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Bavliew of sarlier Joiks

The seiorlty oE Psactlons that are of chuniesl o
Binlondcal ln opture ceouwr An soluvion. It ¥Yans pieviocusly
Lelieved that solvent metely provides an Anegt medium for
shemiosl reactiong. The sighificonss af 80lutox~Snlysnt LAlpGLew
acylons was geolised only .fac:em; iy 4% o Dasult 0f extensive
arudias in agueous, oneagiecus amnd mixed ﬁai@iﬁsm.aiﬂ'@-

’rimﬁf;c:vzz'-ifs the dost abundan: solvent 40 nsturae Iin view
of iks aNEress .iﬂ:pomanm'& ko chgndseny, biclogy, agriculs ure,
geology, ©hgsg Wntar s been extengively weed In Kinstle and
exullibriuvn studies. In gpite of fuch extonadve Studles, oup
- Hnes ledge of aoleculas® intaictions in Wekoer 18 extosiwly
limited. Horesver, tha uniquensss of water a8 solvent has been
‘E&;ffﬂ&ignaﬁlls 1 EE rogeEt veays and At Pes peen rerlised that

ke studiop in ouher solvant teddsn {aoteaguesus a0d aixed
solvents) would e of great hwelp An undersSkanding dldfezent
| . .. 1=
molecsulay Ilnteaceions snd a host of complicseed phenotsiona i -
sxtenslve studdes on ohe phySiocsl proporteies of AdLffervert
goslvent Systen® hove besn madu but o lasentable gsp still

exlsto. Joevernld claseliicatione of erganic Svlvunt Sysuend

ased on thelr dielecs jlo CUNStants, ogsilce grouy LypE, BQide



Lage properklies or asooginvion ;nmiﬁgh by droeyan ﬁ&ﬁﬁiﬂgla,
ﬁ@ﬁﬁrnmeﬁﬁatcragxagextiasij, hagd end aoft poldeluse princie
913914 ste have besn mede, the different solvent: Systems ahos
& wide divernoneae of properties whieh would noburslily be
raflected on the chersodynanic and timnsport propesciss of
plectrolytes and non-alochirolytes in vhese Solventi. The
depemninas lon of thermodynmice and transpoat provorbiss of
gafsercrny electrolykes in varicus uolvenws would thus provide
a0 lmportant step in this dreceion. fptugally, in ohe develdpe
wont of theories denliny with eleatiolyte solunions, much
abtention has boeh devosed Lo lon.Solveme irnsrachions whdlden
e “gontrolliing fovges” in dndindtoly dllute aglutions uhare
ion=ion lnteracelons aye abpeit. Lol-80lvcit inteactions ox
Drogdly soluteesalvent incerzctilong are inporeant 10 Gideie-

C Btanding the phyBlgowchainleal properties of solucionss. Iv is
wery difficuls to suggest the forees or fagroxs involved dn
£he aolube « {on iaﬁ} solvent it ersctions an w3t of ghedr
Gaternining factozs remin cbscure. Jon-2olvent (or solutoe
solyvent ) intersctiong sinlfest thamdelves in all gcheymodynamle
and tzanspott propesties of elesurolytesd generally sbisined by
extrapoiation ko iﬁfiﬂihé dilut ion. By sgparating £heSs Sunce
L lonsg inhg londie mantoibuclions, it is possible to deterring
.hhﬁ canﬁzihutiana due o tilons anﬁ anions in  the 20lutee

solvank inte;aatimas. Thanfe depumd an the inkrinsie 3glvang



e P

shrughioe a0l on the mature of ehe dons {dismungion, charge,

ahsrge distTibubion in ¢adge of large ilong, NeDonQLing @b is

fne of the roasons for the dstoacdes i sclusion
chanlstyy 456 that Ehe structuse of the golveas aslecules is
nor Anodn with owciainty. The inkYoduction of an lon of solute
madifiey che sﬁlwm #ruoture Lo an wicektaln saguicude
whereas the aolute molecules arxe also audified aad the inter-
nlay of forges llike selute-scolued, Solutgwsolvent and s8olvint-
sulvent intessoklons beontas pradoningnt ¢hough the isclated
pletury of any of Lhem 4o nod Koodn with cortainkys

The predlom of ﬁ;%ﬁﬁl‘zmné intarachlong whieh aye
alosely akin to jonic salvation ono be studisd £rom dif fexemt
s lés using adoosy a._.-ii tha avwilsble physico-chenioal ceohnie-

JUEHe

Foaesslvent. inserschions cao bo studied spackrosaodie
cally » the Spoctoal goelvent Bhiita or bhe chendcsl shifts
detanmning fhelr guaiiravive andg egua-ﬁt.;itmi;m tatuig. But aven
gz ditative or guanticstive gporticning of tha lonesolvent
CAgcgxootions ottt the wolous possible factors is I:xtilqu:zzphill

Eaake

The LioneSolvont imernctions oan 8 lso be beudied £xoin
the thomodymmmde point of view whete changes of the Lree

VReXGY, enthalpy and entropy ctoe associated wich a parelouiar



react jon ann be qualitacively aad pane itasively owlaated
{using warious physiccechmsdonl reohnigues) from which
conneluwions regading ohe z?acz&;;:satfs pasagtotad wikh ehe Lobe
golvent Lnbomsobions cen be wﬁmﬁ-&ig Sl e

Bimdlarly, the isa-tolvint invermonions ¢en b6 studied
using solvationald eppresepws luvolving the stoedes of diifegent
nropartist such 88 viseosivy, conjuckBnog ond goipressibility

e 0F oloctrolytaes and derlve the wrious factors assoaisted

wivh fonle solvabilioie

e ghall particularly dwell upon che dlfferem aopoots
of £hese pranspert propegiiaos as the prosent discsitgeisn lo
Aetlmngely roluesd no whe sundices of visgondtiesd and oonduee
tanges o2F Aifferent wobrasliyvl aomonlium beomides ond A lialil
moeal helides (chiorides and oronldes; in‘yunsiesprotic’
solvent, 2-dcthomy Twhanel 4017 snd fus io;i_.;g*..;:y BERGGRS MiNpares

and in apiotia Solvent, l.8. lLy8-Glokghoxy Scthane 45007,

Vigsgosivy
Yisgosity 16 ong of the most Lporiant LIANSPOIE DIODEXe
ties uncd Sor bhe deternitation of IoneSolvene iVeersoh iona
10426 : ‘
and studied extenpively & < Viscosity Az noe o thensdynanie
iguantity, but vigocosity of an eloctrolyeic Scluticn tosbhoy
With thegmedynunic propenty Tfe, partliasl selod voluse, gives

mich laoZormetion and dosighe regarding log-solvent interastions
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and the strust ures of the electrolyeis solurionse The viscosdty

reloticnshipa of eaee_;;miy{:m sclucions are highly complicsted.

C Fhere are stroiny calesatx.mé'i forees betveen the iong and 2olventy
and oeparation of the foreoas 16 Bok really gpossibles Bug dégom

- eareful amlysls, waidd canelusions can e Arewn .w;;arciing

the Sbructine Hnd the Morure of the Solvation of the parciculag

By stofe

Yhe viscosity 18 a measure of che a‘:xim_iéﬁhewwa
adiscant, relatively xmw.ag pasallisl planes of che llgulds
“hrwthing that liorenses c:m decresses tie interaction bDetweoen
the planes will peise or lover the Exichion and thezefore,
ingxéaad o denreass the _viaalmﬁ,t;y;

2% Iprye ephereh ave placed in the 1iquid, the planss

11 'm'-méy&a‘wsg‘ehmr in fngressing the Viscosltye similaxly,
| “insresse in the pvorage dogreo o hyétwamﬁaﬁﬁiﬁg pbotween

'&;’i‘w pianes will inorease the Exiction m«twwﬁ the planes,
thorely viseoniby. an lon with a lagge vigdd cowsphiere {for a
Bhruokure prometityy lon) will .b&%mm ag & xigid gphere plaged
in she 2iquid and incresse the inter planayx frlction. Similany,

an Son imz@sirm the degyos of . -hyércagun bondliy of the degtee
of m:rmianmm &g the aaj&mam aolvent ok aal&a, will

increase e vmszmu.t;y. imnwzmﬂy, Aong destroying corzelagion
< eowlgmb

Sould dugrense the viscosity. The Aﬁm &m.earactimi of ghe

lons niso Zv.ezgs tiwr plane u:s_,mthax: angd giva& & a %p&amﬁama
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e aonaentrat ok, e the cffece 48 s ll ond will Re swbopad
o 14 '
Bt MOSUERLE Lodpuratues .

Thig f:ﬁ.z:éf: aﬁmt:mm:tzic. masuratenss wf viscosicies of
o aligser of elw.ﬁrélyt‘ﬁ solok lons ovaxr s wida ‘gotgsnt rat Lion
PRnGS WAS atbenned by ﬁniimﬁismnu in 190%. Y@ noked nons.
Iinearity and DeJBCivVEe CUXWLUNe L the VISCONILY CONUENLEam
Cblen curves &iﬁﬁaﬁ;ﬁq@-iw of los ox nigh qoncontrngionals In
1929, Juonce aid 3&&1@18 Suggested au edpiriaal equation (1},
»c;&am.iﬁmniwly gmma__}.mim tiw felative viscositlew of che

electrolytes with nolsz concont retions Ow

4] .

The equation redvcesn Lo

("1/"1;-1)/511 = A+ed | oo (20

where » snd B are constsnce apuclilec to ion and tha Bolvehts
T &:gm-tiara 18 apeplicuble cqmlly o axueOUs and DOR-AQUEINE
golvent Systoms and usked extensivaly. Tha uowin f%'ﬁé* Czigitmlly
sseribed to Ununeisen affeck, beose fruld che long ange woulond
forges Lobvwesa thw fons. $he a;ﬁ.gmﬂ&;wmﬁ of whe tarn had since

then Degg réaliged due o the develipiens off E-;%@r:a};em-iﬂ&;aal

s - | o v A0m32
theory  of Inter fomio stixachions {1923}, Salientagen's
shoorsticnl coigulation of the weRELEaR 'AY, Wsing one sgulld.

vpium eheary and the Cheowy of irstversilhiie processus in



23 ‘
glectyolytes develcoped by OnSages bnd FEose » The e goeliie
gisnt dopendd omn the L0-i6R intosonicns and oon be oo lodlsced
Sreit Lhe physiceal properstics of solvent and goluzion using L'e

2
#a lnenhngenesYanaog 2 s Lon

. o
G 28FH7
h - '2&, A . Gg;

. Ny AL )"
wheor  om (g2 AT

wf:mm/\o)?\ﬂ and A BYS ¥R um‘.’-.iw; gondcetaness of Lhs
nlackrolyte and the lons redpestively at (ospofatune T  and
'P'[oaxa e dlelectrie t:;{am@tﬁiiltf. and wizaoalty of the solveit.

for most soldcicons, both sqUELUB ond NofeBqueous, the egustion
in vnlid wpto ta.;}%m'%&- At higher eoncantabiong, the extendaed
Joneseiolé equatdon (@3 invelving an addicvional constant T, |

; 353’2.7
prigimally used by i mimxkygs s beell usad by 3cvexsl vWorkerls .

e )

4 P .
"‘Lm w 1o a0 & B0 o+ po ves (&)
o .
Thi congtant I oot e gwluntad pfopetly 208 tre significence
o the consuant I8 al8s nov alvays dsanioyful and theroeiose,

“the eguselion {1) 48 used by Moot of che YOIKS Z6.
. . é . A -
The plobs ef (Mp=13C syainse ¢? for the electrolytes
i -] .
should give the VRlus of & Dk in generel bhe YRlues come ouk

Lo be ne;zativg sr sonsiderably sestter and devintcion £rom

24, 2F !
linssrivy g't;curg 2 aj’zg-- Thus, instend of deceraining pr-valuns
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£Ren t?."h.e ploes of by least 'z;qmm method, the Aevwl lidss axg

generally salculated usioy Yalkenmgenevernon expmition {(I)e

Amorificlont Bhould He suro for Aon-ulEliIolytaB.
soeordlng to Jonee ond 0l the c&-@ﬁﬁ‘igﬁﬁz Ty e pProbably
repLesenes ol ist,\i;‘&i‘an';&.ng eficck on the solunlon O e
eloctric forees butween tm' Lons which Lend to MBINLBLIN A
Spacuelabiioe ﬂtrac:t:—umlﬁ- ‘ '

The Becosffifclont my be éit-:_mr potitive o noganivwe
: é;aﬂ it I8 acruslly &he foneacivent intessctlon pagamatots it
15 conditioned by gha lon-sice and che sslvent and aance e
cileulsted a pricri. Ths pecopificlens axe chinined 2@ slopas

8 the HLTeighe LineS UBAmY the lemat squere method snd inkore
oepts e 1 Ea this fewmlues. The factors uhich incresse o
deorenss the visgosicies of the goelvent as _méasm—:atad at the
‘Wjinmr@y alzo condltlon whe laoresse or deciense of Bewrlues.

' _ g . o ETVREY : -
I*ﬂhe Esxctors which AnEloses D-wiuss ate 4 -

{1} The effect of feanic ml‘?at:iﬁriﬂnd che ag don OF
ehe £isdd of whae Ifon d0 produging lony faags ovdsy in .rr.;c:sl.vem'.

molscules ingrense 7| or Hevaluas,

{2) The destruction of the three dimensionsl structure
of solyen: molegules {{.e. Structwre Presking effcct or depoly-
megization effect) deCrense Y| -values.

£33} idgh melal wwlums and lov ddelece ric Icsims’.:am: yieid

nigh devaluss Jor similar solveitd.
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1) Reduoed Hevalues bre oheained when cho prinercy
pelwpion of lons is scerdcnlly ndndured 18 high molal volute
Solvants or 1f eivhay lon of & binory elsctxolyiae cannor be

apeaifioelly 8o lwmgesds

vasgosiclen ay hic;ihez Cos ek Lok Lotias

1o had bean found Limt tne viscodicy veiuss sk high
cotoentrat long (1Y o Botefationd oan Do Csprassnted by the
_ ' 32

ginpiedeal Eoomila suggestad by oa8xada

‘ ' LI ;9:5} .
71: Aexp bfT

sovezal altermeive formtlatlons hnve basn proppsad for reprd
senting the resulns of viscoslty Geasurenents in che h&gh.&s .
. " - . 2 {* )

3N, ) . . *
aoncont fat lon Tangs S siid Lhe éguation suygestad by angalil
Bagsed on an extengleon of ghe free volumsn theoyy of Lransport

phesomena Ao llauldse and fused aslis bo  innde soluplons is
patt lonlrrly aspevortihys
The eguation 18
e : . .
. _ vor 53

i/’rl =y N [ - W

whore M represems e gompencation of ohe salt LR @3ve
L. el _

libwas 5 & and &Y are vonstent supposed to be independent of
tha 8ol gompegition and N, 48 tho hypothsticesl congentzagion

&t which the Hyston beeosuws (labse The egmmiion was racage by



3 e

: T 4Yed 3 o
v jumdnp ot al Antroeducing vhe Lindedng condiuion uhag

oy H~>0, 71‘“5'“[0’ the wiscosity of the pure solveate Thus, we
i ve '
- f
KN

M [P N w
o 3= = e

4]
The aqum.iun (¥ gz‘e‘.‘di"*‘a a suEsight line pasaing threugh Lhw
origin fog ehe plok of In "YIT A Ve Wi ~)y AL a sudkaille gholue
for #, 18 mmue. The equation {h o as seern Leated by Fa juzfv:%\:;r
o al u&mg the dake ﬁx’a,u this idteracuie and s fheds o¥n
ez;mzimm:al a.:w-ultm he best oholee fox M, 0 R wat sylected
soy a trisl and eribr method. The set of R' and H, whiah produce
'niﬂ:im\m daviat fon batvwaen 7\1- d-f;a.gp't:_)_ ond 'Y\WL {thao)} 'hwas '

mocephads

Tn gilute soluttiona, H{{H, and ve have

-t

s N o
n = em{;f‘ﬁ/n }C:"— e ere (8}
n*ei. _ : “ iy

wihpiah ies‘ nnt.i'ziﬂ:i But the Jonas-nole &’gu&tim‘a with the ilddelon

rr'

1mtem¢t:.ma Lere raprascnted rE B = .....S.T. » Tna amngsanﬁm
-

Chepween 3 ovalues dctaradngd fn this way and using JoneS-nole

eustion me been found to be good for sevemml alﬁctrﬂ;yt.c&&n

f‘um‘mr tne ezaqum.:tmx i wxint-.en in the foxrm
2 *
L

= ﬁl":ﬁ . ‘*"Q .
e a— L RT3

' ﬁhn’l‘e‘l‘ |



adle
: , , 15 .
oiosely resedbles Vand's suyuniion for fluiddty i{rselprocnl
for viseosivy):

25 _ 4o e o

23 £°anve!, | \

wheps © iz ¢he Dolay oonsent mtmzi of the scluse and V 18 vhe
sifecedve rigid molay vélu-{me af the sl and 4 18 Lhe incerdc-

LAgn Sonatiite

Division of & Coeefficicii itnto Janic wiucs

Piw ‘viﬂc;éﬁihy Emmaﬁﬁ'mi-ama have boen detecnined Ly
a lazge numer of ﬂm:kesra- in agueous, nixed 338 Notenguecus
g}@lmmgz 9"&4‘?&, Hovewes, tle Secosfficiones as deterainegd
orpariventally using JonoseDols equation, Gdes ook give any
imrész;mn s:a.:;aming ion-gsolyvent incersct ieons unlegs 'tham iu
fome 2ay i-:.n::a ddens ity whe agparnee aﬁ'm:rﬁ'iauc ieng of cations
and aui.‘&ans in uhe bkl solute.solvent intersonieng. ‘:ﬂ: in
| well krown ¢hat ro g:hysi@-emmim_i ﬁtﬂ}?&.‘:ﬁy' af nhe togal
Bolute @?s.ﬂ reflect whe px@mméﬁ of the individesl ioas and
L only tonle contyibuglons My glw iﬁﬁ:—h}?;@‘ e Lhe in: sinsio
mreurs OF the solvens mmmuw& any iup sedlilcocion by the
tans {cuaditionsd by the dimenslon, charge, " mma.iﬁ,;& dlatribus den,
Healdtn i ing otce }a The c&ivm&,am Of B3 1UGSH ﬁmzd ionde 8™ ana p™

welues 18 gquite arbitrieXy besed on somg appgoxisation of



“)}3m
asuupeinns, the wildity of which wmy be yusstionsds
The Zollowing methods have been uged $0F the division
of Hevelued ldte fonde cuTpohentas

44

{1} Cox andg plfanden corxied o the division on
ghe posunpt ion that B ten valucm ef Li =sad X0, 4y LITQy exe

,pmmmi sl foy whe Jondc mlmw Wwriigh GLe propoiiodl oo
_ 6
the chiad poves of t:%m ,mn.&.c m.a.i.uaiw. ':‘hu gethad of »mm&y ‘

and also of o minsky” -iéz based on

L. i . \_;{3 h S ) . )

The asgumsnt ia Sovouyr of this assignamt 16 boged on the fact
that the Bucostficlent fbr KCL 48 very amall sud bhst the
modlis tas oﬁ g and tﬁlu- 'm'-:a "-v‘-‘@ry Hiallal over L tespaeture

ange 13—45 Co Th aas&ir;rxﬁmﬁt is supported from &h&r CIEE R

-

£

15 ¥i}
'-ﬁxgnamiﬁ 'pmpeni;mas . M&giﬁ;,a.ng;le y DENoVRL, 'pf@!&:é&?‘.‘t‘aﬁ EA TR
'dt_ﬁsﬁl- mther than Kol Fxapn mb&:%,;iay sonald crat Long.

_ o - : 28
m The method sugdestad by‘ Pesoyen and Pexeon  is

Mam o tzw e gauapt fan t-.rzat the i@k’i ] QN in watar is probnbly
" rzlﬁfmst. o bhelng nu:it:mr e m.m.u_@ brusker aor a ﬁtm\ﬁhum
Pakers Thus they suggost .*;mar. it iam gn&:ﬁhl& to apply with &

(¢
hdgh :ﬁegs:m ai amumwy. mixmwin*& e:maum _

| a_,.‘f. 00025 Ty - wee dday



B

rnd ny hawving an sesuratt wiuws of the partial molsy volwne
pf the inva v dv is pasmmiﬁ to apiculate the value of (.339

Eor Bﬁtiﬁﬁ' in vatey i; 2% e

49 _
fogene ly dacew &t 2l proposed the Widely used
Trefasence clectrolyce” methods Thus fof Serzsphenyl ph

phoniun e:;ﬁi;m.g:smﬁnyi Lroulde 40 wobher, we have

5o~ w3 A SB L  a
j‘ﬁ’m;h_% ”.. E“’ﬁ?hﬁ B?hqé’?nﬁfz. | {137

; {geareely sSolubles in water; is obtoined fop
Paon,prng rasly . $ax

& B " a B - s e {130
B‘%ﬁph‘; 1& E‘Fﬂ?hﬁaﬁ' - e Yy 4 ) Eﬁlghﬁgéxtké - .

" the weluss obreined ave in gesd afl;mmﬁzmt.- wigh these civnlmed

by ether mﬂaha{m@

| The z:zritm:&a m&@iﬁl.@& o t:m Bmmmﬁmn of Becouificieney
m noneagueme solvents dlffar mea whese genexslly used ia
vater. Honovery the ashods sxe begeld a0 the egurdivy of
 gguivalene eﬁnﬁﬁﬁna:tmﬂa"#ﬁ gounear ions au infinite diiuciond.
T’h.us, ' | .

(a) ceiss ang “‘-iaam*@ianmm BELUKG by x ® Boge 30 ethancl
{bosad on el moilicles ok ng;g): Thegy G180 adoped

a5

| B;.m &w » 0,25 ai t‘-m iﬂi%: al wlue Zox m&mnmﬁw BOLUE DS

(b} For sestonitrile selueiong, Tugn and Jupgs  proposed she

wirua Ligy



= B | wss 415, Bince they thought that these
53 &

Tl Uiy B”
dons ha‘ﬂi‘u‘;}ﬂi{m’ lax m-‘mil.ities. Htx«!évm:'. pecordliyy o Spinger
et além_. 'Aisg -"-"u&“% » Sled and 7\ :h‘_}ﬁ = 58e3 A aCCLO-
nitrile.

45
{y Gopal and fpttogd vosolved the Segeoafficiung ih Henetbhyl

sropionswide solutions, asausing {sithoue proof) that
8, -0, wee {16} st all t:cam;:eratums.' CIn dimethy le
-4+
sulphoztile, the division of Es-cwﬁﬁmé_mns e wx:ried oug oy
: g
Yo and lmnriimz pssuning B (i-pel Bul Y7 = psERBT J e
2B/ (‘i'_Pe):;BUNPh‘;B 7 eae 117} &t all teapoleturess
Wide use of ehis coehed nad been ade vy BLher authore Lor
_ 27 55 >3
direciyyisalphonide , sulphons et iy 1ﬁnuaiz:aetriamw
. 82 :
s ethylend caibongte  SuLULIcnNS.
The meklipdds, howewsr, heve Dgea stxongly critielized by

B3
Lrusjels . rooonding te his, any @ethod of reasiuk lon based

on the aguality of egquivelent conductence Zor gerheln lon
suffers from the dravbael that It Is Lopossible bo select any
two ions for which Ag+~A,,- in all malvm*a Bt Droper LeNEaYHe
LUreS. Thug, though NotF - N\, 1 ..ﬂ: 25 G in methanol, but not
in sthanel or Iin okbsy solvents. In addition, iF ehe moblli-
ties of somw long are sven egval ot infindce dilution, but

it 18 not necessaxily true st mxierste concentrations Zor which
the pecosfflciont veluss are caleuleted. Furthwrz, according to
him, eqgualley of diggngiona of ii-f;m.r putd” v}y ii—amjauuﬂ""

and @hij__i% 2088 nop nacubcarily laply equality of Begoeificlents
Of thexa lons and shey ore likely Lo be solvent and lon-stiuct ure

S8 pendeit .«



83,84 | _
Bromaie - hmp pagently propesed & nekhod for the

-xmmsluﬁiﬁﬂ of Betozificlentf. The method is bsssd an the fack
that the iarye votroe lkyismnoniun eatlons BEE Lok ﬁalviééiﬁ
in organie aolvenes {(in kthe norm il sense dnvelving edgnificsne
glscteostst i .int,e:amctmm. Thus, t,ma ignde Uevaluces for
Jergs perres lkylammontwn dons i 80 Whezs R Bu) ia organile

[+
solvmus are proporticmml do tlwily dondc dimensiong.

Thus wa havra

: 3 .

= 5 ¥ DE - e U
Bry i R‘_;w“’ _
WHeZs 3 = Be 03 D 18 & constant dependent on beAHGIBALULS

and solvant DHOLUKE.
| - The esxt'-mgmlaﬁmn of oha plar of ﬁmém__x(rQ PR ooy 2wl
aghingh mf: o Lo zero cotlon dimgnsion glives direatly B P
Aa tha @rzﬁz’mx eolvant £xron dhich other S.ion valuss can be
g lgulated.

The Delon velues can &les be loelated J¥em tha

fepak iong
| g, . mD_ L =B, con {19)
Frgut T Trat RgHH  BgfIR
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The raddl of Lhe tetrealkylomwonivs ion have caliculated £xom

- e
L ACQUEDLE cundutbtomelnie tska .

éil.l anel ﬁmz:m;;?a Laed a%mzﬁhq as a refsroncs |
electrolyve. The wechod of regolution of 8 45 baged o1 the
asswiption, iike Hrumgals ¢hat Ezuéi‘f‘ aad E’izqﬁi" dana with lazge
Regroups ai@ amt Soluvagsd in n-aguenus aslvents and ghelr
floensions in sugh solvents 0re conbtant. The dotic radlil of
531,;4!4"‘ tieon 2°) ang zmqis" (535 273 hwve, in fack, found ¢o
remaln constant ia difforent nol-agueous and Mixed DOneaguEous
golyents by Glil and gosworkers. They propoped tha gguat lons

-

I |
. o -
Bom. n™ oh, B L
P = = (f-,_.._....b' 3”':“) . 4215
3 a0
g " a1

) - A f . o L es iz‘z)
aod Bnu‘;mz.nh_@ = aﬁ%u@m* Pl B

The methed regulres only the B.wmliues of Bugdbing
and 48 exunlly spplleaile to mined hcﬁ-ac{uamus soivents. The
Belon vmiues obtalined by thils aothol agrek well with thope
rpeporend by racue et 21 Mn different oxganic solvents using

aggsudre fon 3

RS = 0, .
hi..;f».i-ﬁ.i_-s’ﬁ&um"r‘ * isi’r"h‘;ﬂ“ b MG BRITBP R, /7 cee 232
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fscently Lawrence and saceo uged {tobrabugyle

amsonisn tetrsbutyl porata) By g & 1 teLrag::‘* sy
phiosphoniun tetraphenyl bBoxabe oh, ”Eﬂ”hg} a8 teferance

gl2gtrolytes buosuse e vation and anion in cooh Cafe AYe
synnetTionlly shaped and have almost egual van dey Weals

vo liingss,.

THUS, We e, -

e g a®
& riz-suﬁw yoa VMR
T it - ARV . '

::‘%{‘émiz%ﬁ 3 Vi, {Bu 87}

ik e A=Al

v BT
i, (gl )
iy il S g il

) o 3'{5:3_&41'3"*} 23 Eimuézmmt%} 1A &

- 425}

p sintlar division e.a:i ve made for the Phﬂiibﬁ‘i’h g Bystem
fecent ly, lavrenne &t almb deterninsd the ViBgcosity TERDULGe.
mwereg 0f tetralkyl {(from P o Haph ) sanonlus browldes in »ub{:
and HIP. |

The 2 coefifloisnis
%Lk‘@t&x} t ﬁ{’,ﬂr } # <} [iﬁ{ntﬁja%}]

were plosted as .fumm;‘?.m;s of thelvw g der Yeals volunis. Ztokes
r_:ac‘i;i.-i. i Sorauds welght O Lie odwloas Lo géa B-iﬁ-r"} Uik e

The E-{ar") values chus obioined -sémfe z:ca-rpa-iz-:é:‘:’i \‘sibtx whe ac:ceumt.ely.
det eralaed B{BT™) valug ebibined using Bug Miugl and Ph,PuPh, 28

EeAGLunQe BA L. They congluded that the *raferonce snlt? amthod



. 4m ¢he best avallsbls meuhes for m’e divicion into jonic
faemtrib‘et fons, Thelr analysis 48 In agresment Wikh the ool
glusions made by Thomson ot al’lzc, a
Jenking and &%ritcﬁaitag éuggesm_a a least &‘qua:e
ans lytiacnl technigque to expmine miﬁltivity f&latimsh:lp fox
' emct;imﬁ fon chgonodrnaeios datg, o efiect apzadrtianimg into
ﬂ'img lewion gonponents £oX alkeld metad halide sales by aoploye
iny Sodans® cometicion s;ﬂtmipl&w and Maleano placs® of
moreisC. the prinsipls was extended vo dezive avsolute pingle
La* B m&ﬁit.iﬁ.n & £ox altald mevals and hallces. in water.
hey alvsa mmzmaﬁ that Eie‘: "y Mi } suggasced by aru.a;alz
e bR opore ralizble t:han BE&. ¥y om 5{C1”) An agusous Solutions.
Hnwevﬁr:, .ma reguire more data t:;:a beek the validity of this
| method.
it is apmmft. ehak most - of thege pecthoeds are based on
| é&rta in approsimetions and enorejous sosules oy srise unless

proper mthomigical thecxy 48 dewsloped to oaloulate Buvalues.

Terperat ure dﬁ@ﬁgﬁame of B on ™ Valuess |

o fe@«gmm;ﬁ;’y in ehe behnviowy of ﬁ% and g}g has beona
sharreed bothk in aguesus &mé O e CIUSOUE sc:lwm«.alzj and useful
sennza 14 deatiens huve basn made by %:aamj,nsxny . He absexved that
{4) wickin g growp of a_lwl poriviie cable the de-lon values

| derease a8 che arystsl Lonic Padll incresso.
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(410 viizhin o g2oup of pericdic Bycsten, he LempPeragare
. aoeeffielant Of By valued lncrenses 88 the londe radius

ineresses. The resplts enn be susmarized as £ollawsi

{4y ~ angd 1§§_> o voe 207
’:‘ST B
(x1y @y (c:» snd GB g >--zz e 42T
T

sayacteriscic of shyucture breaklnygy 1onS.

f314¢53 "N ; _
ar
shmrmouesist o of stFucuure amiking ilons oo 428

T 1o wall koedn chat an fon 1 sufrounded by a

aolvation shasth and the propsruies of the solvancg wnich

gre Sifferent Lo ENOSE pPEESER In the DUl StruQounas Thils

Y S
is well reflected in 4he 'Coudpholu® aodel of Gurusy s
. 52 . _ :
iy G munws of Frank ond VWen a2ad hydmited radiug of

a5

Mione nga 11:37 I.
shokes gt Mills : JavE ot dnalysis of viscosiity
ingorporabing the bapie Ldess prosewied bulfore. The viscosity
of a dilwe eleé&:z‘m dyte soluelon hag baen egupted o che
yiscosk v of the salvent €'qo} plus phe viscosliy ahanyas

repulving from eompeticion betvwewn varions eficors cecurring

in ghe dondc neighbosrhonds Thus »

;. n= rrl'o'*’"’\**"."‘lE"*"lA*nD: Mot (AVE +Be) - v B9

{Tons gwinke ojunt lon)



7{:‘193 g posicive ingrosak in yilzcoaity wwusod oy ooalorasie

- Angeractlots Thu,
NN = ?1°Bc

Tz otz fif :Lr*iv:.nt can thos be .i.m.m:prcmd in L exion of z..t::?rpet.ii.ivt‘:

visenlity e@ifectse

[ad

' : ' 3 . 83
Following Scokes and Mills  and Wraminls we gan

vixihe far ﬁ:!.m‘.

' : . - I - oo 43bF
Bion = Pion " ien ?ion ion

o Tk
WhErensd aeeording Lo Lauxkence and atdlt

TR . 5t w g e B e B . veo {323
Bypn =B, a&aw* ﬁu?ane g ddsaord

Wi

' aim " is whe posdulve inerssenc arising £xom che obstzuction RO

ghae wisenus £low of the aolwnt osused by thw shape atid S.L e
' ' ' ' o 5 OF" ot
Al

of the fons {the ters corvesponds to M OF By pa’? Pion

d8 the posiciwe mcmmm. arising £rom thsa alxjn'xv_m; or
structure-making,; 2otion of whe elegtrie £ield of che Son on
| ehe <:1_1_pr:lea c; Lhe Bolvent mnlecules (khe gera copresyonds Lo
i 8 bhe gegsd) Ancians zlotad to
Mm or Br:r:d}‘ a:mn .:!._s .z:.ha Tegs g ive .:.a_.s:w* ne Telaged to the
destruction vf the solvent sefucture in the ragyion of ileale
gcwsphote avising £2os the opposing sendencles of ghe ion to
orientate che melecules round lusels ciungEpsynet fics lly and
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Solvent o Rieep 168 own struziuras (This Qorresponds to

Batsord””
reliog

Btﬁ,{m
wifeor of 'oeinforeussar 9 cthe vater stuctuze' by lskge

is vhe posilcive lncksaent geadicioned by the

t@traall:ylaﬁtmnims joas due §O hydzophicnie Rydxagions The
vhenomenan f8 Anherent in the inprinsic wWatey strugture and
absant in ovganic solvsnks. |

B, and B acanmt fmr vigeosity Iincrenses ak¥pibused

T noly
i:m g —e vander Vaals va:iuaa am’i the volumw cf: the osulvation of

i,ans.-

Thus, smll and highly charged entions lite £i™ saa
gz“" Eoxina £4Zmiy atr.aciwﬂ pritaty Goluastion sheath around
these ions %Bg‘mm or "’1 posicive), '

e cré;lna'z:g Leiperatures alignment of thé solvant
molecu les around the inned layer glso cause increassze in

_ mr;mm-. { b \
-ﬁim "1 % e H;::g { "'L J 18 amall Eor vhese Lfons.
B inrs
AT B.im 111 e Aaz:ge and positivg as o icm v *
a..z:j.am:, ar e ety a.:!,nsat‘ Orienk i -
.icm >£i - '.smﬁ:avm., an _m.i Simi would e Seall fox

jons of grestest arystal rodil {(within a gmﬁp} like cs' or I
Aud o amall surfm:d&' charge densicles resulning in venk ovlence
iy atnd stiuoture forming affect. Bizg wialad Do largr.a due Lo
structury l Glsordey in ghe Lcﬂmdia.ne neisghbouenasd of the ion

due o compet ition Letwezn tha ionde fieid snd the bUlk BLruCTUTee



zinst Orient o osew ) 5 nedet
mﬁhm ai‘m & Biﬂn & aﬂ.ﬂﬁ a.ﬂﬁ Eim i . i’l&gc. T ive.
’ E -
Tong OF intsrmedinte Size {Gege K ang €1 ¥ havs g oloze

Binst.
palances of viscous forces in thaly vicindty, le@e Bgay @

orient | SLE

: 3 e
sonn ® Bigy B0 that B 18 ¢loge Lo geXoe

1.a8F0 m}.e:m:ﬁar iong idke tehm&l}ay&ammﬂimﬁ dons mave

Bing len
l«-smm E’i&m ﬁbmuﬁu »E larmpe adge Hue aim g‘mﬁ ﬂit:m would

alase Op it
Be sl deee By w Boia ot 83F ang g would be positive
and loxye. The value would be furthex reilnforced in water

arisim f£rom ﬁigﬁnﬁ due Lo hydrophebic hydeat long,

The dnorenge in caipetatiees will have no c€fect on
_Einsk | | |
Bian
syer will De decreaged die o increnke therml mimn lesding

aep m:*:l.mt; . o _ i
tc degreasa in Eian * :I.c:'m will deqrexse slowly wit:h tenperas

put the orlaettstion of solvene molecules in ghe secondaty

Lure as t:hm:e wzll be less compstivion bekwesn the ionico fiela
and che mmaaa maivam BLTUCk LEC. The posisive or negaciva
Eemmﬁum coefiiotont will thus dopend oh the change of the

rooLicite e o

r:&lativs mgmhudﬁa of ﬁim & rEl B‘r.m -

| Tt 15 clear &b sal: in enge of a&rtweum«mmiz&g :%.mm, the
dons tre £indly surfounded by g Primary Bolwelon sheath and
| the sBecondary solvation zons wild kot c:.ans:l.a&rably ordored lasde
imy to an inoreass iu 8. and eummmnwa Gecresse in et ropy

ﬁ solwagion and the aodilicy aﬂ icuse &trwwm—bxmmj ions,

- o0 Lhe ocher hand, arxe ot Solvata& tc: - g:‘.’wt oxvent and the

secondary Solvation zone will ba Gisordsred leasﬁ;mg t® a
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deareass in By, va luas am} increase in encXopy solvetlion sud
the mobility éf ions. Horeover, the tenperatuse inducad change
in viscosity of lans {or entyopy of solwstion or mobility of
fons) would be mowe prodounced in casg of aswaller ilong than
in case of | ghe lazger iong. So theve is a qleay eaxm;at:ian
bm;waén che vigoosity, ontropy of aalvmi lon and Gedperature
dependent mobility of imm.‘ Thus, the loule Becoefficicnts and
gnrropy of Solvwabion of :‘c’-:aﬁa hase r&;ﬁm&y Bpen wacd ad probes
Of fon~solvent intersctions and a8 a direct iadicavion of
shrugwure - malingand scructuyrewbroaiiing characters of ions.

The lincar plet of lonig te-cosfficients against thae
zations OF @iliny-vmcmity aﬁro&ucw' ab wHo seaperacure (a-
nove sensitive varisbls than lonis mabilicy) by @my%’m
| clzarly daemoustrataes » cloge relation betwean lonie Becowdfi-
‘wlonts ana loaic mobillclcs.

rapnoy alm-demnm:mw:! a <laar correlation bhekvess the
mm;ar gencropy of sclution values with bBegpefficlat Of salts.
The ionde Bevalues show a iinear relationship with the pagkigl

molar ionda entropies of hydwstion &,

R =) - =0 . .
31 &g 9. -
R e * Asc, '5"&0 iz vha caleulatad sun of the

tranelationgl snd rotatdonnl sntropies of the gaseéus ions.

Gurney cotalned a single linws plow betveun imic ancroples



3

and fonle B memci@ma for all wonostonie dons by equacdng
che enttowy of the hydrogen log {a: a.:e tca e Bl rmla qeg
;;emus% used the eaut;mpg of nydeoglon o @orrelate mm Eﬁ--

walues pnd Rightlada 1@77

‘shi;: san he obtained with ie foF bogh dmonvatonie and polystonic

showed that a single linear m;im::im-,-

. lonss

m
The gorrelacien was u::iliﬁeaﬁ by Mmaham ot al

the x..;h;m:.m-atm. io sntropy of amlvm,;lm OT A Spagg y the
S enhropin sonerisuwions of l.hﬁ Linet and gegond ac:«l%t.,i,m layezs,

o lons agolnest D poines {:aken mmm AT uoke of -ﬁix}huingam;
for beth cations and salons le on tho sase quzve ox line.
There ai‘é am&ll&m; linear correiptions Retdeen A ;;;?, and

a;? s B0d the single Lon é—mﬁ'ﬁ&c&.&mm E#ath ent:re:py ez;iwria

,;A‘,‘ ang O83° 2 vy} 204 3:3...’?4:!3 values indicaze that in uaue?: the

dons 1™ ’ Ha™y m and E’f ar.‘ea net structum..mkem the ions

o . %‘:3'. o™ 5 ne™, ; a_zaé ﬂ—-ﬁg are structure-breskers '-:md‘

%" 18 p bordsy line case. Z7In non-squeous solvents Sormamide,
methansl, Mensthyl forsamide, dinethyl formamdde, dimsshyl éul.-.
Phoxids and aaeamuitﬁla; 81l tha above L0085 3 St ruCLUNCe
Mrkers with the oxoept inms c£ tha waaik BhIugy ux&wr@kim}' den
crmé in formmside and the border line mses of s;m in cethanol

and I dn inrfaamiﬂﬂ 7



Therasdymanice of viccous £loe:z

A amiuning viac@uss flow aB a ¥ats Droctss, the'viaanaity'r\

¥
mn be reprssented a8 uslany iyring approach

T\ = AT /R (1) oo actfer=(B exe (A 45 . aa)

where © 4 1s the experineal entropy of ascivetion wnloh ds
AR * :
deterained from g plet of In agalnst 3. Aq, Aﬂ* end A.:‘:a’k are
T
the £ree onarxgy, nthalpy and cmropy of asuivwiion respuccively.
whe problea :‘se'.a gdan it in g difinvent vay oy dightiggals
8
and Benok  uhe ooaleulabed the thercodyasaics of viscous £loe
of salts ond dlons in aguecus solunicn. B, Wiue can be
' i/2
ot ermingd usingy she JoncE-Tole esustion nexlecting khe A0 /

cerm. Thus,

Rdl'h?'l __*Rc:m'n"]o '-l-—%— A li+Red

ACYT) ACYT) B AL/ T) o {35)
aeF = AET, b aEy o
N CSufm) 91 CSoLvJ 36}

A gg_;'-’t can be Incerpreced a8 e lnoease of deeresss of che
age lvat ion enefgizs for viscous £lod for the pure solvents
Gue Lo the prosecee of long fl.e. wffeceivs Indluenoe of ghe

ions upon Lthe viscous £lov of tha toivans molecules. The



s

s G

'activat.;i.nn enedyy for viggous £low in a pure idguid een i:m_
intarproted as the snergy reguirad to vecupy the wolume into
whieh thp oolecule Jums plus chat roquired weo breal the bond
With ovher molecsules 1€ the linuld is mémc:ﬁiat-ad. Bince bhg
ramber of ions ace gen&fa 1y very very small compared co the
nutber of ve solvent molecules, the contribution af the ions
-i:—r:: the viscous £law of solvent molscules uould b5 generall iy

soalle

N fealing et al mve suggestod an altermmcive foXmulation

based on the tFansition bréatmant of the relaguive visocosicy of

£he sloctrolytle seolutioi. They suggested the following €3e

pression
5 w8 o |
% . s S 0F_ 407
B o ¥y Vy 3 . _‘91 AL, ~Als e 3T

- 000 . dwoo RT

Where 3‘5’: CRle] ??" age the portial molal valumn of t‘m golvent

o
ang scluce respestivelys Al is the free energy of activation

for wimgous Llod poer mole of cthesplvent 'e’{‘nic-h is equal vo

; '0:#__. -'-1:__, A

Lo oF oF | |
The guantley (A, — Al iz the change i the activakion

enengyy pec ’mlt of the solute on ropleQing one mole of splvent

by cne mole of solute in an infinic Exly diluce solution. AME:F_

is £he donie a.c:t“.i-wtﬁ.an anaLgy ab infinive dilub lon. AUL WE Lha
=+

ans gualitacivwe sianiiicance as chat of ALy sub quancitatively

Biffurants
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1¢ B ie knoun st VATIous Lemperature we can calculate
the lonic sceivwnbion emropy sndthe ionic activation enthalpye
‘ oF oz -
_aL(AUq_ )/A,'r = —AS, . e €392

0 oF OF {40}
AT = Ay + TS,
he suzparation of the tharﬁu;ﬁyna-iﬂic valued ars basfod on
oqueliny effeces for the K& and €17 long or 8Ph” and (1Pe),

. &+ o+
Buy” dons. In eguocus selutdon, both TAH, end A, are

pesicive for Li¥ lees the formation of the transitlon State
is gesceiated with bondebreaiking and a decresse in orda

B a B
whogeas for e’y A Hg :Fana_ T A.'az :Far-."e neyatdve lee. the
tranaition la atﬁﬂac&auedmmh mgs'ﬂ-mking'anﬁ Ancreasa Iin

s 3723 o)

- Bffeots of shapo and size »
This aspect of the problem has been den’lt extansivoly
o 15 | -
by stokes andt Mills .« The dons in seolukion ezn be regarded

to be rigld spheres suspended 1n continuume The hydrodynaatc

treagmunt pregsented by :—zinzss:e:l,nma lends to the equation ¥

Mn, =2 % 2.5¢ | coo {41}

tr cage of smmil volune fractlons of apherical '§mmié1¢ﬁ.whem b

is ghe voluns £xagt lon ogouplcd by tho particles.
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_ I*émtﬂiﬂiemnions of the erunrtion hove been m‘bmed by (12
mnham on the basiz of doprreuves from sphoricel shape and
(1-. 2} *s;?ﬁnﬁsﬁ onR e basis of the dependence r:eﬁ phe f.‘w_w pPathorns
éméxm‘& t:.hé neﬁ.@hﬁauﬂm mzt:‘_;icieﬂ. at hig-ﬁea;:-‘ uwmeni'mbiens.
Henaver, considering the different aspects of nhé p:remiem,
| -épﬁmf_ical ahapem' have Doen assum& son eic;cumlyt;faa having
hydeated &n_ima. ai:": iarga af;i’ect-:.ﬁ.% size {parciculadly polyvalent

monoatonie catlensle thus, ve have fros (1)
205 = AT 4 BC _ c (192)

Sidnoe ANG CLoxd ong e aiglegted in coopsrisSca wich 3¢ and
[ - . ’
‘= SV vhers Vy is the festial aolal volums of the lon.
e et

Te5 %i“ﬂ _ v 4R 3

T the ideal ense, the Decosfiiclent 48 a lincar funokion
of the svitte portinl molal wolume (Vp) wikh slope equal vo
2.5.

The B, oan b ejwbed to

b ¥ 3"‘1
B e 25 V = 245 %8  a o L4}
= 3 1p00

assugilng shat the lons behave like rlgid sphores Wik an
‘e»é-fﬁet.iw xadii, R, MOVing in a Gont AnEum H, i uu laged using
wha ejuation 1447 should e glase ¢o czx:ysw'llw,-jraphic radil
w¥ cer@acted stohe's radii AL whe lons agse goercely solvatced

and behave a8 sphorical emwicles. But io genersl, R, Vi luen of
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the ions age higher than the Mﬂtail@amgmic radisi indlosgicg

apprecinble solvntici.

ghe numbes n 2F solvent ulecules bound to khe ion ia
(3 . .
vhe primary solvstion shell can we sa8ily o8 loulsuud by ;wma:&&;

103
e JonudeDols ezczuat.imn with Linstein's egesclion

By T'm;' Wﬁ. o nbv 3 coe {489
‘Wwhora ‘*’i is e molsy volwm of the bare mn, v, the aplar

Cyolumes of the solvert.

h mquat;ian {45 ) hag poen ussad by & aunber of worksrs

- to study the navure of solvatim ami salvat.ian AuMOR T

Einest
Thas, b is apparem that Lhe By o orn be easl ly
mlcuiat.aa 1eead:£ng £o the daucrni.mtim o ata:uet.m:al cONL Xl

pue lons i;o 5 .i aa manifuaua i the ahange of solwtion of
‘iC&nS. '

seudies An  mixed solvengSs

Viscosiuy meagurmmenus in alxud solvents are vory ied.
Bue the viBeOsitY Measuremencs ln aixed colvenus day well thow
s 1.1-:51?31-. on LI AsLure of Lhe ssélmtiisﬁ and Len=solvent
Anteractions. In fage, 'in'ma@ﬂl_mf-kaﬁ.nary mlxt Ures i Suudy
of B-cwf-f:i.ci&nm of eleccrolytes can p‘:ovsﬁife waeiul intoxvgt lon
as régar_ﬁs tothe strugtumsl c:%*am;;a in vater when the cowdolvent

48 adﬁav:i. In Qrcitér_ to do this, i de wc}::t;h obeaining the londae



1y P

ynlups of the Decoebficisnts of the sales dn adxed Salvents.
1t would rhus be possible to calgulate the By, couffioiunes of
pxansfer, definsd as

An, = B, bmeer » go-Solvent alxouresd —

[

B, (wWater) Lo $48)

Vistosity neasuremsats in adxed solvents have been carxried oug

_ 5 3y Glwi?
in zocent vears .

Condugtanceas
Sonducta [oe Mot SuLenant is cne of eat acourate and
widely used physicel wethode for investigstion of electrulyte

i 3 N R N
_Iﬁmlmignalgu 1&33‘ The sEaSuretentd con b made. in a vatlety of

Bolvents. mre‘x wida ranges of tenPerabture and pressure and in
-odlivke solutions where .ﬁze;c_iericmic thaaﬂ,@a ave not Appliealric.
Fortunakely £or _im acdumte cheoclies of alectticlytle &@naucgance
sxe avallable wo esplain the results even Upto s concentistion
itmit of Kgq 4 = zztgiagfﬁ-%émiml langt‘;%*z,‘ d = density of rsalut;i.an?.
Recunt dovolophzstnt of awpn.ix ot tochadgue provides an
agcuracy Lo tha ééxm:—:nt af el or aoven swre, Gonductannes
d@gsuroMIL 8 Logather with %:::_anﬁfe:s;:ﬁhf:ﬁé auTBer et erininat ions

- provdde an wnoeguivooal mekhod of obtelning siaglee-isn valuab.
The chigf i.i.mitat.i_ma, hwewf, ig ﬁiﬁ._aail&gﬁti\iﬁulﬁm Nabure

| 0f the informtion chtained. | |

THo types of uscful infoxmetion can ke cigalned Erom

gonductance mersurenentss



) I

'i} the mobilicy u, the Wimitzy per unie £ield screngeh
wivh wideh the lons move thlugh Bolasions
| 11) the variazticn of aler:tricéz, mksility with concentlgw
tions.
These infermigion together Wikh theory émaible ua Lo
en loulate thernsdyiande astoclation or dicsccistionn CoOnNBLantS,
lon~Bize zﬁéx:amn&r&, Bolvent AGMGE, GLSe o
However, the aﬁnge aﬁ:s aﬁ;egﬂicm ion of tmamtiml
f#ﬁlﬁtiﬂﬁ& as well as equipdent and e;{gzc‘stimnﬁal t;aariaiques' aka
of great loportance for preclse desburemsnkBe TheSe aspucts
have pean  duscribed in detsils in a numer of suthoritptive

i P N Ee
‘hooks and reviews 2 .

Conductance Geasurencnts give us equivailant condutances
of solutions which are »:hmm&anb upon Solvent, terpPeratuze,

| pressure and tha stxength of the electrioal £deld,

The solvent affeots condustance due to ius viscosity
(ma.tsg-a the moklon of ions), diclecurile constoat Gcﬁm:r;alé e
effegtive f£ield surengeh and iavesiondc potent ial aﬁfacbim;' ion
velogle les, abbtoact lon between long t_-.hﬁmby the extent of loi-
Patzing) nnd ivs speciile intevacklions with dona latiews img

bogh mobilicy and assoolztion).

Variation of teMperature oOf Pressuls changes the viscosity,
. Slelectyio constant and densicy of the soclvent. In addit ilon,

tegperature is proportiansl to the thermsl snergy of both lons



it

s solvent woleoulea ang thos sifoons iﬁtaraﬁtiamﬂ amnong thed
High gaﬁ@fseum duorcases frse volume gnd forees the solwion

| componants clozer tojetha®, thus changing interactlons among

| hha«:ﬁ ‘

#dng 1 suressed the immr:tafmﬁ of ehe follusing

aspects’ |
1} Acgurato i:e;enpea&fé:t;ure QenL Lol e & LEiperature

centrel of Q. anr:;ﬁ is voguirsd Zox a precision of O«0Lds

| 013 Degh Dabhoer han datss both sphosld bo used Lo
| aveld capacltanoe ooupliny betveen the laads of cleclhrodus,
~the golution snpd the -ﬁaﬁh-,l
it 'E:mem_wmal puricy of solute and swlvéntﬁ.
114) avoidance of polarisation errore and precision

' of the SlectTicsl MHaBure:msne 3,

The important éapééba- mk:h as pﬁfﬁ;}ﬂrammn of solunions,
}ax:idge._a and gondustonge aells have boen enmphasised by g numuey
of workers. The theery and design of alternating current
bridgea have been discusscd in dotalls by Jones and Josegh
e allmé 113. ﬂl‘-mtn::wﬁkylgﬁ. Iéwﬁﬁ and ﬁqteaichl%-

- Sines t&a conduct ometrie gmethod prisarily dependa on
the mondlicy of ‘-i‘,-ané, iv can e sultably wtilised to detsrmine
the dissoointion cmﬁsﬂam;ﬁ of weak aolds and asscolistion conse
tants of electralytés in .afguénua, minad and Soleagoeas S0lventSe
The cenduccometris mithed in conjuncsion Wich viSooity 18SaSUEKGw
asngs give ue much information regording che lonelion ond lon-

aulvent JOLerouions.
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The stuly of conduotanc® MERBUNKAGNLS Wekd pagsusd
vigoroausly both theorstically snd exporimentally during the
Iagt £ifty years and a nunber of lmportsnt theorgtical egqupe-
siong hawe Leen derived, We shall dasll budlefly on S8ome of thase
.as,peéw and our discusgion will e linfsed wo the studiles in

nONex e RS nnd Bix2d solvents.

the stadles on Lhe Qonductanes of loamhoras (¢onplately

dlesociatod in solucions) and ionagens (coneliting of meuzal
¥ O

moleaules that yiold lons by peacting with suitable solvents)
2& a fungtion of cuacenviation glves che gonductance at iniinite
ddlut Lon, tho dlogotistion gonstanes of ionoyens, the aszocia—
tion omistancd ©F lonophorss ang inadoraseion abous Sha Shpuge
wune of the salutiong iz che vicindey o8 the ion  «

Tha succesiul applicacion nf the pobye=tuckel thusy

. 118
of intexionlc attlaction “as mude vy InSager in deriving
the Kahlrguseh's @gouation
A= Ag— ST . cer {4
whars
S =oCA,+E oo (48D

2
(zeY K — Q9. O%Oxw

= . o e
30+ RTe2 %/% ot



: , ‘ . |
e B'_: Zebk 82.4%77[ )% /_n. wraz mol. /ZJE. e {503

Bﬂvlc%.

N = viscosity in poise.

The eguntinn tonk Do acuouni fOr the Zhory ramge

Internoeiong gid also ﬁﬁmpe | oF #ixs of tha i 1 8o lun ions.

The dons wears ragsrded o8 rigid cherged sphezes in an GlectIc

ﬁtnti@: and hydrods aie amm;inumﬁ 1ae the solvent m. In t;hvi

EubEsgIENt yanrs, Pitts {1953) 18 ana 7uvss ana cnssger (1957) :
138 ynaependertly worked Gut the Solition Of the preblem of
electrolytic conjuckance socounting £or both longerange and

shore-range Ingoract Lons.

Howevas, the A valuzas chtalned for the conductance ak

infisite Gilurion Uelny FusSs-Chgagel chemty differsd conSie

117
Reratly feom thek ubi;a..nm vaing Pire’s gheory and cthe
' 193, £20, ,121
»:iem.vm;ﬁ.m of the Fudss-dngager augkhion was ﬂuﬁat:.tnnm

_ 13z
The obhegrvatlon bi'aa cenfizmed by FucsSc-ii8is *

» The original
_ - 322
Paoe mtantion Was modiflied by Fuoss and Hads whe recplaulated
the relaxation £leld, retalnloy the geros which hed prﬁvingsly
03

heen nmlemad- The egueeion wually affrplayaa i of tha £05

A:Ao___ A M2 ___ B2
CLtKe)(a+Kapz) d-+Ka

+GLKR) ver {31}




et

whare W) is & compeliorted function of the wrlsbla. The

simpslificd Lo
A=A-SNE+Eelne+Te-Te?? L g,

i gencrrlly employed in the anslysls of eppeclasatal rc.m..a.t.s

where
2
Z & -
a o= Z€ s 33, HOHEG B .104 4 g/fmol. t e {533
EnkT (E+T)
B ow 50,2916 200 /A"’#"1L v 159
E.,,T)i/z . '
Le £~ F, o b
2
Kab)
E, = ( = 2.94957X10° L /fmj, . v 453
1 24c¢ 81- )3 Ha
— Ka.bB

ol Jl andg Jz gan i wrlccen oa
T= 25,4 [ln(X2 G) TAJ T2 Ay kn (2N L,

— Ka.b. N :
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, The values of Ap tarm a¥e du.miagt Ffor siffereit 124
shecrst dtal Gress heanst; dorived by Plees Ty Fuosas and Hesim

51l Beaeil 125. e abe giving the wiaes ﬂa; Fuosa snd Héda

t:._mat:mng
A, =t sb° w o = 1] + 0eF0TH A 1)
2 NG "
A, = <+ wouz o {8
0. 9571 le 3187 De1523 (623
Lo ; A : I Y L
A, e a.'fs?sab » BOSTID = Ba| ~0.se51 . {832
" 3 3
Aow 2P L 8 L aaase) elssar f2 vor (64
5 Ao 3}3 AO

b is egual to the Bjexzan distence.

Mgvever, it had beon found what all Lhe igintlons sre
lrmsonplete and lo some gases fall veo Zic exporianial Jatas
some of thege resulis have been discussed wlaboracely by

1 -

1o
Fornandos = #pind . - Eun;hx.t cotregh jon of Lhe angiat don {(52)

_ w7
was Madt by Fuoss and sceabcina « They took into consddexation

of the c?mng@ An ehe vigcosivy of the solutions and assuncd Lhe

validiey of vclden's rmm-' The e edustion bDeoomns

A=A’ GVE +Eelne +Te ~Te2-BA2 o $63)



-3 T

In most oases, however, Jy 18 ade zers bug this leads
¢ g systemstlo deviagilon of the axpoerimentézd davs from the
theeozet leal eguat long.

1 has bean cserved thpt Y4Bt enuoclon gives beLer

' _ 126
£it o the ewpsrlasnnal data in agueous solutlons  »

Tonwnssoolat Lons

The eguation (63) aa given above Sucowssiully repieserk
the belaviour of gonpletely dlsaocliaved slectrolytaen. The piou

af /A againsk ml/?

{1imit ing dnsager eguagion) arxa used Lo
.azsai;;gn the dissosiation br asgociation Of elaectrolytess Thus,
ﬁ.lf N (oNperinintall ié'gmmer tﬁan N {theoretigal) L&

AE posiyive devistions coour {ascribed o Short-rangs harde
core cepuleive intezaotion R'.'aiz;-:msaﬁ fons}, the electioclyte say

be regarded as complotely disseccinted but if negecive devipe

. +] “ 0
tionn (A e:&m<A thao
limie 1oy tangent %(A”-i_—@ } cogur, wne electrolytes wmy be

} or positive deviations from the Unuager

regavded to e afsociatads Hexe the eldcsvrostatic {aternccions
axe large 80 a2 Lo couse asvoclabdon between ecanloens and aniong.
. o ' o

The difference in/\ {exps) and A (theo) would v consldegable

: : - 127
it iﬁemaaimj agpociat ion d

Conductance measuiénats helps us to dsteraine the

values of the lonwimir assoclat ion constsat ®, for the progeas

#



r.a'l. g“* . e
}‘};N %] Elﬁ ﬁ f"iﬁ . T {'uu}
whers - K, = 4 -k RN 3
' A G'QQ'C Tiﬂ.
and L = j_-oC?'c KA'Y'.Qt- R Y 512 )

. .
For strony slectrolyres, the constant &, aad A has

, i3 . rale
bBeen deterained usSing Fuosse-Heaus ¢oguat lon or shadlovehy's

, 129
grjuat len .

T(Z)

bR .
T _ 4 Ka cY=EA {59
A A° A T@ -
uvhere T{8) w» F{2)  {Fucsc<iraus} and
/703 o (2} {Sheldlovsky
ey M2 .
F2) oo {let{lei{la 3 ) coe {G%a)
4 = o2 Yo b
and A = S(2)=1+Z+Z/2 +Z/8 + o LG8

The ploy of Tiz)/ Byainsg OYEA [T(z) anoula ve a

stradfght  1lihe having 4A° for s incercept and z-:':,&,fm,fﬁcr its
glope. lVihen i:} a8 large, there will be gonsiderable uncerts ingy
in the deterained wluse of A’ and g, Lram (89} Tho FUDBHw
Hola condictance ogquation for asnoninted wit?m:mlytrzeta is givan

Ly

A= A-SKe 4 (L) In (X&) +T,(x0) —T o) 2. K AAY—Q_; KD ... {70)



The eguation was mudlfied by Justice o N8 oohokuance
. of symmetrical electolytes dn dllute sslukions can be r¥pre.

sented by the eguat fons

Yo :
A = (A 8Re FEED Ine) + TR —RAET) gy,

(1-) /o e vE = Ka co ATD
4 '
dnYe = - Kq{/"/Ci-i-KM&E) v AT

The conMcthnce parsteters axe cobtalined from a least Sgusre

preatent after sotbing

. . | .
_gq- : v 4743
R=9 28KT

(Bierrun's aritical distsnoe ).

roaording Lo Justios, the method of fMxiny the Jw
conffigiant by agkt ing B o o alearly pornine a Detter-defined
value of K, Lo mi shtainad. Siage the equstt;.;m {71} i a
series expansion Lruncated at the G ° bexd, it vould be
proferable that the resultdiny egrors ke absoried as uch na
possdble by ,;;2 r@h&_r than by ﬂi@’ WS t;h&:b::l’:‘i&‘.ica;l. dotarant
L8 gRepter as v gongaing e Anformation coneernitg shontge |

range catinteatiion Ideract Lone



o

iy em

Sypem Lhe GEDeriteitdl valued of the sssodiabion cunstput
les OV@ GBI LSS KHO mcbhods in order te deternite the distance
i 3
0F Qlosest approash aa of tuo fres iong o Fommt one ,;.:m.mir.

131
the folligsing eguction has buen proposed by Fucss .

KA': C‘JTTNGJ?%BOOO) QXP(_QQ/.:LE KT) : voe U750

In sume cases, the saynieude of K, “ab too smll Lo pepait o
enloulation  of a":’. The distance Pofamstel ves fiogily dehed.

_ 132
ained fyom the aore genursl egustion dug bo & jerrwn -

. C;, N .
K = (4 ?TN/:LCJoo)frr gxpCZE/’rgp_‘r)dT ver U163

The egquntion negleves speodfiio Bholtedpngs latemmotions

exaspr £or eslvatlon in whdesh the adlvave:d Lo ¢an LE adptoxie
“mated by p hardesphers modele The methoed has bosn suncessfully

vt Llised by Douherep e

Ion-gize poxamescy ang lonls ssucctations |

The epurcion (853) oan e written o8
A= A+Se - Eeloge = A+{T-RAY)e = A+TE «ee (82)
slch Jo wenn onlpted.
ﬁ-huss, s Plot of A ws © glves g sbinighe Line with A’ as

Iy . e L
interoept asnd 3 0F {(J=BA ) 58 0lopa. Ae6uning BA Lo be



il

neg1igide, gg.%ﬁwa con be caleulated dron J'a the a® valuon
chtainad i‘)}? smis mebhod dn O ware mush Sand Lag?l 27 than Would
‘be axpeotmd E£rom sums of crystalloyrm hilc godlle ne of the
maas;;mé aturibured to it .ia ifon=solvent iﬂhﬁf?ﬁﬁt fong which are

. .ﬁ::t_. incleded in the cﬁnuirmum Lheony on vihicgh the condktano®
dgust long arxe bpeed. The ';anm‘smm of dielectrie maturation

€&

resulte in an lnorence ia 5 values jmuch in conformity wish

whe oXyneal legyavhic Yadil) oFf aliall metanl sslts invieg ions
of high surface e:‘mrg‘a— gensiloy ) in Eulphalams. The vi-*:ca:‘sit:,g

"cm:reectmn {’H"\iﬁh anould be ﬁAa.. mt&ex t.han BA @z} leads vo
333 7
s lazgus valuss of a¥  u ﬁtil& Ehe ayreRmsIt AB post. Hovesag,

lietle of ronl physissl Signiiigonge doy be suksched Lo the

distanue of clessst m;;pwaah darivad fxoa Jhﬁu For slightly

-aascolsted =alt, the slops of the Fusss-=UNgager eguat ion,
- afver cww::t:im; fox vm:z'téa:iw. becomes d Kaszo and P‘uﬁnaxf%
Bas shown that al mahtaiﬁaﬁle preclaion of g Q«COLE Vould be
- raguired Lo ;:eaélw the W0 hermss If we absumn !maamﬁbw’
Valué for he ionesize -pamm%em, We déuicﬁ cal«::‘islattﬁ J and

From the garrechad az.am c:bwin o Yough valma of the azsoolistion

137
conskant -
| 138 e |
Fuosg ~ 4in 1975 proposed a no cunduckance ejustlons
3“3*5_ auhae-;uent ly pu fcmem:e} mmthar COMIUCLBNGE Bfunkl

{in 19?33 wh tahy mplacwn the old sgustions suggesced by Fuoss
snd co~orRars, e cz‘lasmfiad the ons of an clectrolytic

aoluticam M one m the thgae casa&gc:i&a‘ (1) those shien find
'an 19;3 uf OpEBAte chagye a.r. t.he. Zivey &!wll s nm.:mat B L3l

vours {conkact H‘l-ierﬁ) wikh :‘i § -_ a- » Th m-m:e&r. B NUSULE



o
Lo a ﬁ-mxzuaanupair' are the solvam anlecules &m&:ﬁ forn a' tage
:smatm the pairs. | |

{2) Those Wigh mmﬁapw 2:1*3 GFurney cm..ﬁy!wrws wmlvmt BEparated
Falsls FOr thoeos xﬁ.;j * {0 %,5}5_53 where n ls generelly one bug
:my. B 2,0 wee I‘&‘&' iwn 'eﬁeﬁiam—i;w:: ©E n sphore c@r@ﬁaaﬁi&g
go the gvemags volame laoboal plew frew) per solvene GOLecule,
ca:nt:géz; z’bai_-m foun by a Be-qﬁéma #f loResolvent sice .innéa:-
--chahge_:z- dneida ¢he s%-s;;hﬁma:,' unt Al two dons of opposite ahakge

becone nearest nelghbours.

{3} Thoze which £ind ro cther unpnired {on in a surrcunding
epheve of radius i3, Wwhere R 48 the dlameter of the OO Ee

{unpaired dens).

Thermal motion and Znteriondc foxees establish a steady
stata, reprusenced by the cquilinriss
) . . & - . 4
) ;.-;)" > nﬂf‘_{g"@'& T2} 8‘} "'.-,__—."""ﬂ LY B = AB v ‘7?}
Solvent-depaiated | Comtect tisutxml
palr o Paly inslecule

gontack Palxs of ioncjens -iﬁay' ma&ratiga to newzal mle‘at;ulaé
s s KB e ;‘gac;s"” and CHaGo0 « ek Y Be che fmctlon of
solute gresém nE m;miwd (’v} R) dons. tThe %.:emcamrm; ion of
unpairsd ion iz s::“( s AE % ba the fraction of peired lons (v ﬁa),
then the ehncentrat ion m‘i the solverteseparaced paic is (.{1- }

{lmocy and that Of contact paipr 18 CC{L-K)e



2

The egullibxium genotanes for {7173 nke

= (e IlleY /e Y262 e {184
By B %/{lwoC) & @xp (=by /i) = et C e {79p)

ez
where 8, describes the fox@cion and paparmblos of mlvam:«--
sepnPated palrs by Aiffusion im and sot OF sphetes of dlaswer
3 arcund ehtions and can be oslguiaesile by eaéminuum ENSOLYe.
K iz the oonstant eooribling the 3pealdil SHQrTelaage 100
goivent and lonednn intedhctions Dy whndan eoBuact-anies foxm
and tiiazsm;im:é; e ds she Qiiforvnas in shneggy botwesa g paly
w

in tha staues (& = 8) and (£ = a)y £ I8 odasused o unles K.

KoY o j - /{1 an K’ﬁ} | o Taa Ui}

‘and vhe guidustomstric Pairing constant 46 given By

K= Cnferie ke /<) = Kela+K) o (79

_the @t lon detersiaes t’féé eonasnatracion of fgovive long'
uhich prodoce logg-rangs Interionio offectS. The contact

PR Ars Zoact a8 Aipoled Lo al externsl £i0ld XY and gcontribaee
'mﬁy to changing currente Bobh c:t:ﬂm_mat«pa&xsmﬁi BUlvant-~
separeted 2mlrs axe loft as virtuel dipoles Ly wspaized i@ﬁa,
t;!mir inmme_ﬁ i wigh B :!.;'éa fong s thexefom naql&zﬁt@ii in
ealmalaﬁ;mg lasgg-m.nzga ‘a&:‘ﬁmeﬁ:ﬁ_ fant ;i.veiy ewﬁﬁai&ﬁ;a, relanne

tion £leld AX snd electiophoresis AAc je ThE Brious pautsrna



it o
sty W ﬂﬁiﬂﬁcﬁﬁ@‘i é;y 't?&gmmt.fu;; 3" ﬁﬁa;:t long of ﬁ;hé £
:A_= )DEAOC 1+Ax/x) +ANRe] | e {ga}
= P[A"CHR%)J}F-L] . | .. - {aoa}

'sé?a:}.ch iB a thmé saEamueer egust don A_=ALc,A° 2R Es Fe A;r%;f:{
whe zolamation aﬁ;&%’?’;lﬁ’i, R aad AAE‘F.L 1 Sl rophcoue io counLex
suLaenty ) as lmmjmzmagw eElects Jdugk Lo elack rosuat &g
tigpariondc foreca and P is the £xuckion of sai,u'f.(s which
-r:::mt;z:ﬁbutes Lo ﬁ-&n&m‘aam&ﬁ ourrenke ¥ 4o the diateber of {;fm
| purney GOWBENRESs Thit DaLHnetex B for Epl) A8 5 cotoheall

Sar all short-eange effaatBe
o X{lmY } | . e (Gow)

In case of ieapyens or for ienophores In solvents of low

¢delecuric censkant, < 16 very nent to widky iﬂm—n'fé’“>> 1) and
_'f:ha a;mt;imn LBCORESL

o . ) ) . .
A=A c1+A></x)+AAe] ... {BOR)
The e-quiiibrium eonstant foxr whe cifecuive resction

B

a% B =B 48 chen

R, = 1= Y00y 260 o wig .o {@0d)

b&cauw K.Lg>> le



Y.

M5 porameters and the varisbles are related by the set of

goat ons
Y= 1-Kpe Y¥Y(t-) (o {3k
L *. {4 5‘31‘*:3{33@3}@;@51_ /uy oo {8la)
—Inf = Bk/ZCHkR),-B:'eQ/ﬁKT | | - - {8l
R* = 8m8Yn = TrﬁNYc/izs e ABRIG)
—g :im[oc/a-oc)]- N e (BRG)

The dekslla of the chlculations ave prescnted in che 1978
;;aperm“. The ghort a:‘::-ming;ré_s of the previouwn sgqustions have
baen recrifled In &he péemm;? giak lon which 48 To%e general
than the previous equations and onn L6 wsed dn phe bhigher

congent rat ion regions (Dei N in poous equationsia

Lindsing eguivelent conduchancas |

The limit g egulwlent conductance of an elestiolyce
gan e esglily devcradosd fxrom whi Lheoxetical cgquaotlens and
exrerimntsl mwm;tm. 6 dnfindoe dlluclong, thoe motion
of an lon i idwived soluly Ly the imcemactlons with SUCIOUN-
ings solvent -maaz.muléa B8 the oo axe Anfinliely apait. Under
thesw coadislong, the validicy o dchirauson’s Jaw of Andspef.
dene wigratloes of fons ie alwast axiomtics Thue

.o 483p3
Aﬂ:" 7\°+ + ?\0—- \ 2
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o
st pregent lisdelng ogeieslent m:ﬁamtmnﬁ& 18 the only funeeion
which aen m dilvidod im:m mua CORGIGRGnE: @ ua;.m exneritcncelly

' -‘"-'.:z-’kt%ja:tét:m;in@d tmmg}mu sm-:‘si:f&r of lond.
Lo 2= ’c+A Oc.'noL 2\_-—% A e (B3R)

s -fmaﬁ The aTeuERtE -t-.va'im o A’ og .iw;s. it fe possibie wo
"s@pai:am tmﬁ u:?mzi&su!.lmm due Lo eutlons ana& mﬂimﬂa ia the

' 343

- #olute-solvent intoract iong e htam.vw, &emumw LEANSBLSLENTY

' 33
s puioue detarainatdons sre mmm to fau solvencs only. spize

*mﬁ smore recently Hzumgs 13“3 NaVE Made exbensive peviews on

tm} Bubjm- i
: Xn ke aiaseme az mg:m:‘iwmmny maumﬁ transference
Inuiﬁbam, it would be uﬁeﬁu& e develap :&rwizmh mpEhoed Lo
_mam the iialuing eqwiwlant aonduztanoe in ﬂﬁgm"ii&: .m}.w—m:&
L Eor whieh faxpﬁrimm;al wanﬁfc:mm:e numar& ale ﬁat. yist availa
>.eﬁ:r.1£s_. ' |

e .mtméﬁ BG halw_ pusn Samiprined by HEaaga ;ig;ﬁm& SR
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