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ICAL THTRODUCTION

The sators of aleoipolytic seiniions

Awwestizaiors for & wery 1

Shoes Careful fnvestlgation

af o bebmvior af aleo sdpanseil {9}

2 slestrelytss lzd

o sonelude that in wery dilubts solutions the souivelent
condastancd was yelabed to the cumsentration by the

anpirienl relationstlp,

woere /. 13 the souivalent condusianss ab cuncentraiion O,

A, is the esudvalent conductance ai fnfinite dilution and &

facd

is an ewplriceal consbtant, It zan sizo B shown ey the

; *g..,l

volooities of %he lous ave volabed bo the equivals

sonduetance in the follouwing mannevs

Ao« (v o)
N, (v + )

Hers o« 48 the deproe of disscelation of the olectyolyte and

¥4 and Yo are the velooltles of the posttive amd segative
ions pespoctivelyy al & glven ﬁ&f?gg*‘ﬁama v§ and ¥8
rofey to the welositics of ihe ros o gobtive lome at infisndte
alintion.

vaploss early thoorlazs megarding the naturg of
ﬁi%.ww 1veie solutlons were presented, bub the flrat workable
thoeery was thab due Lo Avrbonius (£). He postulated thab
slectoolyies dissosliabted lnto ilons io solution sud thmt Lhe

pve Long andd the undiszoclsted

sguiiibedun existiog belwoen
‘ wd By che law of ness acstione

glaatrolybe wonid be



-
garding sonductance, he assumed tint the velositles of the
ng a4t o finiles concentyration were the swe as 28 fnfinlte
hange in condustanece was solely due 6o
g in q , the degres of dissooiation. If this is
sorreet then 1t folloys from equation 2) thal,

"A-/ 'A- o wanen 3}

»aim {m + Vouf = &vﬁ% + 79},

R )

seplying %;m mass m%&m Lo to agzmmm 3 ‘i!,%m ‘o

on law wihlch ean be axpressed as follows:

2 :
N/ S . waonn 1)
l - ./\./-A.o
sarranzed to e stralght line form:

Yp - i/JL., + CA/KAO o'

sgmation 5) was found to bo applicable %o wesk aiiw%; clytes
but for strong elestrelytos the plot of C.A sgainst YA was

suning that strong slectrolytes were sonplataly
dissoelated into lons in solution and
ideality was due %o fonic iInteractions, HiL

that any departure from
ner (3] was able |

+o calounlate the thovsodynanmie properiiss of slsctrolzie

+ Debye and iuekelappiled this medel to the prob

solutlions




.
of condustance. ,
Debye«ilioksl theory caleulates ithe potential ¢ 40 =
colnt in solution in torms of
speoiss and thelr clurges and the properiies @f the aal%ﬁ%

g

e consentrations of Lho lanie

For o spherieal distribution of charges the rolsson esquation

can be szpreszed an follousy

i é (/LZH) - - 4” (:':: F
/Lz 6{/% __ ,d/b ‘ _D_f Ei s = %%}

are D 1s the dislectrle constant of the modfum and / ia

poind in question.
thetylibution of
bubion lode Than

the clarge density at the
Debye and Mekel now

sharges was given by the Bolbzmann dig

the eharge demsity at any glven point is given by,

/2 ‘Zhizz& £Xp (Q%) ‘ wwﬂ 1}

sions &) amd 7) refer to a moviang ¢
ome veforence fom, say the jth fon.

] The gaﬁm:igzzﬁ of Eﬁmw superocsition of fislds require
that a linear velationst ' : ;

vesoive this Qif:
Eeten .;e; tavee and W%mﬁ mﬁg the Lenoar &

squation 7} can be weiiten as Tollows:

/O - -' Z n; l;é_z__‘l/ e §)
f 2 /kT » .



e
Substitution of equation 8) into scuation 6}
of the vosulbing differential eauation leads to tho

Debiyemftickel expression for the potential:

K ~-Kx
Y _  ze . e 4

D 1+ Ka A
Hers "3" ig the dlstance of closest approash and K is
defined by |

A %}

i

2 2 :

D

; now assumad that a deeroase in
ouductance with an incresse In concentration was due to a

nie mobilitlos, “hess in turn are Influsncged

by two effects; the electrophwretic offeot and the relamabion

affent, The relazation affect arises Pros the fast that

eash Jon will be surrounded by an lonic %m&gmaw of
oppositely ohavped fons, Whenm no oxternsl £ield is prasent

the eentral ilon, but aw%mﬁ%@. of an external f£ield will

ion will experdence

iphere and the senteal
The slsebrophoretic effect arises
g aolvent molesules with

a nek w%&zﬁi&g fovoo.
heough the solution.

Consoguently,

s are net moving through a stationery
hpough one which oither alds or opposes thelr motlion.

On the basis of the foregoing dlscusalon Dobye and

Huekel wess abls to make a good first aporozimation



. gsi‘__

sondustanee sroblem. Later Ongapsy (L) s0difled thw

L K
Dobrowin

siel btreatmend o Inoluds the Drownisn soitlon of 4hw

rarovencss lon. Tids remulted in 3 condudtance smablion widas,

Tor eni-andvalont slectvolytes, can be expressed lun the

followlng Cormy

A - A, - 8241+ g.20¢ x 10°N, VC ewsse 1)
DT%, DT %, -

where D, and Mo ave the dlelsotris sompiant and ihe viscosily

atdvaly, of the pure solvent. 'The sonmbants,; 0249 and
i

B g ; t‘? P 9% . o . 5 e
8,200 = 107 ave dorived Trom soubinations of sush p

suaniities e Bhs Feradar, the sharses on the Lfong aud
avazadeots Hanber.

gased In the fovn

Whes souation 11) s ey
J\. : _/\.,, ~ (« +/?A°) \/E R

whibe

X

_ﬂ__SZ- AR EEN 13}
(DOT)VZ'VIO

ang

W

/B’ g.204 x (0> o
- T’ % # 0 i,
(Do )1°

at eguation 12] bosouss
svided the

1% 33 Lyeodistely Mﬁ;ﬁmﬁ

with the Roblrawssh exprosulion,

identioal

wensgrature and sglvent ave 2

i

It st be romoubored, howsver, that he

opgager somation fe ®eally only o iilsdtling law wisleh can ba



ezpested Lo apply only to extremely (ielstly, infinitely)

dilute solutlons. 7There are soveral roasons for this.

n ave the followings

is It has besn assumed that m@ dialoctric sonstant of the
solution is essentlially that of the soivent. Duo to the
enorpous fleld strength in the lwmediste vicinlty of an ion
(mickel (5) has saleulated the fleld strength of a univalent
fon in a mediun of dielectrie constant of G0 te be 2 x 100
volis/fom, aﬁ“a éiai: se of 3 = ?@“‘% oae from the %azz%%ﬁ@ of
2;%3@ ion} the disleotrie W%&&ﬁﬁ wiil be aliored navkedly.

: that the dielectrie

Hiastod, Ritson and Collis {6) have show

conatant D of an eluctrelydie solution of songentration ¢

san bo found from the f&iwimg axovession:

where J represents the average sentribution of the lonms to
the dieloctrie sonstant. They have alse determined. -
various electrolybes up to a concontrailon of I, These
values vary from -7 o ~15. Thus it is obvious that the
dielsctria cong

£rom that of wure solvent.

tant of a solution mey be markedly

2. It has boon assumpd hat the Interionic potential energy

is negligible welative o thw thermal enewrgy of the funs.

4 Lo i of 1insap

necessary bocause the the

This assunpbion was

superposition of fields requis

o3 that & linear relationsh



azist botucen the ohavges densliy (’ and the potential ¥ .

by

The Boligmaryn dlsiribution fu
ial velationsnip.

muis, aceording to thds law,

Ay - MNP (%) dV ‘ penes 16

fm@;

/t{,,,_‘ =" N ,LX’b (%) dl/ soves 17}

mapber of positive and negative lons

mag;%mwmﬁ in o volume @0, € 33 the clactroniec ohargs

distance ¥ from a ‘selosted lon Is now

Bolizmenn coimtant,. The shavge densily at &

glven by,

: f : (/J)t# - »J"‘- ) € A }ﬁ}
AV

boltween f and Y Debys and mtekel. expandad %&aw ponential

apon substitation of oguations 16} and 17}« As has

boen pointed oub, %o obitain the nocessary L tnoay pelations

terms into s power serios and poglected all seecond order and

higher terms. In esaenss, thls assumes timt €Y << T 4 an

asgumpbion whlsh is not Justifisd in eoncentrated solutions

dhere lomg approsch such olhwy G nove eloselde

the sise

3¢ 3Jous have been represented by point chavges and

ebion, howsver, gives ah SXDONONTUw



od to be negligible rolative to the

of the fons is sasw

,&;‘ 25 i{é’ vd’ﬁ %&ﬁ %Wﬁ i{;}% - m @%%%ﬁ%%% & {fi %Q}zit 2@3}5‘ %z% .

interionic dlstance Jdecreuses and the sisze of the lons

bacones fapovbante

- Eeveral atiempts have

ﬁ&ﬁ%&m@m@g@w theary into the region of o

aiting the finite size of the loms inte aceount. i*m¥
agen (7) and cowworkevs songidersd lons to have

2a

san rade bo azxtend ths i}&hggg* .

ite concontpations

affosty, 4% Lho sawe time they used the Bilgeneiicie {8}

%o be

distribution funotion, which alse considered the lons
finite in size, and obtalined the expression,
| ' e SR
DT 1+ Ke 0.2929 Ka
where "a’ is the distance of closcal approsch,

. X paprosents

the intonsity of the fleld aecting on the fon aniaX 1s the
polaxation Flold which acts in the opposite sense, K i3
defined by the f@llw%%g a@xgmmmw

K - WN(: 1[(2— 1 -1n - In } eee 21}
/z5pokT 2N, 2_,\1: crona 2
In the &ﬁf&;’s&%&m of K : ﬁ‘i and O abe the gl

catlons and anlong poy cuble centimster and Ty and H,

or of




e

for the relasation effent to allow potontion of tho Solbumarn

famebion and miblished thoelr condustance souation In 1

-A=[A°—BM1[1—&ﬁ_ﬂ
‘ 1+ Ka 1 +Ka

where

Bl = 8.20 x /0 d P 3
(D.T)*

| B A = 823 5 snsos Shp}

(DT)f7

BaVe - 50.29cvc - Ka wwnsie 25)
(D.T)*%

F o= 2Xp (0.2929 Ka) ~ 1
0.2929 Ka

wennn 26}

S |

3
K { 7 Ne* ]7’_
125047

m ‘%{?’J&&i 32} % iﬁ m m &%3%%}‘% ?&m}% %ﬁf g 2 et d
A, %s koo,

size lad him %o sonciude that they must b
henes rust be displsced during migrabtion. He also uged the



., g
Elgenwiicks distribution function to desceribe ithe dlsteibution
of sharge in the lonic abmospiere surrounding any glven lon.
“heao conslderations led to the Falkenhapenelelst cunductance

equation {10]), which can be exprossed as folluws:

A - _/\_o - __/\_;; - "A-TJ wenas S0}

wiere ;s the velamation term and is defined by

A; - 0.2929 K N,.B, T
(Leke)(1+pZkarihit) e 29

zms% &w olestrophoretis term, A; 4 i& given by

Jt = —éj—li— E WA Bﬁ-}
1 +Ka :

B, and §%3 are gomstants; B, belng &s;sﬁmﬁ% by amgmﬁ 2&@}

EVe }33 glven by,
= € 99 3
B3 — A 33% }

ninge Here, too, "a

the only adjustable paranctor.

- The question sarlses wiaiher the
%@zmw in the YishaweStokes and the Talkenhacenslelst
mblons have any physleal sipgnifisance, Sincs the values
which are obtalned for Ha® are usw not less than the sum

af the o W%%ﬁi&ﬁgﬁgﬁ%@ wadll of the igmag it could be argued

values for "a® as they

that "a® doss give 5 measurs of i@}:&iﬁ élameters in soluti

It must be adsitied, hovever, thal the marmer in whieh sgquations

spimental data foross



&
#a® to sbgorb all Luperfections in the theory as well as ang

#akeh may have buen Incurve

4o Foulor {(11)

gathoramt gorvestion’s It would seem

857s; s Iz an tomnlun

the values for "a" are at beat only gualitative.

It i3 chaebved that in ccuations 22) and 28} 7 the
viscosity of the purs solvent is the only vissosity tepn
whieh aprears. The viscosity of the sclution willy iIn.
generaly be quite different from that of the sclvenb, Dernal
and Powler {12) have shown & : $om in soiution affect the
vissosity In 2t least thoe

to the solvent molésules by colliding with theom and tim
pause ohanges In the viscoslity.

2, Interionic stiractions csuse increased sheay and hense
inoroased viscosity, and 3. changes in tho hydration of the

fops cause shanges In the viseosilty.
Walden {13) studied the relatlonship betwsen viscosity

and squivalent sonductance for tetrawetiyl

g for a

and found
tenperature raoge of Lifty deprsca,

that, for a variety of solvents au

A_A.c f10 = pongbant : AN 33}

sttempbs be oxbend this to solutlons of Find
g0 Phat

e gonsentrations

A /1 = constan



nd that the plots of
,A_,.,l vorgus soncentration wswally passed Ylowony

iy agrosd, therefors, thab some form of
srrection should be appllied to the ',‘ﬁamzaﬁ
equations, The exact form of the sorrection 3s not known,
but axperience has shown that dividing eguabions 22) and
28} %g the Wm%% viseoslity is sopronlmately ﬁam@‘m

agroement righs v Lo gsatwmtlion Top ;@3@%& iy ‘i m
eblorate solutions at 25°% and 131.8%. »
weps obtained by Campbell and Bosk {16} for arsoniv
at 25°%¢, |

5,

e moat rosont freateent of the conduetanss problenm

is dus to Tuoss and Onsapger {(17)e In s rocent publisation
Fuoss (18] has summarized the highly mathesatical treatment.
4 detalled treatment Lz alse given In a book by Fues:
acoaselna (19).

in thds th

sory the pelaxabion effect and tho olectrophoretic



w§ J
effgot have besn svaluasted to inelude terss up to order of
§%;.@%X%%%%%Q§

@lectrolyte is expressed as follows:

for a ual-univalent

ndestanes equation

A= Ao-Sek i Eedge s Joo 3

in eguation 33} &, § 288 J ave constants wihdeh are defined
as followsy

5 = of + IBJ\.O . R 3553

E = E,—A-o- EZ. AW 3%)

- 2 2¢2 3
0. ‘/34-3 E‘ K‘ a b ' LA E 2 ;%ﬁ}

04343E,

=
&
o

£k R 2 3 ) 3? }
with b dafined by
aD AT
By sowbining equation 38} with equations 35, 36) and 37) 4%
i3 ovident that ths somstant E is independent of soncentratlion

as well as "a", the dlsbance of elosest approach, It is seen




Al

Prom oquation 3L} that 2 is also independent of tasss two

4 33 given by

J - O —’14 + O | weees 39)

. 2 24X 7 » .
q - -Z&C[’)”“— ["{(b) + 09074 + /Z'&i(gi’  wsess 50}

, - .
g, = «F + II/ (}:(,2 - % {/-0110 + An 'Ké% wnene L1)

oe foneotion b {B) in souagsion i

Ab) - 2B+ 2b-1
b3
wvhare b is again glven by souation 36).

'} iz delflved by,

PRI 3§ |

Eranination of thess

GEresIiong shioys

eonductance of sn electrolyte in a glven solvent and

£izod temperatuve iz a function of the bwe
"a%e Simmltansous solution of the squation for these two
:g%@ ametors using two given values of A would be extrenoly
dirfioult due to its cemplisated form. Ancther method 1s
used to obtain the two parameters. Thls will bo outlined




G

—A-: . A+ o(Cy" .
I -pc™ conse 3)

against C. The vesudting plot ls uswally iivear up o 0«1 H

and sxtraptlation to zero consentraticon gives a good
approximation for A, , say A+ Zoowing A, it 1s now

possible to determine 5 using squailon 3}2} and B using
eguation 35). Hext another gquantlity N is dsfined by tin
expression,

_A_l - —/\-o + JC EZ 22 % 5,52%} |

uhare _A_o - A "'SC EC ,Z?C « 4 plot of _A_ agalrat ¢ L8
1inear with the interes s giving N and
naving a slope egual fo Js« Oneo the slope J 1z kooum, the

poash can be calsulated by meang of

ot on the _/\_ - %

squations 39), 40) and Bide
2 the Pucesetnsager oquation reprodused

snomaly still seemed to exlst for the strong olectrslytes.
It was obseresd thai elscivolytos whlsh obeyed the Puossw

golntion belwmvesd like wesk

ger squstion in aguecus
% 1, strolytes in solvents whieh had a low dislectric comslant.
¢ of the slsctrolyie exlat

as neutpal molssules in these solvents, sines it is new

generally aesepted that these salts ave fenie sven In ilw

eryatalline siate. Blerrun {81), in 1926, suggested tnt

ton assoalation eould dalke place in these solvents, o




wilom

Lges

raagsonsd that In o sedive of low dislectric consbant ihe
Soulosble potentlal smergy could bscome large encugh Lo
time Lfons eould

sgsoniate to form ponegcondusting fon palrs. T guestion vow

aversoms the tharmal enevpy of the jonms anpd

apisen, "Jhen can two lons Lo considersd as so lon palp®

Bjerrun sonaldered twoe lons

o be an lon paler vwhan the
2
distancs belween them was less Thar

€
* 2DAT*

fuogs and Eraust (22) fivet attempt to develop

thaory of conductanse using the fon palr idea %o explaln
behavior of strons electrolytes In & medium of low dislectrie

sonsbant was

dlelectric consbant it described tine behavior of Uwm
eloctvolyte satizfactordly. I also redused to the

Debya
sonstant, but it failed im tho

Sekel-Onsager oguation for media of high dleleciris
ogg and Kraus had

intemmdiate range

at least, this was due Bo the fast that M
assumsd that the Debye-lucie
solutions having finite consentrabions, and 1t was not until

Fuoss and Onsager (17) obtalned thelr conductance equationy

aouation 33}, that a satisfactory

l-0nazper smmation applied o

general souation was

> was also used,
> will

ﬁ@w}.@@%g 4 now definition of an lon pal
- pucss {19) defined an ion palr as follewsy "in lob pad

1 ag an anion and a eatlon separated by a distance
betwaen ¥ and ¢ + dr , srovided that no other unpalred anion
is located inside the syhore of radius r goneentrlc with the



w T
arence cablon,” Eguatlon 33) was vow modified in the

ing munney Lo malke it gonerally aprlieadbles:
. o ‘ l ¥4
...A_ = —A-o- S(C X) * + ECX/[C?CX + JCX - KQCXf_A_ I ig,ﬁ;}
Here {l- ¥ ) reprosonts the fractlon of the ions which ave

asgociated to form lon i ¥ iz the wean lonie setivity
olytes Ky 1 the assoclabion |

sonstant for lon paly formatlon. ,
%o facilitate determination of the three parameters
A, s ¥ and K, soveral new quantitles sve defined. First

mown. and a Pirst govrpoxisation iz obtaolined

he exprsesion,

X = _A_ ’/\5— Vi'A_V’/_A_VZ' e féé*}
[+ - C .
Thls now permits evalustion of the gua
is given by

nbity N wwrs N

A A+ S(Cb’)’/’"_-— Ecy fyc?f

Two other quantities are definad:s

4
7’ = ‘A' — ‘A‘ O amusti ’;‘!%3}

X = %ZJ\_ woeuw 55}

481 and b9} zhows that a

fonsideration of squationn
plot of ¥y against x should gl



_A, has besn choseh goProctlys o

ovident that the mumorator of v will be positive if A, is

1 aquation 46} 16 is

$o0 smell, and sincs the denoninator lends to gere a3 €
vecomes smalley, the owp

iow consentraiions., Similarly, 3L 18 seen

vo will bocons soncave upwards fop

B

st the ourve

w411 bocors sonoave downrards 1f AL i3 too larre. Tor the

nd de

proper sholes of _A, , howsver, both mumerabor s

tend %o zoro for low concentvations and the plot will be

Iinear, The slope of this straight line will be sual Lo Xa

and the imtercopt on the yeuxis Is equal 1o Je Thas B ia

an and the pavameter ®a® ean be caloulated from the value

of Je .
Theorotisally the Puosa-Unsager equabions ave omly

pils $a Gub to

applicadle to solutions for whlel Kad 042s

the matheratical spproximstions whieh wers wade in deriving

the oguablions, Furthe ; model used Lo repreosent the
systen was ssgentially that of Debye a 0l which
ons disteibution of charpe in the lonle

ro aoncenbrated

8
518 Hue

in Pact, maintains that this theory cannct be extended
nigher soncentrablons. To use fuoss oun words, "It thopefore

sonms futile to look for s solution 6o the problem of higher

npeations by ap extonsion of the present thoory wiasd

DONRSY

is, howover, valid for low concontrations.” (19}
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BATURR OF THY PROMLEE

 in the past fp Uhdas laborstory

sl work has beon dons
on the conduntancs of ﬁﬁﬁ?ﬁ&&i@ #alt solutions,. This
rozpareh, in which the souductance of ﬁ%ﬁiﬁ%;&ﬁ%&ﬁ%@%@ has
boon determined, 13 part of a progras in whileh LU iz intended

e Lhe sonfucbuoces of Lhe salisn of the Patty aclda.

Bo ey
ppasveding s the homologous seried, the Insvoeasing sise o
the andons might svenbually lead %o a situation whore the

e

anion is cpsenbislly ponesonduching. On W

- other nand, the
farmation of fonle micelion sould give vise Lo o sltuabion
suore the insressed eharse on the sdeelles would eounterbalance
rhe effest of ipeveased size and thws gsven the lapger anlons |

womld aziibit appreciable conduelansid.

paping the course of e

moseaprsh the llsdting eguivalent
sopdustances of the hemanoate ion was determined and Whe

applisability of the aeblnsonestoles and Falkerhageuwloist

asguations was teated.






wiZm
zéif&*ﬁ%e&*? AETAL PROCELGAE

hsmanole seid wus obtained Pron Eodak
Gompaay snd v purdfied by wvedistillabtlon, The puediy of

moters 1t waa Tound

the Bas vy

the meld s cheohed aguring the refwactlve indez on
s Fulfrieh Refrasts ab
aﬁ%@% Por the ?@%3 1ine as compared Lo i;&%&% 8% ;25% a8
ﬁm}w@&ﬁ in the Literature (23]

)

. %o prep

 fo be “i Mﬁf SoR

e bho auld the seld wag peulvalised with an

alon mma golution of sofdlum hodroxide aud e msuliting

m&zzmm Wy evapsPated ﬁlﬁeﬁm wnbil the sald cpysballised

sty It was then recrystallised twice z""mw aloohol, deled ak

140%¢, groond in 9
110%0,

an atbompt v mads 3o ogtablish the purliy of the sald
ing o Flaher titrlmetery Lut €

<3

i apgabs mortar and stoy %ﬁ $n an oven ad

by titeation with AUL us
"broaks” In the ow

posulis. 799 rosulis obbalned Lor 2 sapios of sin tdsls

wes weve nob sbarp ensugh to pive asourste

. Tuopsfore, Lhis

m@mﬁ was ﬁ%ﬁﬁ&ﬁm@ and the soflum saproate was converied
%:«aas she sulfate as degoribed by Stocl, Mmam Fatoode and

pornds (2li). Tols ostablished the salt & o be at teast 99,9

ity that ong would expeod

sinte the moab Linoly lmy

is sodium sarbonute, o mements reflectlon will veveal that

iy

the vesults should be high vather than low bsoauss the




o 23
percentage of sodium in sodium carbonabte is about L3 as
esompared to 16.50 sodium in sodius hexanoate., The pesulis
should also be high i1f sedium hydroxide weors present as an
Impurlitys FPurthormore, the resulis ave probably within the
experimental error since omly alliﬁizaﬁ amount of sald was
available for the analysis.

The pobassium chloride used in the determination of the
eoll constants was Halllinehkrodi analytieal reagent grads.
viﬁ waz faszed in a ?za%ﬁﬁam diah, ground in ﬁm\$gﬁﬁé moriar
 and stored over sulfuriec acid until needed. | |

Ze FProvaration of the Zolutlons.
. , £

2. Oonseuntration vange from 0.025 %o saturations
At least 2.3 grams of sali was welghed to 0.2 mg. The

salt was then washed into a tared flask and made up

approximately to the desired welight. Ths resulting golutions
wors welghed ob an analyiieal balance to the nearsst 0.2 ug.
when their total welght was less than 120 grams. The more
dilute solutions were welighed ou a larpe balance to the
nearest 10 mg. Sinecs these always woeighed more than 200
gramg, the woight concentration was ﬁlwagg known to at lsasé
U«01%+ It should also be pointed oubt that all weighings
wars sorrasctad to vacuun.
b Dilute Solutions

Thess solutions were prepared by asuccessive additiona

of salt to a known amount of walter. 4Ab least (.02 geams of



salt wers welighed on a abie alers -

balancs to the nearest A maximom of siz additlions

was made 30 that the woelghl concenteations for these golutions

wag also Imown o at least 0.010

3, The Conductance Yator.

A Barnstead still with a block bin sondenser was used to

nee water. The witer obialned from tils
35111 usually had a specific condmetanse less than S x ‘ié}”&
whos/en. ab ?ﬁ@é arnd 1t was wsed without ffmw%;:m* arifisgtlon
for the more conconirated solutiong.

In the medlum concentrallion range the water Irom the
Barpstead atill was first gza&%é through an anberlile Hed
mized bed ion - sxmehange resin and then Tequilibrated® with
the éw‘%}{m dlozide of the abnospberes by shakdng Top aﬁsr least
palf an hour, The speeific conductance was now about
2-3x10 mhosfem, at 25°0. |

In thes very 4ilute ?@gﬁ;i{m @m water from the still was
further purified by bubbling niteopen through 1t for several
hours, Hefore the nitrogen was bubbled through the waler,
however, 1t was purified by bubbling it through alkaline
?E”ﬁ'ﬁgmg&* sulfuric acld and asearite and fimally saburated

by bubbling it toroush twe tall water saturators which were
gituated right in the thermostat, In thls way water baving

a specifiec conductance of 2 -~ 3 2 167 vhos/en, was obtalned.



w25

4y [Ihe Gonductance Bridge.

A model 200 ¢ Hewletit-Packard Osclllator was used to

_ supply the 1000 eycles per second alternating au@ranm,. The
other components of the bridge wsré; a No. L750 resistancs

box, a varlable condenser and a 0. ?3%3 Liseds and Norihrup
shielded ratio box. The resistances in the No. 750 resistance
box were calibrated for intermal consistency by comparison
with a Jones bridge. 4 palr of headphones served as a
‘ﬁetéctgr, In order to avold heating of the solution a low
vélﬁ@gﬁ output from the oscillator was used and the sigaal

wag amplified, after 1t had passed through ths cell, by

neans of a Heathklt EA - 2 12 watt amplifier,

5. The conduotance Cells.

The caaducﬁangéwqﬁlla gaigh were used all had the leads
and £1lling tubes éﬁffieiah%ly far apart, as suggested by
Jones and Bollinger (25), so that errors dus to the Parker
effect (26) would be avoided.

The solutions used to determine the eell constants were

those defined by Jones and Bradshaw (27) az follows:

Solution  Gma KC1/1000 gms solin Sp. Gonda

all wts,. corr, to vac, at 25%C,
1.0 Demal 71,1352 0.111342 mhos/cm.
0.1 Demal 7.41913 0.0128560

0.0% Demal 0. 745263 ' 0.,00140877



Do
- The oell comstanta were dotermined pariodically and wers
found to be comatant 4ithin 0,038, The ocell conatanbs wers
14409, 18,229, 61.18, 181,34 and 143,75,

For the determination of A, the conductance of the very

dllute solutlons was measured in a sell of the shedlovsky
type {20) shown in Pigure 1, and using the spparatus
b 32

azgenbled by Boek (29), sbhown in Pigure 2y The eoll cons
for this esll was sbtained by using the followlng é{gﬁa%ﬁ%

published by Puoss (30) et al,

A - 14993- H4SCHr SBTHChoge 4 1954 .. s

~ From thls equation A for ZCL at 259 can be saleulated fop

a given conecentration. Bub,

N~ 1000A
TR | venw 51)

wheore R is the measured resistence of the K01 solubion and
A is the sell comstant., 4 17 the omly wiimown in oounation
51} mfi can thws be caleuladted. In thls way ths
nd to be 0.43246,

sell pomstant

for the shedlovsky cell was fou
Since no sclubions for the determination of ssll constanta

at 35%¢ nave been defined, 1t was Impossible to determine
- #®

5
Lt

£

thenm at this tenperaturs, ﬁa@%&m {31}, nowever, has shown

that the expression,

nA = 4/514 a T

gives bhe shange of cell constant with change in teuperaturs
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for cells with largs elsctrode separation, Here a4 is
the change in eoll sonatant 4y 15 is the livocar cosfficient
of thevrmal szpansion for glass and a7 is the shange in
temporaturs. In this work a7 was 10°C and sinee /3 is
about 3.5 = ’%{3:“% units per degres centigrade AI4//4 is leaa
than 0.004%. This is well gi%:zﬁzz the experissnial error and
therefore the cell constants wers %@m@é to be the sams at

both tenperatures.

6o Zhe Thermostats,

The thermostat used for tho very dilute solutions was
the one assexdlsd by Boek (29) and shoun in Ploure 2. The
baniz, conbalning about siz gallons of bleached petroleun oil,
was housed in a &wﬁ%&@am%& insulated box, Stivring was
asgomplished by means of 8 pump. 7The lezperature, hish was
sontrolled by a meroury~toinens regulator and thyratron ralay
as deseribed by Swinebart (32), was pead on 2 platinum

resistance thermoneter that had been eallibrsied by the

Hational Heseareh Council. The tempersture was imown
about 0,005°C and was constant within 0.002%¢.

. yhen the bath was oporabed at 350¢ the temperature of
the air above Bhe bath was malntained just above 35°C o
provent distillation of solvent into the exposed M@%a& of
the cell.

The other two baths were thick-walled Iyrex vossels of

about four gallon capacity. Fach vesssl was lagged with



Balf fneh folt and Maveol UX petroleus ofl was used as Bk

bath liguid. Twoe propeileretype sticvers were used in eash

&

bath to insurcs unifors benserabuys thpoughout, Io addliilon

alned a coppor soolilng eoll go that the

e

the 25°%¢ bath som
bati oonld Do cocled uvhoenovor necesaary. Hercury-bolusno

rogmiabors were wsed in conjfunction with electeonie pelays

and the Lemperature was read on thermonsters doleh

arafrsd o plativos rosistanos

ore oalibeabed poplodisal

loosms within

eroamstore Hepe, oo, tln lonpesrature was

w A\*@v‘ - - » . E; s oy S R , oy, 57 o ;
G005 0, uhdils songlaney was malniaived within 0.0027Ce

P

Te Zhe Viscoslby ] pamants,

The two vizcomgters vaed wore of the Caonon snd Pensle {33)

esrpootions are

Syee in whien dralmage and Eimotic enersy

. P R . ke T W\ F d ins. o ongi & ‘%”’&.«rg . .
megligible, Thoy wors cuallbralbed with waler at 2570 and

r awm was Dnwrsvpisd

&

£411 the viscomoter the

& sustion wes aplled %o the wide

Coarm wnbil fhe ligudd ross bo mrk on the ¢aplllary art..

e

she o ams were then cotmecied by means of wabber tublng

Bun tloss wers

raproducible to

vjf\-: e P i 2 Boany
Ve Jm Donslity

Tuo yonomelors, each havis
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Lhomlse were used in this reseaveh, They sere calibeated
with water ab fszsm tenperature, Periocdieal ealibeatlons
Wore constant wilthin at lesat 00029,

The pyenometers were £illed aa&z;é&%i% and were than
plased Iin the thermostab, where they were left at lsast half
an hour, After this time the excess golution was removed

by izalﬁiiﬁzg & filter paper to cne
adjusted to the mark on the other arm. The arms Wwere
%;:w;% and the pyenometors w%m rogmoved from the bath,
rinsed with acetone and dried, They were Lhen 1eft inm the

‘balance case at lsast half an hour before they wers wolighed,

@

Demsity and viscoslty measuromends wers not mads on the

C#iz most dilute solubions since these were mads un by

P

suscessive additions of 3all to the Shedlovely-ivpe coll.
T messurement of density, viscosiiy and conduetance at

 35°C was dons vithoub rafilling the Iinstruments,

9. Zhe Hydrolysis Covrecticn.

Hydrolyals of the sodium hoexanoabe will coour acsording

to the following equatiens

et

; .
+ B0 — §,H.,0.8 <+ ol
2 6741%2"
The methed of Canpbell and Boek (34L) was used %o correcd ithe
gguivalent sonduotance for the offeet of the hydrolveis.

Tads method ealoulates 2, the degves of Lydeolysis Lron the



expression,

X KA*'-K:’*EL

2C 4c C
whors Ky, is the ﬁyﬁﬁ@iﬁfﬁiﬁ gonstant and ¢ 1 the atolchiomeiric
soncantration, and then aszumes that the a@ﬁvm@m conduciance
of the fres seid or base ée:ﬁ}; be the limiting @é&iﬁ&l@ﬁé

sonductance. fhen it follows that,

v_/\_‘ ¢ = (1-x)_A_ x—/\-aacld

truwe

't
Thus -A-;m. s the eguivalent conductanse of the unhydrolyszed
aalt can bs ocaleulabed.

The hwdrolysis comstands were obtalned from the data of
- Everstt, Landsman and Pingent {353 . At 259 Kg # Te2s % ’%%”li{}
and at 35% L= 1.57 = 10°%, 7he value of Ky 2% 35?}*’; was
obbained by & graphisal ilnterpolation of the above dalas

“he hydrolysis scorrsction was applied to all the resulis.
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TABLE 1

DATA FOR SO0DIUNM HEXATOATE a7 28%

compentration Density Relative  Specifie Equivalent
{moles/iiter) (gw/ml.) viscosity Conductance , Gonductance
| {uhos/fom.z10%) (mhos)

0,000250 - - 0.19197 76.56
04000632 - - 0.48207 76.04
.00¢ - - 0.73337 75.65
0.001579 - - 1.1889 7546
0.002320 - - 17350 The69
0.003249 - - 23128 Taell
0.019937  0.99788 1,014  13.676 69.57
0.049792  0.99096  1.035  32.648 65455
0099558 1.00075  1.067 £1.299 S P
0.50023 101527 1374 23101 6.18
0.98536  1.03233 1.875  350.52 - 3851
2.0019 105917  Bo606  L90.53 21489
2.6215 1.07242 11.65L  §31.99 20,29
2.9987  1.08127 21.64 521.35 17.38
34487 1.09058 39,27 L77.78 13.85
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TABLE II

DATA FOR SODIUM HEXANOATE AT 35%

ﬂ%&%ﬁ%ﬁiﬁﬁ pengiby Relative  Speeifis Eguivalesnt
{moles/liter) (gw/fml) Viscosity Conductance, Condustance
{mhosferzi0™)  (mhos)

- - 0.5782 Y31
0.,001164 - e 1.0925 G348l
0001604 - - 14973 93.16
o.002241 = . 92,60
64002926 - - | G2408
64003014 - - 9145
éym%ﬁ 0.,99080  1.015 85,91
0049637 0,99585  1.033 50.96
0.092732 059759  1.06k - -
0.49038 101152 1.341 288,06 779
058092 1.02768 1.776 L5s.42 150
15909 1.05335 L.202 643449 32.31
1.06612 10,34 688,89 2643
10THT3 17440 682,15 22,58
1.08270 30426 635493 13457




DISCUSSION OF THE RESULTS
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DISCUSEION OF THE Rus

1+ Estimation of the Possible Ieror.

I% has already been sointed out that thw callbrations

of the pryenomaters were constant within 0,00270. A similar
orror must be assumed for the density neasursnenis theuselves,
and allowing for the faet that the errovs may be additive
would restrlet the density determinations o an aceuracy of
0.004%, |

:'%h@ ascuracy of the eguivalent %ﬁmﬁﬁ&%&mﬁ@a ﬁa@@ﬁﬁa on
%ﬁ%xa@@@%aag of the varicus maa&ar&gggts involved in |
'%aﬁérmimiag them, nanely: a@ﬁﬁ@m%@&tiéﬁ, registanes,
tanmparaturs and cell constants, he %@m@%?&%ﬂr%-aﬁéﬁfi&i$ﬁ%
of sonductance is usually between 2 and 3 @érﬁsnﬁ per degree
aentigrade and since the temperature wag kmown within 0.005%,

i error incurred would bs less than 0.020. The error dus

to the soncentrabion measuremsnts would be less than 0.015,
a3 has been pointed cub earlier. The nmore significant
gourca: of epror are those dus ito an inconsistency in the
regalstances and an eTPOP in the determingbion of the oell
constants, The latisy wers consiant witﬁiﬁ‘%.ﬁ;ﬁ, ?ﬁﬁ
resistances were calibrated for intermal ﬁ%ﬁﬁi@%@ﬁ&? againat
2 Jones bridge, ascerbaining consistency within 0,020, at
this point it should be mentioned that sceurate absolute

valnss of the resistance are unnocessary since all meusuremsntis



w3

are ralative to the egqulvalent conductanss of the potassium
shiloride used for thoe determdnation of the cell congstants and
a small erpor in the coll somatandt will be compsngaitsd oy
&g'a,gimiiar error in the ﬁ%ﬁ@?ﬁiﬂ&ﬁiéﬁvﬁf'%%ﬁ gpeeifie

condus tancs .

How 1t must sgaln be assumed that all these errors may
be additive and thus z linit of 0.1% would have to be ilmposed

on the ascuraey of the soulvalsnt copducbancss.

sguivelent Conductanceds.

Fhe liniting equivalent conductancs iz a wuantity whieh
gannot Lo determined by direst exporimental measursment and
1% is generally determined by elither the Hohlrausech wethod
or the Shedlovasky {(20) extrapolatlion teomnigue, In the
Zohlrauseh method the eonivalsnt conductance is plottad as
a function of the square rood of the concentration. In the
yery dilute region a stealpht line is obbained, whish can be
axtrapolated to zerc consentration to get the linitisg
smivalent sondnstance,

. . . ( A ,
shodlovsity observed that a plat of A, , where o 1ia
defined by the expression,
, ‘ P[~
A, - A _+alC
1 - gk

" apainst the first powsr of the concenivabtlon usually resulied

in a linsar plobt up to 3 concentration of about U.1H. This

plot could agalin be extrapolated %o zere coucsentrailon to



3G

g8t the dosired ocuantiby.

o

Both of these metiwds were ussed in this rezearsh, Only

J«» o

i

the Tirst iz moasuremsnis at saech e
determine A, . The results of the Kohlrawsch sxtvapolstion

mothod ape shown graphleally in Flgure 3 | for 25°C and in

Figure h for 35°C. In both cases the maximam devistion from
the straight line, ealeulated by the method of least squares,
d1d not sxzcsed U.058. st 25% tnis metiod gavo .2 valuo B
77.47 £ 0.0h mhos for the limiting equivalent conductance.
it 35% the 1imiting eguivalent sondustancs waz found Lo
be 96,23 '?i 8,05 mhos.

Figaves 5 and & give the results for the shoadloveiy
sxtrapolabion method for 257C and 38YC respectively. Irom
these graphs the Ilmdting seulvalent confuotances were Ifound

%o be 77.0 mhos at 29%0 and 96.71 mhes ab 35%. In both

sages ths values are higher than those cbialnse
Zoblrouseh mothods Similay vesulibs were cbhgerve

for the various srmonium salis. In view of the facta that

the Shedlovaky m%aﬁ 13 sopirleal and ths deviations from
the straight 1ine wore small; it ama deelded in this ressaren
to nwse the wvaluss of the limiting squlvalent conduciance
cbtained by the Zohirausch mathod, These are the valuess used
in ths aﬁaﬁaﬁia&sf‘

The lLimiting oguivalent conductances of the sodium lon,
a3 peported by Denson and Sowrdon {37}, are 50.10 mbwos at

25% and 61,54 whos at 35%. Subtraeting these vaiues from
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the values obialged for sodine bexancats by the X

method satablisies &he limiting equlvalent wz:mw%w ag of Ltiw
Dexanoaio 1on as 2737 = 0.0h mhos and 30469 = 0.00 mhos

ad 2%;;’%3 and 3@@ respestively.

3. Appli-ation of the Zonduetanse faus

The viseosliiy esvrect ¢ forms of the Roblnsom-Stokes and

Falkenhagen-Leist squat im‘m wve been used in the Tollowing

éﬁ&iﬁiﬁ%ﬁi@%‘%* Sinse, ;fsz@;aff;wm@ %ﬁﬁﬁﬁ%i@ﬁ? dstorminations were

i

ot made for the siu most dilute sclutions these values
satimmted for purposes of the calsuisblons by meams of a

g-?awii. iﬁ &m %333 mug-ivﬁ

T v@w&m@ma@ w“%&&%m‘ﬁ 8 wore programed fov 3

e . e : ) . ) £ e
Bendin o150 @%ﬁ@%ﬁ%ﬁf’ in f%%aﬁﬁ a2 war bt the %fw 4 was Loumd

o . . e
s AN & U ehosen In mﬁ dilute

resion, usually aboub OW1E, and thls a was then wsed to
salenlabe a ocondactance valus Loy cach m«m@@ﬁ pation. Thls

caleulation waz also done on the sompube:

{3} zodlam ;:%%z%ﬁ% Aad ‘%&!ﬁ«? Robingon=iy sz o liciie
b it et C

The E;g 2 @daia based on the Hoblnaon-Stoles »ﬁqgwmu ATS

given in solumns 3 and i of Table ’ﬁiﬁé‘ The buo %@&sm&@ :;% = ‘i:sa
o R ) ‘ .
ia = j’:& wore ussd in those saloulations and the rezulls

#3?

Pop ¢ = i}g, ‘ave baen sletbed In Figwe V.

£ thalk aven

wgvoral polnds are to Lo .onoted. IS

in the very dilute reglon the caleulated and

e 28 o S T T
sopdusiances differ by ag Tueh ag 0.3



~ii5m
used, the caloulated and obaerved conductanses agres within

D.7 mog wr Lo 2 concendrablon of C.5 molar, but for higher

[

corwoentrutisng the salonlated valuss &ififer *4&?»&&% from the

3uLig ¢

f% i?i

sxperimsntal
sonsentration of 0.02 molar. Below thils consenbpallon the
agreement is similar to thnt observed Tor B = ‘:31‘3535.; T

reason for the similarity in the dilute reglon wﬁzg t9o
diffevent values for 4 is that the gguation besomss less
sensltive to a changs in 5 at lower concentrations. Friesen (38)

at the Fallkenhagen~Leist esquatlion reproduce

has shown Bl
| sxporizental data for a 0,001N solutlon whose conductance is
. known %o an asouracy of 0.01f, oven if the ¢ values differ by
as mmeh as 255. Since conductanses are usually not koown bo

. . S o - o :
0015, an even larger deviation in 2 would still reproduce

thr experimental value wiihin the ervol.

The reosulis obialned #with tho HobinsoneStokes sguation

ne 3 and L of Tabls IV. The results

a2t 35% are glven in col

for § = 170 are shown grashieally in rigure B,

spain it is observed thalb the agroement betweon observed
and saleulatod valuss in the dilute region i3 only within 0.5
@hos, For & = w}?; the conductance values are reprodused
within 0.5 mhos up to a concemtration of 0.05 molar. For
{; = ‘3??% the apreerent i3 somewhat better in the dilute
roglon bub it ezt tenda only bo 0,004 molar. The saloulated

valuog f‘sw the nipgher soncentrablions again devlate very
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markedly from the experimenial valuos,

e

{11} Sodlum Hoxanoabe and the Palkenharen=Lolist Tousitlion,

a2,} A% 259,
he vesults of the caloulations ab 25%¢ based on

the Palienhagen~Lelat eguation ars given 1n columns g and &

of Table II¥. Pigure 9 gives a graphleal éﬁﬁ?&?iﬁ@ﬁ,ﬁf the

experimental results with the calculated values using 8= §;§§g
In the dilute rogion this eguation reproducses the data

rather well, the deviations being less than 0.1 mbos up to

0,05 melar and 0.4 whos abt a .1 molar wien § = 5.8, wor

o

g approeciasble

the larger valus, 2 = T.04, the deviatioms Leco
ab 0.02 molor. Above G4l molar the equation falls rather

b.) at 35%.
ralumns § and & of Table IV glive the 35°%¢ data
obtalned with the FPalkenhagen-Lelst oquation., These are
. eompared with the exzperimentsl resulis in ?ﬁgﬁ?@biﬁ,_ﬁﬁﬁﬂg
g &= %aﬁg‘ Behavier similar to that $%§@?%$ﬁ~&§ Eﬁﬁﬁ Was
also observed at 35%°C. The data are veproduced within 0.5

N & " k ,—Q & Fe] 2, . ‘
miuos uap o 0.05 molar when g = LheOA and within C.¢ mhos waen

8 =6.08.

to General Discusglon.

i
o

several points mumt be poted when the rogulis prosented

in the fovegoing discussion are consideved. Firat of all, it
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o o
wast be poted that the Hoblnsopettokes, ag well as the
Taliksnhagen-ielst souations L£a3il when applied Lo the nove
concentrated solutions, and secondly 1t is noted that the
2 values pecessary to reproduce the data even in the dilute
reglon are rather larpe. Tikis latter observation iz ospecially
true of the Hobinson-Stokes equation wheve S1g ar ?ﬁg o
groatar lad to be assusned,

one reason for the fallure of the equatlion vhen applled
to the comcentrated solutions may bo the en irlienl matuvs of
the viscosity covesoilon., 7The viscossity vises rather papidly

P

R

valing soms rastional cower of the

for these sointions a
yiseoalty oould bring these resulds closer to the observed
values. Turthermors, it must be repswbered that theopetieally
these equations are not sxpscted %o spoly Iin this reglom.

The reason for the larce gvv&lﬁﬁﬁ was sought in terms of
micelle forsablon. sccording to Mebalnm (39) sclutions of
eolloidal elscirolytes oxhibit approzimate idesl bshavior
until a certaln concentration charactsristic of the substance
iz reached, Then maried deviastion frow ideal hehavior sets
in rather suddenly and the narrowv concenbration replon wimre
this ocours iz refepred %o a3 the eriiisal micelle concentratlion.
The deviation from ldeal behavior is attributed o an

sragation of the oarticles to Torm charged micalles.

i

&

The Patty asids belong bto the elass of compounds whileh
axhibit this behavior, Formatlon of nlssiles causes a

change in the mumdber of partlcles whiech in burn causes a



il

change in the colligative properbles of the scolution. 3Smith
\nd nobinson (LO) emploved the isopisstlec vapor pressurs
sethod to @%mm tha namobic coaffielents for the sodlum salis
of the f*a%‘i::;‘ aglds atb 2§ Ce From these they caleulated ths
molal vapor E&%%ﬁéﬁ?@ iowering and found thait the batyrals ion
was the Pirst member af the series whleh oxhibited any
a%%ﬁ%ﬁﬁﬁ‘g’ ¢m3m %iaz%}. & fommation. Hiealls formation was also
a&&%%@& f’a‘w ths mmm}%a fon. |

“he ehange in the mumber of particles should also be
svident in tho conductance curves. HeBaln {lﬁ} and CO-WOTKErs
meagupred the a@&%ﬁé&m&%‘ of the sotassium salts of the fatiy
aéi&s at 18% ang at 90% and observed that anomalous curves
qers obtainsd be sepinning with the pobtazsins laurate {wzm} -

Tt will be obsspved fron the Pigures showing geaival ent
annductance az o funstion of concaniration for sodlum
hexanoate (Figares T = 10} %mz these do not show the minisum
a&%ﬁ%iﬁéé z}*g salts whlsh fors micelles, viz. potassium laurate.
In vigure 11 the specific conductance is @1@;@%& as o funciion
5f esneentration. If mlcelle formabion »st}@:éuwaﬁ these é&i??%%
shouid show a "break® corres; sonding to bhe eritical wleelle
concentration, Since these *ﬂﬁ:;;ﬁ‘* ave abient ib must be
coneluded that micelle formation does not ocour.

ohes same conclusions were reashed on the basis of an
apparent zﬁ&lﬁﬁ%&lﬁf weight determination using thes vae S
flask frecsing ?@iﬁ% dopreasion method, In thls metiaod

finely shaved fee and the soluilom of Iho
: sodiun hexanoate
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S

were thoroughly stirred until e milibrium was roashed. The

temparature was noted, two samples wers £ thdvawn snd the
solution was amalysed by ovaporation of the watsr. The resulb:

arg tabulatsd in Table V¥ below,

Coneentration
gmse of 3uly/ ' Apparent Woleculap
100 gms. f”zzﬁw Welight

140517 69.2
5.1895 | 6740
10,207 63.0
17.298 | - 59.5

2%

From bhe above data 1t is geen that the apparent

molssular weighis correspond approximately to the somplete
dissosiation of the salt and they do not glve any evidence
Tfor nicellie formation.

| The results of this research are thus ssen to be in

Agrecsment with the conslusions reached by MeBain (1) that

zanoate anion does not form charged micelles,
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SUMHARY ARD CURCLUBIuES

The smelvalent copduobances, censities and vizsosiiics

of aguesous solutlions of sodium heman

oate have Leen determined
at 25%¢ ang 3570 ab concentrations ransing from 20,0003 molay

=

o gaturation.

The Lismiting equlvalent conductances of the hoxs

ion nave been determined as 27.37 5 0.OL mbos at 25°C and

The ZobinsoneStolkzeg and the Falkenh

agon-Leist eguat -1 ons
fave been apyrlied to the data. The GobinsoneStokes eguation
reproduces the data within 0.7 mbos up to 0.5 molar at 25%
when g = ‘i_‘iz.\ at 3590 the ﬁiivﬁ are raprodused within 0.5
508 up to 0.05 molar for & = 108. Tho Falkeshagerwbelst
srnation reprodussy the daia alb éﬁ,ﬁﬁz} within Ok shos up o

. o £ o .
0,1 molar with a = 5,54, ana = L.D& roproduses the

- ,
3570 data with 0.5 whos uo So 005 molar.

Fron the form of the

@m@w%ﬁ@@ surves and from an
satirmation of {iw aszarent m@lmﬁﬁ% waicht it was soncluded

that the boxanosbte lon doss not form lonle mlselles.
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