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The ü¡ra¡rgferenoe aumber of a¡r lon is deflned

as the natLo of the elecüric cunrent carnLod, by the

ioa to the eunnont canrled, by al1. of the lons of ühe ,,i,

partf.cular salt. Iü has been used. for several

puï?oses. Probab3.y tts mset lrnFontant use hss been

Ln the iaterpreüation of eondrrctance d.eta. [krug .,,,

An¡rÏ¡enlus I tbcor.¡r, ¡ürteh assu¡ned, ühat Lonic mobf litios ' 
.,,
:..-

were lndepend.onü of conoentnation, sas pnoved. nntenab1e :::

when accurate tnansference nr¡mben d.Etenrrf.natlons showed.

a change Ln the transfensnce rlr¡mbers wlth conoenüratlon.

It follows th^at the Lonlc nobtlltles are not f.nd.epend.ent

of t?re concentratlon. IIee Debyc-HüokeL-0nsagen theory

uhlch p¡reðlcts aohanrge 1n the .lonic mobllttles with
l

concentration has been quantlüatlvel,y checked. !.n the lorr

concentnation range by transference nr¡rabens.

Tna¡rsference nr¡mþcns ane also usefir1. ln d.etermLnlng 
i.,,,

Ëhermod,yua,¡nic pnoperüf.es of soluüLons(13). uslng concentra- 1""

't"'

tlon ceLls w1üh üransference tbe actLvlty of the Lons may

be calculated. by ttre use of ühe foLLowlag equatlon:

dE Ë zBt $,al-"i
whe¡re a1 ls ttre meen lonic actlvfty of the solutÍon and, i't'

Tg Èb,e tranrgference n¡mben of the lon wLth respecü to

wblch the elEctrod,es are not ¡reversÍble. Besl.d.es actl.vltf.esr
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ltquid. Jrrnctlon potentials¡ eLectrod.e polar5.zaülons¡

ê.rrf. rs due to gnavf.ty end centrlfirgal. fonee and.

êlffusLon coefflclenüs of salts nay be calcul.aüed, onoe

tho apparoprLate trransferenoe nr¡mbers are hc,oum.

Tkrere are four method.s for d,etEnntnlng trans-

fEnence numbers: El.ttonf , coneentnatlon eel1 wlth trans-

fenence, ê.rtr.f. of a ceIl in a high eeaünlftrgal

fteld (6h' 5l+' hZ I and, movlng bound,ar.y. The ffust of

these requi.res great experlmental- skllL and. mroh tf-met

a¡rd. d,ses not glve results of the blghest accuracy. lhe

lnterpretatlon of d,aüa fnom concentnation eells Ls opea

to guestlon. G¡reat experf.nentaL dffflcuLtles a:re Lnvolveil

ln the ühind metTroð, althouglr tt 1s betng used. üo some

extent now j¡0. non-aqu,eous solutlons wh.ere the oËï¡er meühods

are not appllcable. The movlng bound.ary method. glves

the most accu¡raüe trar¡sferenoo r¡r¡¡¡rbers and. is the least
.ülme consuming. Á, süudy of this meühod. and. the posslbiltty

. of lts appl-lcatLon üo falrly concentrated. sol-utf.ons sf
AgN03 ancl NH4N0, f.s the subJeet of ühls th.esls.

The eanly work is of, hlsto¡rLcaL intenest only

and wlLl be treatod. brÍefly. Iod.ge (30 ) was the fÍrsü üs

observe the notior¡ of a bor¿nd.ary fom.ed. between two

solutlons, one of whlch was coloned.. ifffretha¡¿ {ó6, 67 , 68 )

erd Ne:rrst $2') exter¡d,ed. tb.e measurements. Magson(l+g) geve

the fi¡reü eritleal anaLysls of the phenonena Lnvolved..
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steele(6õ) onlginated tbe use of bor¡ndarles fonmed beüween

solutlons, both of r¡h1eh were eolorless but had diffcnenü

nefnactlve lnd.loes. Denlson atrd steeLe (62'6gt1tgtg)

obtaLned, tnansfenence numbers of ühe mone @orunoa eleetro-

lyües. FnankLln and. eaay(Ig) u.sed this method in a IxoB-

aqueous soLvent, vLz, Llqutd amaonla.

In the present wonk only trro-saLt tounaarios were

consldened. fhus bound.arles fonmed batween an lnd.laator"

and. a sohltlon of two on Bore sa].ùs anð between solutions

of a salt at dtffenent eoneeatnatlons e¡¡'o not coasld.ered.

fn tho Latten olass ls lnoluded the use of ËchLterea

methods to dete¡rmlne the concentlratlon d.lstnlbuülon Ln.the

boundary reglon.

_:.i: 
:: ìl

:: :.. !:ì::ì:'jiL
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I'he phenonenon on rshloh the d.eter"mLnatton of
tnansfenen€e numbers by the novlng bor:ndary m€thod

d.epend.s may be d.eserlbed as follous. Lot figure I
represent a sectlon of a tube contalning solutÍons of
two eleetnolytes, AR and. BR, R belng a eomon loa
constLtuenü (elüher onLon o¡r eatlon).

At an inlttal tlme the solutlons for.r¡ a boundary

a-bo Let an eLectrle poüentla1 be appLied so tbat the

A and B lons mLgnate uphra-rds, the conraon R Íons

d.ownuard.s. Afton the passage of sne faraday of erectnicfty
the bound,ary has th.e positlon o-d. The effecü of thls
ou:r.nent passage 1s to move all of the A lons fr.ou the

volume between a-b and. e-d and. to neplaee then rrlth
B loas. If ühe effect rrere that only thoge A ions
uhleh are dLssoelated. moved upwards, thon the motlon of
the boundany wouLd, gl.ve the aetual veloalty of the A lons

und,en the applled potentlar gnad.lent, but sueh is not th.e

oase, fon as soon as the A lons mlgnato out of the

bound.ary neglon, a.n¡r An moleoules preseat dlssoeraüe

fonmJ.ng a Lons whLch raignate upwands. Henee tbe motlon

of the bou.nd.ary 1s not lnfluencedl by the d.egnee of
dissoal.atlon of the eleotnoLyteo Thts motlon, howeven, ts
meanlngless unless neferned to a speclfio potentlal
gnad.lentr Thls gnadlent ls ühat la the leadlng solutlon
and, 1s a firneüLon of the d.egnee of dtssoelatlon. rt ls
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easlly seen ühat the notlon of th.e bound.ary glves the

sa¡pe informatlon as negards the velocitlos of Ëhe ions

as the conrblned r¡.se of tnansfenenoe numbens end

equivalent conductlvitle s,

Let the volune swept out by the bounda¡ey Ln the
passage of one farad.ay be V and the concentnatlon of
AR be 0a. Then ühe Ènansfenence nrrmben of the A lon
Ls:

Tg = VCA. (1)

Experlnental-Iy the volunre is d.eflned. by ma:nks on ühe tube¡
slnce tlre volune Ls taken with nespect to the tr¡be rathen

than wtth nespect to an average solvent molecule as Ln

thp Hf.ttonf moasuro¡BcnËs, the obsenved. movlng bound.ary

tnansfenenoe numbon Ls not Ëh.e same as the Hlttonf oBê ¡

The formen can be oompaned. to the latten aften app3.ylng

a oorrectlon to ttre movlng bor:,ndary d,etenninatlon. Ehls

correotf"on, d.lsoussed ln Secülon V (1) is apprecLable

only Ln nelatlvely eoncentrated solutlons (Ca) 0.L N).

If the quantLty of electnlclty passed. is not a

faraday but rath.er f eouLombs, then:

(2) v = volume swepü out on the

passage of f eoulonbs

F = fa.naday

v=g
VF
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I = å9 (õ) I z eunrent fn amPnenes
VF

t = tlme ln seeonds

On ellminatlng V f¡ron (1) a¡rd. (g)

To = vCoF
1t

on l-n general:

andslnee f = 1È

rñ vCF
I- iË

(4)

In thls derlvatlon eentain assumptlons hsve been

maÖe, vlz,
a) Èhere are ao dlstr¡rþlng effeeüs êrre to lnterdf.ffusLotl

or mlxlng of the two solutlons,

b) the notlon of the boundary ls uninfLuereoed by the nature

olr ooncentratlon of the foLLowlng on lnd,ieaton lon

eonsültuent (g ln Flgure 1) t

e) thene are no voLr¡ne cbanges ln the apparatus thet

affect the motLon of the bound.ary.

ft wlII be showri that 1n a properly cond.ucted

d.etermLaetion these assrrmpülons are Justifted or ttre

necessery eorneotior¡s een be rnad,c.

' :.: ar
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1. lh.e fndicator Sgluülon

In detenmlnÍng ühe transferenee numben of an lon
oonstftuent, the fl-¡rst consldenatlon ls the ohoieo of a

sulteble electrolyto to aot as a folroring on lndlcator
lon constltuent. The possiblllty of meklng a d.etenmLnatlon

and the eccunacy of the d.etenmÍnatlon d.epend on ühe

lnd.l-eaton ehosen.

Measuremenüs alîe ruade wlth bound.a:nfes ühat fal1
and. arso wltb bound.arles that nl-se durlng a detennlnation.
rn ühe fonmen ease the d.ensiüy of the Lndieator solutlon
mrst be less, and ln the soeond. ease gneater, than that
of the leadfuo.g solutLono Otherwise mixLng nesults at tbo

Juaotlon of the sorutloas and r¡o boundary ls fsnmed.

Anotben neoessan¡r condltlon is ühat the noblllty of ühe

fnd.Leaton lon oonsültuenü mt¡sü be lowen üha^n that of the
leadlng lon. The bor¡¡rdary itserf must be vlsibre; hence

tbe lndLeaton solutf.on mt¡.st have a dlffenent colon, or
ln general, a dlfferenü refnactive ind,ex, fnom that of the

leadlng sorutf.on. 0f course ühene ruusü be no chemtoal,

lntenaetfon between ühe two soruüions. Al,ühough most

lndLeatons used have had an ion in comnon wlth the leadlng
erectroLyterthls Ls not necessatry. Thls pofnt ls crearly
dlscussed by Hantrey e¡rd. Ðonardson(I5). ['hey polnt out
that the lon f.nmediately behlnd the bor¡ndary is supplted.

by the leadlng sorutisn. îhus any erectnolyte whfch
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satlsfÍes the preceding crlte¡rLa for. ind.icators and. which¡

durlng the elecËrolys!.s, d,oes not fo¡.m. r¡nsitablc d.enslty

d.iffenences may be used. Thus LiCI ma¡r be used. above

K2S0[¡. After e sh,ont penlod, of eleet:rolysf.e¡ the

graduaüed. tube w111 conüal.n LiCJ. above t12SO4 above

K2SOl¡r tÏ¡e I¡iCl, bcing less d.ense tha¡r the L12SO4 soJ.uü1on.

LtCL cou1d, noü be used. above PoüassLum Acetate with
poslüf.ve ourrent flowlng dormwand.s sl.ace on elecÈnoLysis,'

a nlslng bound.a:ry Ls fotf,ßed between tt01. end Llthlum

Aeeüate, thls bound,any being l¡nstable due to tTre greater

densf.üy of the tL0l soluüion. The resultlng convêþtLon

would. pnobabS-y disüurb the lorryer bound.ary.

Ihere a:re othen requirenents fon the Lnd.ieator

soluüÍon fon specÍal. oeses, and. üh.ese arê d,l,scussed ln
oùhen sectlong.

2. Method. of ObsenvÍng the Etound.anv

The method of obsenvLng the bor¡ndany makes use

of the d.lfference Ln nefnactive indioee of ühe J-ead.ing and

iad.leator solutLons. [he optlcal gFstem used. in e].1 of
üh.e work d.one sLnce t9?7 ls that of Macrnnes, conpenthwafte,

and lÍuang (l+5). ft 1s skeüehed. tn figune 2. The Llght
oyJ-lnd,er contaf.ning a llght bulb and wLtb

end,. flee J.lghü ls nå,d.e difftree by mecns

sereen or a pfece of lffi.eenext tissue.

sour.co¡Srisa
a sIlü euü Ln one

of a ground glass
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Tühen tbe sounee ared. ühe teleseope, f , are pnoperly

allgned. wlth the bound.ary, B , soute of the llght ls
totally reflected at the bound.any du,e to the nefractive
lnd.ex varlatlon. If the source and ttre telescope aJpê

ln tb.e same plane as the boundar¡rr the latten åppears

as a d.e.nk llne orl a bright backgnound,. If the r"eletlve

positlons are as shoúrn ln the flgure tbe boundary eppears

as a bnlght lLne or¡ a dark backgnour,rd.. hlhateven allgnment

1s preferned, lt should be the sarne fsn all neadlngs of

the bound,ary posltf.ons. In tb.e flgure, l'l and. N are

'üb.e glass Halls of the thermostat; the Ets are the etch

marks on the eapllla:ry tube.

3. VarlouP Mo]'lng Boggdary Cells

fhe earLÍest moving borrndary d.etenmlnatlons were

mad,e usfng a oell whlch e4ployed gel-atine üo separato

the so1utlons lnltlally and to form the bor¡nda^ny. Thls

lras unsatl.sfactony sÍnee Ëhe gelatlno lntrod.uced, lnpurlties
lnto tbe soh¡tlor¡s. The ce]-].s whloh Ìrere subsequently

used ean be elasslfled, Lnto cel].s whlch fo¡.m the boundary

by nechanlcal megns and. eells ¡shLch fonm the boundary by

cbemlcaL means. The boundany forrned by the fLnst nethod

Ls call-ed a she.a.ned bound,ary and by the seeond.. neÈhod., a:e

autogenic bound.ary.

Íhe onlgf.naL sheared bound.ary was fonmed by Denlson

and. Steele(I0). They used. a parctrnenü merrbra¡re to
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sepanaüe the solutlons and to fsrn ühe bouadârlr The

meühsd. sas neflnect by Maclnnes aad Snlt¡(*e¡ ¡rho

substttuÈed rubben for tbe panehmeat. The üeehnlque

was nathen erude and fonned poon bound,anies.

lh.e fi.rst apparabus whleÌ¡ allowed for a eomprete

tnltlal aoparaËlon of tho solutloas and. wb.Lch. fo¡rned a
sharp bound.ary was that of Maerr¡r¡es anô Brighto6(41).
The appa.natus has been reflned. by Macrnnes and his school,
ùn" L*t"et fonu of lt befng d.esc¡ribed þy Maerr¡r¡es and.

Longswop6¡(*0¡. ït f s lllustrated ln flgunes õ æd. 4,
the latter flguro showlng tbe ooastruetlon of tJre plate
gLass ùt sos, cl, az, êg, c4o Disoe I and p bear üee salno

neLetlon to one anoth,or as dtscs õ aad. 4o The aæbers
of eeeh paln are ld.entf.oar exeepü that at p one has a
brass pnoJeetlon ar¡d the other a hore lnto yÈleh the
pnoJeetloa flts. A ehannel,, J, fo¡rsils a¡a aÍn lnsulatlon
frou the Ltquld of the Èhermostat dr.en ü,ro ùwo lubrleated.
dlses a¡re ln oontaeË. rra openatLon the vesseLs ane fllLed
as ln flguno 4a, Leadlng serutlon bolng pLaeed. ln the

eleetnode ehanben, E, and gnaduated. tube, A, end

lnd.LeaËon solutlon ln ühe elecürede ehamben, Er, tf the
bor¡¡adany observed falLs; leadlng soliltlon Ís piaeea in Er

and. Â, a¡ad. lndLeator sorutf.on la E l:f tb.o þound.any nlgogo

For ¡rlelng borndanles dlscs L aad 2, and for falllng
6ouada¡rles 'dt sas 6 aad 4, ane ola,mped togethono The unolaqred

-'a:.ara.:.:

,ili:-::ai
;i::i!
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d.lscs, 'ad.equately lubnloated, a¡re tb.erl plaeed at an angre

to eaoh othen so that the drops on tho ond,s of the tubes
pnoJeet lnto tbe appnoprlate d.epnosslons, K, Kr, of the
d,lses. Th.o ðtses are thoa preosed tegoühen as la ,,i,1

'flgure 4a and. tlre uþ.olê apperaËrre plaeod ta the thernosüato
ïlhen ten¡lenatrre equiLtbrluu ls roaohed a spr.lng wiËh a
cabre neloase tunns dlso 1(if dlses 5 snd.4 ere claï{Fed j,.',

' .: 'togothen) or d.lsc 4 (if I 
"tt¿ 

g are ol-arn¡red, üogetho¡r) over 
::,:,.,.,

2 on 5 restr)ectlvely to the poaitton shown in ftguro 4bo

Tkro motlon io geatle due to tho vtseoelty of the LubrleanÈ.
llho neEulÈlag bound,ary ls very sharp.

Gond.on ernd. eo-workens(2) have developed. a eeII
shleh is sLmplen ln operation th.an that desenibed, above

br¡t wh!.eh ls nestnl.oted to rlslng boundanles¡ The eelt ie
sketehedl'nffgure5.tlftththestopeock,S,tunned'thnougharr
angle of goo fro¡r tbe posttlon 

"n"*n, 
the Ëolutlons ane foreed,

by alr p¡ressure tbrongh the ftrrrng Ërabes c and D raËo the 
,,,.r.,,

e1oetrodeveose1sAendBand'themeasurringtubeT,1ndt-

eaton soLutlon belng plaood, tn A, and. leadlng solutlon '.,

ln B end, T. Eo ¡xovenü the fornation of aLr bubbLss

ln the appanatns ïvhen pLaoed 1n the Ëhormosüat Ëhe sôlutions
are d.egassed by bubbLfag purifl.ed., rater-aatureted ein , , 

ii..

tbrough then at 200 mm. pressurâo. when'the eolr ls fllled,
lt Is plaòed fur the ther¡nostat. ltre sto¡reock !s then
tunnod ttrrougb gCIo in a elockslse dtneetlon to for.m the
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bouad.ary. The authone state th^at although the netbod. of
' fonmtng the boundany ls rougb, the 1atter, when it

neaehes tb.e graduated tube, is shanpo

A ty?e of eell whloh, rhen appliaable, is nrlch

slapler ln oponatl-on than a sheered cerr is the autogenle

cell lntnodueed by Franklln and. eaay(l2) 1n 19O4. No

lnd.lcaton solutlon as sueh. J.s usod, the ind.leaÈon r.on

belng for"ned. by solutlon of the gnod.e. Th.e enodes used

have been siLven and. cadmlum. On eloatrol-ysis the neaetion
at a cad¡riu¡s anod.e ls

cd + Cd++ + p electrorrs.

rt ls, of courso, essentlal that the Lons so pnodueed de

not fonm a¡a lnsolub1e salt wiüh the anlons of the

eleetnoryto 1n tbe eelI. rf the eation in the eerl lr¿s a
gneaten moblllty than the ead¡nium ion th.en a bound.ary ls
forsrod.o [he net nesu].t ls the sane as Ëhe fonmatlon of
a sheaned. boundany using the ced.roir¡n salt fonmed. as the
lnd.icatonr Í[hs great ad.vanüage of the autogenle cell Ls

Lts simprlclüy, but 1t oan be used, only for the d,etenralaatfon

of car.t':Lo"n t:ransforence numlcens. 3he eholce of anod.ss is
also sevenely ltnlted d.ue to inüonaotlon r¡lth the solvent
(as ln the caso of the alkali metals) and. to the faet that
ühe EoLutlon produ.cod nrlst possess the pnopenties aeeessary

for an lndÍcaton (seetlon rrr (r)). arl of the autogenio
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bor¡adantes produeed so fan b,ave been ntslng bor¡¡aêarles.

Tvo autogenle eolls travo been e¡(toagLvel¡i. UOOð.

One ls the same as thaü used by {fiaoÏnneo and oo-rorkers

for sheanod. bo¡¡nd.arle'e and llLusüratod ln ftgure 6.

To fo¡rn autogenle bounðarlec !n thls apparatus a s6sll

eyLlnder of tbe netaL usod. 1s set lnts a recoÉ¡s ln dlse 4

dtneetly under. tr¡þe B. By moa.ns of a sprlng e¡d' a soft

rr¡bber washer a wator-tlght eonneotlon ls ms'd'e sttb the

þotton sf tho graduated. tube. TL¡e tube and an eLectnod'e

vessêl (noü [n posttlon in the flgure) are f!l}ed' wlth tho

obsenveå soLuÈ!.en. Contaot wlth tbe metel oyJ-laden lE

naêe by a wLre passfag through the glass üuþE Do

Tbe seeond autogenle coLI, drasn ln itgune 6,

ls that of LeRoy and Gond'on(?8) o Ílre anod'o, of ohenf eally

pure oadnluu, 18 earêfulLy t*uAt*"ð to flt the lswen end

of Ëhe gfaûrrated P¡rnox ütrbe, and before each oxper!.nolef

[s sealed lnto the tube wfÈh De ËhoËlnsky eenenË. To do

thls the Lovsor end of Ëbe tüb; ls heaËect by a ffiaLl wlre

noslstef¡ce þound eround lt and tb,e anode whose sld'eg have

bsen covered slth nelted, oeneaü ls pnessed lnto place.

The lowest gnaduatlon of the trnbe ls far oaough from the

þeate¡r so tb.et thefe ls no appreolaþlo rlee ln tho

tompenatuno of the gradueted part ef the tubo ùlrlng the

brlef heatlng. Tkre tube B ts of sufflcleltt lengËh ùo

ensure that none of tbe preducts of oleeüroolycls aÈ

'l:. :ìi,
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the cathod.e car¡ reaeh the gradirated tube durlag å. nrno

In filltng tbe celL, solution ls added. at C , eny eirl

that mlgþü be tnapped. ln the graduated" üube belng alLowed

to eseape through a nar.row caplLlary lnserted. at A ,
fhe eaplllary belng nenoved after flIIlngo

Eleeünodes and. Eleetnod.e VesseLg

Dunlng e neastlrement the eleetnoðes eust cerny

euruents as hlgh as 20 ntlLtarr¡leres fon penlod.s of

approxfmetely 2$ hours. The eleeünod,es and. eleetrod.e

vessel-s rmst be so doslgned that the produots of
eLectnoLysls do not ente¡' tho gnadu.ated üubeo Since one

eLeotnode nust be elosed, to feellLtate the ealeulatlon

of tbe volu¡ne oonreetloa (Seetlon \I (1) ) this electrod.e

wr¡st be non-eiassf.ng du:r'1ng L rrjtlro
The coilrnonest eLeoütod.es used have been slIven

and. ead¡nLrrm. anod,es a.nd silver-sl.lven chlonl.de eathodes¡

lBhese anodes pnod.u,ee the slow novfng sLlven, eadmium

and. chlonld.e lsns on eleetrorysls thus helpLng to furflrl
the cond.ftlon that the eleotrslysLs pnod.ucËs shou.ld, not

e¡¡üer th.e gnaduated tr¡be. cadmLt¡¡c anod.es have generarly

been Ln rod. fuo*(2). Flgure ? sb.or¡s the silven electæodo

used by Smlth a¡rd Maefanes(61) and by vlntualLy eII
fnvestigators slneeo It is fonxf,ed by electroplatlng
sl.lven on platlnun gauzec The wlne conneeting the gauue

to the extennal power souroo ls plaeed so as to be in the
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part of the soLuüLon havf.ag ühe Lowest eunrent d.ensLtyo

Thus the eLeeürode of FJ.gure 7 ls used in eleetrod.e

vessels sf the type of Figuro 5 a¡rd not of tt¡e tJpe

shown ln Flgure 5o Oühenwlse gasslng occurs at thls wlre.

$ost of ühe sLlven-sllven ehlonlde olectnod.os used. have

been fonned. from tbe preeedlng sllven electrode by neklng

lt ttre a¡rod.e ln a chlo¡rLde solutfoa. Gondon end co-workers(88)

have used a platlnun wlne eovered. wlth fuged sllver
ohlorlde. The sLLver and sl-lver-sllver chlorld.e electnod.es

sf t,he gneatest oapaeity are those of Longsroorth(56);

hLs eleotrod.es ane sltghtly smallen than those of

Longsruorth and Maoï¡¡nes(4o). one of these electnodes

ls sketched. ln Ffgure 8o ft ts made by wlnding a flat
and a eonrugatod strlp of sheet siLven togethen lnto a

tlght splnalo Ehe end.s of ühe spf.ntl a.ne anchored. to a

bollsr¡ sll-ver core wlth sllver sGrêtrsc The sl.Iven tube

ls also thnead.ed lnto thls eore. Thfs üyqe sf eo¡lstruotloa

exposes a lange oleetrode sr¡¡rface to the electroLyte.
The eleeùnod.oe of thls tylge used by Longsworth had a

capaclËy of O.2 ala¡lene-bours. To ut1llze thts oapaeLËy

he Ímensed ühe electr"od.e ln a I nonmal ehlonLd.e

solutlorl, fuettrudueed. throtrgh tbe üube t which pnoJected.

above the apparaüus.

A gnoup of Engllsh workens unden G.S. HarËley

have used naühen d.1sülnotlve eleetnod.eso As eethode
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they have used platlnrur gauue Lmersed ln a ferrlc chlonl¿e

solutlon(I1).. Har.t1er(fs) polnts out th^at it ls not
neeessany to have a non-gasslng electrode on ühe open ',,,,;t,,;tl'j,',,,,,

sld,e of the apparatus pnovl.dlng thaü the hydrogen on

hydroxyl lons pnod.uced are neuËnalized. rn thellr work

employlag llthtun chronide as ind.ieaton they used the : .,, 1:

art'i
repFesents solld. Ilthil¡m oarbonate. The hydnogen Lons ,r;',,,,:,,,.,.

prod.ueed. at the plaËfu¡¡n wine on passlng through the

Itühtr¡nr carþonate neglon corabine wlth. the cerbonate ions
to forn blcanbonaüe lons whloh move Ëowa:cds the anod.e.

f,lthfu¡m isas neplaee tbe hydnogen ions Ès oarnry ühe

cu¡nenü away fnonr the anod.e. I¡Ihon wonklng wlth acetate 
:

or permanganate lsns as lnd.lcator Lons, these authors

used ag eaühod,e a platinrrln wl.ne surnouJild.ed by the

coruespondlng acld. A system of guard tubes foneed, 
: ..:.,the hydnoxyl lons formed. by ühe anod.e roaetion to pass : ,,,,,,,:,.::
'','

ühreugh the aald reglon. ,,,,;::

As nontloned. pnevlousl¡ the design of the

eleetnode vessel must be such, as üo he,ve the eleeü:rode

as far ¡remsved from the graduated. tube as feaslblec 
' ,, 

.,1"îhfs has been aceomprlshed ln two rrå$so Gond,on end :

Go-r{opkeo"(2e) seperated, the oaühode of theln autogenlc

cell from the graduated üube by a tube whose lengtb was

twLoe that of the apperatus (ef. Flgure 6). Other
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work€rs have useð a system of guard. tubes. A t¡>ieal
exam¡lle is that of Harül-ey and Ðonald.son(fS¡. the

appanatus ls sketched Ln Figr¡¡re lO. 
,-å

I,-., 
"¿urrdü 

v
5. The Measulped Quantities \ .r ¡t-"î' 4:.- í -l>AJt^{t ti ,'' {- ¡.r..L'^'

/L ê ' / çt .a) The concentnatiog. ,/' 
u 

, , ',{, vn.-"
,/ -/ Ll

Slnee moving y moasurements have been

rned.e accurate to oro?fr/t,ble ooneentnatlon nust be h,rown

at reasü ühls well. Mueh work rrtth hygnoscoplc earts
has been d.one using the Rtehards bottllng appara¡¿s(56)

by whieh suoh salts oan be d^nied and. weighed out of eontact

¡¡lth afu. In thl.s manner the wefght pen eent of the

soLuüfon ean be aeeunately d.etenmLned. Then uslng denslüy

data fnom the rntennatlonal cnitÍeal Tabres or: ottren

sources the eoneentnatlon rray be caleulated. rn sone

o&ses analyses a.ne suffLcienüly aeeurate. ThLs is
espeelally true of aafd solut10as, Èhe d.Lffenentlal
eleetnometnl.c *"thua(4d havlng been used. Howevenn tho

e:ßpnessed. lneoneentnatlon 1s determlned., lt uust be

equivalents pen unit volu.mo.

b) the voltlnes.

The aotuaL ünansferenee n'sben determlnations
ane rnade by determfnlng the tlme fn seeonds fon the

bound.any to ¡lass between two etch narks on the measuning

tube. The volume bet¡reen Ëhese etch. rnanks nmst be
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krrorrn aceunately (to tO.O2/"). lhe method. used by aIL

workers to achleve thls accrrnacy is that of Longs¡ronËb(5?).

He made the etch marks by means of hydrofluorLc acld,

the ma.rks belng from slx to ten la nuaber: and fafrly
evenly dlstnibuteê aLong the tubeIs lengüho By ehoosLng

appnopnlaüe palns of etch marks it ls posslblo üo

obtaln sevenal traneferenee nunben ôeüormlnaülons dunlng

a slngle plrnr Tbus, lf thene aro s1x etoh marks, thnee :

near the botton and tt¡ree nesr the top of ùhe tube, nlne

values of the tnanefo¡'ence number ean be obtaLned fnom a

single run uslng the nlne volumes obtalned. by the

comblnatlon of thg tbree lorsen wlth the th:ree upper

raaJpks, each volusre Ïravlng the nequlred eceura.cy. 
,

lhe voLunes were d.etenmlned by tongswonüh by

welghlng Ëhe amount of mencrr:ry oontalnod þy the üube

beüween the etoh marks coneenned.. Lack of colnal-denee

of the meneuny nenlseus wltb tbe gnaðuatlons wes allowod

for by means of a tnavelltng nicnoscope. :

o ) The outPrent.

In the equatlon for the transference nr¡mben of an

Lon the product f_ J nhene i ls the eurrent ln ampenes 
,

i:ì:riirr.iirj

and t the time f.n seeoRds, occurgr If Èhe ou¡r.rent

nemaLned oonsta¡¡t tbroughout a detenmlnation all that would

be necessalpy would. be to take one read.lng of the eurnent

and to necond the tlne at whlch the borrnda.ny passed. the 
:¡::,¡;¡i,,
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gnad,uatf.orls, but ln a nua the eell neslstance lnereases

as the leading solutLon is neplaced by a solutlon of lowen

oonductlvlËy. Ehe slmplest way of measunlng the

pnod.uot *g appears. at ffust sight to be to use a
coulometen. Thts nethod. has been used by Reevol,y and.

eeo4r*(15) who used, srlven rr,{eroeoulsmeters, the sirvon
plated out belng welghed on e mr.enobalance, sinee the
weight of sllven Ls very small (appnoxlnately O.OI5 gnams

for a 0.1 nonma,l solutlon in ühe eel1). I1ence iÈ is
obvlor¡s ühat ühis sethsd is resünleted to reletlvely
concontrated. soLutlons. fhis uethod has Rorû been

oouepleteLy d.Lscard.ed ln favour of that outllned. below.

- rnstead of deternlnlng the prod.uct lL d.ineetly,
lt fs posslble to üake sl.m¡Itår¡eous neadlngs of ühe ou¡r¡'ent

and. tlne dr.rring the @ourso of & runc Thls ls the
teehnlque used 1o all of the reeent wonk. To incr.ease

the aeeÌr¡raoy, devlees have bson doveroped to keep the
cunrenü va¡rlation as small as posslble. Macranes arxd,

Ge-r{opk6ns bullt a d.eviee to keep ühe eunnent oonstant
to to'orØ orrrrng a Fuao The ratest fonm of ühls apparatus
1s glven by Maelnnes and. tongswonth(g8). They placed
a Lange neslstanee in serieE with the cerl. as the eerr
neslstanee Lnoneasod durlng a run the d.eenease Ln eunrent
aetlyated (by means of a potenülometen, galvanometen and.

photocell.) a moton whleh deeneasod a senLeg neslstance"
i : :.: ¡5¡: '.¡.
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The'appanaüug ls qulte compllcated and has not for¡nd'

favou¡r wlth other investlgatons.

An eLecünonlo devlcer nuch sfrnplen than the one 
r,:r:.: :

Jusü discuseed, was brought ouü by flartley and. Donald.son(15). ::::':::::

It is llLustrated llr Flgure 11. lbe appanatus ls plaocd.

ln the plate clncult of a pentod.er the one used befng a 
:,.,,:;,,

Mareoni PTz. For such a tUbe ühe plaüe currenü ls almost ' ,,',,;,

f.nd,epend.ent of the plate voltage wTren ühe gcneen btas 1g 
:.,r.,;:r.

50 volüs or more. lhe applf.ed voltage V Ls mad.e up of

a 22O volt D.0. Llne augmented, with batüenLes. Íhe

flIa¡uent beater V¡¡ ls a 2 volt high capacfty battery.

The blases V6 and. Vg are made up of d'ry oolls. fhe

grpld noeelves ar¡ automatlc blas by Re whlch ls 3'argely 
,

caneelLed by d:ry oeJ.Is VG. If the curnent decreases

ia a rtrn tlre grld. blas becomes more posltfve thus üend,lng

to lnenease the eur¡,enü. Thug two pnopertl.es of the clroulü

help to stabllize the current. lhe authors for¡nd' thaü , ,i,,

curnrents of from 0.5 üo l¡ mf.lLtamps. were maLntaned. ,,,',,,, ,

: ... .

consüant to 1 part ln 5OO, the variatLon belng attributed

mainly to a d,nlfü ln the caüÏrod.e emLssl.on. The cun¡renü

ls determlned at lntervals by a potentl.ometen. No

mentfon 1s mad.e of tbefu" time meaguremenüs. i:ì::::'::ìÌ;:

IeRoy and Go¡rd.orr(e8) b:rought fonth a eurnent

süablLize¡r essentlall-y the same as that of HarüLey and'
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Dona1d.son. They substluted. a 184 pentod.e for the

Marconl Pl2 used. by the Engltsh au,thors. rhe sereon blas
was kept aÈ +62.5 volts, the gnld. blaE ln the ronge 

,,;

-2"5 fo -,4n0 volts. lhe crrrnent was nead every 5 on 10

mlnutes, gnaphleal lntegnation belng emproyed. to detenml.ne

the rnea¡¡ currents. ,,i.
d) Tbe tlue . 'l','1,,

The measurement of the time at whloh the bor¡ndany ';',,":,;i',

passes the gnaduatLone and at whieh the er¡rnenü read,lngs

are rnad.e must also be exËreme1.y aeeu.rate. Longsworth

a-Ed Maer,,',e"(46) empLoyeê a &agnêtlc counten openated

fnom the pendtrrum of a¡r aoeurato ol,oek. The pendurr¡n

ponlod.icarry lntnoduoed a screen between a light source

and. a el1t behLnd whLch rsas a photoelootnle cell. Wlüh 
l

anpllflcatlon, the nesulülng change Ln resl.star¡oe operated.

the counten whLch was started. when the bound.any passed. 
.,:.

ùhe flrst graduatlon. ,,,:":.:

' ':: ::

A"noth.en type of tfme measurlng device, an electnleaL ,,i,.,

ehnonographr was used. by LeRoy and. Gondon(28). No detalls
ane glven ln the papen.

: I'.::,1.!
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Thene are centaln effeets acting at the bound.ary,

sone of whleh tend. to destroy lt and some to shanpen it.
These are d.i.scussed Ín rshat follsws, taken malaly frou
refenenoe 46.

1. Conveotlon

Duning a run, heat ls d.eveloped. in the tube due

to ühe passage of the eleetnlc enrreat. ThLs heat

lnünodr¡ces two effecüs r,rbloh tond to eaurse mixlng at
the bor¡nd.âJpx. sLaoe the Lnd.leator soluËion mrst heve

a lowon eorlduetÍvlty than ühe lead.ing sqlutloa, more

heat ls genoraüed ln the fonrnen ühan in the raüüen. As

a eonsequence, at the boundary thene ls a temperatr¡¡le

gradlent between the solutlons. ra eertain cond.Ltl.ons

the flou of heat from the hot solutLon to the cold. one

may be eoeompa^nlod by a tend,ency of ühe solutlons to
mlx, thls tend.ency being greaüen ff the bot solutlon is
the lo¡sen of the t¡co.

the geesnd. heatlng effect,
one of the solutLong whleh

ls not near the boundary. fllene is a temperalure gnad.lont

set up along the nadlus of the oross section, the

maximr¡n teupenaüune beLng at the cenüne (L.e. along the

axls of the tube). as a reeult thene 1s a tendeney for
the solution Ln the centne to stneam upward.s. such

streemens or fr¡.r¡nels have been obsenved. uslng potassl.um

Fon a dLscussLon

eonslder a cross sectlon

of

of
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peraanganate es tnd.lcatoro An analysls of thls
phenonenon has been aeeomplished. by Mooney(40). Els
eoncluslons aTe: '''":t" '

u(i) rn tlre usual movlng bounda:ry experÍnont ühe tempena-

Ëu¡'e d.lffenenee between the solutloa at übe axrs of ühe

üube and. the thonmostat does not amount to none than ,,.,ì

a few teaths of a d.egnee. since tnansfenence nr¡rrbens 
:i.;;:::

vary but sllghtly wlth ühe temperatr¡ne thts diffenenee ls :::.;'r'1:,

negllglble.
tt(11) fhe üempenature of the solution at all polnts
along a nad.Lus d.ecreases as the square of the distance
fnon the axis of the tubo. slnoe the flow of soh¡tlon
d.ue to convectlon deereases wlth a d.eenease tn the 

I

d,lffenence ln tempenatrr¡re between th.e solutlon at the 
i

eenüne and. aLong the fnsfde walls of the tubo, thLs ;

drsturbrng faeton uay be .ecneased by usfng tubes of sna'l 
i,.,,,,,,,,.

bong ::r)'::

,.,tt(111) The tempenaünr.e d.ffferenee between the axls a¡¡d ,,,,,,.,

LnsLde r¡all of the tube Ls f.nd.ependent of the thlohress
of Èhe glass ¡¡a11. 0f eourse the meen teryenaùnne of
the solutlon Ls Lncreased by lnereasing the thlekness i.':' -.| '. . .:.::

of ühe glass wa1I, but other eond,itfons being the sarþ ,
fhe amotrnt of oonveetion whieh occurs in ühe sorutLon
ln tbe tube ls d.epend.ent sn the bore of the tube a¡rd,

Índ.epend.ent of the tblckness of the glass wail.tt
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One other polnü shouLd. be noüLoed. about the

heaüfng effecüs. The nate aü whfch heat is pnoduced Ls

El. watüs whene E is the voLtage drop ead I the curnenü.

IIeaee, Lf for any reason the culrênt ls incneased. wlthout

a colrrespond.ing d.ecrease in E ttre treat generaüed. ¡llgeg.

Ex¡lerlneatall.y ttre ourrent lncneeses wlth arr lnenease Ln

the eoncentnaüions of tho solutione. In none of the I1-
tenature has â. Gasê been nrentÍoned. 1n which lt was posslble

to d.ecnease the applled potentiaL conr"esponding to the

Lncrease tn ühe curnent. Orre factor contnLbuting to übf.s

effect fs the incneage in tbe dlfftrslve fonces at the bor¡r¡.-

èa:ry with an lncrease ln concenüratlon. As a result the

¡reetbrl.ng force musü be incneased.. fhue the heatfueg effeot
has always incneased wtth Íncneasirxg concentnatÍon. Ttris

fs probably ütre reason why no moasurements have been mad.e

for soLutLons more concentrated. than 2 nqï'ßs1 (9, 63r.

2, Diffuslon

Another facüon üencllng to d,ostroy the bound,arry

le difftrsion caused by the conceutratlon gr"ad.f.onts at

the bou¡rd.ary. Ihts effect lncreages wlth ühe concentnatl.on

gnad.lents. Hence this al.so tend.s to restnict ühe ütêâ,strre-

ments to falrly d.llute solutlons. The diffuslve and. elec-

tnlcal forces have been treaüed, thesreülcally by Ttleber rc5).

and by Macl¡¡res and longswonth(l$6). A discussLon of th,eir.

:'tneatmenü and. sone ex¡lerimental ve¡rl.flcaüfon of ühel¡r con-

elusions is glven 1n pa:r't 5 of thls sectlon.
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3. The Resüoring Effect
fhe d.isturbtng effects of oonveetlon and.

dtffuslon mentLoaed above ere overcone by a resüonlng
effect the natr.¡re of whLeh follows. rn perfornlng a moving

boundary expenf.nent lt is necessary fon ühe lnd.icator ion
fo be slo¡ren ühan the leadlng ion. As ghorun in the next
pant the eoneentnatloa of the lnd.icator ion ln the
negfon irunodlatery behind. the bound.ary ls arways less
tban that of the leadlng fon. slnee the same cr¡rneaü

passes thnough eaeh soLutlon there Ls a greaten potentlal
gnadf.ent ln the iadlcaton than in the leadlag solutlo¡rr
rf an fnd.lcaton lon by conveotion on dlffuslon nignaües
lnüs the lead.lng sorutr.oa it flnds lüself :[n a negf.on of
Io¡sen potenü1ar gnad.Íent than pnevlously. rts speed, ls
d.eereased. and. the Lndlcaton solution eatehss up to lt.
siallarly tf a readLng lon mlgnates lnto the ir¡diaaËon
solution ft 1s in a hlghen potentlal gnadlenü than
pneviouslyr Lts veLoeity J.uereases, and tü neJoLns lts
origlnal soh¡tlsn.

Thts nestonlng effeet has been gnaphleally
Llfu¿stnated by eertain experf.ments of Macrnnes and.

Con¡lerthwattJ42). In d,etenmLnatlons of the anlon tnans-
:.,:,,r:t.

fonenee nr¡nber of O.OI rtormal sod.fu¡m ohlonld.e they interrupüed.
the eu¡rnent for penlod.s of up to 5? minuteso trlhen ühe

er¡:rrent was rpeapplled the boundary appeared, ln a short
tine, the lon¡gest lntenvar belng 5 minr¡tes fon the sz
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mlnute b¡'salc. Iü wag aLso found. that the motion of tbc

dlff\rse zoîø between the solutlona was the ea^ne as that

of the borrnd.any, the tra¡¡sferêrrce r,l¡¡abers calculated. wlth
:..

the tlme interval, lnclud.ing that l.n whlch no bound.any :,,:,'.:¡,'.:,

wag vfslbl'e, agneeing w1ùhln the exBerimental error

wtth ühose ceLculated from the nest of ühe !!llrl. A rtrn 
;, ,,.,

rae aLgo me.d.e tn wÏ¿leh they reversed. the cunrent fon 
,'-,",,,,,,

certaln perlod.s. rTtug übe sh.arp bound.ary was replaoEd 
;;;:,,1.;,.,r::
j.:. 

'. .: ::

by a dtffuse zone of seve:raL centLmeters tn thloknêss¡

onretu¡ningühecurrentto1tsonígf.na1d.l.reotl.on
a¡rd allowlng fon the volume swcpü out drlnlng the rcvensal'

of the cunnont they oaLeulaüed the a¡rf.on t¡ransferoence

nr¡mben a¡¡d. forrnd lt to s.gree well wlth ühe accepted,

value. Henee, even wlth thls lalrge d.fffuse zortet tho neü
!

lonLc moülon was ühe sane as lf a boundany had. been

eontl.nually present.

Iongs*o"¡¡(33) states that when the restoning 
,,,.r.,,

effeet ls gr"eaüer than the dlsturblng lnfluence the 
,,t,1.,,,,,.

foLiowlng eond.ltÍons are firlftlled: 'i':r':;:::::

(i ) tb.e bound.alry appears flat and sharlpt

(ff ) at corirstant eunnent Lt moves with constant veloclty
(111) the observed transference ntrmbe¡rs &r€¡ within wld.o i, "

f.imlts, lndependent of üh.e cun¡rent density,

(fv) lndependont obsenvatlons on eatlon and. anLon bound.anLes

fon üh.e same solutfon glve conslsüent results.
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4. Ad.jusüment of tþe Ind.leaton Conoon-tnatloa

Expenlmentally, the nestorlng effect dlseussed

ln the pnevlous part ls powerful enough on3-y lf the lndloaton .,',r,

ooncentnatlon ls wlübln centaln 1l¡aits. The llmits d.epend.

on several factors but nust f.nch¡.d.e the Kohlnausch

oonoentnatlon d.erf.ved, Ln ühe next pa:nagnaphr 
,i.:,

Consld.er a bound.ery whfoh has noved fÞon a ', '

posltLon neâr â.-b 1n Flgr:re l2 to o-d. lhe eleetnolyte aR ''i'::'

has been repraced. by BR , the eoncentnatlon of the latten
belag ln genenal, dlfferent fnom lts onlglnaL valuê. A

osncentnatlon bonnd.any ls then fonmed eË a-b betweon the

truo BR solutLong. Conslden nos the notlons on the
passego of a fanaday. Bhe An BR bonnd,a:ry goes fnom c-d
üo isr-flt. The motlsn of the bor.¡nd.any betweon'the two

BR solutlons can be negtro cted. ae it is very smarl. The

tna¡rsfenence nu¡,ulcer. of the a ion ls obtalned. fnom

equati.on (1). i'.,i

T¿ = V0¡. (1)

Now the number of equlvalents of ion constituent B passlng
the plane e-d. pen farad.ay ls glven by equaËlon (5).

Fþom the naüio of (1) and (õ) equatloa (6) is obtaÍned,.

TB = VCg

mnì*A TB
=G4 cg

(6)
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Iü wtll be noted that no essu¡trptLons as to Íonizatlon
of the eleetroLytes have been mad,e. ÍIhe neagon for Ëhe

ad.Justment ln the lnd.lcator eoaeentratlon ls that ühe ., ,,,,

lnd.Lcaton eleetno].yte nrtrsü travel et the ca¡ne veloolËy

at the bor¡ndary as ühe lead.lng eleetnolyte. This earr

oeoun at only one lndlcaton eoncentratlon fon a gLven 
,,,r,,:,,,

coneentnatLon of the leadlng solutlon. "'",,
, r,,i::.fbis nelation (equatf on (6) ) ls an applleatlon ..,..,,

to an ond.inany type of bound.ary of e rnore genenal fr¡.netlon

developod by Kohlnausotr(26), Thls funcüÍon d.eflnes a

proponty of the o lutlon uhleh at any glven polnt notalne
a osngtant value lnd.epend.ent of ohanges of eoneentnatLon

caused, by eleetnolytfc mf.gnation. rf as a nesurt of
sueh nÍgratlon, speoles of lons dlffenent from ühoso 

l

lnlülaLly pnesent appear at a poinË, üheir conoentrations
a^re adJusüed. to a value ooryat!.ble rsiüh the constar¡t 

i.¡.:.:.:d,eterml.ned by the tnltlal composlil.on of tbe soLuùLone .i'
', 

'. '-Thus the lad.leaton solutlon eoncentnation trnnedlatel.y ,:;,,,

behlnd the boundary ts ad.Justed automatloalLy. rü is
then obvlous that ühe motlon of tbe bor¡nda:r'y gives
Lnfonmatlon d.lreetly only fon the leadlng solution a¡¿d. 

:¡_ii
not fsn the lnd.roaton solu.tionr ås some of the early 

ì'rri"'

Lnvestlgatons thought. Because of Kobl¡r.eugehr s contnlbutloa
above, the tenms Kohlnausch solutioa and Kohlnausch

osnoentnatl0n are applled. to the lnd.lcaton solutfoa . 
,,,

ùmedlately behlnd the bor¡nd.a,ry. ,',""
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ThLs ad,Justment of the lnd.icator concentnatlon

has been ueed by some workers üo d.eüernrne ühe tra¡rs-
ference nr¡mbens of the indlcaÈor elecünoLyte. HartJ.ey

and. Donal¿"on(I5) analyzed the Kohþauseh soluüLon con-

d.uctl¡retricarl.y and., using equation (6) together wltb
ühe h.own concentratÍon end transference nrmber of thE

lead.lng sorutlon¡ caleuratod. the tra¡rsference number of
Ëhe KohLrausch soLutlon. fhis method. ls less accurate

than the d.Lrecü movlng bound.ary method but fs appLtcable

to lons of low mob111ty, whereas the d.irect method. is not,
slnce the lndlreet method. nequires a hrowled.ge of the

f¡ra¡rsference numben of the lead.f.ng soruüion, thls havlng

a hlgher concentratlon than the Kohlrausch solutlon, lt
cqnnot be extend.ed to sorutlon eoncontraüions gneaüer

tÏra¡r ühose stud,ied, by the d.Lrecü method..

Tkris slmple theony of tt¡e lndicaton ad.justment

pred.lats no limitatlons to the ad.Justment. rn praatice.

sr¡cÏ¡ lfmltations ere for¡¡rd.. Ex¡reninenüaLly the inittaL
concentnaüion mtrst not be far removed. from the adjusted

Kohlnausch concentraüLon. Macïnnes and. eo-woot 
"oÁ61r48rl+1rÐrllt

obtal.ned. outrves simllar to Flgure 13 wtren plottlng ühe

obsenved. tra¡rsfenenee nr¡¡nben against the iniüfaL ind.ieaton

concenü:ratlon. The horlzontal pontion lnclud.es th.e

Kot¡Lrausch concentration, cK. Gord,on and co-wo"k"o" (2)

worklng at L¡loc. wltb potassium chrorid.e folJ.owed by
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potasslun lodate, obtalned. tb,o ourrre dnawn in Flgure 14.

Ítre ma¡lutrn ln the ourve oocurs at the Kohlraueeh Gorro€r¡-

tnaflon. No ex¡lLanatlon fon the dtffenent t¡rpes of ourves

ls glven.

Fno¡¡ tb.e vanlous reseanches certatn bnoad.

gener.all.zations eare, be dnawn regardlng the nange of
adJusünent sf the lndleaÈor solutlon. The ¡qnge lo:

1) gneaËer for dllute than for eoncentnated, solutlons,
lf ) gneaËer for aarror tb,aa fon rtd6 mêasurlng tubes,

111) greater for r'lstng ühaa fon falllng bound,a.nlee,

Xv) greater at low tb.an at hlgb toapenatupôse

The Lndlcator eoreeentnatlon ¡mst aleo be ebosEn

s@ es to avot d. unsüable deaslty dtfferêr@€oo Thuc la a

nlstng boundar¡r ln whloh th¡ lnttlel lnd.ieaüor @@&oêll-

tnatLon le Less üha¡' tho Kohlraueeh. eonoent¡ratlon aa un-

stable bouad,ary bctçeen these solutlons ls set u¡r. Iü
1e qulte pooslble that the resulülng eor¡veetlon eunrents

may d.eotnoy the boundany und,er observatlon. Eeneo ln all
neacurenents exoepü tb.ose on the nore dtlute soluÈions tñe

lndlceton eoaeeaËnatt on for a r"lsing botrnd.eny uust be

greater than, and, for. e falltng bound.ary less than, the

Kohlnau seh coue er¡ tratlor¡.
5. fheo¡ry of tbe Effeot of Diffirslon ead of the trThf.chresgn

of the Bou¡od.ary

ffsber( 6õ) wae the fþst to nake a theæetleal
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üneatnent of the eond.iÈlons exlstfng at the boundary.
Eis wonk nes nevÍewed by Macrnnes and Longswonth(nol,
eertala unr¡eeessary assurnptions belng elimlnated. Tha

tneaùment beLow ls that glven by the ls-named. authons.

At a t¡so-sal-t boundary both erectrlcal and thermoç
dynanLø gnad.lents arpo seË u¡1. The Iatùen ane d.ue to
eor,reentratlon gnadlents ar¡d. are ühe souroe of the fsnces
tend'lng to prod'uoe dlffuslotr aoross the boundary. Csnsid.enlng

théee fonees a-ra,d usfng ühe ex¡lenf.mentel fect thaÈ when a
steady state ls attalned the veloelty of ühe boundary ts
oonstent, these authons d.erÍved. equatlons (4) and (6).
Henee, th.oonetleally, Ëhe veloofty of the bounda:ry fs aot
lnfluenced by the diffusLve forces aatlng at the boundany

lhe theony was extended uslng the ass'rnptÍons that

tt = )to +klnc / =thenmodynamicpotentlal'/".'''.'''
k = Boltzmann cons tant :..,'..,ì,..

ul = uc=2*i ol = moblllty of leadlng lon 'i,'

u1 = moblllty of lnd.leaton lon

üc = mobll1ty of common lon

and that these mobilrtles qre lnd.epend.ent of cenoentnatlon
(an lnrpossf.bre @ase but ono appnoaehed by the Liclrlrct ana
KrOs/KcI bounda:rles) to eompute the oonosntnatlon gradleats
in the bound.any neglon. The dlsü¡rfbution so found fo¡r
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o.1 N KC1 follo¡red by Licl- ls glven ia Flgr¡ne l5o A
Itthlehresstt, nepreser¡ted by dotted llnes ln the figures,
¡Ías d.eflned so as to Lnelud.e most of ùhe neglon of
coneenfnatÍon ehangeo Fnsm ühe analytiear form of the
nthLchnesstt Lt is soen to be lnvensely proportionar to
the veLoolty, and henoe to the eu:rrenË, and to d.eenease

wlth an incnease in the dlffenence between the mobilltles
of the leading a¡rd lndlcaüor Lons. rt shourd. be hene

aoted. that the vtslbiriüy ls d.ependent arso on tho
nefraetive f.ndex grad.lent in the,bounda.ny. lhus a LlcL/KcL
bound.ary 1s less dlstlncü than a Kros/K0l one, alühough.
the theony d.oee not pned.ieË thLsc

uslag tbe sehrlonen teehnrque whr.oh empLoys an
optleal systen to d.etenmlne the nefiractLve ind,ex gnadients
fn the bounda:r'y, tongswontu(59) has confr.rned. the pneeediag
theony. Fnom hls schrlenen scan¡ring patüerns he d.new the
followlng eonclusions.

1) rn a two-sart moving bound.eny experLnent t¡ro bound.arlee

ane fonøed,, the truo-sart boundary and a eoneeatnatlo'
bounda:ry between the infttar Lnd.iceto' sorution a¡¡d

the Kohlnaueoh soluüiono The latüen boundary moves

almost lmpeneeptlbly dnnlng a. run but beeomes bnoaden
d.u.e to dlffuslon. Tbe concenünatlon gnad.lents ra the
t¡¡o-salt bo,ndany ¡remeln unehanged durlng a rrn. (tn
one exponlment Longsworth baLenced. the motlon of tbe

: .l_fj'

:.i'];'.r::li:r, :.È
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'bound.a¡py by ad.dltlon of sorutlon and fo'nd that these
grad.lents remar.ned constant for t¡¡o weeks.

11) The mexlmun coneenünatlon gnad.ient f.n a boundary ls : ,

dinectly pnopontlonaL to the cr:rnent.
tlf) t{hen, in tho ease of a farltng bouadary, the inlülal

lrrdloaüon ooncentratlor¡ is gneater than the r.,r.,,

Kohlrausch eoncentnatr.on, there are set up at the
conoeRtnatLsa bouad.al'y convootlon eurrents whieh ,:'',:.':,,-,',

partlally penetr"ato the two-sart bound.a:ry and. ca.use

lts motlon to be ennatioo

1v) Bhe eoneentnatloa gned.ients in a KÏO'/KCI ( e = O.I)
bound.anyr 8s cal.ulated by Macrnnas and. r,ongsronth,
ere r,n exoellenÈ egreemenÈ nrlth th.e exlpe¡rinental 

:

gnadl'enüs. Hence the posturated mechanism, i.€, that 
:

the boundary rs the nesult of d.iffr¡sion and. of ionfc
mlgratlon, eppears to be oonfinmed. 

,,,,.,rALso, fnom his scannf.ng pattenns, Longsworth ¡ras able to ,.,,,,,'

ealoulate the Eohrrausch eoncentration and, tJre tnansfonence irl 
,,

nurnben of the lnd,f.caton el,ectrolyte at thf.s cotreonËnatlon
r¡tth ar1 s.ccu¡r aey of !y'o.

:1i::...'
¡jl.'.'?:.i
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ftg Volume Coruectlon

Du::lng the earry røonk on the movlng bounda.ry

usthod, lt uas notlced that voLune changes accompanled.

ühe eLeetnode neactlons, but at thet tilue ühe effect on
the veLocity of the boundany was consid.ened. nogllgibte
(ef. DenLson and steer"(1o)). rn thts early wonk both
eleetnodes Rrere open to Ëhe aln a¡rd. this nade impossf.ble
q.n aeeurafe ca10u1at10n of the connectl0n fon the volr¡¡¡e
changes.

Mttte"(8e) poinËed out that nsubJect to a correctlon
fon the expanslon and. eontnaotLon oaused by eleotr.olysien
the movLng boundary mothod. shourd give Ëhe sa¡ne nesurts
as the Hlttonf nethod.. r,"rt" (29) oarcurated the necessary
eonreetlons ln some of the ¡sonk of Denl.son ar,rd steeLe. The

tneaünrent f ollowlng ls that of Lewls r

The Ïltttonf transference nu¡¡rber fs d.efL¡red as the
numben of equivErente of a glven ion constltueat whr.eh,
oa the passage of one farad.ay of er.ectrlc!.üy, erposs &
boundary flxed wtth respeot üo the solvent" The observed
rnovlng bounda.ny tnansfenenee nr¡¡oben is the same as this
excepü ttlat the bounda-:ny is fixed wl-th respeet to the
appanatus. Hence, to corcpere the two, the motion of ühe
solvent with nespect to the movr.ng bound.ary appaJpatus
mast be taken into acoount.

1.
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lFtre caleulatLon is facilitated ff one elctnod.e
che¡nber ls elosed as then onry the vorume change at tlrls
electrode need. be eonsidened., any volume ehange at the 

,,
other electrod,e havlng no effect on ùhe rnotlon of the
solvent. as an exanrple, eonsfder a nlslng bound.arny

bet¡¡een banfu¡¡¡r and. potassluio cblonid.es wlth waten s.s solvent 
:::l

and. s1lven &s a¡rode ln the closed. ehanrben. Flgure 16 a ,''-

nepnesents the lnttiel eondlt!.snE ln the tuber x 'r.epresonts il.

an aver&ge waten moleculer oF, ff one wishes, a plane
ln the tr¡be below ¡shlch ühe rrass of sorvent nemalng

eonstant.

0n the passage of one farad.ay the boundary ßoves
fno¡n a:b to c-d. , the avera.ge waten morecure frou
e to sI fn Figure 16 b. As ühe orutron þetween the
boundary and, avenage waten nroleeule is homogeneous eny
volume chcnge nêar the ereetnode has the same effoet on
each. rn the eleet¡rorysie the foLlowlng neactlons o@orr?o

1) T6 equl.varpnts of K ioa pass out of tho reg!.on
betr,¡een ¡r a¡rd the electrod.e.

1r) f equivarents of cr. ion fnsm the Kcl solutlon
pass r'nto ühe reglon beüween r and the eleetnode. ,.,.;:

lir) At the electnode ofre equlvalent of ag dlsappeairs. "irì''.:r':

lv) At;;the ereetrode one equfvarent of AgGl appeå"rs.
v) Oae equlvalent of cI r.on from the BaGLe sor.ution

df.sappeans due to fonsatLon of the AgCl 
..:.:,,.;.,j,1
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vi) One equf-varent of cl lon passes from the KCl

solutlon to the Bac3.s soLutl.on through the bound.a:ryr
Tho vorume Lncreases between n and the electnod.e

due to these neaetlons arê,

r ) -t* Vuott

11) *lcr Varott :':,'';.:":,

,.::..:r..:111) -Vss

iv) +vegcl

v) -var""tt.

vi) vrr""ttr lrru.t

whene the Îts are parttar molal volu.nes. The net
lnereaEe le then:

l'av = rrr v.r*cl - *n v**t - vrr"".l" * lrfot, 
,'
i:

- KCl- Tcr-'-- + Vegct v¿g

Çsing the orpresslons
I.

::

TK* rCl = 1

and

Vrrntt+lnntt=î*rr



(sz¡

thls ned.uces to

av = vn,gct uo* t* %rt

The eonneeted, tnansference number ls then

T ¡3 vc ,.,:,,1.,.1, .,,

= (Vous. - AV)c 
_,,.,,,,, ,

= Tobs. - gAV

rt ls sbvrous that the cornection is smar.r in
dflute solutlons. However, ln concenËnated. solutlons lt
beoomes appreof-abre and. Llmlts the accrr:r.acy of the ¡sesurtg.
The connectloa iüseLf ls only a¡lpnoximate due to several
eauses. The molar voh¡me of soLld,s depends to soxûe extent ¡

@n theLr stato and. ¡nethod of prepanation and henee in tbe
pneeedlng calculatr.on Èhe nor-ar volumes of sllver an. 

:j::,.:;::jsllven chlorld.e a¡re not Ìnrown to a hlgh d.egnee of aceuns.cfo , , ,

...:.,;.: ..'another dlstu¡rblng facton Ls the laek of eoasid.enaËlon of ,,,:,rl,.,-,

the dlffusl'on layens aroun¿ the electnod.e. The eoncentre-
flon gnad.lents so fonmed invalfd.ate the sirapl.e expnesslons
lnvolvlng ühe pantlal nolar vol'¡¡e at one coneentnatr.on. , ,,:..,,,,

rntnatlon,
tnüegralr(sa¡ of ühe type

I fxtv = illo v(*)¿x

should. be used. to glve the mean paiüial noLal_ volumes fn the
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paJptlcular neglon¡ Thts calculatÍon requfues a howled.ge
of ùhe conoentnatÍon gnadf,ents pnesent, a howledge
lmposslble Èo obtaln except ln tbe si.ueplest ease of en
autogenlc boundary. Even wtth thls the ealcr¡lation Ls
extnemery tedious'and. has neven been used,, the approxlmate
method' lnverfabry belng emproyed. .Aaotben faeton, not
consídened Ln the lltenatr¡¡re to date, but r'hieh eould.
unden appnoprlate expeninentar cond.itlons sontnibuüe
an eppreeLable et3t3on to the ealculatl0n ls the neglect
of lonle mfgratlon ac&oss the coneentnatLon bo''d.any in
the Lndleaton sorution. rf the ereetrod.e on the iad.ieator
slde ls erosed, lf Ëhe tnttlar ind.f.cator concentnatron
1s appneeiably dlffenent fnom the Kohl¡:ar¡seh concenü¡ratlon
andr lf ühe va¡riatfon of the partlal uoral_ volune of the
lndlcaton ssrutlon wrth eonoentratr.on r.s consld.onable,
ad'dltlonal termg should. be added to the voh¡me con¡reet'0n.

These êrrors, however, atpe small pnovldlng the
ooncenünatlon does not exeeed one normar-. sertb(60) by
means of an electnolysts apparatus in whieh one eloetrodo
could' be dfsconnecÈed and. used. as a pyenometen, measured,
the volr¡sre ohange expenfmentally fon â Oo? N potassiuø
chlo¡rid'e solutlon wlth a slrver-slrve¡, ehrorlde cathod.e
and for¡nd tÈ to agnee werr wrth the change eareurated by
the above method.. A¡iroüher check h*s been fì¡¡rnr.shed by

::.;::'.: i
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Longsworth and Macrnno"(+0) nho determlned T.. fon
potasslum chlorlde at oo5 and L.o N uslng an autogenie
eell wlth cad.mLr¡.m as anod.e and. a sheared. eerl r¡lth
sllver as anode and cadmil¡-m ehrorld.e as ind.featon. The

obse¡rved T+tr by ühe two nethods diffened by zß wheneas

ühe oonneeted. T+ts dlffened. by only OrL%.

2. lhe goLveat Correcülon

The neeessity for a oorreetÍon d.uo to Ëhe ,.,.::,:'rr:,

conduetanee of ühe solvenü was not necognÍzed. in the
ea^nly work on tnansfeneaee nunbens although Lt was 1n the
wonk on conductanoes. tongs¡üorth(õõ) pofnted^ out in
L962 that the eecrrraey of the movlng boundary method,

necessitated sueh a eorueotlon for solutl0ns of
ooncenüraùlon less thaa o.o5 N. Thts eonrecüLon whleh 

i

shourd be applied to arr. tnansfen.nce nunben detenmf.na-
tLons, rhethen noving bor,mdary on Hittonf ris d.erlved, 

r:..: :,,..
aS fOIIOïS. :,,r:tì,,jrijt

Let v+ end v- nepresent th.e aotr¡.ar wor-hrng .1,,1 

" 
.

veloclty of the eation and. anion oonstltuents respecüively.
sinoe the eu¡nent r in a linea¡r oonducton r.s equal to
the üotal flux of eleetartetty thnough a gr.ven crosÉr seetion 

,.j:ir;i.,,,,,.-' .. . :ln r¡nLt tl¡ne, the curnent übrough sueh a eoaducüor of 
)'':"

crâoss sectlon A em.a ig

T CFA 
'tt . EaÂ <-r =ffi(v*+v_)+ #ãc1v1
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whene c Ls the eoneentratf-on of the erectnolyte and

ci a¡ld 't¡i nefen to the concer¡tratlon and veloelty
of the ltth lmpnrlty. By nultlplying ühls equaüion .,

by V+ the followlng is obt,alned
V. +V?

v+ CFA V+ FA :;.:'.: :.:

'.' ':.' '.a.' :,
r1 :¡:, .:

= T+ = ffi{ + *_ r*ãcrVrV¡ + V_ - 
IOOO I 

'OOO 
I

with tlre assurptf.sn ühat the inpurltles are eompletery
lonlzed' (as ls und'oubtedly the cese as their eoneentl'atlo¡ls
a.re extnemely small) tne veLoeLty v1 ea¡¿ be rflr.ltten as

Vl = EUt

whene u1 Ls the moblrlty of the rrth ioa and E is i

the fleld. stnength. The pneceding equatlon ean then be

Hfltten aS 
.,,,,, 

: 
.,,.r+ = 9il=þ + + r* 1crui ',,' 10001 1000r +<- r- 

:

Eowever, + is the speclflc cond.uetanee of the,EA
sorutlon, KsoLutlon, and. #il ã crui the speef.f ie 

,,,,ri:;..::.
conduetanee of the solveaü, KsoLvent, whieh may be measured ''::'i'::'"':':

lnd.ependently. with the assnmption Ëhe u1 Ls not cbanged

by the intnod.uctlor¡ of the erectnolyte this equ,atl.on
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beoomes

r+ - lr+(obs.¡ + r+ 5E+g9+!-Ilsolutlon

A, eoruesponding equatløa exlsts for tbe enlon üransfereReo

number.

To deoreace tho solvent effeot, I"rongswonth blew 
:

eEnben dlexlde free nltnogen ührough the solutloas before :

plaelag tbe¡l la Èbe eell, btrt a eonroetlon was sü1LL 
:

aec€Esary ôre to eonfeet of Ëhe soLuûlons uLth the aLr @a

flJ,llng and te eLeetrolytes dÍeselved ln tlro sÈopeoek

grease. Íh'e gresfio that he found uost srlteÞle ras mad.o

Þy eombXalng five ¡rarüa of vasell.ae rlth ene of beeswax,

both. lngred,lenüe havlng boea prevÍoreely extnaeted wltb

hot ooadr¡ottvlüy watero
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1. Determlnetlons of the Tnansfenence Nugbers of Salüs

wltlr the Exceptlon of Ag$0a and. NH+N0g

lhe earliest work that was f alnly werl d.one 
;,,,,.,:,,,f

was that of Denlgrrr(8) ¡rho d.etenmLned. the ünansference

nunrbers of the chlorld.es, lsd.ld.es and bnomid.es of sodlun,

potasslulr, nubldlunr, eaeslu.m, magneslun, ea1cil¡m, 
,,,, ¡,:;1:,:1

stnontiu"ß, barlum a¡ld the corlrespondlng amronlu.u salüs , ., ',

by rreans of shea:r"ed bound.arles. The lnd.leaton lons thet i,,.',t'::.,,

he used hrere l1thfu¡m and. stnontlum lons fon eatLon

bounda¡r,ies and. the aoetate lon for qnlon boundariee. fn
hls ealeulatLons he d.ld. noü take lnto aoeount elthen

the solvent on volu¡ne conneetloÊso Due to thls and.

the reLative erudeness of hls work as eonpered. wlth that
of laten lnvestigatong (Macfnnes, Longsworth, Gorôon)

hls nesults a¡le not taken senlously.

Anoüh.en early Lnvestlgatlon r¡as that of Franklla
and cady(tz¡. uslng xûercury as the anode r.n an autogonle ,.;;,,,i.i.;;

eoll tbey d.eternlned the eatlon tnensfononeo nú-mbons of ',, l,

:: ..:..:

NH¿NOs¡ NII¿I¡ KN06¡ NaNOõ, NaBr06, and AgNO, th llqnld.
ammonla. By means of a sheaned bound.a:ry they d.etenmlned

the a¡rlon tnansforenoö nu¡nbers of NEaNOs,¡ KNOo, NaNOõ,, ii*
NHaCI¡ t{a01, NHeBn, NaBr¡ NE¿f¡ and KI, plerlo acld :':¡::Í

as a¡l lndieaüor belng used. fon all buü the last salts
for whlch lodoeoslne tsas used. The sams objeetlon appll.es

to thts wonk as üo ühet of Denlson in ühat no solvent on
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voh¡¡oe eo¡r"ections were mad,e. Both of üÏrese eanly

deternlnatlons were carried. out in sueh a manner as to
make f.nposslblo any accurate eaLcuratlon of the corrêG-

üions to be appJ.led,.

All of the tra¡¡sference rn¡mben deüeræinatlons

by the d.lrect movlng bound.ary metbod. mad.e slnce th.osc

above ane ].lsted. ln Table I.
TABI,E T

Method,r.eading Ï¡od.Ícator Type ofeleetro- ereetro- soLvenü oÍ fo:rma- Reforeneos]'yte }yto b.onndary ütoax

.r:' l,t

HGI tt01 HZO catLoa s.¡r. 57, 59

HCL Cd.ClA HZO catlon 8¡ 33

IiIfhol cdclz Heo

Nn4cl NHr.I0+3 Hao

I¿CL CdCL2 EZO eation â. 33

LlCl, &tIO3 HeO a¡¡,l.on 8r ¡l3r 3j
LtCl CdCtA IZ9: oarLon &e 39

MeOE

NaCl, cd.C12 EZO eatlon &¡ I, 33

l{a01, LlCL HeO catlon s. ¡f . 59

NaCL l{aÞO, HZO a¡¡ion s. ¡rr L

NaCl NaIo, EeO a¡¡ion E o ¡ lrr L

NaCl Sod,ir¡n
tetna-
lod.ofluor-
escela

catLon &.

a¡rÍon so ¡Tr

3[

3lt

i;:_:..-: -.:

HeO anlon sr ¡lrr 3j
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TABLE I (Continued)

MeühocI
I"eadf.ng Indi.cator Tnpe of
electno- eLectro- SoLvent of fonre- Refereneeg
lyf e lytc bor¡ndany üion+ç

NaCl Sodlun
acetate

flZO anion, s. ¡f . 1

.: - r 
":.rt:,

: .: '. '.:.:.:.

Sodlum eadml.r¡n
acetate acetate

KCI methylene
blue

KCL KrO3

KGL potassfi.u
vale¡rate

SaC1 CdCL2 HaO- catLon 4o 39, 58
MeOIf

NaCL sod.lum HzO- a¡rion e. eT. 5AparatoLuene MãOH
suLfonate

NaCl sod.lr¡¡n MeOH a.nlon sr ¡t?r 6
pa:natoltrene
eulfonate

Eao catLsn. ê¡ 3h, 2B

god.lum ltühtum HlO cation s. ¡f o 28
acetate aoei;ate 6

Nars0n cdso,
4

,ZO catlon s.o 3\
KCI ric]. Heo catlon s. ¡ f . 5T ,Iß ,6L,59 ,LS

KC]. cdcLz Heo

Heo

Eeo

Kc]. nmo4 E¿o

Heo

KCI potasslum HoO anl,on so ¡l3r 33tetra- ¿

Lodofluor-
eseefn

KCL potassLum
acetate

cation &r 58r5r33

cation sr¡rro L5

a¡rLon 8e ¡lto 32

anlon so ¡rr 16

anlon so ¡!9. 57

He O e¡rlon s. ¡f o !f rf5
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TABLE I (Continued.)

Method.
Ireadtng Indlcaton TnPe of
elecüro- elecüro- Solvent of forrua- Refenences
1yüe lyte bou¡dany tlonx

KCI potasslum HrO anLon sr ¡r!3. 5B
paratoluene Me0H
sulfonate

KcL potasslun MeOH a¡rion s. ¡ !3o 6
paratoluene
su.lfonate

KCL potasslr¡rs MeOH a¡rion s, ¡rr 6
trllod.o-
benzoaüe

KCL poüassium MeOE anLon sr¡Pr 6
dl1odo-
benzoate

KBn LlBr HeO cetLon s.ef. 24r!8

KB¡r. Cd.Br2 HeO catLon - 8¡ 5 rZ4ß[
KBtr Kï03 IfeO a.nLon. s r ¡?r 2l+,31+

KI potasslum
aeetate

Hzo anLon s.¡f. 3lt

KI K2C2gfu05I4 HeO anlon s. ¡ nr 3[
ru03 Ba(NO3)2 HeO catLon sr¡r"r 3l+

!4
(

5

44

3l+

34

t5
L5

ffiO3 till03 frZO catl.on s.¡f.
No3 P¡(No3 )e frzo catLon &o

ffi03 AgN03 HeO cetlon â.

ffio3 EqlgqEl r¡n EeO a¡¡ion E. ¡ f raeeEaEe

K2SO4 LfCL EZO cation s. efo

ru03 Kr03 EZo

ruo3 Kzcæ%o5I4 Eeo

enLon s. ¡ llr
anlon so ¡?r

K2so¡* m*no4 HZO ar¡Íot¡ sr ¡!1.

r::l:: r:,:::ij::l;
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IABLE I (Conütnue¿)

r.oadrng ïnd.icator Ty¡pe 
Meübod

eleotro- elecüro- Solvent of fonna- Refenences,lyte lyte bor¡nd,arry tlon*
K3Fe(cN)5 ttcl HZO cation s. ¡f o L5

K3Fe (ctt)5 metlrylene fl20 oatf.on s. e re L5ç
þ-Lue

K3Fe (Cw)6 potassitur
aceüaüe

potasslum potassirur
oxalate valenaüe
ÇaÇL, CdCL2

CaCL2 CaIO,

EZO a.nlon s. ¡f o L5

HZO anLon so¡rr 57

CaAL2 calair¡n Il^0
pa:ratoLuene ¿

suLfonate

ZnBr, 
"1+g9f- _\ZO caüion Er¡rr 57
meübyl a¡rll1ñe
azo benzyl
trimeÈhyJ.
a¡rmonlu¡¡
tlltnate

7.nBr2 Zlnc
aeeüats

Hzo eaül.oa s,¡ 2513lr+

flzo anlon e. ¡rltr 25131r+

a¡¡lon s. ¡?r 25

frZO a¡rfoa s. ef . 57

Co(NE3)6cL, Llcl frZO catloa s.¡f. L6

Co(1{fl3 )5cL, I$[noh HZO anf.oa s o ¡l3o 16

IûC13 ttCL 1l2O caüf.on s. ¡f r 5l
ta0l, LaBa$U EeO ar¡f.on $o e?r 5L

t&a = autogenic; s = sheared.; p ! rfsing; f = falLfng

ng hts prevf.ous -::' I

technigur" (32t 33) , has d.etemlned, Ëhe üra¡.sference num-

bens of ECl, KCI and. NaCL Ln d.eutenl.r¡¡n oxld,e-v¡ater mLxturês¡
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2. Tnapsference NunÞere Determlnatlons (by alL Jnethocts )

gf Sllvgr Etnaüe a¡d. Anreontum Nl.Egrate

a) SfLven nitrate.
The flnst wonk on ütre t¡rarlsference u¡mbers

of sllven r¡ltrate was d.one by the gravlmet:eic

metno¿(3 r2atZL'22t23r27 t3Ltáo, , None of this wonk ex_

üend.od. to eoncentratl,ons beyond. 0.1 norua1. Th.e best

values of ühe oation tnarrsference nu¡rbons as d.eternlned,

by tbese workers and. gfven by Falk fn the Internatlonal
Cni.tleal Tables (fg) are Llsüed. ln table II.

TABI,E TT

loc. Coneent¡rat!.on (equf.vs . /Ll:tre)
.005 .010 ,o20 .050 .100 .2oo .300 .600

0

t8

25

30

.þt
.l+?r .l+?l

.877 .\77

.4Tt .l+?r

.V17 .l+77

.l+Br .l+Br .l¡8t .l+8r .l¡Bt .[Bt .þt .l+8r

fhe fLnst movlng bound,any d.etenminatLons on

ühe tna¡¡sference numbers of sllve¡r nltraËe were tÏ¡ose

of Stcelr(63). By the cnrde and. lnaccunate method. of
fomi"ng bound,arles by means of gelatine pantLtf.sns he

obtelned, a cation transferonce nr¡mben of O.l¡Bó fon a

L.15 nomal, solutlon (tne tempenatune of the measure-

ments was not gtven): H" used copper sulfate and. po-

tassLum fruorLd.e as ind.lcators fon the eation and. à¡alon
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bound.arles nespectlvely.

Macïnnes, cow¡lenührraite and. Euang (l+5) 
obtaf.necl

ühe fi¡rsü aecunate values by using lithfi¡m nit¡rate as a.

caüion indicaton fon a sheaned., falllng bound.any. Íhe ,:,t,-.

wonk was extend.ed., the eonplete ¡results be5.ng glven in
referenee 1. They are reproduced, 1n table III.

TABIIE IIf j,..,_:

ConeenürpaüLon (equlvs . /l-ít¡.e) T+

o.oL

o.o2

0.05

o.10 0.h682

0.1+648

o.l+652

0.1+6ól+

sam,ls $71, wonkf.rg at l¡ooc. wLth ].tthtr¡s

chLorid,e as cation lnd,lcator in a slreared. fal.llng
bound,ary, obüai.ned. .ühe nesuLüs given 1n table IV.

TABLE ÏV

0oncentration (equivs . /l,J.trø) r{

0.01+989

0. OgilT

o-il+93

o.wzg

o.E7 37

o.W39
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U) A¡montr¡m +ltra9g. 
,

fhe only üra¡rsfenenco nr:¡nber d,eüemlnaül.on

of amonlr¡m nlü¡rate was mad.e by the movf.ng bound.any

method.. Falk 1n Ëhe I.C.T.(19) staües thls and. giveo

Ëhe eatlon tnansference number at 25oC. and, O.1. no¡maL

coneenÈ¡raü1on as O.5L3. The nefercnces a¡re not glven

fon each salt but rathe¡. as a group fon aI1 of the Ðov-

lng bound.ary d.ete¡.raLnatlons. A sufi¡ey of aLl br¡t one

of the papers fall.ed üo neveal a¡ry work on ammonfu¡¡n nl-
t¡rate. A caneftrl seanch thnouglr tbe Aps¡rlean and. Brlttsh
Abstracts fon the perlod 1886-Lg5L aLso fatLed to dis-
oLose hls souroe. rü nrust be conerud.ed that he obtained.

the d,ata from the one patr)er not avalLable - a pnlvate

eormu¡lioatlon fnom D.A. Maornnes of the Bockefelren rn-
stiËute for Med.lcal Research.



CALIBRATION AT{D ASSEildBLY OF APPARATTIS
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1. Calibration of weishts

Itre wetghts used were calibrated. by the method.

of Pierce and. Ifaenlsch 
(531 . They were d.etenoined Ln

absolute gratns ln vecuo by fnelud.lng 1n the callbr"atlon

e. 50 gl?am weight star¡.dard.1zed. by tlre NatlonaL Reseanch

ï,aboratorl.es, Ottawa.

2. Ap¡anatus fon ObseAvi.ng the Bound.anf 
,

lhe meühod of MacInr¡es¡ CorrtrlerÈhwaite and :

Huang (cf . Section fII, (2) ) for obsorvlng the bound.any ,

was used.. The light souree was a blackened tfn can with
a neetangular slit cut 1n one end and. contaLnlng a 100

waüt ltgìrü bulb. The 1lght was made difftrse by means

of a tl(Leenext tlssue fastened. over the sl1t a¡rd. insid.e

ühe can. The can Tves mounüed. on a fnanework so that it
cou1d. be moved. upward.s o¡r d.onroward,s wf.thouü wobbling.

A chain which. rarr over guide wheels and. a sprocket was

fastened. to the top and bottom of the can. Into tho

sprocket was thread.ed. a bnass rod. the othen end of whleh i.,.,.'
, r :.r ..:. .:termlnated 1n a wheer at the sid.e of the teleseope. lhus ,,,,,.1.r

a¡r obsenver at the üeJ.escope couLd. move ühe light sourco

wl.thout changing hfs posltlon. No attempt was urad,e to
fasten the llght source a¡rd. telescope togethe:r so that
the optical system would have ühe sane alignmeat for
each reading of the bound.anyls posiülon. Ilowever in
pnactice such a common allgnmenü was always sougþt.
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3. CaLlb¡ratlo+ of t4e Volt¡mes

The moving bound.any ceL1 which was used. 1n

the :reseanch was th.e sheared ceLl d.eveloped by Gond.on

snd. eo-vronkers (cf. Secülon III, (3)). The appanatus

¡vas obtained. alnead.y assembLed.. If the measunLag tube

had. been sepanate 1t wouLd, Trave been a simpLe matter

üo eoat 1t wtth the partlcuLar wax used., mount tt ln a

lathe anð by means of a pf.n cut marks ln the wax whleh

were perpendLcular to the axLs of the tube. However,

this was not possibl-e so the followlng procedure was ad.op-

ted..

lhe tube was given a ühtn coatf.ng of a 50-50

nlxture of beeswax and panaffln. I!l' applying the coat

tbe tube was heated ü111 wax prevlously plaoed on 1ü

just melted.. Molten wax was tben poured. over lt and.

the cell placed. 1n a ventlcal posltlon so that a thin
even coating was formed. on ühe tube.

The wax coating was cut 1n ffne cf.rcles by

means of ühe apparatus skeÈched. 1n Figure 17(a) and

(t). Elre celL was placed. on blocks aütached. to the

stand. It was carefully adJusted. ttll the measuring

tuber T, was at right angles to the manking âlrn.r lhe

ceLl ¡ras hêld. flrn by means of a rrlbben band passing

anou¡rd. the stopcoek and. a screw projecü1ng from the

stand.. When the coLl was 1n positlon the mar"ken as-

sembly was moved along tl¡e meter stlcke M.S, to ttre
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d.eslned poslü1on and. the marker, M, a steel rod. gnound. to

a very f lne polnt at each end., set above the tube. By

rotating tbo b:rass d.Lsc a¡rd. controlling .the mank.et ann

to keep the marker ln contact with the tube a circle : l

was cut ln the wax coatlng. The cut was exa¡nined, wlth

a ha.nd. Iens to ensure that Lt was at right angles to th.e

: :.:.
g:ÇlS Of thg tUbg.. 

,,::.,:.:.,,,.:,;,:.:..,:.,:

When a satlsfactory cut was made the üube was I :

etched.. [hls was d.one by d.ropplng a mlxture of I pant " ",' "
concentrated. hyd.rochloric acld. a-r¡d 1 part anÏryd.rous 

l

hydrof1uorr1cac1d'foraper1od'oftwomÍnutesoverühe
:

mark.

Six sueh gnaduatlons were made¡ thelr posltlons

being sholw-l ln Flgune LB. Ilencefonth arry reference to a 
l

particu1argradugtionwÍ11useth'enr¡¡rberrs1nthefigune.

Ttre voh¡¡nes were d.eteruined by the method. of ,

Iongsworth. (cf. Seetion III, (5b)). The fll''ng tube 
,, ,r,,;...,;;,.;l

fon the leading solution was removed f:rom the cell a¡rd. ', " ',," 
.

a 1 run. stopcock wlth a caplllary tlp was sealed on as , .,. l

shown ln FÍgure 18. The voh¡m.es between etch mark 6 and.

each of 1, 2 ønd 3, between 5 anA each of 1, 2 errd 3, and.

between h and each of 1, 2 and. 3 (hencefortb called. volumes i ,,,.,.

6-1, 6-2, 64, etc. ) were d.eterm.lned. d-Lrectly.

Before ühe callbratÍon the tube was ühonoughly

c1eaned. ChnomLc acld. eleanlng solutlon was allowed. to

sfa¡d. in lt for three d.ays, the capillary tip befng ím- ,,.,:r,i :,.:
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mersed. in the solutlon. The tube was ühen empüied, and.

rlnsed. wiüh tap waten, concentrated nltric acid to remove

the carbon fo:med, from the stopcock groase ðist11led waten,

alcohol and. ether successively. fhe lnner parts of the

stopcocks were removed. snd cleaned with ether, concentra-

ted. nitrlc acld, d.ístíIled. water, alcohoL and. ether. Ttre

outer parts tyere clea¡red. wlth eüher. ì/lihen all parüs were

dny the i.nners were given a I1gþt coaü1ng of a higlx vscuum

sllicone stopeock gnease manufactured by Ðow Connlng, the

grease belng so applled. that none could. come in contact

wlth the mencury during a calibration. [he stopcoeks were

assembled. witb. the üwo-way stopcock orientod. so as to eonneet

the I mm. stopcock and. the oapillary tip wlth the measuring

tube. A current of air filtered. through absorbent cotton

was passed, through the tube for a few mlnuües to ensure

that it was d.ry. The eell was ühen read.y to be clamped. fn
positíon.

Two clarps were used. to keep the ceLl rigid without

introduclng an undue amount of straln. .an oak clamp, illus-
trated 1n Figure 19, fitbed around. the üop of the cel1. The

brass screws, A, were Èigþtened til1 just snug. Ttre bnass

sleeve, D, fftüed a vertical brass rod. on an lron base. At

ühe üwo-way stopcoek a spaeer was placed. between the cell
a¡ad. fTre ventieal rod. A steel coil spring was looped. around.

ühe two to keep them finnly attached to one another. For

the cs,libration thls spacer was mad.e of cork; h.owever fon
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t..

th.e actual t¡-ansference nr¡mben d.otermlnatlons a b¡'ass one

was uged..

ïJT¿en tlre cel1 was clamped. to lts star¡d lt was fl]-led.

wlth mereury.. The mereurry u.sed. was ttNlchols mercu¡ly meta^L '.1,t 

.,

#J)6O" rrïrLch had been nedlsüllled. three tlmesr In fllllng

the tube care had. to be exencised. Ëo avold the p:resence

of afr bubbles in the tube. The celI uas tlpped. to about 
1,, 

,

a6ooarrg1ewfththehor1zonta1and.abotttecontaÍn1ng

tbe pure mercur¡r plaeed. und.er the tlp so as to cover 1t. '' ',

Suctlon from a water pump was applled to th.e top of the

tube e¡rd the morcury wes sIowly d.rawn up. Before ar¡ ectuaL

voh¡me d.etertlnation the tube was lnspecüed. for air bubbles.

lfltren f11-11ng had been accompJ.Lshed. wltb the

absence of aLr bubbl-es übe eeLl was moved. to a position

on a soapstone table between a Iigþt source ld.entical

wiüh the one d.escnlbed. 1n Part 2 of ühls sectlon and. a

Geentnen table cathetometer, the scaLe of whleh could,
' '' ':

be read. to +0.0002 en.; but due to panaLLax l¡ the opülcal ',

system. caül¡etoneüer neadings were accurate only to {O.O01 cm. "'',

TLre tube arrd cathotometen were both J.eve1led., ühe form.en by

eye and ütre latter roughly by mêarls of a leveL on 1ü. Arr

exact leveL was never obtained. on the cathetometen but 
.

since ühe dlsüences read. by 1t were smelL (about 5 nw.,) the

nesultlng error should. be negllglble. '

llËh everything annanged as above ühe volume de-

termipatLon was begun. The general procedu.re was üo wlth- ::.:.,,
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drerv the mercuny between two eteh nanks and to weigþ lt.

From tbe specific volume of tÏre mercury at the tempera-

tune of the calibration the voIt¡¡ne of tbe mercury and. hence

üï¡e volrrme between the marks was found.. HoWever ttre actUal

d.eterninations were not this st:raigþtforward.. The vanj.ous

d.etalls follo¡r:
fhe mercury was wltbdnavrn into a small welgþ1ng

bottle. Thls botüle h.ad. been lnltialIy cleaned wtüh chromlc

acld. cleanlng sol-utlon. At the start of each day 1t was

cleaned., both lnslde and ouür irvith alcohol. After ülrat 1t

was neven toucTred by the fingersr tKl.eenext beÍng used Í¡r

hand.lfng lt.
To ensure the sa.rn.e volume of mereury ln the cap-

1llary tlp for each weiglrlng the welghlng bottler cofitâ1n-

Í.ng a smal.l pool of mercury, was naised t111 the Èip was

partlally immersed 1n the pool. Thls procedure was nepeafed.

till a consüant weight (within 0.1 mg. ) was obtained..

In the welghlng a weighing bottle of the same

dl¡nensions as the one used. for the welghing and conùain-

ing a few ml. of mercury was used. as a counterpoise. Th.e

balance cese was set i¡nmed.iately adJacent to the cathe-

tometer. Thus the balance, welghing bottle and mer.cury

were alt aü ttre same temperature and walting perlods for
the weighing boüt1e to attaln ùhe temperature of the ba-

lance were obviated.

:i.;:iì
, :.''.1

Th.e dlfficulties attend.ant on setting tlre base
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of the mercur¡r menlscus on a gnaduaülon to {O.001 cm.

necessltated. a nore lengühy procedure. Tbe meneuny

colu¡r,r was lowered. t111 the base of the menlscus was jrrst

above the partleular upper graduatlon. The weíght of the

welghlng botüLe and. the helght of the base of the menlscus

were taken. The coLrr¡¡n was then lowered Ëo Just below the

graduation and. ühe sarile readlngs mad.e. The betghü of
the gnaduatlon was also taken. From the two weighüs

ühe voLr¡ne between the two nenlsci was obtained.. From

tbe caühetomeÈer read.ings ühe position of ùhe graduatlon

re1ative to the bases of the üwo menlsei was found.. Ttlith

the assumpüion that the tube was perfectly cylindricaL
between the menisci tbe volu¡ne between the graduatlon

a¡rd the base of the lower menlsous was calculated.. Ehe

colu¡nn we.s then lowered. to a posltion Just above the

Lowen graduation of the volu¡ne belng d.etennlned. a¡rd the

welghü of the weighiag bottle obtained. From the lasÈ two

weighings the volu¡ne'between the base of thls menlscus and

that of the one immed.lately preced.Lng was calculated.. At

thls lower graduatlon the salne pnocedure lras folLowed. as

at tïre upper one to obtain the vo}¡¡re between the gnadua-

tfon and. ühe base of the upper menLscus. Tb.e sum of the

th.nee volu¡res d.eteroined. gives the volr¡¡ne between the two

gnaduations. Thls method would. be ad.equate if the volumes

of mercury 1n the menlseus nemalned. constanü; but such was

not the Gâsêe Th.e necessary connectÍons ane d.iscussed, in ,:; ,
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ühe next paragraph.

vaniations in the volumos of menlsci wene caused.

by varlatlons 1n their helghts a¡rd the d.iametens of thein
bases. a.R. Gond.on, of the unlverslty of Tononto, staüed.

Ln a private comrcurrication that he bad assumed. a sphenlcal
monLscus and, used. the formula v= ?*oS whene n is the tube

3
rad.ius to calculato fts volune; but the nad.Lus of the üube

employed, ln thl.s researeh was epproxlmately 1.2 w. whlLe

the helghts of the menÍsel ïÍere in tb.e raïxge 0.1i5-o .6$ *rr,.
ït was feLt that the volume would, be

senüed, by ühe voLurne of a panaboLoLd..

culatod. wiüh üÏre formu1a v -- ¡tr,? - L ¡= 
ä h r belng the rad.lus of

th.e base a¡rd h ühe heigþt of ühe menLscus. The vaLue of n

was d.eüermlned. lndlvlduarry for eackr gnadu,atlon. Fnom

the two or" tt¡¡cee oalibraüions 1nvolvlng the particuLan
graduatS.on whLeh had. the least difference in its values of
h for the nenisei above and belo¡v tho gradrratlon ühe averåge
clsoss-sectional area was calculaüed. fnom ühe volrrme and. the
d.isterÀce between üÏre menlsei. The nea¡¡ of these cross-sêc-
ùlonal areas was taken as the value of .ro2 t"o thaÈ gnadua-

üion.

The corr.eetion for the volu¡ne of the méníscus was

appJ.Led as folIows. Let vr be üh.e vorr¡¡ne betwoen the men-

lsci above and. beLow a graduation as d.etenaLned from the
weight of mercuny wiühd.raïEr. Then a correction of v2-v1r
where vt end. vt are the voLr¡¡aes of th,e upper and. lowen

more co¡.necüly repre-

The voh¡nes were cal-
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menlsci respectivoly, must be applled. üo Vt to give the

tntre volrrme between the bases of the menlsci.
' A d.1süurblng factor 1n th.e ealibration turned out

to be th.e temperaüure control. ff the tomperature was not

maintalned constant to !O.O|oC. ühnoughouü Índividual de-

ter"mfnati,ons of the sane volume then the volurnes so found

Ïrad. very poor pnecislon. Therefore before a read.lng was

taken of a meniscus the temperaüure was elrecked. wlth that

of the pnevlous neading. This was accompllshed. by setting

the cnoss-hain of the cathetometer on the top of the Dêrr-

lscus Ímmed.lately after withd.nawing the mereury. If the

temperatur:e changed. durlng the weighlng the cnoss-ha1r

would no longen be on the top. nr such a case the tiømpera-

ture of the roon vras adjusted. t111 the cross-halr again co-

lnc1d.ed wlth the top of tb.e menlscus.

The specific vo}¡.nes of mercury were obtained. fnom

the ïnte¡.netlonal Critleal Tables. (16 ).

A cor"rectlon was also applied. to ühe ind.lvidual

calibrations to allow for e:çanslon on contractlon of the

glass tube when placod. ln the 25.Oo ühermostat. The co-

efficient of Ilnear expansfon of Ïrard glass was found f:rom

the Handbook of Chemlstry and. Physics(il+) üo be 9,7xLO-6.

Eenee tb.e coeff icieht of cubfcal expansion was 2.)x\O-5.
Th.e temperatune of each d.eternination was recor.d.ed fþrr a

Cenco üherrnoneter graduated. in tenths of a degree Centlgrad.e.

The results of the callbration are given 1n table VI.
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As a oheek on this work the vo}¡aes L-2, Z-3, h-5 ,.rrA

5-6 carculated fnom the ¿bove volu¡aes should eaeh be

lndependenü of the d.ineetly deüemtned. volumes chogen.

Thus 6-f - 6-2, 5-]- - S=2, ana l¡-1 - E-Z shou.ld. glve
tlre sa¡ne v-olr¡¡ue !-2. lhe check ls illustraüed. ln üabre
VTI.

TABIiE VIT

o
Volt¡¡re Calculated volunesouebf l¡ll -t -l*ì-i

1-2

L-2

t-2
2-3

2-3

2-3

4-s
I+'5

4-5

5-6

5-6

5-6

o.0680

o.0691

o.0683

o.o68h

o.o68L

o.0683

o.o67L

o.0673

0.067L

o.o575

a "o576
a.o57g

0.0681

0.0683

o,0672

0.0577

Illhlle the agreement Ls not penfect it ts good. enough
üo say that the results are conslsüent to 1.ooor u-L. since
ühe combÍnaüions of the welghts, callbnaüed. in üerms of
absoLuËe grams Ln vacuo, were d.lffenenÈ fon all weighlngs
any si.gnlflcant e,,oor in thelr valr¡es should. be neveered ln
th'e actual detero-lnaülons. As for the eaühetometer¡ d.lfferent
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porülonn of 1üs scare were used. for the measu:lements so thaü
any e¡rrsr ln the scale caLlbraüfon slrould. be evident fn the
final, volnmes obtained.. rt should, be notioed. that due to
ühe use of tbe catheüometer to measure rel.atlve d.lgtenees ,,,,,.,.,.,;-.,

üb'e use of the insto'rmenü at a tempenature drfferent fronr
that at which the scare was dÍvtd.ed off wtll introduoe no

error. At any rate, since the cathetometen is used. only to 1,:;.:':':-,-,:
l 

,,,-',, 
,., 

' 
:., tsbtain co¡rrectlons to the maLn volnne, the resulta¡t etpro¡î ,,.'

ia the main vorr¡¡ne will be extnemely smaIl. as stated. pre- ,,.,,tÌ..'ì

vlotrsly the me¡rcur3y was extnemely pu:re and, corueeüions were 
;

app1led. to bning the observed vsh¡:ne to that aü zí.oooc. ,

Hence iü appears neasonabre to ascnLbe a.n error of {.0001 nl.
=to the absolute volumes at z$.oOoc. of 1-r+, L-5, r-6r z-L+,

2-5, 2-6, 3-l+ 3-5 a¡¡d. 3-ó
1l+. fhe Cu¡rrqnt 
l

a) Ihe cl.lnrent stabiLlzer.
Iü wes d,ecLd.ed. to butld an eleetronlc cunnent sta_ 

,:.., ¡: :::

;_:-: ì :r:lri_.: Ì'blLlzer. rü wae thoughü thaü one could be bulLt to glve a , '.,, ,

_.:' :r:":jt_ ..."gneater eunrenü eonsùa$cy than those r¿sed. by othen wo:rkens ',',,...,,,, ¡,',.

(Gornd,on, Eantley - cf . Section III, (5c)). ft was also
d,ecid.ed. to d.lsperlse wiüh. ùhe battery sour3ee of power pre_
viously used and. üo substiüute a Ð. c. power supply operatJ.ng iÌj..

off the A.C. mafn.

rt was originally thought Ëhat a l¡oo vort power

supply would. be blg enough for the purpose. Accord.ingly a
stand.and. circuiü for such a' outpuü was uged.. The set aE 

1.;:;.1:ì.:is¡;,'..:'
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T¿ =6457
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firsü bullt ls skeüched. ln Flgure 20. ït was found. that
for the current süabtllzen then belng experlmented. wlth
the power supply had to be extremely stabre. The supply

as onLglnally bulIt d,ld. not have åh" ,r"""ssary stabtllty , , ,'

fon voltages of l¡oo volts and. Trigher. By varying the re-
sistanee components various gnid. biases on tTre two tubes

a¡rd. feed.baeks to the 6SJ? were t¡rled. Flnally Ëhe cathod.e ,,, ;, '.
of the 6s¡? was gro'nd.ed qnd.B baüterles were plaeed fn the "; :j

üubels cathode grld cincuit to glve the pnopen blas. Hoû- :::r"

evernoneofthesea1teratlonsextend.ed.appreciab1ythestab1e

range of the supply. l{ihen the flnsü cunnent süabillzer was

d.lscand.ed, 1n favoun of that used. by former invegtlgaüors
the powen supply was rebullt üo funolsh add.itlonal voltage.

The requf.r:ements for ülre new power supply wet?e

ühå.t lt should furnlsh up to JOo volts wlth falr stablJ-ity.
The greaü stabtltty sougþt in the fi¡rst supply ¡uas not nêG-

essary ln this one sinee the new curreat süabillzer üag 
.,,,,:r,,r.,,.,,
I :t,;t::-:: i:-::.

markedry lndependent of the Llne voltage. Ehe main innova- r ,:,,.
tl.on ln the new supply was the use of a 523 frtL:- wave nectLflen "';;"''.''r'

ln place of the two 866 Jn. r s in panallel a¡¡d. the use of a

cond.easen lnpr¡.t 1n place of ühe choke lnput. Thls supply ls
d¡raw:o tn Figur e 2L. ttrlth * Tz5 vorts wag easily obtalned. .' , ' .

an attenpË was made to build a ourrent stabilLzer
which would. maintaÍn the eu.rrent during a tr.ansference rü&-
ben d.etermrinatlon eonsüant to o.Ll6. lhe erectronic stablLl-
zers used. by HarüIey and. Donaldson and. by Gord.on kept it ;,:,
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constamt bo 0.6rt at best. Ilt e run wlth O.L norøal po-

üassium chlo:rlde the reslstanco lncreases from approximately

80rooo to 15O'OO0 ohms. To keep the cunrenü consta¡rt ln

the nange L-10 mllllamperes the clrcuit !n Flgune ?2 was

bulIü. Tüs princlple of operation 1s as followos. A de-

srease ln the cunrent makes ühe gnid. of the 6J5 more neg-

atlve. [hls causes the plate of this tube and hence Ëhe

eathod.e grid of the 6/.:C7 to become more posf.tlve. Thls in

turn d.eereases the 1nter"¡ra1 reslstance of the Latüer snd.

increases the pentod.e reslstanee and tend.s to d.ecrease the

current, By varying the potentlometers settings if was.

posslble to get a constanË eurronü of 1.2 me for a load, of

IOTOOO and l,0OrO00 ohms; but at lnter¿red.late neelstanees

the cur¡rent vanÍ.ed up to LO/o. Attempts were mad'e by vany-

f.ng the reslsta-nces to overcome this d,ifflculty. No sol-u-

tlon was for¡:od, A d.lsturbing eTraracterlstic of ühe cl'r-

cuit was lts ampllfication of varLations 1n the lLne Voltage.

Slnce ths screen gnf,d. blas was set by the line voLtage eny

voltage change affected tbls bias, the effect belng to

ohange the tube :resistanco out of proportlon üo the change

in the l-1ne voltage. Art opposlng effect ls oaused. by a

change 1n the l1ne voLtage on the gnld blas of the 615.

This change i.s co¡ontrnJ.cated. üo the 6Ac7 so as to oppose ühe

change |n tï¡e sereetx grld. bias. For example, consld,er the

effeot of an lncrease 1n the l1ne voltage. Boüh ühe sclleen

grtd ar¡d, the cathode of the 6ACT become more posiüf.ve to

grorrnd., the lnenease being gneater for the fonner. As a
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¡result the screen g:rld beoomes no?e posltive to ttre cath-

ode and the tube neslstance d.ecreases. [1he increase ln

ühe voltage also causes a uomentany increase 1n the oür-

rent and trence d.rlves the grid of tTre 615 more posltive. .'

This rnakes üÏre plate of thls tube and. ln turn the catTrode

grid of tlre 6A,C7 more negatlve. Thus the reslsta¡rce of

the latter tube 1s lncreaseði this effect befng inðneased,

by the lncnease Ln the potentÍal of the caÈTrod.e of tfi€

61c7. tuæents oî L-2 mlL].lampsr showed. no sfgns of

osclLlatLons; but aü hlghen curnentg such oscillations

appeared wlth ühe galva¡rometen needle continually going

off scale et l+ mJ.J.llamps. $Iiren it was evid.enü that ühe

wonk lnvolved 1n perfecüing ühe süablLtzer would. be con-

sid,erable it was aba¡rd.oned ln favour of a sl1ghü mod.lfica-

tLon of that used by Hartley and Donald.son.

Thls new stabilizer¡ Flgure ZJr rras essentlally

ühe sane as thaü of the above authors. The only signifL-

ca¡rt d.ifference was the use of a IIR15O Ín place of bat-

teries to produce tt¿e screen bias and the r¡.se of a 6 voLt

tna¡rsfolmen ln plaee of a battery to h.eat the fLlament.

Botb. of these Lnnovations should.d.ecnease any d.rÍft ln the

cunrenb duo üo battery d.eoay. 0n the debit side they couLd

inünoduce osclll-ations 1n the cunnenü due to rinsüeady oper-

atlons of the VR üube and. to fLuctuaÈlons 1n the A.C. l1ne

volüage openatlng the tra¡rsforriêfo Such oscll1atlons would.

be most pronounced. wTren the 6AC? was operaüing at saturation.

I¡r aetual pracüice this was found to be ühe case, the current
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belng very stabre for currents of about ! mllliamps¡ but
fructuating srlghtly fo¡r curnents of B ad.rliamps. The

maxlm¡.m, plate current of the 6lCl is 1O mfllialrps. ff 
,:.::.:,

cunrèntE of tbls uagnLüud.e on gneater were ever desired. ,:,,':,:.,.:

thls dlfficulty courd. be removed by replacf.ng thls tube
with a 6F.6 which b.as a maxL¡n¡¡r pJ.ate cunne't of 35 nirll-

''ì' .' .,anpg. . , ,. ,

To wam the seüs up they were put on aü a cunnenü 
¡,,,,,...;,,of about l¡ mlIllanps. for a period. or L-z houns befone a ':':'::'"'

d.eúenninatlon was begun.

b) Tþe cur"rent measurement.

The eunrent was measured. by obsenvlng witb a sta¡rd.-
and. potentlometer efncuit the voIüage d.rop across a carÍ-
b:rated nesi.stance in series wiüh the moving borrnd.ary cell.
Thnee General Radio resista¡rces were ealr.Enated. - a roo0 ohm,

trrpe 5o0*ÏI; a 5oo ohm, type 5oo-F; a 100 ohm, trpe 5o0-D.
They Etero calÍbrated by coûrparr.ng tbem by mea's of a Leed.s ,..,, ,:,,,,:

a¡rd Norührup #7168S9 which had, a nesista¡ree accon¿ing to :,:;,,,,,,,,,

-t',.t;,,;;r,t,;the coep.anyrs centLfÍcate of 1000.03{.oL% absolute ohms as
of ApnÍl LgsO. Iüs cataLogue number was l¡03!_abs. The
sta¡rd.ard. used rn the car-ibratlon of the 1oo ohm r.esf.stanee 

,;.,::11,
was Leed.s and Nonthrup #29233 with a cenüified. :resista'ce i .r,.', 

"',.,

of 99.997 absoluüe ohms in l!16. rrr the calibratlons a
sltght drift Ln the potentiometen balance was notlced.. Ac-
cord'Lng3-y neadf.ngs were taken at one minute 1nüenvar.s of the
potenülomete¡r barar¡ced. alternatery against the star¡d,ard. and
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the G.n. reslstors. For each G.R. neslston poüentj.omebet

balances were obtained. for approximately sevenËeen mlnrrtes

a¡rd. the appropnlate means used. ln carculatfrrg the varues of
Ùhese resistors. Their d.etem.Lned nesfsüances are glven irl
table VIII.

TABLE VITT

veLue
s].stancê

absoluüe ohms

L00

5oo

L000

gg.96r

Sao.3

999.8

The gatrvar,romete¡l wag a table type of low sensitivf.ty. Be-

fore the measunement of the current during a d.eternrinatl.on

tlre poüenülometor was always balanced. against the süard.ard,

coII. Tlre high voltage lead.s fnom the-current stabillzen to
the movlng boundary celr were encased. ln glass Ëubes to min-

lmlze the leakâ.gêsr The potentfometer was a Leed.s and. Nonth-

r¡rp stud.enËs type; the stand.and. cell was a wesüon eelr.
5. The [Lqo Measunement

fïre method of moasuning the time at whlch a bound,ary

passed. en etcb mark u¡as ühat 1n use at ühe unlversiüy of
Íoronto by a.R. Gord,on. an Ergln trrailroad.tt watch cerËifled.
by Blrks jetuellers to be accurate to L5 seconds in a week wag

used as tb.e standard. of tlme. Arl electrlc metronome mad.e by
cenüral scientlflc comparry and. oalibrated. againsË the Ergln
waüch was ,sot in motlon when the bor:nd.ary was just below a¡r

.'la l'

:-;¡11::;
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eteh, mark and. the beats were counted.. The beat at whlch

ùh.e boundary was exactly on ühe eüeh mank was recor"d,ed.. Tho

tlme of a subseguent beat was also neconded. Fnom the tine
bctwcen boaüs the tLme at which the bound.any ¡ras at the eteh

mark was caLouLaüed.. lb's meür.onome was callbratod. at two

beats by the Elgfn watcfr. Fon a settlng of 60, 563 beaþs

rere emltted, 1n ten ml.autes corresponding to a þeaü perlod.

of 1.O66 second.s; for a settlng of 120, the beaü perlod ag

d.eterr¡nlned. from a 5 mlnute lnterval was O.53L seeond.s.

the waùch was also used. to record, the time of the

curnenü measurements. From ühe cur"rent-tfme readings for a

tra¡rsf,ererrce nu¡nber deüenaf.naü1oa a graph was constrtrcted,.

Fnom 1t by means of gnaphlcaL f.ntegnatlon ühe pnoduot $ was

d.eüemLned for the tlme intenvals which the bonnd.any spent be-

ùween eüch raanks.

6. The Temperature Oqntrol

As pof.nted. out pnevlously transfenence nr¡mbers d.o

not vary gneatl.y wlth temperatüroe but the moving borrnd.ar,y

meùhod is suoh that small üenperature d.lfferences tn tbe

solutlons ea:l,E e density d.lffeneaees rrlÈh the resultlng oon-

veeül.oa causlng erroneous nesulüs or d.estrtroülon of the bor¡n-

d,ar"y. Henco fluctuatLons of the theroostat tenperature should,

not exceed. a few thousend.rth.s of a d.egnee Centlgrad,e.

The themostat bath ühat was used. sas mad.e of 
"rnn"o

rrith two glass wlnd,ows ln Lt, pLaced. opposlÈe one anotber.
i - .... :..,. ;
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T|he the¡qnostating liquid. was Bayol F - a water whlte mlneral

oi} witkr low vLscosiüy and low flash polnt. 0i1 was used'

instead of water to avoid. cell leakage of current and posslble

electrocutlon of tbe operator. A mercury thertroregulaton 
',','

wlüh a¡ adJusüable upper contact was used- Ín conjunction

with a larlfe heater and. relay to maintain the oil temperature

constant. The süirrer motor was mounted on a sta^r¡.d. whlch 1n 
,i.':

turn rested. on tbe floor. Thus very little vibration was
::'.:'.

Commr,uricaüed. to tlre bath and cell' The temperature @þntrOl ;"".i'

as d.etertrlned. by a Beelmann thermometer was * 0.003oC. The

temperature ltself was measured. þy a Cenco staiodand. theÏmom-

eter graduated in tenth¡s of a degnee Centignade. All d'eterm-

inatlons were mad.e at Z5.OOoC.

'1 . The Electrod.es 
:

Tlhe electrod.es used. were those of prevlous workerst

no nevr olles being trj.ed. For the determinatLon using po-

tassi'u¡t chlonid.e the electrod.es of Smfth (Sectlon III' (l+)) ;,, ,,,.,

were employed. The anode was a platlnum gauze electroplated. i:,, 
,

' ,..t.'

with sllver a¡rd the cathod.e a platinum gauze electnoplatod.

first with sllver and then wlth sllver chlor1de. The sllver

electroplaüi.ng was d.one by ühe mebhod' given by M. roya([). :.. ,.-......'.

Two grarns of AgNO3 a¡rd L2 grams of NI{¡NO3were dlssolvod' ln

3OO x01. I{A0. A solution of KCN was ad.ded. tiLl the AgCN just

d.lssolved. The solution was mad.e up to 6O0 m1¡ a¡rd. electro-

lyzed. with the gauze electrod.e as cathode. A platfnum gauze 
:: :,:''.'' ':
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TÍAS the qnod.e. Electnolysls at J mf.ll1amps. was contirlred
overnlght. The sllver chloride was plated on by maklng the

si.lver electnode the anod.e ln a 6u ncr solution wítlr an

eleetrolysis period. of two h.ours at 6 milllamps.

In the unseecessful nr¡n with silven nitrate the

sanne electrod.es were used. as above.

In the Ï{HhNgrfl.ut a platinum gauze.i:mrnersed. 1n a

0.1 normal AgNo3 soLutlon was the cathod.e and. a silver elee-
trod.e the a.rr.ode.

All of the above electrod.es which forrored the closed.

side of the sheared cell were mounted. wÍth ÐeKhotinsky

cement ln glass tubes fitted with lnner standand. tapers which

f1üted 1n tl.e outer at the top of the erosed sid.e. A

s111conehighvacuumstopcockgreasewasapo1ied,tothein¡rer

before tÏre electnode was placed. in tlre cell. rt was held.

ffuu-ly to ühe latüer by rubber band.s which passed. around. a

honizontal grass nod of the cell and hooked. onto glass tits . ,t,

on the electnod.e tube. '':':.':'¡;:

B. Metb.od of FiIltnE the CeIL

lhe method of fillfng Èhe cell was that in u.se at the
unlvensity of Tononto. Tho apparatus usod. is d.¡rawn tn Fig-
ure 2l¡. Before the soluüions were intr:oduced. into brre cerl
tïrey were dogassed. TLris vrss accompLished. by d.ecneasjng the
pressure 1n the flask üo about l4o centlmetens and, swinling
üïre flask till no ain bubbles wene for:med.. The apparatus
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was then arranged. as in the figure and. nitrogen, bubbled
through concentrated sodil¡¡n.hyd.roxÌ.d.e, sulfurÍc acid., a¡rd.

dlstilled water was used. to force the s,lutlon througb the
glass tube a¡ad. inüo the cell vi.a the standard. taper joint.
Any air bubbles trapped. in the celL duning the fillÍng were
removed by a syninge. lrfhen the ceIl was saüisfactorily
f1lled the lnner joint of the erectrod.e on the closed. slde
of the eell was given a light coatlng of Ðow co:rning sillcone
high vacuum sËopcock grease and inserted. in the outen pant.
Enougfr solution had. been ad.d,ed. so that there rúâs no air
space above the soluti-on 1n thls sid.e.

All glass tubing with whlch the solution came in
contact during ühe filling was kept in chnomic acld crea'ing
soluüion when not in usei Before belng used. it was rinsed.
thoroughly in tap water and. dlstilr-ed waten a'd then dnled
by means of a cunnent of air fllüened ühnougþ absorbent
cotton. The cell itself was treated in a similan na.ruoer.



PIIRIFICATIOI{ OF MA,TEN,IAIS A¡$D PREPAAATION

OF SOLUTTONS



(71)

1. Punificatlon of Maüer1+ls

Dne to the extneme accuracy attainable w1ùh the

moving bor:ndary method. the matenials used. nmst be veny pure.

This 1s essentially so for üÏre lead.ing elec¡l:ç]yte since any ':l,',

funpunity incneases the solvent conrecÈion. Thls is not a

senlous objeetlon if the lmpurity concentration 1s l<nown

as is the case for salts of weak acid.s or bases when the .'.,'.',,'', t,t.

correspond.ing acld or base is ad.d.ed. to decrease the sarü 
i,.

hydrolysls. wkren the fmpui'ity 1s not introduced. in this ìi:::::

manner the ad.ditional solvent correction is un-lcnowlr. The

purlty of the indicator electrolyte need not be as high.as
that of the leading electrolyte sinee diffuslon of the im-

purity lnto the leading solutlon is the sole disturbing
facto:r.

The method.s of purification of the vanious salts
used in thls reeearch ane glven below,

a) Poüasslum chtrorid.e.

Ttre purificattron teekrnique wâs provid.ed in a prlvate
eommunicatlon from A.R. Gordon of the University of Toronto.

Merck Reagent Grad.e KCI wiÈh maxlmun lmpunitles of
o.o6fi was the starting matenial. rt was reer^ystallized.

twlce from distllled. water a¡rd then fused. in a platinum

crucible. The pratlnr:m crucibLe had. been cleaned for three
d.ays in hot, bolling hyd.rochlorlc acid. and then ninsed well
1n tap followed. by distilled wster.

lo weigh a cer:tain amount of arrh.ydr:ous salt the

following procedure was ad.opted.. A platinum boat was eleaned

I ::' .;
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as abovg and. then heated. ln a E¡ngen fLame for. fifüeen
ninutes. After this 1ü was placed. in a d.esiccator for
thirty minuües, and. the balanee case for twenüy m'lnuües.

It was weighed with the cal.ibrated. wef.glrts. Ehe re- , 
,

crystalllzeð. potassJ.um. chlorld.e was finely pulverized.

in en agate mortan and Lntrodueed lnto the boaü. The boat

was beated. over a smaLl H¡nsen flame for one hour. It was 
,:i,.,.. ;.

we1gbedaftenstand.1nginad'es1ccatorfonth1rtyml'nutes
' ,' ,',,''t

and. ln tbe bala¡rce case for twenüy mf.nutes. r:' i :

b) Potassiun Lod.ate. i

Merck KIO3 was recrystallized ür¡lce a¡rd. dried, over

calclr¡¡n chLorld.e ln vacuo. Ehlg was tïre method. employed.

by Longsroo¡6(32 ).

c)@.
Merck C.P. ASNO, Ìvas recrystaLlized. onee and. then

centrlftrged,. It was kept Ln a d.eslccator over cal.cLr¡.m

chl-onld.e untll needed.

d) Sllver perchlorate.

Ihls salt was prepared. from tt¡e dlnectLons or nrf{16).
Abouü 20o gm. of Merck c.P. AgN03 was dlssorved in 5o0 nxl.

of water a¡¡d. a sltght exeess of NaOH in the fonrn of stlcks
(Merck Beagent ) was ad.d.ed.. Tb.e pr.ecipitated. silver oxLd.e

was flrtened. thnougtr slntened grass and. waehed. nepeatedly

wlth dtetlLLed wate¡r. rt was tben transfenned to a beaken

with a llttre wate¡r and tneated with a srtght excess of
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Bakert s 7O/" HCIOI. The solutlon was fiIüered. and evap-

onated. 1n a porcelaln dlsh upon th.e water bath until crys-
tals began to appear. After cooling the hot sorutlon¡ the

materlal was filtered in a centrÌ.fuge. It was d.nied by

heatíng in ar¡ eleetnic oven ab l23-l2íoc. for twenty-foun

houns and. was then kept in a d.eslecator over calcium chlorlde.

e) A¡m.onlu¡n nltrate.
TLre anrmonium nitrate was suppried. by Miss E,Ka:rüzmar]x.

Ïf was the corr¿enclal salt whlch had. been recnystallized. and.

then d.nied for twelve months over concentrated. sulfurlc ac,id..

2. greparation of Solutio-+s

All the lead.ing solutlons Tr¡ore pnepared by adding a
lcro¡urr weight of water to a lneounr welght of sart. cane Ïrad.

to be taken 1n the h.and.ling and weighing of the materials.
A one lÍter flask was cleaned. wlth chnomi.e actd sorutlon
a¡rd. ninsed weLl wlth d.istilled waten. The exterior of it
was cleaned with alcohol a¡rd th.enceforth hand.led with
Kleenex tissue. rt was weigþed agalnst a counterpoise of
slmil-ar dimenslons uslng calibrated. 100 gm. weights in ad.di-

tion üo the other ealibnated set. Tkre welghed. salt was

ühen washed lnto the bottle wlth dlstll1ed. water. The funnel
$ras thoroughly rlnsed. off and. water ad.ded. tllr the weight
ad.d.ed was ïrithin !o mg. of that calculated. to make ìrp a
sol.utlon of a d.eslred. strength. Rroyancy corrections wore

applied. to all weigþts. Atomlc welgþüs were obtained. from
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the ïlar,rdbook of Chemisüny and Ptryslcs(il+). Fnom tÏ¡e denslÙy

and weighü pereeat d.ate ln the ïnternatlonaL Crlü1cal r"¡fe$17 )

tl¡e nesulüa¡¡t concentratlon was calculaüed. To preveRt

evaporaül.on of the solution a rtrbber stopper whic?r had. been 
,,.,..:..,,,t).

olea¡ed 1n a bolllng NaOH solution¡ rinsed. well wlth dls-

tlLled wate¡r and. dried. was placed. on the flask. lhls stopper

al.so prevented Loss of soluülon when the flask was snlrled, 
1,.:,, ;¡,,

:.',. ...::.'

to promote a homogeneoug solution. ' ,', '"

The lndlcator solutions were made up 1n e 25O mL. .'i,' ,,,..: :.: :

vo1unetnic flask by addlng the appropriate a¡nounü of solute.

,:- :','

4".

:.i.'::
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1. Potassiu¡n Chlortde

[o eheek the operatlon of the appanatus a ru.tl waft

uad.e with a 0.1 N solutlon of potasslum chlorld.e as the

leadlng solutlon a¡rd. a O.l- N solutlon of potasslr¡n fod'ate

as the lnd.lcator solutlon. A sllver a¡rocle a¡rd. sllver-

sllver eÏ¡Io¡rid.e cathode were used.. fhese were tÏre condl-

tlons in the d-ete¡m.ination by tongswortb. (ili) of tlre üra¡rs-

ference Rt¡mben of ühe forrner saLt.

The "J""r*"nta1 
daüa folIow.

a) Solutlons.

KCl

lTeight of KCL in vaeuo 3.1þ2 gn.

lfleig!ùt of 820 Ln vacuo \35.7 gq.

lIlfelght /o ot solutl.on 0.7158

Denslty (from r.c.T' ) l-.00L61 gn,/m)".

Nomality 0.096U equlvs ./Lj.i"an

KTO^
5

TUeigþt of KI0, Zt.l4tOl gn.

Vol-r¡¡ne of solutlon I llten

NormaLlty of solutlon O.L0O03 equivs ./Lfu¡"
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Etch
Marks

b) Ðata from ¡run.

Vo1u¡ne
(üLl. )

tt1¿tt (abs.
eoulombs )

L-2 0.0681 l'2.5LO

2-3 o.oó83 L2.552

3-h o.6rl¡e LL.ITB

\-S 0.0672 rz.3zo

t-6 o.o577 10.610

l-ls a.75to t3 .782

L-5 o.Blgt 15.OL4

:-6 0.8T56 L6.o75

2-4 o.6827 L2.535L

2-5 o.75oo L3,762

2-6 o. BoZó ilþ Bal$

3+ o.6tlp r1.2ZB

3-5 0.6813 Lz.'Lo

3-6 O .7 392 13 .57r
Tlre mea¡r of the Last nine values of T is 0.5059.

e) Cornectionst

L) SolvenÈ conreetlon

Ksolvent . h x L0-6 or¡m-l om.-I
Ksolutlon = f.. 286 x LO-z ohrn-l c*.-1
Cor¡.ectl.on lr 0.5 x lf x fO-6-- ræ6-='Ttt-2

= +0.0001
ff ) VoLr¡me connection

.a v = v^gcr - %s -rrro 
utt

f- = VcFïr
o.5o5o

o.501+9

o.5053

o.506r

o.9o56

o.5096

a.5o5l+

a.5055

o.5017

a.5055

o.5053

o.5a53

o.5o5l+
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From rongsworüh ( il+ )

-Kcl = 26.65 + 3.zL"E m1. mole -1
v
V. = 10.3 mI.

Ag
V. lL= 25.8 r.J..agl

ühenaV = {1.7 nI.
VoÏ¡me conrectlon i {oaV

= {O.OO02
j.:.1;i:

Corrected T- : 0.5058 ,.,,;;.

Iongswonth glvos a, value of O.5LO2. The transference nunber 
.,
i:.:-; : :

as fl,rst ealculated. was 0.5LO1 but Ln golrr.g over tbe calerlle-

tLons aü the end of th.e üerm the present authon notLeed. an

erÍ¡ror ln the caleulatlon of tTle concentration, TTrere tras no

tlme aval.lable üo ,nepeat the d.etomlnatlon or to find ttre

eåuse of the d.lscnepa¡rcy.

2o Silver NLtrabe 
j

1

An attenpü was made üo detennine the anlon transfer-
ence nr¡nrben of 0.1 N sllven nitnaüe wtth 0.1 N sllver
penehlonate as índ.lcaton. A sllver anode ar¡d. catl¡od.e were .*"

: : 'i-'

the elecünodes. No bound.ary uas obser"ved. for cunnents of lf-6 :",,,,','

nflllamps.

3. A¡umonir¡m Niürate

A ru¡r was nade wlth 0.1 N.ammonlum nitnate as ühe

lead,lng and. o.1 N sÍlver nlt¡rate as the indicaton soLutlons,

respectf.vely. flhe electnod.es were a sïlver anod.e and. e p1aü-

r 
' :r. ..:, 

-

Ì r ::. '::j

Lntr¡n gauze lronensed. ln o.l, AgNo, as eathod,e. No bound.ary wes

obsenvod. for eunnents ln ühe Erìnge 3.5-6 miJ.J.iamps.



ÐISCUSSTON OF RESTILTS

i.:

; i.: 
i-ti:,iÌ

:ì:1:!iìi;::l

i r.i!.'l:
i.."'.:._ .- -



CONCLUSIONS

i'r ''



ng,)

TL¡e necessary appanatus for d.eüemining trans-

ference nr¡mbe¡'s by the movlng borrnd.any metlrod. using A.R.

Gord.onrs coll has been constrarcted and caLlbrated.. ttre

üechniguo appeans üo be good. excepü for one dlstunblng

faoton which 1s probably th.e prepa:ratlon of the soLutLons.

Sllve¡r penchS.orate does not give a rlsing a¡rion

bonnd.any urlren ueed. as the lnd.icaüo¡r forr sLLver nifrate.
Fnom ühe llüerature the most pnomising lnd.lcators fon

sllver nltnate are llühlu¡n nLtrate in a falling and

carlmiu¡o nltrate ln a rising bound.ary. To extend th.e

dotemlnaülons to highen concentrations the diffeneatlal

uovlng borrnd,ary method of longsworth (36) shows tïre mosü

pnomlse.

A rlsing eatlon bound.ary ls nof formed. witb

ammonlum nitr"ate and silver niüraüe as th,e lead.lng and

lnd.leaton electro3-ytes nespeotlvely. trllrttren investl-
gatlon 1s lnd.icated hone sinee thls should. noü be fhe

@âSê.

j '.:.' ..t : : . : :.

i. -r' i.:: ¡j ."...:
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