv1ng more like a be.so 

metal .. 

r1Me ~ 

1~. E . .P.. Curva , fi.y;,; e 3 ~ 

lt will be observed tbat,in t..lJ. tlle curves of type 3> 

the Grop in ?.Otentinl from a to bis vory much more rapid than 

either tho riae :from. b to c or t.hs euditit,nal .rise in potential 

v1hial1 tnkeo ;laco frcm o ti;, d., on cto;pi!lB too bubbling of gas. 

One ;;wuld oxpe ct the i"all :from e, to 'be to be -raj)id., since it 

1e oaueo<l oir,ply by tlle sudden swc.cping away o:t metal ions 

from round .tl1e. electrode t.ind the potential : o:t· the eloctrode 

chang,:,s wi tll tho ea.me opeed t.i.s t.he uecllanico.l dia~urbe.nce 

swecpn awey the mctcl ions. 

:t'roru b • to o.) Que t~ the increaooo. concentro:t1on C}.f. oxygen 

i'ihich accom.,Jnnieo the Clocho.nical aiaturbnnce, has boon t'ully 

explcincd by J-Ioar
71 

6!3 due tc. tho ulc,w increase of roaistsnco 

o:f t.he .,.,Joree 1n- the c,xide film preventing tl1e e1cotromotivcly 

active o::i.torinl :t'ro;:n boing too ru.~ildly removed i'rom the :film 

surf'ace~ 



slo;1 :formation of Qxicleu v1ith higher single ~rntentia.l.e. 

Tho rt!ure ra.pid inorcuae v:f potential :fl•om c to ti,,.. attenda..nt 

on t110 utoi)1.1ago of the ,.10.chan1cal (,lsturbnnce, can a.loo 

The c to d v1.1rtion mu.st be due tu ·tt•..e 

replacement of wha.t-lver t:"rt:la swept nway by b.\1bbling .(a to 
., 

b portion), since oollod1oni sin& .not unly m,ts cot the 

fir~rt rci,ld .fall., but also tt..e rise, c to d,. oocu:ring on 

cesoa:~i,,n of bubbling, i.e. t.he rise from o to d is due 

t1J ti1e raplacemont of the metal 1011s ~-;ept m,ay by t,he 

mecnanicul disturbance. Thia it.ill bo at o. .ra.tEtrele.,tively 
, , 

alow to that c.t which tho ooncontratio11 would bo reduced 
9'7 

by the sudden meohanical <liaturbonco. Koenig and 

Chittum und .fiunt100 have pointed out that the olootrck.1ne1;ic 

theory would not fu.·edict a time interval of tlle order of 

minutes -f?r the re ... building of the t!loublo layer. 

This t:n>e 3 .tl.E-P .. curve soema to bo the mo.st stoblo 

form oince, e.o t1a.a pointed out boforo (page 61) , the other 

typeo cf' curva oll tend t{.) approach to tyve 3 ;form ot· 

curve with time .. Tho otable, type .3,, form of curve is 
' . . 

most. ot'ten found in: alkaline solution, oL~rc.His t..tw leas otablo 

t;;;pes 1 and. 4, a:re found by fat• the r,lt>st in .neutral 

,-,olution. • 

It 1.s ,,,._ore. di:ff1cult to exp.lain thcr othe.r, leso 

In tho cases whare the 

metal givos very high ·initial potentib.la after !:.eating~ 

the :first .lfart o;f the :r.t •. li .. E. curve invariably conaiato 

of' 'the type 1 curve. 

T~h'Jc. -:Ill' 

1.:. 1::.1;1.. curve Type l ( eeo pace 61) . 

This ccn bo ex,t)lcined by a.asuu:lr....a that 1n tlle oaae 

..,f ~~- b . .t- • ., t:~o :f'or uudisturbec1 eloctrolyto, tho ini tia.l 



._1ote11tinl ia vve~•,ilelmingly that .:>f high elect.r:·ornutively 

act-i vo oEitle.o, which ore rapidly J.ecc.n.i!poslng, t-hua 

producing the ro.piu. :f&l.l ui'. p:Jtent;ial. 

very little ef.fecrt on the potential at first but a.a 'the:::a 

nigh oxides decompose tl1e lower, ,aore .stable and leas electro• 

motively active, ox.idea oppes.r; the oleotrocte thfn becomes 

00naitiv•e tv OEJCbe.nical diaturbanc.e , and the t.Yvfl l ou.rvG 

o.evelopee into type 2~ uud finally type 3~ with tirue. 

t,n the otllor he.nd; th(;) tJ_r.1e 1. rJ.,..v...r. our11e s-ametitrtes 

nccuro tlu"ou1,;l101rt the ·:full tl1.irty minutes - th1~1 ueually 

ar.,pearo in KCL and selaou1 it ever,, in .haOU. .t'i;>plying 

flo.a.r'e thatrr,y, this mn.,v have a,.:,rJe c ... ll.."lOction with the :fact 

thot tho cttlorido ion io :;,JC.rt.1oulru-ly o;f.feetive in the 

breo.kinc? tlor,n of the oxide film, wllereno the hydroX3l . 

ln F...01 thG ,,xide 

film i7ould tl10r.u become more porous.,, tiiuo u.llov-Jing t.ne aelf­

polariso.tion to ev on at o. more rapid rate and the ,,t)(;tontiel 

This effect ~ould be cnht.nced by bubbling1 

since tho disturbance Hould continual.1,y 1)rovide f'reell 

chlo:ride !one to stirau.lnte the br,swkdown.. . or1 01;.uleing 

the bubbling tho poten·tis.1 rioos again aa the .:;xygen then 

gate Ci chnnco to rop&ir the film withuut the interterenco• 

of tho continuu.l rc-tnforoements o.f chloride ions .airovided 

b,!t bubiJl1ng. !!'his ateeey bi-eokdor;n :iri!.repair y;ould produce 

~urvos. In Ho.OH the hydrQxyl ion koeps the :film in per-

i·.onent repair and av the otllar :f'e,ctors - doorea1:Je in metal 

ion cun.ceritraticn otc. - e.i':f'oct the potan.tie.l. 

ln.ttor otatement~ogarding the mechonism of t.ne t3Ge l 

6.1rcct o:xperirnente;.l evic:l.enoa 1.lmt uuch ia the cm.se .. 

tio1etitles tt:;.e typos l end ..:, uJ.' Li.I• .i..;. J:. ourves a.re 

suportmpoeed,, o.nd thn curve -o:f type 2 O)P.Ctrro. 

t~pe 3 in ovdi:fiod tv a still lurger extent by type l 

nml co .;e Get;. cux·ves giving o.n.y variation from ty11e l 



wi·th utre,icht lino ueotiuno, · thr'-USh ty1;1c 2 •:11th a 

de:t'ib1te curvn in the aoctionc:, to ty.}o 3. 

Type 3 .. 

Ovl~C1USlON: 

The mochcr1.itm of' tho ox.ygen ele.ctI't,c.C in undi aturbed 

clootrolyto outlined in this \70rk., wao suggeoted, in the 

.tirot place,. by the results .obtained. 011 hout.ing tho electrodes 

in :t, vacmw.n. The 1.uechania:n i'or the ,phenomenon of iJ. • .r... r. 

r.;etnla eoo.tcd ·;7i th collodion. 

irrec;ulm: renults .found with tho vther oxygen e.'.ie(rt.,:vtlo 
' 

properties c:r the rt metnJ.a, 1 t \7uu.lc1 eee:r.i.., that }i 1n. orc.'ier 

to make nn..r definite statements about tho general c:f:fect 

of hen ting in vucuo or . col lodionising, all t;he previouu 

f':ork l.'JC..,.uld have to be l'epeated using electrodes heated in 

vo.cuo 1 tl.lld. again, :for the case o-:f lJ. • .c..r., with eleotrode:s 

covared•VTith e. collodion coating .. 

has, up to tho ,t?'rOs(n1t.,. not boen posc1blo. Consequently, 

in tho po.per sent. t,.> the .cJ.ectrochemica.1. ;.;,oc iety for 

publ.ication in its traueaetiono, these z·at!mr opeouletive 

attcr;1pte at sugaeeting a mechanism 1'or t.ho observed 

phenomena wore not included. rt 11as consid.ere<l, on 

tho other hand, tbo.t. such an atteg.tpt should find a pl.a.co 

in the preoont thesis. 

ge.tions might prot·1.tabl.y proc.oecl., would include the 

£ o ll\·10 ins: 

( 1) To invooticsa.to v.bothot" the dr:1:f:fusion o:f oxygen 



t;hre:ugh Ith ooeyo the m:ucxe r·uo t law, o.o t,1:; <11:f:fusion 

of o~gi,n throut;h Az a1.1co, on t!lc lino c,f tile ,1t.1rk of 
l~O 

Johnmm c.nd l;,c.ro!,~ • . . , 

(2) i:tmo· :furthc.t" invcatigF .. tion v:f tlliJ behaviour 

of the .et metals as oY..ygen oloctr,Jdos after 1100.t t.roatmont 

in vacuo, or/after a.cry trccrtoo;c:t· designed to -eliminate . . . 

cny posoihle oxide film on the meto.1 surface~ 

(3) Tbe furtllor investigatior, of the ~honomenon of 

r1uttld auppross a 1,0:·tion of t!le ccu1,:,;lox !.: • .:.:~.p., s.nd • thus 

o.llow • the inAfvidu8.l e:ffecta to be otudied alone. 

(4) A~$e,h~ral e.tte,J.p't ·to control or ellmino.te acme 
,,-. ; ~ . .,, 

of t.he various cvmponent effects Ciaking up t.-110 °ovmpromiae 

' ,potentis.1 11 of the oxygen electrode, it1 urJ.er tv study the 

individual effects in groa.ter.clctuil with the remaining 

-·-<., o:ffocts aitho:r. cuntrollect or ol-iminatou~ 

(5) 

eb.o.ngee of' potentinl tcli.ing pl.nee, to decide e:&:aotl.y what 

happ'Jna whon the electrode in fir&t J,)lo.ced in the oloctrolyte. 

-Up ti the ;_1resent ,reectµ:ch. '1orkor~ lln.ve 01.mcentrate.d on 
' , . 

' .. 
oboorving the electrode for long poriodo, svmetimes .a.rnountin~ 

to deys on end . 
~. . 

electrotlea pre-treated in ~o4 gave e. max:ir::mm potential, 

in selected cloctroJy.tss~ r.vithin the first .t·e-:. seoondo., 

which maximum r.ra.s reproducible within a f'ow millivolts. 

The· pot,ontil\1 t.hon f,nows the usual non .. roprodlicible dr 1ft .. 

• The author a suggest tllnt the so.::r,;,c rnnxicutl mtiy oc:our 1.1ith 

ordino.ry·e1cctrodes, but takes plo.ce too rapidl.Y to be 

observed nith ordinary mctllods. In a.ddit:lon to thiG it 

\?ou.l<l be extremely interooting tc i'ollow the beilaviour of 

an elec.tr~'1£H.,tcd in ve.cuo} i1. ... :r:.ediatoJ..y a:ftor it..£i .. ,ersion 
' 

in t.he elect:ro~rte; \1hen the possi'bilit.y oi t;.10 1,receuco 

of un oxide film lo very r~ote. 

I·t ls t).Uitc cet·tn.:f.n that n.; o1n.c.;1o ·theory., proposed 
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U.v tu tho prof;cnt., cw1 GX.Jlain fully the unom&lies of the 

.I'Ot;J.1to, ·,s therctori:::, in the wain, tlle co:mbir:w:tion uf 

1:.r..10 iroviouu hlotor_y o.r ti1e f::lectrodes ru1d the axaot 

.ci.,ndi ticn of' t11v lJOtt.ilic ourface is not amcno.b.le ·to 

r .. ccurutc mcc.zu.rc..Jo.at, nor have the cvnditions undar ubioh 

Consequentl.:f it he.a not 1.>oan 

po,A.,ible to oatU:blish ir, e.1,J .. deto.il tho oonditions under 

':n.1.ich one e:t:'.feot or anvt·her \'I.ill predominate, ult!1ou,gh tho 

general c\.in<li ti ons governing tho d:U:.feront fao·t.ors inf'luencirg 

1-. .t:: • .J:. and tho equilibrium J.)otcntial of tne oxygen cleotrodo 
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