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swtulliced glass electrodes with filoms ofvt, Ir, vd,
ug, Gh, du, g cnd su in various states - vright, black
ot - have beon studied ve oxygen electroedes in the threo
clectrolytee [ Uz, KCL, end ¥auH. = Ihe use of oxygen or
cir clogtrodes for titration purpuses hae been extensively
studied by others, and therefore little attention has been
given tu this uepoet of theee electrodes in this work, which
has been chiefly confined %o the search for a reproaucible
und seeurate vxygen clectrode. |

darticulur note was taken of the effect uf the previous
higtory ot the electrude un the potenticl, but the history
1o not wmenchle to sccurate measurement and uoe very definite
reoulds were obitoined. Ne electrode was found vhich gave
& repruducibie, constent, thermoaynamicdlly reversihlé sotents
iul. L the other hand, the thecretvieal potentisl of the
ozygeﬁ alectrude wus olften e.ceeded, slthough only for very
shurt paribds of time us the potentiel fell rupidly, by
freohly heated il una Ir clectrodes. althuugh not ¢t the
- reversible potential, potentiels were wlso obteinea vhich
vere reproduciovple within approximately 1u mv., o.g.
rd in ECL, us in kewd ond H.8U,.

The electrouss woere heated in vacuo to 4uU°G, in an
etfort to decumpose any ovriae filme »088ibly present on the
met;ilic ouriece. A very acerkee luwering of'tha initial
votentinl was cbgerved due o this treataent in neutral and
a¢id solution, but the treatsent hus little or no eifect in
sgikaline solution - «with g ond B thepe wag very little effeot
in wny clectrolyte. & theury is ueveloped tu expluin these
lattcr>results und the generul hehaviour of cxygen glecirodes
in.un&isturﬁad clectrolyte. it is cunsidered that nu single
theory prosused u, to the L,msénfn*; iz ccpgb;e of fully
exsJuining the uncmulies of the oxygenelgctrodeg but thut a
cuzoination of voveral theceries uay uo se -~ the cruinory

uvxygen potential being o "compromise otential®.



The ..otor sloctrolytic vobtential (i.d.p.), produced
hy reintive motion between elogirode and electrolyts, wag
also studied with thesc cleotrodes, since it eppesre to have
considercble beoring on the constaney end reprouvucibility
of the electrodes. It has been pointed out thut there is
né tngéry at present to &caaunﬁffcr the L.G.v. of £as
elcetrodes as dietinct from metal elecetrode w.t.¥., und thst
even fot metals there eppeurs to be considerable confueion
ag’' te what the HiE.L. really is, and as to how it is Lo bLe
neasured. The i.&.£. of the »t mebels wus found to vary
widely, acmatimes boing positive und somstimes negative.
By covering the electrode with a costing such as collodiun,
which is permeoble to the elecirolyte, the negeative L. L. f.
is renderod positive in all the cases tried. 4 theory isg
‘developed, based un that of hvans, and ..iiller apd Konuepichy,
0 explaein the behaviouwr of these zollodionised electrodes

end the H.E.P. of oxygen electredes in genercl.



IRTRUBOCTION,

Teversibility oFf the irymen h

The irreversibility ur the oxygen electrode is

well known, but the mechenism of this electrode io
still a highly contruversial subject.  Although
several theouries have heen grspcaeﬁ.tb_aecmunﬁ fur
vthe fects as st present known,none io yet'generally
accepted oo true. In practice the resgult of this
irreversibility is the low cxperimentel values, for
excmnle, obteined four the (xy-hydrogen ceil. Tho
Hyﬁragen'élegtrude, of course, giving the theoretical
potential, ﬁh@ low values must be due to the oxygen
cleotrode. The s...r. of this cell, ctlculuted

from the resuls$s of the cleassicel cxperiments of

- liernst and Von a&rtenbergl on the dissoeiation of
steew at high temperatures, is 1.232 -~ 0.00085 {(+%=17%)
volty: lewis and ;anﬁallg give 1:22 volto es the
average volue fur the Op-Hp ocell o caiculatcd fron
the date of ngenstaina, Langmuiré, L@wisﬁ, ﬁroﬁstedﬁ,
Taylor ond Huletﬁyﬁ and Nerzat ond von wsrienberg.
‘Brit%onﬂ has culeulated the value tu be spproximately
1.22 volts from cuhsideratiQns vf tho poteontiol of
the wgfngeU/Nodd cell snd tée disgociation precuurs
of scilver oxide.  The gonerully sceepted theoretical
volue is therefore vuproximately 1.235 volte, and thig
is the wulue uoed fur the pmrpoaeé wf this inveatigatiun;
The published experiment.l vulues fur the Ogp-Hpocell,
however, sro considerebly luwey then this figure,

° gives

varying from 1:15 to 0.9 volts. opielmsrm
o suwuary of the oxperimental velues cbiained for
this cell by worikers up to 1909; end the values

all 1ie within thc ebove 1imité. Ho further advance
nes been mﬂde'aincé then ws rogerds the sttdnment

of the Tlieoretical uxygen potential under ordinary

cunditions.
Cuntinued v egaa



The HeverpiBility of tie ixygen hlechtodo snd its

use as an Indicstor slectrode in slectromeiric

Pitrations:

Haher unﬁ‘ﬁleiackmaanlg, dnber &nﬁvﬁosterilg
and H&berlk have used the oxygen elsctrude at high
teﬁperaturas in fuped g1339, porcelain, HaOH and
KON as olecetrolyvtes, und they found that, st temne
peraturcu between 400 und 10009C, the electrode
gavé values ié eceordance with thermedynamical
thoory. 5adr13 used an oxygen oclectrude in a
molten cutcehtic ol HaOu snd o0 wnd Juur and
Brannert? in carbonate melis at SGC-6G09%C. It
sa&ms tist ot temperatures above 49690 the oxygen
clectrode i reverasible.

Oxygon clectrodes cenuut be culpletely irre-
vergible even under orainary conditions,  Hovever,
since ﬁhcy nave been extensgively wnd succeaérully
used as indicater clectrodes in electrometic tite
rations, where the use of hydrogen electrodes has
to be aveided for various reasous. Being readily
sensitive tu chenges of pH, they wust nave a certain
Gegree of reversibility at wny rate. Furment® hes
used oxygen electrodes ror determining totel
acidity ur'alkalinity in the proecnce of chrouwate
and &icnromnto by means of electrusetric titfﬁtiona.
He iater extended the work to oir alecirodeslﬁ,
using oxidising and non oxidising sclutivns, end
found thew quite satisfoctery. although the tit-
ration curves nre nut reproducible thioughout their
viwle course, tho brewk at the end point is cuite
definite snd wlvuyo occurs at the sawe point in the
titration, thus furniching an cccurate wmethod of
aetermining ccidity in colutions , whiere the usge of
Hydrogen olecotrodes is unprécnicable_ artnur wnd

Keeleri? used «i. gir eleotrude fov crutrulliing the
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alkalinity of bsiler‘xwea'watar iadustriaelly.

@iliey and sulotoni® used the air electrode 1o
follew the removsl of ferric iron mnd alumiﬁ& from |
cupper sulphatc aclutions by precip&tatien'with
1im@5£nne, and ¢ few ¢ther. gimilar hydrolytic
réacuiénaw Van der eulen snd aiicexan19 used a
polioned piatinum wire &s indicotor electrods in
titrating NoOH with stendard acid. They stirred the
solution mechanically and used no hyﬂrggen gus, but
found a sharp break st the end peint. Under these
sonGitions they were ab#ioualg using an ¢ir electrode,
as the eleectvulytevwsould be in an air saturated condi-
tion. They'attribu%e the .otential, huwever, to
seloctive adsorption of ions. ﬁritton,ag’al’za’
of il the workers in this field, han curried ocut
4robably tho noest exhaustive iavestigations on oxygen
clactrodes; oo ind&aatur electrodes in electronmedric
titrations. ile followed the precipitation of
Hg {ic), 04, ¥b, Ag, Cu {ic), V (ic), cnd Fe {ic)
ions with Licuil and investigated the Titration of
various acids with habﬁ. ‘these exgeriﬁentg included
titratianslaf chromic acld unu orgonic di-basic acids.
A8 o reoult cf-tﬁia work he found that, anlthough twe
eloctrodes nevér give coincident curves, the wxygcn 
electreﬁé iz quite satiéfactary a2 an indicator of
repid changes in hydrogen lon concentration. Furnan
(loec. cit)eolivrated his electrodes on an eapirical
pi acdle, end Britton later iuproved the wmethod to

obtein greseter sccurscey throughout the titrations.

125 nﬁé

~wwntillien ond Cosse » and drewer and ..ontillo
have useu uxygen and air electrodecs to determine tie
pE of plobing haﬁha‘BEueuially whare hyurogen
vlecttodes ere inapylicable, o.g. ki und Cu. plating ‘
solutions. {xidi wnd aé being loaer tn&nAhgdrégen in

the clectroootive series cnu tucrefore likely to plate



cut on thc~elcétroden) Calibrating their elecirodes
by meeng of buffer solutions, they claim to have doter-
mined the ascidity with en aceuracy of .1 pH.
ropuff end Lcﬁenryas‘gé ased nir olectrodss in straight
scid~baes titrations, also in estimating acidity"
in presence «f KEnO4 , phcnel, varnish end cresol
{hydrogen electrodes rzaduce the last threo substances}
and in the quantiﬁative esbimation «f alkaeleids,
vhere they slaié & greator accuracy than f£or any
cther wothod. Elder®? giscussed the titration of
ferric iron with NaGH using on sir electrode, snd -
ptates that the apporent end point may be &ppraxim&tél&
;0 froﬁvtne true end point, and that no direot | '
detorminations of pH con be made by air electreodeo in
such & solution. The veriation of the end point ho
attiibutes t. the fact that'the platinum clectrode is
meaﬁuring principslly an oxidation -~ reduction
potential, the txygon potential being suppressed.
Butier analﬁrmstrunggs usod bright platinun clectrodes,
polarised snotically for a short time, und then,
momenterily, ecothodieally in ordinscy acid-base
titrations, end oloived te heve cchicved a greater
ﬁegrée of reproducibility than in the casc of
crdinary oxygen clectrodes.

iillerd and Femwick®?, Boylis®0, Perker3l,
xanienﬁerg and ce~wcrker832/34, Britton and D@d&ss,

and o Olfés

s Who gives further refercnces to bi-metallic
titrations, havg nsed setala vthor than piatinum e.g.
wungsten t? fellcow titrations, or tu test pﬁ>and
Yound thcquﬁite satisfactory. The explenation of
why these electrodes function &s pH indicators is, in
all probability, thet they too ere acting in part ot

’any)faté as reverslblefaﬁygén‘eleéﬁrndesJ or uetele
metaliia oxide electrodes which are, in effect, oxygen
elegtrbdes, where theo preaadrc of uxynen is determined
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by the tandenecy of the oxide to dissociate into
Qezﬁl angexygen. The well known antimuny cxide
electrode would alse come under this categoery.

411 this evidence points guite cunclusively to
the toact thet, tv scwe edent, the vxygen or air
clectrode is revergible, even wnder ordinary cone
didionsz. un thootber hand the electrods isg to a
very iarge extont irveversible, ag is shown by the
fsct that‘reyraﬂucibla and constans potentisle are
net given evon by the ssme el :etrode under, es far
na pussible, identical cunditions. To exgiaiﬂ
this irrevorsibility end the moany snonplies found

when using these electrodes, various theorics for the .

wechanism of the elecirods have been proposed.

In the eorly yesrs of this century there existed
in the mein two thearice, and to-duy these remein
casentiuvlly the seme. Glaserc’, wilsacredd,
,ﬁﬁaeasfé;;and Brisieﬁégﬁ observed that on axidising
substonce was gresent in the aiaetﬁclgﬁa around the
clectrode aftor prolonged use.  This oxididng sube
stance wau duppoead bu be Hple.  Le ﬁhey found that
addition of HpOp luwersd the putential of the electrode,
the taeury wea advanced that the potentiel nctually
 being muaswred voe that of the free énergy‘of fore
metion of Hé&a. Thup the low @xperim;ntal vajues
of the Up-lp @ell were edédounted for. Hosce sssumed
twe wmedificetions ur isomers of HpOs, the une, o
higher peroxide which wonld account for suse of the
high experimentsl walues ¢biained, and thu vther o
1cwer madificéxiOﬁ.whish wea the product of the de~
compegition of tné high perozide. This ﬁecempoaiﬁian_
wag suoposed to pruequce the drup in potentisl cbserved

by Huse afier snodic pulervisstion of the electrode.



Bérnéménnés,'huwov@r, although finding suvme ovidence
for the yroﬁuctién of Hﬁﬁg, wag doubtful as.to whether
or ne this substence was ac%ually'férmed‘ Both
- _Hober*®and iewis®d supgested thet the primary ro-
aation in the (2-Hz cell wes the formation of 3202.
Thia view hqa bécn strongly supportod hylﬁancroft
and Morphy*®, in recent yesrs, wh§ atate, in o pepor
on "Oxidation end Reduction with Hz0u", that, thuugh
it iz not yet aecepﬁeé, it is unquestionably the
correct exﬁl&ﬁaﬁion. |

The pecond, bxide_ theory was investigated and
napported principally by Lorenz aend his ac~workersézgﬁl,
fividence for ghe"QXist&ﬁce.cf ogides on platinum haa
previously peén'brought forviard by lLond, lizmsay and
Shielﬁsﬁz’ss frcb;cmnsidafatians of the heat evolved
by abssrption of oxygen by pla£inﬁm black, by ﬁoenlerﬁé
~ who obtained ovidence of the existence of PO on |
heaﬁing 93'&n oxygen et 280°C for prolongod pmriddeg

e . 55
and by Lutlier and Srislee

who foun& platinum passive
under cartain ceniiltions, and attributed tnis paasivity
to the présence of an oxide film.

Lorenz ond hio co-workers based their thoory
mainly ond |

{a} The "resting pointg” £ount during the fall
of the potential caused bylthe discharge or‘anadi¢akly‘
polerized bright Pt el&étrcdcs; and

{v) .Tha fact that when the pot. of various
oxides or hydrated cxzides of Pt were peasured, they
Qwere fourd -to agree very c;uaely'withAtﬁe reported
pﬁt@ﬂ£1&iﬁ of £t surraunﬁad by nygen, both meaoured
“agoingt dho hydrogeu elecirode. Their explenation
was th&ﬁ“the’f&li of potentisl oceowrred we the -
higher oxides decomposed inﬁa~tha lower vnes - the
“resting joints” being tpe cingle potentisis of the

ditferent oxides. They convliude frouw their resultg
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thct the higher the oxide end the nigher the degreo
of hydration, the higher will the single putentisl

becone. Thug the puteaticl of the oxygen clectrods

is roelly the ¢nblm gsotential ot oxides of »t and
“the meny aiitcriﬁr volucs obtained are due to different

vkides in diffcerent degrees of hydration. They were

nut able toe find sn oxide, hewever, with a high enough
single potentiol to acevunt rer the values of over
gne volt which wore oftan roported for the (8-hy

. ey
aell, e.g. wralc e L.07 volts, Glaaer“Vl.OB volts,

57 39/41
Grotcgiﬁodvl.cﬁ velte, ailamuraaﬁl.lk VUltJ, dose (.“1.15

=

, : L8 L : 59 -
‘volts, Czepingki 1l.ls volits, sesthaver” 1.1 vilts.

& BULLETY of Lorenz'e conclusions uo tou thio
point is given Dy agknmanns. later Grube’o reperted
the prcparstisﬁ of an uvxide, POz, giving a single
potenticl of 1.5 velts.  This putential falle very
rmpialg with tnb evelution of oxygen, &g the oxide

ueeumpuee e exupliaine the dbgF&SdLﬂ@ uctxon

of ﬂ@&w oL ﬁhe sutontial as being due tu the Ho0,

d¢ischarging the 2t03 snd Pt0s elect :rodes.  lnber,
Ficischniunn tnd Fosterloil“ fuund that ths oxygen
electrode ves thermodynamically reversible at high
tewgerotures, and Eaberlz in the final papey, appoars
tu‘faVuur the uxidation of tihe L by HoOp as &n ¢x-
glanation of the irrpoversibility of the oxygen
¢lectrode. Frérntarﬁl, vorking on the rt end

ir eclectirudes, explaincd his result ou ivrenzie
oxidic the&ry. He postulated thet hhe Ir oxides
vere leso stable than rt cxideo, thus explsining
tho Jore rogid Tall of poetential with Ir sncdes.

He affirms thet the cuncentration of H-us in tne
¢lectrolyte mikhxIEx détermineﬁ the ceﬁcentratian

of the oxides, and tvergf0¢c the petential of the
electrede. |

3%
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cells up Lo 1900, and decides fur the Hu02 tbeonyés’él.

n 0 ’
schoch®® in e report of progress concerning worlk on
the oxygon 21ectrode up to 1910 gums up, for the
cxi&m~tﬁnory: vhich theory certeinly had the grcateat

weight of experimental evidence behind 1it.

en flectrode:

‘.}"

loter Inveptipstions conductod gn the,

Fron 193&-tharé wes a gap, with tne’exceytien 3% A
the vork of Giube nnd Du1363 whu faveured the exidﬁ o
theory, ond nu direct work appears to have been fone
on thq,thcsrezieﬂl Gﬁ&gen/élactrade untilthe cerly
twentiez; _TheaeAlat@r viorkers, sterting with ?urmanlgg
were generally more cencerned with meking uss of the ‘
cleetrods s o praoctical inatrﬁmaﬁt in electrometric
titrations, than with the theoretical reasseng for
it's irreversibility. Luvet of then seem to have
pgresd with Schoeh's surming up®® end acéeg%ed the
uxide theory as it steod. Thué’?urman?ﬁ’l& proaumés‘
}ﬁh@ irrveruoibility to be de to uxide formation.
. Britton, with the evidence of his extensive work on
eleétraﬁetrié titraﬁiong with e uxygen electrgdezﬁ’zgzp
a&tributaa-the irreversibility t¢ Tthe tondency ol hhe
ges to cowmbine with the gt‘ta form a seriec of cxiaes
or perhaps of 80lid 'ulutiﬂnsﬁé". | Se aiso rocogiiies
the tack, hcwever, that, to a large e&tent the electrode
in revargible, the oxyg@n ions beimg'in equililbrum
with the hydroxyl ibné thuga: R

| 0"+ Hgo = 2@’

Goard and ﬁiﬁealss discuss the evidence fur the axide
theory very thoroughly, snd ccnaiﬁﬁr’it highliy
gsrgbﬁ‘i:},e. tmm the anomalies sf the oxygen elactrode
are due to. aolla soluticns of oxides in the aurface
of tho electroae An electrode, pre-treated inm
Kkaudtu moﬁtrol ke ﬁxygea eonteﬁt w@a found to
| give s ;choﬁucible noximun pétenﬁl&l in reducing
;slutians such as iucosa, Tole wras explained on

the bosis of axiées in gelia solution in the surfacs



of the Pt. -

Tormann end ﬁugg@ﬁa, eg & result of experimonis
on the cifcet of pioasure on thus vEygen elactredé;‘
decide@ thet it wus not reversible belew 100°C, end
thét the potential could be explained sétisfaato?ily
on the basis uf forens's oxide theor . @hﬁy'saggestﬁ
thot it io probable that 2 reversible oxygan electrods
could be attained st high teapersture at which the
oxides are decomposed. Von ﬁ&ray‘ﬁz&bcE? uacd &
diffusion oxygen electrode similar tc the diffusion
hydrogen elegtrodec of Knabalsa and &chmidﬁg, which

_cunsisted of hellow carbon rods plated wit? 9&, gap.
being led down the centre of the rod and allowed to
ditf&ss‘thrcugh the motal. He oxplsined hig reﬂultsi‘
cn the uﬁ&alAa}ectrsmanively aetive Pprigfroxya?
theory. '-niﬁhards?ﬁ found oxmygoen clectrodes fairly
steady in ouviutions of borataa oxr phosphateuy and
sovocated an uxide tiaecry in combination with the
oxygen iocn theory, i.e. the theoretical oxygen
cloctrode | Koot of the early workers considered the
putentisl to be purely ozidic. ﬁcar?l uses ﬁhc oxide
thagry in a camp&eta;v ﬁiifﬁrent anner. He asscrts

" thot the layer of axide,,as_aucn‘ wxll not affect |

the putential or the eiectroée but agplie&~the elac«
trochemicel thoory of currueion, as supported by
ivens’ =/ 7% ang others, to the case of the oiygen
electrode.

&

Sune 1&tcrﬂw“rkers, RQWavsr, have,aup@drteﬁ tha
e s o
Hzoz theory.  Tilloy o g&lf‘aton ; Leceuos” the oxygen
eliestrude is egensitive Jath £ oxidising tgento and
to the hydrogen. ion concentration, cocue to the con-

clusion thut the electrude io & aumbinatidn of the

L EEEE Hp0p clectrode und the thecretiwal oxygcﬁ cleo-
trode. <3 o result ol the atcaﬁy potentiel give by

the oRygen electruﬁe, Lher: ﬁxygen setuirated cleétrolyte



flowod past ithe electrede at a unifovrm rate, Tortar
and uelzmaﬁ?ﬁ auopurtéd the Houp ﬁheury in preference
zs the i oxilde tiweory, They rajécted the éxiﬁe
theory bscouse VIt does not seen probeble thet a slight
decreas& ia the rate of flow of the liyuid psst the
oleotrode should pormit the cxidation of the rt with
the poessible formation of a higher oxide. Havefth@lﬁéﬂ,
‘o shifting of the potential aws, from zere usually
acconponied s decrescss in the rate of flow of tlhe
selution®. The concentration of ﬁ;U& ebout the clsct-
rede would, of ﬂaurae, ba intluenced ay the rate of
“flow,_thmq aeifecting the potential. Iartar and |

4
wellman found, howcver as the enriicst workers aa& 71*2

that the addition of Hz0, tc the electrulyte lwwered

she putentlel of the olectrude. Gansaggéntly~§hsy |

state "It is noﬁ’easily unéerstcod, however, why an

increasc in the rata’of flcw’of the elcctrolyte pagt

the electyrode ghould shift the potentisl in the seme

direction cs is caused by adding Héég to the electrodyte”.
L&tsr; a8 4 result of fthe worsn c% Tartar and nalkﬁr?ﬁ'

this ol theory was &bau&angd’in favour . the selective

adeorption of lone from the .soluticn by tho Pi.  This

zthebrj‘was proposadvby ?an der Leulen and wilcaxunlg,

but TarﬁarA&na dalker wefe the first to develope 1%

.ﬁully'aﬁé to epply it to the oxysen electrode. Tho-

offect o oxygen on the clechrode poteﬂtiél veg cxylalned

ag due to the medification brought abuut by adsorded

oxygen moléculea on the preferential adesorpgtion of the

lons by‘iha metul electrode. Further details of Hoar'g?l

theary and thot of Terter end walker ere givca later.

| - Prenci and ﬁakicnberg ?, end Erueger and Ranlaﬁberg?a

tried thﬂ eiiect uf variour gewves, including H,U,R, ie

and 4, un tho vatantial of meny wmetols 1hcluding ft

ir, au, a5, apd rd &n scid, slkeline end neutral

electrolyte. They give noe tugory to explein their



wllw
reculte, bui aifirm that there is no such thing ae
i3 gué electruie; the podentiel &epends‘on the geas,
the métgl tnd the aiectralyte - they are pas-metel
clectrodes. The final pubeatiel depends pertly, on
the eburbing poworer the particular motal for the '

| particuler ges, and partly on a gas film condensed
on the electrods, the instability of the F£ild §fevi&isg
the couce of thewdl Known iluctustion of the pwtenti&i'
of oo éa& clectrodes. An oxidic theory would cor=
tainiy agree thal the potentinl depended on the wcial

' from which the oxide was derived and 8lso on the gﬁa,

' éravi&ing it has an effect on the stobility of the
éxide* 1t ip difficult to understund, however, how
a'éimpietuxidic theory could explain the iomediate

-éhaﬁge ﬁf p&téﬁti&l vbserved by the suthurs on tapping
or jerring the electrode.

meoreducible snd Constont Oxygen fotentiols:
' Throughout all theee ilwostigations a reproducible

yetcntigl o obtelned ouly in & fow cases under very
special conditions with & limited wpplication. Goard
and xideglss found a roproducible Qotenticl but only
in ersenite. glucvse or similer gelutions, and nfter
the electrode hed been pre~trestod in KinG,.
Eishaéde?c cbtained rosults repreducible tu within
one millivelt, but cnly in borate solutions cnd with
"onooascned "electrodes, i.e. elcotrodes waich had been
alteructély nmade snode snd cathede several times and
then left to ocguire g steedy pbtanti&l'in the gloct-
V rs:;ly!;aﬁ.; | ' | '
i} seems to be slignﬁly gagier to obtain a
a?nsﬁa&t gategti&l with wn electrode even ﬁﬁnugh
| this potential may noﬁ,be“reprsauciblef Thus
Tortaer énd uellman?s steadied the putential Ly koopéng

the electrelyte flowing at o unifurm rate past the



electrode ond Yartar aud n&lkcr?a by stabilising

the ejectrulyte rﬁuﬁ& the clectrude with Siiisbn'
- powder or sger jelly. with the excegtion of a
few isoletod experiments on ag, ..u, 24 and Ir,ﬁg,sg,az,?a
the only netel wsed by the large majurity of workers
"hﬁs'bees Et; Consegquently, in the 9resegt‘inVGQtiu
g&tion; it ﬁss decided to undertaga a.mcré cuuprehen~
eive survey of the £t metelc than had yel been attenpicd
in the hope that tialse might either lead to the dise
»cavery of a roversible, or at least ¢ reproducible,
oxygen clectrode, or else provide datﬁ,%bwarﬁs aolving
- the pioblem of the machaniag of this clectorde. Such
‘a repriducible electrode, evon if not giving the
tnéﬁretigal putential, would provide a wery useful:
1astruﬁent fér direct deterainstion of pH in the
cascs where the hydrogen clectrods is inapglicablc,ls{gg.

The two wain sources of err&r in the direct deter-
mination of pH are:

{a)" “Poténtial Drifs", which invalveqﬁphaﬁga
of 0inugls potentisl with tize, ond ‘ |

{b) "Ioter Hlectrolytic Potential® (@.¢.£.5;‘
which involves éhangm vf sinzle potentiel with i&la#ig&
Gution hetween electrode end electrolvie. It wasg

neceesary therefors to study both of these factora $ith
all the eleotrodes.

| Apoin there is nu generally accepted theory to
eccount for either cf these phehvmana,‘althaugn‘
soveral hove been proposed. The tﬁeuries proposed
"to gecound firthe irreversibility of the oxygen
electroda in moot ceses cover the ghcnuménén cf
‘gotentié;_ﬁrift a8 well. For examuls, necording

“to- the oxide theory, theiyctential arift 1s due tu'

the slow formation end decumgositicn ¢f different

oxidee, and occording to the adsorptivn thecry it in.
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due to the slow odjustuent oI the cuter edge ot the ,
iﬁni“ Lt&bdjhﬁre purrounding the elsetrode.

NG ares. of Uxiien Mle@traﬁea.

, o 75f%0
The shenoaentn 0l . .ir. hﬂs,uzth a fewu exceptiens ?
been left entirely alone by investigators wurking on
the tuevreticul oxygen elecirode. uf these exceptions

5 96 .
Farter and wellman  and Tortar and welker = Lave not

made o atedy of s.u.d., bub just offer teuntutive
eaplenstions bused o their respective theorica of
thic czygen ﬁleétrode,as to whglrelative‘movemont of
electrode cnd oleotrulyte should affect the potential.
"French und Kahleﬁbﬁfg , and ?leuuav and Lﬁhlanberg?a
have dhﬂﬁ sute cxperimental work on the .i.z.s. of
VEYECR chcurudes, and attribute it to the destructién
of a cundonsed gas Filo uounlly preseat on the cleotrode.
Tthey say this sffect ma§7be brought into play mcreié
by = pates of dirt on the electrode. Tiio invegtiga-
tion is brcaking almost #ﬁkncwn ground therefore; in |
tackling thephenomencn of UZyger ©lectrode i..i.s.
Ihe éubgact,af motal electrode o.s.v., howlver, he
boen invostigated by a nusber of werkers, end o short
regune of thelr theories will be given hsre. The
prerimgﬁtal resultc cbtained Quring this investiga--
tion, however, seem tu show that oxygen slcctrode
L.u,f.'ia e phencmenon distinct, in mapy weys, from
metel electrode L.k.p., and pcssiblg cven froa hydrogen
electrode L,Q;r., ags suggested by Newbery and Smithgg.
Bilii%zprga noticed the change in potential
~caused by msvement ol tae @lznﬁ“olyte ‘round o Lg
, electroae} in studying elcatr;cﬂplxlary phononens.
Bioncnwnpl’ﬁz fuund that if two Cu Jlateg in %aﬁar
are cousacted through & sensitive golvanometer and
the L..W. allowed to beeemc cunutant, on tupping |

the one glisgte the golvanonoter shows o marked deflectian.
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Hs‘attrihat&a;tnis to ﬁﬁe té;gaa glata‘lcsing cuoper
fung sere ruplulg then thoovher. Hewbory  observed
the ¢ ﬁgs@ ot ainvlh potential witi relative mution ’
hstwe&n elecura&e &ud clectyolyte with eleetroﬁeé m£
¥e, }1,.00, Cu wnd Zn during OVéFVGlt&Qb investzgat;cns.
Preﬂuﬁiu3$/8 , huwever, wec the i;rst_ts undertoke .
a ﬂetmil&@ study of the phenoccenon of metui.elcctrnée“
ameia B, Gnd ﬁe cventuaily propooed a theory depeﬁéing
veh the dieturbence cof en ionic éencentration graaznnt
postulateld to exist in the uxfiuse portion of the -
Helmholts electrical doudble layer.  Thushe identifioed
hig results with the well kaown electrukinetic poten-
tialég &né attemnted te correlate his valaes of L.E.P.
with,ﬁﬁrtgp'sgg elsctrokinetic measurenentes, but not
with camgi;te suceess. iis thoury bas. hewever,_ |
reccived support from cther werkeréf Thus Benﬁewitz
and Scnulﬁm 89, @ Henpewits and ﬁlgalﬂcgg explain
thelr results, obtaﬁneﬁ by agraping vns of two silver
electrodes in Aghav with & mowvable diame nd 90¢nt, an
due tt¢ the disturbence 01 ?hs double Yaycs: ot éﬁsorbcﬂ
icns'aﬁvﬁhe netal 1i§uiﬁ ih%érf&de. Cﬁaru&néarjﬁ&’

91,92

and serwuschin®" attribuve thelr results Lo the

seme fectors as gi#@ rice tu olectrokinetis: poﬁentialq;j'
.. 83 4
Ghewrpghiu u, and Pink und linlorag all find thoir x&sulta

to be oxslhin vbie on the b&SIG of rrecopiute theory.
anvther widely supported thecry is that of

ngifferentisl aerction® coused by metion. This wae

78/ 74,95

firest proposed by Evanv aau he has been

"

supported by Jliller and hgnspicky ,and from &

. ' . . 97
glightly diffarent stopdoeint by RXoenig . Very
. ‘ 98 ‘
recently hesper h..s producced ovidence in fovour of

dller and Kopopicky's idew of the mechanien of w.z.P.
4s opposed to the 2lectookinetic $heory.

, 75 S
20y cpd Le1lenfl o gttomsted wn ewslanciion



aged on e np0; theory ox iho owygen wlectrode
Gub Pomnd it incomy . tible sith tneir own experlug. tal
~eoenlts. nrtar no Jnlgcr?agaq their proferentisl
Aserpbion bhicory to oXploda .oaesd. in socy ouch
T Llul vay Ly arccegiu uccd the lelwholiz woeuvle
lapyor oo oxledin aiy osulbe. Lo ouly spoursnt
uirierenco 18 talt fﬁrtuy Ot owalkosts theory Jllows
Yoo ne Geounde luyer v:r oL . inst tho vicve:ode
seiore uxriging ;: viig didfuse couponuent of oo

dudbiodits uoaole layer; Jloo ferbter wne oileer

vosreatl,

e

Juctulat: o conccutr Blun geowient sxtending
gouaidermblg further into the qolutian shan uhc giffuce
guﬁgbnent oi the wouble 1., 04 io usually susposed to
oxtend. |
' 1w '

whiittun wad dunt huve wuplied their recvendly
;)1’09(.}6051 bhevey of tlectreasativo f{;rssgg to the
y;‘gnlem oL M;.;,..L.}u;',u# vhey tazcw i, 2leciroginoetic
subantiel. ey proegose oot zoy be tocwed o Lodified
duuole 1ayer; in witich taec coiutiun siuve conuistgof
charged o1l idel porticlics Qf the 2etal in the
wetal-liguid interfeoce. wupid rotativn of the
eletrode foccoo the celloivel metul urticles further
wut inﬁ@.th& aslution , where, in sracr to couoan
LJLuble, Shey ev2 to oh u_z thelr ch.rpe, cither by
pocepting cleceronc from the w.otel ur by wdsorbing
c.ons from the oolution, or possibly by yiving electruns
to the retel or to lons in the zolutilon. This
exchenie of clectrons chongre .vhe poteonticl.

souvery wnd uﬁithfﬁ in the 1li_h% ol <xionsive
uo&g gune recectly on -tul Qlaztrcde ceewiek e, Nave put
fcrﬁura ci oxid-tiun-r_custion vacery, but dvund it

cedite indounto bo oxpluin voiyoon 2lectrode s

[ N > l..a..aii :{.‘JLL

The metels umed vere 14, #4, s, ah, ku, Ic,

SO uBG L In G olaour Qe disrerent Torage bright
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wotel, oxldised webul, electrulyticelly depusited
{bilzek) .otl cra tiaig blach woetil hewted tu give
"groyed” alectrodes. L1l the differeat foims of
mutal were used, as tuers is o decided differcnce of
oninion emong workers sg tu wiich is the form most

70 advised

satisfactory, For exemgple, Hicherds
heevily platiniscd elecotrodes for the best results
wheress Tartar und uellﬁﬁﬂVb spply only'aﬁfiicienﬁ
black o take the glink off the b cnd hold thot
bright 2t gives the vetter resulﬁa.

. 67469, 101 ‘ )

Sipnce it has been shown © vhat gos clect-
rodes atbain cquilibrium more repidiy vhen the metallic
base is in Lhe fure of & thin film depositeu on glaso,
or on a hollowv carbon rod, wwat of tne eiccirodes
nere described weras pleted i glass, thougha few
experiments were tried with metul shecielectrodes.
These nmetaliiged gluss vlectrodes were used in the
early yuars of tuis century by udttrellloa, Luther

85 42 L ,
and Skislee™, srislee negthaver wsnd Habor snd
Eleisbhmaﬁnlg. Their upe Lis reéently becn extendod
By Hewberlel, | a5 & very cheap aud durgble form ££
meﬁallic bése for the hydrogen electiode.

The glaso tubes to be motalliced were -5 mm.l
external, diameter, i2-14 cn. in length}anﬁ sealed \
off at the dﬁe end. The sealed cnua wus coated with |
pmetel for 20-30 wa.,.the thickness of the metallic
filn being of tie order of 10“4 mm. , &5 determined
by a weighing method. | It 611 ceses the wetals were
glated'eniélass by digping the glugs tube ihto‘alcoholig salt
solutions of the metals, and bufning vif in u bunsenflama.
vontact with mercury inside the tuba w..o made with
a short éﬁfwirej‘whieh,ha&'been gealed through the
end of the tube to bo .lated. The whole procedure

‘ 101 '
has been described in detail by devibery Dhe
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solution ueed for pluting silver on gless vas
vne of avmonio silver oxide in alcuhal}@Teparéd
ey followe. HSilver wes pre&ipitaxedi§%om LB
with NeQH . The gfeci§1téte,was vwaghed, discolved
in es little ommonia {§9§J§r. .82} &s podsible ah§~
the solution dilmteé with slcohol. The electirodos
were msﬁa'ﬁt uhae3 and the exeeas-solubian was wall
diluted with ﬁaxer, and thrgwn down the sink, since
“the aommonioc silver oxide, when dry gesssésas
exglcs;ve prépﬁrties. ’
The fellowing arc the‘&etéila o§ the ﬁeigh;ng",
" method uscd in eotimuting the thickness of bhe
metallie filmg. The only epsumwtion nade ié tﬁat
- the densities of the films are the guwe sz th§ﬂa
of the respective massive uectals. '

Small sample tubes & cms. iang were peuied
up 6t onc end wa in making the uvrdinary etectrodes,
but ﬁﬁ‘rﬁ wire was sealed through. The tubes were
then cleencd in hot KauB, washed with haU end
alcohel, dried and weighed.  They were then heeted
and cotled several times end finally re-ﬁgghe&.
~ The heéting'narﬁly e¥fected the.r weights'&t all.
The metullic £ilm wes deposited us usuul and the
fubes welzhed sgain.  @he weight i tke metullic
cods was dotermined, hence their volume snd, on
estivating the sres of the ﬁarfaée, the averugo
thickness of the film was calculatod. Tkis methad,
of course, oniy gives the severage tulekncss siuce
the Tilh is lilely to be thicker round the ond of
the tnbe, olthough repid rutation uuring burning
ot miéimiéeatﬁhis to a large Gxtent.
{see Table 1.)M | -

The omidised eclectrods: wers uude, whéra

' soosible, by hecting the bright metal to reduness

s



TJ\BLE " 1.

lietal - it. of glascl/t, tube +t. netel Dcnsitgeof ‘Vol. of | area of Av;.thicknesm
1 #ube; ' ;igg?al ..filmf metalf filnf_. surface. of £iln.,
st. 1. 224} grc. 1. 226k [yt =i .C020 Qms. 21.45 £rs. /| LO00093 c.cl 2..6'.79 | 3 19_"‘5 ems.,
ir. Lassh + |Las o | w0020 o | 222 v | .ocoous v | 232 | 2 1075
id, 02,2300 © [1.1336 v | L0036 v | 1n.6n ¢ | 00031 o | 3._:1&“,’ ol 1 104w
Rh. 1.1145 v [1.11k7 " L0002 v | 1z,2 ¢ 000016 * | 2,18 - 8 106 ~©
" pu, 1.0771 » [1.0782 " ,0011 12,32 " | .000082 " (| 2.61 o 3 1672 ¢
ru. 1.0786 o [1.0833 * | .oob7 * | 19,3 * | .o0024 | 290 *| 8 1075 @

Valucs obtoined fron tiellor’s "Inorgenic & Theoretical Ghémistry" vols. 1ii and v,
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This motel wio esd in toe origud, blsck anu groy

-

| I
-
o
iy
L8

Tornms. Lo visivle oxidution vouk plu Gariuﬁ-uée cr oon
nesbing Ly roa:esu'in'ﬁnu~auﬁuen Flame vnu ¢ooling in air.
wloetrodes coeulig usuully be deeu lwweuictely ofter

glecirolyvic deposition of hl&ch petul without any untonard
erxécﬁs due Lo any hydeogen hash wight have ocon peeluded
during b proceus ol depooition. o -
in L%?fié;- :' f

Undigtwrbed sleccirolyte: The putentinl arifi of bright

¥%. elvciroues in 5ulphuric poid is very irroguiur both in
mugnieudo ond direction. However, the dlectrodes ususlly
settle wo.n afﬁer 20 win. to give e fuir consiuncy of

ApProxX. £ mv. ieproaucibiilty io puor &t 60 m“:'A.constancy
"afvﬁ nv. wurks ;ut aé a putentiaul wurift of iz wv. per hour
whfén_io Bpa0X. vilab Lurmanlsruyu:hed Tov plebinuw in ceia™ ™
solution (5-10 v, per hﬁur). Ooytinuaua bubbliig Lor the
fulilsu mine; zives w very simiiur curve 0 thet given in a
gpturated é@lutian. in thé caéa of wluck rb, the drift ds -
noarly aluiys in o sere nubie divection, and the conéiuncy

ig wbout bthe ouit ef Lo wrigut £t.  hLeproduclevility,hovwever,

2

; congiucracly Lebter (1V av.). Grey vi. on the obthor hand

s

L
3

¥

ié very iyregular poth in_reggrd Lo'ihé mognituds and the
direction oi potential drift, nein;éqcnsidermbly worue then
bright ¢t. in these rusgeats.- Th@ﬁrdﬁroﬁucibility, tou, ig
poor wi lub LIV . Usually the groy clecuyvouts £r¢ SpuloX,.
7V mv. lecs nople then Llack g£t. A bluck £t. electrode
wested iﬁ_vaeuq sEVC Qn initiol potentind BPPLUK. 1ou gﬁe
luwar'zhangord;n&ry Qlutinum blguk, i.a. 61 hhc Lumne ocder
as che iniiial pctentiLlrof gre} pletinum. In sll coses tha
gfaghs ot electrodes Ligeted in vecuo ore lebelled d. in V.

¥
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e
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ton alnubes wi 2uea ot oL soouingu.

Lae Ii&d&#b Lide b dulecn da wade ot woedodlun conslist
of uli..ALlL.& va LEtpha, safiiviuny bu whue but genuied
uchuvigar of vtuh ecticadnr clocirouw - ovely expecinent
ie nub noeoLoulily PUSUEGy b wil ortolli.  USdoliy ub
leoot fove Gdliuecnd al:uanqu wd SLOL Loas Q£ astel,
vat.ll, briuh£; vilelioed, na LEey, wiew wiod b leest
tr.ice in e.i ;l,by;ux 2, vobu wil.obtieustd caus undissureod.

e ne setelotasce for Liec rephu o o svlicio.
che pueerclic cre <inlly A mewns of iwsnclii,ing which

. elec/roare :

poriiculer,iv svln, wwed.  wihe 1obt .o roudr to the hictory
of tic olechrede. Yic lettus ou  refire So un clectrode,
uheel hu i awechly hectod wha coovlod, or 9ianea, arnd
eigG inaedic tcﬁg. PRt celes. LooLn ulact:@uo; vhich hag
boen kcyt wider aivbiiicd .obor Lo Lol OXiunbely 24 hours
Libie Tirod uwe. "o sofoiC Lo wa cicolbouuo, which haog
veon Kupb ia is tor Caprundoatel, 24 how'd i by uwre. AT
r&f@cz to .o Ccleetouas, vitlen ..o 220 20U 11 Laygen Tor
Lorot Ondac ooly 4 Duwre b usTe iho ty.e oi nutoy suctace
1L éd q_iahic;te& Lo Fulaonoi -
G. = Gooy nobel, or, in th; CaLGu of Lu i hgﬁAtﬁe H Torm.
Bra= Lol bt wetld. | |
WX, e ‘L-:*iuiur;v. bl
Be = glock Lot l, oo, in ko c.lces of u cne .g, the § forin

 Tﬁuu S < I me;ifnutcd «t, &, 1, ¢., reresg o
cloegtrode Lbal ol the geey «b eloctroues, Which hau acon
woed dwnouvielsly ofter hewuving vnd cooling.

1o owbiining a6 Leople Yoo undicturbed slectrolyte,

Beiaa M :sgaiags Gouo Brlien ob owlie Folliosiu tiuo intorvolsie
SU Lebi., 1owin., O, 6, 10, 10, fu, ob Lau Su wifos
Mo tasturoed clcotiul,te Jho oimn_inte;vs o OLeTe i~

]

Fv LC2a., 1 wine, &, &, & rin. ene tn2s2 oore cogooted coeh
Tive ginutes for the 3o wins.
The E M.F. 'values shown in the graphs are all referred to

the approprlate halt cell, N Hg280 , ¥k N XCL or N HgO.
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in th,‘uxiaigiﬁg Lortion of the bunsen fl&ma

“wnd cuoling 1h air. 'the black clectrodes nere

formed by électrulysiﬁg tiae aguecus s@luélune of

the chlorides uf tﬁe metu1s, using & pri_ht
‘metcllised gloss cathods, wvnd cn snode of the same
metul vhore svaileble. For us wnd nwu black, o 2%
wire ancde vwas uscd, as messgive pieces of these
'mct&la were not.. wvaileble. -Bhe teble ovn the opp-
eaité page indicotes tho yraﬁeﬁure sshich wap followed
in preptring the electroelytically bluckened or

roughened ciectrodes.
dzee Table 2 ).

The Us blesh wee uegouited on a base

Cof bright £t on glass, ccoruing to vhe directions

>

. 13 . , N
of weischede . 1ln the cuge of m , the anode

soiutiuﬁ was 4%, HCL, wna v g ssparated from

Lhe Ccha&eAccdgﬁrtment V¥ wn unglazed yo:&&luiﬂ
diephragm. %The cuthode solubion is Lirst reduced

to nuC1 wnd tho culour chunges {vrum dork orown

to gfean—blﬁe, erter whica the zu bla k is depcsited.
‘This *ru ;egure nus thet ad?asuﬁa& hy ..oenchot and
Sﬁhmid %, nd o gimiler method hus recently been
used oy Gudﬂaf& end uavdiaﬁlbﬁ. e desocition

of Ir was &tamptéé by Foerster's methaas'; but

the high curreal density reguirzd 1o not votuinable
with metillived glass eléutﬁaues, #o the resistance

f the cletrudes bests up the eloctrulyte too
59 . )

quickly., .es.hover  also faunﬁ great Jifficulty

in iridising netallised gloss electrousy. iis method
wag tried, but geve very uneotisfLetury ce.osits of o
d.cp viue Lolour, whieh did nat adhere vell. T he
duio aubeod uantly gﬁven.aera ootiined ”1th &hebs
&1&&3?9&&9, but’ there tup.-rs to-be nD 8. %14f&ﬂtsry
mﬂnh@a of deood ting Ir ble-k uﬂ.metallieaﬁ ‘glasa
slectrodes. The dispgrem opposito illustrutes the

potentionietric wethod 61 conmtrolling the current
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cueda in thoe deposition of Ly, o, aat i, waere
Jow zuryvent cincities viore ceuired. 4 and 4! arve
wov ing coutacts by wewns of which the current through
tue dosositiun cell .nd millismeter cun be oimply
snd ascusctely regulated.

4lthouph air clestruues have been succcasfully
uced in titrutioms, they ure, uccording tethe

. 15,16 o ‘ )
exsericnce of rurucn wnd others, not cs relicble
oo oxygen clectrodes. Jounseguently, althoush o fenw

yrelininery experiments nere tried with oir instesd

»

ol ozypen, tac investipstiun wo w whule was
cunfined to oxygen electroa-:g. 2he croiginel ideau
weg Lhat, shauid (n electrode chov guod results
in oxygen, it could ve trisd 89 La oxyuen clectrode
later. Io clevtrode, hovever, wie suificiently
setisfooctory in oxygen to wurrtﬁt  vried an air.
e oxy.en used .6 athinaﬁ dircoetly fromm an
gruin.ry curmercisl cyliwuur,.oince t.cnch end
&ualenmérg?; nseve found wa. use ol cerefully
puritvicd gus wnd meteis ¢ ve substuntielly the -
Qage segilts wo those obicined witn commorcial
nebtorisls. uiuhar&s?u viuu useda unpuriticd oxygen
¢ gotained ﬁ&sulﬁs reprc§ucible to "richin one

. Ead
millidvedd In specefied solutiovns.

Fo thormostat wos uved, but the telgersiusce
auving most of the investigation vee 19% I3 ¢°. |
1t vas cwnsidored that . thernwostat would be an
unngcaas;rg eliburution of wupsratus, sinée the
'te:.ngeraturo cocflicient of woust clectrodes is
voiy snall, und the i#fegular potenticl drift woﬁl&
zusk ony vcr§ slipzht chonge of putenticl due
to omall toupercture vorictions.

Mié elecisuwe  veseclu useu were of the type
illucteeted in e Trono-clions of the ieectrochemienl

sosiety Vol. 64, v &Y, 1903. o ooucwh t oiwiler
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;“Qfﬁ veuce bu Lhe nmluubr&n& thé; bacause tvhe léﬁﬁér
took lunger to give n shorp raprouucibl; ?atantial,
in the coee of the hJuxu el ulectluacs Dach clectirude
das used in the theee ns;utions B/1 Hggﬁa, Wil RCL &
591 Hali. A Tinaley Vernier cotentiometel cap.ble of
rcaa&n& te UoUl millivolte 2. used Lor elecioode
gctanti =1 mﬁasurhmcnua, elthouzh the exocerimentsal
values wore oniy reced (o thu newrest millivoels.

The roeierence vlectrodes used wese such as to
eliminate uny bounaary‘potential diftesrcncea:
| Hge Heph0g N/L Hpolyq  for acid elecirolyte.
ilg. HgpCls Nj1 BC1 for su.lt electrolyto.
‘Hg. HgU Ny/1 Ra0l  for alkaline clacﬁrclyte.

The theoretical E.li.F. of the oxygen electrode in
R/1 Hpi04, /1 EC1 and W/1 MeOH mezsurcd sgainst the &pyya~
priate huif coll wao colculatsd as L01}0ﬁ*§* )
In dBouy The .. .5. ox the.gell

AR SIS TN

ﬁg /et j onfl o spueq) B odydrogen (lectrode
1., 8= 008 Tog. H = .0BE loy. .BlO = ~. U017 volts,
since the uegrec of di souiwntion of the Hauly = .51
he L.k of the cell ig./ Hz.30, /o gDy, [ 8 H, olect~
) ,.0‘ . . PR P 3.\}& :
rede is 676 vults &t 10 © 1o deterninsd by Labklo .
, Thercfore the ~....r. i Jhe cell
i .675-i,
. = 695 volts.
ike theoretical w....e. of the o -4 coll ouing 1,53 wlis,
. B 4 d .
. t&i& aE R Rad A b Uf Bh@ Gell&:‘“’
, ‘ ();‘ "t f' S‘f 1120.3&}4 / Ii 1}. h«Ué Fy Ia.«,.,u\.‘.l f .nlg
ie {1.85 ~‘,p9ﬁ;vvlts

U
volts 2t 18 4.

-— os ?

in 8s0n
AL} BRI

The celo.s. U bthz ﬁcll
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SREsl 2l UL, Loy VUl s i wv, ewol L LlED L0 adaids,
4 Com

ch sond wolio in gl ulre tae tetuwl caloriasentul volaes
shet guulakhamu’u;cn Jiven wy U teuly .oves.ible oxy on
eleviuout., 4o coopurciny, bue v luc, _lven 1w tie disiereat
caColrviyloe, wonover, inc vimee ks WA LHO UC.l v
cloulneee to cefor to oo ure o cloctrons in the omie
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Cloclocdy b Lot Voibs Lor

VQluéu, erd in the vuve vae Ll.uline slccérvi¢te L8 voluo.

L11 Wk volues . ece Jien colsiredle. Yo Lodro_on elostsoue

Lo oRicit tho Leoonedy 1o ol v seo. vive seotloe Yo

SOfoi o, cuudy not Lioeyc 20 one uu ng oo Suu bule

rotel Lo wnet woud In ovhe uu;rusjun¢in¢vu;3,an vloutrode,
il |

Linue bilo Toradtl wl Laiablily cho. tuast suac, b

LBy L0, w. thicue Lobide we nol _iv. was Lige\,r;ai; 1
etoaticl Lhoen aoow Lo by rosin L1estrowng. au.eQver,
the vogoch ox Lhic luoveatl stion woeu to zaguize inte

Lad wned 1oau Wi bt v, 2, 1ot of TS LY. s cas,



electrode?.qnd consequentlyjall the vulues of the UZ“HE :
cell chould be taken as referring bo : thecreticsl
hydrogen clecirode in the sane electrelyte. In order

.to c¢heck the theoreﬁical calculations, direct meusurenents

of the Og-H, ccll were made in all three electrolytes

5
using plutinised platinum electrodes. The values so
obtained, 1i.¢. Dy measuring «n 0Xysgen electrbde velIsus
v hydrogen electrede in the sawe elecirolyte, cnecked
with the calculated values within experiumentel error
in ali three electrolytes.

An stud&ing the oiygcn electrode wi@h@ut the
preseunce of Q.u.f.,.i.e. in uneisturbed electrolyte,
the solution wes ssturated Lefore use by pubbling oxygen
gas throu,h for 30~40 minutes. The electrode was then
pluced in the quiescent elecirclyte, and reudings
thken.frcm that moment.

.HIn the case of measurementsntaLen in &istﬁrbed
eiectrolyte, vhen L.h.2. was pgresent, the electrolyte
was not saturated betorehand, but bubbling wes commenced
ot the momentlthut the electsode was immpersed, and
potenticmeter reedings token from thoe sume time. The

rule of‘bubblingvof oxygen wug kept a%_near g ?ossible
to three bubbles per second throughout the investigation.
the general procedure fur runs in the study of w.a.P.

wug &s follows. ‘The bubblihg cf oxygen wss continued
forfive minutes and then shut off, the electrolyte
remeining guiet fer anuvther five'minutes,'when bunbling
was re-commenced. alternate five .inute pericds of
hﬁbblinﬁ and guiet vwere continuved for thirty minutes
or,in sume cwuses, longer. |

| In every ciuse the electrode veas compietely lmmersed

in the electrclyte. This wa. -dvocubted by rrench und

.

'gahleﬁbergPZto obtain the greatest s effect. aichards
' Jtebes thot the surface of the electrode shoald be kept

w8 conctent as pousible, i.e. that the slectroae should




e
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&h';ll croes Lie | revious uictory of the clestruuco
NIt cc;cfullé notow s @lectroues . ibh vewrious wifforent
a1 torles vore tooted.  H0M2 LOEC Giue L uslw icoediatoly,
SUS ;cgt in i Ja£a?e nee. . fter uoo, th-oleétrcaes
Lace aonetimcs Lot uneds «ictillicd co.ber, cosstimes
in cii, tnd suwieovlae in oy o, lur agp:uxiﬁzﬁ;lg
4 hotes wisose usdn, ¢_ooin. taus Loo bohr viour of
.uguh w el ”Lﬂ‘iH?CEtiuuCQQ uuter vorying conditions,
wne the effest i vhooe conaitivne on bho potzntial

suale be obaerved. .
b weu fuunu thod Lo onw L1, 4B well us Us,
0riGiccd very covily ou Rioting, end cunoe uenbly,

el wet 1, wn ecdineey oxilaised
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77 (e with the %eepiue pwhan.  tho clectroudas were
hstea to 4VVOS Clw gueled in bhio tabe Ll anﬁaf the

ubove yuuéau;e; Lie beopesuture Ja€ ucLsuced on ¢ oaell
vneracneter lying clon_side tue clostoous. onn rising

tue bonper.ture sbuvé éﬁocq c;g:oxiﬁ:toly, the b rd

LILos vuwe vuzen o soften ono eollopes under the exterasl
_Qeas »e.  dhe interesting, reoulue (iven by oo, vu obd

i, sugoested thet e oohor netlls Lighye give gaailer
results, —wd conce vently %, Jh, 1, . and u nere

clco heatod ih}v cﬁo, i bhe ro ;h}geu vt wlock Lusal,
uxceot in th; case Wi ir, «uoind nﬁ; uuuscAruauhgnea

U o b LIV ol fG}foQuGiDlG guteetidelec o Ll 5ribnt
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Bisturbed .1 ctrolybe: Fore rourudocibility is poer for
oll threc fcraa oY metul. The cueves, aguever, cre sll
regalcer exeept during the {ir ¢ periuvd of bubbiing, when
L.ieB. woy be vithos positive ue neyebive. For the bright
electrodes it is al.aye agutive,,but arey cloctroden kept in
eir unu frashly bleocked electrodes give o pecivive JLL.P. Qt
firué; chansin in the second perlioc of Lubbling to negutivo.
all the eloctroucs 1ve o roguloar negetive S.i.2. by the
éecuﬂd veriod onQubbling; The 1% ..r. of bluck elecirodes
incireeses slightly with time but the v lues piven oy grey

gna bright cleetrodes deerense with tino. [he generel trenu
of the curves is owoy Irom the theordtical oxygen potenti&lgﬂ
but auuin freshiy blocked Ett‘ang oiey #t. kovt in oir are
cxceptional ~ thoy tend to drift towceds th: thooroticel
omygen potential. ‘fhe aversge i.it.d. of vluek st. is<B0 mv.,
of greyxwéo my. and of bright -z7 mv. .hercas k@aéiﬁg uﬁder
dia%illeé wéter reduces whe m.v;P. of uright clestrodes, it
iacreuuca thet ot wloek by SQ%. Kcepia: in oif neurly hulives
the Qyﬁtxg of yrey elecirodee. .gain prey eleetrodes are 1&53
noule then bluék‘{apgrex. 100 myv. ). oun one wright. 2t clectrode
the rute of bubbling, vue ceciuenteldly ulloved to vlun aom,
and is veo Lound that the gotential sterted wu rise while
stdll uuublihg. wn inereousing the rote to 3 bubbles per vee.,
the goteniiai fell ugtin os nsual; Thiu ia roferrec o in
giscussing thﬁ results. JAnong the bluek 4t L.B.F. curves io
one which is quite differeni fror oll tho rest. That ig the
oene éivan by o collodionised electrode - sieliess iz 2lmust
elivinutea but w cmall positive eifect of 2 ~ 3 mv. atill
yaréista. keverthelese, on w.o.l. of =50 mr. hod been
rcﬁacea to §2fﬁv.‘sim91$ by éoverin; tue elzsetroue with s
porous, non~condueting cosbing. Th:vgruﬁhs o1 celledionised

clectrodes ere.liabelled Yeoll.®.
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bnaznuur,vé,dl,;trolytc; L §1l fviae of the aetal

potensioy: aridt .oy oceur In Lol puLlibive i acgubive
direvticny., .hecoever, Jor Lho oohe of orovity, the tesue
pucibtive tac wogeiive wed ased in Lhio conuection, iney

&0 Lo be LLkoo 0 ucun "tu“&~uu hoger® nvele gotonbial®

and "toswrds ~ lesu noble potonteil” f&uch@iVEly. Conutancy

o

i Coprox. £ Lv.e Jroughout, wldiiivwsh 01cn cleirodes
JusBueliy Live the lowoob velucs. ;agrwﬁuuigiliad foo vluck
woa Joight sicclruccy i HUav. Th gray electrowaé, un-

an evara,e, give o potential So wv.e Loaver tnan tho black,
thoi veprodacinility wela, ouweds S0 av. un unktind a
picel 26 elsetrode in vasuo 1o juve <. initiel potentisl
ap i ux. £BU mv. bLeled e1.b Li bue everuge bluch clectrode.
LuEtae 30wins. the potontial vwu. $%ill uver 1ov mv. loner
then the uauel potontind of visck vt st the gorraaponding o
'tias.

N F

biztu.ved SlocLrulyte: o thic cleetrolyte the d.b.d.

curves wroe  wite difYeront fron wuoze in sdliphuric aciu.

D AronG of all ok CUIVCL “ia A eng loog noble alraction.

b

*

Luring, tu. Jiret uerioca of buugling wesliws’s LY b2 souitive
Qr zve‘,e:..uz.“ o Whie avecreye veaus Doy Lhe el .id&g«;}i"u}:’.s
~13 wv. for all mroc os notel. The gr,vigus h;gtor" v the
eilectrodes hdc, in this cuse, little exlect on tac w.b.lb.
sopioducinility for the bleek wid bri bt fovms 1o O nv.,
vat Lo th. grey 1. OVEr luu Liv. ey clootrodos give
Tinel svtantial vulucs approx. 70 tar. acluw bie olueek.

Undistur h?& wlectrolyto: The curvos in wll cuses cre

.

very Icgu;ui'aﬂa Tue suae dn generel shupc. Yotenticl drift
is clugye in a;yuQiﬁ£Vﬁ LA w*lsn. gopatuncy iu ¢eod
@hrau;hout'u;'l - £ mv. and r;graduai&ility fair ut 20 «~
30 nv. Grey vlwvtrodes ar. oli_ iitly lcoeo novle than black
(purok. 30 mv. ). » wlack eluctscde huowbed in voeno gave
an initidd potenticl 7o wv. loser ohia the DrQiny Lile-

toonted ull-\n,.. slaw t«rﬁdﬁ’ua
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Disturbed Tlcctroiste: sguai: 0li curves aro similar

A regulcr, Qlﬁhuugh the Tirct peried of bgbplin§~
aoually give: @ positive i.b.y. sverage Lon.rls arei-
black ana. grey, -1U mv. énd wright =19 mv. drevious
kistory iigs nu murked effoct on L.us.¥. with the uright
clectroedes U.g.P. increases with time,.hu£ the wen.y 0of
the other forms remeins move or leas constent. All the
curves have o general trendkin the more noble direction.
Crey eloctrodes are BPProx. ZQ wv. lower then tho blacke.
1t wes observed that in gll cases the potential, which at
" Yirat fulls on bﬁbbliﬂg; bggiﬁs to rise towerds the ond
of the fLive minutcs. & sélludiohiswd grey v elecurude
gavo an ... of +2 mv. « another vig chunge irom

o T TV e D Wt Mo I .

FatLowtdil,

Thioc wetzl wos used in vhe brighﬁ, oxidiae§ nnd
black formsp. fhé ozidisged Jorm in o purplish-blue in.
colour, und hoo loat the brijht polish of the brizht form.
on uzasing o bleck electrode it axidiées recdily and an
ordinery cxidise’ clectrode régults, conoequently P4 wase
one of the metils hested in vacuo iﬁ.an~effort-te grey
the blcck form. - The bleck remained epparently &nch&ﬁgeﬁ
oy thié tréotusnt. In 211 cases r£d vlack clectrodes
riusht be kagt in aif or oxygen ror approx. 24 hours betrore
being used:as axyéen.electrﬁdes, in order to allcw dissolved
hydirogen to oxidise.  Since they have otood for 24 hours
wn the gir, these electrodes are denoted, in ﬁhevargphs,
witn the letter "iv, heving noi been previously used e
oxypen clectrodes. | Uxidised electrodes, in all clectrolytes,
usuclly onow poﬁepﬁialé-EQ ~ 40 mv. lower then bright ones.
lﬂ_héxGaUG cuuld upye*ifre;cnce be néted in the appeorance

of she cloeétrode atter it hed seen used,
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In HE‘; U‘,_;}: :

vndisturbed «liect colyte: :he ?Gbeﬂﬁlvl drigt of bright
clectrogq@ varics o sot. 19 ooy we situer towacds or
ooy frs&iﬁhe sheoretical omygan Oﬁb”ﬂblul Ciie the
airagtion Q$ dgifﬁf&ay reverse du{ing the 30 wminc. The
ccnstaag§ varigs fron O mv; for freshly made ulect;c&es
o & mv. of iecu Yoo unﬁu‘whxéh‘QQVé wieen kept under
alstilled woter oftos use.  The dluck clectrodes cre
much a.re regulur, tnce the dissolved naydrogen hus been

h ]

elinin.tod, ana bag constuncy ia excellont eb Q - 1 mv.
aeproducid lxsy for ooth dormg ,however, i3 very poor.
voniinuoeus u&ballhg for ah full 3¢ uins. goave . curve
wnulegoas to tiesgse inag in cigctrulyte vaturatod with
waygen. B |

alach ~1»anr@ac e ,8& in vacuo stortzd ot a autagtial
of ~.09 volts :eforraa_tu~the«no:mal Hggssé 2lectrodse,
whoreus ke everage potential of the afﬂinsr=‘plack
@lectrcdcajie ;gyrox.!.elu velte positive to e normol
‘ﬁggﬁug electrode. iiter 30 alns, tae potenticl oi the heated
in vuouc zlectiredes rose to +.03 volts and unc of the
gigeotroden, ofter steading in ailr for £2 hours, gave a
poﬁonﬁial énly H mv. more pocitive., This oo casumed to be
duc to the P4 nod Leing reoidly orldiged ot ﬁréinéry
%cmgera%uréa, In erdes to teet thig, wn elecirods 3&91
hoeated oad-covled in air to obtﬁin a visible oxige cooting.
vn domorsiun gﬁ the elsctrolyte, tho oxidised olectrode
fntedictely nge 8 p:tpptxal of .18 volts referred to the
normal Hesola electrode, thut io, tias ususl potontiol of
vieibly vzidised electrodes.

Listarsea m}ectrolyie' Aluck ﬁlectrcﬁaf give a‘largc

E.&.}. rf ~8& ©v., vhereut, bri*bt awt OKlulS“ﬁ electrﬁdes
wversge =-1¢ mv.  Che ﬁreviaua hictory offelcctrades nas
‘lltt le effect an Lh@ Lidate, cut onc or two oxidiged

61C0urvﬂb3 viers Yound vhich GaVeAvcrg lowt posltive velues:
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Whis mLy be duc w s thick sorons couting of oxide

cebin, vu e colivuion cusbli, tuCu iu olhos oLoto,

by psovenbdin, wechonical gioeuruvines vy tud selation
i@;uéifhélg around iha‘clacurq:e‘ weovoducioility is
Tory pedr in &ll céaas. wile (eperal trond of the curves
dicy be in eithes diroction, but it is auver o very
&oiidc& Qrena it ony cuac. Lh§ iirut seriod oxr oubbling
pounlly foilore a2 cocomd elu third ueoicGu w. wagords
the oign of sewefs oith wll torme ths ILL.P, iL general,

dccee.ecs Lligutly with tioe.

in #0is . - .
dndisturbed slectrolyte: In this electrolytc »d

bileek cleetrodes anu,hne'bri;hu elestrodes to o somewhed
iGdS&E exnent, glve cxtruafuinury reproducible resulto.
in cight exg§riments using thece different. bluck

- aeleetrodos withn various hiustorics, the Qatentiaia all

ley within o csmg&sa ot 15 mv. aficr lu aina. in @hé
sclution. JLter 30 mins.'ﬁhe reproduciollity was 12 mv.
Py ils écnstancy e aoviouély tacredore very good ug well,
iZ suech reproducibility can aluays ve rolicd on it would
‘eucule pH doterminations to be mude torithin .2 pH units
sround the noutral point. cxidised elccirodes givé a2
very much wafse‘rEQra&ucibility - 30 rv. The cunstency
for freohly oxiaised clectroucs is youva vut alfter keeping
in air or under distilied wmuter it wetosivrates to 3 - 4
nv. Block eand oxidised electrodes drift toviards the
theoretical oxygen potential, Qut vright Pd. may drift
cither towards or avuay from it. avhluek elcctrode neated
in vacuo gave an initicl potentiul 240 nmv. below the
‘usuol initiél petentinl of bluck clectrodess, uulb fese‘

- steadily throughout the 50 mins., ot the oné of which

_peried ic geve a potential otill 160 mv. delow the usual

+*

PR

finul,éqtenﬁial. N
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"PBisturbed aleetréigte; in wost cances the Lirot

porioed ol wucibling choves o negatlive wai.b. uid in the

cuse i cxidised favzna pegetive koas.d. continues during
the cecond andé third periods. in the cuse of brigh§ and
bleck o4, hovever, the LLE.r. is positive - only low
values*uu§-4uitc &efinitely'ﬁesi%ivc. For blueck electrodes
the cveroge wao 44 nv. and fovr brigﬁ$‘+l.5 mv. The
oxidised clcoiredes averasge ~19 mv. 1t iy extrecrdinary

Lo find such 4 difference with the sume metel in ihe gamo
sciubtivn. Tho wuxide coating ip evidently not preventing
aachw'xﬁai distarbance ol the aleatrol§te immediately round
the elscirode in thioc cewve,aw wes suggested for BOTE Cases
oX sxidia@ﬁ.xd..ig'sukpnuria fcid. seproducibility iec best
tor the bright elecirodes, opprox, QQ nv. - the black and
oriuised electrouts give 30 - 40 mv. Uhe goneral trend
éf the curves ic slightly in & poaitive aircctien for blagk
andg oright .4, out in the negative dircction Lor the oxidiscd
ulgcar0¢uu.

An tialds A .
Unﬁzotarbcn micebrolyte: Constuncy is very good ror

&il iosas of mﬁﬁgl ang the curves &re ragular with o
pusitive drift in the eait ot hr;ght und omidised e?ectrede
In the case of vlsck eloetroden bl Grift io in both
ggsitivnvan& nagelive aircetions, oven itk Lthe sume
glectrode during the 50tmiﬁ; uce. The aagnitude of tho
drift, howsver, is very emeli. neproduvcilility is poor

for black and bright electrGQQSQ 40 - €60 mv., put pgood

for the mxiéiaeé'elechrcﬁea, 10 me . Hooating o bleck
electrode in vecuo had wery rauci lcos eifect on ﬁne initial
potential in thi. electroiyte - it lovcred it by approx.

&80 mv., egno efter 30 mins. it wie only D0 mv. lower than
the usual Tinel potentiul of black élecﬁrsdén. Conoidering
that the reproducibility for bleck elevtrodes in this
goiution ig 40 - 60 mv., ﬁha digereyency vfber 30 nine. is

not very anprocioble.
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Bxaturaﬁd zloatvul e the seacr.l (rend of sll the

SUIrVeS is 111 LBE Quoe sawlde Cdsogtion. Tho Jlrot pericd
¢t bubuling for thu bleck vleosrodes is rogular, but Lor
Pigut i 0nidised clectirodBy Vil aem.r. i8 positive
aufin; Sy ;;::ﬁ pEriud,.  Lvarage J.h,y‘s'ura:«

-7 v, Yoo bripht, ;G av. Lo oxidised end -11 mv. for
vlaeck elucirodos. Jresh electiowcs doennlly give-highest
ieawrels UM U0 VelUos 30€3 by doerev.t Wita tlue Yor
wlack wleotrodes, sub ¢u lpQocaus wiillh baeo Lor brigh§
v ricloea elgctrerQ, '”cyyéduciuility 1a wdout tho
ST B0 10, ogygon westuruied electrolyte.

O W A b s i S

2Ud B0

e N | ¥
The three foris of Hu usee werei- brijht, oxidised

end biuck. The bl ie LEQ?LrQth Jere heated in vacuo as

thoy oxidised shen houted in air. Tae oxidised iw

glectredes wie o widan coiour witi etill Q conglidersble

depresz of woliun on tae surfoce, In a fe. cases, by

very curciul aesaling, en clectrode was greyed githout

ony cbvioug gxidition. wnputuce to Lir for § - & hours

after cloctre-deposition of lu wel utuclly cufticient to

¢liminate the effect of cicsolvad hydregcn on the elsctiode

potonticl. Thoee oleetrode. cro o3ill frech ond ﬁb”l

‘higtory is :cfe"rﬂd to with the letter "e¥ in the grephs.

Ihe appecrance of the metul is unchunzed efter use &S an

éxygan clectrode.

in H?o()%

—"g 29

Undluturbsd Ll@ct"o;vte deproducibility for oll

;orms of mc?al is poor « approx. 40 nv. -~ znd 2o is ithe
cunﬁtanﬁy éic ot in the cose of black clecirodes, wiici: haove
cn averagoe ccnsthncyvqf‘a nv. The few grcy‘elccﬁrgééa

heve a particulerly poor constoney and ure otill folling
repidly aftcf‘ﬁb mina.’ Thsse grey clectrodes sturt at

the highas%4§otcntia1 und finully rcnch the lovest potontial
of all Lhe forms of fu uced, Qéfarc beconing more or lees

congtunt.
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and oxidiged elsctrodes.

electrodes ie good at 15 mv.

‘3{Ei§

<

The potonticl of the bright, oxidised and grey electrodes
driive wwby {from the theorelicel ovaygen putential, whilst
thut of the pluck wey driit Jlightly in cither dircotion.
resuly g&ﬂa cleciredes usuanlly give lower pstenﬁials thaou
the onoc vhich have been used previously. . BSlack e;ecaro&es,
heuted intvacuo, give inltigl potentisls aporox. 10D mv.
bclow shobe given by the vrdinury black elecirodus. BY
v oend ot 3¢ mins., however, tiley have risen to ﬂhe
cocresponding putential given 0y Lhe wir-tresied black

{
slectirodes, The potential oY grey clectrodos afier 30 mins.
in the cxjgen'suturated éolution huve fellen $¢ approx.

the sewe. petentiol us that given initially by o black

electreae hosied in vecuo. The cxidised electrodes give

P

o putentidl 3@ -~ 70 mv. lader’ﬁh&n the bright.

-bisturbeq Slectrelyte:  The uei.F.. curves here consist
wirest of o series of otreiznt . linec. The first periocd -
ol bunwling is alweys quite reg&ler. Tie general trenG of
all th. curves iy very definitely iz the negsiive direction.
Phe negutive trend is leuwst in the case of wliuck cleetrodes.
Tﬁa peteniials ofﬁfresbly maﬁe‘bright aa&.bxidise&

'

electroues 1ail more_guickly then thoune of electrodes with
otaor histories. Here oxidised elsctrodes give ulmosi the
soLie valués &3 Sright electrodes., h.L.r. decreascs with
tiwe in ull cesce; the wversge valuos are:e

L3

bright end oxicised -15 mv., bleck -5 mv. These, of source,

are not tlie muximum velues eince ihe potentisl fulls

gteadily throusghout the 5 win. periouds of bubbling without
» M

Goprouciiing eny minimunm. The reproduclbility is very

peor, $0 mv., for bluack clectrodes but improves for bright

in RCL: ,
Undisturbed Electrclyte: Leprodueibility for oxidised

end E%ighﬁ‘electrqﬁes’ia poor, 40 %gebrmv., but for black

WF

roténtizl drift, for all forms,
may be in either a positive or neguative dircgtlion. Constoncy

*
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L .55
ic good for black eleectrodes, 1 -~ 2 mv., but varies
considerebly with dright enc oxidised clecirodes; averoging
J - 4mv. Oxidised electrodes wre 30 - 60 nv. icwer then
brip ht onea. On heeting o bluck eloctréde in veoeuo it
uhnwpd o Inltlal potcxuiql or U5 voltas compered with uhe
ubual initlul potentiol of .28 volts for block einotrodoa,
Tho patenti 1 rises rapidly, 50uct ar, to tha potential of

i

the air-troptbd block clectrodes.

=

Distunbg@ u;cctrbiyte: Phz general. trend of all tho

curves ig¥in . nepative direction, bub it io not.as

¥ +

. » : ) . .
décided as is the case for ku in sulphuric acid. Average

x.15.P. values are,for black and brignt clectrodes, -9 mv.,

and Jor oxiised ~15 mv. The rirat period ol bubbling

is usuaily {egﬁlat but in a few uasés is poositive. In
the eaac cflonc oxidisca clectrode the positive L.E.P,
continuodfthrough.tﬁe aeﬁond end fhird periods although
it bocaze s@aller."”hlﬁ sane clectlodc, on ae;ng used
agaiﬁ, having ectood for 25 hours under distilled water,

bave a serfcckly ordmnary curve with the usual negative

1 , C

L. P, Freg 113 mode elcctrodos wsuzlly pive highest
. ) N
valuge of LiE.2. Hegroducibility is npirox. 15 nv.

for oxidisea clectrodes dnd for dl:zuk und bright 40«50
ﬁv. 0x1dzs"d lectroue give oxygen potentialy 30 mv.
lowef than.qright elcctrodes. 'm;E_P, decresscs with
time.;' S | i

' o _ ¢

Iﬂ Ni} OH, i o -
T lnaisturbed ulnctvalyte. Pytential drift in the case

of oxidioca‘electrgdcc is gopetince pevitive and scemetines
. - ¥ ’ . X . . .

negative, whneroas with black and bright elcctrodes it is

neerly plwayé posiﬁive. Constancy is spprcx. the seme

Tor all rorms(d o7 . ) and reproduclbllit" is puor in ali

L

'_cascu, black‘é7ectrodos uemb fh&’bﬁﬂu uitn u reproducibility

gf_&o mv. Oxiaiecd and uri zht Ll“bt“OﬁOS give almost the

seme ozygen pvtent;al;wluhzn,thc'limgté of reproéucibilityw

i. SR ..’-,.' ' ". A . L R - & - . . .

+ - - |~

+
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L bleooi electrode vabur bBouting and cosling in vacuo
anu weing imaedictely gove a curve identicel in ull
veapeeto with the usual vleck electrede curve.

Bigtwibed flectrolytc: The black electrode L..E.r.

Curves e almost identlesl in shepe with the curveus of
black electrodes in'axygen guturated oclectrolyte = ﬁubbling
has vory little etfect on the potential end the pooitive
valiue of iw.id.P. decreages rapidly with tipe jusﬁ utt black
alﬁﬁtraéas in quiescent electrolyte hecoue conebant with
tlue. f%sshly made oxiaived and byight clectrodes usuwlly
show a‘ﬁagative L.E.F. during all periods of b&&bling,
but aléﬁﬁr@dea with othier histories usuelly begin vwith a
Positive s.li.P. which alwoys bégcmes negative Ly the
,%&jrd poriod of bubbling. N.E.P., in all ceases, changes
ropidly with time. Reproducibility is 30 ~ 40 mv. for all
th%eavﬁygaa ol netel. ﬁfigh% and oxidised electrodes
give o f.EP. of =4 to =5 mv. and black of +4mv.
RHOL 100

This metal wes uaed in tie bright, oxidised, btiack
s groy foirms, siaae‘tha electrode could he turned groy
at o teaperature at which no visible oxidation took place.

It was not aluayg obviuug vhather visible oxiﬁe'coatiggs
hod .been built up or not, since in gomo cogsee very light
bluisch potchos sppeared otter heating, which may or ouay not
bave beon oxidised - tho bright end oxidised electrodes
behave very similarly, however, andvhen only one form is
iiluctrated, the oihor nay Le takeh 0 e of ths same type.
Uoually the aki&iseﬁ Rh electrodes arc a grey~blue colour
and retuin o considerabic smount of the polish of bright
elecectrodes. JGome bright clectrodes, on heating to redncss
in the bunsen flame, retuse to oxidise visibly, but sasumo
o matt finish, which slightly Gulls the usually highly

poliched surfuce given by'ﬁrdinaxy‘bright electrodes.
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indicoto u ¢hunge in the cryscel structure of the metal,
but mpparenﬁly'it does not greatly affect the oxygen
electroges prepart;es. | | |

The clectro-Geposited metal in mpst cnscs showed no
dispogition to register the hydrogen potentisl, even when
used imaeﬁiuto&y'aftér élecﬁrodegcsitiﬂn’énd washing. —
Yhe grey electrgdée are definitely a ligntér colour than
tho black, but thoy do not go as light a greoy ee st black
do. +1l the electrodes were uppsrently unchanged in
external uppoargnce el'ter uge.

In Hed0a:

Undigturbed Elcetrolyte: Bright snd grey sh in thils

golution give o complotely new type of curve. Very high,
but trensient, initial valucs arc yiven, sbactices
excooding 1.2% velts messured egainst a hydrogen electrode
in the oume solution, i.c. excseding the btheoretical
oxgpen potential. The putential falls very rapldiy,
hosever, ond after about twenty minutes reaches a velue of
aporoX. .8 volts for the Og~Hz cell, at which value the
pétonﬁiﬂl':emains constant (constancy i~ 2nv.), The
olicht potentisl dfift,after the eleetrode has settled
down ic asually in o positive dircction. The hipgh

initial volucs differ widely; freshly heated elecirodes
giving the highest vaolues « for grey Eh 1.30 velts for the
Ug=Hz Qeil and for bright Eh 1.28 volts « whilst witer
keoping under distillied vater the initial petential is
only 10U = 20U mv. sbove the finsl constent value. The
final volucs are all, hovwever, much the saﬁe - reprodueibility
is 30 mv., including the gregvanﬁ bright electrodes together.
The bleck clectrodes on the other hand mive guite the usuel
type of ¢urvé, with potontial Arift either pusitive or
negative end sometimes changing in dircotion during the

3¢ wino. Conetancy is not guite &8 jood us for the Lrighl

alia grey oloctrotoo, wnd reproducinlility is 40 wy.



These Lisck elcetrouss are usualiy about Wy wv.

higher then the bright wnd grey ones. 4 bright .
electrode, heated in vacuo, gave an initiel potentiunl
ubout the same as the Iinal putenticl of the bright ond
groy cleotrodes, i.c. .8 volts refsrred to & hydrogen
oloctrode in the same clectsolyte, but rises eventuclly

to the potentisl of the nir-trested Llack electredes, i.e.
100 mv.e higher. 4 black kh cleetrods, heeted in TACUD, |
“behaves similerly but the potentiecl in this cuse iékea
longer to rise. One bright ah electrode wéé heuted and
ﬁéoled4in~an atnosphere of oxygen. 1to' potential oftow
3u sees. in tho wlution wus 1.24 volts for jhe Qo-Ho cell,
but the ratd of fall wae muth slover than with ih
olectrodes heeted and cooled in air. after 3u wino. the
potential w&slﬁtil} 1.} volts. It saemg‘thatrane axidea‘
fé:meﬁ inkan oxygen atnogphere ere more stable then nhcge
xérmﬂd in dzr, or else thut o greater guantity of oxide'
ic tormed in oxygen and theivafore takes 1angér to hg

dccumposed.

- Disturbed hlectrolyte: Bright, onidiscd unu grey metal
‘ail give an L.K.P, curve gimiler to thot af‘ulﬁék 2t in
culpburic ccid, although tho first perieds of oubbliing

may be irreguler - grey sh givess very high initial
potentiel, but 1t drops within tie first peried of
bubbling;ﬁo tho reguler potential of bright and grey L.ua.?
cérv@s. teproducibility is pcor throughout. The ususl
trend of thes curves is in a pooitive, more noble dircction,
although sone block L éarvas show o slight négu?ive trond.
The volues of the L.E.P. ere: for bright #h -46 nv.,

for oxidlscd ih -40 mv., for grey rh méﬁ.mv., and ior
black th ~15 mv. The highest potentislo ars alwuys given
by tresh olectrodes. woometiaes WL.E.P. decreascs with time,

sonetines it incroases -~ therc is no general rule.

i
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in KOL: |
Undisturbed Lieetxnlyts The curves here are very

ivreguinr, potential drift vaerying groatly coth in
magﬁinu&é and &irastion. neproducibiiity is exceptionnlly
" poor, except for tho black elcctredes (30 mv.). Coustunoy
ig also puor, biaek électrades being agein the best with
a valde vf uppyox. 3 my. 1n the case of cxidised an&vgrgy
ﬁgthl, iresh eluctrodes give the highest patential,’bqt
thereriw no geharal rule for thes other forms. 4 bright
uwh eleetrode, héated in vacuo, gave a éurve sinilar to the
'air~trcated bright electrodes and at the same potontial.
Ho particulerly high potenticls are given by bhh in this
clestruiytm, the highest beinyg the valus of 1.49 voits

tor the Qao~Hp cell given by a grey eleetrode. It is
extrcmély puzzling to find thet the frechly heatod grey
electrodes, in thie case, start at © podérctely Iow
yatantiul and yvige to their highest velue afics uboub

ﬁu ning., which is quite unlike their bahavioﬁr in

-éulphuric acid or sodium hydrsxidé.

_Dieturbéd wlectrolyte: hg&inbﬁreshly hoated grey
w' pxidised eleétiodcs give a cuﬁsi&erubly higher
p@tenﬁial thuﬁ én& gther electrodes. & Qecnliar‘yuint
is that, vhercus in sulphufic ncid the highest potcentisl
is'givmn immediatelv on immersion in the electrolyte,
here the inltial potcnt;al ig often quite low, bul riges
rapidly during the flzatfifcten minutes to 8 muximum,
anu ﬁnen declines steadily ugain. This causes very |
1rragu1ar L.E.V. walues. %The highest maximum tl‘ié volts,
tor the UP—Hg acll) was reachod by e grey elacczo&e, a;gﬁb
minubea atter immexalan. Grey clectrodes, ﬁhi&h have been
kept in air or under diatmlled waler, hgaaver,_&ive u
yatantiai well below thut @iveﬁ by blaqk electrodes, which
lie midway botween the'high and low groy electrodes, i.o.
sotvieen the freshly bweted proy slectredes and the grey

elegtredes with other hictories.
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Aepfudu@ibiliﬁy ie agein exceptionully poor except
Tor the bluck motal. iwa.P. is very irreguler in sign
und mognitude for all forms of mebdal except the bloek,
vhich cives e reguler lL.E.P, with a negative sign .
in the cuse of wuxidised and grey glegtrodes the Yirst
gérioﬁ of bubbling slmest snlwuys gives positive IlLL.F.
vulues, but this changes, sowetimes imuedletely, sgmetimea
mach letor; into s negative L.E.P. _The curve then conaists
of elmost straight linc scctions. The evernge iLl.L.¢'s
uro:=- Uxidised alectrodea-uei:mv., black -7 mv., groy -4 av.

in Naui: | : -
CUndisturbed sleclirolyte: -ith freshly hested oxidiaed

of_grey eiectroﬁes potentiol dritt ie very rapid in the
nogative dirceiion, but for all the bright, black and the
czidiscd or grey electrodes, vhich nave'beenfkeyt in eir
or under distilled water, the drift ic much less wnd in &
pogitive direction. constancy isgood at 1 §v2 mﬁ; in

the lattor cases. agproducibility is feir étvapprox.

40 mv. in 811 cases. Very high initisl yobentialsr,
rceembling those in sulphuric acid, are given by oxidised
and grey «h in this slectroiyte. The highest potential
ottained was the velus of 1.28 volte for the Ug-H2 cell
given by Irechly oxidised electreds. 4 bright Lh
clectrode, heated invacuo, gave ssnsibly the 3éme potential
as the asire-treated bright 1h elcetrodes. weproducibility
ig tair. '

biasturbed idectrolyte: d.u.r. is low in all the forms

uf the metal; occasionally a4 small positive value io gilven.
iLveruge velues arel- ﬁriﬁht Hh ~{ mv., oxidised .th -4 nv.,
black Sn -1 Mv., grey kh -11 mv. Oxidiscd electrodes

wvhich have besn kept in alr give the lovest lLL.P.
weproducibility, at 20 mv., is better than the undisturbed .
electrolyte valus. The géneralltrehé o1 the curves ig in

& positive direction. The first peried of bubbling,
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ahuaﬁver, in the c&se of freuh oxiaiged or groy claatfcﬂeﬁ§
exthites u negntive tiend. The highest vglna fur ﬁh@
On-Hp cell was givén ﬁﬁbabffwéﬁiy neatéﬁ g?ey‘éiectrcae
imuediately on imuersion in the electrolyte {(1.12 volts).
The curves Qi bright Ra in bntg gnéiﬁturbea end disturﬁe&
* electral&tefarevalmcaﬁ’identibal in ell rospects with
thooe given by bright Ru in this some eloctobiyte.

L reaarkeble thing sbout Eh gﬂ thic solution is that
51l forms of the motal give sprroximately .97 volto for the
Up-fip cell, after 30 mins. in the electrolyte. |

It 1s interectiing to mote, in conncction with alil
those values exceeding the generally nccepted thurcetical
pobentiol of the Og=Hz cell, that Secderholm «nd Benodicksto?
havo suggested that the true value is 1.48 wolts. Thio io
as for beyond the walues reported here, as 1.23 vulba
wne beyond tﬁéﬁgrevisus ﬁighest %alues,

L6 ILITH

Thisg metal was usually used only in the Lright form
as it could not be viaibly oxidised even ob red heot, und
as nu sa%iafﬁﬁtsr? black ﬁepcsits-were ébtainab;&. The
appcerunce ot tho metcl remained unchanged cfter use.
In HgSug; a

kere, as in the case of

Undigturbed i1

Eh, very high initia& valuee for the Ug-Hz cell were given
by frechly heatcd clectrodes, the highest rocorded being
exoctly 1.25 wolbs. L8 u,rule; however, the potentiol

doee ot full repidly tc a conotent valvg as in the cuse

of Bh, but fulls more cr less roegulerly thruugnudt the 20
wming. Ragro&ueibiliﬁy £s~axceptionallg poor. » bright
clectrode heoatsd in vacuo gave an initicl potential,
cpproximately 180 m.v. lower than the average but the
potential rese during the 30 mins. clmust b6 the putenticl of

the corrcogending air-treeted electrodes. Uging the vory
unoatisfoctory “bleck® Ir depusits of zoeroterbl upa
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nesthaverégj iﬁitial-v@ﬂas for the U-BE cell ranging

from 1.38 volts to .?& volts were abta¥ned. Poerstor'c
4'“black“ geve the highest valuea, ﬂgsthavcr'a never éxcee&eﬁ
1.19 ?vlts. Desgdte the vory high valuea reached the
gatentialzéid not fall r#pialy but remaineﬁ‘cwnséant,
within a few rillivolts. in most ca&eé;'threugnout the

30 mins. o ctteapting to grey the electrodes a fairly
high initiai pe%ential'was vboorved, buﬁ this fell rapidly
threughout the 30 ming, %6 the low value of approximately

.BS vults for the 02-Hp ¢0il. %his i very much like the
beneviour of bright Ir &thu&ah in the lotter cmse the f£all
of Qctential is not vs repid. | |

vne bloci elegtrgda made by Jeeﬁ&évcr'a method way

hested in vacuo, ond gave & low potouticl, (.02 volts, for
the Og~ilccll}, at first, which rose stewdily, recching
.54 volts efter 95 mipo. in the colution. Thic is tho
asual valune for brgght ir clestrodes.  in view of the fuct
that no gatidfoactory deypooits could be obtdned, only bright
Ir wos used in the other eloctroiytes. I coews vory pro-
bublo Y¥row: the above oéaarvatinna thnt the "bluck? electrudes
arayregiétariag ﬁhe-ﬁlﬁglé sutentivl ¢f suae comgound of ir.

Tho typew: curve blven by

bright Ir 1s'sxm;1ar tu thet of bright Ry in Hoeu,. The
fackes s DUCTUEGS ~11 WV., &nd dearoases viith time.  The

curves wre wootly very regular, uvab roproducibility ie

L]

very puor. The froshly heotoed oloetrodes give the higheost
sotenticls. - ono sterted at 1.21 velts referred tu o hydrogen
glootrede in the seuac -electoolyte. The trend of 011 of

thie curves ioc ip o negative divection. .

P

in LCL:

ﬁggggturbed ,.1@{*1:9 glvto: ¢ Pobtenticl drift veours in
a7

‘ i
both dirocctions, ana the curvgs ere rather irrogular.

Ropreducibilivy ic very poor st 100 av., (nd constuncy.

%) ;xhr“;l‘; G ulV. ilu vory izig«'lz velucn for the vy ~Ha
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cell were rocerded in the ucdisturbed clectrelyte.

in electrode heated in veewo gove sn initisl potentiud

of approxi. otely 180 mv. below the usuwl initial pctentiael,
 §@& after 3C mins., in the elecctreiyte the potential had

rizgen to within 80 mv. of thousual tinsl potuntisl.

: . Here high velues tur the
Og-Eg 0811 are cttaincd ~ up to 1,11 vults - ufter abou
5 aing. imuersilon in the electrolyte. The type of curve
is cimilar %o that of Gray M in 8oL, glving, ot Lirst,
pogitive velucs fur the ...k.». which grodually chunge

T to negaﬂivbw Froghly heated clectrudes give the hagheot
§9tantial. The first period of bubbling, for clectrudes
Gther then freshly hestod ones, is ofben icreguler so.etimes
gi?ing L pésiﬁivs, ond supetioes & negative U, z.r. fic~
producibilisy ﬁ#@f éll the clectrodes tehen together is
Yory poor ( 260 wv. ), but Lo frechly hsated onos oniy
1y 40 mv.,’anﬁ for ths rest toxen ssparntoly it is alsc

- 40 @v,ﬁ i.¢. the fresh elecgtrodes ure guite seporate from
the cthers - at o potential over 100 mv. more noble.

The aversgé w.s.P. is =D av. This value is uveribged from
the final periode of bubbling only, since L...v. chaggea
ropidly @uring the first two pericds of busbling.

In feQH: | ' |

yotenticl drifs mo

oceur in either e pocitive or negative directicn, deponding
on the history uf the clectrode. Freshly heatod electrudes
aturt at o higﬁ potentisl {nbove 1.0 vults for Goedy cell)
and drop swoothly. Electrodes with obher histories stort
with 1ow¢r potentlials {approxiasately .93 volts fur the

ug=Hly cell), und rise to sbuut the ssue Linal sotenticd

ag the fresh aleetrodeat Regroducibilitj} hewever, is

only cbout 40 mv. An electrode hsated in vaéuc-iellow&d
the secen&:tygé pf éanE; Sut vas wboeut 30 mv. Iower.

The cunctancy of fresh electrudes is poor at 11 mv., but



¢ell vere rocerded in the uadigturbed clectruiyte.

«n eleetrede heuted in veeuwo guve an initiel sotentinl

of opproxi obely 180 mw. belos the usucl indtiol petenticd,
kénﬁ after 3G ming., in the clectroliyte the gotential hud

risen to within 80 mv. of thgfusual finsl potentisl.

Here high velues fvr the
Og-Ep 61l are stbained - uy to 1,11 vuits -~ after ubout
S ming. dgmersion in the electrolyte. The tyge of curve

g cimilar fe thoet of Gray bh in 8CL, giving, ot firsg,

Sy

positive velucs for the o.My, which gredunlly cshonge
"to negetive. Froshly heated clectrudes give the higheat
potenticl.  The first period of bubbling, for slectrudes
gther than freshly heoted onecs, ig often irrepuler souetimes
‘giving v pusitive, cnd sumetiaes o negative w.l.r. fow
gra&ncihiliﬁy over all the electrodes tahen together is
very poor { 200 wv.), bub for freshly heeted once only

i 40 nmv., and for the rest ltxen separctely it is alsc
40 ﬁv., i.c. the fresh clecetrodes are quite separate from
the cthers - ot a poteatial over 100 mv. move nwble;

The aversge w.&.2. is =0 wv. This velue is averiged frum
the final periods of bubbling unly, since «.u.r. chapges

ropidly during the first twu periocds of bubbling.

Undisturbed Ljectrolybe:  rotenticl drift moy
oceur in either a pasitivé or negative dircction, depending
on the history of the electrude. Froshly heoted electrudes
start at & high potential {nbove 1.0 volts for Ug-iH: cell)
end drop smoothly.  RElectrodes with cobher histories start
wiéh,iower gotentliels {(opproxiaately .83 volibs fur the
ug=liz ecll), anﬁ rise tu sbeut the czue Linal potentizl
a9 the fresh eleeﬁrad&a. Heproducibility, however, is
onily chout 40 mv. An glsctrode heated in vaéua folluued
tho second type ol curve, Sut woas cbout 38 mv. lower.

The cunstancy of fresh elecirvdes is poor at 11 mv., but
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but tagutiors gre J@tt r vt -3 @mv. The highaét value
ter the {z-ily cell, 1 1 volbs, vus given by ¢ frech
cloetrode immcéiataly on irwersion in the cleatrulytc.

Disturbod slcetrilyte: The curves here are, in all

recpects, similar to those siven by bright Lh ond bright

hKu in RaelH ané‘are_at the aumqgotenﬁigly hegrudu81011;§3
is.fairly"gaud at 20 nv.. 5he genorsl trend of the eufvea
im sixgnziy aswarus towerds the theorctical eaygcn potentiel.

.

The avaraga “,L.xﬁ is «6 mwv.
P , , GOLD.
The forwus, ol metal wveed werc tiae bri*ht, zou$h

electraaaegasitud or "R 1arm“; wid the heot treated or
Ph Torm", correspending to the usual grey oleetrodes.
The alaatro~§egdsitcdaférm 1s~wﬁ an earthy brown coluvur,
which gees much lightér en haating, heaowihg a polden |
oragnge colour which, however, io decper thun the light
gold of the bright clectirodes. vhere fhe coatingz of
bright .u is thin, the_fflm cen ba vieved by triuaaitited .
light, ond tho colour ic scen under the.: coudéitions to
ha purpiish.

~ There is no visible Gﬁiﬁation of the brighﬁ fora vhen
heated in air. Tae bright Lu electrodes,a&glataé from
aleoholic nuCLg,arérauil but muy be brightenca by polishing
with un spote burnisher without apperently affecting tho
oxygen electrude groperties.. There is nu visiovle change
in the wetal surface durins use as on ulygen electrodo.
2n Hesoeal ‘ |

Tue curves Xour bright

Au arc ruﬁher irr&ggler in thiselcetrolyte, und the
aircetion 6f the potential drift may changgs mdre then wneo
during the éc_miné; thé electrode ié in the g&iutivn.
Génst&ney is therﬁfﬁ?e variabhle. ix bright eloectrode

heated and cooled iu oxngon gave g much stowuier tng



s T

but thgothcrs are hetber vt £~3 wr.  The pighest vaiue
fur the Lgeilp cell, 1.1 velts, ous given by © frosh
cleoctrode imcediastely on iuaersion in tho cleetrolyic.

Disturbed slcetrulvte: The curves herse are, in oll

_re&pects,‘similar to those siven by bright oh ond bright
v in BEaCH ané are at tneAaaaqgoteﬁﬁigla hegroduciiility
is . fairly goovd at 20 mv.. Yho genarel tresnd of the curves
is elightly upwaréé towards the theorvticsal axygen potential.
© The &?sréga e k. 19 -6 my.
- o GOLD,

The férmg.uf metal ussd verc tihe brignt, rough
'éiebﬁwe~depcsited ar " fgém“, tnd the heoat treated or
"H TormY, corresponding ity the usual grey clectrodes.
he electro-deyosited form is vf an esrthy brown coluur,
whiech gaea‘ﬁuch lightér on hﬁating, beccmiﬁg a gaZﬁen |
orgoge colour which, howsver, is deegpcr thun the light
gold uf the bright electrodes. whers the cuating of
bright ..u is thin, the,fiim con bo viewed by triusmitied .
light, cnd the colour ls secen under the.> couditions to
be purplish.

_There isc no visible oxidetion uf the bright fora vhen
h%&ﬁﬁﬁ\iﬂ airs The bripght Ag el&aﬁre&ee,&sglateé from
algohclic auch,aré Guil but may be brightened by polishing
with an spote burnigher wituout ugpesrently affecting the
oxygen electrude grpgsrties.. There is no visible change
in the wetal surfacc du?iag uyse 8s on uxkygen slectrode.

In HZbug:

?nd;sﬁurbed%xzectrelyte:‘ The curves fur orighi
Au are é;thar-irregul&r in thiselectrolyte, ond the
dircetion é:f the potential arift may chonge :‘ac.;rc than wneo
during the @G'm}ns.'thc?elgctgade is in the sqlutian.
Congtancy ig thorcfore vorisple. . bright electiode

heatiod uand coolised ik oxygen goave 8 uiuch stesuier end

*



end owre regulur curvo but st the same potentiel.
The bright, R und H forus of au all give ayproxiunately
the sane potenticl, bubt the velue is lowr, ususlly being
woproximately .7 voltg roferred to o H electradé in. tue
oHInG eleatralyte, ‘Reproducibility is pour in e8ll cases.
The genervl trend of the curves is in the uore noble divecdj.
The ccnetana& of the R and_ﬁ forme is good at 1-2 mv.
sleetroGes which huve been freshly clectroplated give
exccphionelly high velues of the order of 1.29 volts Ior
the 0z-Hz ¢oll. Phis agpcaré ﬁg be due tv some uvf the
"ciectrolysing auluticn remaining in the pures of the
'caating even after thorcugh #ashing, Thig very high
potentisl fulls rapidly. ond may be deotroycd by Reeping
the clectrodc under distilled Ho0 for approxinately #4
hours vefore use. Theusual low otontiuls of bright
asu und of tiie H form «ro then giﬁen. an clectrode, |
ghich hod peen loft to reéch the ucunl low vuluea isiven
by su, wes digped in the electréplaﬁing solution, 5% |
HAuuné, aﬁélthen triecd as wn oxygen electrods. It puve
the exceptilonally high velues mentionsd sbove imediutely
on imersion, thus shuwing tuat the high sotential was
Jrobebly due tu incemplete weohing of the clectroplated
electrudes.  n bright su electrude, heated in vacuo,
gave an initiel paﬁentinlAlcﬁ my. lower - -taen the ordinary
bripght su clectrodes but, after &0 rinsg, 1% eud risen up
ﬁq tho ususl gut,ntiLl.uf brigit Au in Hgsuy,.

su iz quite exceptionel in

thia elecﬁrolyte in giving cupsistontly nigh poaitive
volues of se.di.o. in all forms of the netal. ¥ue disturbed
electirolyte curves lie ey roximetoely 60 uv. higner then
thoee in undisturbed electrulyte for brignt electrodesg.

Phe i und H forws, however, lie at much the suwe potontiel,
whethsr f.n.r. ig in ac'ion or not.  Continucus bubbling

for tne Tull o€ mins. geve, in the case of o bright
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cleoctrede, cporoxiactely thé gLme y?tential X}
intermittent boabbling.  u.-.s. usually decreases viith
time. The sverage velues are: bright Au + 23 nv.,

R form + 13 w1v., cnd H form + 20 mv. She peperal trend
uf tha curves is in the noce noble dirccticn, but thera
are‘m coﬁsiderable number with the eygosiﬁe trond.

The reproducibility of the bright electrodes is still poor
but that ot the R aud H forms is 50 wv.

‘Tae Tirot period of bubbling is usunlly rogular,
civing & pogitive .. 2. « Fewr bripht electrodes wore
codlodionised and it wae found tuet tiiore was no remurkable
‘effaetjdﬁ~éhe {bL.¥., o8 in the casc,cf PE. with it in
He o0, coilaaianieing»zﬁe clectrode eltoreé.thg ie e
redicelly Irom -50 mv. to +2 wv., but 9ith au the ..z
nas only élightlg reduced ~ trow 27 av. to +15 av. . «
polid -4y plabte clectrode, vhich had been standing in aeir for
at lgast toelve mbntﬁﬁ,'was uweed wnd goave o low negative
.8 r. of ~2 t0 ~0 mv. {curve, colid Ju c¢c.) This elecirode
vas thei heated, covled and used immeﬁiateiy, und then gave
en d.i.2. of the érdar of +10 mv., i.c. with the ususl
positive sign {curve, solid aw-o.).

In .&.’}L; ‘ |

Buth constoancy and

rcgrcéacibility ure poor for &4ll torms of iu in this
a;ectrnlytc. PctenﬂiL1 ariftlle irregulor «nd any veary
in direction severel times.during the 30 mins. In ail
‘caseaAfresh;y m&ée ¢leootrodes givé tne hnighest potential.
Fhe H form cnd briéht Au give, 1n’gen§ru1, a higher pot~
entiel thaﬁ.%ue‘“~farml 4 bright 4u olceotrode, hentod in
vacuo, started off 190 mv. boelow tho ugual initicl potentiul,
end after éﬁ,mins: it.was gtill cbout 120 mv. below tie. |
nVeragg Tinel gbtcﬁtialgor ar&;ndry'pright,nu_elecﬁkpéas[

Ligturbed dectrolyte: The average ..iw.x's wure:

bright iu 3 nv., R Lorm +7 we., i form varying from -8

te +Oav. The velues usunlly doercuse Gith tiee. ‘he

-
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curves are very irrepulaur. Suth pocitive ond uegative
i B.P's ore given in the bright and H-forms, but the
R form ulways gives s pusitive i.£.2. In wout cases,

vith the bright and H forws, the M.E.F. hos sottled down

- togpusitive value by the final period of bubbling. Lem

producitllity is fzir et 30-40 mv.  The general trend of
the curvas,ia in o more‘noble direction, but therc are
exceptions to this rulé.

In Navii

Undigturbed Electrolyie:  Heprodueiblility for all

forms ¢f metol is approximately 40 nv. but Lfor the R ahd.
d formo, efter keceping in zir-or under distilled water, it
ingroves $o 16 mv. _Constency is usuﬁlly gpproximately

% mv. but for the R cnd H.fergs,‘utncr than fresily made,
it ig very good ot 0-1 ®v. . freeshly nede electrudes ulwoys

give the highest putentiuls. Goe sueh bright su electrede

govo cn initisl potertial of 1.04 volts fur the Ups-f, cell

ﬁhich;ia very geood fur & Au eleetroude. sotentiol dvift ®nay
be in @ more neble ur less nuble direction, nnd often
cilengee dirvoction during use. & bright iu clectrude heated
in scuo give & curve similar in shayd to, and ot ﬁha seneG
sotentiel og the or&innryj%igmtod bright electrodes. Gbe
bright Au electrode wus heated in &ir snd then ccbled in an
atmosshere of hydrogoen. it geve u curve similar in ali
respeets tu o freehly hﬁaped electrode, whichk had boen cooled
in air. B |

_idctur,eg plectrolyte : iost of the electrodcs otart.

with o positive .l b., but this chamres repldly to a

‘nepative value in all cases cexcept o feow h form electroedes.

wsei.¥. uSuolly decreascs with time.  The everage veluce of
lse e ke urg & 0right 4u ~8 mv.,  form from -5 to +8 ov.,
end the fi form -~lo wyv. foproducibility for the hoand H
forms ie good ut 2u wv., but puer for bright electrodes ot
40 - Su wy. rroshly made clectroucs all have o uegative

vrond (woy from she thewretival oxygoeun otenticl, but tho
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sobentinls of clectrodes with other histories tend te rise
with tiwe. 4 bright A electrude vwas colledidnised, and
this trestment icuodiately wltered the ..us.7. ITron -8 nv.
to +6 mv. |
e B k. e 9
SIlVaeat,

This ﬁatal wes used os bright 4Ag, electro-doposited

Lg or "R fora', and this kr form heat tresnted - the "H

form®.  The olectro-dejosited sg is o desd vhite colour

ag depowited from & oy nide plating bath, and on heating

this it brightens up slighstly. Carc muct be tsken during
the heating of b@fh bright and R form clectbodes, as, if
the Ag is heated tu too high e tomperature, patches cf

the metal turn o dirty greyish whito, ang opparently

" beocvLs noneconducting. On heating the n form the 4ig

ahin‘aee&s,cu expend and nut controct to the sume extent

on coueling thue formingwinkles. g as pleted on gloes
- 101 ' , ;

oeoording to Leshery ; d.e. frun sa alevholle polution

of & uwnio - silver oxide, 1g rather dull dbut way be

‘brigutesed, as with ou, by pelishing with en sgete burnisher.

Thies epparently wocs not affect the oxypon eloctrode
groporties. ?he‘tnin filﬁs vf Ag, when vicwed by
tronsuitted light, aré 8 hmwa,ecleut, The electiru-dereaited
‘farmicculd be usually used iﬁmpﬁiaﬁely efter asvogition and
washing without eny untovard offescts un tho potential.  The
netal wag unchonged in externsl eppourance afber use oS an
oxygen electroGe. : | |

-’

- o .o - F

Undisturbed sleotrulyte: bright ig electrodes in

ﬁhis‘alcctralyte 8% chrves which are noet regroducible

at 0ll. éﬁc sotential drifts end gumgé in «li directions,
at ull times, tor no wperent reasuns. It 1o searcely
pussible tu find t#v curves of the sume shape amongst

211 the experimente on bright Ag in undistuebed i, 50.,
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wnd conseeuently no graph is eh%wm fur tais cage. This
coratic benuviéur muy ,088ibly be connected with the fact
that wg ig hnewn to dis&olﬁﬁ in hot cuncontroated HpwO4.

Tne sudden changes in potentiul are nct cauged by
sligat owvenent of the clectrolyte rsiativa tov the electrode,
aincé’the .E.p. for bright ig in Hgsué is only =19 mv., |
wheress the putenitlal suvuatices changes 50«1.00 me. in
oither o puaitive ur negutive direction within s few
ninubes. ,

Tae Hend H farms; however, are gerfoctly rejular with
excell@nﬁﬁcpnsp&ncy (Gwl nv.} and e reproducibility of
gpgroxinately 50 mv. Potentiul Grift tor the R ond H
forns may be in aiﬁhef a yasitiva or negative direction.
The I7 fori electrodes us ually give slightly higher §b$0ﬁtl&l

! then the H form, wnd fur buth types freshly made electrades:
in'gener&l, give the higheot potentiel. in this elecﬁra»
lyte sg is conspicdous as giving the lowest velues for the
Up=Ha cell of any fuuna‘thruubnuut tue ontire investigation.
&aué bright 2g elegseirodes finished up Sith Y pete&tiai of

.08 volts fur The U--H; cell. The n and o forms ere sligﬁﬁ»
1y better, over.ging .54 volts fer the Op-He cell. n H

form Jilver cleptrode, heated in vecuo, stortced ot tho

uoual initisl potontiel, but rose to & value et least 40 av.
higher then the higheaﬁ abttained by ony other B feorm

clectroae.

;' Ligburbed sicctrolyto: ﬁofa bright [g is perfectly
nermal wnd gives (LE.¢, curves identicol in‘shuge‘anﬁ at
the sume notenticl oo ﬁhbse given by the X and A fﬁrms,
The‘rcprvuucibility taﬁing all tnrae iorms together is good
at 20 mv. nribht olecetrodes token vlone give & rauzuducxo«
iIiity of kagrunim&toly 10 mv. uhieh ie o remarkublo,‘ '
change frow tne benuviour uf bxighx PN id saturpted
Zaleﬁtrulytc. ‘ wne curves ere all very regulur in shape,
alﬁhuugh in ¢ few capes tue first perivd of bubbling is

Feild

irreguler, siowing a gocitive L E. D,

ca sew
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4?@%&@@ volues of U.b.Y. are§ bright ag -19 wv., i furm

-~15 pv., and H form -1 nv.  Tine hos vory little eticet

- on the M.E.F. The trend of the curves is very slight and
noay be either goaitive uT negative. . since bubbling uf
oxygen scems to improve the repgoducibility of bright 4g

tb agah o perked extent, two bright spg electrudes viere

tried wi%h centinuous bubbling of oxygen fur o full 30 mins.
Phe curves given vere perfectly regular éﬁd fairly reprom
ducible, being well within 10 mv. of eaca other éfter SO
ming. in the glactrmlyte. The constency wus goed at 1= mv.
Whe pooltion of the curves wae at the cawe potential &s‘ﬁhat :
given by the averoge R and B formg of metel electrodee.

it seswe tﬁét'in gume way bubbling of oxygen renders the
brigut Ag poagive, Qna it stops disaolving. ahat is,

very difficult to cxplain, however, is how the R form has
0BCcome QQSQiV€>ﬁithGut any bubbling of uxygen. There is
far loss likelyhood of an uxide film being present on &
cathedically depvaitéd metal then on a bright Ag clectrode,
which nus*been‘he&ted in eir. Conesequently it hardly
seeng thut tue passivity cuvela he,exglsined by assuming
‘thaﬁ the bubbling of oxygen caused the formetion of en
oxiﬁe film over the bright Ap eleztrodes,

In BCL: -

In thiy clectrulyte brighx
ng bohuaves normolly sguin, giving similar curves tu thoee
given by the R and I foerms.  Tho average value for the
potential of the Qg—gg cell is still very low, opproximately
6 volia. foﬁéntialydrift varies counslderebly, .nd ray be
in either o positive ér negative direction. | sleetrudes
often sth a drift in both directions duaring the thirty
miinutes in the solution.  keproducibility for the M and I

‘férms is poor at 60=-80 mwv., ovut for bright electrodes is
S0 mv. Constancy ferlbrigﬁt electrodes ig 3 nv., fué R
form 7 mv. ¢né the H form 1 V. Frechly deposited H‘ferm 

- -




electrode& ueunll; give the lowest potential of all. “he
& form sleotweﬁe ac&ted Qn& caa]eé in vacuo gave the seme
results a8 un axr»treateu R fora electrede.
sfter hm&tiﬁg an R foru electrode in orﬁer tu cbiain

tie & form, thﬁﬁqg ‘skin wrinkied up ﬁnrcuollng and ¢amc
wwoy from the gless at the top. 'ﬁaing this electrode,
eftor olectroplating o fresn deposit of Ag on thoe H form,
it wag found tc give exceptionally lov reaits. Tuis wag
“traced tou tha(presenca ef 8 spull quantity of plaiing

bath sclution, wuich hed rcawnined bhetween tao giaﬂs and

tiae wrinkles in the 4g skin at the top of the metsllic
filc. a1 ordinary clectrode dipped into the plating batnv
apd used without weching, géve sinilar oxceptionslly iow
volues. ; |

Sisturbed wolectyroiyie: Tie I1.E.P2s in this

electrolyto are approxi.ately 20 av. for all forms of
metal. The values tond to decroags with tine. Roproducib-
1lity is not very good ~ Z0 wv. four bright or # form |
electrodes and 50 mv. for the H farm ﬂicctra&cs‘ The

trend uf/ggives ‘nay be dithor ousiuive or negatzve. The
Tirgt perioeds of bubbling are horg regulari i.o. they pive
negative L.E.PYs. ; , o | "
;g NoQH: | ' |

Indisturbed Jiectr The velues given by Ag for._.

the Lg;ﬁﬂ cell are excelilent for this elactrclyto, compared
-thh,cgiresgundlng values ip KCL and HnSU,4 where they seldom
exceed .6 volts.  In NaOH the highest value_reccorded was
1. lu volts, miven by o freqn, i form clesorode imnediately

on iwworsion. The everage velus Lor the Ug=Hp cell lies

in the neighbourhooed of .97 volte. Leproducibility is poor
except fortﬁe,ﬁ.form {30 mv;), The poor reprodueibility

in the other ceses is duc to some of the graophs being very
irregnler. These irregular curves occur soeetimes with
iresaly made zlectrodes, end suvactines vith clectrodes with

&l 3 T e * - i -
other” histuries - there appears to be no conneotion between
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préviuur hRiptory wou icregulerity. (Cf. curvea Gla. G20 . and
curves dr.ée., Br.3bp.) | |

. uhe mognitude of gpﬁenﬁfal urift vurics continucusly;
the airection of drifi mayaehuﬁga worc than unce curing the
3U mins. Jhe conctuncey for these irregular groshs is very
poor, but fbf the vthery is fuir et 1-2 v, PFroeghly
'heate& d form eleetrodes give the highesﬁ éaggéﬁvgéﬁeﬂtial.
~n R furm electrodevas heoted ang cuvoled in vacue, und
gove o cucve gimilar to ¢ fresh, u form electiode, elthcugh
not startingtat go high a potentiasl. This i3 the only caee
among the electrodes heeted in vecuo, whers thé initial

Qotcnﬁi&& is fairly high, end the potentiul falls with

tima; pourlly the initiel.povontied is Iou end the potential
cloes with time. Acwuelly, oven in this cose, the potonte
ial gid rige to u moximuw ofter about one minute in the
electrolyte, ofbor which it fell steudily.

Yisturheq plectreolyte o “he generel trond here is wiay

irom the thoﬁretica& oxypen yotenticl, wvlthough this trend
becumes much less i¥ the elecirode ﬁa kept in air or under
digtillod .uoter. vg Teu H.oend II form electrodes shov &
sositive trend. The bright snd i forme everage ~20 uv.
fndend. wnd the ¥ form =15 wv. In general the w.i.e.
docrenses with time. ..eproducibility is Jv wv. for the h ond
#4 Torms, but very 9&0: f.r the bﬂight clectrodes. The first
seried of Qubbling,iS'usuﬁlly quit¢ regulcr. The Bighest
potentiel attuined was 1.14 voltoe, 4y o Lreshly hootsd brigh
cleotirode. | ’
Ol I

dince (a3Uy i3 so easily'volatiliseﬁtthis uetal could not

be plated uﬁ zless by‘dcccmgdsitiun of it's wults by heot.

& coating of black Us wos thorefure Geposites un o base of

-

bright 2¢ un glses. In o few cases cothor uetellic beses on
slags were tréed, nutobly sh Znd og. wa bluck, of course,

cuwuld not be heated in nir in order to grey it, und it was
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-5 wvolts referred to¢ o hydeugen electrude in the same
¢lectrolyte, wnd 0s, deposited on a rt base, ebout ,89 volts
but U9 on & .y bose gove opproximetely .85 volts. Jo that
in tho caese of Ag,,ut sny rate, the 6&5@ motal hos o very
ﬁsfiniie'?ffcat on tho Lotential. uUs electrodes heuted in
vacuo giva, initicily, gctentiais shout lﬁQ mv. loser than .
is ucual, ﬁut this initicl value rises rapidly cn efier 0
mins. uuprouches within 20 vr 30 ov. of the cérresﬁunding it
enti&lvgiven by aifutrnuxed clectrudes, After keeping in
oir or uncver diatilieu}wuter for &4 hours, the clectrodes
ure quite nermal.

uisturbed Llectrolyte :  hewrouucibility in this

clocirolyte is e.proximetely 15 wwv. Yhe curves are regulur
throughout wll throe periods of bubbling. ‘The valueg uf |
the ».B.P. ere very low, avoraging «3 nv., vihieh value tende
to. auecrense with time. The generel trend of tho curves ic
sliphtly in the more noble directiun. some clectrodes were
cullodionised and used¢. These ctarted at o lowor potential
thun the others (6U-7C wy. lower), wnd rose fdirzy’ragalurly,
without showing nuch éhnnge mith bubbling, to tie usual

fin.l vulucse given by uneoated eloetrotos. Phe L.s.r. was
therefurs Qasi£i¢e~far thoese collcéionigea cleetrudes. (ne
slectrude, vhieh had been heated in vacuo, wug uced and show -
e@ a negutive B.L.P. of ~4 tu =D wv., but the curve was

Gifferent froum the alr-trented L. L.J. curveg. Tho curve

of the glectrode hesteu in vocue .acwed & ninimur velue

after cbout one minute’s bubbling, when tho potential
started to rise syuin, althouch bubbling wes otill countinucd.

- T TimE —>
who usuel tyue of L.oa.r. curve piven by the air-trested Us

O

L

electrudes in agul, cOnsiots ulmoet of ctriighi line sactioy
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in KCL:
Undisturbed blectrolyte:  In KO both the

conatancy 'nod reproducibility ere considerably less
setisfactory than in Hooug. The constancy io approxine
stely 9 mv. and the roproducibility 60-70 mv. Reeping

in an uxygen atmosphere duves not inprove the coeustoney

“out lowers the potentitl approximately S0 wy: I the

alectrodes, ?bicn heve been kept in oxygen, are Loken
alone,they give & reproducibility of 286 wv., but in-
cluding all the different histories the rcgrcduéibility
in 60-%0 mv.

The curvée in thie clectrolyte are grouped teget-
her accuréing tu tho previous higtory of the electrodes.

in the figure the grouns sre reproscnted by single

graphe. Thus the group ot the highest potentisl

, _ o the
cunsists of frechly. blecked electirodes, and/group ot the

lowest, of clectrodes kept in en oxygen atmosphera.

A cimiler, but much more definite grouping according
to the previous history of the electrodes was found with
Us in disturbed RatH. In the case of ilavH, however,
the electrudes kept in &n ax&gen atmcsphere'givc the
highcst potentiale, and fresh eleetrodes tho lowest.

Tae generul trend of the curves is in e less avble

" uircction. in electrode trested invacuo comucnced at

& potentisl 320 mv. lover than the usunl, and after 30
wing., the potential was otill 230 wv. lower thon the
usgutl final values.

The peoneral trend oithe

curves is detfinitely iz o lepo nuble dircetion.  The

II.r.P. ie considerably higher than in HpoUg, a?&%%ing

~1] nw. Keproducibility ic approximately 20 mv.

A 8 dééreases slightly with,time. -Frashly.maﬁé
eleatradeélgiye tncihighest M.E.P. values. -~ heeping
ir oxygen reduced the M.E.P. to much the oume extont

as kecping in 8ir,snd oleo reduced tha cxygen potential
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by 10-20 @V,

Ao Heod:
Undigturbed Lieetrdivte:  in bhis clectrolyte

vo behaves very nweh as it aid in dgdug.  Conctoney
ia‘vernguod‘at 1 mv. and‘repradﬁcibiii%y at &ppBGxim
~ately 10 nv. The gonerul ﬁren& of the curveg 1o in'
& positive dircction. In NBe0OH the us eleatrodé_an @
Lg beoe pive o curve similer te the ususl curve, bab
% pctenti&i 10 nv. lowor than uoual. Wi cource,
bright g in neid gavé curves at much tho styc potene
tial as hright ot elcc;bu&cs, g0 onerould expect very
Litsle differencéAﬁotwacn'an'ﬁs pleétrQGQ on ¢ it or
4L base in this partliculay elcctroiyte.

"an Us electrode ovn a vt bsse, on hoating in
vieus, poave curves ot She obwe patehtiél ésa.&ndaiailar |
ina shepe tavthesé given by ordinary airatreatad |
elcetrodes. freshly bleched eleectrodes gove very low
initiel valﬁce, but rose rapidly tQ tho usual steady
potential of approximstely 0.0 volts reicrred to the
i BgU electrode, i.e. it seems'that.cvén 48 hours otend-
ing in eir or oxygen is nut sufficient cumpletély to
¢liminate the occl&ﬁed hydyogen, i¥ the electrode ie usdd
in wauH.

- wlsturbed slovtrolvie:  The M. b.P. for freshkly

mede ue clectrodes is highest, even reaching +10 mv.,
Lut after centinued use the M.E.P. drons and eventuelly
buccue tepetive, giving valuwes of opproxi.ately -2 mv.

The aversge LL.E.P. for all casey is +3 wv. in all

soses the first périad of bubbling given a positive

M.E.P. fdhe N.k.P. ususlly decreases with time. How

produciollity is.gecd. Tag genersl trend of the curves

is in a positive direction. The curves in this case
ere grouped togesher wecording toe previous histury in a
veay more meried then in any otier case.

The groug showning the highest potontial is one of



.
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goversl slectrades, vhich Lave beon usee .. nunber of
times gnd fina11y Wept in wn oxXygen uﬁmbsphere before
tiee rcaﬁings vere teken. The curves nsver’differ from
ane cnother by oere than 1 or 2 wv. throughout the 30
wing. b é‘potential of sbeut 5 mv. less noble 15 &
sceend group of electrodes, whicn have been uged seversl
ting, but kept in oir only, while not in usge. Yive mv.
lover otill ie s third group; vidcn ceansits of electrodes
caich heve been used once only, sept in vir o¥f under
wiotilled wster cnd used agrin giving theue curves. -
Proshly uede eloctrodes mene up the finai group o fur-
ther 10415 mv. lovesr, wné here the curves do not foilaw

one anuther guite as cioesly es in the previous groups. .

'~

“In the figure, the prouus ere represented by single

grophe. o egimiler grouwping i chown by va in undis-
tvrted LavH, bot it io not naarly a8 cle&rly‘defimaé
as in the case vt uncieturbed cleotrolyte.

{ne Cp clectrode vuo cocted with cellodion, cnd it
started ot spotential of 1.12 velts reforred to o hydro- .
gén clectrode in the .coue elsctrolyte.  This voliue fell
ropidly, within 1C ains,., to the nuﬁnl pqtential of sbofit
ﬂLG volty. . Tne'm.hhf., whicii should have been &HRTroHXim-
ately -z mv;, gince the clectrode hud-been uged seferal
tizes proviously, wao Yinally, however, + 1 mv.

Ainis metal, COs, gives the wmost canstantAnad repre-
dacible resulto of ell the netels in havl wnd Eguu4;to+
gothotr with & very low L.E.P. end reasoncbly high
vrygen petentiels. By cereful stunderdisetion of
procedure thic electroie could poscibly be devoloped
”inﬁo a very uocful instrument for direct pH uecsurements
in alkoline or acié colution. If tnu vt base couil be

eliminated, it would poeailly be found titot us olong

‘would pehave even belter aw fer ug ceustency und re-

producibiiity sre converncd. In neubroel solution gg



block gites rcomlte Le conctunt cuuw reprocucible es Us
dyonsin the other clectrelyies, wnd coula guasibly be

Limilarly doveloped.

0 A i T G S ST oz, 5 S W D0 SO NI o SR

BLuCUuS Il dig GluwsilaBd ATIOD of bavellicodal stoULTs :

iZost workers, who hove turnsd their ottentiun

to thc‘grublam.of the uxygen electrode, iinwve confined
their expariménts to P, und,un u Jimited set of
pboervations, hove boldly stated thot zuch and such o
form of metel is best tu use, or vhut Jho clectrode is
mere repruducible in this or thut electrolyte. 4s o
result, different ug&ﬁerm havaAécme to different, ond
sometimes cengelotely incumprtible cenclvuions. wuring
the present investigaticn elose on 15,00l readinge ware
teken, end tho groeter tho volume of experimentcl reeulte
the leoa Gid 1t scenm possible thut Lny ascwsibo,
corehensive goneralisutivne could be médm, vo little
regularit§ was chovn by the dutu obteined, Foking
l1imited porticns of the &atutunly?'certuin g@néraliauté
ions aeemﬂdAfcirly obvious out, a9 uure uabs Lo
uscumél&%cd, iﬁ becemo ovident thet those gerevrclisations
Cwere, in wust cuses, nob newrly generosl an§u5§ £0 deo-
erve thc<numé. conge  uently, vhen geoneralisations are
aade Loom limited data, they ouy vary eosily icad tc¢ cone
clusions vhich further czperimentul wori. would prove
te be of enly veory lindted avpliowtivn. Iin coneequeﬁcé
oI the lurge number of exporimentul results here obtoined
1t ie considered that eny penerclisctivns maad will
carry sord weight thion these &btaincd‘éibh locss extens
give data. .

4L nurber angraphs have been urranged es an appgndix
These are curvee averaged Ffrum the exgperiucntal anos
in each alemtrolyto, and thon cslcuiatcé tu rofer tu
the hydicpgon oleetrode in the seme elestrolyte. Thug
the B.IL.F. velucs are those of the Us-lpcell, and

.



the vulueb,given*by;thg‘éiffe?ept forps of métal‘in

the diﬁfé?énf;élécﬁfﬁlyteé may~be difectly conpared.
Lacept in cuses where gepgorote curves are.given Lor

the oxidised and grey meicl, the brijht curves cre |
avaraged fram.a&lithe %righfigﬁdv§kidiseé exporimental
curves, und the bluck from all the black cnd grey rosulk.
Tnis,ﬂcf courge, only refers tu imobels which have been
regpectively pxidised or groyved. | au “H.in V' or |
‘“Cé;l“ curves are inciuded.

Curves Ubbained in Undisturbed ilectrolyto:  These ..

gurves mey be, very foﬁghly, devided iatu ftao siassag
(&) Curvesz that fall and tohﬁ to becone stee with;
tine, and (b) curves that risc Qnd tend tu bacons
éteaﬂy with tine. fcae, of ceuroc, do not becowme
stendy, but in moat cages o steady potenticl is
approached after 3U wine.,  The 4ritrt wvhich atill
remzins may be either in o ponitive or negative dircc-
tion. Iuring the first few minubten, imaediuntely after
H N v
fim:ersiﬁn in th@~eleetréiyﬁ?, u change is the direction
of the potential &rfit ie often found.  In neutrsl
soultion, kuwever, this chenge of directiocn instead
v tuiting place withiﬁ s few minutes scéma to be gprend
out uver a much longer period - ounotines changing slowly
ihﬁcnghaat the 20 minc. This later choange of direction
is hurdly ever found in Roddd or H.odu, it se umit the
meﬁals su and Agm. in many casca no initiol or later
change in direetion of potentizl drift is foubd, ond
this may be tue tu the chenge tuniu; place too ropidly
tv be shum up by readingo taken at tho ticginbervels
which bave beon used. Unly in o few cagec, especinlly
Leg, proy Pt and Au in Hsueva \ic o duubie chunge in the
direction of the potential drift found, i.e. o curve.
which, 88Y fellg, then rises und finelly falle ogein.
25 stﬁempt veos nede tu classify the motels wceording

to whetheor they fell in gruup {2) or (b), but thore was

.



ne resuiusraty evident. gright, oxidlsed ond grey

. forme of motul siiow nc decided preference, about 50%

~falling in cach grouwp. The black furm of elecirodo,

huwgver, showe & slightly greaﬁer tendency to risce, i.0.
: )

(K@{cf the black form of metals fall in clasc (b). uf

the ;iaing curves, oapyproximutely 45, vecur in NaJH, N

34, in FOL und 20, in HSU,. Of ohe fulling curves

approxinately 43, oucur in Ho%04, 0. in ECL and 27,

in BaUll.  Here there is nothing veéy definite to go

on, and there soems $o be no gemerﬁlzaatlon aa 1o

which type of previcus history of the electrode provides

the mbot class (a) or cless (b) eurves.

Curven Jbtainsd in Listurbed hiectrolvte:r These may

“be divided, rcughly, into ths seme twu classce us the
curves obtoined in unﬁiatuiqu‘slectralyﬁe, i.e. (a)
chrves tnztAhave o generel trend in a positivﬁ direction,
=nd (b} Curves that have o genefalhtrenﬁ in 8 negative

dirzction. In this case thore are slightly uore

Y]

cfinite indicstions es to which furm of uetil falle
into which class. 71, of the blees metels end 60,

of the bright motols fall intu clase (a), but aguin
oxidised and grey metels show no decided preference.
SLlunline coclution again promotes the riocing type of
éarvé, but more definitely in thies cese. ul the
rising curves, 55, occur in flatH, &7, occcur in Hpaly
end 18,. in KCI. Class (b) is speeiclly cvident in
neutral coluticn: 66, of a1l cluss (b} curveg cccur

in XCL, 25 in il £0,, cnd 9 in NoCH.  Thus sgain ve
f£ind allaline cledtrsiyta tending to raiee the pétential
tcwaxds‘the‘theerctical oxFean pctential. The previoun
‘history of the clectrodes sceno t0 hove no vory definite
cffect in eithur dirgcﬁicn.

Curves In disturbed clectrolyte may, however, Ve
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ele. Cirizu oo Well acurdin, to a0 J,.e o F cuirve
siven during tac indivicudd buboling ooclode. Wae
turo wein tyses are coosroxiaataly we illustrated:

por T \\\\/’//\\\\////\\\\////‘%x? \\\~/(/A\\*~J///\\\\////

TIME —s o TIME >
(1) {2}

The gencrel trenc of tue curve nuy, of cuurse, be
in cither Cirection. Phe inuivicuel cootiomo of he
QJUrve ap:sié@ of, (1) alguut ctrocght Liaeco, cuseticcs
with o alicht Curve, o (8};dcfiniaelg‘cdrvb& linecs.
o curved type uvfton Gavcléyamvfz?thur, nu bue oubehe
tinl coi. onees tu Tise while bubbling i otill continucd

oL

7. ?

(v} TIME —

sut in ponervl we have e bue tygcs'(l)u;na {.}
Vaioh w11l in future be refoircu tou wo tuz type (1)
Aot bypo (2) of il.wePe cuIve. it « LoJ coaoo w arfforont
Pyse ol L. Po ocurve lo foung, o.g. Sright ir in WL

b prey L in Lol

Lot P
’ 7',“4‘?:5 >

but thio aoually dovele 2o rcgiaiy intuy ¢ tyse (1) curve.
In men. ceces tho inbiul perivds of Labeling _racuce

t tyse (1) curve but lcter it chwngzo b tooe (2).

1t sceas, then, thit taere ic swae relotionsiio Lotueen
211 the four types. of [l.uwd. urve. Lyp2 {4} deveclones
into tyve (1) =ith vilo; 1.is dovolope ant coutiluucs
from tyse (1) to tyoe (2), vnd £inlly fron typc (u)

to tyve (3}, vhicti ifs the fipal cnd steols type. Judging

fru: the fen L. ¥. curves tuot hove been publiched, cither
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for . otel or goea videtrode .L.g., it angeors thut
tyne (1), ot any rotz, Les never bHeen odserveu hefurc.
This btrpe (1) L.B.p. curve is sihown by ecch of the
motole b éame tire or nnothcr, but it undeubdiedly pre-
dominotey in n&utya‘vs§lutiqn - only «s; &nd 05 show no
$ype (1) curve in KEL.  Bleek Go choves it,'huwéverq in
#ﬁﬁg@,.bright'ag in LeUll ana Ir ond Hu iu all\thr@c
@lcctro}§t0a$ Very sinilor ».E.Z. CUIVOS ore sivon
in BpSey by Ru, frocnd Us, in £CL by Rm, #t, gd, ik, Ir
end Ay, omd ia Lotk by Ru, Ir und »g. it is noticouble
téaﬁ the M. 0.2, curves of Ir uwnd Bu sre very similar in

o1l threo electrolytes.

Humerical Valueo of K. E.P.
In the toble on the eppoepite puge are given the average
value‘ vf theo &*éar‘, in m1111volts, of coach form ¢f each

BN, Fy R o b

metal in all three clectroxytcsp Tooatmmm o ot Sloa bilel

P el r“’&A ’j:-m-m..-;é- wiers T} amam o mwen om oot N & e LW
- RNt ey W s €65 o T St Ve Tl M gl e eem wnt W ey R g—y <2 aagry A b e e W

In discu_sing the numerical values of thavsriaaa
Li.B.r.'s, theee ure celculated from the sscond one third
porieds of bubdbling only ov, in svme cases,frgm the
thira period enly, oince, in wony cases, che first snd suned
times the second pgeriod of budbling produces a . &.b.
of opposite ﬂign*and widely different in megnitude .rom
thet glven when the glectrudo has setitled uuwm. of
cuarge, in cases where the [..p.f. is of type (1), the
maximum ... 18 never reeliced as the potential falls
steudily throught the 5 min. poriod of bubbling.

In venerel L. P. sppoars to decrecse Jith time,
alvhouzh covery ustél hos some curves whoere .w..n.f. increases
w%EQﬂgimé. dGust of these inereases cccur in elkaline
%ﬁluﬁisaq Thiz generalisation is much improved if .u
ané,;n oro left aut since these two wotals heve fowsab

increaces with ting, ”né theeoe incréasea‘are soread ovut



ovonly ouvc: 61l threo solubions. The moSh incresses
OF cevseeds with vine ere found with &h, Ir and «t. The
lewest ...Ler. voluos are ypiven in slkoline or noutral
golution. in uplO04 the velusu ero almost alweys uhe{h
hichest ~ the one excepiion is Ag. Tuwtor & uallmanfd

tate thue the chenge of potontisl with chanfe uf rete
af flow oi sloctrolyte ie mosi merked in ulksli - this
aspeLrs to CQntraéict the nbove ataﬁazent that luier. is
~uguolly lowset in slkaline clectrolyte. The bleck wr
orey metal is upuelly the beot Lo low a;m.r.‘values,
the only outst nding oxception being P4, vhere the bluck
metal glvad a hi&hﬁt iweisaPo then the bright or Gxiﬁiaeé
forms in all electrolytes. albhoupgh doaess 19 reduged,
in moot cua@u,'ny<aainx.tha black toru of the metal, it
15 Quitc def&n;tgﬁy nut eliminsted ag i9 the cose wztn
tho et 017 hydrogen electrodev?g. The I.b.P. of Lhc"
brignt and GXIdLS@dibPﬂS ig, ag o rule, much the some,

~ l.ber. ds highest in 70, of the cuees, when the
eléctrade has beon frochly mads. Mft:r use ana keeping
in oir, Gxygen or under distilled wotor the ...
docrecosce in general.

Biack Ao ond hlaeh Gs yive emtruordinarily similer
ijﬁ. curves in all three eleczrclytas and olap give
“vaivea for the ...k.P. which «re¢ anony, the &ademu. These
two motuls heve prabibly the grostest Liking for oxy,en
of sny vf thc rt metals ond this hae, powsibly, somo
bearing eon their beheviour when the concensretion of
éxggen is auddenly increngcd, vy bubblin, the g&é round
the eclec.rode. The following ig & table uf the averuge-

wetex¥s in all clecirolytesn:-
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‘i"ué}i‘d "3 ~

iotal. | VT8 as e sls
To 08 ees eve aes 5,50 1.V
Be  IP wer esae aes 7.3 av.
3. tu ses  aes aes 9.0 mv.
4, 1n Ceesl eee ae :' 9.3 ov.
B PA . uer ani eees 16,2 mw.
6o M. ees eee eee 16,4 v
Tu AE  eee eee ees . 17.8 ow.
8. £§ C ees e ..ﬁ_‘”; 21.1 Y.

In ¢ll cuseo somo type (1) curves erc foundshere

thG ieweis doss nob reaca o meximum, vut with Ir and Bu

this poewrs in 41l tiree elevtrolytes, wheress with othor

z&&%&la it only wvccurs in obe electrolyte, ususlly KCL.

is ¢ result Ir vid .u shoulu prebobly be farther down the

1igt, if unly the maximum .. c.r’. Wore token inty consider-

ution. 9 ‘ o
wilier and konopic s in denling with metal

clectrode .., sta:m "i:hut’ there iz no change in

potentinl whon en olostrowo i rototed in en cisetrelyte, .

unlegs that metold is 94&#%3&@_1;3 the elec arg}.ﬁcﬁ* Yhis
mey accound, in part, for the foct that the ‘va}.zxeas for
ORYLED el’eaf;m&e MR aro so 10%, ‘since the ¥t metuls
arc cmeng the most unutiuck ble elér;tmdm knoun. Dhe
‘i for the bluck form of metul ie, however, usuelly
dcss than thut for the bright form, wherses one would
expect the Tinely Givided blacg moetal to be much mere
caoily sttooked, if any ettack is toking gluco, than the
other forme cnd congequently on the basis .Q:f Jller und
éi{:#nopisky’a statonent, to have o :i:_:rger fabdbe |

; fow exp.riuonts were tried using alectmdég coated
with ¢ollodion. Tihis ¢ollodion, when dry, provides ssaq

prolec’sve covo.ing over the sloctrode, but Jhe coat

contoing innumercble tiny poces, which enuble the
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alcctrulyté tw Yeach bthe -sloctrode, but which Jrevent

- immediately round the electrode
ooy mechanical distwrbence of the solution,/guch as
might be coused by bubblin. goe or stirring the main
body of electfélyté; ﬂaééver, the increased councentruition
of mzygcﬁ atktue slecﬁrodé Ura&ght:aboutvby bubbling,
mould sill be aveileblo vt tue olechrode surfecc by
diffusion,. Gﬁ usingihese coated alectroées in quiesgent
aiectrolyﬁe, ﬁhcy gaée potentials juét the suwe ag, and
jaaﬁ.as'aasily a8 unﬁoated elacvtroges, thus chowing that
the elﬁstrolyfﬁ Gam,casily‘penetraﬁe-tné tiny porey in
the coliodion. .hen used in disturéed electrolyte, the
K. lbo wop drostically chenged in the few cuges tried,
.aithaugh_the final-p@tentialsvwere Just theo co.e us with
uncocted electrodes. uf course, in order to meke ony
_ﬁefinite Btatemﬁnts regarding the cffect of coilcﬁien
 é¢xtings cn the ilib.r., all the s .. resulto would have
ﬁggbe'reﬁaazsa uesing codlodion conted clectrodesn, on .
acoount of the marked irreguleritics found among Lhe
métals durinry, thies sork. Thieg it was not fcuﬁd pos&ible
to &0, but aevefal‘ﬁetals ware picked oubt and iried in
"meid and elkaline euvlutienc. Bﬁ was chéécn beceuse it
gove, with uncoeted electrodes, such high negutive values
ior the w.o.b. Bright &% weg chosen beesune of the high
positive valucs tound for the i.u.r. in Hp.O4, and becouse .
in NaOd an averuge value for the Yiewo . io given., PFinpally
us .5 used beceuse of the very 1ow Lee.P. values given in
HowUa nnd FaGH. Thue the cffect of o collodion couking
on o hipgh yoeitiva, a high negative, an averuge and & low
ponitive L.dS.P. was cxamined. The fcllowing toble gives
thé STfect, on the il cf.cnating an elecfrodemﬁin

esllodion:~
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Liﬂta}.. P Li Figh E}_s i:@.}: »

o {fmyo ,.ctul) (Cvllodzonised i.otol)
ddack ot =50 mv. in Hp.Oyh + & v, in HgS0,
Grey P4 «10 mv. in HaOd + 2 nv. in RaOR
BrightAAu +2% v, in Hpouy %+ 15 nv. in 32304
Bright .u - O mv. in HaGH : + & mv. in NaOl
Dlach 8 = 3 mv. in L0 + 5 to + 10 mv. in Hpsus
Biagk 08 - & mv. in Hedd + 1 ov. in kool

~ In rll the é&ses tried %nd the #H.4.r. with thease
mntals, when uncon tad, vries a 1ot -~ the WG, de
‘ 99 sitive in eign, wnd usually of Sﬁﬂll nunerieal valuc.
‘?he totold variation of L.uz.l, wita the cellodionicged metels
is only 14 mv., vhereas with the cerresnondxng'metﬁl the
vari&ticn is 73 nmv. |
vith cvery'matai;at one time or ancther an KB,

enrve of type (3) is given,

fbf:T \\\_,,JKZ’J—j\\_/#d////’n—\\~",J///ﬂﬂa

Type (3] TimE —>
i.e. thé potential, after coiwencing to fall, begiﬁa 10
rias'whiie the'bmbbligg is still euntinucd. It scems
that by coverin; the metil with collodion the firct
rapid drop of potentisl ig eliminated, end tho 8.aller
positive oovenent oshows through. This Lirct repid drop
would then appelr to be due mainly to mochanicel dige
turbance and probably the secondory risa 15 due to
increased concentration of oxygen round the eloctirode.
in,ssmé casen, prosumably, the first rupid drop aomgl&taly,»
obgoures thoe eecond slight rise, i.e. when ..ouese Surves

of a dilferent form to type {3) are given.
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gonst. noy ang deprodqueibility -

T .w:ésgtm;w, of ecourve, only refere to .mc;talé
whon used in anﬁiéturbed electrolyte, but the repro-
dogibility inclindee the results in dicturbed elac%rolyzaf
in gmeneral, the regroducibility of the wetals is better
in digtnrbeﬁveiegtrﬂlyﬁs, when L. s.i. is in setion, than
i wdinturbed slestrolyte. An extreme cags of this is
bright g in H2.04. In undisturbed -cloctrolytc there
" were no two similor curvees, but in diétgrbedAelcctralytev
rcprcducibilityiwas axcellent_ut»zﬂ Y .

“The geu&ralisatichs farﬁcanatanay'aad veproducibility
ere much the ceme throughout - there scems to be eomo
connsction betweon the twg quantitico. Hoth the best
'repradueiﬁility end the best consteney are found in
alkoline electralyto, followed by‘Kﬂl and Eggug‘in-that '
-oraer. Thie gskaoggr&rg‘ta the expericnce gg yurmaniﬁféﬁ,
- Harter and sellmon  , end Tarder and .alker , all of
“whom found zbﬁrgxygen clectrode more conctant in acid
than in elkelinc solution. 4ven cuncldering vt only, the
metel to which these investigutors regirioted themselves,
the experionce obtainé& durinz this work is still contrary
to the Qpinian exproogsed by the anbove three groups of
‘workere. In thin inveutigetion the films of mebtal used
were extremely thin ~ of the order of 10~éama. in thickness «
" whereas the above-mentioned workers used messive metel,
end this mey hove somethliy to co with the diffcrences
obsorved. o | |

‘in,all three e;eotralyteﬁ frechly mede elocorodes
uauully givo tue worst convtuncy and reproduclibility, whilet
nfter keeﬁiag‘in air, oxygen or under 4dictilled wator,
both sonstuncy ﬁnd;rcgruaueibility improve.

frain the be.st form of ﬁet&l tu use for eilthor & good
congtancy or 4 good ruproducibility o generally the black

or rough elocitro-dopusited form. The exceptions for the



two cages nre, homevor, different., Ffor ag nnd «u the
h@s@ furn to usc in either cage ia the groy or H form,
aut %righﬁ ¥ glives betber conotency than blick, Lnd bright
Ir gives the baﬂt reprsﬁa@szJity {since the bluck Ir
depopiis wersc. o unsebinfcotory from the poiat of vicw
of reproducibility). -
‘ 15,186 o ‘ , 76 :

rurnon spd Terter snd .elkor  found & maximum
yatential arift for rt of 30-60 mv. per hour in ulkuld,
ana~5wzokmv. per hour in acia Gﬁlutiﬂﬁ..‘ThB Toliovwing
tabies: nge the average ean4%uﬁay ad r»nquuaxbsiiﬁy in
all threc clectrolytee. If the cgnstuncy i mul%iglicé
by 6, the potentisl drift in nv. ?er hour i. ovbained,
end. the figure asprees fairlg vell with the ebove-mentioned
£iguréa. The drisit, ﬁow&?ﬁr,vis not alunys towards a
great.y chential difference between the cleo ﬁro@aAend~
the electrolyte, i.¢. in o pousitive direction, ne stuted
by Tartexr aﬁﬁ “alker‘e it mo; be in & positive or negutive
dirvection, or e%sa chenge frem?goaitive tu nogutive or
viéa»¢erﬁa. ?éftur aﬁé.«eliman ° found thut there wos
g. no sﬁea&y drify, w&en\ﬂhaveleatrelyte flowed pnst the

electraﬁejét a uniforu spoed, baﬁ}a flud@uaticn in bhpth

éirscticns.
Bl 6. : : Woidsy 7.
Hetal.  AVRrope wotel, - Avoraco
Conetoney ‘ aporoduciviiity
1. 2d 1.8‘mv‘ger 10 win. 1. Og & mv.
. Vs 26" woomow Bl Iy 19 mv.
5. 8t .67 voovon 3 g 19 mv.
‘é; Ln 3.7 " @ non é. Pt 20 mv.
5. Rh a0 ® won 5 opq 21 mv.
6. Hu 4ot woon o ow g opy 27 wv.
7. égA  4,70 w & a f?.‘ s £9 .
&

‘0 ¥ " i " 6« Ir ‘ 51‘ !5?.
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Qhesg fipuwres ﬁpr tho reproducibility ere ususlly
bé%tcrAthan those montioned in the sxgeriménta; resultie,
bacuuse here cloctrodes with Qifferent hietories hove
been tre.ted as digsimilur electruucs, i.e. their
reproducibilitice have beon taken sepcritely, whereas
before cu elcc.rode wue cuncidered ag eimilar to another,
ifvit wnG af the sume fora mfyéetél, no matter what thelr
raﬂpestive previouns nistories had been. “

| Tﬁe oVelage repraé@eibiiity for a&lkthé‘mﬁials in
HoS04 is 27 mv., in SCL 20 mv. vad in NeoH 14 mv.  The
S usgmtﬁncy'fgr all & .» otols in Eé&b@ I 4.4 mv.,
'in_$GL b,€ oe. und 880H 5.0 av.  spsin NaOH comes cu#‘
with tne beot figures, 4 very remocrkable coincidence: is
nefe égy&reat. In the firgﬁycése, there is o change of
l:mv:_repraéueihilit3~gervyﬁ unit - i.e. from pi 14 to
?H ¢ there is a totol chonge «f reproducibility of 7 mv.,
, unﬁvfrcm pH 7 to pH ﬁ another chenge of & mv. :Similarly,
' cgﬁégﬁﬁﬁg?u,ga;cntly chonges rqgﬁlﬁrly by .1 mv. per piH
unit from 3.G~mv; for stronsly alkuline solution to 4.4 mv.
in sﬁrmngly acid solution. If it ie nothing fore, it is |
sé@taiﬁlg a remarkedle couincidence, and yet again,coﬂatanqy

and reproducibility follow eccu othor closely..

¥Yaluoy

founa for_ the Us-Ho Cell:- )
4he tables B and 9 on the opposite page give tho

vvarage initisl enu finalj?éﬂ&utials vttained by esch of

Tho velues are those of the OpeHg cell in volto.

The potentisls in this ssctien heve a1l boen cale
'éulatcd to refer to o hydrogen electrode in the same
electrolyte, becsuse the theoreticctl value of §he Og -t
cell io well Lknown, 1.23 volts, end shoulu be the saic in
ail electrolytes, whereas the theorotical vulueﬁ of the

potentisl versus the v ricus rofoerence electrodes ore not

1
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well kposn und wro diaferent Lo cacu sciuﬁiué.v The
potentiale in all the clectrolytes ore ihen comporable,
and it is easy to sec how necrly the theoretical potential
af%ﬁe clactrode has been aggraach@a.‘

The final potential given by'these clectrodes appeurs
to be very iittle aifecte&'bx Eubbiingf" Treoting the
electrods with continuous bubbling for the full 30 minutes,
or with citernute §eriade of buboling ¢nd quiet, or with
quicacont clectrolyte for the full 30 mins. mekes very
liﬁtlevaifﬁarenée t¢ the final potential, which is
aggrakimatezg'tha eeme with all three trectmonts.

HQ&r7i found that ﬁaOH’{.QB volts) was e batter
eloctrolyte for giving high potentinle then Hplius (.02 volts)
and im taig invegtipntion it has been found that, in
gen@r&igzbeth initial osna final electrode potontisls are

‘highest in ¥aGll and XCL , with NaGH the better of the tes.
Inthe cose of the initiel potentisl given immedietely on
immergion in the electrglyte,‘th&re are o puuzber of ox-
ceptions to thismls, but by the end of the 30 mine. Natdl
ig quite dofinitely the best colution for hiprh oxycen
potentiala. Smal&5% also found the higheat U2-Ho cell
velucs to be civen in alkaline electrolyte. The exceptions
found smong the initial potenticle ¢re possibly due, in
moot cases, to the feet that the electrotGes, when used
foredictely after heating, are yiving an oxidic potoatial,
i.c. they are registering principally the single potential
of an oxide formed on the metaliic surfuce by heuting in
air. .

Hopar hace reported higher Up«lp cell volues for ©t
Ablaak,{lgﬂﬁ volts) then ior dright Pt (.98 volts), but
thore seems to he nsAganar&l rule as to what form of
olectrode surface is vhe beut to use for high potentials.
in tha cuse of A, Ir angd Bh, howevor, it .o very plain

thet the highest initial potentials are given by froshly
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- heuted electredes; i.e. by the aright, cxidised or grsy
f@rmga @hﬁreffcct of hesting the electrode, ccoling it

and aéing it immediately, is very pronounced in the case

of Bh and ¥r, where it producec very lhigh ipitial potentiels,
but faﬁAtha pther metals, with ¢ poselible exception of 4Ag
.in ¥z0H, the heoting has opparontiy very little effect on
tﬁa electréﬂe potential,

In poth acid and neutral electrolyto freshly made
clestrodes give ihe higher.fiaal vailues, but in wlkali
there is n&éhing te choose Deotween the ﬁiffarenﬁ PrGe

- troatments, |

Bu, ih (especivlly)} und Ir give connlstently bigh
1ni§iél,va1ue$yin udd three olectrolytes, #4, & and «u
roach ﬁheii highest values in NeCH, wnd 0o and £t in KCL.
W11 She métala excecd 1.00 volte 4t some time vr another,
but only 5h.and Ir exeeed 1.£Q volts. No metals give

auch Qom@isﬁentlyv&igh1£;g§; values (as 1.2 voltg}, butb
2t snd 2d {curves that beceoue mére noble with time}, are
ﬁﬁé beat ip Halm. 4w 18 the least Sutisfaetary‘metal,.
only sﬁgc gi?ing(u sotontiul sbove 1.00 yalta for tho ua-Hp
cell. &g w1l I N except in,ﬁaun whei o they Uive.reaaanahly_\
high potentiels, give by Loy the lowest ?&l&as for the
.Qg~ﬁg cell. In HpoSu4 Ag gives e vajue ap low as 4?7 volts.

Sose electrodes wero neated and cooled in vacuo.
fha‘effect of tnis-treatgenﬁ oo tﬁeir initisl goteﬁﬁigls

~ia givgn ia;the.fo11@ning table:~ {see opposite)

Thisrtrsﬁtaent of heu.ting the clectrodecs to 400% in
vacuo not onlyt encbied the metal to bc heated out of |

cuntacivwith air, but also very probobly decompoced any
agidss tha$ might haeve been foraed an the slestrode by
gryvious'treatmen%.' it is extremely interesiing %o note
‘haw such decomposition hou affected the potentials. In
ﬂéﬁué énd Eﬁl\all the metole, with the excoption of i and

%ga show initicl potentlinls cenciderchbly lower than those
| A ' . «
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given initielly by the cir-trected forme, but in Nall |
the heating in vocuo has 1ittloe or nu effect on the potential
in all cases. ' |

The curves gi?en.are all ef the rising ﬁgye,‘i;e.
thoy stort ot a low potontial and become more noble with
tine, with the cxocption of sg in NaUH vhich gives a falling
type of curve. The pat&n@i&l in many cages rocches the |
usual potential given by airmtroeted metel, within 20 mins.,
but in,some‘caﬁéa, notably bitak ¥t ound Fa, the’risa ig
much slomexr and ﬁﬁr sriginal air-treeted potential ie
only given after a long poriod of use or standing in eir -
it mey usually bo utteined immedietely, however, by heé£ing
the metol in Qir, couoling and using. |

iceording to theory, the potential of the oxygen
clectrode should change Lhe seme ampount per pll unit as
the hydrogon electrode, i.e. 058 wvolio por pH unit.,
The electrode, to & certain extent, anters ihtg egquilibrium
vie the hydroxyl ilons,
with the hydrogen ions,/thug:~

W or Ay = 2!

&hefaﬁore [ost] ™
‘ El’g = j‘.l- »

and since E."f] x [yl‘ij? = K,

- 7 -

[:ﬁ]
end the cbove cxprosciva becumes,
hw‘i ‘
[ﬁf} [b n
i

or [(-ﬁ?‘]"" [‘y]c.

The potential of the oxygen uleaﬁruae is given bDy:is
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where L' = normel electrode potentiul
of oxygen. |
subsiatuting for @é"] » Ve getie

| T IR I\

1{38 Py
2 kw

1}

- oy
I.JU BT o+

)

= wf t .uR9 LogK - .u58 loghw t .u58 log (B
= 5+ .uB8 lug Ei] ‘ |
| a—v;:.--v.usegu:,
1,0, &ho go%énti&l'uf the electrode will chonge theoreticslly
by 98 wy. per pd unit. . |
In cré&r to find how the potential wag changing with

pk, it wus neccssary to rofer the inie.F. recdings in oll
elaetraiytes te the seme standerd éleatrnde. The B.S.F.
recdinge w::arré,1 thermfura,'all'salcuiated to refer tu the
nurmal hyoarogen électrcée in esch csss. ° Ths vslues,. on

.hich these caleculaticns of the change of potential with pi

were boscd, were the average finanl potentisls given by

euch fora of the metal in the particular elcctrolytes.
In 1% of sll the uversge finsl values the theurebical
chunge is a.preximately ettained. setveen UL snd Baud it
wos atteined in 5 of the cases, betvoen ECL and nguvg in

12¢:, und between SaUi and Hpuu, in 54. wgein KJL end BaUh

- givo the wore thocretdicel results. In o fow cusee the

chunge Tound has boen grester thun the thesreticul G0 v,
por pH unit, snd in these cuses it is due to the metal
giving low resulic in the one electroiyte, wnilut the cecond
clecﬂrclyta gives v wource neuwrly thedreticul putentiol.

The aoub auts@anding'matal in this smection is undoubte
culy 1Ir, which.givqa on slmost theuretdcol chunge for cll

threo elecirvlyte coabinutions, i.e.
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i.o. Bl = LioUal
KWL = ut.ou

HEUL = il 504

kit 19 «loo catiefictory, u, ve wne <t less so, “nile L, o
ond #4 are quite unsuituble =s Un indiceters.  These last

three motuls never come within .05 velte of the thecretical

‘changg of w.l.¥. with pH, vhich is agprgximutely 4 yolta

betv.een kiL and daun or ﬂéabé, wnd e pruxinately .8 volis
getween «aull and Heolg.

,iﬁﬁ tho exeeption of ir, vhore cnly bright metal was
uged, the bluck und grey forme of netel are by fur the most

reliable as pH indicaturs.

fi‘#“ii;\}iu{uaﬂé JiALMI‘U-v}“Jlb '.ana,} Axﬁ‘:b‘g{‘{i‘ L EK.‘ Iuh;ftfm".:hldllai/"ﬁi UF

atia WAYGeal wibwTnubicg

There apesr ty be three main theories o sccount for
the irroversibility of the oxygen elscirude - the Hzﬁg theory,
the ox;da theory, which ig employed in different ways by
different workers, and the adsorption potenmdiel theory.  The
Egég theory oxpluins the irroversitility on the besio of the
formation of HpO- ot the sloctrode, produced by the hydration
o¥ uxygen‘ione, This theory eppeurs o have few pdvocates
tu-dey, and most eginianﬂis’agpareﬂtly in faveur of tho oxide
thoory. The decline in popularity of the Hgup theury ie
grﬁbably dus to tho Wéll known ¢&tulytic effect of vt on the
cccuuposition of Hzly, and the fact thut it hes not beon
acoupclusively proved thét any dpep is actually found ot tﬁe elom
ctrode. V

76

Zue sdooration Yheory e As Tertsr end oalher's edsorption

theory wee nut fuily deesceribed in the introuduction, en account
of it'e msin points will be given here. “hose sutheors

" 19
suygeat, ug did ven uer ..eulen sna wilcoxon , that the rt

preferentially sdscrbs ions from the golution thus crenting
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nr/st- ;

a potenticl differonca betwgen the eléctrade surfece and the
bulkvuf the suvlution. by clotrical uvuble layer of cnions
¢nd catiung is viaugliéed, but o preferentinsl wdsorption

of oither the spniun or the cution on the electrone, with

a grecud cheange in aqneentruticn of both ionc out into the
goiution, until éventually'tne concentrations bccume the
ssne.  The folluwing figure, after one in the wriginal

gseoer, sxpleins their ides.

Cone.
oF

lons .

C—= 5 C DISTANCR FRoM ELgCTRoDA.

Le ohew n the cleoctroude would be positively churged

.with rospect to the solution; for v nogutively charged

clectroce the aniocns would be cdswrbed in proference to the
caticns. yulentisl drift is exolained on the slow adjusts
ment of the ouber fringe,b tu ¢, which, being o considerable
Gistence from the electrods, would be bound by weaker furces.

LLE.P. is expluined by the sweeping away of the culer
fringe from a to ¢.  The effect of oxygen and other gasss
on the potentisl of the elecirode is attributen to the
daifference cn cdscerbeu loyer of oxypgen mulecules uvp the elec-
trode would have on the adsorptlve powere of the metsl for
the iono in the auluﬁiono. This theory is very elustic;

® : :
it could explain, aguite eusily, cither & poasitive or o

nezetive charge on on electrous, & sositive or negotive

vobtentinl drift, or cven an J.acd’. with aither sign;

simaly by postuleting w preferentisl aascrption of catione
in cume casos, wnd anions in outhers. This would be very
veleoos in an invesptigetion such ws this present one, %ﬁere
itis vo very Gifficult to dram up any conprahencive
genordlisutiqns. Yhe thooury, hewever, is anatief&ctury
in thit it loeves ue still coupletely in the dark os to
iy céftnin cloctrodes wasoreu certein ions more otréngly

thon uthers., wne difficulty is exileineu by sootulnting



something @}39 Juet oo unex,lainuble. In addition Partar
cod gnluinlfwwna Yertar und UO~WOrKeralllhava medified th&A
firet idegs on the distence the aﬁearbéd layer extendg into
the‘electrolyt@* |

Terter sud ilcluin found that, by woving two £t slectrodes
closer to cach atheriin certain electrulytes, tie potential
could be chenged, na éxplained this os deing due to the
re-orrongesent of tho ionic £ilm which they‘cen&id&réﬁ to
va .u&15/i25 um. thick round esach electrode. in a4 later
pagsrlgi, however, they found that the resulis foraerly
obtoined were due to fuulty apperatus cnd étaﬁe that
Sihe outhorg cuncur in the opinion thet bringing ﬁarailal.
slotes together would net produce a re-sligmaent of the
ionic leyors which one conld messure potentiocmetricmily",
caﬁégqusntly thﬂf@ ip é doubt as to whether they'themaelves
etill su. ort thaiﬁ original theory or not. These facta
probsbly scevunt Xor the lack of support Tfound for Pphio
thoury in the published literature.
tie Uxide Theory of Hoar :- In dealing .ith the cxiue thoory,

vo Dave two moin points of view, {a} that the yaﬁantial
éf'the electrode iz actually due to the oxide film
suyyosedly present on the purface of the metal - this oxide
being the clectPemotively active material, wnd {b) ﬁh&t
oropesed by Hoar, thet the uxide film, esa such, wenld not
erfect the potentisl, except in so for as it s&ewsvug the
attuinaont of equilibrium, Leing less cotulyticnily wetive
than & curfuce of bright metul. This theory demands that
thu oxide £ilm be, not continucus, but porcus, enubling

the electrolyte to reasﬁ,thﬁ base aetul through tfie pores.
in the cecll thus furmed un clectric current is set ap, the
base metal being relatively ancdic tv the £ilm surface,
vhich remuves, irrveversibly, electromotively activo material
teum the filnm surfoce, thus degressing the potentisl dbelow
the theorctical value.

«8 the curront flows, the pures become chuked up with
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presijitatcé cxides or hydroxides of Pt. Thi&”preaigitatiOn
in the 2Q0res increanses iho resistunce and therefore cuts
dovmn the seli~polarising current, which in turn reduces the
:&te:brAfilling us ol the gores. Conseguently eguilibriuvm
‘at the theoretical potential will only be attained after s
very long pericd of time; Hoer estimates it et IU,uli,000
years, after which time the resietuncs of the pﬁrea will
be so great thot the oxide gurface willbe wble to "catalyse
the reversible reection ¢t the reversihle potential at a
raté relaﬁively rapid tu the rate et which it allows
electromotively ective m&ﬁeriai tQ be remsved by selfe
polurisation™.  This thoury eugpests, therefore, that the
gatential will ﬂiawlg inercune with time, ulthough never,
within reesvnable time limiﬁs, rc&ching the thecroticnl
uxygen potentiul.

. Thiu oaffords en sxcellent explancticn of the slow
positive potential drift found with some clectredes, bud
¥ails to cxdlain vhy, wo found in many cases in thic
inveé%igatign, the péteatial arift'shuulﬁtba negoative,
end elso why the potential drixt, in muny cades, changos
in direction ircm puasitive to pegative or vice versa. It
we accept the thabry of Hoar as it atzonde, it becomes
impoocible to expluin the very high values reached by Ir and
uh, vhich sometimes exceed 1.23 voltas fur the Us+Hz cell,
since Hoar deduces frem hie thewry ot the oxygen clectroede
tnat, under the present ceonditions, the thecreticsl potential
o can uever bo avtained.

it is iﬁaereﬂﬁing to note that nvans, whe is the
furemost champion nfvﬁﬁeqncg~cantinuuug oxide film as the
Qain cause or currééicn?uﬁ7*, gaserta th&g the thinner the
film, the less likelibuod is there uf thore being discun-
~ tinuitics, i.2. thin films, in generel, provide tho buey
probecticn frsm ottoack. - 1f we o.ply this to thy Pt mebals,
it is obvioue thot the oxide film must be extracrdinarily

cumplcto, since it pretoctse thege wotils from attsck in e



Lust ei.active munuer, Jet ioar's theury, vhich is
cvidentdy baced vn ..wven'ls electrocucalicul tueury of
cwiiusion, decihus & lian gerceuble te the uvliectrulyte .
theyiry uf & WEYLel gotegtggl = In
veuling with the sirut view of the uxide lheury, i.e. that

vike wotontiul e i o tutuily oxXicic noture, it should be
VNG i adnd thot, o yot, tie cviuence o OF sguinst
e calictonee o vn uxive film wn the £t metuls is nout
venielugive, wltiough there in too much eviveasce in fuvour of
we exictence of cuch o fila to geny the prubebility of this
VCaliy, <w. % 1. nut nceessiaay, huwever, to acsume thut the:e
oxives we electruactively mctive - iwur assunec the pressnce
vl uxice farlme, out uves nut sitriovute the uxygen otential
t. them - neitner .3 1t neccsusary to assuws that ,Vif ths
oxiues wre res.uvnsiole fur o potentiel, they are wholly
respencdivic dor btoe uxygen gutential, asince there is nuthing
tv pravent on cxygen ion soteativl, or even o Hpuz putintial
caioting ot tino saue Llaws. «no finel uxygen potenticl nay
quibe counccivauly pe a cumbinution o4 duewe -~ & cunyroaise
subenbill,
rne followinyg iu & chord account of the ovidemce for and
sguinot the esxistence of uxlde filws on the Pt metuls, ag
Lnd L.u. e euriiest evideuce fovr tuc gresencé «f thewe
GXiuC8 nas ulrouwy beem cléed in the introcuction, .here the
oL ,D3 54
tae ork of .ond, iwusaey «ha chielus s of woehler and
59 112
vif iuther und srislec was entioned. Tawiconn wnd wchneider
found tnut wd formed oxidea un hasting to 4uu®C, but that
~ucelh thicker ilnms were furwmeu by aqudia sulaicution at
WM in %.6 R H;5u4. :ennycuichllo cnd moitnoff und
)
;wneéall~huve Luund that finely divided »t, 2.g. ¢t black,
Torar hogzshydrexzi 01stinie selid ig uueous aGlutions in the
covacnee uf oXyeon gul. qudanllb, fhile angugea ;n measure
ing tae ;uantity.uf carrent reuirea to¢ chinge the sutentiel
ui . 2t electrude foum that of hydrugon to thoat of exygen or
vics varau, Lvund thet dofinito wrreste seccwired during the

Sruceng, .nd tuese ha cttriovuted gy the fuvmution ur solution
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ol oxildacs of ¥t vn tue electroge, riom similar eviasnce,
‘huwevcii?SQtler wnd ﬁrmstrsng;lﬁilgrmstrang, dipggorth snd |
watier , wund sutler cnd urever errive at the conclusion
that these brecke ore not due tu oxide formation ond decuus
position, but to thevremoval end formatiuvn bf visorbed layers
of oxygen and hydrozen. They agree, however, that in H& ﬁﬂé;
LU aaegmform on exiuc, but nut in Lc Gi. shutt and
o
uulﬁanwld, in g sapor on the cncdic paseivetion of J4u in
chloride colutiong, decide that the poassivity of the metnl
is aue tu the grecence of high cxides of ifu fermed on the el-
ecirode. In « later p@parl~0 they found cvidence thot Au
recets in ulkélis,formihg a f£ilm of oxide, which is direcﬁly
o, posed tu the vieég of Sutler and his Go-workors {(loc. cit.}.
shutt end wolton sleo fouuna that, ofter Q?Olﬁﬂg&ﬂ.ﬁKgéSﬂf&
to air, the timo of passivetion for the au electrude is
chortened, end exslein thie by assuming thut an oxide film
hug clready been furaed.
wore Girect evidence has oeen forthouning Irud the work of
witller eno Low'élf Yhey showed, by weans of photogreshs,
that o clean, {no oxidej, &ﬁ plate on exposure t¢ the
ntaonpliere produslly duarlens, aﬁ& this the authours 339131n
w6 baing aue bo the slow forastivn of vn oxide fijm .
bré& these photucraphs it s.pesrs thut the iiim.&&kes'
6270 huurs beforé it is cumplete, i.c. when uno more
acrkening veeurs.
‘ 12

Jugobs ond ohalley s in stuaying the phuse dbuundery
potentizls of wusorbed fiime on metals, found thot bétn,Au
Ln&\ﬁt, on exposure to gir, are iumedietely covored with g |
film of chesi~zdecrbed vaygen. They affirm thst, uvn hootm
ing the vt ip.oiy, the metel ecguircs a film of axig?, v.high,
however, is unstuble und decumpuses oluwly. gannldéé |
using the methé& of electrun diffranction, is aocubtful as to
vhother or no an vxlde Lilm is furmed on heating s ¥t wire

les

in oxygaen, Lracher, leborin cndé Frunkin dute that, on

heuting 4t in vxygen to 900% fup 1y sess., o monatomic



»
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Tilm ¢f exysen is forwed on the ¥t eurface, one atum of
axggwn‘aumbining.with onu whbum of r£t.  An electroiytically
re&ucaé ft-electrsﬁe was oxidised most repldly in solutions
Jlth 8 ggwgreater than 7, 1 ¢. in clkalis. Glinther-schulze
end 5¢t2 Jahéwea; by means of eleoitrone cet free from
3 plow Qiséharge, that &t oxidises suverficielly in elr,
‘ : 126 127

Yhis view is net sugported by Pebincki  or slessing
bb%ﬁ‘gf shom  used tﬁé él&ctrcn diffraction,mathbd‘fér
ut&dying}the~grawth ¢f oxide film. on «u end ag. Hoth
4Uthors ggree that Aw und g do uot furm ep uxide £ilm
auwring oxposure to thc sir, orcven on vo;isning the metal in
ir. ﬁiaally‘&ua&rtcr arg Luthurnul heve reaently shown,
auring aecocosurements Qi eieﬂtrical Tesigtance of tﬁin filma
of wetule, thaot on heuting thin filme of ¢t ond £4 in
cuntect with uxyzen &ugarilmial layers of oyzdo are forned.

Tuore 1o, therefore, considereble eviuence for the
exietence of o¢xice filio un the ¥t metclo efter onodic pole
trication, or ncating in vir or oxypern, but not 80 much
evidence that vie metuls cequire en oxide film merely by
exposure toe alir. | |

iithough the earlier wurkers ll uocested the total .

Cyxidic theory, later workers, e.g. Brittans wnd Hicngrﬁa??
huve realiced thot the potertial cannot be tgtally cxidic
since, as wa. shown in the irtraauct;on, the oxypen elegetrude
is reversible .o some extent. uicharﬁs,nuw chown thet the
UXyEen alactro&e‘is immeﬁiuﬁely‘uensitive t¢ chonges in the
oxygen gu.s concentration - he oven showed that the % of
exygea in goeoous ﬁixturea guilld be determined by moons of
this glectrode~- wnd he paintz out that, on o trially uvxidic
Uheory, this'wuuld meon thet high oxides of £t muet be )
zevers‘bly farneé atlogdzn&ry temperutures, whereas &o&hleraé

]
a4

end daller and 1o have Bhawn thet thay are only
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Tormed with great difficulty ufter prolonged exgnéﬁre Lo
alr or gryEen,

;n,adéxtion ug thlﬂ, Lhiebaran quotes thz work ef
nmarding cnd Snith ggaa sffording evldenuo for the oxygen
absofbaﬁ bv rad &exnu to some extont in the uncomBined
state. Qheqa wurkara found thaet, en ~axing £d cathadia,
o eudden decreuwse in resistunce duc to cecluded hydrag&n,
vwas cboerved.  This hydrogen is usually tuken as being

uncombined.  when made the snado, o ei miler, but smaller

geeresac of resistance woes vheerved, foliowed by o

- permanent iperease awe Lo oxiue form@tionaﬂ. By snelogy

Pt or

tu the case of hydrogen, it ie fuirly ssle to aay that the

*

ugyEen is also in the unwamblned stote.

There is further, wore uireet evidence, however, that
. . | ,, 130
vryen £ag- in dissccisted by Ag.  Johnoon und Larose

- showed that the diffu“lﬁﬁ ot oxygen through Ag obeys e

~auare ruon law just as the diffusion of hydrogen through
]

T odoes. ¢ Thig ic very otronps evidence for the formation

of oxygen iono vhen the pee is dissolved in metellic Ag.

In suppert of thoir view, the suthors guste cimiler work

121 ‘ 132

Gene by Hartiay » Steccie '.nd Johmson . Johnaon .

and Inrese found no similer cvidence to suggest that ¥t

bohavee towards oxygen ags Lg does. The vork of Haber
10-12 13 14

and his Co-workers s Seur  und dasur und Brumner , sll

of whom found the oxygen olectroue thormodynumically

. o
reversible pbove ecbout 400 ¢, dows, however, that at
higher temperatures there muat be conziderable dissccietion

of oxryeen boking place. Tnere is every posecibility, then,

that at ordinary temperatures there is &n oxygen ion pote-

‘ﬂtldl manzfﬁahing itself‘ to semt bxtﬂnt ot ony rate.
The iden bthet %he cxyzen wotential, s aoasured, way be
due, in part, to an oxygen lon octential ie not then
altepether fan%astlc, |

There ars seversl f&irly'dbvzaua deductiong which

sould be nete from o theury, which su.poses an uxide to bo
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the only material deberaining the potcential of the electrude.
svowe vf these, huwever, are irrecvncilébls with obeervations
mgde during the uresent inveotligation. Lu ie a metuld
wgieh, it is moat cummonly cunceded duews furm a1l oxide £ilm.
S ;a o metel vhich is khmwn tv have the'greatast aftfinity
fcr“axygeg_cﬁ el thev?ﬁ metdic, erid yer Au wund Us give
tatallé diftereont typas of Curve. If wn oxide were jhe
only canse of the potential vne weuld éx@ect, at loost,
that o similor type of curve would be ahown.hy thene two
metals end probebly by vtherg.  The curves illustruted,
Liowever, chow that even in the same electreiyie we got
cutly va?ica types of curve.

snother striking fact is that, although the initisl pote
entiale uf;tha alecirodes uifler wiuvely, they all tend to
settle duwn 0 syproximuteiy the same velue cvenbuslly.
in Bowl]l especially, i¢ is poticesbdle niow meny metals
give finnl values of between ‘ﬁé and .27 voits for the
- Og= llp celi. "It is highly imprebodble thut all these metuls
w&ﬁlﬁ)aive‘stuble oxides with the sene single potential. {
alghough thb~kt metuls are very closely alliéd in meny |
properties; yet emcong them we have stable oxiaéa vhere the
mobals exhibit widely differing velencies; the hydration of
the oxides wﬁala 8is0 ﬁiﬁfﬁr;{rummeﬁal'ﬁo mata1? aud i
lorons und his ccuwarkeraq [ found the single potential of |
the cxides ¢f Pt differed comsidsrably, both with the ptate
of coxidstion ¢f ths metal ond with the degreo of hydration of é
the oxide. ,ﬁ.seems far mere likely that the vory similar
final potentiscls ore due o momo cause cubslde the differing
chemical sropertdes of the individual metals - probebly to
%he'influenée of an oxypen ion potentisl anulogous to the
hydrogen potuntial, shich gotcnﬁiai shoule be the same for
any metol cepedble of dissolving and dissocieting the gos.

The very high initiel vulues of Ir wnd b eapecially,
wculd»?eqaife oxides ~ith exceedingly high siagle potentiels.

9
“pislaenn measured the gotential of v ¥kt plate covered
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with varioua known ¥t orides, in vurying degrees of hyd-
fa@i@n, aéﬂ found thut none gave ¢ suificiently high
potenticl to ecocunt fur the potentiel of the oxygen electroe
he theﬁ%upé found it neccspury tewggstulatc higher oxldes
ﬁhmé vy knoon tu exist in accounting four the potentials
then'f@un@? and évaﬁ-thess were considerchly lowog than
the highest repsfteé in this investigation. Grubeéo,
* bowaver, later clédimed o nove propeared an oxiﬁa{ Etg@i
zhich gove a cingle potenticl of 1.5 volte in 2N HpSCg -
this hizh velue fell rupi¢ly with the evulution of uxygen
ve the oxide decumposed. ‘

This very high initlael wolue fallling rupidly with time, .
1o chorectoerietic of the'gutoﬁaiale fiven b& Hh «nd Ir
im&ediazels.after hecting to redness und cooling in air.
Thus it geamé very likely thui tho cause of {hese transient
inificd values, actuelly excceding the theoretical potential
of the oxyzen clectrodo in scme casen, is the formation of
hizh, unotuvle, elestromotively wetive coxides of 2h and Ir.
i the case of the other motuls, inqluding £, these
‘higher uﬁiéBﬁ arg svidenily vary much_éuye difiiculs to
progare, Or PG VOry uch jeus ctwole than those of «h and
lr, decompoging cumplctely dursng tho time the electrode is
cuﬁling.‘ this, however, is contrury to the experienco of
Qherat@rﬁlg'uhe founa the vxides of Iy to be less stable
than thoess ol rip ’ ‘

i7 the urdinary potentinl of thgelsctrode waré due

pripurily to an oxide film,‘one vieuld exyact'brignt,

, : vesu/ls as
uxidiced ond grey clectrgdeos all tu give cuch the same, end
aore regsreducivlie recults then the tlieck, since the firgt
three furms ure prepsred by howting to redness in air, thus
having the beot vgpurvunity oif ocuuiring wn oxiue Tilm,

wisresos the bluck eloctreaecs huve been srepersd in the presen

T
of hydrozen (during clectrolysis) and coneeyuently might be

expacted to give errctic reooultso before the oxide coating



nnd forped completely. (ﬁﬁiler und Low showed that the
oxide fiim on Ju requires 60-70 nours befors it is cﬁmﬁletely
formed) . This, huwever, is not the case, os the date

ohow that bleck elestrodes, in general, give the most
ecnst.nt nﬁd reprefucible reoults of all the formae of electys

-

oGe suriace. .

‘In some cbecs the curvés‘éf the Dright ~nd oxidised
forms of mc%él arce slmoot identicel, e.g.rd, Bh and Bu in.
LigS04 or P4 in HaOH.  Visible oxidetion in thege cases
aJspoers to heve wery 1little coffect on the putential of the
alectrode. This wéalﬂ'&gpe&r to be strong evidence in
Tavour o¢f the theory that the potentiasl of the bright netal
io simply Gie te en oxide film olready present.  Furbher
invastig&tiQn, hoaever, ghewed thut the electro-depo.ited
or black form, ead the heat treeted or grey form #lsa give,
in some caoes, almost idenliecl curves. Thio &8 especially
the cuse Lor su und .g, but Pt in FalOH slso gives very
similer curves for the bieck cnd grey forme of metal. L8
kos boen pointed out, it does not scen puseible that the
alectru~dep&:itca form could have wn vxide film vn the
aetal,aurfaca,‘wharéus the hcat'treaﬁe& fora is in tﬁa moat
fovourcble positicn fer aciuiring ouch o £iln.

‘The problem is further ccmplicated by the foct that,
in the cuse of come petuls whers uxidised end brigint metel
give different netentials, the oxidised wetul is et & lower
potentiel then the bright, shercws fur other metals the
posigion is reversed. The sume wpplieo to the black end
grey furne ~ sometimos ﬁhe one forn gives the higher pot-
entinl, und Bomotimes the cother form doocs. It seems thet
thare nust b? t.70 gr_m&ra coaganaéts combining to give the
~measured poténtial, end it depends on the properties of the
particular metal ond on the condiiions under vhich it is
used, aa ﬁavéhich comp&noﬁt will have the groatost offesct
on the ”camg%omiaevgatentielﬂ» thug with one metal under a

cerbaln pet ¢f contitions one cempunent of the total
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potentiel may preduninute prouucing, suy, o low potenticl for
the grey netal coppared with the black mﬂtulg undey different
ccn@itiensla socena cumponent may predoinute, producing o
high potentiel Lfor the grey form comyhre& vith the black
metol. . | |

4L Theory sropesed us g Yenbotive rxplonation of soms of tho

Experimental Results:m
_wn indﬁcaﬁicn of what the several ciﬁmcts‘msnticneé

sbove are, cun be obteined frum the results sf‘neating the
metelo in vacuu, -i.e. from the change in the initial put-
“entinl of tho motuls afier heuting in vacuc. The méat
Cmtriling poinﬁ eviﬂgﬁt froa ﬁhase rosulte 1o thut the
'inini&i potential of the electroude i nerkedly affected by
vgcuuﬁ’treatmant, {bocomes loos nmblg) if the clectrode ie
uszd in neutral or pcid gﬁlution, but thet in alkaline |
‘solution the effect is negiisible in nost cooes. For
“the time boing tho irreguieritise of fg and sh arc ignored,
vut 2 tentative explunution 1o ctfored 1atér. : if‘téa drop
in iniﬁi&i pbtenti&l cn heating ia vacuo ie asouwed o be
due tu bhe égcampu&itia& of sride filme on tus mebnl surface,
these results’may’be explained ao folluwa: YUhe big elficet on
the potontial in KCOL and Hped, is due tu tho foet thnt the
orﬁinary potentials, given by air 3r§a.ed olestrodes in.
t.ooe t70 oloctrolyten, are in ths mein oxidic end conge-
‘qugnzly, when thsee ocides uloepycar, a bipg cifect on the
potenticl of the electrede is to be expoeted.  n the other
ucnd, bthe cffoet of hgeting tnevglecﬁrode in vacuo, in
gliwline clecirelyte, io almost nil. Tuis cen b2 cxviained
s beirg Gue te the ordindry wir treateq clectrode potential
cungivting, ih the main, not ¥ #n Qxiéia, but very probably
gl on vaypen ion potewiéial, end consccuently the effect of
‘deconsosing a%y vride f£iln io neglipgible in the same pro-
p@ﬁtiﬁn o8 thée oxidic potenti:nl is negligihlc comgared with

the omygen ion putentioeld. .
It etill reucins tu be ¢xplulnow vhy tal initiol
potentisld of tha’?&auum trestea clactrodes

%




in sl and ﬁ¢~u1 is lover &pd nob iigher ther the cotres-
p&nﬁing potential of the oir tresteq clectrs ueﬁ zince
a'puralycxﬁgenjigzen%ial would be the theorstical une.
This may be cxplained by assuming'tuwt tne uxygoen cledirode
‘unéer gome hufdltiUﬂa will ulao show H, 0 . potontial. it
h@ oxygen ion putent;aj ig n¢5liglble in HCL and H 4
and the exidic natenfzal iz e¢lininatcd by aecﬁmpﬁsang
ﬁne oxides, the #, U0y potontisal will becons evident. It is
_Well known ihat ﬁéug deptresses $Lo pote ntiv; o the uzygen
plectrode, thue oxglaining the low initisl gutaﬁtials foungd
a&tar heatling the eclectrodes in vaecuo: In BaUH the oxygen
ion potential is the predomineting fuetor, is notb influeneed‘
Ly heating in vecuo, and consequently remains predowmincte
aftor heoating the vecuo - no f2ll in initisl potentiel iso
found in FaGH. . | :

The three nain effects vuobining to give the “compromice
potentiol" I the vxygen electrude appear tu oe:

(1) The single pétcntial uf en evxide film oresent
on the metal surface. |

{2) I#g oxygen ion potentiul un the lines of the
theoretical éxygen elémtrc&a.

(2) & B, poteutial produced by the hydration of
vxygen ions. The effect of thié potentisl is usuplly
,aapﬁﬁeased by the.bigger offeets dus to (1) and {&). The
s¥fect predominating in the meesursd compromise potential
of the clectrode, will depend on the properties of the metul
used, on tho @revicus history of toe cleoctrode and on
the conditions under which the electrude is usced.

ln i, 50, the vacuum trent@ent couses © big initial

potontiel differcnee Letween tie vecuum ond air treated
sloctrodes, nnd this voo oxpleined as due to the air treated
éleetrﬁéc potential being in the mnin due toe «o oxidic plus

i1, 5 Mg

pttenticl. in tie decompouition ¢ the oxidesn, by
heating in vecwo, th ¢ H v, putentiel exerts its deprensing

offect on e couprumlse putentisld.  Hero guein outside
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cvidence 1aksenfiﬁautory,.einee §,u. iz knum to be mure

L]

otable in U,5G, then in alhalic - H-50, is & negative

~cutalyut for the docompeaition of lipup ~ and consoguaontly

the Hu, factor is grester in W 80, then in #sUH.  The
predominating foetore in KOL nust alec be the oxidic wnd
00 effeéta, since heating in vacuo prouuces much the sume

effect vo it doev in R,50,. In eoch clectrolyie the cxtent

to which one cffect suppresses the oihers wiil depend on the
metnl uesed cnd the prgviau& history of the elzctrode. -

tho clectrode potentiel

In the cese of KoL cnd ﬁﬁsgé
o

yivee, sowebines rapdlly, sovcctimes cunsiceradbly wore

slondy, us the oxnide Lilwm reforws and %the cmlaic potentiol

hegiﬁﬁ to vuperimpoge itoelf uwpon ths core feoblo Hpdy

sotenticl. 'The varying rete, at vhich the axiﬁé Tilma ol
the differecat motais aré built a§; grgviﬁes the explenation
of tho verying ratec ot which the inislal potenticls of the
roocuun nréﬁﬁed wotnls rise. The ordinary potentiunl of thel

air troated potul was wttoined icnediately , if the metal

- woe heated in wir, cooled Lhnd used. Thiﬁlia obriounly due

to the foot that the hest trestment builds up the oxide film,

which is thon present when the electrode is inwsrsed in the

electrolyte, and thercfure exerts its influence en the

compronise potentiel.of the electrudc,imQQ&iQQSZy*
in expluining the resulta of heating‘in vacuo, it was
rerely aaauﬁeﬁ that ian Hﬁﬁaé and XOL the gatentidl ie

aainly oxioic end that is Nedd it is wainly an oxygen ion

potentizl; but there ore definite éraands for believing thoat

4n oxysen ion potentivl weuld dbe chwonn o tﬂergraat&at
extont in Navl aﬁq;aa hes alrcedy baeﬂhpsiﬁteafaut 8t
canéiécr&blé'length, there must be an vxysen lon petentiel,
in garﬁ at any rate, in ull alectrslytes‘in:arder t¢ explain

the change of E.LLF. with pH etc. . fwes Antrodugtion ,

.

the hoversibiiity of o <¢luctredo.)
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JE tie tigec eldoctrosgtoc ased, tue ubtrungly elk:liline
sulabicic oI buok uou Bua grertest conceatrotio. of hydroxyl
iong ~ (o coxduntely sa ld = couseqgaently it Lo Lo Le
exacted tiat tiere i.l ue less aydretion or ions in this
goiution. e nywation of tue oxygern ions sirovuuces still
-ore hydiuxyl iens, snd thiv wouldd be inhivited oy the comnon
ion effect. in weW¥H, in other words, tuerc ic tue greatest
SusSibility ot fiuding g wppreciobls na o ber ol wahydrated
oxygen loma, ' .d tho greatest ,ucslui.ity ol on oxygen ion
wobentianl becuiing gredeuinate in the asuul u&wyruu&bﬂ'got-
enticl Ui tle cleetiuuc. The oxdidic gobe.tivl «ill sdue be
presci.b wuna, to n ieuser extént, tuut due to oo, . Toe

i
. *
o

s W gotentiog wilil ve & suell factul io tue cu.iproulse
aubontinl since, sy steted wvove, tLicie 1o dou: Lypdrution

ol oxygen ious du 6 .43 eleetruiyts, ud wlise becuuuse cikulis,
wg wWelddi od e £t astel; are known tu e decvousuiition
cubidyots Lor age, - tuas, on beeting lu.acuo, tucrg is

clsost oo lowering uvi the initicd poutentlad cus {u the

W

dhpwr BUIJEQLLLLG tﬂG.OAJQCR lvn pusnticl. iie effect of
tie .i v, setonticl pius bow effevt of Loy aaedsoascced
vxide i gtiil satficicut, vever, tu proseut tae uxygen
lon yotentinl reacuing t:ic reversible uxyzen potenticl.
in tav cuse of uluo§ Lg in-Navil, tueunly heuwting iun vacuo
carve which fulls,%;ie iz found, 1.e. ag nse, iu tiois
elactruiyte, u greatel tondeinc, tgxg tiie otuer ot netuio Bu
evince the tucorotical Jxkyges sebeutlil, bubl Lan ciaulc
putontbiod iiuidly uvercoces tils tendency.

in Nauh, tuen, tue oalu factor ia Lae cuuipiviilue® sobtchite
isl is t.e uvxygon iovu oputeadblad. Tiue iwgurbent intluaence
-wX tus oxygen ion otoentidl exploing tug Lfagdts brought
wut in tue section "wiocvusulon .al Qenersiisation of
uxgcrimcntvl.ueaulta”. Tlue tua pgrin it wag steted tuut
t.e beot cleetrulyte to use was hawd, tle reuson boalang, oF
“ouurse, ot la tu b oselution ¢ oave ths nourcet woorouch

tuo Lo tacooctiond ukypon cleetrudg.

1



Tho iact thet tuo axygen iou potential even in
Haul, uebcr antuallr rezcnes the reversible ungﬁa potential
poy be due to memoval of eleabzametivalg octlive waterial
frgm«thc/uﬁiﬂa film surfoece ae proposed by ﬁuar?ls or
ﬁimplyvﬂeltﬁg dopresulng aifect of the lﬁéeﬁ oxidic ond

',ﬁgu§ 3etenﬁia19 on the &ngﬁﬁ ion 90%&3%1&1‘ tn the
besig of ﬁﬂ&r* theory the oxygen eleatruuc vﬁlues will
be highér;-in.ﬁaﬁﬁisince hydroxyl ions aro gupposed to bo

" particularly =ffoctivc in raya;rang aay breaks in the

oxide £ilmi o’ lmd

ihe elau gatnntia4 dritt, in either a pooitive ur
§QQW$LVQ Ql?ﬁctloﬁ} can bL oxyicined as duo te the -elow -

. Tormotion apd deccm.ousition reopectively of thm‘h;gney
oxides. SinéevﬁhcAaxygeﬁ clectrode potentiel, in wddition
hu'being'axiéic, ig in part en oxygen ion potonﬁial,uthis
will in all nrgbabixity bo p*zng on copeusrently wsth g8
pasmtive &rift ﬁuc to 1ﬁﬁfﬁu8ihg registence of the pares
in the oxide film t¢ the g@lfn>ulawxain& Lnrx?rt, ag
'qugg@uﬁeﬁ by Hoar.

| - Thore otill roseins ta te cxpluined tne fact that
Lg and Rk,'ugan heatod igivacuq,uaifar no change of

initinl éeﬁenﬁial in agy electrolyte.  Tnis may bo dup

%o tue fect thot the oxide filme on the&e”téé'matala are
ot &ecomaoseéyby the vaecuum treatouent, and aensequautlg
- if the ya%mnﬁial ic moipdy uxiﬁic’ia ell elecirolytes the
heating in vacuo produces no lowering of Lhe initial
- potentieal. ﬁn-tﬁﬁ othsr hend, Jobnsva end L&?oaelga showdd .
“that Ag hap %oy poviey of éiaaaaiating oxyeen to an extent
' compurtible with the disscciation of hydrogon Bgtﬂig o1t
seoma gu@siblﬁr tuercfore, that in o case of Ag the oruinapy
oir treated &1eetruﬁ% potentx =1 is, in the main, an oxygen

. ® Ip g-recent p&ger @emwimnffw"’ boas found that the

e hieet of adaerptxcm of oxygen vy op is approximately the

peme 6o the lieat of formstion of Lgli, end regerds thig

&8 evidence that the sdserption is rowlly chemiesl coue
bination.
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ion potentinl, wnd sance, in this case, the increseed
offcet of tho oiygen ion poténtial ia due to the motal
and not to the electrolyie, it will bo evident in nll
three clectrolytes, ond heating in vacuo hus thercfore
118410 cffect cven in KSL or HzSO4. The once of Rh
may be‘similar to that of Ag, and it ﬁaul@ b@‘intereating
te inveatigpﬁa whether the diffusion of cxygen tarcugh
Hh obeye & oguarc root lew, i.e. whetier sh, as well as
48, hoe the power of dlasceluting Op.  un bite othor hand
RhoOz L8 one of the most difficuls of the oxides of the
?t wetals tg<ﬁmaam€2§a‘byvhﬁat‘unﬁar erdinary atmabgherib

gives the docoupusition tempercture

pressure.  Certer
rooulis

©as 1150%.  Froo thé very high inpitiel,found for Ifreshly

heoted Bh cleotredes during thie investigation, it seems

-

thot tho high vxides of Rh are purticulurly cctive
electromotively. It is, therefore, o recgonsble pousinllily

that tho luwer oxide will hava'thc‘érﬂdominating influence

on the compromise potentinl., ~ It secmo, then, thet, in

the cess uf Rh, tie inoffoctivencsa of the vocuun treatuont
in produeing & lovw initicl potential may be due either to

the in&biiity of the troatment b decnmpcsc"hhc uxide

- £ilm, or to the fach that Kb, like ag, ié giving mainly

on oxygen ion petentiol.
In puttliang forward these suggeestions it has been

§é

asocumed thet the Fecuas trentment has decomsused tho
oxide ﬂilﬁ“yressnﬁ on the metsl. Eionards?a.fouﬁd that
electrodes, whish had asttched o stehile potentiul,‘au boing
‘made cobnode in Hapug, gave o gotentiulicnneiderably
highey than before. ?his ?e aﬁiriﬁuteﬁ to cathodie

reduction of the oxide £ilm, i.e. by reducing ﬁhﬁlexidas.

 he attained o aigher initial potential, due to the now

unsuppreeged cxygen ion poteatisl, which ic just the
oppooite to what was found on heating in vocuo. 1o it
popaible, then, thot heating in v&eua produces a‘ﬁifferent
cffeet, not the docompooition of the oxlde film?  The
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,:fuﬁly athar pn*uxble effects'gaem tc be the romeval of
ﬁnscmbina& axyggn from the netal, or clee dedampositi&n
of the!axiﬁ&s, ot to free wetcl, but to suvme very iow
oxide with au ezﬁremeiyvleﬂ cingle potentlal. It doos:
not sppear vhot the first could be the case, aince suvie uf
ﬁh&*éi&etrsﬁes require & iength of time of the order of
doyo 6afcre‘thcfarigiﬂal air treate&‘gstsnﬁigl is reached.
'Phe metol would hardly tabe ell that time tsvtake up the
jaxygen agoain, but, s mentioned earlier, Lliller & L@Wlalk
hgva ghown that some of the metulg do require aarioéa of
¢the order of daye for the completion of the oxide £ilm,
ond haéhierﬁé shswedftnat“%he higher oxides o¢f £t axé only
rorued with aifficulty, apd after coneidersble poriocds of
tine. | |

| In aaditlanw%@‘wark of Butier & Arm%trang& caﬁts,
deubt gn‘tgﬁ work of dicherde (lev.cit.). Butler &
arnstrong found that un slectrode anpdically polariscd sotb
up an oXygen uvsrvgltage,,w%icn graﬁuully'decageég_x1naliy_
approsching o ‘oonstant’ velue after a fow hours. By‘
cathodic pelerisation they claim to huve &11&1&&@9& the
alov daﬁay; and attain the "constant™ wnd ;gggggotentiﬁl'
in a few ceconds. Tﬁis-cathaﬁic~polarisaﬁiau, carried
ot in 504, gave reoulizmore liﬁé thoa@ here reported
from hesting in vocuo, end qulte differowt from ths high
valuep rgpsrted} cn cethedic polorisstion In ﬁsﬁﬁﬁ,fhy
- aichorda. | |

The auggestian.thaﬁ the decompeaition of the o?igin&l"

oxide film is not cumplete bubt only produces lower oxides
with vérgvlqﬁ‘aihgla pot&nt;ala is otill a possibility. R
«wen if pds were the cose, however, th@ original thoosry
pugpcoted would stond elmost unaiteded -~ the Jostulated
H50p setentiel, however, would thon beeowe less espentiid

o the tnéérg as n whéle.



Zheories of the Uxyzen uiectrode oe applied o Uag

Llectrude M.B.P: 4o was mentioned in the introductivn, the

phencenon ofqm.E.P.,es‘fef us the oxygen electrode i
ccnﬁéfneﬁ, is almegt an.gptaucned fiéld, T&rtar and
,ﬁﬁalker76 npplied their adsarﬁtion‘?atenﬁiai_theury £0 the
.E%subject of H.E.P. aiter'finding'tﬁut the Hgbé %hoary“was
- _unapie to eépl&in the phengmanén?ﬁ. The objections to
S this aﬁﬂo}pﬁiﬁn thecry, wentioncd earlier,fsﬁill apply
when the th&ﬁry‘ip,appliﬂﬂ.tﬁ'tha problem of MJE.P;.‘;

Phe purely oxidic thoory canhat axylaiﬁfauﬁ,ﬁ.p ngfa
“has en explonation aver boon settenpted by ﬁhﬂ sdvocatos
of thip theory. The only wey tinbubbling of oxygen could
;affectqpuraly ozxidic potential would be by the intluence
ot an incresced concentraticn of gas on the stebility of

70

the oxide. Ag Richards hat pcinted-uut; these oxides

are not reversibly formed at ordinary‘tomperatureg, The

theory proposcd by Kahlenberg and ais 0ﬂay0rkers?7’?a,

basod onthe destruction, by relative metien of the elcchrode
nd the electrolyte, of o condensed gas f£ilm uwsually

gresont on the electrode, is quite inedsguate to explein

the widely differing velues for L.E.P. found during this

investigation. In the work they did con PL, Pd and Ag

with bubdbling of oxygon, they always found a aegativé ¥.6.8
alth@ugh for moetals other than noble notels o pogltive

H.B.2. was usually observed. The destruction of a film-%
of cundensed oxygen on the elcotrede surfece cennot )

oxplein why the M.E. F. shonld soustinen be o positive

and scretizes 8 negative gquunlily, ts was foung @ven\améng

the Pt motale during this ;nﬁestigaticn; ﬂeitﬁer can

such a theory explein the maximﬁm ﬁnu ﬁinimum'potentials

found by Fronsh and Kahlenberg dur;ﬁg'thﬁ bubbling of the

BuS. Yue authort never atteupted to epply thelr theory

te theoe woro coaplicated cescs, since id obvicuely
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conmot oupply un adeyuate axﬁ&én&%%éé@~'

S0 o metter of faet, the usul theorics gre}usad'ﬁa'
sccount fur tuc ilrreversibility end o?her anomelies of the
_oxygen clectrode will, in ell probudility, be insufficient
to exgi&in ﬁh@ pionozonon of MJEQP.,.as the Tollowing polnke
_mukéwclaerw . |

_3(1} | very gften the pesantiaﬁ uf &n ulcgtfﬁdﬂ ig, at

: firé§ moved in the less noble Girection by hubbling, bub

jﬁawéraa the end of the fxva‘minute pericd of bubbling the
"! 9§%@@%1&1 begine to rise ugain. o 4
' {2) Continued bubbling fur the full thirty minutes
' gavé, wien tried in - cuses, the sewe finsl wulines, withi
the liaits of reproducibility of tho experiment, us an
- elegtrode whica hed been uged in undisturbed elea%rclyt@.

(3} & bright #t elextrode showed & rise of poten~
tinl at the beginuing of the Live minute poriod, while
oxygen gas was being bubbléd at o plow rate, but on
increassing tne rute of bubdling, tue potenticl became
leegnoble agein, i.c. if the dubbling is not sufficiently
- vigorous the us&al dloew poglitive drift given in endisturbed
cleciroliyte, cun atill make itself avideﬁt.

Theve three obocrvetions suggest thet tue fipal
’equ:l,lihrium potential of the electrode ic the same, whether
the elecirolyte has been disturbed or not,i.c. the potentisl
0¥ the oxygen slectrode during bubbling is sbiil, in the
main, cuntrulled}by the aame Tsctors vs ﬁh@nvthﬁ cleetro-
lyta is unlisturbed. However, smull, superficial cpanges
in the potentisl of the order of 10-20 mv. (i.c. ¥.E.P.)
stiil do oceur daa to some new, and very uucil lcss impore
tunt factors, vhich in the undisturbed electrolyie do
not affect the polential to ahy gpreciable oxtent.

Thege ney factors, brought into glay'by ths bubbling of
tue okyiLon goe, ero not ioportant from the polnt of view
ot the irrovercidility of the vxygendoctrode, but are

exceodingly important fro. the point of view of the



constancy o rag u&aaxbxlxty, <inge ﬁha‘regrgduaibility‘ef
10-20 zv. ie not gocd encugh for direct gﬁ ﬁetarmiﬁ&tibn
with the alactrcﬁaﬁl e a e e
Tie unly other uathors to teckle directly the subject

of oxysen slectrode M.E.P. waretﬁawb&ry and Smith?gp They
put farﬁar& opn oxidation - reduction theory for rotal
eiectraae H.E;?., and the M.L.P. oz hydragen electrodee,

ulb atate& ﬁhat it wes ina&aqua@e to explain Qxygan electrud
LB ”

. dhoeries of

Q@%&l‘ﬁlaéﬁ?ugg‘ﬁnﬁhﬁ¢'ﬁﬁd bihelr helationshin

to Gep hiectrode IL.E.P.  In turning to theories of motal

electrode ﬁﬁﬁiﬁ. in én,énﬁeavour,tu £ind one which might
be applied to the. case of M.E.F. of the oxyzen aleattade;
it agpearsftnat there ig o considersblc need for etandere
disatién sg‘tne,procﬁﬁurb used in obtaining W.B.Fla.
Fremch and ﬁahlanbefg?? obtuined an M.E.P. by stirring
 the electrolyte, thereby wuving it relotive to the elegi-
rode, an& gropﬂse that the differonce in potentinl
observed 1& due %o the dcstructisn of the poo film &3 the
‘nmetul. They 2d4d that the slightost 331 given the clectrode
or cven & patch of airt on the surfece is cufficient
partdglly to desiroy this film, and oo to chanpge the
clectrode potentiol. |

Un ohe other bend, Fink end Linford®® obteincd their
relative moﬁion between electrode end cloctrdyte by rotat-
ing their electrodes at peripheral speeds of up to 10,000
F.p.m., and otated that thooe speeds were csescntial to
bresk down the unatirrable liguid loysr egainst the
'Giectfaaa_'; éﬁesa»anthﬁrs ﬁffir@ that bubbling gas or
| stirring the ezectrglyﬁe proﬁuces a chaﬁgé oX potential
guite azstinnt Ifrom th&t bruugut about by rotating the
elocirede. . . ' a . ,

In between these two exuzéwee wo tmve Hewbory ond

x sl F 3 s ,
Suith 7, who rotated their electrodes at specds of 900r.p.m.
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sna £ind tiat bubbling gss round the eloctrude has

exectly the saso cffect. Ciittun wud Euntlgﬁ used spoeds

of 1,700 r.p.m., vnd eleo otated thet bubbling gas produces
aﬁ'“ﬁlestrokinéﬁic” potentiel, tne term which they spply,
without nuch jJustirication, to 4. B.x. Witller and
Konayiﬁaygﬁ rapidly roteted vne ol o pair of eléct:oﬁesf&au
fuuné‘a Hok.¥., If the electrude was not “yﬁrfecﬁ“ or

7 . N
unntiackablo. hoanigg' vaed an electrouugnetic vibrator
E ' ' this
of unknoun frecuency and olso o gtirrer soriking ingelectro-
' 89

iyte at 2,000 r.p.m. Boumewitz cnd Schulz®’ cnd Bormewitz

O, uging o Lg electroude, soroped the surfece

‘ol the one ag electrude with ¢ woveble dicmond point and

| | 79,97,98,100
found a L.E.P. oven in AgHUy, whereao most workers =~ °7 7

have gtoted thet Lg in  4glUg glves zers or very lou Lo B s
veluos. Bermowitz and Schulz uentioned, however, that,

in order to got an M.E.P., tie clectrode pust be scraped.

were rutetion of the electrode ia nut'sufficientvte break

down the nnstirvoble liguid luyer un the slectrode, wi@héut
which no M.E.P. i biteined tor Lg in AghUg. | |

There aﬁg&arzﬁ greonnt tu be ftwu dictinct yhﬁadmsna

conprieing metal clectrode L.B.Y. oppsarently being regarded
“us ldenticul. The one offect con be ceausved werely by a

- alight jur giveuy tne eleotrode, by a pateh dirt on the

électroﬁ@,‘er by moderstes qf stirring or fstating the

~eleotrode. Tne othar reguires electrode speeds of 14,000

Y.p.0. to bree. down toe unstirrable liguid luyer on the

- electrode, a9 stated by Fink snd liuford, or reguires the

electrode to be scraped as Benfiewits cnd hio co-workers
fTound.

it hurdly neens possible, tnen,that an explanction |

- of ong of these could be ouplied to the other with aqy

degree of sucoess, wven thodgh Fine. end Linford's change
of putentiel would of necocsity include sny change brought
about simply by & slight jar or moderate rates of rotetion

of the cloctrede. Jome standerdisstion of proesdure
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ig thoroforo cogenticl, in order tu coparate and
identify those tw§ cffecto, anﬂ afford o means of ﬁamﬁaripg
the work of differcnt investigators.

Gas clectrode M.E.P. in brought into ylag‘m@relv ’
by gentls bubbling of the gos round the electrode, und
therefore must be govarnaﬁ,by factorse @uita dldtiﬁﬁt fron
thoge govﬁrnlng metel exectrgaolﬁ.m.P‘} which are moasured
by methudo cimilar to that of Fink and Linford or Bennewitsz
and hisg cemﬁarkera- s

. The theﬁry ﬁf metnl clectrode M.E.P., ghich bas

gfah&hly rcaei?eé the largoat encunt of suppert in the

literaturse, is tha olectroltinetic tﬂeaxy ef

87

Procopiu . Thig theory demends the sweeping away of the

diffvec ?Qrﬁian of the Helihoulte double layer by the yew
lative motion of élecirode and~aléaﬁrdlyﬁe. ' Kaeniggy
points odn thot eloctrokinetic p?éﬁsmena dopend only On‘
the clxp or displacenent of tne diffuse part of the double

layer ralﬁﬁive ta t%& ¢&Wahile port, whereus the electro-

‘Einetic ﬁﬁeory of H.E.P. ﬁem&a&sw&,ecmglete removal of

-~

‘ R A
the diffvce comgonent.  Chittum end Hunt ° boave nlso

atteckob the validity of Procopiu's use of the electro=

kinstlc theory to explain wetsl cloctrode . 5.P. from o
Ainilor theeretical point of vicw. Hewbery aond &mith?Q

have pointed out that the gensration vf approciable

eleoctric carrcnto by M. B.P. detinitely places this
phenomenon in gquite a distinet cétegary'from,eientraw

" kinetic potentianle.

Procopiuts éttegpted correlation of M.E.P. wvelucg with
. B8 . i . ‘
Burton's : electrokinetic meesurcments is not at oll

gcenclupive, and it was unfortunate shot Chittan end dunt

- should Lpply the tﬁrm "eleatrnkiuatic gnteﬂtia}“ to H.L.P.

ghuhﬁmﬁﬁ& with ‘saci littiﬁ exparimentdl proof of the
identity of tho twe gaantitics. 4

Both Chittum and Hunt's ¥.L.P. theory of the disture
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binee by wotion o & muuifiea uwvuble loyer, toe svlution
gide cunnioting of chwrgev coulloidel ool Jsarticles,
i) frwcggiu’s tnoory of tuu distuibznee of the outer
conponent of $ne dolmhultz douwvle 1gyer,'§re inapplicuble
$0 oxygon eiectrade ik P. fur the Busse reuson.

The ﬁnﬁulr”ﬂbl& liguiééﬁzkﬁua éiactrodc ?&?ﬁléa ie

generalay cunceded to iugve o depth oonsidersbly in oxcess

of the dopth of aauorbeu.layers. - wcecording to dovis end

&:&ad&llldc wator stirred ot 1,Guw r.p.m. lecves 8n un-
stirreqa film &9§r¢Ximately 4)(10“ mr. thick. Qn the other
hend the delmholtz double layer, according to «hite, Lonoghen
and ﬁrnanléé, &f“ a depth of aopr ux&mﬁtle'u)<lu am., and
vther qéﬁimutéédarﬂ‘av@n less, i.e. the mnstirrable luyer is
ut 1aaa£ one hunurel times deeper then the electricasl double
layoer.

| CGounscogquently imn the case of either srocepiuv's ur
Ghiﬁﬁum4anﬁ‘ﬁunt*s thoory, the ik, cun'anly b@Abroughﬁ
intu glay by brosking desn the unctirrsble loyer on iLhe
clectrode, aad mere bubbling of oxygen gas, wihich is sulfe
icient tou produce cxygen Ql@étfsﬁﬂ’m.ﬁ;r.a weuld certainly
fail té dw~th;s. ? ﬁurther, éither of these two theories is
‘pa»ylinable t0 metel electrode L..i., unly vhon the vulues &re
obtained by ¢ method such as Pinurgn& L4n¢ara& or tachk of
Bennevitsz wend his co-orkers. <o in theee ouses nsmever,
o large part of the sotentinl thuy meassured wuust be dus &u sul.
foctor, which dues net invelive the bfaaking'uuwn‘mf the e
uastirreble liquid leyer, sinceo mﬁ‘eruta rates of st LrTing
alee preduce s very definite metul elecetrode a.m*x,‘

Yhe only thﬂury of metol electyode .i.2.P. whieh remains
is that sugported by wliller and hupuoichy96> huenxg??;
gvanagd end hnwp&rgg‘ This theory, vwiuchasuliew %o the
orainury metele, bos become known us tho "difterentisl
ceration” thoory. LG originully grogesgd?d, the stirring

of the clectrulyte ie supposed to effect the clectrode
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potontiol merely by increasing the coucentration of oxygen
at the ono elecirode - the stirring, 2o auch,‘having,nu effects
en the potentiecl. Tﬁia view has becn mudificd in cartgén‘
cacen of metal eleetrode i, E.P. by Liller and koncpicky .
" They found three effectg coused by—re;ative motion of
,aléetrgﬁe and electrodytt.
{2} & small negatlve effect due- to the sweeping
. _awsy of metalllc iond frem the electrode.  Found with Cu \
ond #b, end .inéeﬁ;eshdént Acu‘: pH
- pogitive .
, (b} & second, biggey; effect,superimposed on (&),
dus to the removsl of ﬁh@ products of the reuction between
the electrode and the electrolyte - thease producta having &
Algher §B than the remalining SGluﬁion@ 'Faunﬁ with un,
which reccted wiﬁh the cloctirolyte.
{c) 4 third ongd biggest effect, posoitive in ecid amd
“negutive in olkeli, due to the incréaséé concentration of en
Qxidiaing'ﬁgant at the elgctrodﬁ. ’
Thuo the effects () end (b) have been naded tu the
original ldce of Evans that the increasaé concentration of
éxygen]at the clectrode 1s th&vonly factor in k.f.r. Kaspar'e
warkge-ﬁns intended to show thet, if aﬁayﬁtem iz in trus
ele@trachémical &éuilibrium, then nu_gfﬁ.f. is evident.
He took ﬁ% 1h ﬁgﬁﬁa, iﬁ the abaeqee ol any geeog like oxyzen,
as being in trus alectrqchemimai eenilibrium. The spsten
should then show nene Qf’the three sbove effects, élthaagh
- an electrokinetlic effect shouwld otill be apporent, if pressnt.
- hagpsr Tound that there was zZero w.b.P., and thercfore conclu=-
éeﬁ thgt;zhe electrokinetic theory of il.u.¥. is inapplicoble,
‘&n& thot Likller end XKonopicky have the correct oxplenstion.
Thies concluesion is probably correct for his exgérimental
resulte, since, although kasgpsr does not mentivn the.speed
st which he rotated his clectrodes, it iz probeble that he uaed
mmderute»gpse@s, which would be tuvo iow to breck doen the

unstirrable film on the electrode, and he wogi& then, of

course, Lind nu olecirokinetic efficct.
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un tie other hund, hod he usced methods, scucit ae thone

‘uecd by Fink ond Linford or uliller and Konopicky, for

%

measuring his I.E.¢., 1t 1o probable that, even for ag
in gHOs, he would heve found an apprecieble ILE.¢., i.e.
an electrokinstic ocffect zight then be)evident,

fvsns in attempting to explain the l.g.r. of rt,
chich is uenolly negative, mokeg the essumption that nuble
metuls, on ogitetion in an electrelyte resgaﬂﬁ sreferentinliy
to the deercase in weﬁéz ion concantration, i.c. to effect
{o}, wnd not to the inefeage of OXysen coneentration, i.e.
effact {c}. 'ths apsunytbion, then, reavves the explenation

of the il.B.F. of the ¥t mutale from the reaim of the originel

Fdirterentiol aaxatisn” theory. The effect (b} would, of

couree, he very small or zero for the It mebsls, since they
are vsry'naarzy‘“berﬁest“ or unattackeble elccotrodés in

FS

most clectrolytes.

L At

An_Attempted srolenation of the 2. E.P. of tho txysgen

blectrode:  Any theory of oxygen electrode M.E.P., tu be

patisfectory, must be vapeble of explaining, particuloriy,

why thc cbworved M.k l. is sinetimes positive and sometines
- negative even with the nsne mctai; and alsu the irregular

~veristions of fi.E.P. with the nature of electrode surfsce

cte.  The only thécry, wnich appesrs %o huve eny chence of
fulfilling these conditions at preseut, is that of iililler
end Kenopleky, snce it providee for boih & positive end a

negative cffect on relative motion stetwesn the elactwode

‘and the electrolyte. It saems, frox the irrégul&ritiea

of the M.&.P., that tihe observed veluss muot be o coempromise
botwaen at least two effecte which probably work in

@gpégita direetions, ‘1.e. tend to move the pmtenti&i‘in
oppﬂaité directions. | The effect, that gredominates under eny
set of cunditions, will depend on theee conditions.  Thue

ander one set of cwunditiong e positive L.E.P. may resuelt
>

tiie negative cffcet or efiects belng cuppresscd, -and under

snother ocet ot conditicns the Quaition may be reversed,
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ie chenged, ulthough the tho valuos, + &% frk

O~

Y

the negative effeebs becoming g redeainnte. The velue

of the puoitive H.ik.r. will depend on the extent tu which

the negative effecte are cupprascsed by the Qarﬁicular
conditions under which the eloctrode 1s heing used, end .
vige vOorsa. | |

with regerd to the . E.E of the ¥t netals uueﬁ ag
oxyegen electrcdoa, it sopeard thot there aere only qu nain
effecis, ana the@a work in opposite directions; the ¢ne
erfect yrgégcing o £all in potenticl with bubbling
(negotive II.L.¥.) and the other o rice of potentisl with
bubbiing {positve n.E,ff}. It st111 remsins to dceids to
what thepe twu effects are due, and the vreagons for the supp=-
resgion of the one efféct in certain cases and the other
in other ﬂﬁﬁeo; thus pra&ucing positive and negativa X.E. 1.8
under different C“ﬂﬁitiﬁns.

From Table 5, where the effect of a collodion coeting

on ﬁhe_h.u.rm of £t, Au and Js ie tobulated, it eppears thet

the principle effect of thic conting is to change the L. L4l
Trom negetive te poaitive. In the cuse of Au, which gavo'
a posivive ILL.¥., in Hp30sz, the value, but not the sign,

snd + 15 mv.

ro,gcetmvely, lic within tho limite uf reproducibility of

the ex;er‘ugnt. ',(cne uncosted iu clecirode in B 504 gOVO

an &;g.r. ac 1oy 28 + 8 mv.})  The collodion coating, of
aourse, pravents any e sclhanical digturbance of the

"diffusion layer" round the electrode, lesving the aleatr&ée

in puco the seme condition ss it is in undisturbed olecetrolyte .

dbut the excoss concentration of oxygen gas produced by
bubbling cen gtilli diffuse through onto the electirode nnd
effoct the paﬁentiai. It eppeors, then, that tho anoll
positive L. &.2. 's, glven by the m tals coated with colludlon,
arc due, in tie nain, to the inéreaaaﬂ ceﬁcentratioﬁ of exyre
goea protueced by baobling. Thig egrese well yith thﬂarieu

95 96 71
of wsvans ,<Mu179r ond Kcnﬂnickj and Hoar =, &ll of whom
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sreaict wn incruuse i electrede utential sith an
iporasus il guncantrotion of uxygen ot ti.e clectrode.

ine sull e.itive effeet, in other caesos, is’yrobably
... urioinel Lo oitive ootontinl ¢oift, given in uncisturbed
gloct: viyte, ru~asacrtiia, ituolf wie. tuc spperficial negative
effect vi. the Loutocuticl, cue to bubbling, cesses. This
puiitive potouticd arift cuua be explaoined, es mentioned before,
eitucry on tac broie uf Jloar's thaovr, wr cco o duae to t&e slow fur-
metion of aishes cxidos ur, a3 is Jrobuble in must cases,
aue to = cunidnetivn of tie twu, aince Hoor's theury clone
cennLet cxLiedn ¢ we ttive potentinl Afift. .o 2211 pocitive
potontial dwift woulc oe incerersced ilu tiae pocsitive direotion,
uL. tia bosic of sovr's treury, by increucing tioc counceantration
ol w.ygoa souud tas elosetroue. Thus o Lotentli 1l G ift which
Lagiat be Liigltiy in o negative direction 1n unclsturbed
electrulyte culu veco. s wuuitive in distwbed clectrolyte,
cias b doureusew co centration of oo gon. Tha:: even en
elrotruve _1iviig o negotive sutentivl drift in wdisturbed
-olectrulyte eould 0till show 6 small esitive ... when
ccilouiunise.,

snig nositive elffect is, huwever, usuclly omell wne the
lexper negative effect, vhich u culledion cont su.precses,
his atill tu be evccounted for. asince thn ot metels doe not
recot cgorecinnly wath tie solutione used, the .eletively
lirge uegutive eifuet, folisuwing wuller wnd ésuupiciy's
ti.cory, muot oo wde tu toe rewovel of ot l ions by the
Gueopliy ewry o tiio "diffuslou lgyor” wweund thie electroude
b, bubbling. Puis seo:n o very oiobsble expgluaation. lhe
wrevedence of tie nagetive ioow.i's wnong the ot aetzls has
been conleined by dvuusgb vho atates tiot tiie noble uwetcls

wre :oore senpivive to clionpes in weotel iv: guncentration

tutn bu Clanes vl Wkygen cuncentreticn.

It 27 oo Lt ool L Wl Lo exgeilountel faets, saich
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are horce exolained on the basis of the forepoing theury,
wore netuonlly tho cluec whicn led to the tuecry. len
exonining the ..., grephs, it was found that every weisl

hod o nutber of grophs like the following:

TIME

dekios. Curve, Qype 3. {See r. 61} |

ine'gotéﬁti&l falls rapidly, on bubbling, frum»b to b,
but eventuslly the fall etops .nd & slow rise bogins, which
is usually of tﬁa erder of a fﬁw millivoltse ar'ieas (b to &),

These are aﬁpérantly cuages, vwkere.bhe slectrude has st
firat raaggﬁacé t0 tho sudden &acré&se in cﬁnﬁen%ratign vl the
@etnl ions caused by bubbling, (a to b), then, as the constant
potential is rocched, ( d )}, the smaller rise in paten@i&l due
increased concontration of oxygen gas beoomss evident (b to o).
Thig lotter ripe in potentiel was suppressed ot first bg‘the‘
ouch bijzer potentiel drop due to the decrcased metel ion
eancentratian roung the electrode. The actual shapa of these
sections ¢f the curve veries frouk wetel tu metal and frua
sulﬁtisn to zolution, deponding on the previous history of the
electrode.  The case of une bright Ft electrode in Hzslg, |
vhich shoved a pusitive ...k.r. when the rate of bubbling waa
very elow, end o npegative T.i.F. when it was speedsd up to
three bubbles ser secund, is en obvious case of how the cne
affect can be cuopresssd by‘va?ying the cenditions under which
the elecufeaa is usod.

Sometimes the b to o postion, due bo incressed concentratdc
ion of wxygen, is aimast non-~existent, being very emall fur |
the condiiions invulvéd. in g fow cuses, @.g; black vd in
Kii, the & 1o b effect has besn amalil comparsd with the b to ¢
affect wnu uo, undor these conditions, ownall positive values _
for the u.s.P. ave recorded. | o

in the}aasa of Ju in i Sug there is 4 large puoitive
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ase Lo ey the velus of which ie varg‘liﬁnle dependent on
wvhether the clecirode hee u eolludion couting or not, i,eQ
not being influenced by machuaic&l»disﬁurbanca to any extent.
In B0, Al agparentiy behaves more like o base‘metal than

& noble metal, on the bagis of fvens' theory, aﬁéAﬁreﬁucea

e g;ggjin soetentinl with the inareased.cmncestratienkaf
cxygen, which is big encush to suppress comoletely the fell
in potentisl due %o the decreassd concentration of metal iono.
I1a this case The original potential drift of 2u in HpSQ4 is
not big enough to explain the lorge positive Laob.op. of ﬁheb
callqdibniseé 4u electrode. in aadition tﬁe putenﬁial arift
is Qccgaionaily in g negative direcﬁién,'munséquently'tﬁc
effecet of the incressed consentration of cxygen must be

exceptionallg large for aw,i.e. Au ia behcving wmore like & basc

d X -
Qa : ¥
ro?. L .

TImE —>
%o Lo P. Qurve, Yype 3.

it will bo observed thut,in ull the curves of type 3,
the Grop in potentisl frem & t0 b is vory much more rapid then
either the rise from b to c‘cr the additiovnal risec in pﬁteﬁtial
shich takeo slace frum o to 4, on ctopping the bubbling of gas.
One would oxpect the fall frbm r. t¢c bs to be-:&éi&ﬂbsinee it
1o c&nsedVSiﬁply by the sudden gweeping awoy of mgtal ions
from round the electrods wnd the yat@nﬁi&1~rcr the electrode
charges with the asume opeed us‘the uechanicai aisgurbance
sweops awey the metel lons. The slow potentlal increase
from b to ¢, due to the inereased concentration ¢f oxygen
which cecompanien the oochanical aistérbnncg, has been fully

, 2 , X
explcined by doer 1 as due to the vlow increose of resistance

of the pores in the cxide film preventing the cleotromotively

active materinl froz being too ropldly removed from the £ilm

gurfece. 1n cuae cases, vhere the potenticl ie meinly

oxidlie, the Slew b tu ¢ rise nay be due in the mein o the
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slor formation of pxides with hipgher single potentials.
Tho mgre fapid.iherauae of potentianl from ¢ to d, attendant
on the stoppage of the wechanicol disturbance, uan 2loo
be exslained. The ¢ to d vortion must be due tu tho
replacement of whatever wne swapt away by bubbling (a to
* b porticn), since ecclledionising ﬁct only nuts cut the
firot ropid £all, but also the rise, ¢ to 4, aacuring o
cesaavion of bubbling, i.e. the ;;sa from o to ﬁ_ia due
tu tue replacement of the metol leng swept away by the
mechanicel disturbance. Thic will bo at o ratgrelatively
slow to that ot which the concentration would ﬁ% reﬁucaé
by the sudden mechenicel dlsturbonce. K@enigﬁy and.
Chittum und uuntloo kave pointed out that the elﬁchrckipablc
theory waﬁl& not predict a time intervel of the order of
minuﬁgé for the re~building of the Guuble layer. | |

7 ‘This’type 3 i.E.F. curve sceus to bo the most sbable
- fora éinca, 2o was pointeﬁvcut before {page 61), the other
typeo of curve oll tend ¢ cpproach to type 3 iarm of
curve with time. ?he stable, type 3, form of curve is
maeﬁ often found ih;éikaline sclution, wlercas the leas steble
t#yes i'and,é, aré found by far the~mcst‘in noutyral
solution. ‘ |

Tt 1s.more difficult to oxplein the other, less

étahie} typee of M.G.P. curve. In the éages where the
metal givos very high 4initial potentisls after heating,
the {irgt part of thevngas.fcurva inveriably cun&is@s

of the type 1 curve.

A+ T

TImE —z

I.E.P. curve Type 1 {ece page 61).

Phis ¢on be expleined by cesuaing that 1o the cage

of ibot., ¢o for undisturbed electrolyte, the initiasl



sotentisl is vverwihelaingly thet of high electromutively
active omides, which ore rupidly decovmposing, thus
producing the repiu fell ot potential.  Hubbling has, bhong
very 1ittle effcct on the potontiel ot firet bub as bhese
algh coxides degcupose the-lawer, pore gtable and less electro-
potively setive, oxides oppesar; the clectrode then becomes
genaitive tu nechanical diaﬁnrbaﬁce » and the typve 1 curve
aevelopes into type 8; aﬁﬁ finally type 3, with ti@ea
un the other hand, the type 1 mageg. curve scwebtinos
ccecurs throuchoeui the full thirty miputez - this usually
anpesre in KCL and seldouw, if ever, in NaOl. &pplying
A Haar’é thoury, $his uoy hove acae cvnnastién with the fact
thot the chloride ion is porticulerly offective in the
© breaking down of the oxide ¥ilm, whereas the hydroxyl
ion topds to repeir the film?ga’laé. ln‘EGL the oxide
£ilm would thon becowme more porous, tiug allcwing the pelf-
polarisation to gov on at o nore rapid rate and tue potential
sould fell.  This effect would be enhenced by bubbling,
since the disturbonee would continuslily provide fresh
chloride lones tu stimulate the breukdown. Un cesasing
the bubbling the poﬁeﬁtial.risea agéin ez the oxygen then
gete o chonce to ropeir the £ilx without the interferance
of the continuul re-inforcements of cﬁiotiﬁe ions provided
by bubbling. This gteady breckdovn dnmdrepeir would produce
a gtecdy foll ond rise in potenticl ce in type 1 L.t
JUPVES. In HaOH the &ydraxyl 1on,ke§§s the £iln in‘perw
voenent repedr and av the other factors ~ decroase in'metal
ion cuncentration ote. ~ effcet the potonticl. Those
lntter statementgregarding the.mschapism of the type 1
e lew, curves are, sf cuurse, congjocture - Lthere is no
Girecet exgeriméﬁtsl evidengs thet such is the caese.
sosetines the types 1 cnd 9 uwi wewsls OUTVES &2
supcrinpesed, and tho curve of typé 2 ajpeers. wpuetines
type & is nudifiod o & still lurger extent by type 1

and co we goi cuyves pgiving any varietion from type 1



with wéroipht line seetiuns, thruugh type £ with a

dotinite curve in the sections, to tysc 3.

Type 1. - ‘Pype 2. Type 5.

B Y. purves.

CuliCLUSION;

Thg:meahan_ﬁm of the oxyger electruée in undia;urbed
cleotrolyte outlined in this wark,”wan suzgested, in tie
Iirst place, by the resulis obtmiﬁed cn heoating the clecirodes
in » vacuum. The wechenisn for the phenomenon of iz, x.

- was suggésﬁﬁd by the results obtoined Tor the iLiv.F. of
rotols cdaté&'wiﬁa collodion. In view of the extremely
irreguisr feaults found with the other oxygen e;eoﬁyuﬁe
propertice of the kt‘metala, it wonld scem, thal, ih,oréer‘
toc make any definite état&mentg about the general offeot
of heating in vacué or colindionising, all the sprevious
work wuuld have to be repeated using elactrodes heated in
vocuo, and egaein, Tor the case of M.u.d., with clectrodes
chsredjwitﬁ 8 ﬁoliﬁéién conting. such extensive repetition
has, up te the présent, not been péssiblo, Conseguently,
in thé peper sent tu the slectrochemical society for
publication in ite trausaciions, these rathor speculetive
V“attempss &t auggéating a mechanism for the observed
phencomena were not included. it was considered, on
tho othﬂr hand, thoat such an gtte@pt shmal@ find ¢ place
in the presont theesis. |
| Farther linos of resecrch, olong which future inveghi-
gotions might brofitably zroceed, would ingiude the
follweing:i .

(1) Do investigate whothor the diffugion of oxyeen
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through kh abeyalthe soueye roob law, ag tas diffusion

of oxygen through Ay dues, on thc lino ol the uurk of
130

Johnson end lerose .

{£) Tne'f&r"hsf investigaetion of thie behaviour
of the Pt metals an mxggeh clcctraﬁ¢s after heat trostment
in vacuo, arfaffsr angftfgqtgenf deéigned to eliminate
oy gasaible’ﬁxi&e film\ca the metal surface. '

{3} The further invaaﬁigaﬁiéﬁ of thce phononenon of
HM.8.¢., using collodionised clectrodes, or auy~de%ica which
would suppross o portion of tihe comylex L.o.g., wnd thus
ellow the individual effects to be studied alone.

{4) Agg%%gral atteaprt %o control or eliminats scme
of the vafic&é épmpenenﬁ effeets meking up the ”eﬁmpfémise
potential® ﬁf the oxygen elestrude, ia urder to study the
individual cffocts in grester detail with bhe remaining
affaocts éiﬁharf&vnﬁrai&aé,ar ¢liminsted.

{5} 4in ogeillogrash otudy of ihs«vary repid initial
 ‘¢hanges of @éten%ial-teking placc;‘ﬁs decide expetly whot
‘happene when the electrods is firet ploced in the ejectrolyte.
-Up £ the nresent rececorch wurkers have concentrated on
ohaerving'thé eleétrséé for long periods, sumetimes smounting
to days on aﬁﬁ. Goard and ﬁidealeﬁ, however, found that
electrodes pro-trosted in Kin0, geve & maxiows potenticl,
in selected alectrejytés, within the Tirst fou saconds,
which maximam WA reﬁroducible within 8 fow millivolis.
rThe'pctantial thon shows the usual non~reproducibie drift.
‘The authore suggest thnt the soxe maximum muy ocecur with
ordinary eclectirodes, but takes glacg too rapidly to be
cbserved with ordinary mecthods. In sddition to thias it
would be ax%%émely interesting t¢ fullow the behaviour of
an electrachooted in;vacuo, iurediately efter iudersion
in the elestfalyte, when the paésibiliﬁy oX bhe precence
of un oxide film io very ramotéé

It is auite certnin that no cingle theory, proposed
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ue to the prowent, cun explein fully the enowtlies of the

QX§g&n gleoctrote o revealed in thisvinvuﬁtigatiﬁﬂ.

Tho taccry nere prupvsed be exyluin the widely different

recadts, s tﬁafoia:ek in the paln, tee combinatsion uf

cerilce thoorien, witu certain edditions wnd medifications.
100 pyrevious histéry of the e¢leotrodes cnd the exeet

cundition of tho wetallic ourface is pot emonable to

1

teeurete mensurcaent, nor hmve the cunditions under vhich

»

the cleetreges Juve been used, besn sufficiently rigorously
conticlled wuring this work.  Consequently it has not been
po.uible tu ea@&biish‘in any _detnil the conditions under
wnich one effoct or snvther will predominate, although the
generol cunGitions governing the differcat factors influencing
L.g.re ond the equilibrium potential of toe oxygen electrode

have boen puggaoted.
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