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To T:iy Pa.rents



IÌ, is a. pleasure to acknoii-leo-ge tire a-ssis'bamce of

i-lr. -ê..iil. Ca^ilpbel1 ancl. i.lr, Ë. lioch in plannfu:g, cond.ucting,

and discussing 'bhj-s resealch.

The a-utiror j-s iniiebtec:. to i'il. G. Epp forbhe

construction of the gla.ss a.ppa"ra.iu-s and- for his a.ssista¡ce

in ,o::eparing iire flgures appearing in t;iris thesis.

The fina::c.ial a.ssista:rce of the itlationa.l Resea¡:cir.

Council- is grater uliy acj-ulot,'led.gei,

Â Cîü'i Oi,,Lit ÐGi4E]ìiTS



Al'bhough I ca:rnoi J.ronestly sa;r that I r,tiqþ 'i;o be ícu¡rd

in error, yet I do fervently hope that the pl:ogress of science

in the hanc-s of the raa-n¡. zeal ous cu.l tive.tors lvill- be su.cir âs¡

by giving us ne-,¡ ano. oiher d-evelopments, ano: la"i¿s nore ancl

nore general in their epÞl ica-'úionsu 1,,'i11 iealie even me thinlc

tirat r^¡ha.-b is r.¡ritien and illust::¿riecl iit tnese e>lpertmental

resea-rchesu bel0ngs to the by-gone parts of science.

l,iicha.el Fara-o:.ay



Equive-lent co:.rC.u.c'befi.ces¡ densi'l;ieso anc. viscosi¡ies of
aqu.eous sclutions of a:nflonj-run nitrate, silver nitra--i;e, ano_

l-ifiri-*r nitra.'ce .ì,reïe o,et':ririi¡reü at Z50C. e,lo- 35oC. a.t

conce¡:tr¿r.'üions ra-ngi-ng frot;i O,Ol älola.r to 1.0 inolar.

-lJ>iperinenta.l equ-iva-lent condi;.ctances h.ave been corrrpai'eci

wi'cn those cal cu-.1-a'i;ed- bv the f,iisna-r,,¿-Stoi;es and Fallcenha.gen-

Leist equa-1,i-ons. Sui'bable cho-ice of one 1ra-raneter, the

ciisia:rce of closest a-ppro:,r-cir., perrnits reprod-uction of the

e,rperinenta"l c1ata rvitìr an error of less tì'r¿:n 0.5¡.," À stu_d_y

of the cleviations of' calcul-a.teCL frcür e;trrer'li:rental coi-lc-uci¡r-nces

revea-ls that tire d-istance of closes'1, appnoa.ci:r varies
ap1lreciabll. rviiir concentra-tion a¡¿ tenpere. tLr.:'e.
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Tiris iirtroc-u.ction r+il-L ciscuss briefly tire eciu-a'bi-ons of
Ðe]:;¡re, lllrci<el, anc Onsagei; of i,jisjra_r+ anci stoltes; of Fa.tlien-

ha-gen a.niL ieist; Encì sl:.otr,' hcr.¡ -bi:e equa'i:ion of ¡Lross arrci.

Onsager ina-;r þs a-pplieo to Cilute sol-li.tion il.a.ì;a.

TäilCii¡'j'f CirL I HTR0I}úC TI OiT

1 . å+r ll:- j¿:¿e¡åi-Þ-ç,!åuç*ir-c_qtç q¿gs-

The eqr-r.i-valent coao-ucta-nce, -j-
eleciro-1;'f s is c.efinecr i:;'

rrhere L i-s callecl. ine specif ic conijr_rctance of
and c is 'i;ne concen'Lra.tion of -bne e-lec-b::cJ--;,te

1iier. L :l-s ciefinec'] br¡

,liL = l-000 t_ 
c 

.-_ r:lflu. e

Ìrlfere r is the resis-i;ance of the scl¿,cion measu_red_ in a. cel_l-

of constant li. Tire si:eci.Í'ic ccücluctaä.ce ôs the cond"L.ictarce

of ¿r. one cen'uinete:r cr-i_¡1g of so1"-,tj-oiL. ;l is clepencierit on t¿e
geoiiietr';. 9¡ -rn" ceil ano- is invar'1a-cly cì.e-termineir ir},- i.:easi-rr.ing

the Ïesista.nce cf a sol,.rtion cf' j-¡roi.m sjreci-i"-i c conciuci;ailce.
/, t-.-,^ r i-JL¿ , "r'.re J-rnì-iiir.g eqirivel-i.eai cono¿cta:rce, is a" co¡rsiant

cira:.'ac'cerisbic of' tire soli:,'be i.n a given solve.rr.i; a-b t. girreir
'i;e.,lr:e:'atlj-re" it is ol¡iaineci b]. er:tra-po-l-;itit:g sor:ie -bheoreti-c¿rl-

ol' seinj -'Û'.'ieo::e'i:-i ca"l- conC*c'úa_nce

(z)

, of a solr-ii;icn of a-û

r rnlto/cm.,

(_1)

the sol-ur.t:Lonr

in moles loer

\¿)
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function to infini'ûe cilu,tion.

It nas observed' blr lioirl ra"u-scir

oia.ta in e::trei:lely cilute sol u-iions

the equatlon

r,"'irere À is a:i e¡rpirical consta:rt. TÌre e:lira-po1¿r1;ion of a

JL against Vã plot 1s a tir:re-honou.red nethoo for iire

e-¡a-1u.a.iiolr of h.
In L92J Ðebye a.nd- ilü-cliel2 pubJ-isired- ¿ liiliLing le,tr

giving the activity coefflcient of an electrol-yte in solurtion

as a l-inear f'unction of tLre sql-lare root of concen-bL:aticn,

.t."rlth sl ope given l¡y a grou,-p of i<noi,¡n physlca.l cons'i;anis.

A sclution of an- electro]-lris 1s assi-ri.rred- to be completel¡'

aissociateir, Ti:is is reasonable, since stucties of the st::ucture

of elecirol)¡te crysials incica-[e the occu-rrerlce oí ordereci

errailgeinents of ioirs raiher tira.n riiolecules in tire stla.ce

lattice. Ti:e oecrease in eç¡uival-en-i; conclu-ctance r,,¡itÌr increase

1n conceni;ra'cion is attrii¡u-ted, to a" decrea.se in the velocity

of tì:e ionse ê. coilsequence of ion-ion a:ro ioi:-solvenr,

interaetÍons, ra..blier tiian to e. c¡-eclea-se 1n tire m:.¡,tber of 1ons,

as silggesteci ee.¡'lier by iirrhenilts" Eacir ion is trea.teo aS

being su-rrou.ncl-ed- by an a-tnosi:irere of ions of oni:osite charge.

,r].ttributing all deviatj-ons frotr ideelit;' io cÌra:rges it:

cha".rges on tire icnic atärospirere, Ðebye a:rci. üllckel a.rriveci at

A =-/L.-- t-ñ

'l

tn L9L6 tha-',c

coulo. l¡e macj-e

conc-ucta-Lrce

i;o fit

(3)



t;re ecji.ia.t-ion

r.¡here

Ðil.d r'Ð-lr is the d-ista-nee of closes-b a-irproach betr.¡een ions

of opposite cha.rge, one of iire bou-nciary conolitioas in.oosed

in the derlvation of equ-atlon (4). The nea:ring of the

otirer s;,:rbols -rvil-l- be founcl in an aprrenc-j-:i. L/H is ilre

d-istance a"t r;¡hicir tire cha.rge density of the ionic ati,iospìrere

is ?,- maxit:rtr¡.. In vejt)r d-ilute sol¡.tio-rrs ( a << l-, a-nd.

tnv = ' ei:s 
e' ãõ-ïrf-(fîñÐ

o

2

H-2 = Z-{.-!-ô
a25 DokT v e

L_-
I

)
Debye eni. ijllcl;elr tjren ai:1r1iect the ionjc a.i;rnosphere

atocLel 'i,o -bire 1:roble::i of conductance. 'rÌrey t'easonec iha.t i,ire

i.nposition of ai-:. e:cte¡:ri.a--l- elecb-r'ic fielc v¡ou-ic clistort ih.e

lonic aì;;tospnere" Tire central- iou r^¡l-Li rûove in ole ciirection
i+hile the ojlposi'uely-cna.rgeaL ions of ti:.e atnos:rire::e l¡ill
be puiì-eo in -bii.e opirosite cr.irectjon. This asyrrrreiry i:esutts
in a grea.ter force behino. tiie ion tha,_:.: iu front of ii,
retard,ing ti.re ilotlon of tire icn. This is rm.orvr: as i;re
.rela-:raticn efí'ec'b" rn addition, the no'bion of a"¡r i-on e-nc¡.

its atmos;:!iere ivill be re"r,arcr,ect by solveni liolecLiles

oj:s-bru-cting 1ts ti¿rth ano_ b;r' ions of opi:osíte ci:a_::ge.

This is tne electroithoretic effect.

(4)

lnY

c5)

(6)



Lr
Onsager'

to incl.u.ce tire

a.ircr e.r'-L-ivec ei

5-
e:rtend-eci ti:e trea.-brlen-b of Ðeî:ye a-i:d- Filåckel-

efÍect of the Eror-nj-a:r ino'cion of -bire icns,

the ec¡-ur-a.tion

rt - /L"-l#Èþ". + *4-pd -/11 -ñ (T)

for uni-u:rivalen-c elecirol)-tes. This is often i^¡rliten

For rqater a.t 25oC., cx - 0.2289, F = 60.49.

There ar-e seve::al- ciifficul-ties in-hereiri in the Ðebye-

IlÜ.cliel theor.y a:rci 1ts e:ctensioi: by Cnsager. The nosi inportant

are;

(i) The princ-'r-o1e of the lj-nea.r suÐer.tlosi'bion of fiel-il-s

rectuires 'bÌrat there be a linear ::e1a'cionship betr,¡een tire

cirarge d-ensit;r' a-rou:tcj- a;t ion a-ri.ii iire elecfrical i:otentia.l.
The ci:a"r'ge ð.ensi'c¡rf , is given blr

A =Jl-o k.JL, + F) -ñ

l'¡Ìrere d:r is tÌre ni-i.rnber
+

atadis-bancerfronep

tribLi.'cion íunc -uion preci

d:r = 11
+

f=

(B)

(dn - clrr )_Eæ+ 'oV

wi'rere n is tiie nu:.rber of

of posi.bi

artic li.ia.r

cts that

exn I -ey I'{ïtr/
po si tir,'e

€,

ve ions in
ion. ïhe

d:r rsill- be
{-

a volu¡ire oV

.riol'czmar'1.i1 dis-
given by

.TTÏu-v t

or negative f OnS nef i-:-ni-b



-6
volui:le , ê. tV is ii:e i¡ork reqi;-ired io

cha.rge fron infinit"v to a. cl-isia.üce

a,ncl- Ø i" the el-ect::ical 'po'benì;ial.

Insertion of

the charge iLe

a
)

If tne eäpcne

-b.i:ird- ano- hig

is redu-ceci to

cbr = n e:(pleç'l¿-v- [nl
'i;he las-; t.¡ro ectua-iions into tire cj.efiiritioit of

nsit.y gives

t- .1= i1 € / "",r {+*l - exe[Zt)|.
L | \;r/ Ltr,

ntials be e:cpanc:ec as infini-i,e series, ê¿'Lci-

her orcier terns be neglecteü., t.ite eo,.uation

bring a ufi.l'c positive

r fron the selec'cec- ion,

CLn_ is oefined. a.s

This eciu-¿r..i;ion ha.s the linea.r rela.tionsirip bet'¡een cirarge

densii)' e-ncl o--l-ectrica.l- potential r,;irich the principl_e of
tire liirea-r sl:r-llerposi'cion of' fielcjs requ-ires. The negJ-ect

of tnircL a-no- higher ord"er' 'i:er'¡is is jeis'Lifia"bJ-e only i,.rhen

kT, the -uheri:ia.l energy: of the ions, is very ni-rch greater

th¿ur êþ , ti:e inte::ionic poteni;iar.l energy"

(ii) 'Ìire cij-elec'cr1c cons-l,a-¡.'r oÍ the solu-iicn j-s b¿.lien

-r,c be tira.t of tire sclven-ü. Tì:i s igirores iire oecrease of
t;re bu-llc dielectric consi;e,n'í; i"¡ij;h 'increa-se of concent::abion¡

a.s i¡el-J- a.s the va"i:ia.b1on of tÌ:.e ilic;'osco,oic <;-ielectric

cons'¿¿in-b r,,¿ibir dis-bence -f::ol:l an ion.

f )_2në.9.-ïT*



(iii) Ions a-re consiciered, io be so ia.r a.pa::'b t¡.a-t iitei::
size is negligibl e i,¡iti'r respec'L 'i:o 1;ire ciistance be i,r¡¡een

thei'ir. fn a" 0.Ol nol a-r sc_l.ution icirs r¡ill be cf -i;ite o::cr.er
OO

of 20 Á. a"pa::t, r+it,l-e tl:ie ciia-lileter oÍ' an _Lon is 2 4 A,

2 . ljle "_¡Li qhau-fg_t*q 1re s_ ¡iqu. a_! i oll

TÌre nex'b significaart ao-r¡a-nce in cond-i-rcta-nce flreory t'
h

d"id not occr-lr until 1952 l¡iren Falirenhagen, Lei st, anci i(et bg'

moiiifieä Onsa.gerrs treatr-reni of th.e rela.ria.iion eff'ect to

inc-]-u.cl-e tire effect of finite ion size. Emplo)¡iltg a. ci.istribution
function d-ue to ltigen arrci i,ij-clie6 the;, arrivecì a.c-bhe ÍolJ-oi,ring

e:tpress j-on for th.e rela._.:a1;ion eÍfect in i,rni-univa.t ent

el ectrol ytes

-7

at(
J!

Ì/llere

3Ð kT X a(r

n 1s tite ni,u:lJ¡er of ions

solu-tlon, a.nd }tr_ is ihe
t-

i'1^ is the reciirrocal of
¿

apirro:liaa.i;eJ-;r cot'rect, Itl

/ ^\(Y) a.il.o (J-0,) Ðeco::ìe

o

2
r7

f1 _f
+ ¡ia) I

.>.í e' Itl
retb kr'o

exp( o.2ez94a) - ,)(t - 
ft

"('

of one lcinc]- ,oer crlbic centimeie:r of
reciproca.l of -bire vcl_u:ne of a cation.

tile volu¡le of an a:rion. If, as is

_ i s te.;;e:r a.s eo ua.l to iÌ^ " ec,ur t j-or':.s
l-2

Aii

_n
2i.[_

-t-

\l_L IffiJ

3ÐokT a(l +

2_
r]

jÉ ft,J
(ç)

10)

ã- (e:<;,( 
o.2s2e a) 

,(t 
- ftrÍ 

(n)

1T ê.2 l{ {})
,t/ (tz)
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i.ia.king the approxii:ia.t1on þ - g l= 1, ''¡Jisi:.ai¡ a.rld- Stol<es7t rirl
insert the expression fori;i:e rel-a":ca.tion effec'¿ ir-rto their
genera--1 coni,i:-c tan.ce equ-eLì,ic n

JL = (tL, ##.rc¿ã)('+ qJ (13)

e::p(o .2ci29¿fù -
(r4)

_ þ2þt
ïT+¿JÐiJã

Va.l-ui.es of B_ ¿':ro. B^ are listeo in all. a"i¡ltendi;.¡,l-2
It is u"seful to cLeteririine l¡lien tire a.r:urc:li-ma.tion

r'l

ll- - n ) = 1 is ju-s'ci-:liai:l-e" Inc,'u.rsicn oÍ' tiirs ter;r reo.i-r.cesI ri"/\y
q b), a factor /i- - å \, end S by a t:c'tot' (t - n \t"\ itrJ ", \ ir_l,LI
Va.lues of these fe.ctors a.re co,'rrlaïecì r"¡it,: 1-¿.'ij-es of tìi.e

el ec'broþhoretic a-nci rel-a.:ra..i:ion ierlls 1it the .tabl e be-l or¡.

ue.ta- å-re fo:: al-ffitoi-.riu-t1 ni'i,ra"j;e sol-ir.bious a.-b 25oC., brit alrpJ-y

a;opro:lii[a-te1;r ie a.Í])r ¡,i11-univa-l.eni elec-brol :'ie . ttt is
o

calcu-la'cecl for an ionic raclii,.Ls of 1"5:< l-O-öcin.

" Oia¡:iisici-i. of -bne f¿.e'tor / I - " \ 
2 r..¡o*lct- iacrea.se i;hef ï"t,y

ca"l cLil a-'úeo. ecli;.irra-]-ent cono.uc'ba¿rce b;r O,Ol-i; a.t O. -,'- nc-j eiro

(t
\

î)

72l_0' FGW
€2

-"-t II

c
T
4

(r+
lì

ancl- obtain

iÐ liT
U

o1

A =?"

]t
"2

r,¡ire.r:e

e"nd
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b¡'O"J-;r ai I noia,r, a:rc by \1+ a.t lO nolar.

Concentr'a.tioi: (t

l'lol es,/l-it;er 
\ 

ê

-?L0 ' I.
-)10*
-l

10

100

lOf

-fi \

l1r /''L /

oooo

1.0000 6

0.9g96 15

Q.c)959 3o

3 . ¿ç*- åaUçqb t.nqq.-*Leisj ;Lçigq;.rgoe

consicei'a"tlon cf the fa.c-b 'bhat ions, being i:lpenetra.Ì:le,

ilus'i; i¡e äi-slrraced. d-uri:rg ¡,iigra-,cion 1ec. ¡-a.'lkenha.*"rl.8 to

eva.läate tire relaxa-'cion efr'ect as

oL r¡'îi
nrirc s

fJ

1

U "'1 )r.-t

lr - q Y
|, ' I¡1/

t,;;;,

ai:d. the electropi.'lo.retic efí'ect Ð-s

5o

O.)c¡c)[ 0.021

o. !Ç84 0.Q58

^ ^l'.u.yÒÒ o.-L3

o. B\-3 o.3o

Sl
JL

À
-JL Ê ll

TT t'l ¡ì
J-I )

(r + ry a) (t + ù-ñKa a- ¡a2 il)

r.'¡nere 4 is cÌe:iined ìry eqtia"tio:: (10), bur_t in i:ract:_ce

equ.aiion (5) i.s i-rsec-|. ïi:e eoiì.s'canr 83 is cefi-ned 'b1'

3" = €2 iiJ T;TÃrt

f- ",f r- 
'

(1.5)

Q6)



F al lienhagent s genera-1

insteeii oÍ- 'r,iie ,crociir_ci 't}r1:e prctlosec.,_ b-, i.lisiraw ¡-nc Stoiies.

Lr .'ij:ç_ ð-iq.qå:Qgl a.å_eJ _åclllqqr_o_gg
o

iTuosS' has recentl;r sui¡::railzea tìre lnvo-1veo- i-tieoreiical
'crea-t¡iten'b given ea.rj-ie:: by lïross and Onsor=,"rlO and fy tr.oss]-]

ihe simi:ler ca.se, thai j-n r,¡iricn ion pai-r for:nation is
negl igibJ-e, i'¡il] be consj-c'l-e::eä fi::st.

(i) ïhe Concìu-cte-rrce Eciur.-l;ion in -b.re Ca.se cf iiegli¡;ibl-e

:issoci ¿i-i:icn.

.JÌre ccnC.ucta:ice of a c'ri1r,i.-i;e sclution of a st::ong

-10
con d-¿c taitce e cì u',a.ti-on

JI - "JLn

l-s

el-ec-b::o-l-r'-fe 1s A-iveit b]¡

-iL = /L., - sco^

Tn til.1s ecìna.'bicn

(1z)

r'¡here o. a:rc- p aïe

in equ.a-tion (8).

0.+343 E

r)

U

r,¡'lr a -,. a

is d.efineC- Ì:y

= alLo + p ,

Ðelrye-äilcirel-Cns a.ger ccns'üa-nts, ilefinecL

E is definec¡- tirroui,h

Ec log c

nail

tr'¡o

is, e"s usual, tire ciistance of closesi e"ocroach bei.,*¡eeil

ior:s. irotice tnat E a:rci S aire inoe,:endent of concentra.tion

2 t_t
,r-^-hLn- ct- ,J*m;

2
Co

-:î---=a.!J ^ L\L
U

., ^ ÀtJ
!-Yl!i:L t-/-l_oc'-

\ao/



a:rcl the va"l u,e of

J

rrhere

rl

and

fi ôil
C| a

.))
H9h

-11
J is d-efinec by

Tz

= *I-no + Ç-) ,

l.2c

Tne fu-nction h(b) virich appee.rs índ-:a is given by

ItCn) + o")o'71¡ +

cLF, + 11f3ar ¡<abfì
E;',Ë -€ãt-r

4 is d-eíinec., es j:efore, hy ec1ua.,cion (5)" Tjre fune'bions

ú-1 anö-fi alle ci.epencen-u oitl;i on tne cìroice of rre.r'. Tirus

J- depends onl¡r s- rr¿.tt anO the ]imi|ing ecluiivalenì; cono-uciance.

.,;lÌ:erieace ir.¿rs siror',ryr tirat rr arr and- .iLo d-eþend- on -bj:e ecjuat_i_oi:

u-sed in thej-r eva.luat-ion. Conseo,Lrcntly tire;,r nust be

d-etennined frc¡n exireriiiental d-a-ta r..¡itil tire iruLoss-onsager

equ.ation. Th.e qua.ntit;, .y'', o-efinecì. by

In 'G1 ,
c'^ I

f't.ot1o
\

+ lnfa
e'"

is calcula.ted" for eacir cond.uct¿r-rrce de-beL:nination. .4. ,o1ot
, À/of JL a.gaj-nst concenti'atrcn i,,'ill ira-ve an lnte::ceot JL"

a-lrd slope J, froi,r ï¡nici1 rra-rr na)i þs ca.1cu.1a-bed.

.1 / A ^ ,L.JL = JL + Sc-

)ö

lic lot c , (19 )



-L2
(ii) The Üond-uctance ¡louation in tire Case of rtpprec:Lable

-A.ssoci a.tion.

Two eìra:rges are iaa-d"e in equ-a'cion (lB) to accomod.ate

tire nel¡ situ-a'bion. T*"/herever it apile¿r"rs, -bhe ccncentration, c,

is repraced by 
"To, r,,ihere yo is the degree of o-issociation

of tile electrolyte in solution. Tire ratio of ihe conductance
'bo the liniting eo,uivalent concÌ-ucta-rrce is a. satisfaciory first
a-pproxinatron for yo " An a.ssociat:l-on te¡:::i is iniroiìucecL

to represent tire effec'b of the ion pai.r:s on'[ire conär.r-cta1'].ce.

1lhe new eci-ra-bioir is

-/- = -i\ - s(cyo )* * ltcïo tog cyo + Jeyo x"eyot2.A(zo)

l'rhere f is t;re mean ionic actirrjf,y of the electrol_-/te, arrcl

Iç^ is tire a.ssoci¡-tj-on cons'ba¡.-|, for ion pair forrna-'b1on. itlLa

o'cirer syrnbol s are cief inec'ì' a-s irefoL:e. ìie are f acecì r,ii'bir

tj:e orol:le:r of de'cetrnlning JLr,, t'at', and. I{u froin e:cperinental

ii-ata, Tirree neii quartities are defined as shoi,nr¡

/t/t

*Å-o is chosen

Ii^ is ol¡ta-ined-

y-iniercept of
).JL,, l-s Ð.rTêacLJ/

1/-

-/l-a + teTo

./
JL _ -/L.,

%
o2jL .JL- o

so iha.t a plot of y a.gainst

fror¿ -i,he slope of the plot,
tnj-s i:loto Tiien Ita-tr may be

lcloiv-rî..

liucyofz-/L

,.- o2 ,li,-a_! J Þ

:c is linea-r, arro-

J Ís t?re

ca.l-cul ated-: since



log

the

ïf K, be knor..,rr. f:'on the extrapola-i;i-on cf a. plot of
I(n_ against the reciprocal of the dielectrì c ccnsta:ri,

eva-l-u-a-ticn of rrart a-oc: --rl-, 1s soner,¡ha-t siinpler. Tire

quanttty /, is defined_ by

L, -.-/Lo +

A plot of AJ against eyo

/Lo o

0n the other hanc1., if
eqnivalent cond.uc'bance and_

ca"lcul a.ted froi'n a- i:lo-c of

1?

Fuoss arrd" onsagerlo roention several reasons lrhy their
equa-ti on ca:r be expectec- tc be in error in 't inear a_nct higirer
order i;erras:

(1) Tire cha:r¡;e of viscosj-t;,r r,¡ith concen-bra-i:Lon is
:rno'l eCteC'ì_.rrv t)¿!

(2) The cha:rge of ct-iel-eciric consta:nt is neglec-Led.

(3) Linea.r superÐosi'cion of field_s is assumecj..

(4) Tire voluine occupied- b)' the ions is neglecbed.

(5) Tire fact tira.t colliciing ions have finl-r,e verocit;r
is ignoreo-.

(6) The solvent is assu¡iecÌ to be coi:tinu-ous.

These reê-sons a.irpflr "bo -the l,¡ishar.¡-S'coires aud. Fa-lkenha_gell-

Liest equations as r;¡ell-.

Jcy o,o

l,¡ill- have slope i

1o = /l*" + Kueyof2-,/L

rr arr be lmor..trrr 'uhe lini'tir:g
the assoeiatioil coi:sta.nt inay ìre

JLrragainst cToîz--/L , r,rhere

and. inteL:cept



i,Ía.ihena-ticar approxine-tions restrict t.i're Fuoss-onsager

eclua-tlon to 4 a( 0.1. (For e>lainple, c I O.O5 i¡olar for

'1ll , * o\cì ; ).2 i,L). In develo;tlng iae tireor¡', all the ions e:iceirt

the refeïence ion are replaced by a con-binuous charge

d.ist::ibu--bion. The charge d.ensity in tire ionie a.iriros'ohere

is a maxi-r:rL¿r*n a.t I/1,,, . Tire approa-cli of any ion to the

reference ion r+111 have a 1a.rge efr'eet on t:re poten'i;ia1

abou-t the reference ion" ]t is suggested. that the miní¡rum

penaissible interionic cistar:ce is of the order of a fei,¡

ionic clia¡rreters, ancì. 7 x a is a.rbitrarily cl:rosen. This

I inits ihe coi:ceil'l,ra.tion to t¡hich l¡e expeci the equation io
hol-d tc O"O2 ÍÌolar.

*.Ltþ-

There is i-r.o doubt that soijle forn of viscoslt}r correction
is necessary in concj-uctailce equationsn pÐ"rticular1¡r fey

concentra.'cions a.bove 0"1 molar. Iì:cperlence ha.s sho\,,n that
the factor al/rt" is pro'ba?:ly close 'co tire tru.e correction.

Tire viscosj-t¡r-çgrrected, equ-a-bions are, iiren,

r'4=(/1,-H) t I
a-nd-

It shou-ld be r-enenbereci that the 'bÌreoretical valiaity
of these ecluatlons is nc-u 'lteing examinecl. Tirere aïe gcoii

reasons for believìng thab ilone of theni is aoolica.bl_e to

a,/,n = -L,

-ry K*_
(r + 4 a)4a

JL,

ez;p ( o "zgz9ra';
1:t)

(21)

(22)



eoir.centrations higher tira:r 0.02 rnolar. The question,
rrDo ihese equ-ations satlsf'aetorily reprod-uce eirperinen-i:a]-

da.ta- in coneen'bra"-träd. sol-ritions ?r' is being investiga'i,ec1.

rt is realizec tLrat ihe rra.rr vel-¡.es oirtainec,- ii: tire raÌlge

o.o1 molar to 0.1 mol-ar are a-b bes-b quali'uative, a-nd, ilrat
those calci-rl ated for higlier colrcentra-b:-ons can ha.ve l_ittle
phy sicl,:.1 significa-ilce "

lLt
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The apirl ica.bility

,itolces,

,/
"4- =/JL. - Br (

\. T'+/¿a\

'IiiE ilÀTii-,1,i

and of Fal-lienhagei: anci Lei st¡

OF TF¡] PãO]3tU.i

of iire equations

to sal-ts previously s-budied in eoncentra.'üed so_l-utions in
this labora.tor;r has been examinec;. in tj:e region of i:lodera-be

concentration. The eff'ec'c of a. si-rnlrle viscosit.v* correctj.on

on atreeinent beil'¡een ca.-Lcul a.tecl- a-nd e:citerinienta-l- equ-ival ent

concl.ri.ciance s l,..¡as investi- ga_ied 
"

Densi'i:i es, vlsccs:Lties, specific conci-lrcta-llces, eur<t equi-
va.ls11f eonctuctances trêTê d.eie:.rcluecl- for solutions of
a¡monii-ur nitrate, silve:: ni'i;ra.te, a.niL li'¡jrii,i:ir ni-bi:ate a.'ú

zf cn anci zf c. at tr^ienty concen'b::atlons betveen o.o1 norar

anä 1.0 mola.r.

)('

B2K
T

- Bz !/u

G+r{Ðra

of iìobii:son and

e:c,o ( o .2929 tta) i
P^u-J \_

1 + ¡<a
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1._Pr.="Lr:it:.*oj[J-?;igqk=8,

*4.¡ruiloniu*a nitra-te, s¡isne:: reaLgeni gra.oe, I,.ra-s recr¡.-stallizeci

ti¡ice frcn conciucia.nce l.rate:r, groti.nd- in en agate inorbe.r,

ancl. storeä in ait oveïl at lOOoC. until- needed.

Sil-ver nitra-te from Johnson, Ì+atiìrey, anc_ l"allory,
was fusec car-e fri-1.-ì,;r in a pla.'cinum disi:, groi;nci in an agate

morta::, anc" storec in ila.rl.iness over sulpirurie acid_.

Fj-sjrer reageni grade lithiuin niirate i,¡as frr.seci just
j:efore use e a.s cìescribecl belor,¡.

Potassiu'n chlo::iðre, i'iallinekrodt anal]¡iica.J- rei-,.gen-b,

I,i¡a-s fr-rsed- in a.pLå',tiïr.u-äl ciisn, grou:rd in a;r aga.te itorta.r,
ani.. storeo. over si:_lphuric acj-c_.

il]íPEI{]i''81! TÀI PRO CIJÐ ÚPJ

2. PXe.oe-ration of the ,Sol_i-rtions

rda-ter obta.ineä fron a iiarns'bea-ci still- r.ii'bh a 'blociç tin
cono-eirser ha.d. a specific conii-u.cte;rce 'tess than 5 x tO-6

mlro,/ci-rr. a-t 25oC.

At lea-st 2.5 gm. of -bire sa.l-t r'¡as weighed- io ine nearesi

0.2 mg" The se-f i rras wasireC, into a" f'lask, a:ri- ma.cie 'rp to
a.j to 2 liters l¡ith coir.ci.ucta:rce wÐ.rer. ?he solution l¡as

r,+eigired on a large bal¿',ll.ce io -i;iie neeiresi:10 rng. ji ferr oÍ'

the r,¡eahest sol-r-itions r¡ielrê nrepa"r'ed- by lreigirång a.s lit1:le as

L.5 En, of the sa-lt to 0.1 ng. on a seni-nicro bala::ce.

'lq



Lithiu:n nitra.te líes hea-'becì to consta.nt i,rei¡1hi in a .cJ-atinr-rm

d.i sh¡ ihen ciissolvecl- 1n l.¡ater a"nd transíerred to a- ft ask.

r.lf .ltu1*ntr r,rere ca.liìrra-"i;eci, and- e.1l r*eigirings trei,e

corrected to \racu--r1ic. (Ðensit;,- of air¡ 1.16 ng./n]..).
iveight conceniraiions are, then, lmolvr-r. at least within o,elfr"

I, The .tfo¡.4p--c_'u-a:-Lcs .FÃi ci g g

li. mooLel ZOOC l{el¡lett-Pa-cka-ro oscillator genet,ated_ a

l-0OO c.0.s. a.lteri:a.ting current for a brioge conposeo_ of
a i'ío. L553 Leecis and irlorbirru.p shiefd.ed- ratio bo:r, a i'io. +Z5o

resis-ba:rce box, arriL a va-::ia.jrle ca;oaciiance. The signa.l

fron the bridge rva-s arnpl ifieci by a l'ieath model ûA-z L2 ruatt

er^nplifierr ana de'i"ected witÍr a ÌreadLphone set. The st¿incl-a.rCr

resistances uere calibrated to tire nearest o.ot ohm wii;h

a Jones Brio.ge, lì.esiste:rces .,.iere neasi-r.reci to th-e nearest

O.OO5i¿. To a-vold- heatirrg tire soli¿ti-on in 'rhe celJ-, it rras

rlecesse.r;r 'co linit ih.e oi;_tnut of tire oscilla.tor to high

volta.ge over a brlef period, of time¡ or lorr volta-ge over a

longer pe::ioo. i\ nonentts cal-culation r+il_l shor,¡ that a

resista:rce o'î 25A ol:rins i.leasu-rec at 13 vol'r,s (me.ximul

oscillator ou,.tout) i;r¿ry lncrea.se iire tenpera.'br-i::e oi' tne

solu'cion in tire cell by O.Ol-oC. .per seconcr. It Íra¡r þs

pointeo ouit tha'u ::esista:rces neeo nct be ca-]_ibr¿.,teci_ r¡¡i'cn

e:tceirtional accura-cy, eince sieall errors irr cel l- cons-bent

o.eterrnin¿itions r¿il]- be colrjlensateci by sii:iilar errors in
spe cif ic 

"9¡6ì.i;-c 
ia.nc e .

-20



Lr . -ilh ç_-Çpg Èu= gLgre*åe"ll_q

Several cel-l-s i+j-tlt leads anci. filling tubes sufficientiy
seirara,j;eij. to a-vcio- stray capacit¿:-irces (tae parlier eífect),
as recoruilenciecl. i;y jones anci 3ollir.g""12 l,,¡ere useci. Cel-l consta:rts

d-eter:ninedr l¡ith tne sol.uti oi:s d-efinecl by Jones a.rrd- Bra.d-u1l.u.r13

Ì,,Iei'e consia"ät r¡ithin O.O2;:," throughou-t tnis investigation.
'rire cell consta¡.ts l/ere 0.55r, 3"L996, 33.Tor, 6L.23'/,

101. +0, ancr. 13 5 ,Ll-.

the va-riation of ce'i f conste.rri ryith 'benlterati_r_re is
given ap t::o:ciritatel;, by

-2I

r)rfor a cell r,¡ith. large electroi,e se.tar¿rtion. r- ¡ 
F is ihe

l1near coefficient of tire::ma-l e;cpansion of Elass, alrcr A is
the ee11 cons'i;ani, fn this i.';orit -bire ce1-l- coiLs-i;¿ii:i ci:ernge r^ias

not grea'cer. -bitl-rn O.OO3ib, a.nd. so i//es iE;nolecr,.

ÀA=

5. -'llire-T.bçJ¡4gs3ate

Truo fou"r-gallon pyrex containers uere filleo- i,¡itÌr oil_

i'+a.rcol Gii supplied b;r Iiiiperiar-l Oil Liülitec - and. laggeir. lriiir
ha-lí-incir felt. Ea.cir conta.inec. tr"vo propello:c-type stlrrers,
Ð- rrercu-ry--toJ-uene regu.l a-tor, a 6O-r+a'ct irea.ting la.npo a.ni. a

Beclnna,nn iheriloneter. In ad-ciiticn, tÌre z5oC. J¡atir cont¿iined

e cop'per coil for. coniucting cooli,i-.rg r,;a_'úer a,t :rou-girl]¡ const¿¡¡t

terpera-lure a:rd cor:st¿in-b ïa.-'e oí $1or'r. -iir.e therrnostats

paar



ila.int¿rinec'1. constani ienperqtl'Lrê l.rithin o,oo2oc. Eecl¡lairn

thermoneters'r,,rere calibrated. per''i oäically, r^¡ith. a. iitj_ller
bricige, against 'bl¡o d-ifferent r¡l-a.tiilu;l :'esis'r;ence iireriiioi:leter*s,

r,¡hici: ascertaineci ihe tei:rpera.tr-tïe'hritirin O.OO50C.

/-.b. Ëre Viscos-i t:v i.ieasi-rreinents

;;;;;;.'";;a,*1or1 and Fens ir"t5 rype, he."rii:g

negligiirle clrainage and l<inetic energy correctioi'Ìs, i/ere

celiirr^teci r.¡ith i,¡ater a'v 25oc. and. 35oc. TÌre,v uere filt-eo-

through the ca.pill ar;r a.rn to a reference mari< on ihe capil_l_a-ry

portion b]- a.i:ìofying suction to th.e oi:posite arril. Ca.librai;ion

ri;-rr tiiles i.¡ere reproaucible to on-l-;r o.o5l;, possiì:ly beca.i,rse

of va-ria-i;i-ons i.lr the clura::tity of air iLissolveit" in the r,¡ater,,

-22

7 . The_ _Ð-_e¡gi_ tL:Ð?Lç'l+i n"p,t_i_og*.

Tt,¡o Tlycnoaeters of 45 il,] s. capa.citlr rrere filteci a¡.d- left
in the -r,hernost¿lt fo:: at least 30 nÍnu.tes. Tl:e sol.u.tion

neniscus in one capill.arf a-riii 1,,'Ð.s a.d-ju-stecl to a reference

maric b)¡ 'r,rithc-rai,iing solur'clcn r+ith filter jlailer ihrongh the

o1:pos'ite a.rl1. The pycnoineters r./ere rinsed- nitn acetotr.e, d.ried,

ancl l-eft in -bire bal a.nce case Í'or I hour before r.reigÌring;.

Several tines ciu.ring 1;i:e resea.rcìr 'cl-re instruile;:is l¡ei'e cat ibrated
rtitir lvater ai i¡oth -beill:e::atlr-res. I/acLiuirr correc'üions '!verre a-,:pliecì-

to all r'¡e-ì grr.iirgs. Tire neaii cevi a.-i;ion of a d-oze'n ca.-l-il::e.tions

r,ras O .QO21i.



-23
B " Th.e l.'Jji::.o-Lr¡ sJ=s-Çpår:e'ciipn

L6
Foil or.¡ing Ca:rii:bel I and Bocle , tire equiva.l ent conouctances

of a¡i¡ironi;-¡li ni-bra.te solir-iions \,,rerre corr-ectecL for h;,.d.roli.s1sr

r','iri cir occu-rs acco.rc.ing to tire equ-a.tion

îhe hydrol;r51s coäs';a-ilts,

are \ = 5.699:r l-O-10 at 25oC. *:.d .rl, = l.llo :c 1o-9 at 35oC.

+
îrÌïi'

In no ease rra-s tL:e correction greaier tira;r 0.11 r$ho.

+ HZO

Ðete.::ininaiions of speci'-fic conductance, ci-ensit)', a:ro- viscosity

Ì.rere cl-one in ilu1rlj.cate. t'lee-surements at 35oC. liere clol.re

t'¡ithoLit refil llng the instruneni,s.

1,F:- /ì-rrI\rir \-/ir
+

taiien frorir

+H

L7
Bai;es ancr- Pinching,
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ïire eliperi-rilenta-]- resuits of tiris researcjr are given in
Tabl es I to i/-I. Tjrree fr::iäe,inen'cal ;oroirertiesu tjr.e c_ensity,

the specific conciu-ctance, arrci. tire rel-ai;ife viscosity are

listec- for ea.cir sol uition. In ailcii'cion 'Lr.¡o derived ,nror:erties,

the -ñiole.r'ity- a:rc- -bhe equ.ivalent coi:d-rr-cbance are given.

The salts described, are a:nnonii-uri niira.te, silver nitra.te,

EJlP,:R]itEiiiAI RESÜTÏS

anc- l-ithiLr::r ni-iraie, e:-,cÌt at 25oC. anc 35oC.

$.11 cond-uc'bances a-re corrected for the contribution
of r¡¡a-ter. li h/orol;rs1s co"ru" i,i on, clescribeo- on pa.ge 2J,

has been aopl-iecì io tÌre aa.ta on aüuronili:ri nitra-ie.



DÄT,å ir0R A¡i,10i'Ilij-i,1 iIITP'AT.{ ,SOLLr.TIOiiS AT 25.OOoC"

ConcentraLt.i on Ðensi-ur,'
(nole/Liter) (an/ril-i

o.oogBg3

0.020033

0 "02 gL7 5

o.o3gg70

o "o+7956

0.050005

o "059ot97

o .0700116

o.o79g2o

o .089968

0 .10001

o.L5363

0 "20090

0.302 30

o.3ggg3

o "\-96Lr7

0.597ro

o.699T6

o.7gg43

o "90237

o.ggg76

TABIE I

O,997LrO

o.gg776

o. ggBol

o.gg83g

o.g()866

o.gg\72

a.999oL

o.ggg3\

o.g9967

l- 
" 00003

l.00036

l- " o0208

1. 00360

1. OoóELr

1 .00990

L.01296

1 , o16t_3

L.OL93'/

I.O',¿z+6

7. "C2566

1"02B6E

Cono.uctatLCa¡ ûond.uciance Vi scosity-
(nlto/en :ç l-Oo) (nùros)

Ëpecific

L350,9

267r.8

3830.7

5170.5

6rLv6.3

6395 "o

Z6oL.o

8792.rô

gg55.o

llL30.3
i^^ô- -t¿¿e7 " 2

183+4

23529

3430e

+t327

53c)93

63832

73/ott-O

Bzg66

g25Lo

r-0130ó

Eqi-rival-ent Prelative

L36.\7
-r )) fo
-L)). )L

L3r.26

L29.33

128.13

L27 "86

L26.66

L25.50
-t cL (L'-
lL tø) |

L23.70
a)^J-¿¿.03

119 " 39

1i7.10

113. +6

110. B3

1oB.7t-t

106. gO

I r\( 1?J-V/tøCJ

LO3 "77

IQz .51

101,32

o.999

o.998

o.998

o.gg7

o.996

o.998

o.gg6

ar OOr7

O,9L)O

o.996

o.gg5

o "ggo

o "986

o "982

o "9v7

a"975

o "973

o "96B

o "9b7

o,963

Qe)



TAEif ]I
DATÁ FOP' Iti.'¡.iOi\jIùii iiI?I-i:jr'Ill SOLtTiOiiiS,,lT 35.OOoC.

Conceni::a.tion Densi-iv(rrol-e,/l-iter) (e:n/rnLi

0.00!86rt

o "oL9972

o .02 goBT

o.03gB51

o "o478o8

o "o4g851

o.05g8L3

o.06g82E

o,079673

O.OB96BLr

o "ogg'gl
o.L53t5

o.20026

0.3o_]-30

o.3g\5g

o "+g4TB

o "59Lr98

o.69T2Z

o,79655

o "Bggo5"'

o,gg578

o "99439

O.9q+72

o.99Lr9B

o,gg5\-o

o.gg55g

0.99166

0.99 59Lr

o,g9628

o "99658

o.99687

o,99720

o " 
gg8g+

l- "ooo+1
'1 

^^? 
(f)_ovu/)))

L"00650

1 
"OOg51_

L "ALz5I
L.OJ-575

t. "oLB77

L.O2L8g

L "oZLrJ\

Specific Eç¡riiva.l ent Rel atlve
Concl-uctauce¿ Co;rductance Viscosi'uJ-

(rho/e"t :; rOo) (rnhos)

L6J_6 "o

31,gZ.g

)577.8

6a7'7.r

n7.LL1 t
I J tL.L

7637 .5

9073.9

Lo+95 " 5

11B8o. g

L3280 "7

L\-661_"3

2L863

2BO?_O

4oZ9z

52637

6403r

7 55BB

87tzti-

98031

10914-ô

I I oL,-Lr
L¿r/ I tL

163.73

r59 "78

L57.31

r ()-l o)r
L// I o // I

1 (? )rOL//J. I //

tq,2 r)-Lr/J.L t

L''I.b'

L5o "28

t49 . oB

1 LLtì n)-'-¿ tv.v I

LL¡T "o3
1 Lr-r 17 aL IL. T J

139 " Bg

L35.37

132 . O4

I29 "t'P

J-27.O3

r cLr o)r¿a-te,/t

l.23 "Q6

7D1 lÕlclo)7

1 I Cì OL'-
Llr/a ¿/ I

o "999

o "999
ô ooo

o "9gB

o "997

o "g9B

o.gg\

o,gg8

o.gg7

ô oory

o"gg8

o,g96

a\ oo Ã'

lt oot

o "gg2

v oYöa

^ 
ôQr7wc/9 1

o,gB7

0.934

o. g¿ì\-

o,982

(zz)



Conce:r'i;ra.iion Ðensitr-(r,ole/!i'i:er.) (gn/nLi

D,iTi. l-03, SILV*R

o.ot_0156

o "01g3g4

o.02 g45g

0.o3g9g8

O "0119659

0.058313

0.068343

o.0BOol tr

o "oBg961_

o.10063

o "L+gLí
o,L9797

o,29997

o "39976

o,5527r

0,59523

o "69g28

o.79L54

o,Bc)5o9

I "00088

T¿tsl:l III
¡iIiF.¿Jí SOLUÏTOlìÏS lTT 2-5.OQO C.

0 " 99BIF2

o,999Bl

r.oor25

L "OO27B

1,OO4l_1

1.00530

L.0067 5

t- . oo842

L,oo97\

L "OIL27
1 ^- a)^^I.UJOUY

l-.02Li.g4

l- "o392Q

L,05316

L.07+55
-l 

^C,^'l 
1J. O VUVJJ

7.O9+76

L"ro758

L.72tg6

L.L3649

Concl-lrctance
(toÓx(rntros ),/c¡,r)

Specifi c

L267.o

caÉL c¿J// r oL

3503.3

4625 "z

5720 .5

6643.7

7 69t .4

^^^róóY2 " '
9902 "2

LOg68 "2

L5655

20148

289Bz

37o5L

48674

5]646
r'Õ1,/ ^?öúiJu

64o162

7L59+

ryqa\r7n(t7tt

ä-o.ui-valeni F.elative
Concr.uctance Viseosity

(mhos )

L2+ .7 5

1t-t ?o¿LaoJ./

IrB.g2

1t_6. Bg

LL5.2o

1f3.93

Laz " 54

af r rOIJ--L c -LO

LLO.O7

109.00

ro4.96

lOL'7'7

96 "62

92,68
Oô ^/oo "uo
Q /^ nFl

8Lr.lZ

82.o7

'7a| OO

77 "9L

1.001

1"003

1"004

I "OO4

1.003

1.003

l,OOl+

1.005

1.005

t "OO5

I "OOö

].011_

I "Ol-b

J-"O22

t .OZT

1"030

1. O3B

|,o+b

L.O53

1"062

\¿o /



Concentra.ijon Ðensitv
(noi-e/!t bcr ) (en/nt)

Ð¡lT:i FOR SIL\|Û]ì

o.oLoI27

0 
" 019335

0.02 g369

o.039873

o.0+9507

0.058136

o "068130

o.079763

o "oBg681

o.10032

o "r+867
o "L9734

o,2g\gg

Q "398L'2

o.55o\o

o " 593_t-4

o "69629

^ ca-)ODrv./QO/5

0.Bg18o

a.9g7L3

T¿.tsLE IV
j\j]TRli?]I SOIL-TfütiS -qT 3i.OOoC.

o.gg54g

o.99678

o.9g\2o

o.99966

l.OOl_04

1 "OO22+

1 .00362

L"OO526

1 .00663

- ^^llr 
r

-L o UUO.L-]-

I .01\-85

1 .02l_67

l_ .03 5Bo

1.04961

L"O7OB2

I.O7/o5)

1.Ogo87

J- .1OJ6II

L "rr7\3
L.L3225

Specific
Coircluc t,ance,

(nito/cl¡. x lOo )

L5r9 .5

2B2Lr,9

4:-gg.9

5604.3

6B5t',.4

7g58 "2

g2L2 
"B

10652 "+

lt-B58

1311¡3

18739

2Lrl-OB

34657

\-Lr2BE

5812o

61665

70246

77L¡BE

B5zza

ilclu-ivalent P.elative
Conducta:rce ',/i s co s itv

(mhos )

150.01r

146,1 0

143. oo

Lw,55

138 . +5

136.89

1?Ã- rt& 
' 

J'LL

l"33 " 55

L32 "23

131. 01

126 "O4

722.1-6

TL5,9I

111 "15

ro5,52

ro3.96

100.81

gB "24
g5.63

93.25

1 .002

1.003

I .OOLI

1"OO\.

I.OO5

r.oo5

LOOT

L"OO7

1"008

t.o0B

1"011-

l- "016,'

L.O22

l-029

L.O37

I ,038

1,050

1.058

J " ULìO

t .076

Qe)



Ti-\ElE V

ÐryTJI Ïi'OR LITJ{IU],I lrif TiLi?E SOLIITIÛI.]S AT 2J.OOOC,

Concei:tre.'¿icn .iiensii."
(nole/ti'l,er) (Sn/tti

o,olo572

0 "021061

o .02977 5

o.O3BB4B

o.o5oB?-L

o "o59r51

o.06g872

o "o76234
0.091-701

0.1-0111

o "14g8o

o.Lgg37

o.299tB

o .39900

o "459+t
O.JB1-Lr2

a "7Lr35
0 " 81640

a.91rgl

1.0046+

o,gg7 5L

o "gg7g3

0 .99830

o "g9866

o "ggBg7

o "ggg+g

o.ggggl

1.00010

L"OOOT7

1 " 00112

1.00332

I.00506

L.OOgO2

t "eL293

L.OL532

1.02009

L"OASO7

L "O293Q

I .0330f

L,03667

Soeci Í.i-c
Cond.ucta-nc€ z

('ntto/crn x tob)

t_083.0

c'l aÉ ILL+V,/ a t

2gzQ.O

3770.3

LrBól" 3

56o4.t
/ J^ 

^b,JJ . ö

70g5 ")
B4\.9 . o

9247 .6

L32go

L7267

ZY',887

32130

3634r.

L'L().1^

5277r

Ã'C,1 O?
./ ./¿./ J

64r\j
6ss5g

ãquiva-ien'c
Conducta:tce

(i:rÌro s )

102 .44

o() cìr7
./za./l

98.O7

97.o5

95.66

9L'r"73

g3 "5L

93 "o7

9?-.L3

L)t 
"+ó

OA r't^uuo/t-

oo . ot_

83.19

80.53

79.t o

n/ / ^/o.o¿

7\..L8

72 "5L

7l .oo

69 "64

lÌelati-ve
Viscc sity

1.00c

a) ocov. ./ ./ -/

1 "00+

L.OO5

L"O07

]. O0g

1 ,00ö

I ,011

1" 011

]. 017

1 .O22

1.0\-3

l- "OLi2

L.o5o

I .060

I'O7'5'.

l-"o87

1. Og8

1"114

(3c)



Concentr¿-.tion Densit.,'(ncL-e/ttier) (sr,r/rú-i

ÐATA FOR II.TI,;I Ù-i.i

o.o1o54o

0 "0209g6

o.a29683

o,o3\72g

o "o50664

o .o5\g7 5

O.06)6JrY

o "07 Sggg

o,og1+18

o,Loo7g

o "1-4929

O "IgBTLr

o.2gB2L

o.3g76g

o.45787

o "57gLr5

o "7oBBg

o 
" 
81351

o.90862

I "0010

TABLE V]

líIlH.'r,Tif SOIUTICi$ -qi- 35.OOoC,

o "gg+46

o.9911'85

al oo(, ?v e / // /4 J

o.gg559

o.ggSBg

o "9g6+0

o.9g67g

o.9g7oo

o "99770

o.gg7gB

o "99997

1.00186

L "OO576

1.oog6o

1.o1,L92

1_.OL662

L.0215\

L "O2566

1- "02929

)_.03287

Condu-c'iance,
(,:rÌro/c,^' x 10Ð)

Spec ifi c

L3O6 "2

253\-.g

3525.9

+5\o.I

JgLrE "J
67Lr5.z

7B6L.a

853L"6

lor57.2

1111 i.r" 3

L5960

cnqc\-

29822

3BLr.60

L8Lr79

(2r tLr
./J4J I

6299+

70605

7719'ó

O'l 111(JJJJO

trqu.ival eni
Conduc-ba:rce

(nriro s )

r23 "93

I2O "73

l"t3.7g

L17 .23

115.\-4

114.37

ì r Õ olJIZ c O(J

'ì 1.ì .¡l
LLZ oZ-\)

111.11

Lio "27

106.91

104.28

I 00 .00

96.7L

oL o/^
// t o /v

9L.87

BB. 86

86.79

84" 96

al 1 a,/ö5 o¿O

Relati ve
Viscosii;y

1,000

1.002
'l a\^ )-L. VVJ

l- . 006

l.OOB

1.01o

1.008

J-.OI2

1.01+

1.020

I .024

I ( \TJ]L

L.oLr5

L.O5'5,..

L "066

1.081

l. O9l+

l-,106

L.L17

( 31)
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I . i¿ i-r¡tatj gL q f -b.lte*M
/\llor,ring for ihe sene eriror in crensiiy ct-ete::nina-i;ions

a.s in ca-libr:e.t-ion¡ tire lrean iLeviation oÍ' the c1ensiti es froi:r

'¿ireir irue va.lues shoulo be O.OOLIþ. Da-La- for ai¡rroniui.r nitrate
solutions fo:: the ecir-laiions (obtalneci 1ry lea.st mean scrr-lare

ca-lcul aiions )

D]SCUSSIOTi Õ.ñ

and.

mT i.r ---) - I ôl Tt i:ì ñ
I.l-til ¡r:¡rf,U!l))

r¡ithr a neen devi¿rtion of O"ÐO2ií ai 25oC, a-ncL O "OO35fà at 3ja}.
P is the i,¡eigir.t pe.r:cent of eiftircniun nitr¿."te in tire sol-ution.

Üevi-ai;i-ons a-re :ralrc;-omr Ínc1i.ca:-bing that tire introcil-Lc'cion of a.

ter'i:t in P' is not necessa-r)¡. The den'sj--bies for P = O agree

i.'¡itir tirose of r¡¿'i;sr l¡itirin O"OOlBil" é.s poih.'ced_ ou-t earlÍer,
æ-eight percen'r, concei:'r,ra,iions are 'lü-Loi,irrr. 'üo a.t .'l-east o.01-ii.

Tlre nolar concentra-ì;ion is tnen i.l:or,,-n tc a'r; le¿.st O"OL5,i;.

The accuracy of tÌre si¡ecific concucta::ce deternina-Lioi:s

d-epend.s on tne cell cons'be,nts, i'¡hich ere l.;:oivn to o.e2,/i, anci

tire resista:-rces, jlnol,n -bo O.Ol-ii.

d25 = o.9g7og]r + o,ooLro552 P

d35 = o "994oTZ + 0.0039351 p,

liquiv¿r.lent concìuctances nra.)¡ tnen be e:;pectect to be .ç.¡-ì ,cliin

o.oJfL o'î tneir tri-re va.hresn inakl"rg soliie al-lor'¡ance for ihe
poSSiÌJ'i l itT- tirai several errol:S itle;r eir"=n_t" i n tjre SaÌne o_j rection.

(33)



3+-
2 - Ç9¿@

The lea.st nean squ-are equaliion for -bhe c,ensities of
an¡roni-"ui nit::a.te sol u-tions at Z5o ç. is

l¡ithin O.OO2li for O

the equa,tion

d-25 = o.997Lo + 0.032364 c

25 a/>d'/ = o.ggToTT *o.032628 c-0.000963 "t''
- o.oooo+73 .2 .

For o ( e < 1 these equa-'cions clo not o-if:i'er by nore ilra:r
DÉ

o.oo27; in {'. l.ire d"ifferences in the 35oc. clata for a_i¡loniu¡r

nitrate soli-rtions fron the d-a-ta. of canpbell anc;. Eockl6 a"nd-

canp1rell, Gray, a-nd Kart t^^rlrl9 are i1o grea--ber ,chan o.o1,)1,

except in the ca"se of Boclcrs o.o23 motar solr:.tion, i',hich

differs b;; 0 "o3li, anct Grayt s I mola.r soli,ition, vihicli d_iffers
þ)/ 0 . L4-i;.

ltrquriva,lent conc.ucta:rces for arnitoniu:-m niira-te sol uticns

a
C.OOO79 c- ,

l8(Ju-c:ier gl-ves

' ^ -o ^.---^L^-r --,i .J-,., ¿ì^ ^ -^- ---1 L - L6at JJ-C. r'¡ere coinlta_bed i+iti-r the results of Ca¡rpbelt anci .t:ocLï

by nea-ns of a irlot of the difference bet'rr¡een experinenta.l

cond-i-rctarrce and. that ca"l cu-ia,ceci. from the Fu-oss-Cnsa.ger: equation,
a.ga-insi concentre'uioi':., ri: tire raïr.ge checireci, o.oi ¡no_l_ar to
o.o7 inolar, the presen't, results are consistently o.og inìro,

or o "o5ïb higher tha.n ihose of canpbel-L a¿ro- tsock. Thls is not
L-ri-lusuar, hor.reve:r, l..dien one reileüibers iire.t ê_ dif.,erence of
A.Loll r,¡oulC. siil-l be r.a1¡¡1tr tne exlteriiiienta.l erlor. Tlfe fa.ct



that one set of results d.iffers coi:sis'c,entiy fron tire

ma-y be attribu-'ced to a, ca-l-ibration difference, such es

occu-r ir: a- cell const¿'-r.'u cleier¡iina.t-ion"

Conäuc'bai?ces in tire range O.Ol nolal to O._t_ irolar
fitted to the Shedl-ovsky e,ttrapola"tion function2o,

35-

r¡irere o. = 0.2289 anci p = 60"32

f = 75.Og a'b 35oC. The va.Iu-es

aì
¡r;ili,ionlut¿ itj--uta'ce 25- C "

^)É ñ)) uô

(o. ^/1.+ ß )=Æ
1 ct-rñ

Sil ver nitra'be

Litiríu:r ni-'i;rate

o tirer

migÌ:t

at 25oC. a¡ri ci

of J-" obtainecÌ

+Ac

LhçJlqJ*qs

145. o

1r7L- t1l t cL

a ll ôL) j cz

161- . o

l-10 " 5

L33.7

Jn view of tire rel-a.-bivel). high concentra-b'i ons to r.¡hicir t,ire

e:itrapolation fu¡.ction r,¡a"s ap,oriec,., a:rc in vie',,¡ of the effect of
associ ation oÍ' iitos'i" nltra.-r,es on concj-itc'bance¡ agreenent ila.¡- be

corlsicìe:'ec- a.s gocct.

ïhe viscosi'uy resu.lts agree r¿iih tìlcse oí Ca:apbell,

Grery, a'nci, i''a-rir,*n"1,19 anci of ca.rrrpberl, Ðeì:us , a:tc,- tia-r¡zue.x\33

l¡j- tnl-n o .2i5 .

JL"

25o c.
o

)É t1)) u.
.o25 C.

--O^)2 v"

l.¡ere

= 0.2334 and-

are silcÌ,,rl1 belol+:

Litera'cure

145" 01

LTLI.2L

133.36

1-6r"53

11O.1Ir

'1 ll 'ì,o
IJJ o'iO

i)rç{g-Ie--+_cS

2L

L6

2L

22

2L

21,



3 . S."eJ f-- cg4 s_i gLeq_c*:lpi_-Eçf

Plo-bs of tl:e 3- vaiu-es ifecessary for egreeinent of
experiruent¿-l concl"uciaitces r+r'i;h iircse ceJ-cula'i;ed by one ofi,.

the condi;.eta"i:ce ecru-aiions aga-inst a. corrvenient function of
conce¡rtration are a rigicl. test of 'bj:e self-consi-stenc.v of
e,.l¡,rerinenia--l- cata. Figure 1 siiows sucÌr a_ ;:1ct for- a,miloniru'c

nitra.-Le solu.tions a.t 25oc., u-si-ng üre Faliienhagen-Leis-u

eqiia.tion. 'iirat none of the 1:oints cr-eví¿Ltes fron ihe a.verage

line by nore 'Ghe,:l 'ü.ne exireririentat error, sholin in Figur e 2,

1s evicience tha"t the cono.i,ici¿urces are self-consis'i;ent
1..¡r lilr n e.e)la.

Jo

4.!95-ç"g!¡¡þ-r*o;3--o;fl -lþg-q+tW-*iü:psgur-e-q1,:¿--*såu..-13g.
The Falkenhagen-Leist andr Robi::rson-Stotries eqr_r-ations ccniain

but one peîÈ;iûe'üeÍ, 3, 'uile o.istance of closesi a.pproa,ch betueen

io¡rs' This 1:a-ra.iaete:: j-s citosen to give gooc,- etgreclent j:eti+een

e¡:periile:rta.] a:rc- calcu.la,'ced equiv¿Llent ccnciucia:tces in cii-'t-r.ite

so]-u.tions. Tire calculations in this r,¡orlc Íorce I to a.bsor'b

all- iilperfecii ons of tne cond_'uic'i;¿rr.ce equ.ations.

Tire d-aia. froi:l i¡iiic]r tire figures l,rerre Crar.,'n a-pÐea.r in
an å-ppeild-i:.r. rn tire figu.res, tire size of the cÍrcles is not
i ndic¿ltive cf ti:e e:lr:;eiinient¿11 error,

( i ) /\"ri-ronirun l{itraì;e a-no the Fallcenhe-gen-Lei s t Equa.ti on

Flgr-r-re 1 shcr^¡s ho'r,' 8, calci.r-t-a'beo- by 'i;he far-kenira-gen-Leist

eciua.tion (LT), varies rrith concenirailon. The efíect cf tjre



viscosity correction, equation (22), is a.lso si.ro-v.,rrr. ;\bove

1 rnolar- ttre d.a'ca of Ca.¡lrcbell e.:rc, Iiart rr,tn !3L' \.¡eï.e Lr.sec,

j'íote ti:.a.t ¡

o(a) The ä val'uies íroi:i iìte viscos-i t;r-sgrrected- eo,Li.a'r;ion

shoi+ greaier scatter tira¿: ti:ose fror¡ eç¡r-ia.tion (lZ).

This is d.l-re to tl:e rel-a"'civel-]' large uitcerl,a.inty. in ti:e

viscosity d-etericj-na'bions, O.2;,.

(ir) The I ve.l-ues fron the viscosity-corrected equation

generall¡i 11s belor.¡ 'chose from eciu-ation (I7) . Tire fa.ct

tlr.a-t armoniu¡n nitra-be sclu-tions belory abou"t 4 i:rctar
_Lia.i 25 C. have viscosi-bies snalier than tira-t of r,¡aier

s¡ç¡rl a--ins tiiis "

37

(c) One l¡oi.r-]-cl e:lpect 3- ,r.',1-rrus ca-Lcu.lated. íron eciua.tioi:s

G7) aniL (22) to be closer t.h.e rnore clilute 'blie sol-L,.iion"

It will be evici-eitt fro¡n the ciiscr¿ssion beloi'¡ that ar1 ¿r-ccuracy

of 0.OOJli or i¡etter in -bhe viscosi'by C-eter.,Lrí¡ra-'blolts r,¡ou-rii-

l¡e necess¿ì.rjr to shor,¡ -bira.-i: bwo 3- va.lues oo no'c d-iífer iry

iûoi-e -biran 0.2 3 at O,Ol no]-ar.
/ -\ o(c1) ã. ciete::l'irina-bioi-rs in d-iliiie sol-i;_-bions shol^,' greaì-er

scetter than in concenira.'cecì sol-u'l,ions" The re¿j.scn lies
in tire natüre of tÌre ij'al1cenha-gen-Leist eclu-a-tion. 3 it
used onJ-¡r ii1 'uhe liitea.r a;rd qr,r¡.d_ratic cLivi sors¡ (l_ + Xa)

a-rrcr- (f + t-Ær'\a. + tc2a2), both oÍ i,,'iricir ap1:roacii uni-by

rri-r,n increa"si :ng d-iiuiion. consec¿u-entl -y- the nore dili-r_te

the so'lu-tion, '6he grea.ie:: -bhe l-ncertair:t;' in ihe

CLeterrniitatron of 8 froil tÌre concj-u-cta:rce"
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lli rrr: i-a

oof a vari-es

ciifference be'i;rreen ¡-.rlo-i;s a-t 25oC" anci lg,oc,
girren i s íor e:lncniuLr ¡-itra-be solii'i;ic;.rs r:ur-b a_l.so a_-_.,._l j_es,

t.r'i'l-1..i- ai'\.' J!.i r uill-n tu):, 1.o sc-l-ui'i:iot:s cf -i:he -bt.¡o ot:ter" sel-Us. .jo-i nts llet"e

olrte.j-neC Ì:;' s¿.1 s¡_1-a"'çin- ti:.o effect of a, C,AJi; cha:rge in
oconiì.ucta-nce on 'i;iie vali;-e of ã., at cons'i,a:¡.,r, coücen-b.ra-tion,

:-'.i ütr,ïe 2 is lrseíri.1 foi' es'bj-na.-i;i nB tì:e ¿-,ccrilrec)¡ o.f' 3 i,rå,I-u_es 
"

!'o:: e:carllrl-e, if eonor-'.c-Lance c-a-ia. acci;-rate -bo o"o-r;r eïe

a-r,'ai-l-a.l:-r--e fo¡' o , ot ¡lol ¡-:: soli-''.t j-o:rs ¡ 3 roa.¡. lre ce-lcula.tecr -[o

the nea..rest O'04 1, vi'cJtin 2ii, of ärost åì ,r.--1.,."=, ancl no l:e-i;-i:er.

For o,ool i'acla-:: sol.;-'bj-o.ns 3. ,na"y j:e ca-l-ciila.teci ¡¡¡i1,il a i:ossible
eï'.l.'cï oí 0.4 3. r:ir-ic.- is r o

!.¿¿_u__ ¿r -¡_rcuü 2)','t o!' i.,-l a va_,,-tìe" ll iL for

so-]-litrons T.,¡eaire:: tira,n O"OOI iro_1a.r i,¡i_l--'l_ not co.i:t:::r-l¡i;.te to t:re

oleter::lina'bj-c:r cf 3. rb shou-J-d j-¡e reneirrbe¡:ei tÌre.t t,.re b-uitlt

of corlciL'.ct¿:-nce dä'c¿', croes r:.o'b ireet i¡is cr.i'ce::ioli oÍ' I ç-n,

e;: lre i'ine-lr'üe-l- elt uo r "

,Br' :'.-r rl; 1-ig =-:-ì Jille 2 to :rJ-5r-rr.e J-, 1-l :ra;- be seoil -Lira.f -bj.re

c-rc':rge in H. for a- o.o5j,,i cha-nge j-n cc::ir.i.cta.nce j-s a.20 3, at
o.ol- trtol-a.i , a.o2'c ?' a.'i; o.t r¿ol ar¡ a.nci o "ce5:o, a.t r ;,ic-Le-r.

oÕif a -..cre ccitsiint tìtc e;:-..e::i,-le::-;,:.J_i-;- c._c-f e:::i-i:tei ä vi.l-,.es

r'¡ou-l,cl- -l--Le iLi-b:iiil e fl-r-:rne1-slia-rre c eïea- orlen:ì-ii,3: i.r¡icì-er- e.:r.c, iii cl-er

in t-re cl.irec ;icn of I o',,,'or- ccilce-il'ùre-tion . s-i:.ic: tr_LS 1s nc-i: tl:e

casl, 1:e .-iaì; e---l^e'' 'c:ie .-.'e.,r__:c:l'::'.;cn-L:rs; eci,-::...ùi c:t ,r,c :,,t¡-,.:

eÐllr€ cia,t¡-l-e crer¡í¿,"''cj-cls f::or: 'uìrc eli:o3ïi lírcr: i;a.,'l_ ¡'e sir.l-bs ,

2 sjror.¡s hou tire uncer-bain-ty, Å8.,

üi-bi: co:rceirt::e.'bion. fire::e is no

39

in iire deiernina.tion

significen-b

'ilÌre inílo::;laticn
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'Jne te-il)cîi.'fu.lc cle';ence'-:.cc or' 3- is er:c:,ri-.recr- in -,'i gu-re 3.
:iec¡.use of ,che na-giLibucle of -i;ire -rrjt.cerbaín't,;- rn 'bLre c,e'ce:rilin¿l-iio::

Uoi a, i-b is ;ro L possii:-.1-e 'uc s i:¿r.ie inCispu.tabl;v -r,.,tretjrer or noi
oa va,ries i'¡rtli ie:.t era_-brire i-or sol-u-ircrrs -t ess -r,:tâ.jl O.l- _lo1a.r.
¡;l:^^ -f,.. ^.1- ll^ --.1 O Oille r- :.c'i; r,.i.¿-.'r, o. va]_ue S a"t 35" C. are cousi s -t,e ::tl ;' irig:ler the¡r

ootircse e.i 25- c, i-oes, ¡.ol,iever, sugges'L tnri-L ä varies r:ii-i,rì

-l::.i,ooIa"-bi-r-.i:e . :i?;ove 0, --l ülol a.r bire::e -ì s nc cio'irb-L 'i,i:.a-t i\,i'o
.o

cL-L:'r-e reiLt a, val u.es i.¡il l- be necessa-r';i to reproc'-r-lce bhe elileriiten i;a-l

:re s'u-l--i:,s .

llhe ii¿:11,;enh¿igen-i,ei s ; eqäa. i.i:rr reirrocuce s tire i.a.ta. for
a-n'icniLúl lj'Lr-a-te so-l-i-rtioLs rei-Ì¿-.i_i.,ì,_|¡; i.¡eIl- ri,¡ to 1 nol ar,
in s.rite of iÌle inccnsta-lc;;of 3. requi::ec. fcr a perfecì; íii.
Fi¿rure 4 is a 'p1oi; o:.' tne cii:i'Í.eL:e:rce betrreen o.bserrreci atrci.

oe;';t¡er'irirenbal coi:.d,u-ctaaces for' 'i;1.¡o a.riti'ti-'a_r;. v¿.llui:s of' á,
^ -r^ O ,,- O2.)tsO ir ¡.ui. 2 "b2J -l'" -i,',periiitei:ta.l ctata- a-re Í'eltltoo-Lrcec, r.¡i 'cLrir-t

o.\- iliro .ii,,1 'bc r inot a.r fc:: g" = 2.5eo 1, i:ut -bire cievia-i:-icns ere

sys'l,ena'{,ic e-n.. gree.tel ti:i.n tiie e-rireri.;lenta't error" i,¡os'L

ci:istr-rrÌ:ing j-s -i:he fail-i,ire oi tne ec¡u:,.tiorr -l,o reprocLr_ce c.ituie
scluition ( < O.l inol¡ir) cl.aba- r¡:'-1,.r a- -r,:.;'sic¿:l-1) fee-Soita.j:_l-e
oOO
ãl va.-]-,--e. lti ¿,.S,-ee:lcilt :.:i'.;:iir O.-t i:ì_1.c, e.a ã. of a.boi,-t e_.1 i,

r,.,¡ou-,r-r be necess¡-.i:;e lur_i;-bhe su;r cí'tìre cjjl,¡s-b:r]-1og::aniric L:a_c]-j-i

ocf a:rtiloni.l'-rl e.nii rii'Lr,;.-'ce icits is o:rJ-, al;cii.t 3 " j .":i.

The e ffec-b oÍ- re rt--l-ac:Lnl ttte orr;ilal. ÐeÌt;.e-;j11_c.,el Cei-ini-b:'_on

o'i K , eqLi-r,.-bi cn (5) , ?:;r 'Li:e.t of -''a-l-',:enira.gerr, Le:Ls'i;, ;-rrc rielÌ.:g,

eciu¿:.iion (10), is a-l so i-l-] -r.s'r,r¿''-iecl in ïrì-gri:ce .Li" r,ei:;iir o "l- iriol ¿,¡.::

i.re eifec'c on 'uile cð-r- cul-a-tec- coitclu-cte¿rce is :tegi-iglirle, ì:;.t a.t

I ,rol ¡r. 'l-lra ñ.-ì.'JrÇ.r u,.Ly u.¡-lcuf a-i;ed- coniurc,r;¿¡i-Ìce is inc::ea_seci by 0.2 ini:o b).

'cir.e u.se of l< fro¡i eclu_e_.tion (fO).
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(ii)'uunoniuin ifitra.,r,e and- tire Robi:lson-stolces Eq.i-ra.tion

'j'kre varia'i;i-ou cf tìre !ìoJ:inson-,Stoiies 3 lri'ch coi:cea'úra.tion,

a-ncì- f¡ç effect on 8. of a- fir-st,oor.ier viscosi-t;r correct'ion
are illusbre-teo. in Figure 5" Equa'Llons (r4) and_ (zr) r,rere

u.sei. in 'che ca.lcula.iions. Th.ree observations nad_e ea.rlier
in connection 1,ri'r,h tne Fa-t irerrhagen-Leist eqtration (1:a_ge 3T)

o
fla-;r ¡" anpliecl" io this plot " a. values calcu_l eteci_ l,¡itj.r ,r,ìre

uiseosit).-corrected equa-'r,1on shor¡ greater sca'r,teï tiran thcse

lyiti-l equ-atioir (fll) . The 3 valu-es ca-lcu-t aiei- by equa.tions

(1+) and- (2I) c1o not becoirre icLen'bica,l i,¡ith increa,sing d.ili-i--i;ion.

Tire viscosiiy-co::rected. 3 values lie belor,¡ tnose froin ecir-ration (lll).
J:rainina-bion of Figi,ire 2 l¡i-l-l sho-,¡¡ tha'b the uncert;rlnt;,, in B

ofor ciata a.ccura'üe to 0,0516 is 0"3 L rt O"Ol- molar, 0.035 A
o

a.t 0.1 rrlolar, and 0"008 ii ai I leo--l-a-r. The u-rrcerta.i::rty in
a 1-l,olrinson-Stoiie, 3. i" a-itcit-L 5O7, ligirer -tharl that 1n a.

Falkenir.a-gen-Lei s t 3,

For e o,uatlon (1)'.) ,

coi:s'uant va.lu.e 3.37 l. ,-o to I no-l-a.r: then o-ecrea.ses rapid-ly.
Ooa values from equation (21) re¿.ch a na:clmuirr ai Z.B2 Ã (O"T molar)

anci a- ::ninitnum a.i 2.fi 3 (5 nol-a.r). Å coinpa.risor: of Figu.res

1 anc- J shor,rs tnat F.obinson-stoires 8. val-ues ¿-¡s þigheïe an:ci

ccllsecr.i;renil¡- more itl-a.lr.sible phy.sicall;r, tnarr Falkenhagen-
,orel_s1" a vo__L",-ie s.

o
a increases u-.jl to O.(r nlef¿.y, has tj:e

E:¡re::funerr.-ba.l concÌi-rc tance s a-uci

Bobinson-S1-o.ies eq r-r¿.iion corrected_

tilose ca.J-cul a.i;ecL 1,./itn -blie

for viscosiiy (g. = z.Zf 
on)
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-\l -
are coÍtpe.red in Figu::e 6. Up tc 1 nola.r,

O.f äúro. Eciuatlon (llr¡, r,¡i'bh 3. = 3 .3T 
ol,

reprocuces the ca.i;e- ec1-ur¿:.11;r irell belor* I

(i:-i) ¿u,¡*ironirlil i"l"it¡:a.te ani the Ftr-oss-ons¿r-ger Equ-aiion
;.,^ ^J---^-..-^.L ---, --- - i - J, Olrr ar-ùej.r,c'i: i¡as r:e.o.e to fit ihe 35 c. c¿:ta of ca:rrpbell

.76a¡:o ,iock ancl- sorie of tire oresent c]_a_ta to tire Fuoss-Onsa.ger

equ.e-ti on, (18). The i:rocec-inr:e, r.,,.irich negl ects ion e.ssoci a.tionu

is ciescribed. on pe-ge 11. :l plot of tÌre qi-rantity -JL' aga-inst

concentra'i;ion is l-i-ne¿:-r bel orr 0,003 rnol ¿¡, r,*itir intercept
/n = L74.18 t o.o8 nhos a:rci slope J = 35o. This corres,oond.s

nO.]-^ X - ), /- 
^uo a = +.\) j{. Ða-La in ì;ne raú.ge 0"003 ilolar tc o"oll mola-¡

a"-l-so lie on a- stra-igÌrt line but iite in'i;ercept is IlLr.! r.rìios

a;rc- tlie slope l-Bo, cor:rresponcLi:rg 'co g. = z.z L. llhe fa--Lhire

of tiris trea-tilen'u no cloll"bi -l-ies i¡:. 'uhe Í'a-c'ü tlta-t a-r,'i;rioirii-lri. and

nitra-r,e ions for;l ion Þai rs; conseoiueni;ly i;he s-L:;lple:: Fr,ioss-

Onsa.ger equatt ion is no'b a.ppl -ì ça_l¡ie.

egleeinent is l¡itirin
I ' ' L,-^-\\ïio I l-al.lr-s trl:aIec_ /,
uolalr.

/. \ -.-(ir¡) silver liitra.ie a-irci the Fa.ltrçenira-gen-Eelst Equa,tion

'Jile F.a.l-henno.gen-Leis-¡ 3 is p-l-oti;ed- a.ga"j-nst l-og conee¡ttra.''cion

i ir l-ììi -r--ra , :1s r,¡itir a:u:toniuult nitraì:e , resi_rl-ts frort ti:et)11r v t .

i¡iscosi ti¡-corrected. e q""ra"tion sho.u.r colisic]-era.bl e scaite r because

of tire u-rrceT'cer.Ínt;. in viscosi-t;i c-'te-t¡,.i-i:'iiila-'bi on¡ anc- o"ilu-te
ô

Sollr-l,1-on a. va_l-i_ies a.lte l-eSs certa.in titan ca.lci_i--l-¿:-i-ions in
.(

colcentra"ted so.ri-rtions. r\ receni reviel.l b;". Ste::n arlo- .*ij,,i s'l
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Sives tire foi.lot,¡ing rai.ii, C"eteri¡rineci fror¿ ionic coilstituent

rrroi:lliiies: i\g+ = 1.-r-3 L, iT0; = 2,25 L. TÌre su¡n oí the ionic5o
rad-ii obta-ineci in 'r,hese c¡-l-culations i s alv¡a).s iess tha:r 1.9 A,

no d-or:-bt becau-se -ion associa'uion has been ignored.

The usefulness cf eclr¿,-,'cions (t'i) anci (22) for rei¡roc.ucing

e,-iperirnenta.l clai;a- i s e;l¿Linined. i¡r T1glr-i:e 8, Sith.er eqria"ti.on

t¡ii1 give, a"t conceilbra-tions belcry 1 1to-lë.,r, a. coni-u-ci;¿rjlce -,;¡ithin

O,! iriho of i.ir.e e;;;.:erinen,ta-l- val-uLe rf 3. is cÌroseü i:roper'l-¡.

Lrr-47

/\(v) Silvel i,iira'ce a-na- the Iìci,,inson-,5tokes :Ìor:-a-'[iol:

î'i -rr-¿^ Õ sho','¡s 'bÌ:e .¿a-ria"iion of 'cire i'ìobinson-Sto]cesI r ü u.l \- ,/ ù:.tv i/ Ð uaf E v c_I

for silver ni-ura.te soluiions a.'i; Z5oç, i¡1tir concen-tra.tion.

The cu-rves aue oÍ' tne sarre si-la-i.le as ihose fo:: 'bire Fa"1l:ei:¡a-en-
o

Leist equa-iion, but P.obiirsoni$.toiies a" va-l-.'r.es ¿¡¿ l1i gi'rei.

iri gu-r'e 10, å. coilpa-:ri-sorf of c¿¿1crr.l a.'bed anä. e-xi;e::i,;lea-b¿11 coiiüu-cte'nces:

st'rous 'cira.-b i¡.e Robi-nsc:i-Si;oi;es equai:i-on is as sa-i:i sfactor¡'

Ð-s tne Fa.l lrier¡jr¿igen-Leis-b eqiia-tion.

(v) Lj.thiuül iÌi'i;ra.'ce ano. -bÌLe Fali;eiCra"gen-Leist itrclua.tion
ô

^/vaïne 25-C" d-a-'ca. are stun,ia¡:j-zecr in I'ig;urre :l-1" S'bern a-ncl.

1É o:'ti s'- ) give 3.LtC i. as 'r,ire rar-d-iu-s of irre -'l-ii;ilÍ-u:,r icn. i'ie e::pecì;,

i;hercfore, '¿i:a.-b 8. r¡il1. be abou.t 5.7 7,. :i'l l- E va.h,-cs ci.lcuil-¡.-ied
o

he.re a.re I ess the.t 4.2 :\. Once nore, tÌre discrei:ancy na-;r lls

attri.i)u'cec, to ion a-ssocj-a-Lion, ;rirjlrre 12 presenis tþe cleVia-¡ion

of cc.] cä].a.-bci frcn e;rpei:i ilen b;r.-L ccnc,uc La:lces " tjre eciu¡¡--Li o¡. f e.i1s

i'abhc.r bad-l¡r aliove 0"5 ncl-ai'"

o
d-
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$ tjiitliilìY ¡1j:iÐ COITICLUS IOI'IS



Equivalent co.ird.uc'uances, ciensiiies, anc. viscosities of

aqu-eol1s solu,tions of a¿¡noniuin nitrate, s1lve:: nitrel'i;e, a-r:ci-

lithir;¡r niila-Le lla"r¡e been cl.erlerninecì aí 2JoC" a.nC. lfoC. at

concentra-tj-ons in i;ire re-rlge O,01 i'lrola.r"'i;o 1.0 ino-i-¿ir.

Condu-ctance ij-at¿¡- fo:: soi-ui-Lions r..,'ea.]íer 'r,hai1 0.005 irrola"r

ere of l-i'b-b1e val-ir.e fo.i: cì"e-bcrininiirg the C-is-l;a.,rce oí closes-b

aop::oa"ch for an electroJ-ytei.in sohrtion.

;iiirircniiuir nì t.r:a.be c;-a"i:a up to .l- ilolar .$¿r-y be reprociuceO.

i+itÌrin 0,4 rnito by tite irali,;enhagen-Leist eciuaiion if B i=
o

ia.lieir Ð.s 2"56 A, or r,¡ithin 0.5 nno by the P,ol¡inson-S'i;o1;es

eclni; bion r.¡i'btr viscosi i;y correc1;räon, u-sing B = 2 .7, ?r.

Silv-^r nitrate cr-a-ia, uÞ'bo I i:lola-:: uay be reprociu-ced. l¡ithin
OO

O"L¡ nriro l¡;'ih.e Faliieniia3en-Leis'b equ-a.'l;ion u.sltrg ã- = l.5L A.

Tire sêJ,l€ å.ccr-ri'ac;r !5 obt¡.ina"'ble r.lìth ì;lte P.obinson-,S'Lolies
o-,, Ieqr-ratioil. ancl. a - l..5Lr 4., Llthiruil nit¡:ate ca,ta u"l to 0"f äiolar

.,-aa"y be reÐroou-ced vitiliil 0.3 nìro b"lt tire i;'alkenllagen-Leist
OO

ec¡'ua"ticn r¡¡íth viscosi-u;, correctio.n u-s1ng á = 4.00 Ä.

These d-lstances of closest approacir are sna-ller iÌl¿'.i: r,'¡e

e;r1leci, bu'¿'cile¡r increase in trre S8-i-i1e o::de:r: eS tirc sizes of iire
JJf,

I ¡ F. ¡
e ¡.Il_OiLS e li3 ) r,,rrl, ,> !l-
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o
cj't é.

b

TÀEIE OF SÏ.,]CTS

Ðista:rce of cl-osest allpl:oa"cir beir,¿een ions iil
o

so--j-uti.on, in cmo a-ni,, Ä, TesilectiveJ_y

lìmpiri c a-1 cons'r,¿¡.nt

lfuoss-Cnsa.ger ccnstantr pe-Se l-0

BL, 82, ts3, Tirecre-f ica.l coirs'i;a:ris, nages B ¿rro 9

Ð
o

l"ìú

L

Concen-brat:-on in moles iler liie::

Ðielect¡:ic cons'r,a-rrt of a nu.re solvent

F

J

lr

Iin"

L

lL

i'l

iJttl t

r)

t'

V

lfuoss-Onsa.ger cons'ba.n-b¡ på.ge l-0

iiea.n ionic a-ctir¡ity coeff-i cien'i, of a:i e_'l_eci::ol;;'te;

see FLross-Onsa-ge:: equa,-Li-oltr þa-ge 12

Val¿e of -r,he Fara-ciay, co'¿lorabs

I\"r.oss-0nsager cons-bant, p¿tEe 10

Boltzinannr s coÍts'ba;:.t i;:i ergs per c-e¡re e

;ts,soc-ìation eonstant for ion ¡ai r forita,tion

Specific concr.iictance ii: rohos per ci-,l.

Concent:raì;:l-on 1n ions l:er -ur-ni-t voLu:le

;ivogelC.r:ors nlr:lber in molecules l:ler grein rrole

Iieciproca.l of the i¡oliuiie of ions l- ana_ 2

tlaoss-Cnse"ger coi-ts'¿a^ni: pÊ.Ée 10

Ten¡:e¡'atr¿::e in degrees a.i:solute

Volu:re -i n inl.

l{z

( 58)



u, F Ðebye-ütïcliel consta.nts, pate 5
y iì,ctivit;* coefficient of a¡r electrol yte -in

sohition, Ðebye-.,Tli.c1ie-l- equa.iionr pa$e +

nfo Degree of clissociation of an electrollrte in

sol u-ii on, !-u.oss-Onsagelt equa'cion, ll¿.ge Lz

€ Cha"rge on 'biie electron, e o s ou-.

L\ P'eci¡roca.l of iire rrr¿.-o.iu.sil of -bhe ionic

atnosi:here

.-/L , -/Lo ¡lcuj-vat ent cond-uc'bance ano. liniting equiva.J-ent

co¡rctu-c-bance 1n nhos

-7(, 'G Viscos:'L-b;r of sol uiio;'r anci- 1oi-r::e solven-u, lroises

5e

v
f
O;, ú':L-_ ¡-l,ioss-Onsa.¡.;er cons'i;ants, Pa.ge l-1

Ei-ectrica"l- po'cential around. an ion

Ci:a.rge ci-ensj-ty at-ound- an ion



Farad ay, co uloilbs,/equiva-1ent

Charge on the protono ê c s .lt .

Boltznann eonsta.nt t erg/a-egïee

.A.vogaC-rot s nur¿ber

Pí, I
Base of natural logarithns

Log^10

iiolecuilar ïTeiEhte iillì.1{0.

r\gltlO,
J

Li¡i0 _J
iíc1

Coirsta:rts rel-evaut io rvater a.t

VALitgS 0F PiiY-SIC:iL COliST;li'iTS

)
9 "6Lr93 x l-Or

_10
+.8022 x lO -

- -161,3803 x 10 *
ô)a\

6.0238 x to
3 "ltrlfp
2.7rB2B

2.30259

Bo.o4B

169. EBB

68 
" 948

74.557

Densi'i;y, g/rtl ,

Diel-ectri c cotfstant
T,riscosl ty, poises

-/f- o, nrhos,

,+
^ 

l¿
.¿l/ 7re 1'l I

lrsqFE/
T)

"l
II!2

I\Jä¡, idO1--¡- J

Itei'io^-3
Lirio3

(page 4)

(pase B )

(page B)

(paee 9)

2gB.L6

o,99707\-

78 "5Lr

8"910 x 1o

1+5.01
't 1l ''\l
J-)J r JU

110.14

absol-ute ternperature, d-egreesu

T)JJr
J

3oB .16

o "gg4o5g

75 "O3-3 -3" 7.203 >i iO

17\.2r

L6L .53
-r r1 LoIJJ c'f{J

^ ^Õ/ /JoZO(f,O X

1"8\oZ;ç

2 "3783 x
f OlOaIc()JUJ å

(60)

Lo7 3,30T6 x to7

to-8 2.2768 x to-B

t-o-E 2.\Ð37 x to-8

Lo-6 2.zT3T x ro-6



1 " F.el4ç¡g-a.ae¡-,:i.ç-is.p* & -l:+Lsg er-=:iliiLl,û3,-*ãfg*-*.*gi51Ç**
i''i-'-:ures I a:rd- ),.

(c is in nofres i¡er li-ber, 4 in 
"orlfu 

3 in c::r.)
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1. ( continued.)

o.B 29 "386 2.561 1OO,5 2.2L 29.52O 2 .538

o.9 3L"220 2.5117 gg "L 2.2L 3L.362 2 "5L6
I .O 32 .862 2 .523 g7 .6 2.r7 33.006 2 "L,-95

(tne follor.¡ing l,¡eJ:e ca.lculated- fron ciata in references 19 a.nd 24.)

1.0 32.932 2 .527 97 .3 2 "L5 33.248 2 .+7

r "7 L¿ "776 2 "305

-^-6 o ¡.,/ ñ '-_---:---6---0 
-

tí25*lo-" ár5 -L/t,zj 9ar5 KZf"lo" åZf

l¡O¿

L.9

2 "o Ll6 .4oo

3"0 56"756

4,0 65.897

5,Q 73,594
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70.00 1.830
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6Z .26 :- Bt6
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