-

[V




[

L SV - L ¥

LIBRARY

Michigan Stace
University




=

MICHIGAN STATE UNIVERSITY
RECEIVED

JUN 11959

DEPT. OF CNEMISTRY




R AT (e B D Rhedl T LR R TR I S SEPET NS
CUDUOCTALCE AL TUATSTLEIICE Wl

. R B
G AwvwClo oCLUTICHs OF
P - £y . . [ SRR L

;J\Ji.l‘AJ';i TSR LT R - '}";-;.L‘) et NAE YL

-

7

e T Yy s L R
SCULITN PalnanLlll

Are  pomoceeyy s ovem
AL\ ly.:;}--ilmbl

L.brmltted to tre cellege of lclernce &nd irts
aichd ,on ttate iniversity cof Agriculture anc
fpplied oclence in pertial fulfillment of
the rejuireszents for tlre de; ree of

dasTEE OF CCIliCh

{cpartaent of Cuerlstry

trproveds

1757



POLSETIH PATAUTLE
ATOTRACT

Recent tl.eoretical cevelopuents have rrorpted an
investigation of the behavior of stronz 2-2 electrolytesin
water, Certaln &noralies which enveared using zinc sulfate,
resulted in a search for another 2-2 electrolyte which would
not undergo hycdrolysils and whose ions would not be capatle
of forulny covalent Londs with tlie solvent or with orrositely
char_ed lons. Ti.e streny electrolyte, barium setatenzenedl-
sulfconate seerned to fit these requireunents, In order to
ald in the theorctical treatment, an indepeucdent valie of
tre 1liniting equivalent cond.ictance of the metabenzeneldlsil-
fonate ion was needed, This thesis describes the neaszirs-
cent of the conductance of sodlun metabenzenedlsculfonsic,
The value of )\ C obtalned is 59466 ohm‘l equiv.“l cu’e

It was found trat in déilute soluilons, tre cocniuce
tance data fit the limiting slope predicted by the C.sacer
equation, At higher concentrations, tlie ceviations were in
the proper clrection, and rhad the correct rarmiti:de to te
Gescribed by Ligier corder terms of the electropi.oretic
equation,

In view of recent deviations of souwe 1-2 and 2-1
electrolytes from the Onsager equation in ¢llute solutions,
it would be of 1nterest to cetermine trhe effect of catlion

81ze on tre conductance., This measurement on sodlium rmeta-

benzenedisulfonate 1s one &tep in tl.is serles,
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I. InTaCLIUCTION

rver slnce Arrnenius(1) 1g 1553, fron studles of the
concuctances of eqgueous solutliouns of acids, postulated that
eén eliectrolyte solution contains free iocns, solutions of
these lons rave been studled extensively, Xoklrausch 1n
studylny the conductances of such solutions noticed that
oxygen and hycrogen which tend to be absorbed at the surae
face of tne electroces can be ¢issolved when the polarity
13 reversed, Thisa led Lla to anply an alternating potentisl
wiien maklng conductance neasureasents, As the adsorrtion 18
also affected by the surface area, re coated the platinum
with platinua black, Hohlrausch(z). who &lso emxmphiasized the
luportaace ¢f gooa temperature control, made guilte precise
reasirezentsy hia cata on potassium chloride in water are
st1ll valid, oiuce specific conductance of the scolution
refers to thiat of one cubic centineter, it 18 necessary to
reasure the cell constant 21 (The area of electrodes 1s A
and the distunce which separates the electrodes is d.)

In 1923 Parker(3) observes trat the cell “"constants"”
are apparently not really constant, but vary with the re-
sistance becing measured, ohedlovcky, Jones, and Eollln;er(”),
sehowed that this effect 18 due to the capacitance of tlre

cell, &nd desizned new typeg of cells which minizized the

1
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effect, Jones and his coeworkers, with sgoue refinerents in
tie technique, Jages uSing an oill tath, 8 special btril e and
& seneltlve azplifisr with a telezhone reedset for cetection,
were gble to get results of bigh preclision (0,027),

Any mocern theory of conductlvilty must be concernesd
with tle coacept of tre lateraction tetween tlhermsl motion
of the lons anc thelr elestrical attractions aund repulzionse.
Using thre results of Eebye-uuckel(5) thecry of ionic inter-
action (1923), Onsager(€) (1929) was svle to calculate from
sclvent properties the liniting beliavior of 1-1 electrolytes,
alkaline earth halldes (2-1) anc rure earth Lalldes (3-1),
The disagrceczent of the conductance c¢f 1-4 and 2-2 electrolytes
from this theory was attributed to ion-pair forcation. 1In
a study of theoretical and experirental behavior of Enqou by
Je Le Dye and co-workers(7). it was cCeslred to teasure
'x2n+* from cuata on Zn(ClOu)z. Thece worikers found a large
deviation fron ti.e Cusager cquation even in dilute solution,
Prouebly hydroysis effects or covalent teudeucles of cutt
are respousible. In the case of K Ft(CN), for whkich similar
ceviatlion are observec(S), the spatial configuration (square
coplanar) could allow attacluweat of water molecules in the
octahedral positions. The observed deviations proupted a
search for another 2-1 or l-2 electroljte for willch lycrolysils
could bes cdefinitely ruled out and for which the formation
of covalent bonds wus unlikely.

The purpose of this stuly cf sodium metavenzenedlsulfonate,



Naom «p(soj)e, i1s a basic step in the interrretation of 2-2
electrolyte behavior, 7Tnls involves thre study of Ba ux?(803)2:
wkich Las already been begun(g). The wmeasurements on

Na, m-?(.so,),, wsre done to evaluste A_ for m-?(SCq) .

In addition 1t would be desirable to study the effect
of cation tyre on the conductivity, UJoue other metabenzene-
éisulfonatessuch as Lip m- P (50 )2. U(C’-f3 M q>(w
end [x(3u),], m-Q(.03)2 will be stucied to deterauine the
effect of cation slze on the conductance, GSuch an effect
has been recently found to be very significant for 4-1
electrolytes(lc).

The observation by Oaniel(ll) of elsciroacalysis in
a three coupartuent cell snowead that positive end ne_ative
dons Go not carry equal acounts c¢f electricity, In oluer
words, different lons Lave cifferent casc of movcaent under
the influence of en electrical fleld. Thils 1s contrary to
the earlier iceca of Arrhenius who erroncously ascrioed the
decrease of equivalent conductance Lo a decrease in tie
number of free ions and essumed the mobilities to Le coa-
8tant,

Ionloc conductivity and transference numder are in-
ternally related by the equation t = -.A.: eand t = -2: ’

N R A~
where t and t_are transference nuiabers, A 4 and A _ are the
ionic conductances of catlon and &nion respectively, and A

1s treequivalent conductance,



Three types cf experliental zetlcds of Cctlerciiaticn of
tranaference n.Ler L.ve tecn casloged:

(1) 1ue hittorf metlod of exnori .ent, which was
frequently used in tiue »ast, roeguires accuvratas anail tical
work and 1s cguite tie consanlnge.

(2) ‘he e.1 method, lovelving fe.curcncals of celle
with and wilthout transicreace, regulrcs electrides revers=
ible to tota inms, and even Lien 13 of 1l .itel azcusacye

(2) 7% rmoviug boundary 2ethod, with wi.lch these
experiTenrts ars corcerncd, involveg tig ouscrv.tlon of the
velocity of a bouncary hetweca two solutlons. Z:iis mevhod
18 relatively rapld ané provideg the best zccarzey atinine
able st preseatl,

In adiltlon, transference nuzters affor. sa incepene
cent esperlneatal test of Lheorye It happens tliat transfer-
ence n.azvers of wasyuctricul electrolytes aore rore sensitive

to veviation from Unscger thedry than are conddotances(lz).
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It has been snown that the Debye-Huckel limitin: law
glves tlheoretical rrecictlons which fit experinent st very
low concentratlions, Fowever the theory 1s not valid at high
concentratlionse.

Ceb e and tHuckel male sone asswnptions in devaloping
the treory, which in wost cases are not vallid et hizh con-
centrations., These essuaptions ers the followings

le Ions behave asg hard non-nnlarizable s heres, LLis
agssunption glves to esch electrolyte a mean distance cf
closest approacn. Jons are assurnred unable to penetrsate
wlthin this dlstance and the charces are assuned to be
spherically cdistridbuted over thrhe ions, It 18 expected that
this assunption willl be invalid for larse lons wiose charge
distribution i3 somewnat distorted,

2. 7TThe solution 18 sssumed to have a uniform dielec-
tric constant - actually solvent molecules are about tre
gsame slze as 1ong and the agsurnption of unifors dielectric
constant cannot be valid if a few solvent molecules are
on the average betwcen each palr of ions., The clelectric
constant of the bound water is not the sare as that of frce

water in tre nure state, TFurthermore the work of "asted,

5
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6
Eitson and Collie(13) shiows that the dlelectric ocnstant cf
a solution 1s less than tlzt of the pure solvent,

3« The time-average charge clstribution can replace
the instantereous cistributions,.

In using the tilre-aversge distribution of lons in
the Polsscn equatior, incstonternecns interaction forces were
irrored, These forces give rise to tre so called "fluctu-
ation teru®, whcse magnitude has beer the subject of much study
over the years. A sezi-evpirical treatment by Pjerrur{1¥),
Fuoss, &nd Kraus(15) took care of trls situztion reaconably
well for syuwmetrical electrolytes tlrougch tre introduction
of tlie ion-reir concert, 7Trkis cdoes not cozpletely explain
the beravior ¢f unsywnetrical electrolytes however. Recent
advences using statistical mechsanics by Fayer and Poirier(lé).
Kirkwood (17) aud recron(13), nave sousnht tre answer to this
prcblem,

Tre irteraction between two 1ons of glven charge
depends upon tre sirm, structure end polarizabllity of the
ions, and &also on the size, structure, éinole merent, and
rolarizatility of tre solvent molecules with which tre
ions lilewlse interact, As tre Interactlon betwecen lon and
solvent incresses, the icn-1on interzaction decrezces and
when lon-solvent interaction decreases, ion-icon interaction
increases and lon-pairs will fcrin, For weak lon-solvent
interaction thnere is a likelihood of the formatlion of ion-

triples and higher clusters,
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4, csolitions are diliute--tre theory cf iebye and
Euckel scsountad entlslactorlily for tie betsavior of norwal
l-1 salts, such &s {ICl, 1n agueous s5¢latlon up to concentra-
tions of about 0.01 N, i Dova ti:ls conceutration both the

prysical and trle catheiaticzl approxil stlons orelit Gcwnh.

The essentlial festure of Lebye=iluckel theory 1s tie
calculstion of electrostatic potentiul W at a peint in thre
solutlicon in terss of corncentrations and charces of the ions
ané t''e properties of the soivent, 7Tris 13 esctleved by thre
device cof combinln> tre Polsson epistlen of elestrostatlo
theory with a statisticsel meclanlcal distribution foraula.

Tre result for the rotential gVJ 18 given Lyt

y = = ‘hi L4 Ka ° 2- Ka
J 1'Ka -

Wiiere 1s tre elscirical charge on tre corntral Jj-icn, “a”
represcute the llait within wiich no other 1ion can o»proach
the central icn anc

K = [“"" Z8, 2|
KT /

Onsager‘lg) kag shnown that the correct tite-avernge lonic

dlstridution fircticn 13 given by tre egquation
r, =n exyfwji
o Mn =

k'herse le repreecutg the tlrne-sverage encr.y to crarge the

d-ion at a cistance of r fror ~-lon, lecs tie tiie averz_ e energy
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requlred to clrar_e tre 1-lcn at an inflnile Clistaace frouw

tre j-ica, (L.t £till reiolulne in sclution). The corrcs-

({0

Forcing value of j1 froa the ecuatlion of lebjye aad Hulkel

i w1 = elw‘}.

Be

The Ixbye-iiuckel theory, in its general forr, accounted
satisfactorily for tle tliermnodynanlo properties cf cdillute
soiutlonse & sl.ple coouuctance treat.usn® ¢f ¢lliute sclue
ticng by Debye-luckel was not coupletely satlsfaclorye.
Lowever, ti.e necescary reflineients wera given by Onasgcr‘é).
w0 studled the tieory of concuctance and cdiffuelon in
electrolyte coluticnses Cnsagcer cevelcocjped a theory consldere
in; the guantitatlive aspects of tle conduictance proulew
which glves the 1ndivilual 1onic coudictivity of cdilute
solutions as a function of concentrution, Ai the scre tire
the results are applicable to the chanse cf transference
nuuber witi. concentration.

The motion of an ion under an external fleld i3 con=
Flicated by two effects &arising from interlonic forcess the
relaxation and the electrophoretio eqfect. Each of these
acts as a draz operatin;; between oppositely charged ions
moving in orposite directioms,

L) The time of relaxstion effect - Cnsager in the
calculatlon of retardation by the tine of relaxation effect used

the equation of isotlion &nd the eguatiomBof continulty to
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9
set up an expression for the asymmetry of the ionic atmos-
phere, This treatment involres tle use of expressions for
frictional forces and ionic interaction and results in a
complex differentlal equation. Aprroxirate solutlion of the
differential ejuation gives & retarding force which 13 pro-
portional to the sgquare root of the concentration and to
the mobility of the ion in question., The expression also
includes the dielectrioc constant of the solvent and the
temperature,

2.) The electroploretic effect - Ancther electro-
statlc action which lowers the zobility of the ion 13 the
electrophoretic effecty, 7“he lons coaprising the atrosphere
around the central ion are woving thenselves in the oprosite
direction. As these 1lons are usualy solvated truey tend to
carry with them their assoclated solvent molecules, so that
there 13 8 net flow of solvent in a éirection opposite to
thie motion of the central len, wkich 18 thus forced to
*swin upstreanm" agalnst this current, 7The elecltroplioretic
effect normally wmakes the larzer contribution to the con-
ductance, The basic expression used in tlre treatment cof
the electrophoretic effect 13 Stokes' law of the velocity
of a sprere moving throuch a viscous wedlun., It i1s also
agsuned that a steady state 1s gqulckly reached in which
monentum 18 transferred froa the ions to the sclvent and

vice-verea,
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Accorcding to the Cnsager theory, the conductance cf

an electrolyte 1s given by tre eguations
A = A, - (tAe4p )t

wliere « and /2 are constants cepencing on the cClelectric cone
stant, te-perature, and viscosity, end A, 1s the limiting
conductance, ThLis equation is a liriting form, If A 1is
plotted versus c%, tten in cilute solutions the points
epproack a stralzht llne whose slope 1S equal to ® A+ 2,
For salts of a given char;e type, the slopes differ little,
but the wa;nituce of the slope increases markedly as the
numder of unlt charges on tre ilons increases, Ongsager's
equatlion 1s very useful as a linliting fora for purposes of

extrepolatlion,

l, Fuosg-Oncazer Theory - Recently Fuoss and Onsager(zo)
re-examined the equations of continulty and the boundary
condition cof the differentlal equation and 1lncluced riguer
order terus than before as well as the ideca of a finlte
ionic dlaieter, These workers obtalued a new expression
for the rclaxation field, The resulting equation for cone

dugtence lLas the fornm
. . .
A IA.-(‘AQ“"ﬂ) ¢! +DC 1InZ + (ch .’,cha/Z) (l - 01)

3 -
where the terms Li ler than 63/“ are neglecteds The terns
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Jl and J, are explicit functlons of ionio £lze, Agand some
sowent properties; D is incepencent of ionloc size, This
equation was cerived only for symrmetrical elecirolytes.
Tests of ti.is « uation in solvents of varilous dielectric
constants glve consistent results for the joni- sire and
reasonable values of the assoclation consiant.(lz).

2, Higher terms of the electronhoretic effect « X
tension of Onsager's theory by Uye and Speddin. involved
the inclusion of hirher-order terms in the disgtribution
functlion used in tle electrophoretioc effect, ftris treatment
gave satisfactory aireement for both conducteaces &1d transe
ference numbers cf alkaline earth and rare earth hellides,
Becently, the intesrals rave been evaliated by nuzerlical

wethods using machine caloulations(ZI) for a variety cof

crharge types, ion sizes, and concentratiorz,

l., Solvent structure - Tle long in solution are
subjeot to strung electrical flelds due tc solvent uwoleculese.
Ttie intensity of tils field depends on tlhe valus of tle
dipole morent of the solvent moleculss, In corsidering tlils
intersction the smaller the molecules of sclute, the greater
is tte force of interaction with the solvent, In general
the results of solvent-ion interaction will manifest thren-
selves in three different wayst effect on the motion of iouss

solvation pronertiess and intcractlion of lons wlth each other,
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2+ illgh concentrations - In exrerinental wori on
l-1l electrolytes up to concentrationmscf 0,01 normal, thre
limiting lew of Onsacer csn be applied, Leyond tiils cone
centratioa rany varled and complex effests come into play
wrich canrot be quantitatively predicted, For exanple,
the viscosity of the solutions 13 altered, and as tre con-
centratior increases, a quasi-lattice foris and certalnly
in very ccncentrated solution the lonic dilstribution must
#2lteruate as in a crystal,

3¢ ursymmetrical eleclrolytes - Unsymretricsl elec=-
trolytes zre coxplicated by the fact that the theory of
Fuoss and Cnsayer(zz) ia applicavle only to tre syu:retrical
typee Furtrier coipllcatlcns arise frou tie fact tiat any
lonepulr which mishit form etill carries a net charge and

tiis specles has un unknown moblility,






III., CAFLRINENTAL

Ao

Since pure Kap m = U4 (303)2 was not available, and be-
cause of uncertainties 1in welpghing due to hydration of the
salt, tre stock sclutlons were prepared as followss

Cenzenedisulnhonio acld was neutralirzed with bariun
hydroxide according to K, m -?(302)3 + Ba(O%E)z-—D Ba m -?(503)2
+ uzo. and the end-point was checked with pi parer indicator,
After purification, a solution of known concentraution of
La m -CP(;)OJ)Z and also a solution of Razﬁon was metathesized,
After reroval of barium sulfate by filtration, the soluticn
was wel_hed and 1ts molality calculeted, Other solutions
were prepared fron the stocl by weisht and stored in FPyrex
brand flasl's with rubber cars to prevent loss Ly
evaporaticne,

l, Parilum metabonzeuellsulforate « Tre vruus
ta m «@(505), obtalned froa neutrallzation wes dissolved 1n
a s8aall amount of conductance water &nd recrystallized witi:
ethyl alconol five or six tiaes,

2o Sodlum sulfate - Analytlcel reasent grade sodlun
sulfate which micht still contailn so-e sodivm Ijydreo-en sule
fete znc molisture wes reanted for tkrree rours i 5500 Cey

cooled 1n a dessicator and used to prepare stock solatlons.

13
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Th088.5611t10n3 wero analyzed for sulfate by bariuan sulfate
precipitation,

3. Water - Preparation of a good conductlivity water
free from CO, &nd cther irpurlties which way centauinste
the water 18 of great importance, 7o yrovide a g£ood water
for the erxperimentzl work of trkis thesls, the followlng
essential points have been observeds

e. Tre clstillation flasks &nd colums were thorough-
17 washed witn cleaninz solution &nd soaked in good water
for a period of tire before using.

Le Fcr ths purpose of preparation of water free
from orzanic substances and contaninant guses, @& two-slep
distillztion was performed, First demineralized water was
 distilled fron an elkaline permnanranate soluticn to reucve
organic raterials by oxldation, Secondly, the water thus
produced was iatroruced into a separate distillation flask,
and ¢ilstilied andar a stream of nitreren, Before the nitro-
gen was latroduced into this system, 1t was purified by
passaze tarough gas-washing towers containing 1,50, KO-

solution ard water contalning phenolphthalein respectively,

The averige conductivity of the water used was 0,37
I

-l -
x 10-€, ohm cm

B,

Tie apraratus used for wmeasuremcat of conductivity

18 described tielowt
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l. D2ridre - Trhe bridre used 1s a modification of the

Jores briige cescrived by Logers and Thompson(23). It con-
sisted of an aallo frequency oscllator, &n &rplifier and a

caticu?e ruy tube. This bridge allows the use of frequencies
ef 400, (09, 1000, aud 4LCO00 crs. ‘ilie balance polnt can be

o

reproducen to  0,1017, The resistance sicred & sliznt freguency
depencence which wes corrected to inflte frequeucy in thre

usuel fas:icne tror hish reslictonce a 29,000 onn shunt was

used in p:rallel with tile cell,

e 11 Iath = £n o1l bath wes usea luctead of a water
bath in order tc cCecrease trhe canacltence effect, Tenper=
ature centrol te t 0,019 C, was obtsired using a mercury
therrorer.lator to contsol & eat lamm, 7The both wes stirred
wlih a Gorasn - Gupp centrifu;-azl pusrp and terrerature grodle
erts within the bath were lecs than .C2° C.

3« Conduntsnce Cell - The conductance cells for low
concentraticns wore constr.cted frow leeds and lcrikrup Type
£ cells, A 530 31, frlenmcyer flask was attached to the
electrole chaiter, This maxes thoro.ugh micing of thre
solution possible, %he platinum electrodes werse lightly
platinized beere using (ca. 40 sec, at 40 ma,)s The steps
iovolved 1a a typlcal conductivity run are:

Ge) Wuter transfer and seasuresent - Jefore introe-
ducing trhe water 1ato the cell, il was clewuea with hot,
funing nitric acld and rinse? 15-20 tines with water and

finally allowed to stznd overnight filled with conductance



1€
water, After drying tre cell, the stopcock and standard
taper czp were lubricated with Aplezon "I grease and thre
cell was wei hed, Vater from the fiunel distillatlon under
mitrosen was truasferred into tre cell undsr nitrepen
pressure, DJefcre introcducing any water, the tropped eir
inside tlie cell was swert out with nitrcren for 15 ninutes.
Cnly cbout 300 mle or less of waler was used so that
efficlent wixirg could be obtalned, After cougletlioa of

thre transfer, thie cell and water were wcishel to % 0,01 g.

be rieasurcrent of water conductance. - The cell with
weter was pleced irto the oll bath for at least 1/2 hour
before zessuring thQ reslstsnce, Lue to tre Lign resistance
of weter, it was necessary to mehsuro‘the resictance 1in
perallel uith a 20,000 ohm shunt, 7The cell wes reucved
and tne cortents mlxed genlly until re;roéucibla resicstance

reacdings were oontoineda,

Ce Acdition of a solute -« A welzht burette contalne
ing stock golutlion was used to introdice sclitiem into the
water wilch wes previously welghed and whose conductance was
neagured, 7y xmowing tre wel ht of the bhurette before and
after e d1tlcon the amount of solute introduced into the cell
could bte obiteined, The addition wes made with nitrogen
flowing tirough the cell, Care was exerclsed in introducing
the soluto into the cell, to make sure trat the Iirops fell

directly into the bulk of the liguid,



17
d. lecasurement of resistance - The reslstance ceasure-
zent was carried cut ag for trne water excert trat the shunt
was not nccecsiary. If the r-on tenperatire wss lower than
tle bath, somc coun.endatic. nrpexzred on tihe cnp and neck
of tiie cell, it was then reueszsary to hezt the rortion of

the cell aLove the batl with a rocat la-n,

e, [lor nezsurencat of hizh concentratioas (.007 W),
a Leeds and Fortirup type B cell waa used, oolutions made
from the stock were predared in Fyrex flacks und memsuresd
directly., <Te water used in tils prenaratlon was scparately

stored and 1its conductance measured,

Transfererce nuiders ware measurel by trs —oring
btoundary meti:oi using visual obcervation of the bouncary,
Tris detection is based upon the differeunce of rofractive
indlces lLetwcen the leadins solution aad the 1nficutor
solutlon. The instruaents ussd in thkis erpari-ent ared

l. C-11 - The cell consists of evode and cathode
cousipartments and a U tube with a callidreted niyette forming
one cf the arrs, The cathods end anode cornartirents are
separated by two hollow stopcocks which allow neagurenent
¢f elther rising or fslling houndaries, Wren the stopcock
btetween the leadlir: and indilcstor soluticns 1s opened and
an ad justed potentlsl 18 avplied the boundary wlll fcrum and

begin to move through the callibrated tuve, The rate of
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motlion of the Loundary is ouserved visually, The enoce 1s
nade of a ctenirally nure eadalunm rluzy and the catlode is

8 sllver-silver chlorlle el=acirode rale froas silver slect,

2. Curr:nt Control Apparatus - Current for the measure-
rent was surrlied by an electronlc constont-current device
desoribed by Spedcing, Porter, and Wrizht{24) and nocified
by Dye. 7he current througyh tle gell was also passed trrouch
& stenderd 190 cohn resistor and the eaf developad wus
measg:red with a Locis &nd Yorthrup Type Il potentloreter,

The unbalance fros the potentiometer was fed to a Zrown
"tlectronik” aplifier which was used to ¢rive a synchronous
motor &tt:ached to the control ilelipet™ of the constante
current circult, 7Tine ocurrent could be malntalined constant

et 0,5 to 10 22 to % 0,05,5.

3¢ Liztnt ard Telescope = The position of the boundary
veg ceteclted by moons of & narrow s8lit cf 1li ht passed
trro:-h tie transference tubve from the back slde with mr

tele.cone focused on the tuve from the front,

4, ostopwatoh « The time required fcr the vouncary
to pass tetween the gops that were marked con tie pipette
was neasured with stopwatceres wrich rad been colibrated

e;ginst the gtandard XV sl uale



176 HELULIS AND LISCLz3I0N

Pe Tomidts
Tre arzlyses cf solutiomBusel are ives 1n Tulle I,

The conductarnce results are given 1In T:hle IT (nd ere shown

praphleally in Fisures 1 and 24 Filoire 2 13 a -rernh of /\.

versus the squere root of normality, where

/\’,'A"’ (<« Ao ""4)\/?

The valies cf & &and /22 uscd were taven froa la.mel and

25)
Cven‘'~~? sna are

d nos9 *
=10, * = 60,19 W
Y3 3

Tatle I1I gclves the data used fopr Jdoternination of

4 =

trhe c<1ll constant, TFor the equivalenl ccndictarce ¢f [KC1,

the eguation

A= /\,‘ 8;Vc + AC logy C + 3
wWas uced,
Tre trunsference cell was checked s nubor of tilres

usin; i1C1 sclution. The values obtainsd for f+ g reed with

13
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the literature vslues to wilthin 0,1%.
Five rung were mads with Ra-m ¢(503) solution whrich
ere co:ilinad witli earlier deta of Dye and Ccrdon( « The
co.bined res.lis are glven 1u Table W and showm in Fizure

3. Tiue 1iml _ val.e of T*, ¢enoted bty T+° i3 of »narticu-
[

lar inter:st siuce it fires a value cfvfor n- @ (20,),
S &

O
and

wiich car Le coupared with conductance results, T, 0203
= "

thls sives with Ag a.‘value of X:- 6079

itree atte nts were nade to measure the transference
nuuoer of golu 2elibenzenellsulforate witincut siccess,
Only for the mdst concentrated solutlion could & boundary be
seen and cven for thig care it wng too faint to follow,
“ris coull be cuused by close values of the refractive index
¢t tre lexdirg and followiny solutions or by tre nresence
of a slignt excess cf Pa*t or 50, tons, This will need

furtler 1avectl ation,

®
“¥s v:lie of obtaircd 1n this work 13 109.76 ohm'l
e;aiv -1 cmz. Using

]
P ] "1 -l
A-.- = ;'J.A.D LS e';‘.ll'f e

[
~ - _ - 2 -
A_.z 55666 ohim 1 equliv 1 ¢n2 for ne (:‘CJJ)_,3
— . s e g 9 =60
iinls 1 1o e cowLured witlhi tue valie of k‘_ i

culaulel Trou tinaoference wocazureaents o1 trhe barian s2lt,
Spallcatica of tre extvended elecirophoretic calcuilate

o \
lons of [ye and Lpeualn; glves an a value cf about 7
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inzstrors, Thls 1s to te ccnsldcred tentatlve, however since

trancfereuce niabers £re &lso nexded for thils czlculatlion,

Errors d.ue to actunl reasuresent of reslstance were
certainly rnesligible, This is evidendt 1n roraoct runs of
conductivity using the rish coll, Teneat wm2as:urements
¢iffered by not more than % 0,027,

Differert analysis for the stocit coclitlicas uced to
zake thie finel solutlion gsreed with each ciier to within
+ 0.17 and iihe melathilzed sol.tiovn was cheoied for extra
ion of eacli re:ctant, I‘everthelcss, tle solutlon cert-inly
contalned sore extra Za’t anl {0, = becasuse of the sol .-
bility of 3all,. Iuls siould notl huve znde an uporeclavle
error 1a conductance, Lowevern pil weas.re.ents £aowes that
tl.e scidity of tle Ca m- @ (;;-03)2 stozk scliticn after several
rontl:s standin;; wus éssentially unchasred fron that of the
water uscei, Cl.cciz deternlip:ztions of LUie coxduciuncc siiowed
no ciange durlig thls perilod, 7Tihls 1ladlcetes ro decowpositlon
or evaporation of Lhe solutloa, As the :reph ¢ cenductance
xergqad the sqguare roct of concoentrection stows, at concentra-
tions below about 0,005 N the cranges in condiktunce are inm
accorcance with Ongager's theory. 4t 3 ‘Yer coacentratlons
swiiere the theory uathenatically breaksfdown, ¢; s3te atic
deviatliors sect 1In, At least sone of the: e ceviztions can

be attributed to higher terims in the elestrcpicretic equation,
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It w1ll be interesiing to see wheither cothner salts of m-¢(303)2-
with univalent catliomBalso give arrecenent with theory or

whether a rronounced icne=slze effect occurs,
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TABLE I

STOCR SOLFICN AND NMNITATSR:IS CALCULATIONS

Da m -¢(J~33)2

Lymari~rantal Riam

Xo. 1

No, 2

I'I-O. 3

vei-nt of solutien

keid-.t of :.'“c,\-.)(;‘lwz

547453
0.2659

tolality (calculated) 0.2176

Hanoo

rel;nt of eoluticen £.50R1
Wel "t of I"a 0y 0¢5503
Yolallty (calculatec) 0.,4343

5,1146
02400

0.2173

543512
05152

(o]

[ ]

i
)
it
(W, §

5.2341
0,2455
0,2172

5.7701
0.5hi51

0.2«3(,(‘

d

c = -9 03)2:

297,52 g4 MNa L0

&,

= rolelility of final golition

stoclt = C,2/{ equlvalent of



TATLY 11

-_ - -re

Y TN "' '\'I‘.‘ . .
covyy Lrare TR LT

Series 1 -« Cell =33 constant = 1,0247

2

I',0 conductarce = 0.343 x 10=C

con~l . ohm .

Initial welgsht ef water = 205,59

¥olality of stock = C,042572
(at 25° C
————— —= —— - -

. e ,
. ‘ zéii?gnOf ‘logg?iégéno‘ RO‘ A AO
€e dtock x 10 x 10
1.0C35 l.LECs 2.9243 32L7746 10€.32 109,%0
<e7953 2.L553 L,9021 177750.0 106,12 109,54
2,8191 3.5L75 7.6723 1277345 105,23 109423
3.915¢ 5.325h 10.€153 5315.0 10L.43 109,90
541656 €.9972 1349530 7337.90 103.72 110,09




TATLE II

CCLLICTARCE BRsULIs

Cerles 2 - Cell =33 constant = 1,03£7

50 Conductance = 0,27 x 10'6 cha™3 om~1
Inltial weligrnt of water = 236,02
“0lality of stock = 0,054257%
(at 25° )
Foliallty kornality P
soliiion gciftiﬁn Roe N /\.
e Stock  x 1ch x 10%
3,03%1 4 ,2609 8, L9066 11567 io5.05 109.94
4,L5350 €e214 12,5257 7925 ioh.lb 110,03
545471 2722 1€.5755 €0C7 103.36 119,13
3291 11,4943 22,9206 LLOE € 102,43 110,52
10,303 14,1786 22,2724 36400,1 101,72 110,65
12,5237 17.0521 3440058 3014 101,04 110.24
14,1504 19,173 33,222 2€633.7 100459 110,97
16.2€04 21,3797 43,6300 2370.1 1C0,17 111,26
21.253C <le2071 5642395 1257.0 9720 111.79
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R, it e — Y
{erles 3 - Cell E-1j constant = 22,19
(at 25° C)
;;olallty

e of A
€e Stock GLolutionm  Tolution venslty Gdornality .
197.58 398,480 0,02097 1.0004 0,0L172 8€48
27547 41L .32 0,02322 1,0015 0.05(26 BLA6
. stock stocl 0.0L257%8 11,0039 0,047 8l.L5




=3
et
t‘l
tn
(W)
-]
L]

CELL COYSTANDT TETIMRIVATION
Low Ce¢ll = t=1
FYolality of stock = 0,04913

F.0 Conductence = 0,83 x 10-C ohn~1 om™1

27

2 (at 25° C)
f e e e Ml Ry A ——— ———

Tlolality DNorzality

_ sogi‘fgon solﬁgiﬁn R" 'A ‘

&e oteock x 107 x 10
1,£€77¢€ 2,€6320 2.€6711 258549 143,38 -
2.5520 h,0651  4,05(2 17040 143,00 1,0279

5429 5.6L09  5,€24% 12363 147.€€ 1,0270
L, LOLS 71050 7,02L42 03L9,3 147,40 1,0266
5.5271 £.7270 2,701k 50L3.3 147,15 1.0366
6.8912  10,°33 19,201 €L99. 4 IME,SD 1,022
842473 12,907 12,571 5L72.0 1LE,57 1.03(3
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o >
G RDLE 1V

TRADSFLILLCs NUMBLER COF 38 me@P (:303)2

(at 25° C)
o~ ——
&

C \/c? Te
0,02036 o 1426 0.5123
0.0L100 .2025 0.5137
0.0€102 . 270 0.5142
0.0(1C2 . 2L70 0.51L6
C.ClLSL 0.254¢ C.5143
0.10906 0.3302 0.5144
0.10906 ' 0,3302 0.5142

0.109056 0.3302 0,547
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