Uiy

80

IENGE  AHD  HOHOUBRS

of Hew Yesland

Godeword: AUHOUNGE,




PHYACEE
SCIEHCED
LIBRARY

THESIS

Determinstion of Astivity Coefficlents end
Transport Hushers in Btrong Sclublions of

Zine Chlopids from Electrometric Heasursaents,



ITWPBODUCGTION,

i’”“z

in the elsctrolysis of e salt solublons the guantibvy of

#

ity gareied Dy the estiong in one 4

i-*n{

getion i proportional

*

spead u, and tho guantity cavried by the sulons In the

opposite diveebicn iz phoportional to their speed v, nee the

tobel eurrent ecarried 1s proportional $0 w — V. The fraction of
’ ! . 5

the bebal current sarried by the asbionn iﬁegﬁé%§ $ this fraction

is eallsd the tramaforence op transport number of the cablon.

Similerly the transport nusber of the snlon s J—
7

Q- y ® The susm

of the anton and ceblon bransport numbers Is alweys egual to unity,
Theore are bthree wmothods in use for the deberval nsblon of branspord

mimherg .

The gwﬁﬁb;ééf oif this mebhod, devised by Hittord, was to

&

allow a poen guantity of sleatrieity, debtormined in ¢ covlometer,

Lo pagss bhrough 8 solublon of known concentrabion afber whloh the

S

gonesnbretiong of the selubionsg round the elestrofcs wers

3%

rgdeternined. Prom g hoowledge of the change I1n concentretion

eotrode end the guenbity of current pasasd throush

the cell, the brepsport nuwbere of the ions may ¥ 2 gzleulsbad,

Hoving Boundary Uebhod,

Yhe fides of wsasuring lonle veloeities by obaservation of s

weving boandary woes [lrst used by Lodge (8rlt. issos. Hepbsa. 1

&
pe 380) who endeavoured to follow the wovemsnks of cerbeln ions by

mEAnSs ﬁi Bhedr reooblong

indisabors. g, the



passaze thrauzh e btube, fllled with a conduebing gelatine, of
%&?iﬁﬁ snd ehlorine lone was i&ll@weﬁ by the faint eiloudines
sauged by sach lon reacting with o %?&e@ of silver sulphate
ponbalned In the gelatine, S@@&i&~gn@ ﬁs§i%§ﬁ {Pnil, Trans. 4,

205 449, 1906) ‘wm

proved the method of obmexving the boundery by
aning the differense in relractive 3ﬁﬁ§§%3‘ﬁf %h@ bwe solutions.

Labely the mﬁ%hﬁﬁ has been greastly Lamproved by Holnnes and @i@

&
ﬁbi"
=
i
it
?—3
)

BO-RoTRers a0 4 Dairly scourabs resulbs ave sarlly obisined.

e leebromotive Mgthod,

The L.d.%¥ of a conmgentrabtlion cell with btrangference of bhe

AL !ﬁ%}‘{{%‘;( é%{%'g { éﬁ{mk} ( f’%{nx [ A
vhere AgX is an lwsoluble silver salt and Ux g 2iwmilar sald of the
webkal H, is given by the sipression

Gy ?? {?3;
WE o (as

where
g is the transport mwber of the lon wlth respest bo whieh

the exbrove slevbrodes are non-veversible.

Ed

the mwdber of fong produced by the lonlzstion of ons
aplecule of the aslt.
2y the nurber of ions fop whieh the sell Is non-reversible

pr@é&ﬁ@ﬁ from one molecule of sali,

-

the valense of the voeversible fon.

!

gan gonstank.

-

eheolute Leuwperature.

g

the Peradsy = 98500 coulombs
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{ad), and (ay4), ave the msan activitles of the ions in the
solutions of concentration m snd m
reapaativelye.

For a porrvesponding eell withoub btrangference of the type
B B

ff[w@{m}/ﬁu'} fiizig}g = H(Hg), Ii}%{f’x) ; iy | Ae

uaing the seme twe sclublons the L, M, P, ls given by the expression

‘ lax)
in T@'l‘ N

if therefore the IL.ILF. of & eell with transport ls divided by
e Fe of ths corvesponding ecell withoub trenglervense, the transpord
nugber of the non-reversible ion is obbalned,

The wethod was ab flrst eriticised om the grounds that it gave

only the mean tranpport nmuwber over the concenbratlion range used in

a

the sells and nob the transport number at any pavticular concen-
tration. Helnnes and Deattie fJ@gf* Amer. Chem. Soc. 48 1187, 1820}
however have overcoms thig ﬁaff*@m&%y and have devised & method of
agloulation vhepeby the transport number alt a partieular concen-

tration may be obtalned.

When @hﬁ~mﬁﬁhﬁé ras originally suggested by Helmholbz (Ges. 2bh,
T, 840, 1T, 979} aiffienlsien avose in the gsebiing up and measure~
ment of the cells without transport. Of labe years, however, the

oY

methed is beling used o a %&@h greater exbtent since soncentrablon
cells withoub Sransport have becoms more comant. ‘That the method
gives veliable results ig shown by the folleowlng table which gives
the btrernsfeorencs numbers of l&tﬁiﬁﬁ chloride obbtained by the three
methods, The first column g&%aﬁ the melality; the second glves the

remilts obbeined by Yoves and Felk (Jour. imer. Chem. So6. o3 1436,

N |



%ﬁ§ﬁf the Mittorf webhed. The third column glves the vesulhs of

the wmoving boundary method obbalned by Longsworth {(Jours Smer.

giae B0Ge L4, BY4L, 1932} and the fourth column these obbained by

pinnes and Beabtle {(loc. 6lb,) using the FE.i.F method,

Yuving Boundsry

X,

hhee vorkerr vhe have used the B.H. %, mathod Tor the

doberalvabion of broveport numbers arel-

Jongg and Dele (J.4.8.8. B, 1075, 1929) who measured barium

%

ghioride and have dedused an egquation for the variation of

t1y] @ﬁﬁﬁ@ﬁ%?%g T3 < )
Lucssse (d. ”@i}ﬁ S. DL, BOY, 1928, 47, T43, 18285} who used

%

o ahloridess

gadutws 3&1@%&%@ and browides end the

Teatils (lec. oilf.) using 11thium ehlorids

c

{Eﬁﬁ’,ﬁ@ Soc. 187, 487, 1988) who msapured

rangferenss numbers of concentrebed hydrooshlorie asida.

viber with &Qﬁﬁ@ﬁ&?ﬁtiﬁxx

In general the bransport nuabers of the lons depond on the

af the golubtion, bab in mosbt cases this depsndence

me provoanced until wedevabely hlzgh concevbrations are
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veached. This variation at hizgh concentrabtions way be due to
# mwnber of different fasbors working elngly or together.
The most lmportant are

iQ é%a&g@ in Viscosiby of the SBolubion.

1$§;§?ﬁ§ﬁ%iﬁﬁ of Tons.

5s Pormabion of Cowplex Ions.

Gompideration of these Factors.
L The charnge in btransference nunbsr way be due Lo real changes

in the velocities of the lons resulbling in sn alberation of the

velocity ratiocs, These changes do not benocme proncunced until the
songentration is somparatlively hiph when the visgcosity of the

solubtion wlll besowe falwvly bigh. The cloge prozximiby of the fons

8

in strong selutions will slse heve some effeet on Lhelr spesds
2, Hiydration of Ions, A nusber of sirousstances have led to
the bslis? %ﬁaﬁ maﬁy'@igﬁtyﬁiyﬁga are hyﬁrﬁtéé in sgueous solubione.
The l@%gg% theory is that eagh solube wmoleeule is suprounded by

waths of solvent wmolecules whieh vary in nunber and proximity
segording o bthe nabure of the elestrolybte and the general
condition of the polution concerned as vegarvds concentration,
ﬁ@ﬁ%ﬁ?&@ﬁ?@;@@ﬁaa

dmpngat the abtrongest evidense for the hydrabtlion theery is

that dedunced Ivom the resulis of brvansference sxperiments cavried
oub with varlouns gallb solublong in the pressence of 4different non-
slechrolytie reference substanges. If at the end of the experiment
the ratio of solvent to referenss non-elestrolybe has changed utb

the electrodess, then 1% follows elther that the lons have carried
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golvent molecules 1n one dirvection or they have transported the
non~eleehrolyhie in the opposite dirsction.

| Buchboek {Zeibe. Phys. Chem. 5B, 863, 1806) using hydrochlor 310
acid golubliong with regoreinal and mannite at widely dilf{erent
eoncentrations as the veference non-electrolvbe, wes the first te
obbaln gatisfactory resulis in favour of ﬁh@‘hyéraﬁimﬁ theory.

This was confirsed by Washburn {J.4.0.8. 31, 322, 1%&@}'whé added
optically setive rulfinose ss a reference subsbancs and messured
the optieal robation of the solublons around the slestredss befors
end after electroliyslis. Prom hig resulte he saloulated the change
in the smount of waber vound the electrodes. The formation of iom
hydrates haa also been supporbted by the work ofi1-

N

Jones and Ote (A

e Ghem. Jour. 22, 5, 1899) Ifrom freezing polnt

{iﬁﬁ -

Jones (Zelts. Phvs. Chew., 74, 325, 1810) resumé of seneral raesulbs.

i slsenfeld snd Rhelohold (%elts. Phys. Chem. £6, €72, 1909) %y &,
gomparison of fonile volume and ilonic wmobility.
“aghbaﬁm,{ig§¢ eit.) Trem transference obgsrvabions.

v (Prame. Farede. Soc. 28, 381, 1927) vho caleulated the nusber

of waber sheaths assoslpbed with each ifone

%ﬁ%bﬁﬁgnkﬁ af sueh hydeation vouald be bo Incvease the size of
the iéaj&mﬁ couseguently reduce its wobility, 4As the cation and
anlion need not pecesserily be hydrated to the same extent the
veloaity ratlos will be ¢hanged. In concenbrabsed solublons, owing
to the lsrge nwibers of ilons present, the relatlve hvdration of the
i@ﬁg willl decveass, hernce g varistion in ths *ransfﬁ onge nugher is

to be expected,
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Fs Gomplez Popmabl one The suggestlion thabt the abnormal
Behaviour of eevbtaln salbs 1n solublion wight be abtributed to the
farmotion of complex lons was first pub fovward by Hitbtorf, In the

By

govrse of bilg sbudy on sizratlon he found that the migration rablio

af the anlon in solubiops of weny double asalbs and ¢
ones inoressed rapldly with ingrease In coneenbration, and at hizh

comsenbret lon betane groater than uniby. abed that thls

shlon of complex ifons whigh dis

d1labion.

Vard ous workoers have obbtelined evidense of the formabtlon of
complex lons In solublons o zing salbs.
Eipschert {%eit. snovg. Chem. 41, 537, 1904) ifavestigabed

golubions of zipe oxalate in swmonios and potasslium oxslebes, and

of sins hydrvozide ip sodium hyvdrezide, In the forser cane the
coumplex anlons “n{0,04)y and Znf{t,04)s wers fousd while the alkaline
o e . i P

solubions of zine hydroride were shown to contaln the zincate fon

Y

gulphete probably eonbalned & complex anlon Znlf

te Llectroshem. 79, 276, 1918} s inetivity,

eleatromobive Toreo measurenents that even in
concentbrabi ons less than -01H. an agusous solubtlion of szine chleride
coptalng a tomplex sablion, probably 28l .

Mo Hittorf (Zolts. Phys. Chom. 43, 249, 1%&%}\@@@@@?@@ s
transport nuwdber of sine ehlorids and found that of the anion be
2o l.241 at a covcenbration of 4.03%5 M.. He abbribubes this high

value as being due to complex formablon.
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sofore thet zine 1o aguesons solublions of its selbts

ﬁﬁjwmﬁmwémigﬁg

siae ehlorids mey be formalsb

in bwo %%%ﬁ%ﬁ@

Bog. 93, 41, 1908)

w{jlg éi;é} = Zn{Qin)ul

g 7
il
o

The @ﬁg@h@&%§Mw give the gompler ssbtlon mentloned

by Lrubers

(oRI0l =IOl b o,

IR,

The saue oomplen

would be fo

by the frst stage lonlzstion

moletila.
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There 18 & good

B e g g % ot 5% 7% v 7 pmownles o % & % e e ey
sbrovng solublone of cobalt ehlordlds an aubo-noaples i fops

PO RnEner

i Ler av

ilatlons of B

probably beling

Gelt. llectrothen. Jl, E88; J LS0B) ghowed that cadaniunm

complex 4L,
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Henge in strong solubions of zine chloride the possibility of the

forsation of an aubtocoomplsx must be considarved.
{(anll )y, =

% Zﬁ@ig’“ 26l 2017

If there is & large exesas of zine chloride the following
?&é@%iﬁﬁ‘iﬁﬁﬁl?iﬁg\%é@ oxyehloride nay bake plass.

ZalOBIgY = H - 873nGly n EnGly ~ 4nGl — Hy0.

%

The forsetion of sush cowmples anlons would tend to desreasns

the cation btransport wumber uwnatil 1t finslly becans negative.

u; GUIvITY i}@ MW’{‘F{*E”g s‘}“iéw

'n reeent vears, the atbtempt to intsrprel the properbies of
solubions of stronz slectrolybes in terms of the degree of
dissoelstbion as measured by the gﬁnﬁzrt%@izw ratios, has besn

abandoned and {vghead wush %fﬁﬁf% im being devobed to the ezach

deternlination of theruodynav e propsriles of selublions. Lewle
inbroduced the bern gﬁaga@i%yﬁg\w%iah 18 cloaely related to vapour

presgure and reproegcrbs the tendency of & species L0 escape frowm

uh i

by
g
&
N@

e LE is egual bo the vapour preasure 1f the vapour obeye

activity® {a), of & substancs in a given

the perfest sas lavus. The
ghats 1g the ratio of its fugaciby Yo the fugseity in some stabe
which ls chosen as a standard. In the standard stats the sctivity
cquals uwnity and for ideal scolubions the activity equals the

sovsentration. The fraction 2 , whore m is the molslity, is

T
called the “activity coelfisient®, of the solutions it may be
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regarded as a measure of the extent to whiegh an fon or molesule
departes from fdeal Dehaviour,

Astivity coeflclents were ab fivst only deberalnable by
smgiyiﬁal methods and so appeaved Lo have no special value.
Hogently, however, Debye and Hfickrel have found it possible to
@aléﬁ%&%ﬁ ﬁhﬁm on purely theoretieal ?Pa&ﬁﬁﬁ% henoe %ﬁﬁa@ guantities

are beglnnd %ﬁ asgaive a definits physliesl si@ﬁ%fiﬁ 1nBe. various

&
mebhods may be ueed for the debernination of aetlvity coelficlients
guch as freszing-voint lewering, vapour-nressure lowering, solubility
~ui§“ri%nx1¢m rabia and %l@@%ﬁ@@ﬁ%i?%“fﬁ?&% meagurenents. Hesulbs

oghbained from these wmethods approsimste falvrly clos al? Lo esch

voars bhe elesbronobive foroe mebthod has been

¥

osbhers In recent
uged very {reguently and 1s now sonsldered to glee very sceurate
regilig.

The regent bypethesls bthat strong elecstrolybtes are @ﬁﬁpl@%ély
fonized in all concepbrabions whieh may be ?@g&?@%@ ag dilube, heas
tended to throw some donbt on the question of actlivity. Hayves |
{Jaﬁpﬁhﬂulﬁﬁg 1086, 1984) ﬁt&%%@ that thise vi%w af @as$&§%a'

fonizabion w11l e confir med &f the @é@éatiﬂﬁ@ fron Ldessl behavioup

nf & perfect solube are ageocunted for by the
ﬁ?@&ﬁ?@ﬁh af dilnoy and Debye and flekel, Thelw hasie 1des is that
oaing ﬁé the electrigal eltreciion betwean oppnositely charged i@ﬁﬁ
theve ave on the sverages 1ln the aeighbourhood of any ion, more ions
of unlike than llke sign; hence whewn the solubion is diluted, the
separation of the lons involves doing work against the eleebrical
abtrection and a corresponding ineresse in the energy conbent of

the solubion.
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s

{d.2.0.8. 49, 2378, 1987) compaved the activity

csoefficients of sine sulphabe ss derived from the inter-lonic

sl ¥ L@a@; with thosg obhained From

shat in exbyewsly dilube solubiens the

paralis were in ezcellont agreement bub ob higher sonsentrations

erroy wWas much grester than swyperimentsl.

Soabehard and Telft (J,4.0.8. B2, B2Y8, 1930) measured the

activity coefficients of zine chloride over a concentration range
{00 = 1.4 @) and found mervied devisbions frow the Debye~Tuskel

2

theory. They abtribate thia te incomplete dlsscelation of the

priasery lon  Zall .

Sne of the mosd chapseberiatle festures of the shayiour of

3

ghrong salb solublona ia the Tech thab the astliviby esoefficients,

£

depressing with inc tion in the d4llube range, poss

gy concentrasbions thr %ﬁh s winlwur and Lhers

rapidly, in zoae ecases Bo a valus grester than unitys The

assumphion of hydreblion of the lons hus presenbed ltsell as the
imuediste and mogt pleualible explanation of this phenomenon. In a

solubion of ITnereasing 42l concentration the hydration hes a double
effest, Tipstly to inerease the salt concentrablon caleulsbed as the

molefrastion by removing the waber moleculed; then te liberate free

Tong the scbivity of vhich sre under oonsiderabion, as & result of

W“

the Ilneveasing dehydrsting effect of the salt solublon.

Goveral obther possible explenstions have been advanpsed bub to
&lé‘ﬁhﬁ%ﬁ‘thé pame @g=~&%§ﬂm applies, nawmely, that the phenomens
chaorved are 6@?@$§ﬁly of & more complex pature than any one btheory

SBESUNRE -



@@%ﬁ%@%@ (Tpans. Farad. Soce 23, 430, 1927) eaye bhat "when

ydrabion, @i@ﬁt; @@%ﬁ@wgﬁﬁkél affechs, 1lonle assooisbion, change
iy dlelectric constant ste. unite ss they certalnly do in influsneing
the h&h@viﬁuy of ilong, any theory, whisgh ¢an explaelin the observations
on & basis of a few or ons of %hﬁﬁ@‘iﬁfiﬂgﬂﬁﬁﬁg gannot §aagihi§ be

trusted as a sound seolution to the problem.”

AIH OF WORK

The @@j@@t of the ﬁz?%&kigaﬁiﬁm was bo debermine bo whad ezxtent

‘ﬁﬁ@@lﬁﬁ formation cecurred in 2ing Qﬂwﬁflﬂ@ solutions and the effent

a,m‘ﬂ

o 1t of conpenbrablion and temervsburs. Alss to debermine 17

posslble the nature of the somplex lons present.

The method of asbtbtack was to messure the electrvomocbive {orges of
ﬁw@ types of gells - with and without llguid junction. In the cell
%iﬁ%Aau liguid gmnﬁ?iﬁﬁ @agh.haif gell was measured separately, f.o,
measurerents were made on the gell

Znll gggf ﬁﬂ@ig {ﬁg&i ‘ﬁqg

The H.M.F. of the complote sell
Ag }

anCl, ] aniHgly — Zn(Hg)y | moly | sao3 ;&%

wag obhalined by subbracting the

’rv-w

H. M. ¥, '3 of the approprisbe half-
sells.

Heasureny on the following cell with transport were made.

TnGly | Zn0lg
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f j: ‘Qﬁ -

yparation of HBolubions.

Stleks of AR, zipe ehloride were digsolved in waber and the
precipitate ef oxyshlovide formed was dissolved by the addition of
hydrochlorie seid. The solubion so formed was snalysed for both
zing and chlorive eonbent and 1f these ﬁ@%@ not equivalent to the
formules Zn0ls, sufficlent hydrochloric acld or szine oxide was added
to male them 80 Ihlg sbock solution did ﬁﬁt precipitabe @gy@hl@@i&%?
on dilublon and cons @qukﬁﬁly cach dilubion was analysed for zine !

only.

Thae zine consenbrablon was debermined by ﬁiﬁ?ati@a against
shandard pobtasslun ferreeyenide solutlon by the method of lJone apd
Gady égaﬁﬂﬁﬁgﬁjégﬁ 356, 1927). Thege worlters have shown thet the

vewal exbternsl lndieabtor, urenlum ﬁi@yaﬁ@; can be replaced by an
ivbernel inﬁi@a&a§‘3ﬂ§@ by dissolving ome gram of dlphenylbenzidine
in 100 c.o. concentrabed aa&gh&ri@ aeid. This methed was found t%
give u sharper end polnt and goncordant ?@g@l%gg

The ehloride songentration wae obbalned by a@dﬁmm & measured
excess of stapdard allver nibtrats and back titrating the exgess with
stonderd pobassivm thiocyanate. ALl concentrations are expressed

as wmols. of gine ghlerlide per 1@&9 grams waber.

BROMOTIVE- PONCE W ASHE

£ fei e
j;s?%’iié @

- Geveral,.
The B.4.% 's of the concentrabion gells (deseribsed below) were

measured by the Poggendor! pobentiomeber method. The cslls were




eonbained in a water thoruoatat gontrelled by 8 mergury-tolusns gas

vregulabors The thermosbab keph 1ts bemperatuve to 25%., f 0+1°%.

el

The #, s 's of the consenbration eolls wers compared with thab
of & sbanderd cadmium eell, The potentiometer was a Leeds and
Hopt iﬂé@ sbudent ?Qi@ﬂbwﬁﬁ? gr with a Leeds and Northrup mirvor

calvanomeber o debersne the balance point.

‘533

DERATLE O APPARATUS.

standard Uell,

Pris was o saburated cadmlum ecell made up sceording to the
directions given by Bpenser {"Phys. Chen.™ Vol.il p.108) and

freguently tesbed against bthe laboratory standard (Bffley Lab. Hewport

Behe e Hoe 16783.)

Eu%aiyﬁﬁéﬁe

ilver~ Bilver Ghleride Tlec
Taese were prepsred ascording to the dirsetions of Allmsnd and
Humbor {(Trans. Fared. oo, 24, 300, 1988}, ﬁgaa?ﬁﬁ af platimoa

1 one slde were cabhodically coated with silver from g solution

sonbalning 7 graas

snd 10 zrams KOH in BOO .. digbilled waber.
A rod of pure silver wad used ss the svode. The slectrolysis was
‘parrled oub for 24 hourg ob e currsnb of 0l amps, 1% electrodes
being in parallel, ¥These were washed In bolling dietilled water for
ben minubes and then chlovidized enodigally in a <1 W hydreghloris
aeld solubion for half an hour at & current of 7 allliamps per
elach Wﬂd@. The final eclegtrode wasg a darl brown colour.

Bafore use the slz elecibvodes were messuredsgalinat ome ancbher

in & selublon of zine elbride and 17 sny one diffeved sppreslably

£

from the rest 1t wes diseasrded. These electrodes gould be Lake

from a solubkion of one congsentration and after thorough washing conld



15,

e puk inte enother of different consentration withoubt affecting
then in aay WY Afber a gertaln tlme. however, it was found
nesessury to pemaze the electrodes.

Sina E&@@ﬁynﬁ@gg

Theose sonslobed of amalpgansted zine vods prepsred aceording to

1 %;ﬂ'ﬁakyii ve 127}, Belore use the elecbrodes

gﬁ?@h@ o {ﬁf‘;

pers woashed with distillied water, smalgesnated uwmier dilute sulphurie

aoid, washefd again and deied. These %sﬁ@ alpo w ad azsinst each
cbhior befors nse sand any differing ot all from the rest were
dlnearded.

ﬁ@é@?ﬁiﬁg to Highavrds and istwm (s Gaﬁg 44 678 1982) zine

Porms no solld smalgam and hange the potentiel of the pure szine

aid be that of the ssaburebted 1liguld amslgems They find this to
bo neerly the scass. Cohen (Zelts. Phys. Ghem. 3%, 612, 19200) found
o diffe srence of 0008 volia.

kgailg Wiﬁh,mTﬁﬁgf@“@%Q&*

The type of cell uped was a glightly modified thet used

by Lucasse {(log. cit.] and is ghown in Plg. ¥e  In the Lucazse cell

the tube D ow wh and 1t was fm&nﬁ that 1t wes

e@asy
Top bthe solution in B Lo p»un ?ﬁ%ﬁ & thus ehanging %i% aonsenbration

By

peand the electrodss. the tube D was therefore benb %@%uw&?éag

by

waleing 15 wove dlffieult Ffor the solubions to mix,
To make e wmeasuroment ©the tubes 4 and I were £1lled with the
dilube solubion apd the slectrode put in plase. The tube U end the

4 bhe agre consentrasbed

sonneebing tube D werse then filled
solubion snd the elsctrode ingsertsd, The mid-vesael B was filled

with an spproximabely one Lo one wmizture of the Ltwo solubions



j




RECN

gurrounding the electroden and the two half-sells connested by a
stopper st P

The whole eell was Then lmmereed in the thermostat snd lefh
for thvee hours 1n ordoy bo reash equilibrium after whish tine eix

hin %hW@SMKmml « The wmean of Fhese was

of the 6o ¢lls 'Two aush gells wsre weasured

They were

was serrlised ouk in the vessel shown in Flg. 11. Afber the
electrodas were plagced in position bthe cell was Lmaersed in the
thermostat and the sane nragedire sdopbed asfor the cell with
tranaport.

Az digsolved ﬂiiﬁﬁy éﬁl@?iﬁ@ ig bnowa bo sffest certaln

teebrodes 1t wee desided to ilrvestlgzebe 1ts effect on zlng

amalgam. A bap was inserted ab 4 (Plg. II} in order bo keep the
g@lﬁ%i@& U Aﬁﬁiﬂg é&g zine slestrode sepavebe from theb round
the silwver - ailver chloride slestrods, This was lept clesed the
whole time & ﬁ@ésuy@maaw wags belng wades Albhough weasurementsa
weve made ab several consentrations no weasurable dlfference gcould

ebed frem bhose Lo which there was no baps There 1s
2755

f”%?

el

ﬁﬁ
&
Qf&

conflicting evidence as Lo the %u&@ha 15y of b”ﬁi in zing chioridej

some Povicers report 1t onblively lnsoluble, while obthers glve 1%
varvine desvess of golublility (Hellor, "Inorg. Chen.” Vol.TIT p.387)
o ih 5 s i i

fpom the sbove roesilts 14 was eoncluded that 1 1% 1s seluble, it is
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wob present in sulficient guantity bo have any effect on the zine

sleoctrode,

}

i

Jisgoived oxygen is also known to affect cerbaln amslgam

i

eglovtredes in solubions of low concentrabion, bul whether 1t affected

,&ﬁ sine electrode abt the hisher concentreions dues nobt sppear o
have besn bested. 4 serles of solubions were wede up with bhoiled

éigﬁiiémé water cooled in an abmesphere of nltrogen. Bafors the

%

sing electrode was inserbed in the sell nltrogen was bubbled through

the gelublon for 2 to & hours and then for a Taurther hall bour afber

the solutieon. Oslls prepsred in

M. ¥, freoem those in which no

it was conoldaed thaed

?}? L’n}iu ?}j O,

L

ity Coelficlenbe,

For o sewplebs concenbretion cell without transferensce
gonbaining & solubtlon of a bl-univalent slectrolybe, bthe LaileFe,
sonceatrabion, and activity ceoefficlent arve related sccording o
the sgusbion -
Mafu

Shus 1P the value of the actlvity coefflelent st one conserntrabion

in bnown Tros sone obther meazurements the valus at the vavlous
ﬁ&ﬁﬁ%@ﬁrﬁ@ﬁﬁﬁﬁ san be caleulabed from H.H.F. data.

soanbehard and ?@fﬁ% {0400, B §§} 28%2, 1930} nave dsborained
the sebivity sosffielents of zine chloride at B5°0. from H.H.F.

monsuwrenents and zive a valus 328 for a 1 H solution, This velus



18.

wag used in the present vwork sand when introdused in the above
sguation the activity coelficient is given by
1187 ¥ — log m - 4881,

3598, could be found.

e

the acbivity coefficient st

r little vwith bemperature ln this reglon (ef.

A 585 dalells B 483, E%i?a 1986, and Poxbon and Shubb,

H e

Prans, Ferad. Soc. 28, 400, 1927) 1t wes assumed that the value ab

N
€

BEO for a 1 ¥ solubion was the same ga af 2879, i.e., +385,

357 therefore reduces

m
¢

‘he eguation for acbivity coeffiglients s
fits

log 3/%‘ 10.82 B — log m - 4881,

Eed

‘%wi s Porengs Huagh

P

Fal

The B, .0 of a cell with brensport of the type messured is

siven by

- y
w,om SEE g 2

whore ne 18 the zinc ion trangport nawber. This equation, cowmbined

with that for a correspondd ﬁ goll without brans g@?hg Vi%e

1w i

T &Y\,

vesulbs in the eguation
E+ < w 'é‘g“‘"‘i” » # & @ @ » E # { }? }
thue sllowing the direct esnleulatlion of tranaport numbers.

2 nok used in bhe eslealsbion as 1% invelves

E@u&%iﬁﬁ (1) however w

the sssuaption of a conatent transport masbsr over the eoncentration

e
oL

used in the cellz, Yhe exact sguatlion is {MeInnes and

§
rg the Z.M.P,, 4%, is measured for an



infinitesimal concentrabion change, and may be used as Tollows.
Let a curve be dreawn sueh bhat each polnk on it has an abscissa
whieh s the L. P, of o gsll withoud brensport end an ordinabe

3

which 1s the .4.F. of a eell with trensport for the same pair of

goncenbrations. M.F.'s ave to be such ss would be measured

&

L0

solub roference concenbrabtion and a solubion of

=

any obher eoncentration. Basgh M. B corresponds to a consentrabion

4 oy

and therefore the transport number st any particular sonsentration

of the curve ot that polnt. Thisg sleope

L oan sguation e

ol

srepging Iy as s function

ey

N T ! o B e o
feventbiating zave e

s the bransport nusber.
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TABLE II (gontinued)

¥t s B o~ Bm J/
10.85 -0l Lamie | 1268 831
ziﬁsé‘ L ouS  Lar49 L1331 916
Caim.as 10902 Lsess L1452 1,327



PABLE  TIL.

Letivity Goefficients ab 35%C.

jav
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Gells without Transference snd chiviby Goofficients,

The resulbs of asasuremenbs on cells withoub stransport ot
2590, awe given in table ITZ. The first solumn gives the waolality
mf.&%ﬁ solublons and the second glves the B.U. P of Ehﬂ half-gell
i%'ﬁm&% Ae@l Age ?W&%ﬁm@mﬁwﬁiﬁ?%am%‘wﬁwﬁQf%%&
ceomplete oell without btrangference

ZinGly [_! agol |ag

ﬁg{s@ﬂ* ﬁm&g/
(1 ®) ()

from which the activity coefficlents in the fourth colum wers
galeulabed, Table 111 glves a similar get of figures at 3&@§,

These resalds are shown grephlieally in Figa, 11T and IV

‘5”3

Graphs T oand 1F (Flg. TI1) ave the S, P.'s of half eells plotbed
éz it molaliby at 25% and 35% respectively, Graphs IIT and IV

{Plgs IV) show the varietion in astivity coefficient with concen-
tration st 25% and 35° vespeetively.

It will be scen from ﬁ?&@&% IIT and IV that the scbivity

(‘(3
*“‘5
P“ﬁ'
o
T
&
o]
b
G
£t -ﬁ?&}
il
"3
i
e d

elate decrease with Increasing concenbration unbil ap

o

& congerbrabion of sboubk 2,75 ¥ ot 25%., and 2,5 ¥ oF 35% the

values pass throu

gh & winimum end thereafter intrease rapidly with
congentration. Foxton and Shubt {loc. ¢lt.)] measured the astivity

Cepefficients at 60° and 209 and Found the winlmam et aboul 2.5 H,

The velnes on the whole are less bhan would be espested on

the sssumphion of the sinilarity with‘%&ﬁlg which sebs as & bLyplesl

strong electrolybe. Scabohard and TefllTt (los.elib.) silve & valus
<485 for a 1,5 i solution of Bally while that fov nGly was found

to be .285, However, Lucasse (J.2.0.8. Bl, 2597, 1929) found the

,



844

value for Cdlls in a 8 ¥ golution to be only 048, He states,
fthat 17 ecadmium chlorlde behaves like a btyplceal strong electrolyte
gt all, 1t is only ob ezxtremely dilute solublonas. AL mﬁdépgt@ and |
high coneentratlions lts behaviour becomes such ag Lo preciuds it
ung uestionably fron @@naiﬁ@?ﬁtiﬁﬁ,ﬁg counletely disdocizted.”

Iz @@@1@'&?@%&?‘ﬁhﬁféfﬁf% that zine chloride s intermediate
betwesn Bypleal strong electrolybtes sush as ﬁaﬁlg whieh are in
agrosment with the total i@ﬁig@tﬁgn theory of Bebve and Hiskel,
and subsbanges llke ﬁéﬁigg Sestehard and Tefft have fltted the
aobtivity coeffieients with the Qa@?a Tekel theory by assualing
incomplobe dissooistion of the Q?zma%v iton 4nGl .

It i1g seen that bthe curve st 359 orosses that st 259 in bwo
plases. From the most dllute solublion messured to about 1 ¥ ths

aebivity coefficient increasss with temperature. This incresage
gannet be duae o incressed couplex f@f%é?ibﬁ siieh is promoted by
viss in bemperature, as it would sause & degrease in the nusber of
aotive lons in the sclutlion, and go Jdsgreass the achtivity coellicient.
The effect of & rvise in temperabture oa hydration cannot be definltely
stated but 1t iz Lo be expected that 1t would favour the disscciabion
of the ion hydvates
_ +—
in(Hz0) —> in <% Hy0.
Sueh g2 dissoclation would inervesse the nuuber of achbive long in

&
1

golution and so increase the activity coefflclent.

From 1 H %o about 7 M the activibty coefflelent dseresses with
bemperabture which pelnts te Incressed complex formation predomlinsting
over the hydration effent. ‘éﬁ higher congentbrations than 7 ¥ 1%

geoms that the acti Ei%v coeflfielients ub 352 ave slightly shove those



28

ab 88°s  Thls polnbs bo the fact that complex formation has elther
roached a mazimam or that the hydration %ff%@tﬁ @?ﬁﬁ@miﬁat@méﬁﬂw the
effect of ia&f@a@%n complex formation. Anobher possibility 18 that
iﬁéﬁ@ assoglation bekes plase In & Aif f&ﬁéﬁ%'way From thet in weakep
solubions. |

However those ave only a few of the fachs which may influsnce
 the ack ivit; coofficionts snd as menbioned im the imt@sﬁﬂﬁtiﬁﬁ any
one theory is insufficlont to account BHr their behaviowr at higher

sonteubPeRiong.

Gelle with Tronpport and Transpoct Humbera,

s

Pable IV gives the resulbe of cells with bramsport at 25%C. The
flrst column =ives the welallty of the reference solublon snd the
pegond gives the wmolalllby of the varlsble solublon. The third and
fourth oclumns glve the .M. F.'s of the cells withoab and with

trapsport vespocbively. Teble V zives the simllap resalts at 389,
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P, ta of the cells without transport were plotbed

The
agaiﬁ%ﬁ the F.0.%F s of the corvesponding ﬁ%ilﬁ with transpord
giving the surves shown in Fig v - graph ¥ at 259, and YI ab
36%. It will be n@ﬁiﬁ@ﬁ that the values of E. starbting from
z2ere L. P, Wﬂﬁfﬁﬁﬁﬁ 50 & maxiows sgé then degresse Lo negatlve
valuss, The nogative valuss are from gells in which the concen-
trated solublion was more ponibive than the dilube. The curve ab
380 1s pimiler bo that st 25° and lies slightly below 1%.

n order $o caleulate bhe tranaport nawbers eguatlon were
found for those eurves in the fellowing way,. Froa appearance Lhe
ﬁu?vég were thoushl te rosesble parabeles and atbeupls were made,
by the method of averages ( ?ﬁgw "oraprnical and Mechanieal

Compubabions”, p. ) bo 1t the eurve with an squation of the

type B, = &" belng e constant, It was found, however, that
a valus @f *a" gould only be obbalned which fltted the curve for
values of 5 up bo aboub 100 wm.v. alter whish the theoraticul
values were too low. A corrscblon factor was thevelore found

which diganpo *%ﬁ at walues of O lower than LU0 but which had ©

be balen lnbe sccoount st higher wvalues. The following eguations

“1‘«

Were @ut%?uihwﬁ for the twe curves, all .M ‘s Being expressed

c«-!s

. . - ‘ s — 3 O o il
and at 35%. (B - 11) ‘= - «00&(H - 51)% 1,54 x 1077(x - 51)°
. E.,f'i

& % ® 8 5

These on differentiabing wlith respect to B gave
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L

by 4
- 20084 (B - BB) = 2.848 x 1077 (1 - 53)°

#

- <OL {5 - 51) = €.36 x 1077 (5 - 51)°

0

Substitubion of values of B in these eguatloug gave the
brasgaport nunbers given in the f106H columas of tables IV and V and
are ghown graphieslly in Flg. VI - gﬁ@@ﬁ YIT &t 25° and VIII &t'@gao

The only other values that ¢ould be found for the transport
nanber at 25° wove those of Hibbors {ﬁ@i%g@‘?hyg% Cheme 45, 849, 1903
who determined the anfon bransport nuwsber by the gravisetrie mebhod.
?%i%‘ﬁégﬁlﬁﬁ are given below in the gegond columns the third column

3 2

sives thosge obbalned 1n the present work.
Hioke }’%%;?. 236 { Hitbopf } v Tig f‘ e Me B }
4,055 ' - 243 - e2be

2,64 L~ 08 - eDBE

The results ave in faip %%?@@ﬁ%ﬁ%.

Pogbon and SBhutt (las. eit,.) debermined the f.0. F.'s of &@11%
with and withoub trensport conbaining zine chloride sclubions at ;
0% and 80° but 4ld not caleulete transport nubers, Their |
regulbs were gravhed snd the %@@ﬁ %%@ﬂgﬁﬁﬁﬁ mumber over YVarlous {
gongentration &aég@g wore taloulated. These sre glven in the |

Pollowing bable.

HE LIBRARY
LIPUVEREITY OF CANTERBURY
CHRISTCHURCH, MN.Z,




g

HAdp

TABLE Y,
WS s TR
m ' Ty « n, (Hean) .

L.88 2567 - 904
4o84 AT 5085
494 | 079 L9028
4,94 .926 1,176
12.4 | 4,622 | , 14498
1z.47 4,837 - 1.48%
25.87 4,814 1,461

24,99 4,339 1,458

Foom these vpemilbe 1% is obvicus that s large proporblon of
the sine btravels Lo the snode ag ﬁmzpl@m anions probably of the
foranls (4n0l,)” or @%G@lﬁ}

Dephan {loet. oit.) hug shown that copper in sbtrong solutions
of its chloride bends Lo form aubocomplexen probably asccording Lo
the formules

+ e o ‘ +t
Gu P mz{:ig -+ 241 - Gu 3,,{3
I i . - +t ,
G 20ubly <+ 801 —= Gu -+ Gugllg
‘ & < : 3

4 similar effect may happen to zlng chloride in consenbrated

IR g + : =
n 4 unlp o+ 20D == Zn b ZnGl

++

&t e L 5 o 3 =
o < BinGlg t 801 === In -+ Ingllg



If the equllilb

the eation brangport nuabeyr would be lags
The presencs of
bthat therse ave Lvo or ware fachors.

aumber ; working s
fuhraduation thayve

Sransport ne

il

areabeosl

A bhe minis
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OB8:

Ls

af tonle associobion

e osunh Bl
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Foprma of

shlovide and praobably

Gowb wikh the

soncantrations

eomplex lons as well as

and ons presont

wmast e baken lnbo

roashed the

he possibil

o oand bhese will now bs diacussed iﬁ e

(2} change in hydration of

A
L3

BOODUNT W

a greabey

L2

Sle
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BErDe
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which influence the btranspord
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are thyee main frebors which influeves bthe

rard to the
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anobher Torm
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g lona, ochlorine 1ong and @?@%&ﬁghig various
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Lo
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Wl saveliated molan
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form comples anlong bub the
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44 i,{f’k
G le n oz ImGl, =2 == [(4nllg )y

or more probably o+
i

Fnlil

( ;ﬁ )lf’;‘; 3
o

e 2 + PP . e
e ,«'}.‘, W‘% 25 s%?ihﬁlvg T L

It is quite probable that in sush strong solutions the

digsoeiation of the zinc chloride only proceeds as fer as the

i;g%aﬁv»ﬁu&h? siving rlse to a complex sation
ZnCls & 2n0l )-4»- e IS
Ao the aryehloride w%igm‘im aq soluble In sbtrong solublons
of gins ehloride muy ﬁiam@giﬁt@ to glve & eomplex cation

snlonicl —= “ﬁﬁl *oon .

As morve zive cvhioride ls added to the solutlon theve will 3

more of these verlons conpler cablons formed which will oppose the
effeat of coupler anlons and congeguently the cation branslerence
namber will increass thereby causing bthe ol ninam.

The effect of & rise of temperabture on bthese Lons would
presumably be the éaﬁe as the effect on the cowmplex anlons, that is,
to iﬁﬁyﬁﬁ%a ﬁh@ nusler f@vmﬁﬁc If there can only be =2 g@ﬁ%éiﬁ
uplexr snlong present before The compley cabions,

Tnill %%@@9 avea Formed Lo By ax herts & vise aof

pemperabure will ghift the minlmus to o lower goncentration. Thias

weg found to be the guase.

i
L

lse 1f & »ise of tamwperature prosmwibes the fovmation of couplex

En e

@mﬁﬁdaw then afteor the winlwum @ﬁimb has boen f%%ﬁﬁ@uy the bransport
nogber should increage more rapldly abt the higher btesperabure than

fi 2

ab the lower. This also sgrees with experimental resulbs.



e

LERE Y

in the solublion has a definits hydretion value,
that is,; has & dofinite nusher of waber mwlecules sssoclabtsd with

vhe songentrabion is inevessed there will be a

s
fid
-
e
el
&
o
P
e
g
]
&
ot
‘;f“
L
@
h
..}!
o
w
o
[
.
o
]
F

wnleh i1t 18 possible that all the
molocules of weter present are baken up to form lon-hydrebese

the voncepbrabion scme of the lonhydrabes

may perbially disscclate and the fres waber molseunles so prodused

In $his way long wilth fawer wahey

melecules apsceisbed with them ave produced, In shovt with

-

ingrecsing consentration 1t iz So be expescbed thelt the ave

e

£y
hydrablion per Lon will Zall oIf - o divect conpeguence of the

o

applisetion of the Law of Hags jctlon. Tnese lons will have
smaller diamster Lhan the fully hydrated cmes snd conpeguently
thelr wobilities wlll be Incroased,

I the hydrotes of the anlong and eatlons are dissoclated
ralatively to the game exbent thelr velosities Wili be Insreaged
in the sams ratlo and consequently there will be no change in the
trapaport numbor. IL, on the other hand, the degres of hydrabion
.of the cabions is decressed to p greaber extent than Shabt of the
anions, the velocelty of bthe cabions will be lnoressed more bhan

Ehat of the g sna, Tiuls will increasc the cuatlon Lranspord

G

number and gq%g@@g¢nﬁ Ly bhs gurve will tend to show o sinimum.
Tn sueh atrong solublong, howsver, the lncvrsased abbtraction of the
fong for one anciheyr due to 23@3 clogey proximiby sy sounberact

the incwvesse in volooilty mentionsd above.
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The effech of a vlae of beupersa ﬁwﬁv on the fon-hydrakes will

o

o Aissociste them whieh will give the lons greaber Trecdome.

e b .
G before 11 bthoe hydrates of the cabions are disscelebed to a

gresber esbent than those of the anlons there will he a corresponding
inevesse im the colion trensport number. This was found Yo be the

CREGa

=
2

& af bthe solobion %iii tend to have = grester
revarding effect owv the large cosmplex lons than on the smaller single
one. 1t is possible thersfore thet st the winlaum the viscouily

hegomes #o great as to prevent Lo a sertaln extent the migration of
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